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Binuclear Cu(I) and Mn(0) Complexes with a Tridentate Pyridine-

NHC-Phosphine Ligand in a μ-κ2Ĉ,N-M;κ1P-M Coordination Mode 

Jérémy Willot,[a] Noël Lugan*[a] and Dmitry A. Valyaev*[a] 

 

Abstract: The reaction of a non-symmetrical pyridine-NHC-

phosphine (NĈP) ligand – generated in situ upon the deprotonation of 

the corresponding imidazolium salt – with equimolar amount of 

[Cu(NCMe)4](BF4) or Mn2(CO)10 leads to the formation of bimetallic 

complexes [Cu2(NĈP)2(NCMe)](BF4)2 and [Mn2(CO)7(NĈP)], 

respectively, in which the tridentate ligand exhibits an unusual  

μ-κ2Ĉ,N-M;κ1P-M coordination mode. According to NMR 

spectroscopy and mass spectrometry, the binuclear copper complex 

is in equilibrium in MeCN solution with two mononuclear species, 

namely [Cu(κ2Ĉ,P-NĈP)2](BF4) and [Cu(κ3-N,Ĉ,P-NĈP)(NCMe)](BF4). 

Introduction 

Pincer-type ligands are very popular scaffolds in transition metal 

chemistry and homogeneous catalysis.[1] While the formation of 

mononuclear complexes with meridional κ3-M coordination 

(Scheme 1, (I)) reinforced by two five- and/or six-membered 

chelating cycles clearly makes a reputation for this class of 

ligands, several alternative tridentate coordination modes are 

known as well (Scheme 1, (II-V)). In particular, the central aryl,[2] 

amide,[3] phosphide,[4] pyridine,[5] phosphole[6] or N-heterocyclic 

carbene (NHC)[7] unit can occupy a μ2-bridging position in 

bimetallic complexes II, while the two peripheral donor groups are 

symmetrically bound to both metal atoms. Alternatively, various 

pincer-type ligands can adopt a κ2-M;κ1-M’ coordination mode to 

form binuclear compounds III, in which metal atoms are linked by 

a covalent bond or a metallophilic interaction,[8-12] as well as 

mono-[13] or polymeric[11b,11d,14] complexes IV lacking of any metal-

metal bonding. Finally, in the trimetallic species V each donor 

moiety of the triphos,[15] P-NHC-P,[16] or NHC-Py-NHC[17] ligands 

can be coordinated to the corresponding metal atom without any 

chelating stabilization. 

Though the formation of compounds III with terpyridine-,[8] 

pybox-,[9] triphos-,[10] and PNP-type[11] ligands is quite well 

documented, such derivatives bearing other pincer-like 

architectures still remain scarce.[12] Taking into account 

remarkable application of some compounds II-V in 

photophysics[3b,15f,16b,17a] or homogeneous catalysis,[8b,9b,9d] the 

design of multimetallic systems based on new tridentate ligands 

remains highly topical. We report herein, the synthesis, 

spectroscopic and structural characterization of bimetallic 

transition metal complexes VI (Scheme 1) bearing non-symmetric 

pyridine-NHC-phosphine ligand exhibiting a μ-κ2Ĉ,N-M;κ1P-M 

coordination mode. 

Scheme 1. Diverse coordination modes of tridentate ligands in transition metal 

complexes 

Results and Discussion 

Being aware that the imidazolium salt [1](BF4) (Scheme 2) can be 

used as precursor for the corresponding NHC-core pincer ligand 

NĈP in rhodium and nickel chemistry,[18] we decided to expand 

the scope of this ligand to copper taking into account some 

literature precedents for the successful preparation of 

mononuclear κ3P,N,P-Cu(I) species.[19] We have initially observed 

that the reactions of free NĈP ligand 1, obtained upon 

deprotonation of [1](BF4) using KHMDS, with [Cu(NCMe)4](BF4) 

under various reaction conditions led to the formation of intricate 

mixtures of products. By contrast, the addition of K2CO3 as a weak 

base to an equimolar mixture of [1](BF4) and [Cu(NCMe)4](BF4) in 

acetonitrile at room temperature cleanly afforded complex 

[2•NCMe](BF4)2 isolated in 84% yield as yellow-green crystals 

(Scheme 2). The X-ray diffraction study on single crystals 

obtained from the concentrated MeCN solution revealed, however, 

the formation of a binuclear structure (Figure 1a), in which two 

unsymmetrical NĈP ligands adopt a head-to-head arrangement. 

The recrystallization of [2•NCMe](BF4)2 from a CH2Cl2/Et2O 

mixture afforded the complex [2](BF4)2 (Figure 1b) showing a 

similar arrangement of the ligands but now lacking the 
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Scheme 2. Synthesis of binuclear Cu(I) complex [2•NCMe](BF4)2 

Figure 1. Molecular geometry of complexes [Cu2(NĈP)2(NCMe)](BF4)2 

[2•NCMe](BF4)2 (a) and [Cu2(NĈP)2](BF4)2 [2](BF4)2 (b). Ellipsoids are given at 

30% probability level, BF4
− anions and solvate CH2Cl2 for [2](BF4)2 are omitted. 

For the reason of clarity, only Cipso atoms of phenyl groups are shown. 

acetonitrile ligand. The formation of the latter isomer can be 

tentatively explained by a combination of well-known lability of 

monodentate nitrogen ligands in Cu(I) complexes in solution and 

stabilization of the another form containing a half of solvate 

CH2Cl2 molecule in the crystal cell. The most pertinent metrical 

data for these copper complexes are given in the Table 1. 

Both complexes belong to the structural type III (Scheme 1), 

in which pyridine-NHC and phosphine moieties are coordinated to 

the Cu1 and Cu2 atoms exhibiting a typical metallophilic 

interaction.[20] To the best of our knowledge, only one similar 

structure with non-symmetrical tridentate scaffold is known in 

literature, namely the Cu(I) complex based on oxazoline-pyridine-

phosphaalcene ligand.[12f] The Cu1...Cu2 distance in complex 

[2](BF4)2 is ca. 0.2 Å shorter than the one found in the related 

binuclear Cu(I) complex bearing bidentate NHC-phosphine 

ligands in a bridging head-to-head arrangement.[21] As compared 

to [2](BF4)2, the coordination sphere of Cu2 atom in 

[2•NCMe](BF4)2, being completed by an acetonitrile ligand, 

induces, in particular, the elongation of Cu−P bonds by 0.04-0.07 

Å and a significant decrease of P1−Cu2−P2 angle (124.79(4)° vs. 

149.67(8)° for [2](BF4)2 and [2•NCMe](BF4)2, respectively). In 

contrast, the Cu1−NHC bond distances in both complexes remain 

the same within the experimental error and only a small change 

of the linear C1−Cu1−C2 arrangement can be noticed. 

Interestingly, one of the NHC moieties shows a semi-bridging 

character the Cu2...C10 distances of 2.531(6) and 2.799(3) Å in 

[2](BF4)2, and [2•NCMe](BF4)2, respectively, being below the sum 

of van der Waals radii of these atoms (3.1 Å). These distances 

are however longer than those observed in examples of Cu(I) 

complexes clearly exhibiting semi-bridging NHCs (2.285(9)-

2.310(3) Å).[17b,22] It can also be mentioned that the Cu1−N6 

distances related to the pyridine moiety being connected to the 

semi-bridging NHC is systematically longer than the Cu1−N3 

distances in the other ligand. Finally, the configuration of the chiral 

centers at C4 and C13 was found to be different for [2](BF4)2 

(RS/SR) and [2•NCMe](BF4)2 (SS/RR) demonstrating that some 

structural reorganization is possible in solution (vide infra). 

  

Table 1. Selected bond distances (Å) and angles (°) for Cu(I) the complexes 

[2](BF4)2 (left column) and [2•NCMe](BF4)2 (right column) 

[Cu2(NĈP)2](BF4)2 [Cu2(NĈP)2(NCMe)](BF4)2 

Cu1−C1 

1.930(7) 

Cu1−C10 

1.933(7) 

Cu2...C10 

2.531(6) 

Cu1−C1 

1.934(3) 

Cu1−C10 

1.915(3) 

Cu2...C10 

2.799(3) 

Cu1−N3 

2.098(6) 

Cu1−N6 

2.148(6) 

Cu1...Cu2 

2.4179(11) 

Cu1−N3 

2.135(2) 

Cu1−N6 

2.349(3) 

Cu1...Cu2 

2.6179(5) 

− 
Cu2−P1 

2.2105(19) 

Cu2−P2 

2.2109(19) 

Cu2−N7 

2.012(3) 

Cu2−P1 

2.2566(8) 

Cu2−P2 

2.2865(11) 

C1−Cu1−C10 

161.1(3) 

P1−Cu2−P2 

149.67(8) 

C1−Cu1−C10 

168.62(13) 

P1−Cu2−P2 

124.79(4) 

C1−Cu1−N3 

82.3(3) 

C10−Cu1−N6 

81.0(2) 

C1−Cu1−N3 

81.43(10) 

C10−Cu1−N6 

77.06(11) 

 



    

 

 

 

 

 

The analysis of the NMR spectroscopy data for complexes 

[2](BF4)2 and [2•NCMe](BF4)2 appeared not to be trivial. At room 

temperature, the 31P NMR spectra of both complexes in CD3CN 

display a major signal at δP 6.8 ppm and two broad resonances of 

equal intensity at δP 12.2, and −1.1 ppm (Figure 2, top). Upon 

cooling to −40 °C, the signals of the minor species become broad 

doublets at δP 12.4 and −2.4 ppm with a JPP coupling constant of 

82.0 Hz (Figure 2, bottom). While 1H spectrum at 25 °C was not 

very informative due to line broadening, at −40 °C, the key signals 

of the major complex could be successfully attributed. In particular, 

the characteristic resonance of CHPh bridge between NHC and 

phosphine moiety appears at δH 6.73 ppm as a virtual triplet with 

JPH of 4.2 Hz. On the other hand, the signals of CHPh and carbene 

carbon atoms in 13C{1H} spectrum recorded at low temperature, 

also appeared as virtual triplets at δC 63.9 (JPC = 14.2 Hz) and 

183.2 (JPC = 15.6 Hz) ppm, respectively. 

Figure 2. 31P{1H} spectra of complex [Cu2(NĈP)2](BF4)2 at 298K (top) and 233K 

(bottom) (202.5 MHz, CD3CN). 

In order to get more information about the dynamic processes 

occurring in solution for the Cu(I) complex, we have carried out 
31P−31P 2D-EXSY experiments at different temperatures (Figure 

3). Despite a modest signal/noise ratio due to low amount of minor 

complex in solution and signal broadening, at 30°C, we have 

unambiguously observed the presence of cross-peaks evidencing 

the interconversion between two observed complexes (Figure 3a). 

At a slightly lower temperature of 10 °C, this process become 

undetectable while further cooling to −10°C evidences another 

exchange process now involving the minor compound only. 

The analysis of the sample by ESI mass-spectrometry in 

MeCN solution reveals the presence of the molecular peak of the 

cationic part of the parent bimetallic compound [Cu2(NĈP)2]2+ 

(m/z 482.5) as well as two mononuclear complexes of the 

composition [Cu(NĈP)2]+ (m/z 901.4) and [Cu(NĈP)(NCMe)]+ 

(m/z 522.9) (Figure S7). Additionally, the peaks of [Cu(NCMe)2]+ 

(m/z 145.0) and imidazolium salt [1]+ (m/z 420.4) are observed. 

Based on the NMR and mass-spectrometry data we propose 

that the bimetallic complex [2](BF4)2 actually constitutes the minor 

species observed in the 31P NMR spectra, the two inequivalent 

phosphorus nuclei exhibiting a typical 2JPP coupling constant of  

Figure 3. 31P−31P 2D EXSY spectra (202.5 MHz, CD3CN) of complex 

[Cu2(NĈP)2](BF4)2 at 303K (left) and 233K (right). 

82.0 Hz. This compound would undergo a reversible dissociation 

in solution to form the mononuclear complex [3](BF4) bearing two 

NĈP ligands in a κ2Ĉ,P coordination mode (Scheme 3). The 

structure of this complex showing a [distorted] tetrahedral 

arrangement of the ligands around the metal atom can be inferred 

from the equivalence of the coordinated phosphorous nuclei 

(singlet at δP 6.8 ppm in the 31P NMR spectra) and virtual triplets 

observed for CHPh and carbene atoms the 1H and 13C spectra, 

clearly showing that in the major species the two NHC and the 

two phosphine moieties are coordinated to the same metal atom. 

Additionally, due to the relatively labile character of Cu(I)−NHC 

bonding well documented in literature,[23] the [2](BF4)2 species 

could also reversibly form two molecules of complex [4](BF4) 

containing a MeCN ligand and a tridentate NĈP ligand 

presumably in κ3N,Ĉ,P coordination mode (Scheme 3). Though 

we have no distinct NMR signature for this product, it could be the 

actual intermediate in the automerization process of [2](BF4)2 

observed by 31P−31P 2D-EXSY at −10°C (Figure 3, right).  

Scheme 3. Proposed dynamic processes taking place in the case of binuclear 

Cu(I) complex [2](BF4)2 in acetonitrile solution 

 Considering that complexes II-V (Scheme 1) mainly dealt 

with coinage metals, we were curious to know whether the 

present unsymmetrical NĈP ligand would allow similar 

coordination mode to be observed with other transition metals. In 

a continuation of our interest to manganese NHC complexes,[24] 



    

 

 

 

 

 

we thus decided to evaluate the reactivity of the free NĈP ligand 

1 with the Mn(0) precursor Mn2(CO)10. Under UV irradiation, the 

reaction led to the formation of the binuclear complex 

[Mn2(CO)7(NĈP)] (5) isolated in 52% yield after purification by 

column chromatography (Scheme 4). This result differs from 

thermal reaction of Mn2(CO)10 with two equivalents of PNP ligand 

precursor in the presence of hexamethyldisiloxane leading to the 

isolation of pincer complex [(κ3P,N,P-(iPr2PCH2CH2)2N)Mn(CO)2] 

in 67% yield.[25] 

Scheme 4. Synthesis of binuclear Mn(0) complex 5 with bridging NĈP ligand 

Compound 5 belongs to the relatively underdeveloped Mn(0) 

NHC complexes family.[26] Solution IR spectrum of 5 shows seven 

νCO bands in a 2022-1873 cm−1 domain. In 13C spectrum, the 

signal of the carbenic atom, observed as a doublet at δC 215.2 

ppm with a 2JPC coupling of 8.0 Hz, is located in the same region 

as previously observed for Mn2(CO)9(NHC) parent complexes.[26b] 

The exact structure of 5 was inferred from an X-ray diffraction 

analysis (Figure 4). As for the Cu(I) complexes [2](BF4)2 and 

[2•NCMe](BF4)2, the tridentate NĈP ligand is coordinated in μ-

κ2Ĉ,N-M;κ1P-M fashion. The Mn–Mn bond length (2.9584(3) Å) is 

slightly longer than in the Mn2(CO)10 precursor (2.9078(2) Å)[27] 

and compares well with the one found in the binuclear complex 

Mn2(CO)9(IMes) (2.9576(4) Å)[26b] bearing a NHC ligand in trans 

position relative to the metal-metal bond. The Mn−NHC bond 

distance in 5 (1.9700(17) Å) is shorter than the one found in  

Figure 4. Molecular geometry of complex [Mn2(CO)7(NĈP)] 5 (30% probability 

ellipsoids). Selected bond distances (Å) and angles (°): Mn1−Mn2 2.9584(3), 

Mn1−C1 1.9700(17), Mn1−N3 2.0860(14); Mn2−P1 2.3272(5), C1−Mn1−N3 

77.44(6).  

Mn2(CO)9(IMes) (2.0339(18) Å) and belongs to the shortest 

known for any Mn−NHC complexes, being comparable only with 

the values observed in half-sandwich Mn(I) NHC complex 

tethered with a Cp ligand (1.964(2) and 1.963(2) Å).[24b] 

Conclusions 

We have shown that the tridentate pyridine-NHC-phosphine 

ligand is flexible enough to form in good yield bimetallic species 

in which NHC-pyridine and phosphine donors bridge two 

proximate metal atoms connected either by a metallophilic 

interaction or by metal-metal covalent bond. These results 

demonstrate the utility of non-symmetrical pincer-type 

architectures for the design of unusual bi- and polymetallic 

compounds with possibly interesting photochemical or catalytic 

properties. The studies in this direction is actually in progress in 

our group. 

Experimental Section 

General considerations. All manipulations were carried out using 

Schlenk techniques under an atmosphere of dry nitrogen. Dry and oxygen-

free organic solvents (THF, Et2O, CH2Cl2, toluene, pentane) were obtained 

using LabSolv (Innovative Technology) solvent purification system. 

Acetonitrile was dried over P2O5 and distilled under argon prior to use. 

Hexane and toluene used for column chromatography purification were 

deoxygenated by nitrogen bubbling during 15-20 min. Imidazolium salt 

[1](BF4)[18] and [Cu(NCMe)4](BF4)[28] were prepared according to 

previously described procedures. All other reagent grade chemicals 

purchased from commercial sources were used as received. Synthesis of 

complex 5 was carried out using a home-made external 10 W light source 

based on 395-405 nm LEDs. Chromatographic purification of the 

compounds was performed on silica (0.060-0.200 mm, 60 Å) obtained from 

Acros Organics flushed with nitrogen just before use. Solution IR spectra 

were recorded in 0.1 mm CaF2 cells using a Perkin Elmer Frontier FT-IR 

spectrometer and given in cm–1 with relative intensity in parentheses. 1H, 
31P, and 13C NMR spectra were obtained on Bruker Avance 400, Avance 

III HD 400 and Avance 500 spectrometers and referenced to the residual 

signals of deuterated solvent (1H and 13C) and to 85% H3PO4 (31P external 

standard). When necessary the additional information on the carbon 

signals attribution was obtained using 13C{1H,31P} and 1H–13C HMQC 

experiments. Elemental analysis was carried out in LCC-CNRS (Toulouse, 

France) using Perkin Elmer 2400 series II. 

Synthesis of complex [2•NCMe](BF4)2. To a solution of [1]BF4•0.4THF 

(107 mg, 0.2 mmol) in MeCN (10 mL) solid [Cu(NCMe)4](BF4) (63 mg, 0.2 

mmol) was added at room temperature and the solution was stirred for 1 

h. Then K2CO3 (41 mg, 0.3 mmol) was added and the resulting mixture 

was stirred for two additional hours and then filtered through Celite. The 

solution was concentrated to ca. 2-3 mL and ether (10 mL) was added 

dropwise with a stirring to induce the precipitation of the target complex. 

The supernatant was removed by decantation and the precipitate was 

dried under vacuum to afford [2•NCMe](BF4)2 (99 mg, 84%) as yellow 

microcrystalline powder. Single crystals of [2•NCMe](BF4)2 suitable for X-

ray diffraction experiment were obtained from concentrated solution of 

complex in acetonitrile at room temperature. The dissolution of the sample 

of [2•NCMe](BF4)2 in CH2Cl2 and vapor diffusion of ether allowed to 

prepare the single crystals of other form of this complex [2](BF4)2
 lacking 

the coordinated MeCN ligand. Due to the occurrence of two dynamic 



    

 

 

 

 

 

processes in solution, the amount of [2](BF4)2 was relatively low and it was 

reliably detected only by 31P NMR spectroscopy. The major component in 

CD3CN solution [Cu(κ2N,Ĉ-NĈP)2](BF4) was fully characterized by multi-

nuclear NMR spectroscopy. 

[2•NCMe](BF4)2: 31P{1H} NMR (202.5 MHz, CD3CN, 25 °C): δ 12.2 (br s), 

–1.1 ppm (br s). 31P{1H} NMR (202.5 MHz, CD3CN, –40 °C): δ 12.9 (d, 2JPP 

= 81.2 Hz), –2.4 ppm (d, 2JPP = 83.8 Hz). Anal. Calcd. for 

C56H47B2Cu2F8N7P2 (M = 1180.7) C, 56.97; H, 4.01; N, 8.30. Found: C, 

56.92; H, 4.21; N, 8.53. We were unable to obtain acceptable 

microanalysis data for copper complex [2](BF4)2, probably because of a 

variable amount dichloromethane trapped in the solid samples. 

[3](BF4): 1H NMR (500.3 MHz, CD3CN, 25 °C): δ 8.05 (br s, 1H, Py), 8.03 

(br s, 1H, Ph), 7.86 (br d, 3JHH = 7.2 Hz, 1H, Py), 7.61 (s, 1H, CHIm-4,5), 

7.55–7.47 (m, 2H, Ph), 7.45–7.23 (m, 9H, Ph + Py), 7.21–7.10 (m, 3H, Ph 

+ CHIm-4,5), 6.93 (br t, 3JHH = 6.1 Hz, 1H, Ph), 6.89–6.76 (m, 2H, Py), 6.68 

ppm (br s, 1H, CHPh). 1H NMR (500.3 MHz, CD3CN, –40 °C): δ 8.05 (d, 
3JHH = 14.1 Hz, 1H, Py), 8.04 (s, 1H, Ph), 7.88 (d, 3JHH = 8.3 Hz, 1H, Py), 

7.58 (s, 1H, CHIm-4,5), 7.51 (d, 3JHH = 14.1 Hz, 2H, Ph), 7.45–7.27 (m, 9H, 

Ph + Py), 7.22–7.15 (m, 3H, Ph + CHIm-4,5), 6.87 (t, 3JHH = 7.3 Hz, 1H, Ph), 

6.78 (t, 3JHH = 7.6 Hz, 2H, Py), 6.73 ppm (vt, JPH = 4.1 Hz, 1H, CHPh); 
31P{1H} NMR (202.5 MHz, CD3CN, 25 °C): δ 6.8 ppm (s). 31P{1H} NMR 

(202.5 MHz, CD3CN, –40 °C): δ 6.9 ppm (s). 13C{1H} NMR (125.8 MHz, 

CD3CN, –40 °C): δ 182.3 (vt, JCP = 15.6 Hz, Cu–CN2), 149.4 (s, Cipso Py), 

148.6 (s, CHPy), 141.6 (s, CHPy), 135.8 (br s, CHPh), 134.7 (vt, JCP = 7.7 

Hz, CHPPh2), 134.1 (d overlapped with another d, 1JCP = 18.2 Hz, Cipso PPh2), 

134.0 (d overlapped with another d, 1JCP = 15.6 Hz, Cipso PPh2), 132.1 (s, 

Cipso Ph), 132.8 (vt, JCP = 7.4 Hz, CH PPh2), 131.8 (s, CHPh), 131.4 (s, CHPh), 

129.8 (br d, JCP = 4.2 Hz, CH PPh2), 129.6 (br vt, JCP = 4.5 Hz, CH PPh2), 

129.3 (s, CHPh), 128.7 (s, CHPy), 126.5 (s, CHIm-4,5), 124.0 (s, CHIm-4,5), 

112.7 (s, CHPy), 63.9 ppm (vt, JCP = 14.2 Hz, PC(H)Ph).  

Synthesis of complex (5). To a suspension of [1]BF4•0.4THF (80 mg, 

0.15 mmol) in toluene (10 mL) a 0.5M solution of KHMDS in toluene (330 

μL, 0.165 mmol) was added dropwise at room temperature. The reaction 

mixture was sonicated for 5 min and stirred for additional 5 min. To the 

resulting orange solution of free NHC 1 solid Mn2(CO)10 was added and 

the solution was irradiated with UV light under vigorous stirring with IR 

monitoring. IR data showed gradual disappearance of starting Mn2(CO)10 

(CO 2046 (s), 2011 (vs), 1982 cm−1 (m br)) and the formation of new 

species with very complex IR spectrum. The irradiation was continued until 

the characteristic CO bands of the product at 1965 (vs) and 1948 cm–1 (vs) 

ceased to increase (ca. 30-40 min). Then Schlenk tube was removed from 

the reactor and heated in the oil bath at 80°C for 2 h leading to additional 

increase of the CO bands of the target product 5. The resulting deep-

orange solution was cooled to room temperature, filtered through Celite 

and evaporated under vacuum. The residue was purified by column 

chromatography on silica (7×1 cm). Elution with hexane/toluene 1:1 

mixture afforded first yellow band containing traces of unreacted 

Mn2(CO)10 followed by yellow band containing a small amount of 

unidentified manganese carbonyl complexes (discarded). The product 5 

was eluted with pure toluene as large orange band. The eluate was 

evaporated under vacuum and the orange residue was dissolved in the 1:1 

mixture of THF with degassed heptane (20-25 mL), filtered through Celite 

and concentrated to ca. 10 mL to induce the crystallization of the product 

finished at –20°C overnight. The supernatant was removed by decantation 

and the precipitate was washed with hexane (5 mL) and dried under 

vacuum to afford complex 5 (62 mg, 52%) as red-orange crystals 

containing according to 1H NMR and microanalysis data one molecule of 

THF solvate. Single crystals of 5 suitable for X-ray diffraction were 

obtained by vapor diffusion of hexane to the solution of complex in ether 

at room temperature. 

5: 1H NMR (400.1 MHz, CD2Cl2, 25 °C): δ 9.05 (br d, 3JHH = 5.7 Hz, 1H, 

Py), 7.90 (td, 3JHH = 8.3 Hz, JHH = 1.2 Hz, 1H, Py), 7.76–7.70 (m, 3H, Ph), 

7.68 (d, 3JHH = 8.3 Hz, 1H, Py), 7.50 (td, 3JHH = 7.4 Hz, JHH = 1.1 Hz, 1H, 

Py), 7.44–7.39 (m, 3H, Ph + CHIm-4,5), 7.37–7.30 (m, 3H, Ph), 7.24 (t, 3JHH 

= 7.7 Hz, 2H, Ph), 7.19–7.09 (m, 3H, Ph), 6.91 (d, 3JHH = 2.3 Hz, 1H, CHIm-

4,5), 6.79 (d, 3JHH = 7.7 Hz, 2H, Ph), 5.93 (d, 2JPH = 3.0 Hz, 1H, CHPh), 3.68 

(m, 4H, OCH2CH2 THF), 1.82 ppm (m, 4H, OCH2CH2 THF). 31P{1H} NMR 

(162.0 MHz, CD2Cl2, 25 °C): δ 126.0 ppm (br s). 13C{1H} NMR (100.6 MHz, 

CD2Cl2, 25 °C): δ 229.9 (s, Mn–CO), 229.3 (br s, Mn–CO), 228.3 (s, Mn–

CO), 226.0 (br s, Mn–CO), 225.2 (br s, Mn–CO), 223.4 (br s, Mn–CO), 

221.9 (s, Mn–CO), 215.2 (d, 2JCP = 8.0 Hz, Mn–CN2), 154.0 (s, CHPy), 

150.8 (s, Cipso Py), 137.6 (s, CHPy), 135.1 (d, 1JCP = 28.5 Hz, Cipso PPh2), 

134.5 (d, 1JCP = 35.3 Hz, Cipso PPh2), 134.4 (d, JCP = 11.1 Hz, CH PPh2), 132.9 

(d, JCP = 8.1 Hz, CHPPh2), 132.9 (s, Cipso Ph), 132.7 (d, JCP = 3.3 Hz, CHPh), 

131.5 (d, JCP = 1.8 Hz, CHPh), 130.6 (d, JCP = 1.0 Hz, CHPh), 129.9 (s, 

CHPh), 129.2 (s, CHPPh2), 128.9 (d, JCP = 9.1 Hz, CH PPh2), 128.8 (d, JCP = 

8.3 Hz, CHPPh2), 123.0 (d, 3JCP = 2.0 Hz, CHIm-4,5), 119.4 (s, CHPy), 116.0 

(d, 4JCP = 2.2 Hz, CHIm-4,5), 111.8 (s, CHPy), 69.2 (d, 1JCP = 3.1 Hz, 

PC(H)Ph), 68.3 (s, OCH2CH2 THF), 26.2 (s, OCH2CH2 THF). IR (toluene): CO 

2022 (vs), 1965 (vs), 1948 (vs), 1920 (s), 1905 (s), 1898 (s), 1873 cm–1 

(m). Anal. Calcd. for C34H22N3PMn2O7•THF (M = 797.5) C, 57.23; H, 3.79; 

N, 5.27. Found: C, 57.21; H, 3.42; N, 4.98. 

X-ray diffraction studies. The single-crystal X-ray diffraction data 

collection was carried out on a Bruker D8/APEX II/Incoatec Mo IµS 

Microsource diffractometer ([2•NCMe](BF4)2, [2](BF4)2) and on a Nonius 

Mach 3/APEX II/sealed Mo X-ray tube diffractometer (5). All calculations 

were performed on a PC compatible computer using the WinGX system.[29] 

The structures were solved using the SIR92 program[30] and refined by a 

full-matrix least-squares technique on F2 with anisotropic displacement 

parameters for all non-hydrogen atoms using the SHELXTL program 

suite.[31] Atomic scattering factors were taken from the usual tabulations. 

Anomalous dispersion terms for the Mn and Cu were included in Fc. The 

hydrogen atoms were set in idealized positions (RCH3, C–H = 0.98 Å, 

Uiso(H) = 1.5Ueq(C); C(sp2)–H = 0.95 Å; Uiso(H) = 1.2Ueq(C)) and their 

positions refined as “riding” atoms. One of the BF4
− anions in complex 

[2•NCMe](BF4)2 was disordered over two positions with 1:1 ratio. The 

hydrogen atoms were set in idealized positions, as described above. After 

completing the initial structure solution for complexes [2•NCMe](BF4)2, it 

was found that 14% of the total cell volume was filled with disordered 

solvent molecules, which could not be precisely modeled in terms of 

discrete molecules. The disordered solvent contribution was then 

subtracted from the observed data using the SQUEEZE procedure.[32] 

CCDC 1919547-1919549 contain the supplementary crystallographic data 

for the structures unveiled in this paper. These data can be obtained free 

of charge from the Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 
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