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Dehydrogenation and subsequent transimination of primary amines offer a new pathway for C—H bond activation, ortho-alkylation, and C-C
bond activation to afford a variety of ketones in the reaction of 1-alkene by a cocatalyt system of Rh(l) and 2-amino-3-picoline.

Activations of C—H and C—C bonds are current interests in bond activation in organic synthesis. Recently, we have

organometallic chemistryy These reactions have been de-

developed consecutive hydroacylation artho-alkylation

veloped in organic synthesis because they can be utilized inusing chelation-assistant tools, 2-amino-3-picoline and benz-

atom economical reactiodsHydroacylatiod—> and ortho-
alkylatiorf are among the major applications of the-B8
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ylamine? Even in the G-C bond activation, 2-amino-3-
picoline has been used as an important chelation-assistant
tool 8 In these reactions, formation of imine from amine and
aldehyde or ketone is an important reaction step for transition
metal catalyzed activatio.®

During the course of our study of the activation of-8

and C—C bonds, we found that primary amines could also
be used for the substrates since they were readily dehydro-
genated by a transition metal catalyst to generate infines.
In this communication, we report a new synthetic method
for the production of ketone from primary amines and
1-alkene through dehydrogenation and subsequent transimi-
nation.
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In our experiment, primary amine)feacts with 1-alkene
(2) under a catalyst system of (PPIRhCI (3) and 2-amino-
3-picoline (4) to give a hydroacylated produ6t after
hydrolysis of the resulting ketimin® (Scheme 1). For

Scheme 1. Hydroacylation with Primary Amines through

Dehydrogenation
P |
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1 2-amino-3-picoline (4, 50 mol%) N| R
+
R2 toluene, 24 h R’ R?
=/ 5

example, when the reaction of phenethylamit@ @nd 3,3-
dimethyl-1-buteneZa) was carried out at 170C for 24 h

under the catalytic system & (5 mol %) and4 (50 mol

%), 5,5-dimethyl-1-phenyl-hexan-2-on@a) was isolated in
96% vyield (Table 1, entry 1).

Table 1. Reaction of Various Olefins2) with Primary Amines

(12

enty 1 (RY) 2(RY Products (yield)?
1 1a  2a(tCsHg) 6a (96 %)
(PhCH,)
2 2b (1-C3H7)  6b (70 %)
3 2¢ (n-CgH17) 6¢ (78 %)
4 2d (Cy) 6d (84 %)
o}
5 1b  2a(tCqHg) 6Ge (6%) 7e @i‘:\A 1C4Hg
(Ph) (82 %) {CaHo
o}
o0 2b (n-C3Hy) 6 (12%) 7f @iﬁ?n CsHy
(80 %) n-C3H7
o}
7¢ 2¢ (n-CgHq7) 6g (84 %) 79 @i‘:\/\n CgH17
(14 %) n-CgH17
o}
Cy
8 2d (Cy) 6h (24 %) 7h

(40 %) Cy

aThe reaction was carried out at 170 for 24 h undeB (5 mol %) and

4 (50 mol %).° Yields of products were calculated presuming that one-
half of 1 was used for the formation of imire ¢ The reaction temperature

is 170°C. 910 mol % of4 was used.

ortho-alkylated ketone as well as hydroacylated ketone was
obtained. Benzylaminelb) reacted witlRaat 170°C under
the identical catalyst system to give a mixturebefand7e
in 6% and 82% yield after hydrolysis (Table 1, entry 5).
Various 1-alkenes were also applied for the reactiodlof
to afford a mixture of hydroacylated ketone andadtsho-
alkylated ketone (entries 6—8). In the case of olefin, having
a bulky alkyl chain such as-octyl or cyclohexyl group, a
small amount (14% and 40%) of orthoalkylated product was
isolated (entries 7 and 8).

The reaction mechanism is explained in Scheme 2.
Initially, primary aminel is dehydrogenated by cataly3t

Scheme 2 Reaction Mechanism of Dehydrogenaton/
Hydroacylation
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and2 to give the imine8. The imine8 is an unstable species
that is transformed into the more stable imi@dy tran-
simination of the unreacted amidevith extrusion of NH.1°
This type of imine formation has been previously speculated
in the synthesis of secondary amines from primary amines
under transition metal catalystdn this reaction, 1-alkene
acts as a hydrogen acceptor as well as a substrate for
alkylation>¢

The generated imin® is hydroiminoacylated witt2 to
afford 5 through transiminations dd to 10 and11to 5 in
addition to hydroiminoacylation df0to 114 Hydrolysis of
the resulting ketimin& produces the corresponding ketone
6 andl.

In the case of benzylamindlg), furtherortho-alkylation
occurs at the generated ketimisieto afford 13 (Scheme 3J.

Scheme 3 Reaction Pathway abrtho-Alkylation
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Other olefins were also applied for this reaction to give

the corresponding ketones in good yields (Table 1, entries

2—4). By changing the substrafi& to benzylamine (1b),
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Then, the dialkylated produ@twas obtained after hydrolysis
of 13. It is interesting thatortho-alkylation as well as
hydroacylation occurs in the reaction b with 2, whereas
exclusive hydroacylation occurs in the reactionlafwith
2. This can be explained by the fact that the imbteis
able to form a stable metallacyclic five-membered ring
intermediatel2 through theortho-C—H bond activation.
However, the keimin®&a, formed fromla and?2, cannot
cleave theortho-C—H bond as a result of the formation of
unstable six-membered ring intermediate compldx

Ph

1

5a

Ph |:|
1 [Rh]
30
Ry

14

In these reactions, only half of amirdeis consumed in
the formation of keton& since the ketiminé consists of
two starting amine moieties. Therefore, if the starting amine
lis liberated from the ketiming during the reaction process,
the regenerated amire can also be transformed into the
ketone6. For this purpose, the reaction of phenethylamine
(1a) and2awas carried out in BD and AICk ambient under
3 and 4, and 78% vyield of hydroacylated keto®a was
isolated along with 8% yield of €C bond cleavage product
15a(Scheme 4}! In this reaction, ketiminda was hydro-

Scheme 4. Hydroacylation of Phenethylamine with,&

0
3 (5 mol%), 4 (50 mol%) ph M~
AICI5 (5 mol%) tBu
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H,0 (100 mol%)
1a + 2a +
toluene, 170°C, 24 h 0

t-Bu/\)J\/\t-Bu

16a; 8%

lyzed with HO to produce ketonéa with generation ofia,
which was reused for the starting material of the dehydro-
genative hydroacylation until all dfa was consumetf
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When the reaction of 3-phenyl propylaminkc] and2a
was performed in KD and AICk ambient under catalyst
system of3 (10 mol %) and4 (100 mol %) at 170C for 48
h, the C-C bond cleaved ketonkEsaand the hydroacylated
ketone6i were isolated in 97% yield in a 50:50 ratiéi @nd
1538 (Scheme 5). Successive hydroacylation artel3bond

Scheme 5. C—C Bond Activation of 3-Phenylpropylamine
with H,O

3 (10mol%),
4 (100 mol%),

P " NH, , —/2  ACk (5 mol%), Ho0

1c 2 toluene, 170°C, 48h
0 0
/\)Jw * /\/Uw
Ph Ry Ry Ry
6 15
R2(2) ratio of 6 /15 total yield (%)
t-C4Hg (2a) 50 (6i) / 50 (15a) 97
n-CsHz (2b) 59 (6))/ 41 (15b) 88
n-CgHqz (2¢) 40 (6k) / 60 (15¢) 81
n-CgHqz (2d) 36 (61)/ 64 (15d) 77
Cy (2e) 48 (6m) / 52 (15¢) 73

cleavage reaction dfc with 2 give the symmetric dialkyl
ketonel5 in a fairly good yield. This type of €C bond
cleavage was previously reported with ketone bearing
B-hydrogen through the chelation-assistance of 2-amino-3-
picoline (4)8

In conclusion, hydroacylatiomrtho-alkylation, and C-C
bond activation of primary amines have been successfully
achieved through dehydrogenation and transimination of the
resulting imine with a chelation-assistant amine such as
2-amino-3-picoline and benzylamine. Depending on the
primary amine substrate, a variety of products was isolated
on this catalytic reaction. With phenethylamine as a substrate,
an exclusive hydrocylation product was obtained.oktho-
alkylated product was formed with benzylamine, and-&3C
bond cleaved product was isolated with 2-phenylpropylamine
in addition to the hydroacylated product.
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