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Chapte rr  4, Part A§ 

C-HH Activatio n of Imidazoliu m Salts by Pt(0) Complexe s at 

Ambien tt  Temperature : Synthesi s of Hydrid o Platinu m 

Bis(carbene )) Compound s 

4.11 Introductio n 

TV-Heterocyclicc carbenes (NHC's) are being applied more and more frequently as ligands in 

homogeneouss catalysis.[2] The most common way to prepare transition metal complexes with NHC 

ligandss involves abstraction of the acidic hydrogen of the imidazolium salts by strong bases and 

isolationn of the free carbene,131 followed by addition of the free carbene to a suitable transition metal 

complexx precursor (see Scheme 4.1). The use of ligand precursors,141 transmetallation151 or in situ 

generation1611 (see also Chapter 3) of the free carbene are alternative methods for preparing carbene 

complexes. . 

R11 R1 R1 

r NN B ^ \ M(L)„ ^ N 

L-NN "HB+X- ^ N " L ^ N 

R22 R2 R2 

R1,, R2 = aryl, alkyl B = base M = metal L = ligand 

XX = halide 

Schemee 4.1 Common route for preparation of (NHC) metal complexes 

Recently,, C-H activation of imidazolium salts has been reported for several late transition 

metals.17'811 The direct synthesis of NHC transition metal complexes is promising, because no extra 

stepp is required, i.e. deprotonation of imidazolium salts and isolation of free carbene, nor are any 

undesiredd side-products obtained. The way in which these reactions proceed remains unclear. 

Althoughh double C-H activation of imidazolium salts with palladium systems has been reported 

(seee Scheme 4.2), no metal hydride compounds were isolated.181 In the case of platinum, the carbene 

hydridee complexes were obtained in low to moderate yields.171 

§§ Parts of this Chapter have been published.[l] M. A. Duin, N. D. Clement, K. J. Cavell, C. J. Elsevier Chem. 

Commun.Commun. 2003, 400. 
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ChapterChapter 4, Part A 

Br—Pd—B rr  ^ 

RR = Mes 

Schemee 4.2 Synthesis of bis-carbene palladium complexes directly from imidazolium salts 

Ass noted before, we decided to design electron-rich platinum(O) complexes (see Chapter 3) 

thatt are stable enough to handle, but at the same time reactive towards C-H bonds of imidazolium 

salts.. The reactivity of these Pt (carbene) complexes towards imidazolium salts will be discussed 

butt before that approach is used, we first made use of a well established method developed by 

Whitesidess for C-H bond activation of hydrocarbons by an in situ formed unsaturated Pt(0)-

compound.'9'101 1 

Nott only the direct preparation of NHC-metal complexes prompted us to investigate the C-H 

bondd activation of imidazolium salts, also the observation of a different behavior of transition-metal 

catalystss in imidazolium based ionic liquids compared to that in normal organic or aqueous solvents 

attractedd our attention. The interactions between transition metals and imidazolium based ionic 

liquidss should be investigated to provide more information about the actual organometallic 

compoundd in the organometallic reactions and catalysis in these solvents. These reasons 

demonstratee the importance and interest in studying the reaction behavior of imidazolium salts 

towardss transition metals."1] 
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C-HC-H Activation of Imidazolium Salts by Pt(0) Complexes at Ambient Temperature 

4.22 Results and Discussion 

4.2.11 C-H Activatio n of imidazoliu m salt s by Pt(0) usin g Whitesides ' metho d 

Whitesides'9'1011 complex [bis(dicyclohexylphosphino)ethane]hydridoneopentylplatinum(II) (1) 

iss known to activate C-H bonds of hydrocarbons to give 

[bis(dicyclohexylphosphino)ethane]hydridoalkylplatinum(II)) compounds. When 1 is heated in 

benzenee solution, neopentane is reductively eliminated to generate a coordinatively unsaturated 

platinumm center.'91 Oxidative addition of a C-H bond of benzene produces cis-

[bis(dicyclohexylphosphino)ethane]hydridophenylplatinum(II).. The intermediate responsible for 

oxidativee addition is believed to be [bis(dicyclohexylphosphino)ethane]platinum(0). This electron-

richh d1 fragment can react with a variety of saturated and unsaturated hydrocarbons.'101 Therefore, 

wee like to see if this method also works in our case when using imidazolium salts. 

CV22 W I Cy 2 N ^ 

(( V \ + [0^H 'ne0Pentane. ( \ ( X I" 

Cy22 Cy2 

11 a 2a 

Schemee 4.3 C-H bond activation of imidazolium salts using Whitesides' method 

Indeed,, this approach works for C-H bond activation of certain imidazolium salts; when, 1,3-

bis(methyl)-imidazoliumm chloride (IMeHCl, (a)) is added to 1 in a 1:1 ratio under a dinitrogen 

atmospheree in a mixture of 1,4-dioxane and acetone, and is heated overnight at 80 °C, 2a is obtained 

ass the main product in good yield (see Scheme 4.3). The structure of 2a was evident from 'H and 
31PP NMR spectroscopy. The hydride of 2a is found at -2.68 ppm in the ]H NMR spectrum as a 

doublett of doublets with platinum satellites. 31P{ !H}  NMR spectroscopy showed the expected 

patternn with platinum satellites. The '/HPI couplings for 2a (1019 Hz) are slightly larger than those 

reportedd in literature for analogue cationic [HPtn(PR3)3][X]-complexes.[12'13]. Together with the C-H 

activationn of the imidazolium salt a, also a small amount of the solvent-molecules acetone and 1,4-

dioxanee are activated at their a-CH bonds. Simple washing with hexanes removes products due to 

C-HH activation of acetone and 1,4-dioxane, to yield pure 2a. 

Inn contrast, treatment of the Whitesides' compound with sterically more demanding 

imidazoliumm salts, having larger groups on the N-atom did not result in C-H activation at the 2-

position.. A mixture of products was found, mostly consisting of "C-H activated" solvent complexes. 
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-2dmfuu \ y~~U 
*"" \ .Pt R 

Thee bulky cyclohexylgroups on the phosphorus-atoms, needed to prevent cycloplatination, are to 

bigg to enforce C-H activation at the 2-position for other imidazolium salts. 

4.2.22 C-H activatio n of imidazoliu m salt s usin g Pt(0) carben e complexe s 

Becausee Whitesides approach using 1 is not applicable for C-H activation at the 2-position for 

aa broad range of imidazolium salts, we decided to take recourse to other electron-rich platinum(O) 

complexess that can equally create a reactive Pt intermediate with free coordination sites. Therefore, 

wee designed a platinum(O) complex that consists of one carbene ligand and two labile alkenes (see 

Schemee 4.4, compounds 3 and 4). The synthesis of these zerovalent platinum compounds is 

describedd in Chapter 3. These compounds are easy to handle; they are stable in air and also not 

reactivee towards water. 195Pt NMR spectroscopy has shown that the platinum centers of 3 and 4 

havee a high electron-density and therefore can be good candidates for the selective C-H activation 

off  imidazolium salts. 

RR ^ 
RR R — \ I ~ N " % 

ff  > - < R;  g)>-H 

33 R' a N 5a 

R R 
RR R — \ | 'N 

r V _ « * // R' ïrL-u -2dmfu. ' \ ^~N-
II >—PIV R;  + u 3 ^ H - \ /Pt R 
ÏÏ V ' <vY H 
RR \ V-N 

44 R a 6a 

RR = Mes R' = COOMe 

Schemee 4.4 C-H Activation of imidazolium salts by (carbene) platinum(O) complexes 

Indeed,, compounds 3 and 4 are reactive towards C-H bonds of certain imidazolium salts. 

Whenn we add one of more equivalents of an imidazolium salt like IMeHI (a, IMe = 1,3-

dimethylimidazol-2-ylidene)) to a solution of 3 in THF or acetone, C-H activation selectively takes 

placee at the C-2 position (N-Cff-N) of the imidazolium cation. The resulting compound is the first 

examplee of a thermally stable hydridoplatinum(II) biscarbene compound, frans-[hydrido 3,5-

dimethyl-imidazol-2-ylidenn iodo 3,5-dimesityl-imidazol-2-yliden] platinum(II) (HPt(I)(IMes)(IMe), 

5a).. After the reaction the dimethyl fumarate (dmfu) has been liberated and is found back in the 

resultingg solution. Similarly, the closely related rra«.s-[hydrido 3,5-dimethyl-imidazol-2-yliden iodo 
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3,5-dimesityl-dihydroimidazol-2-yliden]]  platinum(II) (HPt(I)(SIMes)(IMe), 6a) was prepared via 

thiss method from 4 and a. 

AA particularly novel aspect of this reaction is the use of a strong donor carbene ligand to 

increasee electron density on the metal center, making the platinum more reactive towards C-H 

bonds.. Furthermore, subsequently a mixed carbene complex has been generated. The 

carbene/imidazoliumm salt couple is acting both as a ligand and as the substrate. 

Thee products have been characterized by means of 'H, I 3C and 195Pt NMR spectroscopy and 

appearr to be square planar platinum complexes with two different carbene units in mutual trans 

positions.. The relative orientation of the carbene fragments was confirmed by 'H-NOE experiments. 

Inn the 'H NMR spectrum, the hydride is observed at -14.67 ppm for 5a and at -14.50 ppm for 6a. 

Thesee complexes exhibited 1/(195Pt,1H)-couplings of 1727 Hz (5a) and 1738 Hz (6a), which is in 

agreementt with a relatively weak frans-ligand such as an iodide. Such high values for the 
1y(195Pt,1H)-couplingss have not been reported before.112"141 Apparently, the two carbene fragments 

exertt a relatively small cw-influence§ compared to phosphines.1141 This can be understood, since the 

twoo carbenes exhibit mainly a-donating properties.[17! The strong o-donation of the carbenes results 

inn a corresponding increase of electron density of the s-valence orbital of the Pt atom, to the extent 

thatt the s-character of the Pt-H bond becomes very large, hence the V(195R,1H)-coupUng, 

determinedd by the Fermi contact term,"51 will be very large. 

Coordinationn of iodide was established by means of several experiments. Addition of a ligand 

(e.g.(e.g. acetonitrile, pyridine) did not result in displacement of the iodide, as was evidenced by H and 
195Ptt NMR spectroscopy. However, successive addition of pyridine and silver tetrafluoroborate to 

6aa gives cationic platinum complex 8a (see Scheme 4.5). 

N ^ \\ L // N ^ 
" \\ y ~ N pyridine, AqBF4 \ /~~N, 

\\ „Pt R — " \ „pt R 

6aa 8a 

RR = Mes 

Schemee 4.5 Addition of pyridine and silver tetrafluoroborate to 6a 

11 The ris-influence of ligands is determined by the ability to weaken the bond cis to itself in a in square planar 

complex."4-161 1 
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Thiss complex shows a hydride signal at -16.64 ppm with platinum satellites in the 'H NMR 

spectrum,, 'y(195Pt, 'H) = 989 Hz, indicating the substitution of the iodide. The smaller coupling can 

bee attributed to the coordination of the pyridine, which stabilizes the cationic metal center. 

X-rayX-ray crystal structure determination of 6a 

Thee molecular structure of the new hydrido platinum bis(carbene) compound 6a, has been 

unambiguouslyy proven by a single crystal X-ray structure analysis. The molecular structure of 6a is 

depictedd in Figure 4.1. Some selected bond lengths and angles are presented in Table 4.1. 

Figuree 4.1 Displacement ellipsoid plot of 6a with ellipsoid drawn at the 50% probability level. 

HydrogensHydrogens are ommited for clarity. 

Unfortunately,, it was impossible to determine the exact hydride position. As can be seen in 

Tablee 4.1, the C(l)-Pt(l)-I(l) angle and the C(22)-Pt(l)-I(l) angle are close to 90°, C(l)-Pt(l)-

C(22)) is close to 180 °C, which are indicative of a square planar environment. Hence, the C(l)-

Pt(l)-hydridee angle and the C(22)-Pt(l)-hydride angle can also expected to be around 90°. The two 

carbeness at platinum are almost coplanar, the torsion angle N(2)-C(l)-C(22)-N(3) is found to be 

5.3°.. The carbene-ring planes make an angle of 6.4° relative to each other and are both nearly 

perpendicularr to the coordination plane (C(l)-Pt(l)-I(l)-C(22). One of the planes of the mesityl-

groupss (C4-C11) is found to be almost perpendicular to the (N2-C1-N1) carbene-plane (85.5°) and 

thee other mesityl-group is found at an angle of 67.7° relative to the carbene-plane. 
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Tablee 4.1 Selected bond lengths (A) and angles (deg)for 6a (e.s.d. in parentheses). 

Pt( l ) -C( l)) 2.0034(19) Pt(l)-C(22) 2.008(2) 

Pt( l ) - I ( l )) 2.7160(3) 

C(l)-Pt( l )-C(22)) 174.22(9) C(l) -P t ( l ) - I ( l ) 96.11(6) 

C(22) -R( l ) - I ( l)) 89.42(6) 

InfluenceInfluence of N-substituent on N-atoms imidazolium salts on C-H bond activation reaction 

Too investigate the influence of the substituents on the N-atoms of imidazolium salts, we 

reactedd several imidazolium salts bearing different R-groups on the N-atoms (Figure 4.2), with the 

platinum(O)) complexes 3 and 4. 

R' ' 

I,I, X" R = = Me, Ph, /Pr, Eu, Mes 

HH R' = Me, Et, nBu, ffiu, Bz, Mes 

77 X" = CI", Br, I", BF4" 
R R 

Figuree 4.2 Imidazolium salts used in this study 

Additionn of the series IMeHX (a-b), I/PrHX (d-f), IfBuHX (f-h), (in increasing order of size 

off  the substituents on the nitrogens) to the zerovalent platinum complexes 3 and 4, results in 

hydridoo platinum(II) carbene complexes for IMeHX (5a, 6a-b) and KPrHX (5d, 4d-f). No C-H 

activatedd products were found when the more sterically demanding compounds IfBuHX (h-j) were 

addedd to 3 and 4. Addition of the least sterically demanding IMeHX (a-b) resulted in full 

conversionn to the corresponding Pt-complexes 5a-5b and 6a-6b. In contrast, when the somewhat 

moree steric i'Pr-group was introduced on the N-atom (d-f), the corresponding platinum complexes 

5d-5ff  and 6d-6f were obtained, but not in quantitative yield. To drive this reaction to completion 

(>95%),, removal of dmfu is required. Also, addition of some extra imidazolium salt helps to reach 

completee conversion. 

m-m-
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Mess R'—<\ Y K N^ S 
II / V R' I V- v I / 

>—>—«(«( R', +
 KD^ H ' ^\  Pt Mes 

^"NN \ \ N +2dmfu N - / X
H 

Mess f / ^ < ^ 
44 R' d-f V^6d- f 

R'' = COOMe X = CI" (d), Br (e), I" (f) 

Schemee 4.6 Equilibrium in C-H activation of imidazolium salts by Pt(0) 

Itt was concluded that it was not a consequence of a high energy barrier to oxidative addition, 

butt just a consequence of varying the equilibrium concentration of the reactants and products. 

Indeed,, addition of ca. 2 equivalents of dmfu to the products 6d-f gives rise to reactants 4 and d-f. 

Additionn of other, not too large, imidazolium salts like 1-ethyl 3-methyl imidazolium 

tetrafluoroboratee ([emim][BF4], 1), 1-butyl 3-methyl imidazolium tetrafluoroborate ([bmim][BF4], 

m),, 1-phenyl-3-methyl imidazolium iodide (n), 1-phenyl 3-benzyl imidazolium bromide (o) indeed 

selectivelyy resulted in C-H bond activation by 3 and 4 at the 2-position. When the larger 1,3-

dimesityll  imidazolium chloride was added, C-H activation does not occur. 

Inn the case of platinum(carbene) compounds 3 and 4, as opposed to the Whitesides complex 1 

(onlyy activation of IMeHI (a)), C-H bond activation at the 2-position of a variety of imidazolium 

saltss appears to be possible. This may be due to the involvement of just one stable monodentate 

coordinatingg ligand (IMes), instead of a the more crowded didentate PP-ligand that was thought to 

bee needed.171 This implies that larger substituents on the nitrogen of the imidazolium salt can be 

introduced,, with maintenance of the reactivity of 3 and 4 towards the the C-H bond of the 

imidazoliumm salts. 

Thee addition of the series IMeHX (a-b), I/PrHX (d-f), IrBuHX (f-h) and the other 

imidazoliumm salts 1, m, n, o to 3 and 4 showed that the substitution pattern on the nitrogens of the 

imidazoliumm salts is very important. If just one nitrogen is substituted with a primary alkyl chain, 

thee reaction is complete. However, with the introduction of secondary alkyl chains on both 

nitrogens,, the C-H bond activation reactions result in incomplete reaction. The introduction of 

tertiaryy alkyl chains at both nitrogens makes the imidazolium salt entirely unreactive towards 3 and 

4 4 

Thiss reactivity of imidazolium compounds has a great impact on the behavior of d10 metal(O) 

catalystss in imidazolium based ionic liquids, in which the nitrogens mostly carry primary alkyl 

chains.. The behavior of such systems becomes evident if one studies the reactivity of [emim][BF4] 
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(1)) and [bmim][BF4] (m) towards 3 and 4. In this way, hydrido-metal(carbene) complexes of d 

metalss can be easily synthesized. When performing reactions in imidazolium-based ionic liquids, 

thee formation of these kind of complexes with late transition metals has to be considered. The 

describedd direct synthesis of these late-transition metal(carbene) complexes is very desirable, 

becausee no base is used and atom economy is maintained.181 Late-transition metal hydrides are 

knownn to be involved in a lot of catalytic reactions118'191 and therefore direct synthesis of these 

reactivee species in catalysis is possible. 

llHH and mPt NMR spectroscopy 

Thee hydride region of the !H NMR spectrum is a very useful tool for comparing the 

(hydrido)platinum(biscarbene)) complexes. Selected data have been displayed in Table 4.2. It can be 

seenn that all hydride resonances of the complexes having a iodide trans to the hydride (5a, 5s, 6a, 

6f,, 6n, 6s), are found in the region -14.7 to -14.5 ppm, whereas those having a bromide trans to the 

hydridee (61, 6o, 6b), are found in the region -17.5 to -17.2 ppm. The complexes having a chloride 

transtrans to the hydride (5q, 6d, 6q), are all found around -18.8 ppm. The influence of the trans-ligand 

onn the chemical shift of the hydride is enormous, as has been described in many cases 

previously.112'13'151 1 

Fromm Table 4.2 it can also be concluded that the VHPI follows the opposite trend compared to 

thee chemical shift. The VHR steadily increases going from chlorides (1500 Hz), bromides (1670 Hz) 

too iodides (1740 Hz), following the trend of decreasing trans influence. ' ' The 7HPI for the 

weaklyy coordinating BF4" is about 1840 Hz. The latter trend is commonly explained by the 

decreasingg electron-accepting properties of the halide or anion trans to the hydride, leading to an 

increasee in the Pt-H bond strength, hence larger s-character of the Pt-H bond, resulting in a larger 

JHPI-JHPI-
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Tablee 4.2 HNMR hydride chemical shifts ofhydrido platinum complexes in acetone-d^. 

IRR'HX X 

a a 

b b 

d d 

e e 

f f 

1 1 

m m 

n n 

o o 

q q 

r r 

s s 

R R 

Me e 

Me e 

Pr r 

Pr r 

Pr r 

Me e 

Me e 

Me e 

Bz z 

Me e 

Me e 

Me e 

R' ' 

Me e 

Me e 

Pr r 

Pr r 

Pr r 

Et t 

nBu u 

Ph h 

Ph h 

nBu u 

nBu u 

nBu u 

X X 

|--

BF4" " 

CI" " 

Br" " 
1" " 

BF4" " 

BF4" " 

1" " 

Br" " 
CI" " 

Br" " 

1" " 

HPt(X)(IMes)(IRR' )) [5] 

-14.677 (1727 Hz) 

-18.911 (1581 Hz)a 

-26.455 (1827 Hz)a 

-19.022 (1580 Hz)a 

-17.700 (1663 Hz)a 

-14.711 (1728 Hz)a 

HPt(X)(SIMes)(IRR' )) [6] 

-14.566 (1737 Hz) 

-26.155 (1838 Hz)a 

-18.74(15911 Hz) 

-17.477 (1677 Hz) 

-14.533 (1746 Hz) 

-26.044 (1834 Hz)a 

-26.188 (1847 Hz)a 

-14.722 (1746 Hz)a 

-17.166 (1674 Hz)a 

-18.811 (1590 Hz)a 

-17.488 (1668 Hz)a 

-14.566 (1743 Hz)a 

Chemicall shifts (ö) are inpprnreïative to TMS and^^ 

Thee cationic complexes 6b, 61, 5m, 6m are not stable for extended periods of time, usually 

theyy decompose at room temperature in two hours. Fast generation of the cationic species is 

requiredd and was achieved by heating an NMR tube containing a solution of 3 or 4 in acetone-fife in 

thee presence of a few equivalents of b, 1 or m in a oil bath at 60 °C during 30 minutes, after which 

HH and Pt NMR spectra were recorded at room temperature. The same trend in 'JHPI as noted 

beforee has been observed for frarcs-coordinating anions/halides in HPt(X)(IMes)(I(nBu)(Me)) (5): 

5m5m (X = BF4, 1827 Hz), 5s (X = I, 1728 Hz), 5r (X = Br, 1663), 5q (X = CI, 1580 Hz). 

Mesvv -
N " % % 

HXX > N 
, p t t 

>YY \ 
5m,, 5q-s 

Mes s 

// Mes^ . 

SS \>~K 
CC Pt Mes 

6m,, 6q-s 

XX = BF4 (m), CI (q), Br (r), I (s) 

Figuree 4.3 Trans-biscarbene platinum complexes 

Thiss trend in chemical shift of the hydride and the value of the '/HPI has also been observed 

forr  fran5-HPt(X)(PPh2Me)2 complexes'12' and trans-EPt(X)(PBz3)2 complexes.'13' A c«-influence 
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ass found for different phosphines on the '/RH in a range of /rans-HPt(X)(PR3)2 complexes114' was 

nott convincingly demonstrated for the various tazns-HPt(X)(carbene)2 complexes in our case. 

However,, the cis-influence of the carbenes in fra«5-HPt(X)(carbene)2 is much smaller than that 

observedd for phosphines in frans-HPt(X)(PR3)2, as can be concluded from comparison of the values 

off  the respective ]Jpai, which are much smaller for the phosphine-complexes. 

Tablee 4.3 mPt NMR data of trans-bis(carbene)Pt(H)(X) in acetone-d6 

IRR'HX X 

a a 

b b 

d d 

e e 

f f 

m m 

n n 

q q 

r r 

s s 

R R 

Me e 

Me e 

Px Px 

Px Px 

Px Px 

Me e 

Me e 

Me e 

Me e 

Me e 

R' ' 

Me e 

Me e 

Px Px 

Px Px 

Px Px 

nBu u 

Ph h 

nBu u 

nBu u 

nBu u 

X" " 

r r 
BF4" " 

cr r 
Br" " 

r r 
BF4" " 

r r 
cr r 
Br" " 

r r 

HPt(X)(IMes)(IRR' )) [5] 

-4630 0 

-4291a a 

-4251a a 

-4300a a 

-4414a a 

-4625a a 

HPt(X)(SIMes)(IRR' )) [6] 

-4634 4 

-4259a a 

-4290 0 

-4410 0 

-4629 9 

-4251a a 

-4566 6 

-4299a a 

-4415a a 

-4629a a 

Chemicall shifts (ö) are in ppm relative to Na2PtCI6. in situ formed 

195T T Moree information on the chemical properties of the metal center was sought by means of Pt 

NMR.. The chemical shift of  195Pt nuclei are sensitive to the ligands present in the coordination 
M ll OOI 10S 

spheree and is therefore a useful probe of the electronic environment of the metal. In the Pt 

NMRR spectrum the chemical shifts found for HPt(X)(IMes)(I(R)(R')) (5) and 

HPt(X)(SIMes)(I(R)(R'))) (6) are the same within the margin of error (see Table 4.3). This means 

thatt the coordination sphere is identical, irrespective of whether a saturated (SIMes) or an 

unsaturatedd (IMes) ligand is present. Similarly to the fact that in the chemical shift of the hydride in 

thee 'H NMR spectra is mainly determined by the halide trans towards the hydride, the l Pt 

chemicall  shift is greatly influenced by the halides coordinated to the platinum(II), as seen in the 

complexess 5m (X = BF4, -4251 ppm), 5s (X = I, -4625), 5r (X = Br, -4414 ppm), 5q (X = CI, -4300 

ppm).. This nephelauxetic effect is known and a good relationship was found between the 195Pt 

chemicall  shift and covalency of the Pt-X bond. If X forms very covalent bonds, or 71-bonds 

appreciablyy with platinum, the chemical shift moves to lower frequency.1151 
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C-HC-H activation of imidazolium salts at room temperature 

Wee first performed the C-H activation reactions in refluxing THF or acetone (for imidazolium 

saltt a full conversion to 5a and 6a takes place in one hour), but we later found that this reaction 

evenn occurs at room temperature. Full conversion to 5a and 6a has been obtained within 4-7 days at 

200 °C. As far as we know this is the first reported C-H activation by Pt° under such mild conditions. 

Forr Pt" systems the cationic [Pt(Me)(NN)(H20)]+[BF4]' is able to activate aryl C-H bonds at room 

temperature/2311 but this complex is not stable under air, while the Pt° complexes 3 and 4 are very 

easyy to handle without the necessity to exclude air or moisture. It remains difficult to compare these 

twoo systems, because the electronrich Pt(0) complexes react with C-H bonds via nucleophilic 

pathwayss and the electronpoor cationic Pt(II ) complex react via electrophilic pathways. 

Thee explanation as to why this reaction can take place at room temperature is found in the 

relativelyy labile coordination of the dimethylfumarate and in the high electron density on the 

resultingg unsaturated platinum center (see also Chapter 3). This has already been predicted by DFT 

calculationss by White and Cavell, who found a low barrier in the reaction coordinate in the case of 

platinumm when a C-H bond of an imidazolium salt was added to the platinum center.171 

Ann exciting feature of this reaction is that it proceeds without an assisting "handle", such as 

coordinationn to a heteroatom.[8] The reaction between the Pt(0) carbene and imidazolium salt is 

clearlyy an intermolecular process, but pre-coordination of the imidazolium salt remains a possibility 

(seee Scheme 4.7). In all NMR experiments a small signal was observed around 6.0 ppm with 

platinum-satellites,, which suggests an intermediate like 5a'. 

Mess R1—-\ I Mes <s+)i, 

[II / - « R. • g » - H = = * L >"""' 
^-NN \ \ ^ N +dmfu ^"N 

Mess  ' Mes 

33 R' a [5a']  R' 

R'' = COOMe 

Schemee 4.7 Possible intermediate in the C-H activation process 

Thiss intermediate cannot be present when using the saturated analogue of the imidazolium 

salts,, the imidazolinium salts (e.g. SIMeHI, SI/PrHCl). Addition of imidazolinium salts did not 

resultt in C-H activated platinum complexes. For these compounds the C-H bond at the 2-position is 

moree activated, so this proton should be more acidic. In this reaction, pre-coordination is 
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impossible,, and the fact that no reaction is observed may imply that pre-coordination is indeed 

important,, suggesting the importance of intermediates like 5a*. 

4.33 Conclusion s 

C-HH bonds of imidazolium salts have been activated intermolecularly by readily prepared 

zerovalentt platinum mono-carbene bis(alkene) complexes. These C-H activations take place at 

roomm temperature to yield platinum(II) biscarbene hydride complexes, in which the two different 

carbeness occupy mutual taws-positions. The method of C-H bond activation of imidazolium salts 

byy zerovalent platinum mono-carbene bis(alkene) complexes has been compared to the well known 

Whitesidess system and was found to be more effective. 

Thee products of the C-H activation the imidazolium salts by Pt°(carbene)(dmfu)2, the hydrido 

(biscarbene)platinum(II)) complexes, have not previously been known in the literature and are, to 

somee extent, comparable to frans-HPt(X)(PR3)2 systems. In the !H NMR spectrum, the signals of 

thee hydrides can be found at low frequency and exhibit very large one-bond scalar coupling to Pt 

inn the range of 1580-1840 Hz. Such high values have not been reported before, but they are in 

agreementt with the weak tams-influence of the halogenides and the weakly coordinating BF4". The 

highh values for the coupling constants are due to the presence of two carbenes, which are known to 

exhibitt mainly o-donating properties and therefore have a very weak cis-influence. 

Thee substituents on the nitrogen-atoms of the imidazolium salts are very important; if just one 

nitrogenn is substituted with a primary alkyl chain, the C-H activation goes to completion. However, 

introductionn of secondary alkyl chains results in equilibria in the C-H bond activation reactions, 

whilee tertiary alkyl chains render the imidazolium salts unreactive towards the zerovalent platinum 

mono-carbenee bis(alkene) complexes. 

Itt has become clear from our experiments that the reactivity of an imidazolium salt may 

stronglyy influence the behavior of d10-metal(0) catalysts when these are used in imidazolium-based 

ionicc liquids as solvents. Most of the latter bear primary alkyl chains on the nitrogen atoms and 

mightt therefore react analogously to the reactions described for [emim][BF4] and [bmim][BF4] with 

zero-valentt platinum mono-carbene bis(alkene) complexes. This reaction opens an easy access to 

hydridoo d8-metal complexes, which are known to be involved in a variety of catalytic reactions. 
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4.44 Experimenta l Sectio n 

4.4.11 General 

Alll  reactions involving air-sensitive compounds were carried out under a dinitrogen 

atmospheree using standard Schlenk techniques. Chemicals were purchased from Acros Chimica, 

Aldrichh and Fluka. Solvents were dried and distilled prior to use, according to standard methods. 

ds-[bis(dicydohexylphosphino)ethane]-hydridoneopentylplatinum(II),[911 1,3-dimesityl-imidazolium 

chloride,t24]] l,3-dimesityl-dihydroimidazoliumchloride,(24] and l-phenylimidazole[25' were prepared 

accordingg to literature procedures. 1,3-bismethyl-imidazolium iodide, 1,3-bis(isopropyl)-

imidazoliumm chloride and l,3-bis(fert-butyl)-imidazolium chloride were kindly provided by prof. dr. 

K.. J. Cavell (Cardiff University, UK). NMR measurements were performed on either a Varian 

Mercury3000 spectrometer (]H: 300.13 MHz, ,3C 75.47 MHz), a Varian Inova500 spectrometer ('H: 

499.888 MHz, 13C: 125.70 MHz) or Bruker DRX300 spectrometer (*H: 300.13 MHz, 13C: 75.47 

MHz,, 195Pt: 64.13 MHz). 195Pt NMR spectra were measured via a normal HMQC sequence at 298K. 
13CC NMR spectra were measured with *H decoupling. Positive chemical shifts (8) are denoted for 

high-frequencyy shifts relative to TMS ('H, 13C) or an external Na2PtCl6 reference (195Pt). HRMS 

measurementss were performed on a JEOL JMS SX/SX102A four sector mass spectrometer, coupled 

too a JEOL MS-MP9021D/UPD system program. For Fast Atom Bombardment (FAB) mass 

spectrometry,, the samples were loaded in a matrix solution (3-nitrobenzyl alcohol) onto a stainless 

steell  probe and bombarded with xenon atoms with an energy of 3 KeV. During the high resolution 

FAB-MSS a resolving power of 10,000 (10% valley definition) was used. 

4.4.22 Synthesi s 

1,3-bismethyl-imidazoliumm tetrafluoroborat e (b)[26] 

575.44 mg (2.569 mmol) a is dissolved in a mixture of 15 ml dichloromethane and 15 ml acetonitrile. 

501.99 mg (2.578 mmol) silver tetrafluoroborate is added to the solution. This mixture is stirred for 

twoo hours at room temperature and then filtered over Celite. Evaporation of the solvent yielded 

463.55 mg (98%) of a colorless oil. 'H NMR (500 MHz, dmso-4, #ppm)): 8.99 (1H, s, N-C//-N), 

7.655 (2H, d, 1.5 Hz, N-Ctf=C#-N), 3.84 (6H, s, N-C#3).
 13C NMR (125.7 MHz, dmso- ,̂ #ppm)): 

137.71,, 124.13, 36.34. 
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l,3-bis(isopropyl)-imidazoliumm bromide (e)L  J 

Too a solution of 0.3996 g (2.118 mmol) of l,3-bis(isopropyl)-imidazolium chloride (d) dissolved in 

400 ml dichloromethane, 0.4361 g (4.2 mmol) NaBr was added. This mixture was stirred overnight, 

andd then was filtered over Celite. The volatiles of the filtrate were removed in vacuo, yielding 

0.43122 g (87%) of an off white powder. *H NMR (300 MHz, acetone-^,) 8(ppm)): 10.66 (1H, s, N-

C//-N),, 8.05 (2H, d, VHH = 1.5 Hz, N-CH-CH-N), 5.01 (2H, septet, 3/HH = 6.6 Hz, Ctf(CH3)2, 1.62 

(12H,, d, 37HH = 6.6 Hz, CH(CH3)2).
 13C NMR (75.47 MHz, acetone-)̂ 5(ppm)): 136.35, 121.56, 

53.91,, 23.27. 

l,3-bis(isopropyl)-imidazoliumm iodide (f)[28] 

Too a solution of 0.1999 g (1.060 mmol) of l,3-bis(isopropyl)-imidazolium chloride (d) dissolved in 

300 ml dichloromethane, 0.2384 g (1.59 mmol) Nal was added. This mixture was stirred overnight, 

andd then was filtered over Celite. The volatiles of the filtrate were removed in vacuo, yielding 

0.24455 g (82%) of an off white powder. *H NMR (300 MHz, acetone-rf6) ö(ppm)): 9.81 (1H, s, N-

C//-N),, 7.91 (2H, d, 4/HH = 0.9 Hz, N-CH-CHN), 4.9 (2H, septet, VHH = 6.6 Hz, Cff(CH3)2), 1.60 

(12H,, d, VHH = 6.6 Hz, CH(C#3)2).
 13C NMR (75.47 MHz, acetone-,̂ 5(ppm): 134.82, 121.7, 

53.44,, 22.70. 

l,3-bis(fc7*-butyI)-imidazoliur nn bromide (i) 

Too a solution of 0.4018 g of l,3-bis(terf-butyl)-imidazolium chloride (h) dissolved in 40 ml 

dichloromethane,, 0.38 g NaBr was added. This mixture was stirred overnight, and then was filtered 

overr Celite. The volatiles of the filtrate were removed in vacuo, yielding 0.2445 g (82%) of a pale 

yelloww powder. 'H NMR (500 MHz, dmso-<4) 5(ppm)): 9.09 (1H, s, N-Ctf-N), 8.09 (2H, s, N-CH-

C//-N),, 1.61 (12H, s, C(CH3)3).
 13C NMR (125.7 MHz, dmso-de, 5(ppm): 133.03, 121.19, 60.39, 

29.84. . 

l,3-bis(tert-butyi)-imidazoliu mm iodide (j) 

Too a solution of 0.2013 g (0.9294 mmol) of l,3-bis(tert-butyl)-imidazolium chloride (h) dissolved 

inn 30 ml dichloromethane, 0.2276 g (1.52 mmol) Nal was added. This mixture was stirred 

overnight,, and then was filtered over Celite. The volatiles of the filtrate were removed in vacuo. The 

solidd is recrystallized from aceton/hexanes yielding 0.1874 g (65%) of a pale yellow powder. !H 

NMRR (300 MHz, acetone-)̂ 5(ppm)): 9.43 (1H, s, N-C//-N), 8.18 (2H, d, VHH = 1.5 Hz, N-C//-
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CH-N),CH-N), 1.79 (12H, s, C(CH3)3).
 13C NMR (75.47 MHz, acetone-,̂ ö(ppm): 133.63, 120.83, 60.87, 

29.58.. FAB-MS: [2M-I] + = 489.24, [M-I] + = 181.20. 

(l-phenyl-3-benzyl)-imidazoliumm bromide (n) 

0.466 g (3.2 mmol) 1-phenylimidazole and 0.38 ml (3.2 mmol) benzylbromide are dissolved in 30 ml 

hexanes.. This mixture was heated overnight at 60 °C overnight. The precipitate was filtered off and 

washedd with hexanes (2x 30 ml) and diethylether (2x 30 ml) to yield 0.48 g (64 %) of a off-white 

powder.. !H NMR (500 MHz, dmscwfc) 6(ppm)): 10.16 (1H, s, NC//N), 8.37 (1H, s, Imtf), 8.08 (1H, 

s,, ImH), 7.83 (2H, d, VHH = 7.5 Hz, Ar/7), 7.66 (2H, t, 3Jm = 7.5 Hz, AiH), 7.57 (3H, m, AiH), 7.43 

(3H,, m, AiH), 5.55 (2H, s, NC#2).
 13C NMR (125.7 MHz, dmso-rf6, ö(ppm): 136.26, 135.43, 

135.20,, 130.86, 130.51, 129.69, 129.55, 129.27, 123.96, 122.63, 122.36, 53.05. FAB-MS: [2M-Br]+ 

== 549.16, [M-Br] + = 236.13. 

(l-butyl-3-methyl)-imidazoliu mm chloride (q)[291 

3.711 g ( 0.0452 mol) 1-methylimidazole was dissolved in 15 ml 1-chlorobutane. This mixture was 

stirredd overnight at 80 °C. The excess of 1-chlorobutane was removed under rotary evaporation, 

resultingg in a pale yellow oil (7.80 g, 99%). *H NMR (300 MHz, dmso- )̂ S(ppm)): 9.41 (1H, s, 

NCtfN),, 7.84 (1H, s, ImH), 7.76 (1H, s, Imtf), 4.17 (2H, t, 3/HH = 7.2 Hz NC#2), 3.85 (3H, s, 

NC//3),, 1.75 (2H, quint, 37HH = 7.2 Hz, NCH2C/72), 1.23 (2H, quint, VHH = 7.2 Hz, CH3C//2), 0.87 

(3H,, t, VHH = 7.2 Hz, Ctf3CH2).
 13C NMR (125.7 MHz, dmso-<26, 5(ppm): 137.40, 124.26, 122.97, 

49.09,, 36.38, 32.10, 19.46, 13.98. 

(l-butyl-3-methyl)-imidazoliu mm bromide (r) [30] 

0.422 g (2.4 mmol) q was dissolved in 20 ml dichloromethane. 0.7 g sodium bromide was added to 

thiss solution and the resulting mixture was stirred overnight. The insoluble materials were filtered 

offf  and were washed once with 5 ml dichloromethane. The volatiles of the filtrate were removed in 

vacuo,vacuo, yielding a pale yellow oil (0.42 g, 80%). !H NMR (300 MHz, acetone-)̂ ö(ppm)): 10.25 

(1H,, s, NC//N), 7.95 (1H, s, ImH), 7.86 (1H, s, ImH), 4.43 (2H, t, 37HH = 7.2 Hz NCH2), 4.07 (3H, 

s,, NC//3), 1.89 (2H, quint, 37HH = 7.2 Hz, NCH2C//2), 1.36 (2H, quint, VHH = 7.2 Hz, CH3C//2), 

0.922 (3H, t, VHH = 7.2 Hz, Ctf3CH2).
 13C NMR (75.47 MHz, acetone-,̂ ö(ppm): 138.01, 123.97, 

122.75,, 49.34, 36.06, 32.44, 19.48, 13.31. 
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(l-butyl-3-methyl)-imidazoliu mm iodide (s)L 

0.500 g (2.9 mmol) q was dissolved in 25 ml dichloromethane. 0.51 g (3.4 mmol) sodium iodide was 

addedd to this solution and the resulting mixture was stirred overnight. The insoluble materials were 

filteredd off and were washed once with 5 ml dichloromethane. The volatiles of the filtrate were 

removedd in vacuo, yielding a pale yellow oil (0.69 g, 90%). fH NMR (300 MHz, acetone-)̂ 

5(ppm)):: 9.69 (1H, s, NC#N), 7.92 (1H, s, Imtf), 7.82 (1H, s, ImH), 4.41 (2H, t, 3/HH = 7.2 Hz 

NO/2),, 4.07 (3H, s, NC//3), 190 (2H, quint, 37HH = 7.2 Hz, NCH2C#2), 1.33 (2H, quint, 3/HH = 7.2 

Hz,, CU3CH2), 0.89 (3H, t, 3/HH = 7.2 Hz, C#3CH2).
 ,3C NMR (75.47 MHz, acetone-,̂ ö(ppm): 

137.39,, 124.10, 122.89,49.53, 36.74, 32.40, 19.48, 13.34. 

(l-butyl-3-methyl)-imidazoliu mm tetrafluoroborat e (m)[32] 

0.477 g (2.7 mmol) q was dissolved in 25 ml dichloromethane. 0.42 g (3.8 mmol) sodium 

tetrafluoroboratee was added to this solution and the resulting mixture was stirred overnight. The 

insolublee materials were filtered off and were washed once with 5 ml dichloromethane. The 

volatiless of the filtrate were removed in vacuo, yielding a pale yellow oil (0.53 g, 87%). H NMR 

(3000 MHz, acetone-)̂ o(ppm)): 8.95 (1H, s, NC//N), 7.71 (1H, s, ImH), 7.66 (1H, s, ImH), 4.30 

(2H,, t, 37HH = 7.2 Hz NC//2), 3.99 (3H, s, NCtf3), 1.87 (2H, quint, VHH = 7.2 Hz, NCH20/2), 1.33 

(2H,, quint, VHH = 7.2 Hz, CH3Cff2), 0.90 (3H, t, VHH = 7.2 Hz, C//3CH2).
 13C NMR (75.47 MHz, 

acetone-de,, 5(ppm): 137.09, 124.25,122.86,49.53, 36.05, 32.26,19.46, 13.19. 

m-(bis(dicyclohexylphosphino)ethanee hydrido 3,5-dimethyl-imidazol-2-yliden ptatinum(II ) 

iodidee (2a) 

l,3-bis(methyl)-imidazoliumm iodide (z) and cis-(bis(dicyclohexylphosphino)ethane)-

hydridoneopentylplatinum(II)) (1) are dissolved under a nitrogen atmosphere in a mixture of 1,4-

dioxanee and acetone. Acetone is added to ensure that all the imidazolium salt a is dissolved. This 

mixturee is heated overnight at 80 °C. After cooling down the clear reaction mixture to room 

temperature,, the volatile components are removed in vacuo. The remaining solids are washed twice 

withh petroleum ether or pentane to yield white to off-white products. *H NMR (300 MHz, acetone-

ck,ck, tfppm)): 7.25 (2H, s, % * = 8.8 Hz), 3.78 (6H, s), 2.2 (4H, m), Ll-2.0 (20H, m), -2.68 (1H, dd, 

VHP™™ = 13.2 Hz, ^mtrans = 170 Hz, './mi = 1019 Hz. 31P{,H}  NMR (121.66 MHz, acetone-rf6, 

<5(ppm)):: 73.65 (2/PPt = 2394 Hz), 67.71 (2Jm = 1754 Hz). ,95Pt NMR (64.3 MHz, acetone-,̂ 

8(ppm)):: -5130 ppm. 
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trans-hydridotrans-hydrido 3,5-dimethyl-imidazol-2-yliden iodo 3,5-dimesityl-imidazol-2-yliden 

platinum(II )) (5a) 

Too a solution of 29.4 mg (0.0373 mmol) 3 in 20 ml acetone, 10.2 mg (0.0456 mmol) a was added. 

Thee solution was stirred overnight at 55 °C. The volatiles were evaporated at reduced pressure and 

thee residue was dissolved in 30 ml of dichloromethane. This mixture was transferred to a separatory 

funnell  and was washed twice with 5 ml of water. The organic layer was dried on MgSC>4 and 

filtered.. The volatiles were removed under reduced pressure and the off white residue was washed 

twicee with 20 ml of a hexanes/ether mixture (1:1). The precipitate was dried in vacuo yielding 21.9 

mgg (0.0302 mmol, 81 %) of a white powder. 'H-NMR (300 MHz, acetone-de, 6(ppm)): 7.30 (2H, s, 
4J{,95Pt,, 'H}  = 6.0 Hz), 6.97 (4H, s), 6.84 (2H, s, 4J{195Pt, JH}  = 8.0 Hz), 3.23 (6H, bs), 2.30 (6H, 

s),, 2.26 (12H, s), -14.67 (1H, s, !J{195Pt, 'H}  = 1727 Hz). 13C NMR (125.7 MHz, acetone-4, 

<5fppm)):: 179.44, 175.67, 137.90, 137.19, 133.30, 128.68, 122.02, 120.74, 36.34, 20.47, 18.99. 195Pt 

(64.33 MHz, acetone-,̂ 5(ppm)): -4631. 

tozns-hydridotozns-hydrido 3,5-dimethyl-imidazol-2-yliden iodo 3,5-dimesityI-dihydroimidazol-2-yliden 

platinum(II )) (6a) 

Too a solution of 49.1 mg (0.0619 mmol) 4 in 20 ml acetone, 14.4 mg (0.0643 mmol) a was added. 

Thee solution was stirred overnight at 55 °C. The volatiles were evaporated at reduced pressure and 

thee residue was dissolved in 40 ml of dichloromethane. This mixture was transferred to a separatory 

funnell  and was washed twice with 10 ml of water. The organic layer was dried on MgSC>4 and 

filtered.. The volatiles were removed at reduced pressure and the off white residue was washed twice 

withh 20 ml of a hexanes/ether mixture (1:1). The precipitate was dried in vacuo yielding 42.9 mg 

(0.05900 mmol, 88 %) of a white powder. Single crystals suitable for X-ray structure analysis could 

bee obtained by slowly cooling a warm saturated solution of 6a in toluene to room temperature and 

thenn to -20 °C. lH NMR (300 MHz, acetone-rf6, o\ppm)): 6.93 (4H, s), 6.85 (2H, br s), 4.06 (4H, s), 

3.177 (6H, s), 2.53 (12H, s), 2.28 (6H, s), -14.50 (s, VHPT = 1738 Hz). ,3C NMR (125.7 MHz, 

acetone-*,̂, #ppm)): 204.78, 177.16, 137.44, 136.99, 136.89, 136.17, 128.92, 120.83, 50.60 (VHP, = 

65.22 Hz), 36.27, 20.47, 19.13. 195Pt (64.3 MHz, acetone-,̂ SXppm)): -4634. FAB-MS: [M] + = 

725.15. . 
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trans-hydrid oo 3,5-di(methyIethyl)-imidazol-2-yliden chloro 3,5-dimesityl-dihydroimidazol-2-

ylidenn platinum(TT ) (6d) 

Too a solution of 49.6 mg of 4 in 40 ml of acetone, 14.0 mg of d was added. The solution was stirred 

overnightt at 55 °C. The volatiles were evaporated at reduced pressure and the residue was dissolved 

inn 40 ml of dichloromethane. This mixture was transferred to a separatory funnel and was washed 

twicee with 10 ml of water. The volatiles of the organic fraction were then removed at reduced 

pressuree and the pale yellow solid was washed twice with 20 ml of a hexanes/ether mixture (1:1). 

NMRR studies showed that the conversion was not complete and therefore another 15 mg of d was 

addedd and the complete batch was dissolved again in 40 ml of acetone, this was stirred overnight at 

555 °C. The volatiles were evaporated at reduced pressure and the residue was dissolved in 40 ml of 

dichloromethane.. This mixture was transferred to a separatory funnel was washed twice with 10 ml 

off  water. Furthermore, the volatiles were removed at reduced pressure and the residue was washed 

twicee with 20 ml of a hexanes/ether mixture (1:1). The precipitate was dried in vacuo yielding 

0.00833 g (20 %) of a white solid. JH NMR (300.13 MHz, acetone-,̂ S(ppm)): 6.88 (4H, s, Ar-H), 

6.855 (2H, br s, NC//=C#N), 4.59 (2H, 37HH = 6.6 Hz, septet, C//(CH3)2), 4.01 (4H, s, NC/72-

C#2N),, 2.43 (12H, s, o-Me), 2.22 (6H, s, p-Me), 1.01 (12H, d, VHH = 6.6 Hz, CH(C#3)2)), -18.74 

(s,, VHR = 1591 Hz). 13C NMR (125.7 MHz, acetone-^,, ö(ppm)): 206.27, 176.29, 137.54, 137.37, 

136.70,, 128.68, 115.55 (VCpt = 26 Hz), 51.41 (Vat = 43 Hz), 50.28 (VCPt = 38 Hz), 22.06, 20.50, 

18.46. . 

trans-hydrid oo 3,5-di(methylethyl)-imidazol-2-yIiden bromo 3,5-dimesityl-dihydroimidazol-2-

ylidenn platinum(H) (6e) 

Too a solution of 49.6 mg of 4 in 40 ml acetone, 17.0 mg of e was added. The solution was stirred 

overnightt at 55 °C. The volatiles were removed at reduced pressure and the residue was dissolved in 

400 ml dichloromethane. This mixture was transferred to a separatory funnel and the organic layer 

wass washed twice with 10 ml water. The organic layer was dried on MgSC>4 and the volatiles were 

removedd at reduced pressure. The remaining solids were washed twice with 20 ml of a 

hexanes/etherr mixture (1:1). NMR studies showed that the conversion was not complete and 

thereforee another 20 mg of e was added and the complete batch was redissolved in 40 ml of 

acetone,, this was stirred overnight at 55 °C. The volatiles were evaporated at reduced pressure and 

thee residue was dissolved in 40 mL of dichloromethane. This mixture was transferred to a 

separatoryy funnel was washed twice with 10 ml water. The volatiles were evaporated at reduced 

pressuree and the residue was washed twice with 20 ml of a hexanes/ether mixture (1:1). The 
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precipitatee was dried in vacuo yielding 0.0338 g (74%) of a white solid. *H NMR (500 MHz, 

acetone-,̂, ö(ppm)): 6.99 (4H, s, Ar-H), 6.83 (2H, br s, NCH=CHN), 4.58 (2H, 3JHH = 6.9 Hz, 

septet,, Ctf(CH3)2), 4.02 (4H, s, NCH2-CH2N), 2.45 (12H, s, o-Me) 2.26 (6H, s^-Me), 1.01 (12H, 

d,, 3J{lHM} 6.9 Hz, CH(Ctf3)2), -17.47 (s, VHP, = 1677 Hz). 13C NMR (125.7 MHz, acetone-,̂ 

6(ppm)):: 206.15, 175.25, 137.48, 137.39, 136.73, 128.75, 115.63, 51.30, 50.35, 21.99, 20.48, 18.40. 

trans-hydrid oo 3,5-di(methylethyl)-imidazol-2-yliden iodo 3,5-dimesityl-dihydroimidazol-2-

ylidenn platinum(II ) (6f) 

Too a solution of 49.0 mg of 4 in 40 ml acetone, 20.0 mg of f was added. The solution was stirred 

overnightt at 55 °C. The volatiles were removed at reduced pressure and the residue was dissolved in 

400 ml of dichloromethane. This mixture was transferred to a separatory funnel and the organic layer 

wass washed twice with 10 ml water. Again, the volatiles were removed at reduced pressure and the 

residuee was washed twice with 20 ml of a hexanes/ether mixture (1:1). NMR studies showed that 

thee conversion was not complete and therefore another 20 mg of f was added and the complete 

batchh was redissolved in 40 ml of acetone, and was stirred overnight at 55 °C. The volatiles were 

evaporatedd at reduced pressure and the residue was dissolved in 40 ml of dichloromethane. This 

mixturee was transferred to a separatory funnel was washed twice with 10 ml of water. Again the 

volatiless were removed at reduced pressure and the residue was washed twice with 20 ml of a 

hexanes/etherr mixture (1:1). The precipitate was dried in vacuo yielding 0.0113 (23%). lH NMR 

(5000 MHz, acetone-,̂ 5(ppm)): 6.99 (4H, s, Ar-H), 6.83 (2H, br s, NCH=CHN), 4.55 (2H, 3/HH = 

6.66 Hz, septet, Ctf(CH3)2), 4.02 (4H, s, NC#2-C//2N), 2.47 (12H, s, o-Me), 2.26 (6H, s, p-Me), 1.01 

(12H,, d, VHH = 6.6 Hz, CH(Ctf3)2), -14.53 (s, lJHPi = 1746 Hz). 13C NMR (125.7 MHz, acetone-,̂ 

8(ppm)):: 205.69, 170.77, 137.39, 137.05, 136.59, 128.87, 115.78, 51.07, 50.46, 20.47, 18.40, 17.43. 

4.4.33 In situ  preparatio n of hydrid o platinu m bis(carbene ) compound s 

InIn situ preparation of hydrido platinum bis(carbene) compounds for NMR experiments was 

performedd in a 5 mm NMR tube. An excess of imidazolium salts was added to the platinum(0) 

precursorr 3 or 4 in acetone-do- The NMR tube was placed in an oil-bath at 60 °C for 30 minutes 

(whenn cationic platinum complexes were formed; 5m, 6b, 6m, 61) or 16 hours to ensure completion 

(5d,, 5q-5s, 6m-6s). Then *H and 195Pt NMR spectra were taken at ambient temperature. 
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4.4.44 Crysta l structur e determinatio n of 6a 

X-rayy intensities were measured on a Nonius KappaCCD diffractometer with rotating anode 

(Mo-K<x,, X = 0.71073 A). The structures were solved with automated Patterson methods with the 

programm DIRDIF99[33] and refined with the program SHELXL97[34] against F2 of all reflections. 

Thee drawings, structure calculations, and checking for higher symmetry was performed with the 

programm PLATON.[35] 

Thee cell parameters were determined with the program DIRAX.[36] The intensities were 

obtainedd using EVAL14.[37] An absorption correction based on multiple-measured reflections was 

appliedd with the program SADABS.[38] 

Tablee 4.3 Crystal data and details of the structure determination of 6a. 

Empiricall  formula 

Formulaa Weight 

Crystall  color and shape 

Crystall  size 

Crystall  system 

Spacee group 

a a 

b b 

c c 

a a 

P P 

T T 

V V 

T T 

Z Z 

c c 

(//(MOKa) ) 

Transmissionn range 

Reflectionss collected / unique 

Parameters s 

Rii  (obs. / all reü.) 

C26H35IN4Pt t 

725.57 7 

colorlesss needle 

0.36x0.12x0.122 mm3 

trigonal l 

RJJ (no. 148) 

42.123(2)) A 

42.123(2)A A 

7.9921(6)) A 

90° ° 

90° ° 

120° ° 

12280.9(12)) A3 

110K K 

18 8 

1.7666 g/cm3 

6.2922 mm"1 

0.24-0.47 7 

590533 / 6266 

289 9 

0.01466 / 0.0203 
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wR22 (obs. / all refl.) 

GoF F 

pmin/max x 

0.0298/0.0313 3 

1.060 0 

-0.599 / 0.48 e/A3 
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