
 

Journal of Advances in Science and Technology                     

Vol. III, No. V, May-2012, ISSN 2230-9659 

 

Available online at www.ignited.in Page 1 

E-Mail: ignitedmoffice@gmail.com 

To Anlyse the Ag2o Technique Has Been the Most 
Popular Method in the Synthesis of Ag (I)–Nhcs 

 

Anand Vasudeo Mehta1 Dr. Anurag Tiwari2 

1
Research Scholar, CMJ University, Shillong, Meghalaya 

2
Assistant Professor, Govt. College, Kanpur (U.P.), Guide No – 198 

Abstract – The present work revealed that the Ag2O technique has been the most popular method in the 
synthesis of Ag(I)–NHCs and in their subsequent uses as transmetallating agents. The Ag2O technique is 
tolerant of activated hydrogen atoms adjacent to functional groups. The use of normal azolium halide led to the 
formation of ionic or neutral Ag(I)–NHCs in the solidstate, depending on factors such as counter-ions, carbene 
cores, N-substituents and the crystallization conditions. A fluxional behavior between the ionic and neutral 
complexes was observed in solution for most of the compounds. The ionic or neutral compounds displayed 
structural diversity to give monomeric, dimeric and polymeric forms depending on the steric bulkiness around 
the Ag(I)–NHCs. In some instances non-stoichiometric X−/AgX2− were reported; this happened because the 
AgX2− was in equilibrium with AgX(s) and X−. This problem can be resolved if the halide ion was replaced by 
non-coordinating anions. 

Depending on the nature of the imidazolium salts, the synthetic reactions conducted with excess Ag2O yielded 
interesting products. For example, the reaction of long N-alkyl chain containing imidazolium or benzimidazolium 
salts with excess Ag2O produced stable AgNPs in solution along with the AgNHCs. 

When N-pyridyl functionalized imidazolium salts reacted with excess Ag2O, the triangulo-[Ag3(_-NHC)3]+3 
complexes (Scheme 17a and b) with bridging _2-carbenes and unusual Ag· · ·Ag interactions were generated. 
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INTRODUCTION 

Ag(I)–NHC complexes with NHCs other than imidazol-2-
ylidene carbene were also obtained via the Ag2O method. 

Buchmeiser and co-workers reported the first six-
membered tetrahydropyrimidin-2-ylidene based Ag(I)–NHC 
from a tetrahydro-pyrimidinium bromide salt [38]. Herrmann 
et al. reported the first crystal structure of 
tetrahydropyrimidin-2-ylidene based Ag(I)–NHC (Scheme 
21i) [115]. The large down Scheme 13. polymeric (a) and 
dimeric (b) Ag(I)–NHC cyclophanes. Scheme 14. 
Formation of Ag(I)–NHC cyclophane complexes with 
different bridging groups. Scheme 15. Ag(I)–NHCs 
obtained from tripodal imidazolium salts. field shift of the 
carbene-C resonance from that of the free salt was 
attributed to a strong Ag–C bond. Heinicke et al. reported 
that the reaction of electron deficient quinoxaline- and 
naphthylanellated salts with Ag2O produced neutral or bis-

NHC complexes (Scheme 21ii and iii) [39,54]. Very 
recently, Herrmann et al. reported the formation of Ag (I)–
NHCs from chiral imidazolium salts derived from 2,2_-
bipyridine or from partially reduced biisoquinoline [49], but 
no characterization was provided. 

Other than the Ag2O technique, reactions of azolium salts 
with Ag2CO3, Ag(OAc), or with Ag(I) salts under PTC 
conditions or by transmetallation from other metal–NHCs 
were Scheme 16. Homoleptic triangulo-[(Ag3_-NHC)3]+3 
complexes (a–c). Scheme 17. Ag (I)–NHC cyclophanes (a 
and b) obtained with excess Ag2O. Scheme 18. A typical 
reaction of Ag2O with imidazolium salts having the 
substituents at the C2-position. also reported. Danopoulos’ 
group observed that longer reaction times were needed 
when Ag2CO3 was used instead of Ag2O Recently, 
reports by Hoveyda and Gilbertson mentioned the validity 
of Ag2CO3 in the preparation of Ru–NHCs [56, 73]. 
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Charette explored the use of a combination of Ag(OAc) 
and Na2CO3 to prepare Ag(I)–NHCs from N-
benzoylimidazolium Scheme 19. Iodide anchored trinuclear 
Ag(I)–NHC. sylide in refluxing THF (Scheme 22i) [67]. 
Formation of a dimeric structure linked through C2-, N-
atoms rather than C2-, O-atoms was claimed to be due to 
the long Ag–C bond. 

When Stahl and co-workers tried to synthesize a Pd(II)–
NHC from a seven-membered NHC ligand by the use of 
AgOAc, a type-2 Ag(I)–NHC was unexpectedly obtained 
(Scheme 22ii) [116]. Transfer of NHC from a putative 
Pd(II)–NHC to Ag (I) was anticipated. Buchmeiser and co-
workers reported that six-membered tetrahydropyrimidin-2-
ylidene complex of Rh (I) also transferred the NHC to Ag(I) 
upon reaction with excess Ag(CF3COO) (Scheme 22iii) 
[117]. Formation of a pyrazol-3- ylidene Ag (I), by the 
reaction of pyrazolium carboxylate with Ag(CF3SO3) was 
described by Schmidt, based on mass spectroscopic data 
[118]. Earlier, Liu and co-workers reported that very 
unstable Ag(I)–NHCs based on a saturated imidazolinium 
moiety can be obtained by the transmetallation ofWIII, 
MoIII, CrIII, PtII and PdII–NHCs [119].However, some of 
these Ag(I)–NHCs were stable enough to be isolated by 
the Ag2O technique [91]. 

The work by Lin and Catalano described the interaction of 
non basic Ag(I) salts with azolium salts under PTC/OH− 
conditions which also yielded Ag(I)–NHCs (Scheme 22iv 
and v) [9a,13b]. 

REVIEW OF LITERATURE 

Regarding the implementation of Arduengo’s free NHC 
route, so far only three mono-NHCs (1,3-Mes2-imy, 1,3, 
4,5-Me4-imy, and 1,3-iPr2-4,5-Me2-imy; imy = imidazol-2- 
ylidene), and one bis-NHC (1,1_-(pyridine-2,6-diyl) bis(3- 
benzyl-2,3-dihydro-1H-imidazole-2-ylidene) were employed 
to prepare Ag (I)–NHCs [80,84,120–122]. The use of 
mono-NHCs produced either type-2 neutral or type-7 bis 
carbene complexes depending on the Ag (I) precursor 
(Scheme 23i and ii). When a bis-carbene with pyridyl linker 
was used, an interesting double helical structure of Ag(I)–
NHC [122] (Scheme 23iii), similar to that of reported 
Hg(II)–NHC [123] was found. 

Carbene transfer reactions of Ag(I)–NHCs 

In the present metal–NHC chemistry, Ag(I)–NHCs have 
proven popular mainly because of their role as NHC 
transfer agents in the development of many other important 
metal–NHCs. Practical difficulties encountered in the 
synthesis of metal–NHCs by other methods [for example, 
Refs. 11,12,20,31,33,34,56,74,75] suggested that the 
Ag2O method was a good choice. Many authors suggested 

that active hydrogen atoms other than C2–H can be 
protected effectively by this method. Although many 
studies have indicated that transmetal-Scheme 21. The 
formation of Ag(I)–NHCs from pyrimidinium, naphtha- and 
quinoxaline imidazolium salts via the Ag2O technique. 

Preparation of Ag(I)–NHCs by different methods other than 
the Ag2O method. Lotion can be conducted in air, inert 
conditions were mentioned in few instances. The available 
literature revealed that NHC ligand transfers from Ag(I)–
NHCs to various metal ions including Au(I), Pd(II), Cu(I), 
Cu(II), Ni(II), Pt(II), Ir(I), Ir(III), Rh(I), Rh(III), Ru(II), Ru(III) 
and Ru(IV) were successfully achieved. 

However, there were some limitations and unexpected 
products Scheme 23. Ag(I)–NHCs via the free NHC route. 
Encountered in some studies, such as contamination of 
Ag-ions and the formation of unexpected metal–NHC 
geometries. Nevertheless, the transfer of NHC not only 
depended on the nature of Ag(I)–NHCs, but also on the 
nature of the receiving metalprecursors and the reaction 
conditions. The authors would like to review some of these 
problems. 

With the first successful transfer ofNHCfrom an Ag(I)–NHC 
to Au(I) and Pd(II), the lack of 107,109Ag–13C coupling in 
the 13CNMRspectrum and the labile nature of the Ag(I) 
complexes were proposed to be part of the reasons for the 
NHC migration (Scheme 24) [9a]. However, there was 
some evidence that Ag(I)–NHCs with non-fluxional Ag–C 
bonds were also able to transfer the NHCs [9a,42]. 

A literature survey revealed that the NHC transfer 
technique has most frequently been applied to the 
synthesis of Au(I), Pd(II) and Rh(I)–NHCs. Therefore, we 
will first focus on Au(I)–NHCs. Common methods used to 
synthesize Au(I)–NHCs [124] include: (a) cleavage of 
electron rich olefins with Au(I) sources, (b) direct reaction 
of Au(I) sources with azolium salts under PTC conditions, 
(c) direct reaction of Au(I) sources with preformed NHCs, 
(d) protonation or alkylation of gold azolyl compounds, and 
(e) transmetallation with Ag(I)–NHCs. Recent trends 
revealed that transmetallation has become popular. The 
reaction between an Ag(I)–NHC and gold precursors such 
as Au(SMe2)Cl or Au(tht)Cl, or Au(PEt3)Cl afforded Au(I)–
NHC effectively. Lin generalized the preparation of various 
[Au(NHC)Cl] compounds (Scheme 25i), which can be used 
as good precursors to prepare Au(I)–NHC-core containing 
compounds [9a–c]. Herrmann and co-workers also 
Scheme 24. Fluxional behavior of Ag(I)–NHCs and NHC 
transfer. reported the easy synthesis of a neutral 
[Au(NHC)Cl] via transmetallation Recently, Nolan and co-
workers described that in the preparation of certain neutral 
[Au(NHCs)Cl]s, the technique of transmetallation was 
superior to that of the free NHC method [11]. Baker et al. 
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reported that in an attempt to isolate neutral [Au(NHC)Cl] 
by using the preformed NHC, a cationic Au(I)–NHC was 
obtained [12]; transmetallation easily controlled the 
formation of pure [Au(NHC)Cl]. It is noticeable that the use 
of imidazolium bromide in transmetallation to prepare 
[Au(NHC)Cl] may sometimes generate traces of 
[Au(NHC)Br]. 

If this is the case, the use of chloride salt may provide 
better quality [Au(NHC)Cl] [12]. Catalano et al. utilized 
pyridyl and picolyl substituted Ag (I)–NHCs to prepare 
Au(I)–NHCs, which served as excellent precursors to 
obtain a variety of polymeric gold compounds [13].Meyer 
observed that the transmetallation 

of a tripodal Ag(I)–NHC afforded a tripodal Au(I)–NHC 
under inert conditions, but not in air (Scheme 26i) [14]. 
Zhang and co-workers reported that the transfer of ether 
bridged macrocyclic NHCs from dinuclear Ag(I)–NHCs 
gave Au(I)–NHCs smoothly under inert conditions (Scheme 
26ii) [15]. With long N-alkyl chains, the ratio between the 
Ag to Au influenced the Au (I)–NHC formed; when the 
Ag/Au molar ratiowas 2, a mixed Ag2Au2 compound 
(Scheme 26iii) was produced [9d], but with a molar ratio of 
1, the reaction afforded only Au (I)–NHCs [90] (Scheme 
26iv). Corber´an et al. reported the preparation of N-methyl 
menthoxide and N-nBu substituted Au(I)–NHCs via 

transmetallation [16]. 

MATERIAL AND METHOD  

Regarding the synthesis of Pd(II)–NHCs, in addition to the 
transmetallation, other methods such as direct metallation 
of azolium salt with Pd(OAc)2 or with Pd(II)-precursor in 
the presence of external base were also evaluated in some 
cases. The work by Cavell and co-workers [20], Tilset and 
co-workers [31], Gade and co-workers [33], and Shreev 
and co-workers [34] specified the failure of direct 
metallation to prepare Pd (II)–NHCs. 

Therefore transmetallation by Ag(I)–NHCs became of 
general interest. With non-functionalized NHCs (only with 
N-alkyl or Naryl substituents), transmetallation normally 
produced simple Pd(NHC)2Cl2 complexes as shown in 
Scheme 24 [18,19]. Whereas, with functionalized NHCs, 
Pd(II)–NHCs of different structures were obtained, 
depending on the nature of the Pd(II) precursor, the 
reaction conditions, and stoichiometry of the reactants. For 
example, Cavell and co-workers showed that equimolar 
reactions between a picolyl substituted Ag(I)–NHC and 
Pd(MeCN)2Cl2 or PdMe(cod)Cl produced nonchelated 
Pd(II)–NHCs (Scheme 27i and ii) [20a]. A chelated mono-
carbene complex, however, was obtained upon reaction 
Scheme 25. Au(I)–NHCs of short alkyl chains from Lin’s 
work. 

The formation of mono and polynuclear Au(I)–NHCs by 
transmetallation. of Ag(I)–NHC with two equivalents of 
PdMe(cod)Cl (Scheme 27iii) [20a]. Wang et al. reported 
that the reaction of a trinuclear Ag(I)–NHC containing an N-

picolyl sidearm with ∼3M equivalents of Pd(PhCN)2Cl2 

produced a chelated NHC complex (Scheme 27iv) [21]. 
Douthwaite also described the influence of reaction 
stoichiometry on the transfer reaction between a chiral 
dimeric Ag(I)–NHC and Pd(MeCN)2Cl2 [22c]. Burgess and 
colleagues described that sometimes the Ag(I)–NHCs with 
bulky N-substituents did not favor the NHC migration to 
Pd(II) (Scheme 27) [23]; in this situation, the use of 
microwave conditions was recommended (Scheme 27v). 
However, there was some evidence that NHCs with bulky 
N-substituents could still be transferred effectively to Pd(II) 
and different metal ions [for example, Ref. 

22b, 24, 26, 28, 42–45,52,53,55,56]. Perhaps, the nature 
the of Pd(II) precursor used was a part of the reason. 

The work by Mangeney and co-workers also demonstrated 
the influence of Pd(II) precursor in the NHC transfer 
process [24]. Ag(I)–NHCs with N-benzyl substituents 
transferred NHC smoothly to Pd(MeCN)2Cl2 (Scheme 28i) 
[24a], but not with N-iPr and N-(S)-1-phenylethyl 
substituents. In the latter case, reaction occurred when 
Pd(allyl)Cl2 was used (Eq. (ii)) [24b]. Coleman and co-
workers showed that the transfer of NHC from imine-
functionalized Ag(I)–NHC to two different Pd(II) precursors 
produced chelated Pd(II)–NHCs (Scheme 28iii and iv) 
[25a]. Imine-functionalized Ag (I)–NHC with methylene-
spacer produced a tautomerized Pd(II)–NHC (Scheme 
28v) [25b]. In addition, several chelated Pd(II) complexes 
with achiral tridentate amino–NHC–amino [20b], achiral 
tridentate NHC–amino–NHC [22d], bidentate amino–NHC 
[24c] have been prepared easily via the carbene transfer 
technique. 

Poyatos et al. observed that the imidazolium salt with one 
Noxazole side arm produced a chelated Pd(II)–NHC via 
transmetallation, and a non-chelated Pd(II)–NHC via direct-
metallation (Scheme 29i and ii) [26]. The different halides 
used in the two reactions may cause the different chelation 
behaviors. Lee et al. 

reported that the imidazolium salt with two N-phosphine 
side arms formed only a chelated Pd(II)–NHC via either 
transmetallation or the direct-metallation with PdCl2 
(Scheme 29iii and iv) [27a]. Notably no base was added in 
the latter reaction; the high acidity of the salt along with the 
N-phosphine side arms suitable for chelation was proposed 
to be the reasons for the ease of C2–H bond activation. 
Lee and co-workers also suggested the use of more polar 
solvents for a smooth progression of the transmetallation 
reactions [27b]. 
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The influence of reaction stoichiometry and bulkiness of 
the N-substituents in the preparation of Pd(II)–NHCs. 

Transmetallation with a variety of Pd (II) precursors. Pd 
(II)–NHCs by transmetallation and direct metallation. A Pd 
(II) complex consisting of a variety of unsymmetrical pyridyl 
supported pyrazolyl–NHC ligands was also obtained by the 
transmetallation method (Scheme 30) [28]. 

Danopoulos reported that the transfer of NHC from 
[Ag(NHC)halide] to Pd(II) was accompanied with the mixed 
anions Cl/AgCl2 − [29b,c]. In such a case, addition of 
AgBF4 before the transmetallation produced pure Pd(II)–
NHCs In contrast to many reports which described carbene 
transfer from Ag(I)–NHCs to Pd(II) as being quite 
successful [18–39], work by Herrmann et al. showed that 
the intended carbine transfer of a six-membered NHC 
containing bulky mesityl Nsubstituents to Pd (MeCN)2Cl2 
failed (Scheme 32i) [115]. The presence of a strong Ag–
Ccarbene bond (as observed by the large down field shifts 
of the carbene-C resonance) was proposed to be a reason 
for the failure of NHC transfer. A similar result was 
observed by Buchmeiser and co-workers with the identical 
Ag(I)–NHC [38,125]. However, with N-iPr substituents, 
transmetallation was successful (Scheme 32ii) [38]. Hahn 
and co-workers reported that the transmetallation of a 
saturated five-membered imidazolin-2-ylidene with bulky N-
mesityl and N-2,6-iPr2–Ph substituents, to PdI2 and [(p-
cymene)RuCl(-Cl)] 2 failed (Scheme 32, iii) [92]. A seven-
membered ring based NHC with two N-neo-pentyl 
substituents also did not undergo NHC transfer reaction 
(Scheme 32iv) [116]. When a bis-imidazolium salt linked by 
a highly electron withdrawing carbonyl groupwas used to 
react with Ag2Oand Pd(MeCN)2Cl2 in a one pot reaction, 
a palladacyclobutan-3-one complex instead of a Pd(II)–
NHC was produced (Scheme 32v), presumably due to the 
additional stabilization of the bonding mode in the former 
[126]. Despite that many imine-NHC functionalized Ag(I)–
NHCs effectively produced the Pd(II)–NHCs, a recent 
report by Flahaut and co-workers reported the failure of the 
transfer of an imine-NHC to Pd(II) [24c]. Huynh et al. 
mentioned that when N-iPr substituted benzimidazolium 
salt was used, transmetallation gave a mixture of products 
with very low yields of Pd(II)–NHC [127]. This is quite 
unusual with simple azolium salts, but no experimental 
details were provided. 

NHC transfer was also widely employed to form the Rh(I)–
NHCs. In Crabtree’s work, if the excess Ag2O was 
removed before the transmetallation reaction, the bis-
imidazolium salts with short linkers (n = 1, 2) produced 
neutral non-chelated [Rh(NHC)Cl]2 under refluxing 
conditions (Scheme 33i) [40a]. However, chelated ionic 
Rh(I)–NHCs were isolated from the salts with long linkers 
(n = 3.4) under similar reaction conditions in the presence 

of KPF6 (Scheme 33ii). Chelated complexes as chloride 
salts were not characterized structurally due to 
decomposition. 

With the n = 2 linker, a chelated ionic Rh(I)–NHC was also 
formed in the presence of excess Ag2O and KPF6 under 
refluxing conditions. On the other hand, non-chelated 
neutral Rh(I)–NHCs were produced if the transmetallation 
was performed at room temperature for n values of 1–4 
(Scheme 33i). Here it is noticeable that Viciano et al. were 
able to obtain chelated Ir(I)–NHCs at room temperature 
from the The formation of Pyridyl supported pyrazolyl-NHC 
Pd(II) complexes. Transmetallation by the use of 
[Ag(NHC)2][BF4] complex. bis-imidazolium salts with 
linkers of n = 2–4 [59a].Youngs and co-workers also 
obtained a non-chelated dinuclear Rh(I)–NHC compound 
from dinuclear Ag(I)–NHC (Scheme 33iii) [30]; yet a 
chelated Pd(II)–NHC was formed from the same Ag(I)–
NHC (Scheme 33iv).Areport by Peris pointed out that a 
square planar but not tripodal Rh(I)–NHC or Ir(I)–NHCwas 
obtained from the tripodal imidazolium salts (Scheme 33vi) 
[41a]. 

Slaughter demonstrated the use of a di-carbene complex, 
[Ag (NHC) 2]2[BF4]2, to produce a chelated Rh(I)–NHC An 
important feature of this work was that NHCs with bulky N-
mesityl substituents transferred effectively to Rh(I). As well, 
the reports by the groups of Tsuji and coworkers [43] and 
Liu and co-workers [44] also described the transfer of bulky 
NHCs such as dendrimer-NHC and N-pyridyl NHC to the 
Rh(I). Youngs achieved NHC transfer from a dinuclear 
Ag(I)–NHC to radioactive 105Rh(III) in hot DMSO (Scheme 
35i) [57]. Peris and co-workers showed that the ratios 
between the pyridylsubstituted imidazolium salt and the 
metal-precursors (Rh(I) and Ir(I)) influenced the oxidation 
state of the metal ions in the final product [41b]. When the 
salt/M ratio was 1 (M= Rh, Ir), mono-NHC Rh(I) and Ir(I) 
complexes were shown to be formed via in situ Ag(I)–
NHCs (Scheme 35ii). The coordination behavior of the 
pyridine side arm was uncertain in the mono-NHC 
complexes. On the other hand, when the salt/M ratio was 
2, oxidation of the metal ions occurred to form chelated 
Rh(III) and Ir(III)–NHCs (Scheme 35iii). Ag(I) was proposed 
to oxidize the metal ions, since Ag(0) was observed. Arnold 
also came up with a similar observation with ruthenium ion 
[69]. However, a non-chelated neutral Ir(I)–NHC was 
formed from the 4,5- dichlorosubstituted imidazolium salt 
under similar conditions [59b]. 

In another approach, Youngs and co-workers 
demonstrated that a caffeine derived NHC was transferred 
efficiently from Ag(I)–NHC to Rh(I) in hot DMSO [45].  

CONCLUSION 
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This attempt specifiedthe possible use of biological 
sources to synthesize various transition metal–NHCs via 
the Ag2O technique. Coleman et al. reported that while an 
imino-NHC ligand was transferred to a Scheme 32. 
Examples of some unsuccessful transmetallation reactions 
by Ag(I)–NHCs. Scheme 33. The formation of Rh(I)–NHCs 
via the transmetallation reactions. Rh(I) source in THF, 
tautomerization of the ligandwas observed similar to that of 
the Pd(II)–NHC shown in Scheme 28 [25b]. Lee and co-
workers described the NHC transfer from a phosphine 
functionalized trinuclear Ag(I)–NHC to Rh(I) producing a 
variety of rhodium complexes depending on the conditions 
(Scheme 36) [46]. The reaction between such an Ag(I)–
NHC and [Rh(cod)Cl]2 in dichloromethane, produced 
cis,mer-Rh(III)(PCNHCP)(CH2Cl)Cl2 via oxidative addition 
of dichloromethane to the intermediate Rh(I)(PCNHCP)Cl 
complex. In the absence of CH2Cl2, this reactive Scheme 
34. The formation of chelated Rh(I)–NHC with methylene 
linkers. The formation of Rh(III), Rh(I), Ir(I) and Ir(III)–
NHCs. 

Rh(I)(PCNHCP)Cl intermediate was proposed to undergo 
oxidative degradation in DMF to afford mer-
Rh(III)(PCNHCP)Cl3 complex (Scheme 36iii). A mer-
Rh(I)(PCNHCP)(CO)Cl), however, was obtained when 
[Rh(CO)2Cl]2 was employed (Scheme 36iv); in this case 
the Rh(I) center was proposed to be stabilized by the _-
back bonding of the C O ligand. Transfer of fluorinated 
NHC to different Rh(I) and Ir(I) reactants has been reported 
[47]. Saunders and co-worker [47a] showed that a half 
sandwich Rh(I)–NHC or Ir(I)–NHC complex was formed 
upon the reaction of Ag(I) fluorinated-NHC complex with 
[(η5-C5Me5)MCl(_-Cl)2] (M= Rh, Ir) in a 1:1 stoichiometry 
(Scheme 37i). While Whittlesey and co-workers [47b] 
employed the same Ag(I) fluorinated-NHC to react with 
[Rh(cod)Cl]2 in a 1:1 stoichiometry to yield the analogous 
neutral Rh(I)–NHC (Scheme 37ii). An ionic bis-NHC 
complex of Ir(I) complex was obtained upon the reaction 
with [Ir(cod) Cl]2 in a 3:1 stoichiometry (NHC/Ir = 3) at 70◦ 
(Scheme 37iii). This bis-NHC complex was also obtained 
by heating a neutral mono-NHC Ir(I) (prepared by another 
method) with the Ag(I)–NHC. 

Rh(I) and Ir(I)–NHCs withNHCsother than simple imidazol-
2-ylidene moieties were also prepared via transmetallation 
with Ag(I)–NHCs (Scheme 38). Bielawski used the 
transmetallation method to prepare a neutral dinuclear 
Rh(I)–NHC complex containing a bis-NHC with an arene 
backbone (Scheme 38i) 

[48]. Heinicke obtained the neutral mononuclear Rh(I)–
NHC containing naphtha(2,3-d)imidazol-2-ylidene (Scheme 
38ii) [39]. Herrmann et al. utilized chiral imidazolium salts 
derived from 2,2-bipiperidene and biisoquinoline to prepare 
Rh(I) and Ir(I)–NHCs via Ag(I)–NHCs formed in situ 

(Scheme 38iii and iv) [49]. The transfer of a saturated 
imidazolinium based NHCs to Rh(I) was reported by 
Hemchen and co-worker and Gilbertson and co-worker 
[55,56]. Crabtree made efforts to generalize the synthesis 
of abnormal C5-bound Ir(I)–NHCs via the Ag2O technique 
[58]. The use of a 2-phenyl imidazolium salt generated an 
unstable C4-bonded Ag(I) complex, which did not afford 
the Ir(I) complex The formation of abnormal Ir(I)–NHCs via 
abnormal Ag(I)–NHCs. due to the more basic nature of the 
C4-carbene. However, the salt designed with two blocking 
groups at both C2- and C4-positions such as 2,4-diphenyl 
imidazolium, reacted with Ag2O and then [Ir(cod)Cl]2 in a 
one pot reaction to give an abnormal C5-bonded Ir(I) 
complex (Scheme 39i). However, an attempt to prepare 
abnormal C5-bonded Rh(I)–NHC from 2,4-dimethyl 
imidazolium salt afforded only a normal C2-bonded Rh(I)–
NHC via C2-bonded Ag(I)–NHC [40b], an indication of the 
influence of the substituent at the C2-position. A report by 
Lasaletta also described the use of a C2-blocked 
imidazo[1,5-a]pyridine iodide, an abnormal Ir(I)–NHC but 
not the Rh(I)–NHC was formed (Scheme 39ii) [51]. 

In view of the stability of organometallic complexes with 
NHC ligands, Peris utilized the Ag2O technique to obtain 
stable Cp*-Ir(III)–NHCs (Scheme 40) [60]. Cyclometallated 
products were obtained when salts (a–e) were used. 
However, the reactions of the salts (f and g) produced only 
the stable noncyclometallated complexes. 

Reaction of an imidazolium cyclophane with excess Ag2O 
gave a tetranuclear Ag(I)–NHC in DMSO and a dinuclear 
Ag(I)–NHC in water. The reaction of 2-methyl or 2-benzyl 
imidazolium salts with excess of Ag2O led to the oxidative 
cleavage of the C–C bond at C2-position and formed the 
normal Ag(I)–NHCs in good yields. Addition of Ag(I) to the 
preformed Ag(I)–NHCs also directed the formation of 
Ag(I)–NHCs with diverse structures. Ag(I)–NHCs played an 
important role asNHCtransfer agents in the development of 
many metal–NHCs. So far transfers of NHC from Ag(I) to 
Ni(II), Pt(II), Pd(II), Cu(I), Cu(II), Au(I), Rh(I), Rh(III), Ir(I), 
Ir(III), Ru(II), Ru(III) and Ru(IV) have been reported. Some 
of the metal–NHCs can be prepared only by the 
transmetallation technique. The occurrence of 
transmetallation and nature of the transmetallated product 
depended not only on the Ag(I)–NHCs but also on the 
receiving metal-precursors and the reaction conditions. 
During the transfer of NHC to Ru (II) and Rh(I), oxidation of 
the metal ions was sometimes observed due to the high 
oxidation power of the Ag(I) or the halogenated solvents. In 
certain examples, the failure of transmetallation was 
proposed to be due to the strong Ag–C bond, bulky 
Nsubstituents or non-fluxional behavior. However, with 
similar features, examples of successful transfer of NHC 
were reported. 
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The failure of NHC transfer from [Ag(NHC)halide] to group 
4 metals was attributed to the high chlorophilicity of group 
4 metal ions together with the large solvation/lattice 
enthalpy of the ionic products. The use of 2,4-blocked 
imidazolium salts with certain substituents resulted in the 
formation of either normal metal–NHCs or abnormal metal–
NHCs. 

Other than transmetallation, The use of Ag(I)–NHCswas 
also realized in homogeneous catalysis such as in the 
preparation of 1,2-bis(boronate) esters [16,97] and ring 
opening polymerization of lactides [85,98b], olefin 
polymerization [21], and as a source of free NHC in the 
copper catalyzed conjugate addition of diethylzinc to a 
variety of Michael acceptors [65]. More efforts are to be 
encouraged in this area to discover more applications. 

The liquid crystal properties of Ag(I)–NHCs may have 
material science application. Furthermore, the use of 
Ag(I)–NHCs as precursors for silver nanoparticles will 
certainly have an impact in medicinal, and applied 
sciences. The nature of these AgNPs, however, remains to 
be answered. 

It is also interesting to mention theoretical calculations 
dealing with Ag(I)–NHCs, which provide insights into the 
nature of metal–NHC. The calculations reported by Mayer 
and coworkers [14] on the N–Me substituted tripodal Ag(I)–
NHC and by Frenking and co-workers on unfunctionalized 
Ag(I)–NHC [129] showed non-negligible _-back bonding. 
However, calculations reported recently by Ghosh and co-
workers concluded that functionalized NHCs are effective 
_-donors [98]. 
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