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Amines are not suitable leaving groups for organic synthesis. In
general, C—N bond activation is carried out by converting amines
into ammonium and iminium ions." A few examples using amines
as leaving groups include nucleophilic substitution reactions of
highly electron-deficient aromatic compounds,” palladium-catalyzed
carbonylation,** deprotection of N-allylamines,” and palladium- and
ruthenium-catalyzed amine exchange reactions.®’ In particular,
direct C—H activation to generate iminium intermediates in amine
exchange reactions was first reported by Murahashi and co-workers®
and has become one of the most important strategies for related
transformations.® Li and co-workers developed the copper-catalyzed
cross-dehydrogenative coupling (CDC)® of tertiary amines with
terminal alkynes,'® active methylenes, and nitromethane (eq 1)."'
We have developed a palladium-catalyzed hydride transfer reaction
for the synthesis of allenes 3 via iminium complex 2 (eq 2, path
a).'>'3 In this paper, we report the copper-catalyzed substitution
reaction of propargylic amines. In this transformation, the
C(sp)—C(sp?) bond cleavage step is essential for generating copper
acetylides and iminium intermediates 4, which undergo fragment
exchange with additional aldehydes, amines, and alkynes to give §
(eq 2, path b).
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The results are shown in Table 1. When N,N-dicyclohexylpro-
pargylamine (1a) was treated with 3 equiv of dibenzylamine in the
presence of CuBr catalyst (20 mol %) in THF at 100 °C in a sealed
vial tube, the substitution reaction proceeded, generating the
corresponding amine-exchanged product 5a in 73% yield (entry
1). Propargylic amines 1b and 1¢, which have a substituent at R?,
also underwent the substitution reaction with dibenzylamine to give
propargylic dibenzylamines 5b and Sc in 55 and 64% yields,
respectively (entries 2 and 3). The reaction was also applied to
1-substituted propargylic amines 1d (R® = 4-FC¢H,), 1le (R® =
4-CH;3CgHy), and 1f (R* = Ph), and the corresponding propargylic
dibenzylamines (5d—f) were obtained in 52—74% yield (entries
4—6). The substitution reactions proceeded not only with diben-
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zylamine but also with various secondary amines (entries 7—15)
to give the corresponding amine-exchanged products (5g—o) in
good to high yields. The use of toluene (entries 8—11 and 15) or
dioxane (entry 12) instead of THF as the solvent was more effective
in certain cases. The substitution reaction using N-methylaniline
resulted in a relatively low yield (30%) (entry 15). The reactions
of 1g and 1h with dibenzylamine gave 5f in 61 and 68% yield,
respectively (entries 16 and 17).

Table 1. CuBr-Catalyzed Substitution Reactions of Propargylic
Amines 1 with Secondary Amines (HNR*R®)2

R3 R3
/\ . HNR*R® (3 eq.) /\ s
NR _ NR‘R
R Z 2 CuBr (20 mol%) R2 7
1 THF, 100 °C 5
entry  propargylic amine 1 HNR*R5 time (h) yield of 5 (%)°
/\ NCy,
1 1a: R%=H HNBn, 48 5a 73
2 1b: R%=Ph HNBn, 24 5p 55
3 1c: R%=4-BrC¢H,  HNBn, 35 5¢c 64
R3
~  NCy,
4 H 1d:R3=4-FCgH,  HNBn, 27 5d 60
5 1e: R%=4-CHyCgH,  HNBn, 48  5e 52
6 1f: R3=Ph HNBn, 16 5 74
7 1 HN(Pr)Bn 12 59 87
8 1 HN(Bn)CH,(CHy)Ph 12 5h  85°
9 1" HN(Et)Bn 12 5 72°
10 1§ HNEt, 8 5 >99°
1 1f HN("Hex), 35 5k 48°
12 1f HN(CH,CH,OH), 2 51  >99¢
13 1% HN(allyl), 12 5m 67
14 1f morpholine 12 5n 66
15 HN(Ph)Me 24 50 30°
Ph
~ NR,
16 H 1gR=Et HNBn, 1 5f  61°
17 1h: R'=Pr HNBn, 6 5f 68°

“ The reactions of propargylic amines 1 (0.5 mmol) with disubstituted
amines (HNR*R®) were carried out in the presence of CuBr (0.1 mmol)
in THF (1.5 mL) at 100 °C under an Ar atmosphere using a vial tube.
b Isolated yields based on 1. ©Toluene was used as the solvent.
4 Dioxane was used as the solvent.

To clarify the mechanism, we examined the substitution reactions
of dibenzylamine with 1f in the presence of 4-tolaldehyde and 1e
in the presence of benzaldehyde [Scheme S1 in the Supporting
Information (SI)]. Interestingly, N,N-dibenzyl-1-phenylpropargy-
lamine (5f) was obtained as the major product in both cases. These
results suggest that the substitution reaction involves C(sp)—C(sp3)
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Table 2. CuCl-Catalyzed Alkyne Substitution Reactions of
Propargylic Amines with Various Alkynes?

R3 R3
P /\NR1 CuCl (20 mol%) /\NR1
+ 2 B ——
7 = base R® = 2

R
(o
7 15: g: :S;défa';z y THF, 100°C, 24 h 1b or 6a-0
3ed.  jR!=iPr,R=H
k: R! = Cy, R®= "Pent
I: R" = "Hex, R® = "Pent
entry R® base” 1 1o0r6 yield (%)°©
14 Ph "BusN la 1b 74
24 Ph Na,HPOs  1i 6a 83
3 Ph "BusN 1j 6b 47
4 4-biphenyl "OctsN la 6¢ 44
5 4—CH3C(,H4 NazHPO4 la 6d 48
6 4—CH3C6H4 NagHPO4 1i 6e 61
7 4—CH3OC()H4 "BU3N la of 58
8 4-CH30CsH4 Na,HPO4 1i 6g 53
9 2-(6-CH30)Naph "OctsN la 6h 58
10 4-(CH3)2NCeHy "OctsN la 6i 44
11 4-CF3C¢Hy Na,HPO4 la 6j 63
12 Ph(CH3)C(OH) "BusN la 6k 40
13 EtO,C Na,HPO4 la 6l 42
14 Ph Na,HPO4 1k 6m 73
15 Ph "OctsN 11 6n 33
16 4-CH30CqH4 Na,HPO, 1k 60 39

“The reaction of propargylic amines 1 (0.3 mmol) with alkynes 7
(0.9 mmol) was carried out in the presence of CuCl (0.06 mmol) in
THF (1.2 mL) at 100 °C under an Ar atmosphere using a vial tube.
®The amount of each base used in the reaction was as follows:
Na,HPO4 (1.2 mmol); "BusN (0.3 mmol); "OctsN (0.15 mmol).
“Isolated yields based on 1. ¢ Using 5 equiv of phenylacetylene.
bond cleavage at the propargylic position (1 — 4 in eq 2). Thus,
we next investigated the alkyne substitution reaction of propargylic
amines with additional alkynes 7.

The results of the alkyne substitution reaction are summarized
in Table 2. The reaction of 1a with phenylacetylene proceeded in
the presence of CuCl (20 mol %) and tributylamine to produce 1b
in 74% yield (entry 1). Propargylic amine 1b was obtained in 11%
yield in the absence of base (Table S3 in the SI), suggesting that
addition of base is essential for this alkyne substitution reaction.
Among the copper(l) catalysts examined, CuCl gave the best yield
(Table S4). In the case of N,N-dihexylpropargylamine (1i), using
Na,HPOy, as the base was more effective, and the corresponding
propargylic amine 6a was obtained in 83% yield (entry 2). Although
other bases, such as tributylamine and trioctylamine, were also
effective, the choice of base strongly depended on the ease of
separation between these trialkylamines and the products. A variety
of alkynes 7, such as 4-biphenylacetylene, 4-tolylacetylene, 4-meth-
oxyphenylacetylene, 6-methoxy-2-naphthylacetylene, 4-(N,N-dim-
ethylamino)phenylacetylene, and 4-tolacetylene, and various pro-
pargylic amines, including la and 1li—l, were employed in the
alkyne substitution reaction to afford the corresponding propargylic
amines (6b—j) in moderate to good yields (entries 3—11). The
alkyne substitution reaction was also applied to alkynyl alcohol
and ester. The reactions of 1a with 2-phenyl-3-butyn-2-ol and ethyl
propiolate gave 6k and 61 in 40 and 42% yield, respectively (entries
12 and 13). The propargylic amines 1k and 11, which have a
substituent at the propargylic position, also underwent the alkyne
substitution reaction with phenylacetylene and 4-methoxypheny-
lacetylene to give the corresponding propargylic amines 6m—o in

33—73% yield (entries 14—16). However, the propargylic amines
having a substituent at the terminal position, such as 1b and N,N-
dicyclohexyl-2-butyn-1-ylamine, did not undergo the alkyne sub-
stitution reaction.

In conclusion, we have found that the substitution reactions of
propargylic amines proceed in the presence of copper(I) catalysts.
As described in the detailed mechanistic discussion in Scheme S2,
C(sp)—C(sp®) bond cleavage assisted by the nitrogen lone-pair
electrons is essential for the reaction, and the resulting iminium
intermediates undergo amine exchange, aldehyde exchange, and
alkyne addition reactions, although the possibility that the mech-
anism proceeds through copper allenylidene complexes'* or pro-
pargylic cation intermediates'>-'® generated by C—N bond cleavage
to give the amine-exchanged products cannot be excluded. Because
iminium intermediates are key to aldehyde—alkyne—amine (A®)
coupling reactions,'” ' this transformation is effective not only
for reconstruction of propargylic amines but also for chiral induction
of racemic compounds in the presence of chiral catalysts.
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