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Abstract: A palladium-catalyzed reaction of primary amines
with iodoarenes produces y-arylated primary amines. A bulky
salicylaldehyde, which is marked as easily available, instal-
lable, removable, and recoverable, plays a key role in directing
palladium to site-selectively activate the C—H bond located y to
the amino group.

Amines constitute an important and vast class of organic
compounds, and it ranges from biologically active compounds
to organic functional materials. It presents a valuable syn-
thetic maneuver if a functionality is installed selectively at
a specific site of an amine.!!. An amino group itself or
a nitrogen functionality derived thereof can coordinate to
a metal, thus acting as the directing group, as a complex-
induced proximity effect?? arises between the metal and
a specific C—H bond of the amine. In fact, specific C(sp*)—H
bonds of primary® and secondary™ amines are amenable to
transition metal catalyzed functionalization. It is much more
difficult, however, to activate C(sp’)—H bonds than C(sp*)—H
bonds,”! and thus, there are no examples reported so far for
the direct functionalization of C(sp’)—H bonds of primary
amines. In contrast, various auxiliary directing groups have
been devised for this purpose.’! They are installed on the
nitrogen atom prior to a metal-catalyzed functionalization
reaction and followed by an isolation/purification procedure.
The auxiliary directing groups are finally removed after the
functionalization reaction, and is again followed by an
isolation/purification procedure (Scheme 1a). It would dra-
matically augment the synthetic usefulness if a directing
group is easily installed and removed in the same reaction
vessel with that for the desired functionalization reaction
without intervention of an isolation/purification procedure.”
It would further increase the synthetic value from a practical
viewpoint if the directing group was readily available from
commercial sources, and could be recovered from the reaction
mixture.
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b) In situ installed and removed directing groups for C(sp®)—H aryaltion of primary amines
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Scheme 1. Palladium-catalyzed C—H bond functionalization using aux-
iliary directing groups. DG =directing group, FG =functional group.

The dehydration process of a primary amine with an
aldehyde to produce an aldimine is fascinating because it is
a reversible process and the equilibrium can be shifted in
either direction by setting appropriate reaction conditions.
There have appeared reports in which either an imine or an
oxime is used as an exo-directing group for C—H bond
functionalization of primary amines.™ Recently, a palla-
dium-catalyzed C(sp®)—H bond arylation reaction of primary
amines was reported by two groups. Dong et al. used 8-
formylquinoline as a directing group which was installed in
situ,'” and Ge et al. used a catalytic amount of glyocylic acid
as a transient directing group (Scheme 1b)."! We directed
our attention to salicylaldehyde and its derivatives, which are
readily available from commercial sources and easily synthe-
sized and derivatized in a laboratory. They convert primary
amines into the corresponding salicylaldimines, which are also
called phenoxy-imines. Upon treatment with metals, salicyl-
aldimines chelate at the phenoxy group and the imino group,
instantly in most cases, to form six-membered ring complexes.
Once a chelate complex is formed, the rigid backbone of the
bidentate ligand places the metal in proximity of a specific site
of an amine for its activation.'"” Thus, we examined various
salicylaldehydes, which are sterically modified, as a directing
group for a palladium-catalyzed C—C bond-forming reaction
of primary amines. Herein, we report that arylation with an
iodoarene successfully takes place to produce the correspond-
ing vy-arylated primary amine and a buttressing salicylalde-
hyde™ acts as the multipurpose, that is, easily available,
installable, removable, and recoverable, directing group for
palladium.['
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Table 1: Screening of salicylaldehydes (2).
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p-tol-1 (4a) (3.0 equiv) CH,
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Our investigation set out with the examination of various
salicylaldehydes (2) for an arylation reaction of sec-butyl-
amine (1a; Table 1). Initially, salicylaldehyde (2a, 0.21 mmol)
was treated with 1a (0.20 mmol) at 110°C in 1,2-dichloro-
ethane. Dehydration was complete after 15 minutes to deliver
the salicylaldimine 3a quantitatively. Then, 4-iodotoluene
(4a; 0.60 mmol), Pd(OAc), (10mol%), isobutyric acid
(20 mol %), and KHCO; (0.40 mmol) were added to the
reaction vessel, and the resulting mixture was stirred at
110°C. After 24 hours, however, no formation of an arylated
product was observed and 3a was recovered. 3,5-Dimethyl-
salicylaldehyde (2b), 3,5-dichlorosalicylaldehyde (2¢), and 5-
tert-butysalicylaldehyde (2d) all failed to afford an arylated
product. To our surprise, a contrasting result was obtained
when the fert-butyl group of 2d was relocated from the 5-
position to the 3-position (2e). The y-arylated imine 5e was
obtained in 78 % yield along with 4% of the y bis(arylation)
product. The more-space-demanding 3,5-di-tert-butylsalicyl-
aldehyde (2f) attained the best yield of 81 %. These results
signify the importance of the fert-butyl group located at the 3-
position. In contrast, the arylation reaction shut down when
we used the methyl ether 2g where the hydroxy group of 2 f
was methylated. Thus, the hydroxy group is also indispensable
for the arylation to occur.

A proposed reaction mechanism is depicted in Scheme 2.
Dehydration from the amine 1a and the salicylaldehyde 2e
forms the salicylaldimene 3e. It acts as the bidentate chelating
ligand to replace the acetate ligands of Pd(OAc), The
generated chelate complex A possesses a planar core, to
which a tertiary butyl substituent as well as a secondary butyl
substituent appended. The sterically demanding tertiary butyl
group on the benzene ring exercises a buttressing effect, as it
blocks an open space which would otherwise be available for
the other pendant secondary butyl chain, and places it
a conformation for metalation, through a concerted metal-
ation deprotonation (CMD) mechanism.!"”! Oxidative addi-
tion of the iodoarene 4a occurs on the resulting palladabi-
cycle B. The following reductive elimination forms a new C—C
bond and exchange of the chelating salicylaldimine and iodide
ligands releases the arylated salicylaldimine Se. Thus, A is
regenerated for the next catalytic cycle. It has been reported
that A possibly reacts with another molecule of the phenoxy-
imine 3 e to form the bis(imine)/Pd complex 6e. The complex
6e lacks a carboxylate ligand, and therefore, is unable to
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Scheme 2. Plausible reaction mechanism.

metalate the C—H bond through a CMD mechanism
(Scheme 3). We assume that the secondary and tertiary
butyl groups located on the periphery of the central flat
core of 6e would buttress against each other. Thus, the
repulsive interaction arising between the peripheral butyl
groups would disfavor 6e, and instead, would induce its
dissociation into the mechanistically active A, thus mitigating
the repulsive interaction.

Next, we carried out a control experiment. The diimine-
palladium complexes 6a and 6f (Scheme 3) were prepared

CH3

3e RCOZH N
(RCOZ)ZPd Q(()\Pd

CH; e
Cr,\, N tgllja
H3c/\/N S H3C/\(

CH; 6a CHs

3e RCOzH
s waey

3e RCOZH Hsc/\(

Scheme 3. Formation of the bis(phenoxy-imine)palladium complex 6e.
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from 2a and 2 f, respectively, and their catalytic activities were
compared in the arylation reaction of 3f The tert-butyl-
substituted 6 f worked well as the catalyst to afford 5 f in good
yield whereas the reaction using nonsubstituted 6a was
sluggish, even in the presence of an excess amount of 3f.
These contrasting results are consistent with the mechanistic
interpretation mentioned above.

We took advantage of the facile reversibility of the imine-
forming step to increase the practical usefulness. All the steps,
including hydrolysis of 5, were all executed in one reaction
vessel (Table 2). After the palladium-catalyzed reaction of 1a
with 4a was complete in 24 hours, conc. HCI and THF were
simply added to the same reaction vessel. The aqueous acidic
conditions allowed hydrolysis of the imino group at 80°C. The
resulting 2 f was separated from the reaction mixture into an
organic phase by extraction, and recovered in 99%. The
remaining aqueous acidic layer was basified, and the follow-
ing extractive workup afforded the y-arylated primary amine
7a (4-(p-tolyl)-2-butylamine), which was directly subjected to
a standard procedure for Boc protection. Chromatographic
purification furnished the Boc-protected amine 8a in 72 %
yield [bis(arylation) product 8a"in 7%].

Table 2: Arylation of primary amines (1

) with aryl iodides (4).”!
Ar-1 (4) (3.0 equiv)

(
R Pd(OAC), (10 mol %) Boc,O R
9
HZNA,L 2f iPrCO,H (20 mol %)  HCl aq. NEts oo N7
CI-CH,CH,-CI  KHCO; (2.0 equiv) THF CH,Cl, H L
, M 110°C 110°C 80°C RT s A
15 min 24h 1h
'p-anisyl
Boc= N Boc— N Boc— N
'p-tol 'p-anisyl
R=p-CHy (8a)  72% (7%) 8g 46%°! 8h 48% 8i 58%!¢!
p-OCH; (8b) 78% (4%
p-CO,Me (8c) 75% (3%)®! ol
p-CF3(8d)  70% p-to
p-Br (8e) 75% Boc— N Boc— N
y o é A
m-CN (8f) 67% p-tol Boc—n 'p-anisyl
8j 49%
(translcis = 67:33 8k 55% 81 87%!°
from 69:31)

[a] Yield of diarylated product is given within parentheses. [b] AcOH used
instead of aq. HCI. [c] 15% of monoarylated product. [d] Arylation run at
120°C. [e] CsOAc used instead of KHCO; in chlorobenzene. Boc = tert-
butoxycarbonyl, THF =tetrahydrofuran.

The scope and limitations were studied in terms of
iodoarenes and primary amines (alkyl-NH,) using the one-
pot procedure (Table2). As for iodobenzenes, electron-
donating and electron-withdrawing substituents were both
tolerated on the benzene ring (4b—f). In the case of 1-bromo-
4-iodobenzene (4e), coupling occurred selectively at the
iodide moiety. 2-Iodothiophene (4g) also participated in the
reaction. The arylation products 8h—j were successfully
obtained from primary amines having a secondary alkyl
group (1h-j). In the case of 3-pentylamine (1i), the major
product was the bis(arylated) amine 8i. In contrast, propyl-
amine (1m) failed to react. Neither 2-pentylamine (1n) nor 4-
phenyl-2-butylamine (10) gave arylation products (Figure 1).
These results highlight the limitations that 1) the alkyl group
on the nitrogen atom should be a secondary one, and 2) the vy
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Figure 1. Other attempted primary alkyl amines.

C—H bond should be that of a methyl group. Substitution at
the nitrogen atom by a secondary alkyl group would bear
conformational constraints which are beneficial for the
metalation by a CMD mechanism. A palladium carboxylate
would be given better access in space to the C(sp*)—H bond of
a methyl group than to that of a methylene group.

2-Aminonorbornane (1k) and 2-ethylaniline (11), the
carbon skeletons of which are conformationally less flexible
than those of the primary amines 1h—j, made exceptions with
arylation of their methylene groups. The C(sp’)—H bond of
the bridging methylene group of 1k was successfully arylated.
The benzylic methylene group of 11 was also amenable to the
vy arylation.

For comparison, two phenoxy-imines, 9 and 10, were
prepared from propylamine and the corresponding carbonyl
compounds, and their reactivities toward the y-arylation were
examined (Scheme 4). Whereas 9 furnished no arylation
product, 10 gave the arylated amine 8 m in 46 % yield, albeit
under slightly modified reaction conditions (CsOAc in p-
xylene at 130°C). The additional phenyl group on the
periphery of the chelate complex formed from 10 would
generate an extra steric pressure and push the propyl
substituent into the vicinity of the palladium to promote C—
H activation.

Ph
Bu \N/\L Bu N/\L
OH H OH H
tBu tBu
9 10

Pd(OAc), (10 mol %)

iPrCO,H (20 mol %) Boc,0
CsOAc(3.0equiv) HClag.  NEt Boc—N/\L
10 + 4a H
p-xylene 110°C CH,Cl, p-tol
130°C 1h RT 8m 46%
24 h 1h

Scheme 4. Arylation of the ketimine 10.

Although the y-arylation reaction studied above was
catalytic in palladium, it used a stoichiometric amount of 2 f.
If the facile reversibility of the imine formation is taken into
account, however, turnover of 2 f was expected.”''*1%1 Thuys,
we carried out the arylation reaction of 2-ethylaniline (11)
using 20 mol % of 2 f as shown in Equation (1). The arylated
product 81 was obtained in 69 % yield. This result suggested

20 mol %
tBu CHO 4b (3.0 equiv)
Pd(OAc), (10 mol %)

OH iPrCO4H (20 mol %)

2f CsOAc (3.0 equiv)  HCl ag. Boc,0
H,N Boc—N Q]
PhCI KHCO3 (2.0 equiv) THF EtOH H
HsC” H 130°C 110°C RT RT HaC™ p-anisyl
1 1h 24h 2h 8169%
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that the tandem-type catalytic cycle, which is shown in the
Supporting Information, could turnover more than three
times, although it is yet to be improved.

To conclude, a substituted salicylaldehyde serves as an
easily available, installable, removable, and even recoverable
directing group for the C—H bond arylation reaction of
primary amines.
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