3422 Organometallics2006, 25, 3422-3427

Synthesis and Structures of Nickel Halide Complexes Bearing
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Substitution of phosphine ligands in nickel(Il) halide complexes by now attractive N-heterocyclic carbene
(NHC) ligands is one of the well-known organometallic reactions. New, simple, and easy-to-prepare
nickel(Il) halides bearing both a phosphine and an NHC ligand, {{##Rhk)(NHC)], were synthesized
by the reaction of [NiX%(PPh),] (X = CI and Br) with 1 equiv of a bulky NHC ligand. Rather small
NHC ligands did not form NHC/PRmixed complexes. Controlling the amount of the NHC ligand and
purification led to successful isolation in good to moderate yields and structural determination of these
carbene complexes. Studies on catalytic Grignard cross-coupling reactions using three complexes, the
NHC/PPh mixed complex, a “bis”-carbene complex, and [Ni®Ph).], revealed that the monocarbene
complex catalyzes reactions with the highest activity, but, in comparison, catalysis does not proceed
well using the latter two complexes.

Introduction and these compounds must be more widely exploited as versatile
active catalysts in organic synthesis.

The chemistry of nickel complexes now stands at an important  For the purpose of constructing a new nickel catalyst inducing
position in useful organic catalytic reactiohdlthough some many catalytic reactions, five points seem to be significant. They
toxicity of nickel compounds has been pointed out, they are must (i) be prepared facilely, (ii) be thermally and air stable,
inexpensive in comparison with corresponding palladium and (iii) easily form a coordinatively unsaturated site, (iv) have
p|atinum ana|oguesl However, the Cata]yst ac[ivi’[y of nickel E|eCtr0n'd0nating Iigands to stabilize the unsaturated site and
compounds is regarded as lower than that of palladium 0 accelerate the oxidative addition process, and (v) have bulky

complexes in most attractive catalytic cross-coupling reacions substituents on the ligands to enhance the reductive elimination

and a number of useful reactions catalyzed by organonickel Process. Thus, a simple and easy-to-access nickel complex

reagents have not been developed. Focusing on the versatileghgmdbh?i\t/et anlNHiC Iiggng, ;Nl?iczcijs arfgr}iaﬁndor;ﬁrrﬂah
nickel catalysts, simple Ni(0) and Ni(ll) complexes, such as can SUbstitule classicas-Lonor igands and forms thermatly

. . . . 2 i stable metal complexésThis prompted us to develop such
g\rlnli(ni())][zg(ﬂ’:[2:X5$T%232h5552I322 delirr]ldrrggngyse?j?:g?jlytic novel nickel(ll) complexes having NHC ligands and to adopt

. : ~ nickel catalysts for several organic reactions.
reactions’ Recently, new complexes bearing the N-heterocyclic

. ) ) The substitution of phosphine ligands in nickel(ll) halide
carbene (NHC) ligand have attracted considerable atteftion, complexes by NHC ligands is one of the well-known organo-

metallic reactions. Herrmann et al. showed that a reaction of
(1) Recent reviews and textbooks for organonickel catalysisM¢aern NiX »(PPh), with stable NHC carbene ligands gave nickel(ll)

Organonickel Ch_emist[yTamaru, Y Ed; V_\/iIey-VCH: Weinheim, 2005. complexes bearing two NHC ligands, [Ni&{HC),] (1 and2 6
e oA e orra180s. o) Howl?aver accord?n to our ?esult [thist\I kngv]vé re gtrative
Stone, F. G. A, Wilkinson, G., Eds.; Pergamon: Oxford, 1995. (c) Hassan, ! g ) prep

J.; Se'vignon, M.; Gozzi, C.; Schulz, E.; Lemaire X@hem. Re. 2002 procedure afforded new, stable nickel(ll) complexes, [NiX
102 1359-1469. (d) Stanforth, S. Fletrahedron1998 54, 263—303. (e) (PP[’@)(NHC)] (3)’ in good to moderate y|e|ds 0n|y when bu|ky

Negishi, E.Acc. Chem. Red.982 15, 340-348. _hi e L ol
(2) There are a number of reviews and books for organopalladium 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene was used as

catalysis, for example: (dalladium in Organic Synthesigsuji, J., Ed.; the carbene ligand. This nickel compound has only one carbene
Springer: Be;‘lin, 2005. ébwandbook of Organopglladiurln Chemistry fli)r ligand, and one triphenylphosphine ligand remains in the nickel-
Organic SynthesjsNegishi, E., De Meijere, A., Eds.; Wiley: New York, ;

2002. (c)Perspecties in Organopalladium Chemistry for the XXI Century (Il) center. Although the analogous palladium monocarbene
Tsuji, J., Ed.; Elsevier Science: Amsterdam, 1999.

(3) Representative examples of nickel-complex-catalyzed cross-coupling  (4) Coupling reactions catalyzed by nickel N-heterocyclic carbene
reactions: (a) lyoda, M.; Otsuka, H.; Sato, K.; Nisato, N.; Oda,Bull. complexes: (a) McGuinness, D. S.; Cavell, KQrganometallics1999
Chem. Soc. Jpnl99Q 63, 80, and references therein. (b) Tamao, K.; 18 1596-1605. (b) B&xm, V. P. W.; Gstamayr, C. W. K.; Weskamp, T.;
Sumitani, K.; Kiso, Y.; Zembayashi, M.; Fujioka, A.; Kodama, S.; Nakajima, Hermann, W. AAngew. Chem., Int. EQ001, 40, 3387-3389. Sato, Y.;

I.; Minato A.; Kumada, M.Bull. Chem. Soc. Jpril976 49, 1958-1969. Sawaki, R.; Mori, M.Organometallic001, 20, 5510-5512. (c) Mahandru,
(c) Tamao, K.; Kodama, S.; Nakajima, |.; Kumada, M.; Minato, A.; Suzuki, G. M.; Liu, G.; Montgomery, JJ. Am. Chem. So004 126, 3698-3699.
K. Tetrahedron1982 38, 3347-3354. (d) Negishi, E.-l.; King, A. O; (5) Reviews for the carbenes: (a) Herrmann, WA~gew. Chem., Int.
Okukado, N.J. Org. Chem1977 42, 1821-1823. (e) Saito, S.; Sakai, M.; Ed. 2002 41, 1290-1309. (b) Weskamp, T.; Bon V. P. W.; Herrmann
Miyaura, N. Tetrahedron Lett.1996 37, 2993-2996. (f) Terao, J.; W. A. J. Organomet. Chen200Q 600, 12—22. (c) Bourissou, D.; Guerret,
Watanabe, H.; Ikumi, A.; Kuniyasu, H.; Kambe, 8.Am. Chem. So2002 O.; Gabba, F. P.; Bertrand, @hem. Re. 2000 100, 39-91.

124, 4222-4223. (g) Terao, J.; Ikumi, A.; Kuniyasu, H.; Kambe, BI. (6) Synthesis of NiX(NHC),: Herrmann, W. A.; Gerstberger, G.;
Am. Chem. SoQ003 125 5646-5647. Spiegler, M.Organometallics1997, 16, 2209-2212.
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complexes are well-knowhthis is the first example of nickel-
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IMes; 2a, X = CI, L = I'Pr; 2b, X = Br, L = I'Pr) as expected.
These were thermally and air-stable orange crystals, and
crystallization in a hexane solution at30 °C gave hexagonal
pillar crystals containing one hexane molecule in the lattice.

In the formation of the completa or 1b, even when the
qguantity of added IMes was smaller than 2 equiv, ohdyor
1b was obtained with recovering some amount of the starting
material. However, in sharp contrast, employing less than 2
equiv of the IPr added to [Ni%(PPhy),] revealed the detection
of unexpected nickel complexes in the crude mixture. These
new compounds are nickel(ll) monocarbene complexes with one
remaining PPhligand, [NiXy(PPR)(I'Pr)] (3a, X = Cl; 3b, X
= Br), as a result of detailed NMR and IR analysis, as shown
below. Fortunately, complexe3a and 3b can be isolated by
removal of [NiXy(PPh),] by extracting the crude mixture with
hexane and then sublimation of triphenylphosphine at 8D
°C under reduced pressure ¥110°2 Pa) for 1 h inmoderate
to good yields (51 and 21%, respectively). Contaminated, small
amounts oRaand2b were finally removed by recrystallization.
Complexes3a and 3b are dark purple prismatic crystals and
are air-stable in the solid state. These were also thermally stable
even above 150C. However, in solution, these compounds
decomposed upon exposing to air in several minutes at room
temperature to form white solids. Although, reportedly, mixed
carbene/phosphine palladium complexes slowly induced redis-
tribution of carbene and phosphine ligands to form a bisphos-
phine complex and a biscarbene complex by ligand exchange
in solution/2dthe ligand replacement in the nickel complexes

(I1) monocarbene monophosphine complexes. We noticed that, 32 @nd3b never proceeded to for@a and2b in THF at room
as in the well-known ruthenium carbene complexes bearing temperature for 1 day.

NHC and PR that Grubbs developétthis phosphine ligand
could easily be eliminated under ambient reaction conditions

In addition, more than 1 equiv ofAr added to the isolated
3a and 3b resulted in quantitative formation dfa and 2b,

to generate a coordinatively unsaturated site on the nickel. Therespectively, which suggested that compleSesand 3b are

nickel compound showed high activity in catalytic Grignard
cross-coupling reactions, whereas [N{GIHC),] (2) and [NiCk-
(PPh),] showed lower activity under the same conditions.

Results and Discussion

Preparation of Nickel(ll) NHC Complexes. The substitution
reaction of the phosphine ligands in the nickel complex with
the NHC ligands smoothly proceeded in a THF solution at room
temperature, as Herrmann reportatfe also added the carbene
ligands, which were prepared just before use, to the THF
solution of nickel materials, [NiXPPh),] (X = CI, Br). As
shown in Scheme 1 (1) and (2), the reaction of [W{XPh)2]

(X = ClI, Br) with 2 equiv of two carbene ligands (1,3-bis-

(mesityl)imidazol-2-ylidene, IMes; 1,3-bis(2,6-diisopropylphen-
yl)imidazol-2-ylidene, 'Pr) afforded the nickel(ll) bis(carbene)

complexes [Ni%L;] (1a X = Cl, L = IMes; 1b, X =Br, L =

(7) There are several reports including properties of mixed NHg/PR
palladium complexes, see: (a) Herrmann, W. A’jhBp V. P. W,;
Gstdtmayr, C. W. K.; Grosche, M.; Reisinger, C.-P.; Weskamp,JT.
Organomet. Chen001, 617-618 616-628. (b) Weskamp, T.; Bon,

V. P. W.; Herrmann, W. AJ. Organomet. Chen1999 585 348-352. (c)
Marshall, W. J.; Grushin, V. VOrganometallics2003 22, 1591-1593.

(d) Titcomb, L. R.; Caddick, S.; Cloke, F. G. N.; Wilson, D. J.; McKerrecher,
D. Chem. Commun2001, 1388-1389. (e) Frey, G. D.; Schm, J.;
Herdtweck, E.; Herrmann W. AOrganometallic2005 24, 4416-4426.

(f) Bertogg, A.; Camponovo, F.; Togni A&ur. J. Inorg. Chem2005 347—
356.

(8) (@) Sanford, M. S.; Love, J. A.; Grubbs R. Bl. Am. Chem. Soc.
2001, 123 6543-6554. (b) Sanford, M. S.; Ulman, M.; Grubbs R. 8.
Am. Chem. SoQ001, 123 749-750. (c) Trnka, T. M.; Grubbs R. Hicc.
Chem. Res2001, 34, 18—29.

intermediates in the formation @a and2b. Thus, complexes
3aand3b were obviously obtained by the substitution reaction
of [NiX »(PPh),] with only one IPr ligand. Of interest is that
using only iPr led to the formation of monocarbene complexes
3a and3b, whereas adding IMes to [NXPPh),] did not. In
other words, the second substitution Hrlin the formation of

2a or 2b proceeded more slowly than that by IMes in the
formation oflaor 1b. This is probably due to the bulkiness of
the IPr ligand in comparison with that of IMes; that is, the
substituted bulky 'Pr in the complex3a or 3b inhibited the
second substitution of triphenylphosphine. Such a mechanism
generating intermediary monocarbene complexes was not
reported in the synthesis of the biscarbene nickel complexes
shown by Herrmann et 4l.

Characterization of Nickel(ll) NHC Complexes. All the
complexesla, 1b, 23, 2b, 3a and3b were fully characterized
on the basis of detailed NMR and IR spectroscopy, and these
structures were confirmed by X-ray diffraction studies. THe
and3C NMR spectra ofla and1b and2a and2b were quite
similar to each other. Th&H resonances due to protons at the
4 and 5 positions of the five-membered imidazole ringlaf
and 1b appeared ab 6.62 and 6.63, respectively. Also, the
spectra oRaand2b showed similar signals @t6.54 and 6.58,
respectively. Coordination of the carbenes to nickel was
evidenced by detecting carbene carbons directly bound to nickel
in the 13C NMR spectra; the resonances appeared H7.48,
168.92, 168.43, and 170.40 fba, 1b, 2a, and2b, respectively,
which are all in good agreement with other known NHC nickel
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Table 1. Crystallographic Data for 2a, 2b, and 3a

Matsubara et al.

2a 2b 3a
formula/fw GsoHgeCl2N4Ni/992.94 GoHgsBraN4Ni/1081.86 GsH37CloN2PNi/766.35
cryst dimens, mm 0.2& 0.20x 0.10 0.30x 0.14x 0.12 0.50x 0.40x 0.30
cryst syst/space group orthorhomgiz{2,2 orthorhombidP2;2,2 monoclinicP2:/n
a, 13.216(3) 13.250(2) 21.017(5)
b, A 20.490(2) 20.591(3) 12.687(3)
c A 10.877(3) 10.835(4) 31.957(8)
£, deg 97.57(3)
v, A3 2945.5(12) 3066.(1) 8447(4)
z 4 4 8
Dealo g/cn® 1.120 1.216 1.206
temp, K 293(2) 293(2) 293(2)
radiation ¢, A) Mo Ko (0.71069 A)
Ucale, CMT L 9.16 17.18 6.54
F(000) 1072 1144 1592
scan type w—20 w—20 W
6 range, deg 1.83t0 27.50 1.83t0 27.50 1.73t0 27.68
no. of indep reflns 3795(int) = 0.0000] 3809 [R(inty= 0.0000] 19 505R(int) = 0.1114]
no. of reflns usedI(> 20(1)) 1761 1326 10 155
no. of variables 307 304 919
refinement method full-matrix least-squaresrén
GOFRonF? 1.044 0.957 0.998
Ri/WR (I > 20(1))P 0.0629/0.1380 0.0622/0.0995 0.0617/0.1559
Ri/WR (all)® 0.1811/0.1873 0.2604/0.1384 0.1521/0.1901
Apmax, € A3 0.415 and-0.424 0.717 and-0.724 0.724 and-0.560

*GOF = [SW(Fs” ~ FN — P2 * R(F) = SIFdl — IFll/SIFal. “WR(FD) = [SW(Fe? — FAYS (R

Table 2. Representative Bond Distances (A) and Angles

i 31
complexes.On the other hand, in thH8C and3'P NMR spectra (deg) for 2a and 2b

of 3a and 3b, similar characteristic signals indicating the

existence of a phosphine ligand3were observed: especially, 2a 2b
the 13C doublet signals due to the carbene carbons 565.3 “ﬁ;_gl((ll)) ;ig%g)) “j§%;g(%f) ;-ggg((g))
i i i | - . | r .

(3a). _havmg a Iarge_coupllngl Wlth phosphorgs at thlans. Ni(L)—CI(2) 51723 Ni(Ly-BI(2) 5595(3)

position (137 Hz), which was similarly detected in the palladium N(1)—C(1) 1338(8) N(L-C(1) 1.47(1)

analoguesJpc = 80—190 Hz)’*" However, in the case of the  n(1)-c(2) 1.395(9)  N(1}C(2) 1.49(1)

bromide complex3b, the corresponding carbene signal was N(2)-C(1) 1.382(8)  N(2}C(1) 1.45(1)

invisible in the room-temperatuféC NMR spectrum. ThéP N(2)-C(3) 1.390(9)  N(2yC(3) 1.41(1)
C(2)-C(3) 1.315(11) C(2yC(3) 1.32(2)

resonances due to the triphenylphosphingadind3b appeared

ato 13.74 and 22.15, respectively, as broadening sighés (
=110 and 435 Hz, respectively) at room temperature. Herrmann
et al. reported that the palladium analogue JNHC)(PRs)]
rapidly isomerized betweenis and trans isomers at room
temperaturé? Similarly, in the nickel complexe8, such fast
isomerization may occur. The isomerization rat8afvas faster

C(Ly-Ni(1)-C(1) 179.5(5)
C(1)-Ni(1)—-CI(1)  89.7(2)
C(1)-Ni(1)-CI2)  90.3(2)
Cl(1)-Ni(1)-CI(2) 180

C(H—Ni(1)—C(1) 178.9(7)
C(¥Ni(1)-Br(2)  89.5(4)
C(¥Ni(1)-Br(1)  90.5(4)
Br(2-Ni(1)-Br(1) 180

Table 3. Representative Bond Distances (A) and Angles
(deg) for 3a

than that of3b. As shown in the Supporting Information, the Ni(1)—C(1) 1.912(4) Ni(2)-C(1)

broadening signal of th#P resonances iib at room temper- Ni(1)—CI(1) 2.146(1) Ni(2)-CI(1)

ature was clearly divided into two peaks-ab0 °C (6 17.74 “:83:52(12)) 222751((11)) '\N“I((%g'((lz))

and 15.02) with an integrated ratio of 100:5, respectively; these  N1)-c(1) 1.370(5) N(3)C(1)

peaks may be assigned as ttasandcisisomers, respectively. N(1)—C(2) 1.391(5) N(3)>C(2)
The compound&a, 2b, and3awere structurally determined N(2)—-C(1) 1.342(5) N(4)-C(1)

by X-ray crystallography. The crystallographic and measurement 28:28)) igggggg N(4rC(3)

data are shown in Table 1, and representative bond lengths and ) )

angles are listed in Tables 2 and 3. Figure 1 presents the ORTEP gg;:m:g;:z&ll)) ég%a()l)

drawings of the structures. In the crystals 24 or 2b, two C(1)-Ni(1)—CI(2) 88.7(1)

halogen atoms and one nickel atom were placed on the ci(1)-Ni(1)-CI(2) 165.78(6)

symmetrical plane,_and _half_ of the structure was drawn with state. The bond lengths between Ni angiGnein 2a 2b, and
symmetrical operations in Figure 1a,b. Because one moleculez,yare 1 933(6), 1.943(9), and 1.912(4) A, respectively, which
of hexane, which is highly d|sprdered, was contained in the were in good agreement with other Ni(ll) and Ni(0) NHC
lattice of 2a or 2b, X-ray refl_ectlons gradL_JaIIy decayed when complexe$:®1nterestingly, the Gubens-Ni—P angles (165.9(1)
each crystal was coated with Epoxy resin. In th_e casBapf and 173.8(2)) in the independent molecules 8& were bent a
two independent molecules of it were included in the crystal e compared to those found in typical square planar structures.

and both were refined. _ A similar bent angle was observed in the analogous palladium-
Although compound may have twotfansandcis) structures (I1) complexes’. In the nickel(ll) bisphosphine complex, [Ni£l

in solution, the crystal structure 3b revealed that_ phosphin_e (PPh),], the four ligands reportedly formed a tetrahedral
was located at thérans position of the carbene in the solid ¢ ire (P-Ni—P angle= 111.42(1}).1 Two carbene ligands
in the Ni(ll) complexes2a and 2b changed their coordination
structure in the Ni(ll) atom to that of a square plane. In the
case of3a, somewhat bent €Ni—P angles were induced by

(9) Monocarbene nickel complexes: (a) Dorta, R.; Stevens, E. D.; Hoff,
C. D.; Nolan, S. PJ. Am. Chem. So2003 125 10490-10491. (b) Dible,
B. R.; Sigman, M. SJ. Am. Chem. SoQ003 125, 872-873.
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Figure 1. ORTEP drawings of (aRa, (b) 2b, and (c)3a (30% probability thermal ellipsoids; for clarity, one of the two independent
molecules 8a) is presented, and hexantb(and2b) and all hydrogen atoms are omitted).

Scheme 2 Table 4. Grignard Cross-Coupling in the Presence of
_ Cat.0.5mol % 3a and 2&
b X+ CIMg—©—> & ) entry catalyst R X yield (%) TON
R THF,rt, R ,
30 min 1 NiClx(PPh), OMe Cl 1P 40
2 3a H Br 100 >400
. . . . 3 H I 100 >400
the electric angj/or steric mﬂuencgg of the trlphenylphosphlne 4 OMe F 15 60
ligand on the nickel center. In addition, the nick@hosphorus 5 OMe cl 3% 160
bond lengths iBawere 2.254(1) and 2.263(1) A and were 0.07 6 OMe Br 100 >400
A shorter than that of [NiG(PPh),], 2.3180(2) Al indicating 7 Ph Br 100 >400
the strongero-donor ability of the NHC ligand compared to g 2a : IBr gg gjg
that of triphenylphosphine. 10 OMe E 0 0
Grignard Coupling with Ni(ll) NHC Complexes. Develop- 1 OMe Cl 13 50
ment of the procedure for new, stable nickel(Il) NHC complexes ig gr':"e E,: ?g égg

3 made possible a comparison among the bisphosphine complex,
the biscarbene complex, and the mixed phosphine/NHC complex aR _and X mean substituents in aryl halide_s. The _reactions were carried
in the catalytic activity of Grignard coupling reactions (Scheme ©utusing 0.5 mol % of the catalysts for 30 min at“IBin THF. Isolated

.. . . with silica column chromatography.
2).4012 The catalyst activity of3a was high enough in com-
parison with the other nickel catalysts. In Table 4 we show the
results of the Grignard cross-coupling reactions of several aryl palladium complex had the lowest activity, whereas the bis-
halides catalyzed bga and2a at room temperature (about 18 phosphine complex had the highest activity but was less stable
°C). By using only 0.5 mol % of the catalysts, the reactions of than the mixed PRNHC complex in the reaction mediuff.
phenylmagnesium bromide with several aryl halides gave cross-However, in the Grignard coupling reactions with the nickel
coupling products, especially in generating a fever in the case complexes, [NiG(PPh),], 3a, and2a, the highest activity was
of using3a Of interest is that compleRa, which has two NHC  observed for the mixed compléa (Table 4, entries 1, 5, 11,
ligands, showed moderate activity, whereas, in contrast, complexrespectively). It is important that the simple, easily accessible,
3a exhibited high activity. The turnover number in the cross- staple nickel(ll) complexes$3 can exhibit high activity in
coupling of aryl bromide byga was over 400 (Table 4, entries  catalytic cross-coupling reactions, possibly due to the stability

2, 6, 7), whereas that ba was around 206300 (entries 8,  rovided from the bulky N-heterocyclic ligand and hemilability
12, 13). Herrmann et al. demonstrated the catalyst performances,s the triphenylphosphine ligand on the nickel.

in Suzuki—Miyaura cross-coupling among three complexes: an
analogous mixed phosphine/NHC complex, a bis(NHC) com-

plex, and a bisphosphine complex of palladium. The bis(NHC) Conclusion

(10) Nickel complexes bearing two or three carbene ligands: (a) . . . . .
Arduengo, A. J., lll; Gamper, S. F.; Calabrese, J. C.; Davidsod, Em. We investigated the reactions of NHC ligands with the

Chem. Socl1994 116, 4391-4394. (b) Arnold, P. L.; Cloke, G. N,; versatile nickel(Il) compound [NiXPPh),] (X = Cl and Br).

Geldbach, T.; Hitchcock, P. BDrganometallics1999 18, 3228-3233. (c) When only the bulky NHC ligand 2,6-bis(1,3-diisopropylphen-
Douthwaite, R. E.; Green, M. L. H.; Silcock, P. J.; Gomes, P. T. Nimid 1-2-vlid | d full d
Organometallics2001, 20, 2611-2615. (d) McGuinness, D. S.; Mueller, ylimidazol-2-ylidene was employed, we successfully prepare

W.; Wasserscheid, P.; Cavell, K. J.; Skelton, B. W.; White, A. H.; Englert, nickel(Il) halides3a and 3b, having a triphenylphosphine and

U. Organometallic2002 21, 175-181. (e) Liu, Q.-X.; Xu, F.-B.; Li, Q.- an NHC ligand in one molecule. In the formation®fusing 1
S.; Song, H.-B.; Zhang, Z.-ZOrganometallics2004 23, 610-614. (f) 9 3 9

Clement, N. D.; Cavell, K. J.; Jones, C.; Elsevier, CAdgew. Chem., Int. equiv of the bulky NHC ligand is required at room temperature,

Ed. 2004 43 1277-1279. _ and adding 2 equiv led to formation of Ni(ll) biscarbene
(11) Crystal structure of NiG(PPh).: (2) Corain, B.; Longato, B.,  complexes in all cases. Furthermore, these monocarbene com-

Angeletti, R.; Valle, GInorg. Chim. Actal985 104, 15-18. (b) Brammer, . .

L.; Stevens, E. DActa Crystallogr., Sect. 2989 45, 400-403. plexes were isolated, structurally determined, and revealed to

(12) Grignard cross-coupling reactions using nickel catalysts: (a) Ku- be thermally and air stable in the solid state. One or two carbene

mada, M.Pure Appl. Cheml980 52, 669-679. (b) Mongin, F.; Mojovic,  igands in the complexes—3 changed the coordination
L.; Guillamet, B.; Trecourt, F.; Queguiner, Q. Org. Chem.2002 67, 9 P Y

8991-8994. (c) B&m, V. P. W.. Weskamp, T.; Gatmayr, C. W. K : structures around the Ni(ll) atom to that of a square plane and
Hermann, W. AAngew. Chem., Int. EQ00Q 39, 1602. also made the electric structures diamagnetic from paramagnetic
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bisphosphine complexéslt is of interest that the monocarbene 2a: mp 253-259 °C (dec).'H NMR (CDClg): 6 7.42 (t, 4H,
complex showed higher catalytic activity in the Grignard para-CH), 7.14 (d, 8HmetaCH), 6.54 (4H, CH=CH), 2.78 (sept,
coupling than the biscarbene complex and bisphosphine complex] = 6.8 Hz, 8H, G4(CHs),), 0.95 (d,J = 6.8 Hz, 24H, CH(E13),),
at room temperature. The new, active, stable nickel(ll) com- 0.83 (d,J= 6.8 Hz, 24H, CH(E13),). *C NMR (CDCk): 6 168.43
plexes are easily prepared and have a simple structure, so theyNCN), 146.71ipso-C), 136.81 ¢rtho-C), 129.14 para-C), 124.72
should demonstrate valuable applications as various organic(metaC), 123.83 (CH=CH), 28.12 C(CHg)), 25.95 (CH), 22.72
catalysts. We are now studying other catalytic organic reactions (CHa). IR (v, cm™): 3142 (w), 3068 (m), 2964 (vs), 2928 (sh),
using these NHC complexes as catalysts. 2867 (s), 1464 (vs), 1402 (s), 1382 (s), 1361 (m), 1271 (s), 1201
(m), 1116 (m), 1060 (m), 941 (m), 802 (s), 757 (s), 710 (s). Anal.
Calcd for G4H72N4CILNi: C, 71.53; H, 8.00; N, 6.18. Found: C,
69.46; H, 7.68; N, 6.14. The elemental analysi®afwas carried
General Procedures.All experiments were carried out under  out several times; however, all observed values were not in
an inert gas atmosphere using standard Schlenk techniques and agreement with the calculated ones possibly due to small amounts
glovebox (MBraun UniLab) unless otherwise noted. THF, ether, of contaminated products that were difficult to separate by
hexane, benzend; and chloroformd were distilled from ben- recrystallization.
zophenone ketyl and stored under a nitrogen atmospherB8UKO 2b: mp 250-260 °C (dec).’H NMR (CDCL): & 7.41 (t, 4H
was sublimed just before use. Organic reagents used for coupling araCH), 7.13 (d, 8HmetaCH), 6.58 (s, 4H, CH-CH), 2.91 ’(sepi
reaction; were distilled just before use. Other reagents were used; _ g o H’z, 8H, CE"(CH3)2), 0_98’ dJ= ’6.8 |’_|Z’ 24H,’CH((E|3)2), '
as received. Column chromatography of organic products was 0.82 (d,J = 6.8 Hz, 24H, CH(E15),). 13C NMR (CDCk): 6 170.40

carried out using silica gel (Kanto Kagaku, silica gel 60N (spherical, .

neutral)). ThelH, 13C, and3P NMR spectra were taken with a Emgt’\; )C)l 4162229255(}:(3:&‘2372%0; : %EZ(%Hl)Z)QZZg ggr?&:cl:—ij 12224 327
Varian Mercury Y plus 400 MHz spectrometer at room temperature. (CHs) IR” (V é:m*l)- 3143 ’(W)' 3069 (m3) ,296.5 (vs) 2’930' (sh)
Chemical shifts¢) were recorded in ppm from the internal standard 286% .(s) 141:65 (vsj 1399 (s) ’1331 (s) _:L263 (s) 1’201 (m) 11’19

1 13-
Cpectia were recorded in cinon & Perkin Elmer Spectr One (M- 1060 (). 940 (). 801 (5), 756 (5), 710 (5). Anal. Cal for
CsaHzNBrNi: C, 60.97; H, 5.85; N, 6.77. Found: C, 60.87; H,

spectrometer equipped with a universal diamond ATR. Elemental 590 N. 6.48
analysis was carried out with a Yanaco CHN Corder MT-5 auto- =~ "7 =™ ) )
Preparation of 3a and 3b. In a typical example, bis(2,6-

sampler. The nickel complexes [NigPPh),] (X = ClI and Br}*
and N-heterocyclic carbenes (IMes an®r)s were prepared  diisopropylphenyl)imidazolium chloride (102.7 mg, 0.241 mmol)
according to the published methods. and THF (2.5 mL) were added to a 20 mL Schlenk tube and stirred
Preparation of 1a, 1b, 2a, and 2bThe general procedure for ~ for 15 min, followed by addition of K@u (30.2 mg, 0.269 mmol)
preparation ofla, 1b, 2a, and2b is as follows. In a typical example, ~ and stirring for 20 min. The resulting pale yellow suspension was
bis(2,6-diisopropylphenyl)imidazolium chloride (117.0 mg, 0.270 filtered through small amount of Celite and added to a THF solution
mmol) and THF (1.5 mL) were added to a 20 mL Schlenk tube of [NiClx(PPh);] (158.4 mg, 0.242 mmol) with vigorous stirring.
and stirred for 15 min, followed by addition of KBu (36.7 mg, The solution was then stirred for 5 min, and the volatile reagents
0.327 mmol) and stirring for 20 min. The resulting pale yellow were removed under reduced pressure. After extracting with hexane,
suspension was filtered through a small amount of Celite and addedsublimation of the evaporated residue at-820°C for 1 h removed
to a THF solution of [NiC}(PPh),] (73.5 mg, 0.112 mmol) with the triphenylphosphine, giving deep purple crystal8@{95.4 mg,
vigorous stirring. The solution was then stirred for 10 min, and the 0.124 mmol, 51% yield). No contaminating phosphine was con-
volatile reagents were removed under reduced pressure. Afterfirmed on the basis ofH NMR spectroscopy.

extracting with hexane, sublimation of the evaporated residue at  33: mp 187°C (dec).'H NMR (CDCL): 6 7.64 (t, 4H,para-

Experimental Section

80—110°C for 1 h removed the triphenylphosphine, givize(81.4
mg, 0.089 mmol, 80% vyield). No contaminating phosphine was
confirmed on the basis dH and3'P NMR spectroscopy.

la: mp 183°C (dec).'H NMR (CDCl): 6 7.01 (s, 8H,meta
CH), 6.62 (s, 4H, CHCH), 2.54 (s, 12Hpara-CHs), 1.95 (s, 24H,
ortho-CHg). 3C NMR: 6 167.48 (NCN), 137.40iffso-C), 136.45
(paraC), 136.24 ¢rtho-C), 128.97 fnetaC), 122.43 (CH=CH),
21.29 (CH), 19.05 (CH). IR (v, cnm1): 3141 (m), 3008 (m), 2959
(m), 2918 (s), 1609 (m), 1486 (vs), 1404 (s), 1271 (s), 1226 (m),
1165 (m), 1089 (m), 1017 (mbr), 929 (m), 850 (m), 743 (m), 731
(m), 704 (vs). Anal. Calcd for £H4gN4CIoNi: C, 68.31; H, 6.55;
N, 7.59. Found: C, 68.15; H, 6.61; N, 7.59.

1b: mp 280-288 °C (dec).'H NMR (CDClg): 6 7.01 (s, 8H,
metg, 6.63 (s, 4H, CH=CH), 2.52 (s, 12Hpara-CHjz), 2.00 (24
H, s, ortho-CHg). 13C NMR (CDCk): ¢ 168.92 (NCN), 137.64
(ipso-C), 136.44 para-C), 136.38 ¢rtho-C), 129.08 fnetaC),
123.18 (CH=CH), 21.27 (CH), 20.06 (CH). IR (v, cm1): 3141
(m), 3008 (m), 2959 (m), 2918 (s), 1609 (m), 1486 (vs), 1402 (s),
1267 (s), 1221 (m), 1166 (m), 1089 (m), 1017 (mbr), 927 (m), 850
(m), 730 (m), 704 (vs). Anal. Calcd forsgH4gN4BroNi: C, 60.97;
H, 5.85; N, 6.77. Found: C, 60.09; H, 5.89; N, 5.57.

(13) Krzystek, J.; Park, J.-H.; Meisel, M. W.; Hitchman, M. A
Stratemeier, H.; Brunel, L.-C.; Telser, lhorg. Chem.2002 41, 4478~
4487.

(14) Venanzi, L. M.J. Chem. Socl958 719-724.

(15) Arduengo, A. J., lll; Dias, H. V. R.; Harlow, R. L.; Kline, M.
Am. Chem. Sod 992 114, 5530-5534.

CH), 7.47 (d, 8HmetaCH), 6.88-7.12 (m, 15H, @Hs), 7.02 (s,
2H, CH=CH), 3.09 (sept]) = 6.8 Hz, 4H, G4(CHjs),), 1.29 (d,J
= 6.8 Hz, 12H, CH(®l3),), 1.07 (d,J = 6.8 Hz, 12H, CH(®13),).
13C NMR (CDCbk): 6 165.3 (d,Jpc = 137 Hz, NCN), 147.3ipso
Ph: NHC), 135.9¢rtho-Ph: NHC), 134.7¢rtho-Ph: PPBh), 133.7
(ipso-Ph: PPh), 129.8 para-Ph: PPh), 129.2 (metaPh: NHC),
127.4 fmetaPh: PPh), 124.3 para-Ph: NHC), 123.9 (CH-CH),
28.58 (C(CHy)), 26.25 (CH), 22.77 (CH). 3'P NMR (CDCEk): ¢
13.74 (br,Wy;, = 110 Hz). IR ¢, cm™1): 3074 (s), 3056 (s), 2965
(vs), 2930 (sh), 2868 (s), 1590 (m), 1539 (m), 1439 (vs), 1402 (s),
1333 (s), 1263 (m), 1183 (s), 1120 (vs), 1099 (sh), 1062 (m), 941
(m), 804 (s), 751 (s), 721 (s), 695 (vs). Anal. Calcd fagHs;N,-
PCELNi: C, 69.25; H, 6.59; N, 3.59. Found: C, 68.96; H, 6.68; N,
3.79.

3b: mp 175°C (dec).'H NMR (CDCly): ¢ 7.63 (t, 4H,para
CH), 7.45 (d, 8HmetaCH), 6.88-7.12 (m, 15H, GHs), 7.06 (s,
2H, CH=CH), 3.20 (sept) = 6.8 Hz, 4H, G4(CHjs),), 1.31 (d,J
= 6.8 Hz, 12H, CH(®l3),), 1.05 (d,J = 6.8 Hz, 12H, CH(®13),).
13C NMR (CDCh): 6 163.6 (dJpc= 112.1 Hz, NCN), 147.2ij§so-
Ph: NHC), 136.1¢rtho-Ph: NHC), 134.9¢rtho-Ph: PPB), 133.7
(ipso-Ph: PPh), 129.9 para-Ph: PPh), 129.2 (metaPh: NHC),
127.3 (metaPh: PPR), 125.1 para-Ph: NHC), 124.0 (CH-CH),
28.87 (C(CHg)), 26.38 (CH), 22.91 (CH). 3P NMR (CDCE):
22.15 (brWy, = 435 Hz). IR ¢, cmr™Y): 3074 (s), 3056 (s), 2963
(vs), 2929 (sh), 2867 (s), 1589 (m), 1464 (vs), 1434 (vs), 1399 (s),
1330 (s), 1272 (m), 1183 (m), 1119 (s), 1098 (s), 941 (m), 802 (s),
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750 (s), 704 (s), 692 (vs). Anal. Calcd ford8s;N,PBLNi: C, X-ray Crystallography. Single crystals oRa, 2b, and 3a for
62.17; H, 5.91; N, 3.22. Found: C, 62.40; H, 6.09; N, 3.20. X-ray diffraction studies were grown at35 °C from a hexane
Catalytic C—C Bond Coupling Using 3a.In a typical example, solution. The data were collected on a Rigaku AFC-5R four-cycle

complex3a (3.0 mg, 0.0038 mmol)p-chloroanisol (95uL, 0.76 axis diffractometer at 293 K using graphite-monochromated Mo
mmol), and THF (0.5 mL) were added to a 20 mL Schlenk tube, Ko radiation § = 0.71070 A). The structures were solved by direct
and the mixture was stirred at room temperature for several minutes.methods (SHELXS 97) and refined by full-matrix least-squares
Phenylmagnesium chloride (1.14 mmol, 2.0 M solution in THF) fitting based or2 using the program SHELXL 97-2 PC versi#h.
was added to the solution, which was stirred for 30 min. Then, All non-hydrogen atoms were refined with anisotropic displacement
after the reaction was quenched by adding methanol (0.5 mL), waterparameters. All H atoms were located at ideal positions and were
was added. The organic layer was extracted with dichloromethaneincluded in the refinement, but were restricted to ride on the atom
and dried with magnesium sulfoxide. Removal of the solvents under to which they were bonded.

reduced pressure gave 4-methoxybiphenyl (140 mg, 0.759 mmol,

100% yield). _ _ _ Acknowledgment. The authors are grateful to Prof. Toshio
Catalytic C—C Bond Coupling Using 2a.In a typical example,  yamaguchi and Dr. Satoshi Kurisaki (Fukuoka University) for
complex2a (3.0 mg, 0.0033 mmol)p-bromoanisol (82L, 0.66 helpful discussions and assistance with crystallography.

mmol), and THF (0.5 mL) were added to a 20 mL Schlenk tube,
and the mixture was stirred at room temperature for several minutes.
Phenylmagnesium chloride (0.99 mmol, 2.0 M solution in THF)
was added to the solution, which was stirred for 30 min. Then,
after the reaction was quenched by adding methanol (0.5 mL), the
mixture was extracted with dichloromethane and dried with
magnesium sulfoxide. The solvents were removed under reduced
pressure, and the residual mixture was separated by columnOM0602658
chromatography by eluting with 20% dichloromethane in hexane
to give 4-methoxybiphenyl (41.6 mg, 0.226 mmol, 39% yield). (16) Sheldrick, G. MSHELXS 97and SHELXL97-2 1997.
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