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Mediated by copper/diethyl azodicarboxylate, regioselective alkynylation of unactivated aliphatic tertiary methylamine with terminal alkyne
was successfully established. It is not necessary for the tertiary methylamines to be aryl substituted to modulate the properties of amines.
The alkynylation reaction described here has the advantage of simple operation, mild reaction conditions, good to excellent yields, and no

need to exclude air and moisture.

Carbon—carbon bond formation reactions are the most
important processes in organic synthesis. Traditional methods
usually employ prefunctionalized substrates. However, due
to the requirement of environmental concerns, the carbon—
carbon bond formation via cross oxidative coupling of two
C—H bonds has attracted great interest in recent years.' The
starting materials could be used directly in such transforma-
tions without prefunctionalization, and the synthetic proce-
dure could be shorter, simpler, and atom economical. A
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number of excellent achievements have been made, and a
variety of substrates with different types of hybridized
carbons could be coupled.'?

Propargylic amine derivatives have received much atten-
tion over the past decades and found wide application in
medicinal chemistry and synthetic chemistry.® Traditional
synthetic methods included nucleophilic alkynyl of func-
tionalized amines and transition-metal-catalyzed addition of
alkynes to imines.* Although these are effective methods,
they require the presence of a leaving group or the use of
imines prepared from the prefunctionalized aldehydes and
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amines. Direct oxidative functionalization of tertiary amines
represents an alternative method for the synthesis of prop-
argylic amine derivatives® and other nitrogen-containing
compounds.® Recently, Li reported an efficient method for
the direct synthesis of propargylic amines by copper-
catalyzed coupling of sp> C—H adjacent to nitrogen with a
terminal alkyne.”™ However, the reaction required an aryl
or benzyl substituted on the tertiary methylamine nitrogen
so as to induce the coupling. Fu reported a new method for
the cross coupling of aliphatic tertiary amines with terminal
alkynes promoted by copper/NBS; however, the yields were
very low in most cases.’® Herein, we report a novel oxidative
coupling of terminal alkynes with tertiary methylamines
where the nitrogen is substituted only by alkyls. This reaction
is mediated by copper and diethyl azodicarboxylate (DEAD)
and has the advantage of simple operation, mild conditions,
good to excellent yields, and no need to exclude air and
moisture.

DEAD, as a versatile reagent, has been widely used in
organic synthesis.” Recently, we reported DEAD promoted
dehydrogenation of tertiary amine and tandem reaction with
sulfonyl azide.® As far as the mechanism was concerned, it
revealed that a zwitterionic intermediate may be formed in
the reaction.®*® Accordingly, we envisioned that it is probable
for this intermediate to subsequently react with terminal
alkyne and thus form the alkynylation product. In the
mechanism, when an ethyl is present, the elimination of both
a- and B-hydrogens of nitrogen was inevitable.® However,
with a methyl group, the elimination could not happen due
to the absence of a 5-hydrogen. Then, what will happen with
the coexistence of isopropyl and methyl?

Our study initiated with N,N-dimethylcyclohexylamine and
phenylacetylene as the substrates. In the presence of DEAD
and with copper as a catalyst, it was found that the reaction
between this pair of substrates afforded 3a as a product. This
result indicated that the dehydrogenation under this reaction
system occurred regioselectively at the methyl group,
whereas the o-hydrogen located at the cyclohexyl remained
intact although N,N-dimethylcyclohexylamine has two types
of o-hydrogens adjacent to the nitrogen atom.

The optimization of the reaction conditions for the
formation of 3a was done by screening several solvents and
copper catalysts. No reaction occurred in the absence of
copper catalyst (Table 1, entry 1). Cul proved to be the best
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Table 1. Synthesis of 3a Under Various Conditions”

\
L \O [ cul (5 mol %) @ . NO
<:> - N DEAD, solvent N\ 4
1a 2a 3a

entry catalyst solvent time (h) yield (%)°
1 - THF 6 0
2 Cul THF 6 87°¢
3 CuBr THF 12 83
4 CuCl THF 16 85
5 Cul toluene 7 81
6 Cul CH;CN 8 78
7 Cul 1,4-dioxane 7 86
8 Cul CH,Cl, 7 77
9 Cul CICH2CH,Cl 7 79
10 Cul DMF 10 57

“DEAD (1.1 mmol), N,N-dimethylcyclohexylamine (1 mmol), pheny-
lacetylene (1.5 mmol), copper catalyst (0.05 mmol) in solvent (2 mL).
® Isolated yields. © 2H-DEAD was isolated in 85% yield.

catalyst compared with CuBr and CuCl (Table 1, entries
2—4). After prolonging the reaction for several hours, CuBr
and CuCl can also give excellent results. Using Cul as a
catalyst under room temperature, satisfactory yields could
be obtained using several solvents, such as CH;CN, CH,Cl,,
DCE, toluene, and 1,4-dioxane (Table 1, entries 5—9). DMF
gave the desired product in only 57% yield (Table 1, entry
10). The reaction rate varied with different solvents. The
reaction proceeded most rapidly in THF while most slug-
gishly in DMF.

With the optimized conditions (Table 1, entry 2), a variety
of terminal alkynes and aliphatic tertiary methylamines were
examined, and the corresponding alkynylation products were
obtained in good to excellent yields (Table 2). Aromatic
alkynes substituted at the phenyl ring with MeO, Me, CF;,
F, Cl, and n-pentyl were all converted into the corresponding
products efficiently, indicating no remarkable electronic and
position effects of the substituents on the reaction (Table 2,
entries 2—6 and 16). 3-Ethynylpyridine and 3-ethynylth-
iophene were successfully coupled with N,N-dimethylcyclo-
hexylamine and afforded the corresponding propargylic
amines smoothly (Table 2, entries 9 and 10). Benzyl
acetylene also served as a good partner (Table 2, entry 7). It
is noteworthy that 1-hexyne and phenethylacetylene, two
aliphatic alkynes, afforded the desired products in good yields
as well (Table 2, entries 8 and 11). Trimethylsilyl could be
tolerated under the conditions (Table 2, entry 12). Several
types of aliphatic tertiary methylamines can be used in this
study. The dehydrogenation of an a-hydrogen at the isopro-
pyl and analogous group was not observed. Bulky groups,
such as iso-propyl and tert-butyl, have exerted no appreciable
influence on the reaction efficiency. In the case of N,N-
dimethylbenzylamine, the ratio for the alkynylation of methyl
and methylene is ~63:37 in 82% overall yield (Table 2, entry
19). However, when N,N-dimethylaniline was used as the
substrate, the desired propargylic amine could not be obtained
in spite of the attempts with more reaction conditions, and
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Table 2. Synthesis of 3“ Promoted by Cul/DEAD

R2
R?  5mol % Cul, THF N-R3
RI— + —N RI—
R? 1.1 equiv DEAD
1 2 3
entry R! R% R3 yield (%)°
1 Ph (1a) Me; c-hexyl (2a) 3a; 87
2 4-MeOCgH, (1b) 2a 3b; 90
3 4-MeCgH,4 (1c) 2a 3c; 83
4 2-CF;3;C¢H4 (1d) 2a 3d; 72
5 3-FC¢H, (1e) 2a 3e; 74
6 3-CIC¢H, (1£) 2a 3f; 69
7 PhCH; (1g) 2a 3g; 71
8 PhCH,CH, (1h) 2a 3h; 73
9 3-pyridyl (1i) 2a 3i; 66
10  3-thienyl (1j) 2a 3j; 64
11  n-butyl (1k) 2a 3k; 82
12 MesSi (11) 2a 3l; 81
13 1la Me; c-pentyl (2b) 3m; 83
14 1la Me; c-heptyl (2¢) 3n; 90
15 1la c-hexyl; c-hexyl (2d) 30; 94
16  4-CH3(CHy),CeH, (1Im) Me; Prf (2f) 3p; 75
17 1la Pr; Bu! (2g) 3q; 82
18 1la Me; 3'-Me-2-pentyl (2f) 3r; 77
19 1a Me; PhCH, (2e) 3s+3t; 82°¢

“DEAD (1.1 mmol), aliphatic tertiary methylamine (1 mmol), alkyne
(1.5 mmol), Cul (0.05 mmol), THF (2 mL), 6—12 h (see Supporting
Information). ® Isolated yields. ¢ Mixture of isomers.

only the adduct of DEAD with N,N-dimethylaniline was
isolated in excellent yield.

According to the literature,®” a tentative mechanism was
proposed in Scheme 1. First, DEAD and aliphatic tertiary
methylamine 2 undergoes a nucleophilic addition reaction
and forms a 1:1 adduct A, which could be in equilibrium
with B by an intramolecular hydrogen transfer. Then adduct
A cleaves to form an ion pair consisting of imine cation C
and 1H-DEAD D. The nitrogen anion of D further abstracts
a hydrogen from the terminal alkyne with itself being
transformed into 2H-DEAD in the presence of the copper
catalyst, and the terminal alkyne is transformed into copper
alkynylide (path b). A further addition of the in situ generated
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Scheme 1. Proposed Mechanism
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copper alkynylide on C gives the desired product 3 and
liberates the copper catalyst to complete the catalytic cycle.
When the R? or R* is a phenyl group, the reaction route
follows path a to form the adduct product E preferably.

In conclusion, an efficient Cul/DEAD mediated alkyny-
lation of aliphatic tertiary methylamines with alkynes is
successfully established. The reaction described here is mild,
general, and efficient, thus providing an extremely preferable
way for the alkynylation of aliphatic tertiary methylamine.
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