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ABSTRACT: Reaction between equimolar amounts of the isocyanide complexes [AuCl3(CNR)] [R = 2,6-Me2C6H3 (Xyl) 1a, 2,4,6-Me3C6H2 (Mes) 1b, Cy 1c, t-Bu 1d] and tetrabutylammonium azide (2) proceeds in CH2Cl2 at room temperature for ca. 10 min furnishing the gold(III)-tetrazolates [n-Bu4N][AuCl3(CN4R)] (3a–d) that were obtained in 89−95% yields after purification. Subsequent reaction between equimolar amounts of 3a–d and methyl trifluoromethanesulfonate (MeOTf) proceeds in CH2Cl2 at −70 °С for ca. 30 min to give the corresponding gold(III) complexes [AuCl3(CaN(Me)N2NbR)]a–b (5a–d) bearing 1,4-disubstituted tetrazol-5-ylidene ligands (69−75%). Complexes 3a–d were obtained as pale-yellow solids and characterized by elemental analyses (C, H, N), HRESI−-MS, FTIR, 1H and 13C{1H} NMR spectroscopies. Complexes 5a–d were obtained as colorless solids and characterized by elemental analyses (C, H, N), HRESI+-MS, 1D (1H and 13C{1H}) and 2D (1H,13C-HMBC) NMR spectroscopies. In addition, the structures of 3a, 3b, 3c, and 5a were established by single-crystal X-ray diffraction. Analysis of the Wiberg bond indices (WI) for gas phase optimized model structures of 3a–c and 5a computed using the natural bond orbital (NBO) partitioning scheme disclosed a higher degree of electron density delocalization in the CN4 moiety of carbene 5a when compared to tetrazolate 3a–c. Results of DFT calculations for a model system reveal that the mechanism for the cycloaddition of an azide to the isocyanide ligand in [AuCl3(CNMe)] is stepwise and involves nucleophilic attack of N3– on the N atom of CNMe followed by ring-closure. The addition is both kinetically and thermodynamically favorable and occurs via the formation of an acyclic NNNCN-intermediate, whereas the cyclization is the rate-determining step.
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INTRODUCTION
In the last decade, N-heterocyclic carbenes (NHCs) have emerged as valuable ancillary ligands for a wide range of applications, embracing contemporary transition-metal catalysis,1 organic synthesis,2 materials research,3 and medicine.3a,4 Many structural types of NHCs are known, including imidazolylidene, imidazolinylidene, thiazo- and oxazolylidene, and triazolylidene architectures.5 Among NHCs containing multiple nitrogen atoms within the cycle, triazolylylidene species (Figure 1A) are well studied, while those based upon tetrazolylidene (1B), and their metal complexes (1C) are still scarce.6
Thus, deprotonation of the corresponding 1,3-disubstituted tetrazolium salts with a base at a low temperature led to generation of free 1,3-disubstituted tetrazol-5-ylidene carbenes (Scheme 1, Route A).6a,b Alternatively, 5-azido-1,3-diphenyltetrazolium salt reacted with sodium azide to give 1,3-diphenyltetrazol-5-ylidene (Route B).6c An isomeric 2,3-diphenyltetrazol-5-ylidene was prepared via the same strategy using LiN(SiMe3)2 as a base.6d Uncomplexed 1,3-disubstituted and 2,3-disubstituted tetrazol-5-ylidenes were found to be thermally unstable even at room temperature (RT), and undergo a ring-opening to give 3-cyanotriazene or cyanoazimine upon thermal decomposition at RT, correspondingly.6b-d Until now, preparation of uncomplexed 1,4-disubstituted tetrazol-5-ylidenes have not been reported, while the sequential lithiation of the CH-acidic 1-substituted tetrazole followed by a transmetallation with a gold(I) substrate, and an in situ N4-alkylation brought about the formation of the single reported
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Figure 1. 1,2,4-triazol-2-ylidene (A),1a mesoionic 1,3-disubstituted and 2,3-disubstituted tetrazol-5-ylidene carbenes (B),6 and gold(III)-complex with 1,4-disubstituted tetrazol-5-ylidene carbenes (C).


Scheme 1. Reported preparation of free 1,3-disubstituted and gold(I)-complex with 1,4-disubstituted tetrazol-5-ylidenes.
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Scheme 2. [2 + 3] Cycloaddition of azide to AuIII-bound isocyanides (Route E) and subsequent N4-alkylation (Route F) leading to gold(III)-complexes with 1,4-disubstituted tetrazol-5-ylidenes.
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example of a metal complex featuring 1,4-disubstituted tetrazol-5-ylidene (Route C). Alternatively, this compound was prepared via a dipolar cycloaddition of azide to xylyl isocyanide at gold(I) center followed by a N4-alkylation (Route D).6e No other examples of metal complexes with 1,4-disubstituted tetrazol-5-ylidene ligands have been reported.
In pursuit of our studies on reactivity on metal-bound isocyanides,7 we envisaged that the gold(III) complexes with 1,4-disubstituted tetrazol-5-ylidene can be accessed directly from gold(III)-isocyanides. Owing the rapidly expanding field of applications of gold-NHC species,8 we report herein on preparation and structural characterization of gold(III) species bearing rare 1,4-disubstituted tetrazol-5-ylidene ligands.
Results and discussion
[2 + 3] Cycloaddition of azide to AuIII-bound isocyanides. Reaction between equimolar amounts of the isocyanide complexes [AuCl3(CNR)] [R = 2,6-Me2C6H3 (Xyl) 1a, 2,4,6-Me3C6H2 (Mes) 1b, Cy 1c, t-Bu 1d] and tetrabutylammonium azide (2) proceeds in CH2Cl2 at RT for ca. 10 min to give the tetrazolate derivatives [n-Bu4N][AuCl3(CN4R)] in nearly quantitative 1H NMR yield (Scheme 2, Route E).
After evaporation of the solvent, all complexes were further purified by recrystallization from a CH2Cl2/Et2O mixture to afford [n-Bu4N][AuCl3(CN4R)] (3a–d) in good to excellent (89−95%) isolated yield. Other organic azides, i.e., 4-methylbenzenesulfonyl azide and methyl (E)-2-azido-3-(4-chlorophenyl)acrylate do not react with complex 1a even upon prolonged heating, e.g., for 24 h in refluxing CH2Cl2. Furthermore, no reaction between uncomplexed azide and an isocyanide was detected even after 3d reflux in CH2Cl2 implying that the observed [2 + 3] cycloaddition is gold(III)-mediated.
N4-alkylation of the tetrazolate precursors. Despite a great significance of the tetrazole moiety in synthetic chemistry, medicine, and materials science,9 preparation of alkylated tetrazoles are limited in scope.9a A general alkylation route includes SN2 reaction between an alkyl halide and a free tetrazole. Broad application of this procedure is hampered by the formation of isomeric dialkylated mixtures, moderate yields, and requirements for the expensive alkyl halides.9a,b In organometallic chemistry, alkylation of N-coordinated tetrazolate ligands is well known and it was shown that the regioselectivity of alkylation is often controlled by the nature of a metal  center.10 Alkylation of C-coordinated tetrazoles is limited to a few examples of reactions that proceed at the gold(I) center (Scheme 1, Route D). By this route complexes with 1,4-disubstituted tetrazol-5-ylidene ligands were prepared.6e
In this study, the reaction between equimolar amounts of complexes 3a–d and methyl trifluoromethanesulfonate (MeOTf) proceeds in CH2Cl2 at −70 °С for ca. 30 min to give the corresponding gold(III) complexes [AuCl3(CaN(Me)N2NbR)]a–b (5a–d) bearing 1,4-disubstituted tetrazol-5-ylidene ligands (Scheme 2, Route F). These tetrazol-5-ylidene carbene species were formed in 87−96% NMR yield; subsequent isolation and purification ensured 69−75% isolated yields for 5a–d (see Experimental section). For 5a, as a representative species, we undertook the sequence of cycloaddition/alkylation in one-pot manner without the separation of intermediate compounds 3a–d. In this one-pot system, NMR yield of 5a was comparable (71%) to that determined for the sequential procedure (73%).  
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Figure 2. 1H,13C-HMBC NMR spectrum of 5b. 

Characterization of the gold(III) complexes. Complexes 3a–d were obtained as pale-yellow solids and characterized by elemental analyses (C, H, N), HRESI−-MS, FTIR, 1H and 13C{1H} NMR spectroscopies. Complexes 5a–d were obtained as colorless solids and characterized by elemental analyses (C, H, N), HRESI+-MS, 1D (1H and 13C{1H}) and 2D (1H,13C-HMBC) NMR spectroscopies. In addition, the structures of 3a, 3b, 3c, and 5a were established by single-crystal X-ray diffraction. 
Tetrazolate complexes 3a–d and tetrazol-5-ylidene carbene species 5a–d gave satisfactory C, H, and N elemental analyses, which are consistent with the proposed formulas. The HRESI– mass spectra of 3a–d demonstrated the corresponding [AuCl3(CN4R)]− ion along with the characteristic isotopic distribution. In the HRESI+-MS of 5a–d, the ions [M – 2Cl + Na]+ with the characteristic isotopic distribution were detected. The IR spectra of 3a–d display no bands in the range between 2300 and 2000 cm–1 due to ν(C≡N), thus collaterally supporting the transformation of isocyanide ligands into tetrazolates.
The cycloaddition of 2 to 1a–d is accompanied by a pronounced downfield δ 13C shift of the isocyanide quaternary C atom to the range common for metal-bonded tetrazolate ring [M]–CN4R (δC 150–165 ppm).7a,11 In 3a–d, the CN4R 13C signals were found to resonate at δC 138–144 ppm; that is ca. 30 ppm downfield shifted vs. signals in the starting 1a–d (e.g. δC 112  for C≡N in 1c and 1d7e). These δ values for the CN4R 13C signal are upfield relatively to those (δC 173–187) reported for a series of the gold(I) tetrazolate complexes [Au(PPh3)(CN4R)].6e 
The methylation of the tetrazolate ring in 3a–d is accompanied by a downfield δ 13C shift tetrazolate quaternary C atom to the range that is specific for M-NHC (δC 150–224).12 The Ccarbene 13C signals in 5a–d were found to resonate in the range of δC 150–155, that is ca. 10 ppm downfield shifted vs. CN4R 13C signals in 3a–d. These δ values for the Ccarbene 13C signal are upfield relatively to those (δC 186.9) reported for the known gold(I) complex bearing the tetrazole-derived NHC ligand [Au(PPh3)(CN(Xyl)N2N(Me)](CF3SO3).6e Such upfield 13C shift was previously reported for other gold(I)-NHC complexes [δC 176 for AuCl(NHC) and δC 151 for AuCl3(NHC)13]. 
Chemical shift of the methyl group installed in 5a–d was assigned upon inspection of the gradient-enhanced 1H,13C-HMBC NMR spectrum of 5b (Figure 2). Herein, the signal at δH 4.57 (hydrogens of the methyl group) exhibits relevant cross-peaks with the quaternary signal of the carbene moiety at δC 154.1 due to 3JCH between those.
X-ray diffraction studies. Crystal data collection and refinement details for complexes 3a, 3b, 3c, and 5a are summarized in Table S1, while plots are provided on Figures 3, 4, S1, and S2. Selected bond lengths and angles are summarized in Table S2 and legends to Figures 3 and 4.
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Figure 3. View of complex 3a with the atomic numbering scheme. Thermal ellipsoids are drawn with the 50% probability. Tetrabutylammonium ion and hydrogen labels are omitted for simplicity. Selected bond lengths (Å) and angles (°): Au1‒Cl1 2.3234(11), Au1‒Cl2 2.2763(10), Au1‒Cl3 2.2762(10), Au1‒C1 1.999(3), C1‒N1 1.338(4), C1‒N4 1.315(4), N1‒N2 1.364(4), N2‒N3 1.288(5), N3‒N4 1.359(5), Cl1‒Au1‒Cl2 91.20(4), C1‒Au1‒Cl2 89.60(11), N1‒C1‒N4 108.4(3).
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Figure 4. View of complex 5a with the atomic numbering scheme. Thermal ellipsoids are drawn with the 50% probability. Hydrogen labels are omitted for simplicity. Selected bond lengths (Å) and angles (°): Au1‒Cl1 2.3033(8), Au1‒Cl2 2.2876(9), Au1‒Cl3 2.2978(9), Au1‒C1 2.004(3), C1‒N1 1.335(4), C1‒N4 1.337(4), N1‒N2 1.369(4), N2‒N3 1.271(4), N3‒N4 1.357(4), N4‒C10 1.469(5), Cl1‒Au1‒Cl2 91.93(3), C1‒Au1‒Cl2 89.24(10), N1‒C1‒N4 104.0(3), C1‒N4‒C10 130.5(3).

The coordination polyhedra of all complexes are built up by one tetrazolato (3a–c) or carbene ligand (5a) and three chlorides furnishing a typical slightly distorted square-planar coordination geometry. All bond angles around the AuIII cores are close to 90° varying from 87.17(14)° to 92.22(4)° (Table S2). The Au‒Cl1 (2.3098(11) and 2.3056(12) Å) distances opposite to the carbon atom are slightly longer than the other two Au‒Cl bond lengths (2.2793(12) and 2.2826(12) or 2.2846(12) and 2.2842(12) Å) reflecting substantial ground-state trans-influence of the both tetrazolato and carbene ligands. In 5a, the C–N bonds of the carbene fragment exhibit similar lengths and their values lie between single CN bonds (e.g., 1.469(10) Å in amines14) and the double CN bond distance (e.g., 1.279(8) Å in imines14). In the tetrazolate species 3a–c, CN4 fragment exhibit distinct single and double CN bond distances reflecting the lower degree of the electron delocalization when compared to that one in the carbene species 5a. 
We undertook the analysis of the Wiberg bond indices (WI) for gas phase optimized model structures of 3a–c and 5a computed using the natural bond orbital (NBO) partitioning scheme). Higher degree of electron density delocalization in the CN4 moiety of carbene 5a when compared to tetrazolate 3a–c was observed (see Table 1). Herein, in carbene 5a WI values for C1–N1 and N2–N3 contacts are higher and for N3–N4 and N4–C1 contacts are lower than those in tetrazolate 3a–c. Obtained theoretical calculation data agree well with the experimental X-ray diffraction observations.
Table 1. Calculated Wiberg bond indices for gas phase optimized structures of 3a–c and 5a. 
	Bond
	Bond lengths (Å)

	
	3a
	3b
	3c
	5a

	C1–N1
	1.20
	1.20
	1.22
	1.30

	N1–N2
	1.16
	1.16
	1.19
	1.16

	N2–N3
	1.61
	1.61
	1.59
	1.68

	N3–N4
	1.29
	1.29
	1.30
	1.18

	N4–C1
	1.53
	1.53
	1.53
	1.30



Theoretical considerations of the gold(III)-mediated cycloaddtion of azide and isocyanide. In order to shed light on the mechanism of the AuIII-mediated [2+3] cycloaddition, a quantum chemical DFT study of this reaction in the model system [AuCl3(CNMe)] + N3– was undertaken (CPCM-B3LYP/6-311+G(d,p)//gas-B3LYP/6-31G(d) level of theory, MWB60 pseudopotential and appropriate contracted basis set for the gold atoms). Three types of mechanisms for this formal CA have been proposed. One of them is concerted (via one cyclic transition state TSc) and the other two are stepwise (involve the formation of acyclic zwitterionic intermediates INTa and INTb followed by the cyclization) (Scheme 3).
We were unable to locate on the potential energy surface any transition states for the concerted pathway or acyclic NNNNC-intermediate INTb. Despite numerous attempts, in all cases, optimization led to the formation of initial species, which are separated from each other, or to product P. Thus, pathways B and C have been excluded from consideration. At the same time, all minima for structures corresponding to pathway A, viz., acyclic NNNCN-intermediate INTa and both transition states TSs1a and TSs2a, were successfully found. 
Scheme 3. Proposed stepwise (A and C) and concerted (B) mechanisms for the formal 
CA of N3– to [AuCl3(CNMe)].
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The process is initiated by the exergonic formation of the orientation complex [AuCl3(CNMe)]•N3–. The first transition state TSs1a corresponds to the formation of the C–N bond giving the acyclic NNNCN-intermediate INTa, and the second transition state TSs2a is associated with the ring closure forming the C-tetrazolate complex [AuCl3(CN4Me)]– (P). The second step is the rate determining (Figure 5, Tables S3 and S4 in Supporting Information). 
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Figure 5. Energy profiles of R → P transformation for PdII- (Ref. 7a) and AuIII-mediated CA.
Based upon quantum chemical calculations, we stated that (i) the formation of the C-tetrazolate gold complexes from AuIII-coordinated isocyanides and free azides is favorable from both kinetic and thermodynamic viewpoints, and (ii) the AuIII center promotes CA better than the PdII center as previously reported.7a The same trend was established for the nucleophilic addition to isocyanide bound to more electron poor (e.g. AuIII) centers when compared to more electron rich (e.g. PdII).15 We checked the tendency toward decomposition of C-tetrazolate gold complexes via the path [AuCl3(CN4Me)]– → N2 + [AuCl3(N=C=NMe)]– (by TSdec), and concluded that the gold(III) center is excellent stabilizer for such anionic heterocycle (Gs = 40.2 kcal/mol, Gs = –32.1 kcal/mol for [AuCl3(CN4Me)]–  vs. Gs = 36.5 kcal/mol, Gs = –35.2 kcal/mol for trans-[PdCl(PH3)2(CN4Me)] and Gs = 10.8 kcal/mol, Gs = –60.2 kcal/mol for free CN4Me– 7a (Tables S3 and S4).

Final Remarks
In pursuit of these studies, we established that gold(III) complexes with rare NHC species, i.e. 1,4-disubstituted tetrazol-5-ylidenes, can be accessed directly from gold(III)-isocyanides. Herein, the [2 + 3] cycloaddition between equimolar amounts of the isocyanide complexes [AuCl3(CNR)] and tetrabutylammonium azide furnished the corresponding tetrazolate derivatives [n-Bu4N][AuCl3(CN4R)] in good to excellent yield. This reaction is gold(III)-mediated insofar as no reaction between free azide and uncomplexed isocyanide was observed. Results of DFT calculations for a model system reveal that the mechanism for the cycloaddition of an azide to the isocyanide ligand in [AuCl3(CNMe)] is stepwise and involves nucleophilic attack of N3– on the N atom of CNMe followed by ring-closure. The addition is both kinetically and thermodynamically favorable and occurs via the formation of an acyclic NNNCN-intermediate, whereas the cyclization is the rate-determining step.
In the next step, selective N4-methylation of [n-Bu4N][AuCl3(CN4R)] with equimolar amount of MeOTf leads to the corresponding gold(III) complexes with 1,4-disubstituted tetrazol-5-ylidene carbene ligands, that were obtained in good yield after purification. With a representative example we demonstrated that the sequence of cycloaddition/alkylation can be undertaken in one-pot manner without the separation of intermediate compounds [n-Bu4N][AuCl3(CN4R)] giving target gold(III)-NHCs in yields comparable to the sequential  procedure. A sequence of gold(III)-mediated [2 + 3] cycloaddition between isocyanide and azide followed by the N4-methylation of the intermediate tetrazolate formed represents a unique approach to gold(III) complexes with 1,4-disubstituted tetrazol-5-ylidene carbene ligands that can hardly be accessed by other routes. Further studies aiming at an expansion of a family of gold(III)-NHCs and their application in catalysis are underway in our group.
EXPERIMENTAL SECTION
Materials and Instrumentation. Solvents and reagents were obtained from commercial sources and used as received, apart from CH2Cl2, which was purified by the conventional distillation over CaH2. Gold complexes 1a–c were synthesized according to the previously reported methods.7e,f C, H, and N elemental analyses were carried out on a Euro EA3028-НТ. Mass spectra were obtained on a Bruker micrOTOF spectrometer equipped with electrospray ionization (ESI) source. MeCN was used as solvent. The instrument was operated both at positive and negative ionization modes using m/z range of 50–3000. The capillary voltage of the ion source was set at –4500 V (ESI+) or 3500 V (ESI−) and the capillary exit at ±(70–150) V. The nebulizer gas pressure was 0.4 bars and drying gas flow 4.0 L/min. The most intensive peak in the isotopic pattern is reported. Infrared spectra (4000−400 cm–1) were recorded on a Perkin Elmer Spectrum BX FT-IR spectrometer in KBr pellets. 1D (1H, 13C{1H}) NMR spectra and 2D (1H,13C-HMBC) NMR correlation experiments were recorded on Bruker Avance III 400 MHz spectrometer (400.13 MHz for 1H, 100.61 MHz for 13C). The spectra were measured at 298±1 K using CDCl3 (Sigma-Aldrich, USA) as solvent and referenced to tetramethylsilane as external standard.
X-ray Structure Determinations. Crystals of 3a–c and 5a were obtained by slow evaporation of CH2Cl2:Et2O solutions. Single-crystal X-ray diffraction experiment carried out using Agilent Xcalibur diffractometers with monochromated MoKα radiation. Crystal was fixed on a micro mount, placed on diffractometer and measured at 100(2) K, except 3a, which measured at 200(2) K due to fast decomposition at a lower temperature. The unit cell parameters were refined by least square techniques in the 2θ range of 6.0–55.0 for MoKα. The structure has been solved by the Superflip16 structure solution program using Charge Flipping and refined by means of the ShelXL17 program, incorporated in the OLEX2 program package.18 Empirical absorption correction was applied in CrysAlisPro (Agilent Technologies, 2013) program complex using spherical harmonics (for all samples except 4f), implemented in SCALE3 ABSPACK scaling algorithm. Supplementary crystallographic data for this paper have been deposited at Cambridge Crystallographic Data Centre (1557394–1557397) and can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif.
Computational details. The DFT calculations have been carried out at the CPCM-B3LYP/6-311+G(d,p)//gas-B3LYP/6-31G(d) level of theory using the MWB60 pseudopotential and appropriate contracted basis set for the gold atoms19 with the help of the Gaussian-09 program package.20 No symmetry operations have been applied. The Hessian matrix was calculated analytically for the optimized structures in order to prove the location of correct minima or saddle points, and to estimate the thermodynamic parameters, the latter being calculated at 25 °C. The nature of all transition states was investigated by the analysis of vectors associated with the imaginary frequency and by the calculations of the intrinsic reaction coordinates (IRC) using the Gonzalez–Schlegel method.21 The total energies corrected for solvent effects were estimated at the single-point calculations on the basis of gas-phase equilibrium geometries using the polarizable continuum model in the CPCM version21d,e with CH2Cl2 as solvent. The UAKS model was applied for the molecular cavity, and dispersion, cavitation, and repulsion terms were also considered. The entropic term in CH2Cl2 solution (Ss) was calculated according to the procedure described by Wertz22 and Cooper and Ziegler23 (see eqs. 1–4), as well as enthalpies and Gibbs free energies in solution (Hs and Gs) using the expressions 5 and 6 (all equations are provided in the Supporting Information). As it was shown previously,24 this approach is sufficiently accurate for the description of CAs to the CN triple bond providing results close to those obtained by such methods as MP2, MP4, CCSD(T), CBS-Q, and G3B3. Note that this approach was also used in our previous studies on PdII-mediated integration of isocyanides and azide ion.7a The Cartesian atomic coordinates of the calculated equilibrium structures are presented in Supporting Information, Table S5. The Cartesian atomic coordinates of the calculated equilibrium structures are provided as a separate xyz file.
Cycloaddition of azide to gold(III)-isocyanides. A solution of [n-Bu4N]N3 (2) (28 mg, 0.100 mmol) in dry CH2Cl2 (1.5 mL) was added to a solution of [AuCl3(CNR)] (1a–d; 0.100 mmol) in dry CH2Cl2 (1.5 mL) at RT. An immediate change of a solution color to a pale-yellow occurred, and the reaction mixture was left to stand for ca. 10 min at RT. The reaction mixture was then evaporated to dryness, and the pale-yellow solid was re-dissolved and re-crystallized from a CH2Cl2:Et2O (1:1, v/v) mixture at RT.
3a (65 mg, 91%). Pale-yellow solid. Anal. calculated for C25H45N5Cl3Au: C, 41.76; H, 6.31; N, 9.74%. Found: C, 42.23; H, 6.12; N, 9.41%. HRESI−-MS, m/z: calcd. for C9H9N4Cl3Au− 474.9558, found 474.9553 [M–Bu4N]−. IR (KBr, selected bands, cm–1): 2964, 2933, and 2875 ν(C−H); 1469, 1388, and 1370 ν(C=N) and ν(N=N). 1H NMR (400.13 MHz, CDCl3, δ): 1.03 (t, 3JH,H = 7.1 Hz, 12H, Me from n-Bu), 1.44−1.51 (m, 8H, γ-CH2 from n-Bu), 1.71 (с, 8H, β-CH2 from n-Bu), 2.11 (с, 6H, Me from Xyl), 3.30 (с, 8H, NCH2), 7.16 (d, 3JH,H = 7.6 Hz, 2H, m-CArH), 7.32 (t, 3JH,H = 7.6 Hz, 1H, p-CArH). 13C{1H} NMR (100.61 MHz, CDCl3, δ): 13.7 (Me from n-Bu), 18.4 (Me from Xyl), 19.8 (γ-CH2 from n-Bu), 24.1 (β-CH2 from n-Bu), 59.1 (α-CH2 from n-Bu), 128.5 (m-CAr), 130.2 (p-CAr), 133.8 (ipso-CAr), 136.7 (o-CAr), 143.5 (CN4).
3b (70 mg, 95%). Pale-yellow solid. Anal. calculated for C26H47N5Cl3Au: C, 42.60; H, 6.46; N, 9.55%. Found: C, 42.67; H, 6.50; N, 10.43%. HRESI−-MS, m/z: calcd. for C10H11N4Cl3Au– 488.9715, found 488.9709 [M–Bu4N]−. IR (KBr, selected bands, cm–1): 2963, 2934, and 2875 ν(C−H); 1472, 1396, and 1381 ν(C=N) and ν(N=N). 1H NMR (400.13 MHz, CDCl3, δ): 1.05 (t, 3JH,H = 7.3 Hz, 12H, Me from n-Bu), 1.45−1.54 (m, 8H, γ-CH2 from n-Bu), 1.69−1.77 (m, 8H, β‑CH2 from n-Bu), 2.07 (с, 6H, o-CarMe), 2.36 (с, 3H, p-CarMe), 3.32−3.36 (m, 8H, NCH2), 6.97 (с, 2H, m-CArH). 13C{1H} NMR (100.61 MHz, CDCl3, δ): 13.7 (Me from n-Bu), 18.3 (o-Me from Mes), 19.8 (γ-CH2 from n-Bu), 21.1 (p-Me from Mes), 24.1 (β-CH2 from n-Bu), 59.1 (α-CH2 from n-Bu), 129.2 (m-CAr), 131.2 (ipso-CAr), 136.2 (o-CAr), 140.1 (p-CAr), 143.8 (CN4).
3c (63 mg, 90%). Pale-yellow solid. Anal. calculated for C23H47N5Cl3Au: C, 39.69; H, 6.73; N, 9.94%. Found: C, 39.63; H, 6.80; N, 10.05%. HRESI−-MS, m/z:  calcd. for C7H11N4Cl3Au– 452.9715, found 452.9705 [M–Bu4N]−. IR (KBr, selected bands, cm–1): 2958, 2933, and 2873 ν(C−H); 1485, 1456, and 1382 ν(C=N) and ν(N=N). 1H NMR (400.13 MHz, CDCl3, δ): 1.04 (t, 3JH,H = 7.3 Hz, 12H, Me from n-Bu), 1.28–1.37 (m, 1Н, СH from Су) 1.43–1.54 (m, 10H, СH2 from Су + γ-CH2 from n-Bu), 1.68–1.76 (m, 9H, СH from Су + β-CH2 from n-Bu), 1.91–2.24 (m, 6H, α- and β-CH2 from Cy), 3.30–3.34 (m, 8H, N-CH2 from n-Bu), 4.69–4.77 (m, 1H, CH from Cy). 13C{1H} NMR (100.61 MHz, CDCl3, δ): 13.7 (Me from n-Bu), 19.8 (γ-CH2 from n-Bu), 24.1 (β-CH2 from n-Bu), 25.1 (γ-CH2 from Cy), 25.3 (β-CH2 from Cy), 33.0 (α-CH2 from Cy), 59.0 (α‑CH2 from n-Bu), 59.2 (CH from Cy), 141.3 (CN4).
3d (60 mg, 89%). Pale-yellow solid. Anal. calculated for C21H45N5Cl3Au: C, 37.59; H, 6.76; N, 10.44%. Found: C, 37.91; H, 6.76; N, 10.25%. HRESI−-MS, m/z: calcd. for C5H9N4Cl3Au– 426.9558, found 426.9552 [M–Bu4N]−. IR (KBr, selected bands, cm–1): 2962, 2937 and 2875 ν(C−H); 1473, 1391 1370 ν(C=N) and ν(N=N). 1H NMR (400.13 MHz, CDCl3, δ): 1.03 (t, 3JH,H = 7.3 Hz, 12H, Me from n-Bu), 1.45−1.54 (m, 8H, γ-CH2), 1.68−1.76 (m, 8H, β-CH2), 1.91 (с, 9H, Me from t-Bu), 3.31−3.35 (m, 8H, NCH2). 13C{1H} NMR (100.61 MHz, CDCl3, δ): 13.7 (Me from n-Bu), 19.8 (γ-CH2 from n-Bu), 24.1 (β-CH2 from n-Bu), 31.1 (Me from t-Bu), 59.1 (α-CH2 from n-Bu), 60.6 (C from t-Bu), 138.8 (CN4).

N4-alkylation of complexes 3a–d. Solution of MeOTf (4, 7 mg, 0.042 mmol) in CH2Cl2 (1.5 mL) was added to solution any one of 3a–d (0.040 mmol) in CH2Cl2 (1.5 mL) at –70 °C to form a pale-yellow solution. The reaction mixture was kept at –70 °C for ca. 30 min and then warmed to RT and left to stand for additional 30 min, where upon was it evaporated to dryness at RT, and the residue was washed with CH2Cl2/Et2O mixture (1:10, v/v) and purified by recrystallization from a CH2Cl2/Et2O mixture at −18 °С.
5a (15 mg, 75%). Colorless solid. Anal. calculated for C10H12N4Cl3Au: C, 24.43; H, 2.46; N, 11.40%. Found: C, 24.87; H, 2.55; N, 11.30%. HRESI−-MS, m/z: calcd. for C10H12N4ClAuNa+ 443.0309, found 443.0309 [M−2Cl+Na]+. 1H NMR (400.13 MHz, CDCl3, δ): 2.19 (с, 6H, Me from Xyl), 4.59 (с, 3H, Me-N), 7.31 (d, 3JH,H = 7.6 Hz, 2H, m-CArH), 7.52 (t, 3JH,H = 7.6 Hz, 1H, p-CArH). 13C{1H} NMR (100.61 MHz, CDCl3, δ): 18.3 (Me from Xyl), 38.8 (Me–N), 129.5 (m-CAr), 131.6 (ipso-CAr), 132.6 (p-CAr), 136.0 (o-CAr), 154.3 (CN4).
5b (15 mg, 73%). Colorless solid. Anal. calculated for C11H14N4Cl3Au: C, 26.13; H, 2.79; N, 11.08%. Found: C, 26.55; H, 2.89; N, 10.99%. HRESI−-MS, m/z: calcd. for C11H14N4ClAuNa+ 457.0470, found 457.0473 [M−2Cl+Na]+. 1H NMR (400.13 MHz, CDCl3, δ): 2.13 (с, 6H, o-Me from Mes), 2.43 (с, 3H, p-Me from Mes), 4.57 (с, 3H, Me-N), 7.09 (c, 2H, m-CArH). 13C{1H} NMR (100.61 MHz, CDCl3, δ): 18.2 (m-Me from Mes), 21.3 (p-Me from Mes), 38.8 (Me–N), 129.1 (ipso-CAr), 130.2 (m-CAr), 135.6 (o-CAr), 143.1 (p-CAr), 154.2 (CN4).
5c (13 mg, 70%). Colorless solid. Anal. calculated for C8H14N4Cl3Au: C, 20.46; H, 3.01; N, 11.93%. Found: C, 20.98; H, 3.11; N, 11.78%. HRESI+-MS, m/z: calcd. for C8H14N4ClAuNa+ 421.0465, found 421.0454 [M−2Cl+Na]+. 1H NMR (400.13 MHz, CDCl3, δ): 1.31–1.67 (m, 3H, γ-СН and β-CH2), 1.84–1.88 (m, 1Н, γ-СН), 2.01–2.34 (m, 6H, 2 α- and 1 β-CH2 from Cy), 4.41 (с, 3H, Me-N), 4.91–4.99 (m, 1H, CH from Cy). 13C{1H} NMR (100.61 MHz, CDCl3, δ): 24.5 (γ-CH2 from Cy), 24.9 (β-CH2 from Cy), 32.6 (α‑CH2 from Cy), 38.3 (Me–N), 63.8 (N–CH from Cy), 141.3 (CN4).
5d (12 mg, 69%). Colorless solid. Anal. calculated for C6H12N4Cl3Au: C, 16.25; H, 2.73; N, 12.63%. Found: C, 16.86; H, 2.82; N, 12.47%. HRESI+-MS, m/z: calcd. for C6H12N4ClAuNa+ 395.0309, found 395.0309 [M−2Cl+Na]+. 1H NMR (400.13 MHz, CDCl3, δ): 2.03 (с, 9H, Me from t-Bu), 4.44 (с, 3H, Me–N). 13C{1H} NMR (100.61 MHz, CDCl3, δ): 30.6 (Me from t-Bu), 38.7 (Me–N), 67.2 (C from t-Bu), 150.6 (CN4).
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