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A highly effective Cu-Ru catalyzed addition of terminal
alkynes to imines via C-H activation has been achieved in
water or under solvent-free conditions.

Recently, great efforts have been made on developing chemical
technologies that can intrinsically reduce or eliminate the use or
generation of hazardous substances during the design, manu-
facture, and use of chemical products and processes—Green
Chemistry.! Metal-mediated C—C bond formations are among
the most important reactions in organic synthesis.2 However,
the standard practice for carrying out such reactions involves
the reaction of organic halides mediated by a stoichiometric
amount of metal in an anhydrous organic solvent and under an
inert atmosphere. Such a practice reveals fundamental draw-
backs as it requires a large volume of organic solvent, excess
drying agent, protection—deprotection of hydroxy groups, a
stoichiometric amount of metal, and a stoichiometric amount of
organic halide. On the other hand, an alternative reaction via
catalytic C—H activation?® in water* by using a water-soluble
catalyst, would provide a green-approach> for such reactions.

Recently, we described a Grignard-type reaction of alkyne to
aldehyde to generate propargyl alcohols via catalytic C-H
activation in water. An equally important reaction is the
corresponding addition of alkynes to imines, to generate
propargyl amines.” For generating propargyl amine derivatives,
Miura et al. reported the addition of acetylene to nitrones
through the initial formation of a dipolar cycloaddition.®
Carreira et al. used a Zn(m)-catalyzed process in CH,Cl, for the
addition of terminal alkynes to nitrones to form propargyl N-
hydroxyamine adducts.® Herein, we wish to report (to the best
of our knowledge) the first direct addition of acetylene to
various imines to generate propargyl amines via C—H activation
in water or under solvent-free conditions (eqn. (1)).

cat. RuCl;

NHAr
cat. CuBr

RCHO + ArNH; + R'

H,0 or neat R

Initially, we reacted imines, which were readily accessible by
the in situ condensation of aldehydes with anilines, with
phenylacetylene by using a Ru/In catalytic system in water.
Although this catalytic system was very effective for carbonyl
additions, it did not provide any imine addition product.®
Subsequently, we found that the desired addition product was
formed in moderate yields by using Cu catalysts in water.
Among the catalysts being tested, copper salts such as CuCl,
CuCl,, CuBr, Cul, and CuO all showed catalytic activities, with
CuSO, CuCN, and Cu(OAc), being less effective. The best
yield of the addition product was obtained with CuBr as the
catalyst.10 By using RuCl; (3 mol%) as a co-catalyst, the yield
of the desired product was dramatically increased (from 30% to
90%). However, no imine addition product was observed with
RuCl; alone as the catalyst. As shown in Table 1, this catalytic
system could be applied to a broad range of substituted aromatic
imines and aliphatic imines (without «-hydrogen to avoid
competing aldol condensation under these conditions) to afford
the corresponding propargyl amines in high yields. In a few
cases (entries 10—14) the imines were found to be prone to
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Table 1 Catalytic addition of phenylacetylene to imines in water (or
neat)

Aniline/ Yield
Entry Aldehyde conditions? Product (%)
1 o) PhNH,/A NHPh 91
Ph)J\ H Ph)\
Ph
2 o PhNH,/A NHPh 90
P—CIPh)J\H p'CIPh)\
Ph
3 o PhNH,/A NHPh 89
m-CIPh)]\F m'mph)\
Ph
4 0 PhNH,/A NHPh 95
p-BrPh)J\H P'prh)\
Ph
5 o PhNH,/A NHPh 93
m-BrPh)J\H m 'Brph)\
Ph
6 o PhNH,/A NHPh 87
u—MePh)J\r- p'Meph)\
Ph
7 0 PhNH,/A NHPh 86
p -t—Bu-Ph)J\H p'l'Bu'Ph)\
Ph
8 o PhNH,/A NHPh 87
p-CFsPh” H P 'CFaph)\
Ph
9 @ PhNH,/A NHPh 64
>HkH })\
Ph
10 ° PhNH,/B NHPh 85
p PhPhJ\H pphph)\
Ph
o H NHPh
11 PhNH,/B 96
g
99 2 N
12 0 p-CIPhNH,/B NHPh-p-Cl 82
AL S N
Ph
13 0 p-BrPhNH,/B NP Br 88
Ph)J\ H Ph)\ Ph
14 0 p-MePhNH./B NHPR-p-te 77

Ph

bs

Ph
a Conditions: A, in water; B, solvent free. Yields were referred to isolated
ones after column chromatography on silica gel.
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Scheme 1 Tentative mechanism for imine addition via C—H activation.

hydrolysis in water and the yields of the products were
significantly reduced. However, in these cases, we found that
the imine additions were highly effective under solvent-free
conditions. It was found that good yields of the addition
products could be achieved in a mixture of 1.0 eq. of the imine
and 1.2 eq. of phenylacetylene along with the Cu/Ru catalysts
under neat conditions. Aliphatic alkynes, such as hexyne and
trimethylsilylacetylene, were also effective for the reaction.
Their couplings with the imine generated from benzaldehyde
and aniline provided the desired product in 86% (hexyne, neat)
and 83% (trimethylsilylacetylene, neat) respectively. A tenta-
tive mechanism was proposed which involves the simultaneous
activation of the C—H bond of alkyne by a Ru(i) species!!
(possibly generated in situ from reduction of Ru(ir) by the
alkyne) and the imine by the copper complex. The ruthenium
intermediate generated then underwent Grignard-type addition
to the activated imine to give the desired nucleophilic addition
product and regenerated the ruthenium and copper catalysts for
further reactions (Scheme 1).

In conclusion, a highly effective Cu—Ru catalyzed addition of
acetylenes to imines via C—H activation has been achieved in
water or under solvent-free conditions. The process was simple
and generated a diverse range of acetylenic amines in excellent
yields. The scope, mechanism, stereoselectivity, and synthetic
applications of this novel reaction as well as other C—C bond
formations via C—H activations in water or under solvent-free
conditions are under investigation.

A typical experimental procedure follows: a mixture of the
aldehyde (2 mmol) and aniline (2.4 mmol) was heated at 60 °C
for about two hours. Then, ruthenium trichloride (3 mol%),
copper(1) bromide (30 mol%), phenylacetylene (2.4 mmol) and
water (flashed with nitrogen) (2 mL) were added into the
mixture under nitrogen.!? The mixture was stirred at room
temperature for 10 min and then at 40 °C overnight. The
reaction mixture was poured into water, and extracted with
diethyl ether (or methylene chloride). The organic layer was
washed with water and dried over anhydrous Mg,SO,4. The
solvent was removed in vacuo. The product was isolated by
flash column chromatography on silica gel eluting with EtOAc—
hexane (1:40).
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