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Abstract

N-Heterocyclic carbene (NHC) has attracted attention since the 1990s. In particular, NHC has played an
important role in catalyst development in organometallic chemistry through its application as a ligand to catalytically
active transition-metal complexes. NHC-nickel complexes first appeared in this chemistry, but it has not been much
studied compared to their palladium counterparts. Recently, we have developed a series of monovalent NHC-nickel
complexes containing unpaired electron, unlike usual nickel complexes with normal oxidation states, and used them
as catalysts. Bulky NHC ligands specifically stabilize such complexes kinetically. However, few studies focused
on the synthetic methods and structural properties of such NHC-nickel complexes from a systematic point of view.
Thus, this review focused on the synthesis and structures of NHC-nickel complexes, particularly the carbene carbon-
nickel bonds, from steric and electronic viewpoints.

Keywords: N-heterocyclic carbene (NHC), nickel complexes, monovalent nickel, bonding interaction, SOMO
distribution, bond dissociation energy (BDE), DFT calculations.
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Figure 2. Grubbs 2"-generation catalyst using IMes and its
activation process.
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Figure 3. 7 -Back-donation system with (a) o * orbital of a
P-C bond in metal-phosphines and (b) 7 * orbital of NHC
in metal-NHCs.
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Figure 4. Structures of NHC-nickel complexes, determined in our laboratory.
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Scheme 3. Oxidative addition of 4-chlorotoluene with Ni(0)
precursors: (a) [Ni(IPr),](4) and (b) [Ni(PEt,),].

T, A THIHERAD 2000 EH W IPrilL > T
WENT= o FVITHEENHE L2 0D, 20HT

V= VI IHNHPEETETIRe NELZ DL
EZoNb.

PURZR N Z 202, $5K 6 I3 VA RB I AR < &
L&, =3O IPr HEEEL T 28K S & Ipr ORE
BRI, IPr2®MEICMZSE6DARBAELL
DS, ZOREERISIERIGTH D, HP T
HK6D2ODIPr D) H 1 DIFFRMTHHEELLTW
CEDVDDSP k6D 20D IPr D) HL—D%
M) 722 VAR T 4 V7 EICHEEL728ER D A
HRTEE2ZH SRS ICBRREORA T4 v 2 8%
Mz % &, IPr & FERICHMEEERIZHRL, IPr&Zh
u%w%ﬁ%%ﬁﬁ%03mmay7wlm%%
[NiX(IPr)(L)] (7a: X = Cl, L = PPh,; 7b: X = Br, L = PPh;;
7c: X = Cl, L = P(OPh);; 7d: X = Cl, L = pyridine; 7e: X =
Br, L = P(Ar.crsp);) 2 1% 5 2 & 23T & 72 (Scheme 4).
—F, FL—FEMTS22-EE) I (bipy) %
KSR 728 A213, 4AL= v & )V 1 il 8% 4k
[NiX(IPr)(bipy)] (8a: X=CI; 8b: X=Br) 2% W I TH
Y (V) B O B = AR W 27 N S 1 s W YA
TORIEEL R X1, 2 Mgk kR o flighikTlIA SN
VI TH 5,

—F, IPr £ D b/NE 7% IMes # HHW 72356, 2 K5k
RSICEPO 2 ZERIEBON P70 SO0,

Ar’N N—ar
—_ _ 7aX=Cl
N WX 70X = pr
Ar~ Ar
FIPr PPhs
Ni'—Cl [ >—N| N|'—< j — /\
Y e AN N=ar
Ar~ —Ar x=¢J \
NN Ar Ar
=/ 5a: X =Cl — rlli'—CI 7c
6 } 5b: X = Br P(OPh);
Ar: N —
f>: 4 = [/\
<_=)_@ Ar’N\(N\Ar
[T\ — Ni'-Cl 7d
Ar~ \(N\Ar IL
_Ni'-X @
)
AN Ns =\

l = Ar’NYN\Ar
8a: X=Cl L Ni'-Br 7e
8b: X =Br |

CF3| PR,
R:
CF3

Scheme 4. Synthesis of nickel(I) complexes 7 and 8 from 5.

=\ Ar/N N\Ar
PhaP X poN Ny

—_— Ni'—X

/N
PhsP X ar } PPh3
Ni(cod), NiX(PPhg3), 9a X =Cl
9b X = Br

Scheme 5. Synthesis of IMes-nickel(I) complexes 9a and 9b.



N-ATTBIRA V<> (NHC) — = v 7 VEHE DGR L g - TR (IR - i) -31-

Y= v v 1 ligk k% 1Pr & FERO FETERT %
CLIETE L o7 Mes & bD= v 7 )b | ligkk
[NiX(IMes)(PPh;)] (9a: X = Cl; 9b: X = Br) &, G2k
72 & 912 = v 7V 0 filighiA Ni(cod), & = v 7V 2 filigh
& [NiX,(PPhy)] ZIRATABIC IMes 225 2 &1
X o THEDWEETH - 72 (Scheme 5)™. DL E O
Ao, offi, 1M, 2oL b >—HD
NHC-= v 7 VR Z BT 5 Z L3 TE 72,

4. NHC-Z= v 7 IV EDIEE

Table 1 1213, HPOHEREZ D —HD NHC-= v 7
WERIZBIT A= v IV — ARV RERHSICED S
FAENE D 5 WIFEHEIC L D S8l (v~
WKFE == v F VKA ERE VARV RFICHEKT S
BCNMR ¥ ZF VD IHNY 7 Mh, #5A0EET
)V ¥ — (Bond Dissociation Energy, BDE), A& 1 5HA
45 T WL i (Single-Occupied Molecular Orbital, SOMO)
BT 2=y 7V dBLE EORMETOFERE) %
FL7z MGHELZIE N T 2 A H B AT D
WX BVMRNB LB FREEE, =y P VORI
WL BREPMEIN TS, BFIZITKE RERAT
T YARZH UL, = TV = H VRV RFEREE

HEl N5 2 AL OB T & DNARI R I & M B 72
DIZEL Y, 72T v A O F D EFZ501E
BEVE, SV T IUh S A IRV REAOM LG A3
EIC L RB720IlEL %%, — /T, FHEkosR
LA FFOMARTIE, AT & &R O o AL
BICAN BT D04 T 5 & X IHEEHEENRE 2D L
ZZbN5b. "CNMR Y7 FVDFr IHNy 7 MEIE
WCRFE LOBETF W2 BRI R ORI X o TEILT
5. RFLICEFVRAELT 20546, HIZ3EE?5
HNR Y RFENOFRGAHERT 5 &, ERIZ K - T
BN O Y 7 PABIE s NS, GHEALSIC A
b LN BDE W, &R LB T OMEENZ AL 5
DIZHEYHTH 5. F 72 Grubbs filt it o X 9 |2 NHC %
S OEEARAEAL T % Bl S C, RSB 5K
IS ERE A 2 U A 720 D B2 FHliT 5 D12 b H 5
BERRTH 5D, PULHITED T AV F —21L % 5
FTHBICIEZ Y Pu V- L EFETL2LEND 5.
BiEic kT Y P Y —13H KT 5729, Gibbs T
ANVF—ZILIEBDE LD /IS %b =y i
figERICOWTIE, = v IV EICAWNEFE2 0720,
A BETVFTHOEZICELLFHEL T DDON%
SOMO IZ BT B AMNBE T OFAEEHGTRED - 7.
FLALT- & OFEEICE 3 a2, ANET2

Table 1. Structural parameters of NHC-nickel complexes, [Ni(n)X,,(NHC)L].

complex n Xu NHC L Ni-Ce BCearbene BDEP SOMO Ref.#
/A /ppm  /kcalmol? onNi/%

la +2 Cl; IPr  IPr 1.933(6)  168.43  +36.9 - 12,14
1b +2 Br, IPr IPr 1.943(9)  170.40 - - 12
2a +2 Cl; IPr  PPh 1.912(4) 16530  +47.1 - 12,14
2b +2 Br IPr  PPhs - 163.60 - - 12
3a +2 Clo IMes IMes - 167.48 - - 12
3b +2 Br: IMes IMes - 168.92 - - 12
4 0o - IPr  IPr 1.856(2)  193.8 +53.0 - 14
6 +1 C IPr IPr 1.948(2)u - - 99.7 20
7a +1 Cl IPr  PPhy 1.925(3) - +9.30¢ 51.4 22
7b +1 Br IPr  PPh 1.924(5) . - - 41.4 24
7c +1 Cl IPr  P(OPh);  1.928(3) - - 47.8 23
7d +1 Cl IPr  pyridine  1.902(4). - - 80.7 23
7e +1 Br IPr PArm-crns 1.936(3) - - 349 24
8a +1 Cl IPr  bipy 1.982(5) - 57.0 25
8b +1 Br IPr  bipy 1.959(4) - - - 25
9a +1 Cl  IMes PPhs 1.938(4) - +14.5¢ 51.9 23
9% +1 Br IMes PPhs 1.949(3) - - - 23

a. The value with ‘av’ means an average of the two independent distances in the same crystal lattice. b.
DFT calculation was performed using Gaussian16@B3LYP6-31G(d,p) without BSSE. c. Dissociation energy

for triphenylphosphine ligand was estimated.



Figure 5. Space-filling model (representing van-der-Waals radii) of (a) [Ni(IMes"),], (b) [Ni(IPr),] (4) and (c)

[Ni(I'Bu),], depicted using results of X-ray crystallography.
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Figure 7. Electron distribution of single-occupied molecular
orbital (SOMO) in [NiCI(IPr)(PPh;)] (7a).
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