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Abstract Ni(IMes)2 (IMes = N,N0-(2,4,6-trimethylphe-

nyl)imidazole) was prepared and reacted with dimethy-

ldisulfide. A novel trinuclear product (IMes)(SMe)

Ni(l-SMe)2Ni(l-SMe)2Ni(SMe)(IMes) (1) was obtained

containing both bridging and non-bridging methylsulfido

groups. The crystal of 1 belongs to triclinic space group P-1

with unit cell dimensions a = 9.6664(5) Å, b =

12.8304(6) Å, c = 16.1842(8) Å, a = 70.0370(10)�, b =

73.0050(10)�, c = 86.7240(10)�, V = 1802.20(15) Å3,

Z = 1, Dcalcd = 1.294 Mg m-3, and F(000) = 730.

Keywords Structural study � N-Heterocyclic

carbene � Trimetallic complex

Introduction

N-Heterocyclic carbine (NHC) ligands have found their

way into a wide variety of transition metal complexes that

are useful in catalysis [1]. These ligands serve as phosphine

replacements, and are typically found to be better r-donors

than their phosphorus-containing counterparts. Examples

of reactions that can be carried out a palladium–NHC

centers include aryl chloride amination [2], cyclization of

anilides [3], ester enolate arylation to afford a-aryl esters

[4], Sonogashira reactions of unactivated alkyl bromides

[5], and the ruthenium-catalyzed RCM reaction [6].

Attachment of NHC ligands to nickel(0) has been

demonstrated in the work of Radius, who reported the

preparation of Ni2(iPr2Im)4(COD) as a reactive nickel

precursor to the fragment [Ni(iPr2Im)2] [7]. This fragment

was reported to insert into the C–CN bonds of aryl nitriles,

giving stable Ni(II) trans-square planar products (Eq. 1)

[8]. Other reactions include insertions into the C–S bonds

of sulfoxides [9] and the C–C bond of biphenylene [7, 10],

the stabilization of phosphaalkynes [11], and Suzuki cou-

plings of aryl fluorides [12]. These reactions parallel the

earlier reports of similar C–CN [13], C–S [14], and C–C

[15] insertions by the nickel(0) phosphine fragment

[Ni(dippe)].

ð1Þ

Radius also reported the reaction of Ni2(iPr2Im)4(COD)

with Me2S2 and Ph2S2. The products obtained were simple,

mononuclear, square planar nickel(II) addition products

(Eq. 2) [16].
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ð2Þ

Results and Discussion

We have investigated the related chemistry of the NHC

ligand IMes with nickel(0) (IMes = N,N0-(2,4,6-trimeth-

ylphenyl)imidazole). Reaction of the NHC with Ni(cod)2 in

2:1 ratio leads to Ni(IMes)2 as a purple solid. Reaction with

excess dimethyl sulfide results in an immediate change in

color to dark yellow. Over the course of several days at

room temperature, the 1H NMR spectrum shows the for-

mation of a major product identified as 1. Two products

were isolated from this solution by crystallization (Eq. 3),

the second being S = IMes (2).

ð3Þ

The single crystal structure of 1 was obtained, showing

3 square planar nickel(II) centers bridged by pairs of

l-methylthiolate ligands (Fig. 1; Table 1). The terminal

nickel centers possess one IMes ligand and one terminal

methylthiolate ligand. The molecule sits on an inversion

center, and the Ni1–Ni2 distance is 2.9697(2) Å. The

nickel-l-methylthiolate distances are slightly longer

(2.2183(3), 2.2130(3) Å) than the nickel-terminal methyl-

thiolate distance (2.1895(4) Å). The adjacent square planes

are folded at an angle of 125.9�, which is substantially

smaller than that seen in [Ni(dippe)(l-S)]2 (140.2�) and

[Ni2(dippe)2(l-S)(l-SMe)]? (136.5�) [17]. The nickel-

IMes carbon distance is 1.8926(11) Å. The methyl groups

on the bridging methylthiolates take on an ‘bent/anti’

mixed geometry as seen in [Rh(dippe)(l-SMe)2]2 [18].

A search of the Cambridge Database for molecules

containing a Ni(l-S)2Ni(l-S)2Ni core produces 100 hits,

many of which contain this unit as part of a larger cyclic

structure containing 6 or more nickels. Only *30
Fig. 1 Plot of 1. Hydrogens have been omitted for clarity. Ellipsoids

are shown at the 50 % level

Table 1 Crystal data and structure refinement for 1

Identification code CCDC #951112

Empirical formula C72H66D24N4Ni3S6

Formula weight 1404.11

Temperature 173(2) K

Wavelength 0.71073 Å

Crystal system Triclinic

Space group P-1

Unit cell dimensions a = 9.6664(5) Å;

a = 70.0370(10)�
b = 12.8304(6) Å;

b = 73.0050(10)�
c = 16.1842(8) Å;

c = 86.7240(10)�
Volume 1802.20(15) Å3

Z 1

Density (calculated) 1.294 mg/m3

Absorption coefficient 0.991 mm-1

F(000) 730

Crystal color, morphology Dark red-orange, block

Crystal size 0.40 9 0.36 9 0.32 mm3

Theta range for data collection 1.691�–37.784�
Index ranges -16 B h B 16, -22 B k B 22,

-27 B l B 27

Reflections collected 67254

Independent reflections 19045 [R(int) = 0.0331]

Observed reflections 12950

Completeness to

theta = 25.242�
99.9 %

Absorption correction Multi-scan

Max. and min. transmission 0.7476 and 0.6830

Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 19045/0/394

Goodness-of-fit on F2 1.014

Final R indices [I [ 2r(I)] R1 = 0.0387, wR2 = 0.0979

R indices (all data) R1 = 0.0683, wR2 = 0.1128

Extinction coefficient n/a

Largest diff. peak and hole 0.857 and -0.495 e/Å3
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structures contain similar trinuclear moieties, and none

were found to have NHC ligands.

Crystals of the minor product S = IMes (2) were also

obtained. A preliminary X-ray structure determination

confirmed that this was indeed the compound, which co-

crystallized with benzene. The structure of 2 has been

previously reported in the literature [19].

The cocrystallized benzene solvent molecules, of which

there are four per tri-nickel species, essentially encase the

nickel molecule (Fig. 2). Sets of four benzene molecules,

related by inversion symmetry, are oriented edge-to-face,

which is reminiscent of the structure of benzene itself

(Fig. 3) [20]. While there are no close contacts in which

atoms are within the van der Waals radii of other atoms,

Fig. 2 Cocrystallized benzene

solvent molecule encase 1

Fig. 3 Edge-to-face arrangement of benzene molecules
Fig. 4 Benzene molecule relative to the IMes ligand
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there are some suggestive orientations like the edge-to-face

orientation of the benzene molecules, which may have

played a role in the particular packing. For instance, one

benzene molecule (C25–C30) appears to have an orienta-

tion relative to an IMes phenyl arm that suggests that pi-

stacking and C–H���p interactions may have dictated the

arrangement (Fig. 4). The closest contact between the rings

is 3.5–3.6 Å, which is reasonable for pi-stacking, but the

rings have almost no eclipsed regions and the angle

between the planes is a rather canted 32.19(9)�, thus min-

imizing any potential overlap. Atom H5 is directed toward

the pi-system of the benzene ring, yet the closest

(H5���C29) distance of 2.86 Å is larger than the sum of the

van der Waals radii, 2.79 Å.

Experimental Section

General Procedures

Unless otherwise stated, all reactions and manipulations

were carried out in dry glassware using standard Schlenk

and glovebox techniques under a nitrogen atmosphere.

Deuterated solvent C6D6 (Cambridge Isotope Laboratories)

for NMR experiments and dimethyl disulfide were pur-

chased from Aldrich, dried over CaH2, and distilled under

vacuum. All other reagent grade chemicals were used

without further purification. All NMR spectra were recor-

ded on Bruker Avance 400 and 500 MHz spectrometers.

IMes was prepared as described in the literature [21].

Synthesis of Ni(IMes)2

A suspension of IMes (4.4 mg, 14 lmol) in benzene

(0.1 mL), Ni(cod)2 (2 mg, 7.3 lmol) in benzene(0.1 mL),

and 0.3 mL benzene were added to a J-Young NMR tube.

The resulting free cod and solvent were removed under

vacuum, leaving a violet solid. 1H NMR (400 MHz, C6D6):

d 6.82 (s, 8H), 6.01 (s, 4H), 2.30 (s, 12H), 2.08 (s, 24H).

Reaction of Ni(IMes)2 with Me2S2

Dimethyl sulfide (10lL, 110 lmol) was added to

Ni(IMes)2 (5 mg, 7 lmol) dissolved in 0.5 mL benzene in

a J-Young NMR tube. The color changed from violet to

yellow brown instantly and the solution was maintained at

room temperature for 10 days. The excess dimethyl

disulfide and solvent were removed under vacuum. The

reaction was monitored by 1H NMR spectroscopy. Crystals

of complex 1 and 2 were grown by slow evaporation from

C6D6 solution. For [(IMes)(MeS)Ni(l-SMe)2]2Ni (1), 1H

NMR (400 MHz, C6D6): d 6.77 (s, 8H), 5.93 (s, 4H), 2.15

(s, 24H), 2.11 (s, 12H), 1.80 (s, 6H), 1.74 (s, 12H).

13C{1H} NMR (500 MHz, C6D6): d 165.16 (s), 138.74 (s),

136.19 (s), 134.75 (s), 129.37 (s), 117.34 (s), 21.10 (s),

18.13 (s). NMR yield, 90 %. For free IMes: 13C NMR

(500 MHz, C6D6): d 219.45 (s), 139.31 (s), 137.25 (s),

135.45 (s), 128.14 (s), 120.56 (s), 21.06 (s), 18.09 (s). For

S = IMes (2), a crystal provided cell data that matched that

in the literature for this compound (as a benzene solvate)

[19]. 200 frames of data allowed solution of the structure,

confirming it to be S = IMes.

X-ray Structure Determination of [(IMes)(MeS)Ni

(l-SMe)2]2Ni (1)

A crystal (0.40 9 0.36 9 0.32 mm3) was placed onto the

tip of a 0.1 mm diameter glass capillary tube or fiber and

mounted on a Bruker SMART APEX II CCD Platform

diffractometer for a data collection at 173(2) K. The full

data collection was carried out using Mo Ka radiation

(graphite monochromator) with a frame time of 30 s and a

detector distance of 4.01 cm. The structure was solved

using SIR97 [22] and refined using SHELXL-2012 [23].

The structure is similar to the one suggested. The asym-

metric unit contains one tri-nickel molecule in a crystal-

lographic inversion center that is coincident with atom Ni2

and two independent cocrystallized deuterated benzene

solvent molecules in general positions.

Supplementary Material

CCDC 951112 contains the supplementary crystallographic

data for this article. These data can be obtained free of

charge at http://www.ccdc.cam.ac.uk/data_request/cif, or
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Union Road, Cambridge CB2 1EZ, UK; fax: ?44 1223
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8. Schaub T, Döring C, Radius U (2007) Dalton Trans

(20):1993–2002

9. Schaub T, Backes M, Radius U (2007) Chem Commun (20):2037

10. Schaub T, Backes M, Radius U (2006) Organometallics

25:4196–4206

11. Schaub T, Radius U (2006) Z Anorg Allg Chem 632:981–984

12. Schaub T, Backes M, Radius U (2006) J Am Chem Soc

128:15964–15965

13. Garcia JJ, Brunkan NM, Jones WD (2002) J Am Chem Soc

124:9547–9555

14. Vicic DA, Jones WD (1997) J Am Chem Soc 119:10855–10856

15. Edelbach BL, Vicic DA, Lachicotte RJ, Jones WD (1998)

Organometallics 17:4784–4794

16. Schaub T, Backes M, Plietzsch O, Radius U (2009) Dalton Trans.

doi:10.1039/b907124p

17. Oster SS, Lachicotte RJ, Jones WD (2002) Inorg Chim Acta

330:118–127

18. Oster SS, Jones WD (2004) Inorg Chim Acta 357:1836–1846

19. Huang J, Schanz H-J, Stevens ED, Nolan SP, Capps KB, Bauer

A, Hoff CD (2000) Inorg Chem 39:1042–1045

20. Cox EG, Cruickshank DWJ, Smith JAS (1958) Proc R Soc A

247:1–21

21. Bantreil X, Nolan SP (2011) Nat Protoc 6:69–77

22. Altomare A, Burla MC, Camalli M, Cascarano GL, Giacovazzo

C, Guagliardi A, Moliterni AGG, Polidori G, Spagna R (1999)

SIR97: a new program for solving and refining crystal structures.

Istituto di Cristallografia, CNR, Bari

23. Sheldrick GM (2012) SHELXL-2012. University of Göttingen,

Göttingen

J Chem Crystallogr (2014) 44:15–19 19

123

http://dx.doi.org/10.1039/b907124p

	Nickel(0) Addition to a Disulfide Bond
	Abstract
	Introduction
	Results and Discussion
	Experimental Section
	General Procedures
	Synthesis of Ni(IMes)2
	Reaction of Ni(IMes)2 with Me2S2
	X-ray Structure Determination of [(IMes)(MeS)Ni	( mu -SMe)2]2Ni (1)

	Supplementary Material
	Acknowledgments
	References


