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Abstract

A new amine functionalized double chelate NHC nicd@mplex2 was synthesized
and characterized. Complexda and 4b were generated through an improved
synthetic method. Catalytic ability of the threeck@l complexes were tested in
Kumada coupling reaction. Compl@&showed the best catalytic activity among them.
With only 0.5 mol% of compleX, the coupling of aryl chlorides with Grignard

reagents received good yields.
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1. Introduction
Transition metal complexes of N-heterocyclic cadbi&gands are of great importance

in organometallic studies and catalytic applicafidrsignificant component among



the NHCs is the functionalized NHC ligands. Becaokéhe diversity of functional
groups in the NHCs, the metal complexes could g complexés bidentate
complexed sandwich or half-sandwich compleke®ifference of the functional
groups brings up diverse character of the metalptexes, so they can catalyze
reactions such as Suzuki coupfih®f> Kumada coupling®, hydrosilylatiod, and

Heck reactior’:®

The first amino NHC transition metal complex contag a secondary alky amine
moiety was reported by Douthwaite’s gréupnd this kind of ligand was used for
synthesis of a series of palladium compléXeBhe diarylamine functionalized NHC
ligand was first reported by Luo’s groipThe palladiurtf*: nickef®, platinunt?,
and rare earth metalcomplexes were synthesized from this kind of liyamhe
NH/NH; moieties inreported [C, N] type NHCs were mainbpinated to the metal
centef*’®3and in a few cases the NH protons could be depatéd by basés™
Transition metal complexes of NHCs containing caid@ backbone were first
reported by Kunz's grodp In the examples of amido NHC comple¥eshe NH

protons were activated and the nitrogen atom wasdawated to the metal center to

form bidentate or tetradentate complexes.

Palladium and platinum aryl amine functionalized, [S] type complexes were
reported previously. But nickel complex with thisd of ligand has not been studied.
Here we report a diarylamine functionalized [C, Npe NHC ligand. While
generating the nickel(ll) complex, a double chelademoleptic complex was obtained.
The nickel complex was proved to be efficient innkada coupling reactions of aryl

chlorides.

2. Results and Discussion
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The preparation of ligantlis shown inScheme 1In the proton NMR spectrum af
the amine proton and the NHC proton were appeated.& and 9.90 ppm
respectively. Reaction of ligarfdwith 0.5 equivalent Ni(PRRCl, in pyridine, using
K,CO;s as base, at R for 2 hours produced compl@xin a yield of 91% $cheme
2). In the proton NMR spectrum of compl@x the aryl methyl group and thér
methyl groups in the two ligands showed up seplyrdiecause the ligands were
blocked and the methyl groups orientated in difierehemical environments. Red
crystal of complexX2 was obtained by slow evaporation of a mixture &f,Cl, and
petroleum ether. The structure was identified tgroX-ray crystallographic analysis
(Fig. 1). The configuration of central Ni is square-plarnédre Ni-Gamencbond length
(C14-Ni1) is 1.865(2)A and the NizMinebond length (N1-Nil) is 1.945(1)A.
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Fig. 1 Crystal structure of compleX 50% probability level, hydrogen atoms omitted.
Selected bond lengths (A) and angles (deg): C14-N865(2), N1-Nil 1.945(1),
C14-Ni1-N1a168.37(6), C14a-Nil-N1  168.37(6), C14-Nil  84.70(6),
C14-Nil1-C14a95.37(9).

A new synthetic method for known compléa and4b was carried out§cheme 3.
Reaction of ligands3a/3b with Ni(PPR).Cl, using EfN as base in THF for 36h
provided4a/4bin the yields of 36%/37%. In the published syrithﬁathwafib, Ag,0O
was used to carry out the transmetalation. Thia tsaditional approach to obtain
NHC metal complexes. Our new method is a one-saption without using more
precious Ag. To synthesize these complex&s gnd 4b), we have tried a lot of
methods. Not only EN could be used in the processBuLi worked as well.
Comparing these methods with the transmetalatioy) #gN is the best reagent for
the reaction. The solvent is reusable in this ckes new method made the process
more convenient without losing yields. In the caysstructure ofda (Fig. 2), the
Ni-Cearbenbond length (C8-Nil = 1.902(3) A) is longer thaatt(C14-Nil 1.865(2) A)
in complex2 and the Ni-Nmine bond length (N1-Nil 1.891(4) A) is shorter thaatth
(N1-Ni1 1.945(1) A)in complexX due to the strondgransinfluence of the Gupene

atom.
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Fig. 2 Crystal structure of compleda, 50% probability level, hydrogen atoms
omitted. Selected bond lengths (A) and angles (d&§Nil 1.902(3), N1-Nil
1.891(4), Nil-Cl1 2.1847(19), C8-Ni1l-N1 87.27(12E8-Ni1-Cl1 92.73(12),
N1-Nil-Cl1 180.0, C8-Nil-C8al74.5(2).

With the three nickel complexes, we tested thetalgc property for Kumada
coupling reactions. As shown in Table 1, the resctonditions were optimized by
coupling of 4-chloroanisole with phenylmagnesiumorbide. At first, we added the
substrate in the order of catalyst, solvent, 44ddaisole and phenylmagnesium
bromide (entries 1-3Table 1). It seems that higher temperature benefits thetien
(entry 2,Table 1). In an accidental trial, phenylmagnesium bromide added before
4-chloroanisole, the reaction completed in a cosiear of 99% (entry 4Table 1).
This phenomenon implies that the reaction ratec¥@ Ni(0) species with substrates
is faster than the generation of Ni(0). If the Gagd reagent is added before aryl
chloride, it only reacts with the Ni(ll) complex wenerate Ni(0). If the Grignard
reagent is added after aryl chloride, once Ni(Opes up, the competition begins and

consequently only part of the catalyst works durthg tested time due to the

5



unsatisfactory solubility of compleX Then the catalyst loading was reduced and the
temperature was set to be 4D (entries 5-9Table 1). The catalyst loading could be
lowered to 0.5 mol% to keep the conversion to 9Bl¥gher temperature was tried but
more homocoupling product of phenylmagnesium wasido DMSO and toluene
were also used as solvent (entries 1097Hhle 1). However, the result was not as
good as the reaction in THF. Complex&s and 4b showed poor catalytic ability
(entries 12-13 Table 1). Therefore, the best conditions for the Kumadaptiag
reaction are 0.5 mol% of compléxas catalyst, reacting in THF at 40 for 24h

(entry 7,Tablel).

Tablel Optimization of reaction conditions for Kumada clug reaction

a Cat,T
OMe MgBr Solvent

Entry Cat. Cat./ Solvent T/°C Conversion

mol% %2
1 2 1 THF 25 36
2 2 1 THF 40 9%
3 2 2 THF 25 64
4 2 2 THF 25 99
5 2 1 THF 25 9
6 2 1 THF 40 99
7 2 0.5 THF 40 99
8 2 0.3 THF 40 84
9 2 0.1 THF 40 26
10 2 0.5 toluene 40 34
11 2 0.5 DMSO 40 24
12 4a 2 THF 40 trace
13 4b 2 THF 40 15




®General condition: 1.0 mmol of aryl chloride, 1.5nai of Grignard reagent, 2 mL
THF, 24h. All the conversionswere determined by GC.
®Add PhMgBr after 4-chloroanisole.

With the optimized reaction conditions, substratese explored and shown Trable

2. Aryl chloride with -Ck group inpara-position gave a lower yield5¢ and 5¢
Table 2). A sterically hindered group in aryl chloride hasgative influence for the
reaction bb and5d, Table 2). 2-Naphthylmagnesium bromide went on the coupling
reaction almost quantitativelysfl and 5g, Table 2), while 2-pyridylmagnesium
bromide had a lower reaction activitph( and 5i, Table 2). With dichlorides as
substrates, p-dichlorobenzene  and o-dichlorobenzene  generated  only
mono-substituted productSj(and5l, Table 2). For m-dichlorobenzene, a mixture of
mono- and di-substituted products was detected rutige general conditions. By
increasing the amount of Grignard reagent to 2.5omamd raising the catalyst
loading to 1 mol%, the correspondingterphenyl was obtained in 98%lk( Table 2).
The results of Kumada coupling reactions using demp as catalyst showed that the
catalyst loading is lower while the yields remaiighh comparing to those of the

catalysts with similar structurés®:

Table 2 Kumada coupling of aryl chlorides with Grignardgeat$

0.5 mol% 2
Ar-Cl + Ar'-MgBr Ar-Ar'
ArCl Ar'MgBr Products yields/%
/OQCI @MgBr oa 99

MgBr Sb 88

-
FgcQCI @MgBr SC 84
/ﬁ\ ¢ \O@MgBr 5d 87



MgBr S5a 98

o
o

MgBr 5e 85

o
(@]
o
o
g
@

5f 99
RS
o~ H-a Bf 59 99
o Ho QMgBr 5h 82
{ H-a (" )-wger 5i 76
o) o )weer O] 90
] QCI \OQMgBr 5k og
@j o )wemr B 79

8General condition: 1.0 mmol of aryl chloride, 1.5no1 of Grignard reagent, 0.005
mmol of complex2, 2 mL THF, 40°C, 24h. Isolated yields.
2.5 mmol of Grignard reagent, 0.01 mmol of compxdi-substituted product

gained.

3. Conclusions

In conclusion, a new amine functionalized NHC ni@Kecomplex 2 was generated.
Complexesta and4b were synthesized in an improved method. Catabpidity of
the three nickel complexes were tested in Kumadglowy reactions and complex

proved to be efficient with a catalyst loading & @0l%.

4. Experimental

General information. All the reactions for Kumada coupling and the reactor
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synthesis of compleda were carried out using standard Schlenk technigueter
nitrogen atmosphere. THF and toluene were driedNayusing benzophenone as
indicator and distilled under NDMSO was dried by CaHand distilled under N
Other chemicals obtained commercially were useteesived.*H NMR, **C NMR
were recorded on 300 MHz Bruker instrument. X-reystallography was carried out
on a Bruker Smart 1000 diffractometer. Elementallyses were carried out on an
Elementar Vario ELIII instrument. High Resolutionabt Spectra were carried out

using Agilent 6510 (PLgel10um500A 300X25mm).

Synthesis of ligand 1. 2-Bromoaniline (1.00 g, 5.8 mmol) and
4-methylphenylboronic acid (0.82 g, 6.0 mmol) werg in a round bottom bottle.
Cu(OAc) (1.57 g, 8.7 mmol) was added as catalyst, therny NET5 g, 17.4 mmol)
was added as base in 50 mL L&h. After stirring for 24h in room temperature,
2-bromo-N-(p-tolyl)aniline was separated throughluotn chromatography with
petroleum ether : acetic ether 10:1 as eluentyield of 70%(1.06 g). The next step
was using 2-bromo-N-(p-tolyl)aniline (1.00 g, 3.8mwl), imidazole (0.31 g, 4.6
mmol), K;CO; (1.05 g, 7.6 mmol), CuO (0.03 g, 0.4 mmol), aftessolved in 20 mL
DMSO, the mixture was heated to 180°C for 3h. Watas added after cooling to
room temperature and GBI, was added to extract the product.
2-imidazole-N-(p-tolyl)aniline was gained througllumn chromatography with
acetic ether as eluent in a vyield of 56%(0.53 g)heTlast step is
2-imidazole-N-(p-tolyl)aniline(1.00 g, 4.0 mmol) &mPrBr(0.49 g, 4.0 mmol) heated
to 90 °C in 20 mL MeCN in a sealed tube for 18tgdrd1 is obtained as brown
powder by removing the solvent in a yield of 95%p1g). '"H NMR (300 MHz,
CDCl) : 9.91 (1H, s), 7.77 (1H, s), 7.43 (1H,39.0 Hz), 7.37-7.34 (3H, m), 7.30
(1H, dd,J=9.0 Hz, 3.0 Hz), 7.14-7.10 (2H, m), 7.04-6.98 (3}, 4.90 (1H, m), 2.25
(3H, s), 1.63 (6H, dJ=9.0 Hz)**C NMR (300 MHz, CDGJ) :140.19, 139.75, 136.36,
131.26, 130.73, 129.65, 126.66, 125.43, 123.11,68B21121.27, 119.74, 118.88,
53.54, 22.77, 20.69.

IR (v, cmi®): 3192, 3149, 3057, 1598, 1562, 1517, 1377, 13205, 1110, 806, 746.
9



Synthesis ofcomplex 2 .Ligand 1 (0.15 g, 0.4 mmol), Ni(PRpCl, (0.13 g, 0.2
mmol), and KCO; (0.28 g, 2.0 mmol) were put in a round bottom Ibpts mL
pyridine was added as solvent. The mixture wasedet 96C for 2h. After cooling
to room temperature, pyridine was removed and@Hwas added to extract the
product. ComplexX2 was gained as orange powder in a yield of 91%@d)2 Red
crystal of complexX is obtained by slow evaporation of the mixtureG¥i,Cl, and
petroleum etheDec. > 173C. IR (Nujol mull, cm'): 3162, 3131, 1606, 1589, 1556,
1377, 1340, 724H NMR (300 MHz, CDCl,): 7.62-7.38 (7H, m), 7.22 (4H, s), 6.87
(5H, m), 6.51 (4H, m), 3.90 (2H, m), 1.46 (3H,s)3Q (6H, d,J=6.0 Hz), 1.18 (3H,
s), 0.91 (6H, d, 6.0 Hz)Anal. Calcd for GgHaoNeNi (639.47 g/mol): C, 71.37; H,
6.30; N, 13.13. Found: C, 71.69; H, 6.27; N, 12.$RMS-ESI(m/z) Calcd
forCsgH4oNgNI[M-H]: 637.2590; Found: 637.2562.

Synthesis of ligands 3a and 3h.igands3a and 3b were synthesized according to
referencé *H NMR of 3a (300 MHz, CDC}) : 10.42 (2H, s), 8.46 (1H, s), 7.49-7.40
(8H, m), 7.38-7.35 (6H, m), 7.10-7.05 (6H, m), 5(a#, s), 2.27 (6H, s}H NMR of
3b (300 MHz, CDC}) :9.89 (2H, s), 7.78 (1H, s), 7.65 (2H, s), 7.2BI(s), 7.18-7.09
(6H, m), 4.46 (4H, t)=7.5Hz), 2.31 (6H, s), 1.91 (4H, m), 1.40 (4H, BP7 (6H, t,
J=7.5Hz).

Synthesis of complex 4a. 380.12 g, 0.20 mmol) and Ni(PBRECI, (0.13 g, 0.20
mmol) were put in a round bottom bottle. Then 20 TlF was added to the mixture.
NEt; (0.08 g, 0.25 mmol) was added. The mixture wasestifor 36h at room
temperature and the solution turned purple. Theesblwas removed under pressure
and the rude product was purified through flashostatography using CGiEl, as
eluent. The final product was obtained as purpledaw in a yield of 36%. The purple
crystal of 4a was gained from slow evaporation of the mixture GH,Cl, and
petroleum ethetH NMR of 4a (300 MHz, CDC)) : 7.42-7.39 (4H, m), 7.32 (2H, d,

J=2.1 Hz), 7.23-7.15 (8H, m), 6.79-6.74 (6H, m),4(@H, d,J=14.7 Hz), 5.97 (2H,
10



d, J=15.0 Hz), 2.35 (6H, s).

13C NMR of 4a (300 MHz, CDC}J) :162.27, 140.64, 137.62, 132.45, 128.51, 128.03,
127.57, 127.27, 126.61, 124.07, 123.21, 119.52,18]753.64, 20.75. Calcd for
CasH30CINsNi (602.79 g/mol): C, 67.75; H, 5.02; N, 11.62. RduC, 67.35; H, 5.27;

N, 11.30.

Synthesis of complex 4bThe synthetic procedure is the same as condeRurple
powder gained in a yield of 37%H NMR of 4b (300 MHz, CDC}) : 7.33 (2H, d,
J=3.0 Hz), 7.20 (2H, s), 6.95 (2H, &3.0 Hz), 6.68 (4H, s), 4.63 (2H,m), 4.27 (2H,
m), 2.32 (6H, s), 2.01 (2H, m), 1.78 (2H, m), 1(8R, m), 0.87 (6H, tJ=9.0 Hz).

¥C NMR of4b (300 MHz, CDC}) : 161.58, 140.59, 132.04, 126.98, 126.28, 123.91,
122.89, 119.35, 116.69, 49.81, 33.55, 20.71, 1913X%6. Calcd for gH34CINsNi
(534.75 g/mol): C, 62.89; H, 6.41; N, 13.10. FouBd63.14; H, 6.46; N, 13.29.

X-ray structure determination and crystal data for complexes 2 and 4a.

Diffraction data were collected on a Bruker SMARPeX Il CCD diffractometer
equipped with graphite-monochromated Ma-Kadiation & = 0.71073 A). The
structures were resolved by direct or Pattersonhoust with the SHELXS-97
program and were refined &if with SHELXTL. Hydrogen atoms were included in
calculated positions and were refined using a gdimodel. CCDC-1433108) and
CCDC-1032787 4a) contain the supplementary crystallographic datattis paper.
Copies of the data can be obtained free of chamgapplication to CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK (fax (+44) 1223-336-03%-mail:

deposit@ccdc.cam.ac.uk).

Crystal data for comple® : CzgHioNgNi, Mr = 639.47 g/mol, monoclinic, space
group C2/ca= 14.158 (2) Ap = 15.170(2) Ac = 15.835(2) Ap = 108.111(1)°, V =
3232.5(6) R, T =173 (2) K, Z = 4, Dc = 1.314 g/ém = 0.637 mm". A total of
12458 reflections were collected, 3733 unique (Ri0252), R1 =0.0300 (for 3733

reflections with | > 2 sigma(l)), wR2 = 0.0754 (eita), CCDC No. 1433108.
11



Crystal data for complefa : C34H30CINsNi, Mr = 602.79, monoclinic, space group
C2/c,a = 16.342(1) Ab = 9.4476(6) A,c = 18.8740(9) Ap = 102.865(4)°, V =
2840.8(3) R, T =296 (2) K, Z = 4, Dc = 1.409 g/ému = 2.104 mm". A total of
6282 reflections were collected, 2237 unique (Rirtt.0490), R1 =0.0492 (for 2237
reflections with |1 > 2 sigma(l)), wR2 = 0.1329 (dita), CCDC No. 1032787.

General procedure for Kumada coupling reactionsA Schlenk tube was charged
with nickel complex and changed the atmosphere Mgo Then THF (2 mL),
Grignard reagent (1.5 mmol) and aryl chloride (fh®ol) were added in order. The
tube was heated to 4Q and stirred for 24h. After cooling to room tenmatere, 1 mL
water was added. The water phase was extractethbyfer 3 times (5 mL each time)
and the organic phase was collected. The produete wbtained through column

chromatography using petroleum ether as eluent.

NMR data for coupling products.

'H NMR of 5a (300 MHz, CDCJ) : 7.57-7.49 (4H, m), 7.41 (2H, 3=6.0 Hz), 7.30
(1H, m), 6.98 (2H, dt)=9.0 Hz, 3.0Hz), 3.85 (3H, s).

'H NMR of 5b (300 MHz, CDCY) : 7.44-7.39 (3H, m), 7.36-7.31 (3H, m), 7.27 (2H,
m), 7.24 (1H, m), 2.27 (3H, s).

'H NMR of 5¢ (300 MHz, CDCY) : 7.69 (4H, s), 7.60 (2H, m), 7.50-7.37 (3H, m).

'H NMR of 5d (300 MHz, CDCY) : 7.27-7.22 (6H, m), 6.95 (2H, m), 3.85 (3H, s),
2.28 (3H, s).

'H NMR of 5e (300 MHz, CDCY) : 7.66 (4H, s), 7.54 (2H, di=9.0 Hz, 3.0Hz), 7.00

(2H, dt,J=9.0 Hz, 3.0 Hz), 3.87 (3H, s).
12



'H NMR of 5f (300 MHz, CDCY) : 7.92-7.82 (3H, m), 7.55-7.39 (9H, m).

'H NMR of 5g (300 MHz, CDCJ) : 7.91 (2H, tJ=9.0 Hz), 7.83 (1H, dJ=9.0 Hz),
7.51-7.41 (6H, m), 7.03 (2H, d=9.0 Hz, 3.0 Hz), 3.90 (3H, s).

'H NMR of 5h (300 MHz, CDCY) : 8.65 (1H, dgJ=4.8Hz, 0.9 Hz), 7.95 (2H, dt,
J=9.0Hz, 3.0 Hz), 7.74-7.65 (2H, m), 7.19-7.15 (IH), 7.00 (2H, dt,J=9.0Hz,
3.0Hz), 3.86 (3H, ).

'H NMR of 5i (300 MHz, CDCJ) : 8.70 (1H, dtJ=3.8Hz, 1.2Hz), 8.01-7.97 (2H, m),
7.78-7.71 (2H, m), 7.51-7.38 (3H, m), 7.24-7.21 ().

'H NMR of 5j (300 MHz, CDCJ) : 7.55-7.45 (4H, m), 7.37 (2H, di=9.0 Hz, 3.0
Hz), 6.97 (2H, dtJ=9.0 Hz, 3.0 Hz), 3.85 (3H, s).

'H NMR of 5k (300 MHz, CDCJ) : 7.72 (1H, s), 7.61-7.56 (4H, m), 7.50-7.47 (3H,
m), 7.00 (4H, dtJ=9.0 Hz, 3.0 Hz), 3.87 (6H, s).

'H NMR of 51 (300 MHz, CDC}) : 7.52 (1H, m), 7.44-7.39 (2H, m), 7.35-7.27 (2H,
m), 7.24-7.19 (1H, m), 6.98 (2H, d&9.0 Hz, 3.0 Hz), 3.85 (3H, s).

Supplementary material: Electronic Supplementary Information (ESI) avai@abl

NMR spectra, crystallographic data € CDC 1433108 andla CCDC 1032787.
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