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C,N-coupling reactions of aryl chlorides and aryl amines catalyzed
by a nickel catalyst are reported. 17 new amines are synthesized
in yields of 57-99%. The 2,6-dichloro substituted imines can be
selectively aminated. Both mono- and di-aminated products are
obtained. Different substrates and amines are tested to look into
the influence of electronic effects and steric hindrance to the
reaction. An inexpensive and convenient base, NaOH, is used. It is
an efficient way to gain access to new amines and imines.

C,N-coupling reactions are important in building amines. The
Palladium catalyzed Buchwald-Hartwig reaction and the Copper
catalyzed Ullman amination reaction are known as the most
significant C-N formation pathways.l'3 A lot of examples for Pd or
Cu catalyzed aryl halogen amination have been reported, applying
to small molecules, total synthesis of natural products4 and organic
elecrtoactive materials®. The Ullman type reactions usually need
excess copper with bromides or iodides as substrates. 6

Nickel catalysts have arisen with great interest in the amination
of aryl halides. Buchwald demonstrated the first nickel-catalyzed
amination of aryl chIorides,7 and developed a highly active dppf-
ligated Ni precatalyst for C,N-cross-coupling reactions.? Hartwig
reported Ni complexes containing a bisphosphine ligand with a side-
bound benzonitrile ligand that catalyzed the coupling of aryl
electrophiles with primary amines or ammonia.’ Ni(ll)-(o-aryl)
complexes were employed as catalysts by Yang in the amination of
aryl chlorides® and the reaction can also transpire using
Ni(PCys),Cl, with the help of iPngCI.11 Nickel complexes containing
NHC Iigands12 or other suitable Iigandslg”14 could also catalyze the
C,N-coupling reactions.

In previous work, nickel catalysts were reported, but the catalyst
scope is still narrow compared to the palladium or copper catalysts.
As an inexpensive and readily available metal, nickel has a lot of
advantages in catalytic reactions. The selectivity of C-Cl amination
in polychloro substances has proven to be poor. It is important to
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find a way to functionalize C-Cl bonds specifically in molecules.

We report here the Ni(PMe;),-catalyzed selective amination of
aryl chlorides using NaOH as a base. As shown in Table 1, several
nickel complexes were used as catalysts in the model reaction and
only Ni(PMes), showed activity. It is possible to activate one C-Cl
bond selectively in a di-chlorinated system by controlling the
amount of amine added. The loading of the catalyst was initially
intended to be at least 5 mol% for complete conversion of the
substrate in 24h. Then bases were tested. Surprisingly, NaOH
behaved better than other bases, giving a 95% yield. NaOH is
inexpensive and convenient compared to the typical bases used in
C,N-coupling, such as KO'Bu or Cs,COs. The reaction temperature
was set at 80°C because the time saved by raising temperature
from 80°C to 100°C was small. As NaOH cannot completely dissolve
in organic solvents, phase transfer catalyst TBAB (tetra-n-
butylamonium bromide), or TEBAC (benzyltriethylammonium
chloride) or TBAI (tetrabutylammonium iodide), was taken into
consideration to improve the reaction conditions. When the phase
transfer catalyst was added in 5 mol% of the substrate, TBAB led to
the best conversion. It not only doubled the reaction efficiency, but
also lowered the catalyst loading to 4 mol%. The model reaction
was also tried in different solvents. Reaction in DMSO led to no
yield. CH3;CN and DMF resulted in uncontrollable impurities.
Therefore, the best reaction condition for this catalytic system is 4
mol% of Ni(PMe;), as catalyst, NaOH as base and 5 mol% of TBAB in
toluene for 12h (entry 13, table 1).

Table 1. Optimization of reaction condition for C,N-
coupling reaction’

solvent, temp, t
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Cat./mol Base Solvent  Additive/ Yieldb/%

mol

1 10%NiL, NaOH  toluene none 95

2 5%NiL, NaOH  toluene none 95

3 3%NiL, NaOH  toluene none 34

4 10% NaOH  toluene none 0

Ni(PPh;),Cl,
5 10% NaOH  toluene none 0
NiL,Cl,

6 5%NiL, KOH toluene none 84

7 5%Nil, Na,CO; toluene none

8 5%NiL, EtsN toluene none 0

9 5%NiL NaOMe toluene none

10 5%NiL, KO'Bu  toluene none 60

11 5%Nil, NaOH  toluene none 94°

12 5%Nil, NaOH toluene 5% 95¢
TBAB

13 4%Nil, NaOH  toluene 5% 957
TBAB

14 4%Nil, NaOH DMSO 5% o’
TBAB

15 4%Nil, NaOH CH3CN 5% Impu
TBAB rities”

16 4%Nil, NaOH DMF 5% Impu
TBAB rities”

17 4%Nil, NaOH  toluene 5% 72°
TBAI

18 4%Nil, NaOH  toluene MgSO, 30

19 4%Nil, NaOH toluene 5% 65
TEBAC

“Reaction conditions: aryl chloride (0.15 mmol), amine (0.15 mmol),
NaOH (0.15 mmol), 80°C, 24h in toluene (2 mL)
bisolated yield by column chromatography using 50 : 1 petroleum
ether : Et3N.
“Reaction temperature 100°C, reaction time 21h.
Reaction time 12h.
¢L=PMes.

The substrates explored are shown in Schemes 1 - 3. The
amination of different types of chlorinated Schiff bases with aryl
amines was studied. Initially, amines that were the same as the
ones in building the Schiff bases were tested (Scheme 1). One
equivalent of the amine was added to obtain the mono-aminated
product. It was reported that it was difficult to obtain the mono-
(C,N)-coupling product from di- or tri- chlorinated compounds.14 In
this catalytic system, all the yields are high when using aryl amines.
Mono-aminated products were the only products by controlling the
amount of amine added. The anchoring group, the imine group, is
also of great importance in the selective amination. Alkyl amines
are not fit for this reaction.

Scheme 1. Scope of C,N-coupling products using the same amine

) L ab
with the one in imines”
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? Reaction conditions: aryl chloride (1.5 mmol), amine (1.5 mmol),
NaOH (1.5 mmol), "Bu,NBr (0.075 mmol), Ni(PMes), (0.060mmol),
toluene (4 mL), 80°C, 12h.

®|solated yield by column chromatography using 50:1 petroleum
ether : Et3N.

Scheme 2. C,N-coupling with diverse amines™’
Ry

<
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* | NP
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cl
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< Q,,
&N @/ CQHJ\

2h, 92% 2i°, 80%

“ Reaction conditions: aryl chloride (1.5 mmol), amine (1.5 mmol),
NaOH (1.5 mmol), "Bu,NBr (0.075 mmol), Ni(PMej3), (0.060mmol),
toluene (4 mL), 80°C, 12h.

® |solated yield by column chromatography using 50:1 petroleum
ether : Et3N.

‘ The imine product is reduced by NaBH, to obtain 2i.

The reaction was carried out with different aryl amines
(Scheme 2). It turned out that 1-naphthylamine had the highest
yield (entry 2h).
electron-withdrawing groups had lower activities.”

It was disclosed that the amines containing
In our case

This journal is © The Royal Society of Chemistry 20xx



Page 3 of 4

Dalton Transactions

entries 2e and 2g reached a yield of 80% and 82%, respectively.
Even for 4-fluoro amine (entry 2i) the yield is still 80%. To obtain 2i,
the related Schiff base had to be reduced to the amine by NaBH,.
The reductive procedure was almost quantitative.

Scheme 3 shows the catalytic reactions of the Schiff bases
containing diverse backbones with 4-methylaniline. Some products
were reduced to provide the corresponding amines (entries 2j, 2k,
2l, 2p). It can be concluded from entries 2j and 2n that the steric
hindrance effect (the butyl group) and electron-withdrawing group
(the ortho-Cl group) of the backbone influenced the reaction
negatively. Mono-chloro substituted imine reacted slowly (entry
2p), giving 17% product in 12h and 70% yield in 24h. The same
situation occurred in the di-amination of two chlorine atoms of the
substrate (entry 20). The reason for the difference of the reaction
rates between mono- and di-chlorinated substrates can be
attributed to the electronic effect of the other chlorine atom on the
aryl ring. The second chlorine atom makes the C-Cl activation
easier. To improve the production yield, reaction time was doubled
and the vyield of di-amination product rose to 65%. Finally,
hexachlorobenzene coupled with p-toluidine to give a moderate
yield of product (Scheme 4). In the case of 2q, only one chlorine
atom could be activated slowly, indicating the importance of the
anchoring group. In Schiff bases, C=N is the anchoring group,
directing the metal selectively and activating the ortho-(C-Cl) bond
effectively.

Scheme 3. Different Schiff bases coupling with 4-methy|ani|ine”’b

4%Ni(PMes)s \©\
©f\ /©/ NaOH, 5%"BusNBr. NH
toluene, 80 b 12h \N’R
cl

., Q. .,
sapalcasiican

cl
2j%, 63% 21, 86%

Q. o, 0
e CCQ %

2m, 99% 2n, 69%

20, 65% (24h)

H

2p°, 17%/70% (24h) ¢

 Reaction conditions: aryl chloride (1.5 mmol), amine (1.5 mmol),
NaOH (1.5 mmol), "Bu,NBr (0.075 mmol), Ni(PMes), (0.060mmol),
toluene (4 mL), 80°C, 12h.
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b Isolated yield by column chromatography using 50:1 petroleum
ether : Et3N.

‘The imine product is reduced by NaBH,.

? The reaction time is 24 h.

Scheme 4. Preparation of 2q

Cl N, A%NiI(PMes), Cl H
cl cl +/©/ 2 NaOH, 5%"Bu,NBr C! NO\
T =
Cl Cl toluene, 80 C, 12h CI Cl
cl

Cl
2q, 57%

The mechanism of this catalytic cycle is considered to be a
Ni(0)/Ni(ll) procedure (Scheme 5). Previous work in our group
showed that the oxidative addition of Ni(0) to the C-Cl bond in
Schiff bases formed Ar-Ni(ll)-Cl species.16 After the coordination of
the anchoring group imine, the oxidative addition of the C-Cl bond
at the Ni(0) center occurs to provide nickel(ll) intermediate A.
Ligand replacement of one trimethylphosphine ligand of A by one
amine molecule gives rise to intermediate B. In the presence of
NaOH, B transforms into intermediate C with the formation of NaCl
and H,0. The amines have to be both basic enough to coordinate to
the nickel center and acidic enough to carry on deprotonation.15
The reductive elimination between the Ni-N and Ni-C bond of C
delivers the final product, ortho-aminated imine, with the
regeneration of catalyst Ni(PMej),.

Scheme 5. Proposed Mechanism of the C,N-coupling reactions

" cl
X,
A N7 X, Ry
CI—!/ ©/\N
N X
H NiL, cl
+2L 2L

Conclusions

In conclusion, a C,N-coupling reaction of di-chlorinated Schiff
bases with aryl amines catalyzed by Ni(PMe;), is described. The di-
chlorinated substrates could be both mono-aminated and di-
aminated selectively. Different amines and Schiff bases are tested,
giving good yields. NaOH is used as a base instead of expensive and
unstable bases. This catalytic system establishes an effective
strategy to functionalize aryl C-Cl bonds effectively.
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