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by Copper-Catalyzed Aminoboration of Methylenecyclopropanes
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ABSTRACT: A Cu-catalyzed aminoboration of 1-methylene-
cyclopropanes with bis(pinacolato)diboron and O-benzoyl-N,N-
dialkylhydroxylamines has been developed. The Cu catalysis
provides a rapid and concise access to (borylmethyl)cyclopropyl-
amines in a highly regio- and diastereoselective manner. The
products obtained can be useful building blocks for the synthesis
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of potential antidepressants, trans-2-arylcyclopropylamine derivatives.

yclopropylamines are commonly occurring structural
motifs in many biologicallly active natural and unnatural
products and pharmaceuticals.” Such well-known examples
include Belactosin A,” Nevirapine,3 Ciproﬂoxacin,4 and
Tranylcypromine® (Figure 1). Representative convergent
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Figure 1. Cyclopropylamines in biologically active compounds.

c). These precedents are quite useful, but still limited in scope
and selectivity because of harsh reaction conditions and the use
of excess metal promoters and highly reactive organometallic
reagents. Thus, there still remains a large demand for further
development of new protocols for the efficient synthesis of
densely functionalized, highly substituted cyclopropylamines.”
Herein, we report the fourth route, the catalytic addition of
nitrogen-based functional groups to methylenecyclopropanes
with the concomitant introduction of the boron moiety (route
d): a copper-catalyzed aminoboration of methylenecyclo-
propanes with Dbis(pinacolato)diboron (pinB-Bpin) and O-
benzoylhydroxylamines is described. The copper catalysis
proceeds smoothly under mild conditions (room temperature)
and provides versatile (borylmethyl)cyclopropylamines with
high regio- and diastereoselectivity (Scheme 2). Subsequent
transformations based on the resultant boron function could
form a variety of trans-2-arylcyclopropylamine derivatives of
great interest in medicinal chemistry.

approaches to the cyclopropylamine are (1) a copper-mediated
oxidative cross-coupling of amines with cyclopropylbismuth®
or -boronic acid® (Scheme 1, route a), (2) a cyclopropanation
of alkenes with nitrogen-substituted metal carbenoids (route
b),” and (3) a titanium-mediated Kulinkovich-type reaction of
amides®” and nitriles®**® with alkyl Grignard reagents (route

Scheme 1. Representative Approaches to Cyclopropylamines
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Scheme 2. Copper-Catalyzed, Highly Regio- and
Diastereoselective Aminoboration of
Methylenecyclopropanes
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We initially selected 2-phenyl-1-methylenecyclopropane (1a)
and attempted the synthesis of the corresponding (boryl-
methyl)cyclopropylamine with O-benzoyl-N,N-dibenzyl-
hydroxylamine (2a) and pinB—BEin as an electrophilic nitrogen

10,11 1 . .
source and a boryl source, ~ respectively, on the basis of
our previous aminoboration of styrenes.'” A conceivable
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problem is controlling the regio- and stereochemistry.
Particularly, the former issue has often appeared in reported
addition reactions of methylenecyclopropanes, and problematic
ring-opening events have occurred competitively or predom-
inantly.13 However, to our delight, 2a underwent the
aminoboration in the presence of a CuCl/1,2-bis(diphenyl-
phosphino)benzene (dppbz) catalyst system and a LiO-t-Bu
base in 1,4-dioxane at room temperature to form the desired
3aa (93% vyield) as a single regioisomer with high trans
selectivity (trans/cis > 20:1) (Table 1, entry 1)."* In this case,

Table 1. Copper-Catalyzed Aminoboration of 2-Phenyl-1-
methylenecyclopropane (1a) with Various Hydroxylamines*
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“A mixture of CuCl (0.025 mmol), dppbz (0.025 mmol), 1a (0.25
mmol), 2 (0.38 mmol), pinB—Bpin (0.38 mmol), and LiO-t-Bu (0.75
mmol) in 1,4-dioxane (1.5 mL) was stirred at rt for 4 h under N,. *'H
NMR using 1-methylnaphthalene as an internal standard. Isolated
yields are given in parentheses. The lower isolated yields are due to
partial decomposition during chromatographic purification.'® “On a
2.5 mmol scale.

ring-opening byproducts were not detected at all.® The
aminoboration of la with an array of hydroxylamines 2
proceeded smoothly under identical conditions. Other acyclic
amines that bear N-benzyl-N-methyl, N,N-diallyl, and N-butyl-
N-(4-pentenyl) substituents furnished the corresponding
(borylmethyl)-substituted cyclopropylamines 3ab—3ad in
moderate to good yields (entries 2—4). The benzyl and allyl
groups on the nitrogen can be a useful synthetic handle for
further manipulation after the selective deprotection.'® The
exclusive formation of 3ad from 2d without formation of a
pyrrolidine-containing product was suggestive of no involve-
ment of an aminyl radical species.'” The copper catalyst also
accommodated cyclic amines such as piperidine, morpholine,
piperazine, and tetrahydroisoquinoline to afford 3ae—3ah in
synthetically useful yields (entries 5S—8). Moreover, the reaction
on a 10-fold larger scale also could be operating with
comparable efficiency, indicating the good reliability and
reproducibility of the present catalysis (entry 1). In all entries
of Table 1, the boryl and amino groups selectively added at the
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terminal and internal carbons, respectively, and no other regio-
and constitutional isomers were formed, judged by the 'H
NMR of the crude material. Moreover, irrespective of the
electronic and steric nature of hydroxylamines 2, the high trans
selectivity was uniformly observed.

We subsequently performed the aminoboration of other
methylenecyclopropanes 1 (Scheme 3). Electron-rich methoxy-

Scheme 3. Copper-Catalyzed Aminoboration of Various
Methylenecyclopropanes 1 with O-Benzoyl-N,N-
dibenzylhydroxylamine (2a); Yield of Isolated Product is
Shown
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and electron-deficient chloro- and bromo-substituted 2-aryl-1-
methylenecyclopropanes participated in the reaction, and
functionalized cyclopropylamines 3ba—3da were obtained in
acceptable yields with high diastereoselectivity. Notably, the
aryl-Br moiety was compatible, and additional functionalization
was possible by the conventional palladium chemistry (3da).
The naphthalene ring did not interfere with the reaction (3ea).
In the case of 2-methyl-2-phenyl-1-methylenecyclopropane, the
diastereoselectivity was somewhat decreased, but good reaction
efficiency was retained (3fa). Additionally, the phenethyl-
substituted substrate was reactive to produce 3ga with good
trans selectivity. The 2,3-diaryl substitution pattern was also
tolerated (3ha), while the dialkyl analogue provided a mixture
of unidentified products (3ia).

Although the detailed mechanistic insight was still premature,
based on our previous findings'® and literature information,">
we were tempted to assume the mechanism of the reaction of
la with 2a as follows (Scheme 4). An initial salt metathesis
between CuCl and LiO-t-Bu and coordination of the dppbz
ligand formed the active CuO-t-Bu complex A. Subsequent o-
bond metathesis with pinB—Bpin generated the borylcopper
species B, which then coordinated to the olefinic moiety of 1a
from the opposite face to the more sterically hindered Ph group
(C). The regioselective syn-insertion into the Cu—B bond
occurred to form the borylated alkylcopper intermediate D."
The stereoretentive electrophilic amination®® with 2a pro-
ceeded to produce 3aa together with the CuOBz complex E.
The catalytic cycle was closed by regeneration of the starting
copper alkoxide A through the ligand exchange with LiO-t-
Bu”' The postulated reaction course could explain the
observed high trans selectivity. The regioselectivity in the
insertion of alkenes into the borylcopper species such as B was
generally controlled by the HOMO/LUMO interaction
between the boryl ligand of the borylcopper and the vinyl
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Scheme 4. Plausible Mechanism
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carbon of alkenes.”” However, preliminary DFT calculation in
our hands supported the somewhat lar3ger contribution of
LUMO at the internal vinyl carbon of 1a,>*> which runs counter
to the observed regioselectivity. On the other hand, Ito recently
reported that, in the case of electronically unbiased terminal
aliphatic alkenes, the boryl group was selectively introduced at
the less congested terminal position because a transient five-
coordinated geometry at the borylated carbon formed a highly
congested environment and destabilized the transition state
much more when the borylation occurred at the more crowded
internal position."> Thus, also in our case, we speculated that
the boryl addition at the less hindered terminal carbon
compared to the internal carbon dominantly occurred through
the transition state such as C, leading to the observed
regioisomer exclusively.

To highlight the synthetic utility of this process, we
derivatized the (borylmethyl)cyclopropylamine products 3
(Scheme 5). The oxidation with NaBO;-OH, afforded the

Scheme S. Transformations of
(Borylmethyl)cyclopropylamines 3
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corresponding 1,2-aminoalcohols 4 in acceptable yields with
the cyclopropylamine moiety left intact. The one-carbon
homologation with the lithium carbenoid** was followed by
the oxygenation or amination''™ to produce the 1,3-amino-
alcohol 6aa or 1,3-diamine 7aa. Moreover, the Suzuki—Miyaura
cross-coupling of Saa was also possible, giving 8aa in 47% yield
(not optimized). Thus, the borylated cyclopropylamines 3 can
be useful and versatile building blocks for the synthesis of
cyclopropylamine derivatives.

In conclusion, we have developed a highly stereoselective
access to (borylmethyl)cyclopropylamines by using a copper-
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catalyzed aminoboration of methylenecyclopropanes. The rich
chemistry based on the resultant boryl moiety can readily
transform products into versatile trans-2-phenylcyclopropyl-
amine derivatives, which are of potential interest in medicinal
chemistry. Further derivatizations of borylated cyclopropyl-
amines™ and application to the catalytic asymmetric synthesis
are ongoing in our laboratory.
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