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A Three-Component Coupling Reaction of
Aldehydes, Amines, and Alkynes

Satoshi Sakaguchi, Takashi Kubo, and Yasutaka Ishii*

Since the decisive breakthrough in 1993 by Murai et al.,
who achieved a highly efficient ruthenium-catalyzed addition
of aromatic C—H bonds to olefins,!! carbon—carbon bond
formation through the activation of C—H bonds by transition
metal complexes is recognized as a new category of chem-
istry.[>31 So far there have been a number of cases of C—C
bond formation through activation of the C—H bond adjacent
to the heteroatom.P-! Recently, it was shown that some
iridium complexes cleave the C—H bond of nitriles® or
1-naphthols!” to provide a new C—C bond. To the best of our
knowledge, however, no reports have appeared on C—C bond
formation by the activation of C—H bonds neighboring the
nitrogen atom of imines. In continuation of our studies on
iridium-catalyzed reactions of imines,®! we have now found a
new type of C—H bond activation adjacent to the nitrogen
atom of imines by an iridium complex, leading to a three-
component coupling reaction of aldehydes, amines, and
alkynes.

The reaction of n-butyraldehyde (1a), n-butylamine (2a),
and l-octyne (3a) was selected as a model reaction and
examined in the presence of a catalytic amount of
[{Ir(cod)Cl},] (cod =cycloocta-1,5-diene) under various reac-
tion conditions [Eq. (1), Table 1]. To a solution containing

(0]
)k o~ cat. [{Ir(cod)Cl},]
npr” YH tnPrT "NHp + =—nHex
60 °C
la 2a 3a

(1
NS NS
e nPr” N7 npr + /jﬁN/\nPr
4a 5a 6a

[{Ir(cod)Cl},] in THF was added a 1:1:1 mixture of 1a, 2a, and
3a. The reaction was carried out with stirring at 60 °C for 15 h,
giving the coupling products N-butyliden(2-hexylpropylal-
lyl)amine (4a), imine 5a, and «,f-unsaturated imine 6a in
57%, 28% and 11% yields, respectively (Table 1, run1).
When two equivalents of 1a and 3a with respect to 2a were
employed, 4a was formed in higher yield (72%, run?2).
Interestingly, the reaction took place at 50°C to give 4a in
moderate yield (56%, run4), although the usual catalytic
addition of C—H bonds to alkenes and alkynes calls for higher
reaction temperatures (>100°C).l'>] When the reaction was
terminated after 7h, a considerable amount of imine 5a
remained unchanged (run 5). This shows that the reaction is
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Table 1. Results of the three-component coupling reaction of n-butyral-
dehyde (1a), n-butylamine (2a), and 1l-octyne (3a) catalyzed by
[{Ir(cod)Cl},] under various conditions [Eq. (1)].[2

Run Solvent Yield [% ]
4a 5a 6a
1l THF 57 28 11
2 THF 72 7 12
3l THF 48 8 16
4lel THF 56 13 12
5i THF 54 32 10
6l THF 68 3 18
710 THF 49 13 15
glil THF 0 2 40
9 DME 64 7 8
10 toluene 53 11 13
11 EtOH 9 26 34

[a] Reaction conditions: 1a (0.5 mmol), 2a (0.25 mmol), 3a (0.5 mmol),
[{Ir(cod)Cl},] (0.025 mmol), solvent (2 mL), 60°C, 15 h. [b] Yield based on
amount of 2a used. [c] As in [a], except: 1a (0.25 mmol), 3a (0.25 mmol).
[d] Asin [a], except: THF (1 mL). [e] As in [a], except: 50°C. [f] As in [a],
except: 7 h. [g] Compound 5a (0.25 mmol) was allowed to react with 3a
(0.5 mmol) under the same reaction conditions as run 2. [h] Catalyst:
[{Ir(cyclooctene),Cl},] (0.025 mmol). [i] Catalyst: IrCl; (0.025 mmol).

initiated by the reaction of 1a with 2 a, leading to the imine Sa.
Indeed, the reaction of imine 5a with 3a under the influence
of the Ir complex in THF gave 4a in satisfactory yield (run 6).
The catalytic activity of [{Ir(cyclooctene),Cl},] was lower than
that of [{Ir(cod)Cl},], and IrCl; was inert (runs7 and 8).
Among the solvents examined, THF was found to be the best,
followed by DME and toluene. A protic solvent like EtOH
promoted an aldol-type reaction of imine 5a to 6a rather than
the coupling reaction (runs 9-11).

The reaction shown in Equation (1) seems to proceed
through the following reaction path (Scheme 1): First, the Ir!
complex A coordinates to Sa, which is generated in situ from
aldehyde 1a and amine 2a. Oxidative addition of the Ir!
center at the C—H bond adjacent to the nitrogen atom in Sa

R2

RY Rl

Rl/:Nj
|
Ir'L, 5a

4a
/ A
R2

Rl
'L,
b f
N Rl/: 1
=N !r Ln B R

Scheme 1. A possible reaction path for the three-component reaction.
R'=nPr, R?=nHex; L, =ligand.
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affords Ir'™ complex C. Coordination of alkyne 3a followed by
insertion in complex D gives iridium complex E, and
subsequent reductive elimination forms the coupling product
4a. To obtain further insight into the reaction pathway, the
reaction of N-butyliden-1,1-dideuteriobutylamine ([D,]5a),
prepared independently, with 3a under the influence of
[{Ir(cod)Cl},] was examined [Eq.(2)]. As expected the
coupling product [D,]4a, in which a deuterium atom is

H(D)
nHex
j\ t. [{ir(cod)Cllz] Rk
cat. 2
~ +3 — % S 2
nPr N D nPr THF, 60 °C nPr N D nPr

[Do] 5a [Do] 4a

incorporated at the terminal triple bond of 3a, was produced.
It is noteworthy that [D,]4a consisted of a single geometrical
isomer. This shows that the present coupling reaction takes
place with high stereoselectivity, although it is not clear where
the stereochemistry comes from.

On the basis of these results, the three-component coupling
reactions of several different aldehydes, amines and alkynes
were examined (Table 2). In most cases the reactions pro-
duced the corresponding coupling products in fair to good

Table 2. Results of the three-component coupling reaction of various aldehy-
des, amines, and alkynes catalyzed by [{Ir(cod)Cl},].[

Run  Aldehyde Amine Alkyne Yield
[%] of 4
la 2a =—nBu 3b 74

2 1a 2a nBu—=——nBu 3¢ ofb!
O

3 W)LH 1b 2a 3a 73
(o}

4 >HJ\H 1c 2a 3a 62

5 1a YNHz 2b  3a 60

6 1a \/L 2¢  3a 45

NH»
7 la

>L 2d 3a 0
NH;,

[a] The aldehyde (0.5 mmol), amine (0.25 mmol), and alkyne (0.5 mmol) were
allowed to react in THF (2 mL) in the presence of a catalytic amount of
[{Ir(cod)Cl},] (0.025 mmol) at 60°C for 15 h. [b] Compounds 5a (83%) and 6a
(4% ) were obtained.

yields (runs 1, 3-6). The reaction with the internal alkyne
4-octyne (3¢) did not form a three-component coupling
product, but instead 5a and 6a (run 2). Needless to say, no
coupling reaction took place upon use of tert-butylamine,
which has no a-hydrogen atom (run 7). The reaction of
benzaldehyde or crotonaldehyde or 2-octanone with 2a and
3a is unfortunately difficult to carry out under these
conditions. Finally, almost no reaction took place upon
treatment of 2-aminoethanol or allyl amine with 1a and 3a.
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The reaction of 1a, 2a, and trimethylsilylacetylene (3d)
under the influence of [{Ir(cod)Cl},] afforded an adduct,
butyl(1-propyl-3-trimethylsily-2-propynyl)amine [7; Eq. (3)].

la + 2a + =—SiMes3
3d SiMes
Il (©)
cat. [{Ir(cod)Cl},]
60 °C nPr” N7 nPr
H
7

Here the the alkyne 3d has added to the double bond of the
imine Sa initially formed, in contrast to the reaction of the
aliphatic alkyne 3a. It is probable that the reaction proceeds
through the oxidative addition of the Ir' complex to the
terminal C—H bond of alkyne 3d, followed by insertion of the
imine to the resulting Ir—H complex. Recently, Miyaura et al.
reported that the iridium-catalyzed dimerization of terminal
alkynes involves the oxidative addition of a low-valent Ir
complex to alkyne, followed by insertion of an alternative
alkyne to give dimers."]

In summary, we have developed a new reaction of
aldehydes, amines, and alkynes catalyzed by an Ir complex
to produce three-component coupling products. These prod-
ucts are difficult to obtain by conventional organic synthetic
methods.

Experimental Section

Representative procedure: The aldehyde (0.5 mmol), amine (0.25 mmol),
and alkyne (0.5 mmol) were added under Ar to a solution of [{Ir(cod)Cl},]
(0.025 mmol) in THF (2.0 mL). Then the reaction mixture was stirred at
60°C for 15 h. The reaction was quenched with wet Et,0O, and the products
were isolated by column chromatography (230-400 mesh Al,O;, hexane)
and purified by distillation under reduced presure. After the reaction, GC
and GC-MS analyses were performed. The yields of the products were
estimated from the peak areas based on the internal standard technique
using GC.

4a: "H NMR: 6 =759 (t, J=4.9 Hz, 1H), 491 (s, 1 H), 476 (d, J=13 Hz,
1H), 341 (t, J=6.9 Hz, 1H), 225 (dt, /=53, 73 Hz, 2H), 2.04 (t, /=
73 Hz,2H), 1.65—1.09 (m, 14H), 0.95 (t,J = 7.6 Hz, 3H), 0.88 (t,/ = 4.6 Hz,
6H); °C NMR: 6 =163.8, 151.7, 108.9, 76.0, 37.6, 36.7, 32.5, 31.7, 29.1, 277,
22.5,19.6,14.0,13.8, 13.7; IR (neat) 2957, 1667, 1462, 897 cm™'; MS (70 ev)
miz (%): 237 (0.3) [M*], 194 (100), 180 (5), 166 (16).

7: 'H NMR: 6=335 (dd, /=77, 59 Hz, 1H), 2.84 (ddd, J=6.6, 8.4,
11.4 Hz, 1H), 2.56 (ddd, J=5.9, 8.0, 11.4 Hz, 1 H), 1.61 - 1.33 (m, 8H), 0.94
(t, J=73Hz, 3H), 091 (t, /=73 Hz, 3H), 0.16 (s, 9H); *C NMR: 6 =
100.2, 87.3, 50.6, 47.0, 38.0, 32.1, 20.4, 19.2, 13.9, 13.8, 0.1; IR (neat) 3299,
2959, 2159, 1458, 1243, 842 cm'; MS (70 ev) m/z (%): 182 (100), 109 (4), 73
(12).
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Unprecedented Detection of Distinct Barriers
Involving Formally Enantiotopic Substituents:
Phenyl Rotation in Solid Diphenyl Sulfoxide**

Daniele Casarini,* Lodovico Lunazzi,* and
Andrea Mazzanti

It has been pointed out that “the vast majority of molecules
are chiral, not achiral; to realize it, one only needs a
sufficiently fine spatial or temporal resolution of measure-
ment”. To illustrate this point herein, we refer to the recent
observation that dimesityl sulfoxide (Mes,S=O; Mes =2.4,6-
trimethylphenyl), which by convention is an achiral molecule
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