N-Cyclopropylation of Indoles and
Cyclic Amides with Copper(ll) Reagent
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ABSTRACT

10 mol % or 1.0 equiv Cu(OAc),

2.0 equiv [>—B(OH), NaD

Z N
H

3.0 equiv DMAP
1.0 equiv NaHMDS

dry air, toluene, 95 °C

Copper-mediated coupling reactions of cyclopropylboronic acid with indoles and cyclic amides are described. The process utilizes catalytic

or stoichiometric amounts of copper(ll) acetate, DMAP, and NaHMDS at 95
groups remain intact throughout the reaction.

°C under an atmosphere containing oxygen. A variety of functional

The cyclopropyl group has received considerable attention nitrogen atoms. For example, cyclopropylation of simple
in the field of medicinal chemistry because of its unique aniline derivatives was achieved by reductive amination with
characteristics, such as its steric and electronic properties(1-ethoxycyclopropoxy)trimethylsilarfé;c and through mag-

and metabolic stability. Among the many cyclopropyl-
containing compounds\N-cyclopropylamides and -azoles

nesium cyclopropylidene chemistidbut the yield and scope
are limited. In particular, cyclopropylation of indoles, pyr-

have attracted the most attention for the development of newroles, and amides has still remained challenging chemistry.
drug candidates. Some of these compounds show antiviral, Recently, cyclopropylation of cyclic amides and azoles was

antitumor® and retinoic acid receptor antagonist activity.
Despite the importance &§-cyclopropylamine derivatives,

reported by Gagnon and co-worké&rsThis pioneering work
utilized a triscyclopropylbismuth reagent with copper(ll)

there are few methods to incorporate cyclopropyl groups on acetate, and the reaction proceeded in good yields with broad
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availability and atom efficiency: the triscyclopropylbismuth || AN

reagent is not commercially available and not stable for
extended periods of storage, and two of the three cyclopropyl
groups on bismuth do not participate in the coupling reaction.

Therefore, we searched for a more facile method to
introduce cyclopropyl groups on nitrogen atoms of azoles

and amides. Transition-metal-catalyzed reactions between

organohalides and amines constitute the most common
strategy fomMN-alkylation andN-arylation®® Accordingly, we
initially attempted the coupling reactions of indole with
cyclopropyl bromide using a palladium, nickel, or copper
catalyst. However, no desired coupling product was obtained,
and only theN-allylated product derived from cyclopropane

Table 1. Conditions for theN-Cyclopropylation of Indole

10 mol % Cu(OAc),
o o
N
H

2.0 equiv | >—B(OH),
N
1 2 ﬁ

X equiv amine

w/wo y equiv additive
dry air
toluene, 95°C, 48 h

ring opening was observed, together with unreacted starting
material (Scheme 1).

Scheme 1. Palladium-, Nickel-, or Copper-Catalyzed Reaction
of Indoles with Cyclopropyl Bromide

Z N Z N N
H 7 A

not obtained

Because of this vulnerability of cyclopropyl bromide to
ring opening, we next turned our attention to the copper-

7\ — Ny OH 5
Q_@ @ 4 _]:QN_\> 1-CoH15COOH 9_9‘3?9*
3 4 5 6 70
ntry amine x additive y yield® (%)
1 0
2 pyridine 1.0 7
3 pyridine 3.0 40
4 pyridine 3.0 3 0.1 9
5 pyridine 3.0 4 0.1 36
6 pyridine 3.0 5 0.1 10
7 pyridine 3.0 6 0.2 20
8 EtsN 3.0 20
9 lutidine 3.0 21
10 DMAP 3.0 45 (43)
11 DMAP 3.0 NaHMDS 1.0 65 (62)°
12 NaHMDS 1.0 0
13¢ DMAP 3.0 3

aHPLC assay yield? Isolated yield ¢ Trialkoxyborate7 was employed
instead of cyclopropylboronic acid.

mediated oxidative coupling reaction, a well-established

reaction between arylmetals and amines. Thus far, arylmetals We were p|eased to find that the desired Coup“ng product

such as aryllead triacetat®arylbismuth®! aryltrimethoxy-
silanes'? diaryl iodonium saltd? arylstannane¥’ and aryl-
boronic acid>'®have been reported to be efficient coupling
partners foN-arylation. In particular, the coupling reactions
with arylboronic acids have been studied extensively since
the initial work by Chan and Lart?:*We decided to focus

on N-cyclopropylation with cyclopropylboronic acid since
it is a commercially available reagéhaind began our study
with indole as a model substrate. The initial results are shown
in Table 1.
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was obtained in 40% assay yield under standard reaction
conditions (entry 3) : Cu(OAg)(10 mol %), pyridine (3.0
equiv), dry air, and toluene at 9. DMAP and pyridine
were found to be suitable amines (entries 3 and 8—10). The
effect of additives was explored, and it was found that
addition of an equimolar amount of NaHMDS improved the
yield (entries 10 and 11), while addition of a catalytic amount
(0.1 equiv) of amine ligands (entries—8) or addition of
decanoic acitf*9(0.2 equiv) did not improve the yields. This
was plausibly due to the increased nucleophilicity of the
indole anion. The reaction without pyridine or DMAP did
not proceed at all (entries 1 and 12). Trialkoxyborate reagent
7 (see Table 1), which was recently developed by Miyaura’s
group as an efficient reagent for C—N bond formation as
well as for Suzuki-Miyaura coupling$,did not work well
(entry 13). Molecular oxygen was of importance in this
reaction. When the reaction was conducted under a nitrogen
atmosphere, no coupling product was obtained.

With these optimized conditions in hand, the scope and
limitations of this reaction were examined (Table 2).

The reaction tolerated a variety of functional groups, such
as chloride (entries 5 and 8), ester (entries 6), ketone (entry
7), nitrile (entry 3), and nitro (entry 4) groups. Although the
reactions with electron-deficient substrates were not sufficient

(17) Suzuki-Miyaura coupling reactions of cyclopropylboronic acid and
aryl halides had already been reported. Wallace, D. J.; Chéfret@ahedron
Lett. 2002,43, 6987—6990.

(18) Yamamoto, Y.; Takizawa, M.; Yu, X.-Q.; Miyaura, Mngew.
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Table 2. N-Cyclopropylation of Indole Derivatives Table 3. N-Cyclopropylation of Amides
10 mol % or 1.0 equiv Cu(OAc), j)\ j\ /A
.0 equi B(OH i conditions®
Z~N 3.0 equiv DMAP 2 A
4 H 1.0 equiv NaHMDS 8 9
dry air, toluene, 95 °C yield (%)b
reaction time 161 ((Ség'm;";f;b“’,%“‘m’ entry product Cu(OAc); [equiv]
yield (%)° Y 0.1 1.0
Cu(OAc)
entry product [equiv] : 1 w 9a 67 72
0.1 1.0
R
\ 2 O:&% 9% 71 89
1 (:Ei R=H,2a 62  35(75)°
2 R=0Me,2b 65 15 3 Q/EN’A e 48 49
3 R=CN,2¢ 28 86 H
4 R=NO;2d 40 81 4 9d <5 93
5 R=Cl2e 68 78 )
R
s OO0 5 n HP % 70 76
B R =CO;Me 2f 34 93 Y
7 R=C(O)Me 2g 35 86 6 N of 0 0
o o
8 cl N 2h 72 68
h a2 Reaction conditions are the same as those mentioned in Table 2.
N blsolated yield
9 Q\/r} 2i <5 40
NO, A
Q Cyclic amides and benzamide worked well (entries 1, 2,
10 O N 2j 69 81 and 5), but acyclic amide did not afford the coupling product
b and starting material was recovered (entry 6). The poor
EOC  COEt reactivity of the acyclic amide might be due to its strong
1 H % <5 78 preference for the&-conformation since all cyclic amides
g are forced to adopt th&-conformation. In addition, the
b coupling reaction proceeded well for a carbamate and imide

a|lsolated yield.? Trialkoxy borate7 was employed instead of cyclo- (entries 3 and 4). ) )
propylboronic acid without NaHMDS. In summary, we have established a copper-mediated

cyclopropylation of indoles and amides with cyclopropyl-
(entries 3, 4, 6, 7, 9 and 11), the yields could be improved boronic acid. Further development of this chemistry is
by using a stoichiometric amount of copper(ll) acetate. currently under investigation in our laboratories.
However, surprisingly, stoichiometric reactions gave worse
results in the case of electron rich substrates (entries 1 and Acknowledgment. We thank Dr. Kurihara H. for his
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product in good yield.
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amides (Table 3). mental procedures and characterization data of each com-
(19) In the case of indole and 5-methoxyindole, starting material was pound. This material is available free of charge via the

consumed completely, while starting material remained in the case of other Internet at http://pubs.acs.org.
substrates. An insoluble black tar emerged during the extractive operation
in the former case. OL800376F
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