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Abstract 

Cyclometalation reactions are among the oldest C-H activation processes, and those involving aromatic phosphines are well known 

in electron-rich complexes of the late transition metals. We have recently been able to effect cyclometalation reactions for the first 

time at basic cobalt centers by using imine group. It is also of general interest to study the reactivity of trimethylphosphine 

stabilized cobalt compounds toward aromatic imines. Imine ligands are reacts smoothly under mild conditions with cobalt (I) 

adducts to form five-membered metallacycles.The reaction of N-(1-naphthylmethylene) aniline, N-(1-naphthylmethylene)-2,6-

dimethylaniline and N-Benzylbenzylidene imine with CoCH3 (PMe3)4 to give ortho-metalated Co (I) & (III) complexes 1, 2, 3 and 

4. All complexes are given from 1- 4 were characterized through IR, NMR and X-ray diffraction. 
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1. Introduction 

Many commercially important processes that rely on transition 

metal organometallic complexes as catalysts have been 

developed, and such applications are likely to gain more 

importance in the future [1]. The activation of C – H bonds by 

“organometallic routes” (i.e., those involving the formation of 

a bond between carbon and a metal center) is a very large, 

diverse and highly active field [2, 8]. The first reported example 

of “C-H activation” by a transition metal complex is often 

attributed to Chatt [9] Ru (0) (dmpe)2 was generated, leading to 

activation of a C-H bond of a ligand phosphine methyl group 

or of a C-H bond of naphthalene. C-H bond activations are 

often classified as proceeding via either nucleophilic 

(oxidative addition) or electrophilic modes. However, current 

directing groups, such as the well explored pyridyl moiety, 

can only direct the activation of C−H bonds that are close in 

distance and geometrically accessible, typically ortho-C−H 

bonds due to the chelating effect. [10−19] Perhaps even more so 

than the corresponding modes of H2 activation. Both reactions 

appear to proceed through a σ- bond intermediate [20, 22]. Even 

more striking, putatively electrophilic activations, in most 

cases, proceed via complete oxidative addition (followed by 

deprotonation of the resulting metal hydride) [23]. 

Cyclometalation reactions are intramolecular C-H oxidative 

additions in which C-H bond breaking and M-C bond 

formation occurs for alkyl or aryl groups attached to a donor 

atom. The result is the formation of a heterocyclic ring. The 

hydrogen from C-H may in some cases remain bound to the 

metal, but more commonly an elimination reaction occurs in 

which H combines with H, Cl, or CH3 etc. bound to the metal 

to generate H2, HCl, CH4 etc. Probably the most common 

intramolecular C-H oxidative addition is the so-called ortho-

metalation reaction of aryl groups. This is of great importance 

in complexes of trialkylphosphine, but many substrates such 

as azobenzene, aromatic ketones and thioketones, or imine 

compounds can react similarly. Cyclometalation of ligand aryl 

groups was discovered early and ultimately found to be quite 

common [24]. Benzylic imines (PhCH=NR) are the most 

studied ligands in the cyclometalation of transition metals. 

The first examples of cyclometalated compounds of transition 

metals are benzylideneaniline (N-phenyl benzylideneimine) 

reactions of Pd, Mn and Re [25, 26]. Thirty years ago Bruce et 

al. studied the main part of cyclomanganation chemistry 

involving N-donor substrates and it is one of the standard 

procedure for activating C-H bonds ever since. 

Cyclometalated complexes arise from the reaction of CH3Mn 

(CO)5 with benzylideneani line in light petroleum by refluxing 
[27, 29]. Another metal which has been studied very often in 

reactions with imines is ruthenium [30, 33]. Ruthenium complex-

catalyzed C-H olefin coupling and related reactions have been 

widely recognized as useful synthetic processes for carbon - 

carbon bond formation [34]. Hiraki observed an unusual 

formation of cyclometalated C, H-trans–hydridoruthenium 

(II) complex and its isomerization into C,H-cis-type [35]. The 

catalysis of organic reactions is one of the most important 

applications of organometallic chemistry and has been a 

significant factor in the rapid development of the whole 

field.[36] Organometallic catalysts have long been used in 

industrial processes but are now being routinely applied in 

organic synthesis as well. The application of organometallic 

reagents and catalysts to synthetic problems is one of the 

fastest growing areas [73]. Continuing rise in environmental 

concerns and green chemistry led to increasing interest in 

catalytic reactions. Study of the polymerization of olefins by 

soluble, well defined transition metal complexes is an ever 

growing area but it is already clear that these catalysts can 

produce polymers of quite different microstructures and could 

become commercially important in future [73]. 
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2. Experimental 

2.1 General procedures and materials: 

All air-sensitive and volatile materials were handled either in 

vacuo or under argon by using standard Schlenk techniques 
[39]. This type of apparatus offers an opportunity of carrying 

out a complete synthesis in a closed system, and in one run 

synthesis, transport and storage of chemicals were done under 

an atmosphere of purified Argon (BTS catalyst) [40]. Solvents 

(THF, diethyl ether, and pentane) were dried according to 

known procedures and were freshly distilled prior to use. All 

reagents (Aldrich, Acros, Fluka, or Lancaster) were used as 

purchased without further purification.  

Trimethylphosphine PMe3
 [41], CoMe(PMe3)4 

[24], N-(1-

naphthylmethylene)-aniline [43] and were synthesized 

according to literature procedures. C, H, P, N analyses of air 

sensitive solids were carried by H. Kolbe micro-analytical 

laboratory, Mulheim /Ruhr. Infrared spectra (4000-400 cm-1), 

as obtained from Nujol mulls between KBr discs, were 

recorded on a Bruker FRA106 spectrometer. 1H, 13C and 31P 

NMR spectra were obtained from Bruker AVANCE 500, 

ARX 300 and AM 200 spectrometers. 13C and 31PNMR 

resonances were obtained with broad-band proton decoupling. 

Assignment of 13C signals was supported by DEPT trace. 

Melting points were measured in capillaries sealed under 

argon atmosphere.  

 

N-(1-naphthylmethylene)-2, 6-dimethylaniline 

This ligand was prepared by refluxing a mixture of 7.40 g 

(47.3 mmol) of α- naphthylcarbaldehyde and of 5.74 g (47.3 

mmol) of 2, 6-dimethylaniline in 70 ml toluene for 6 hours. 

Toluene was removed in vacuo, and the residue was distilled 

to yield yellow oil which slowly crystallized at 4 °C. 10.20 g 

of a yellow solid were collected in 83% yield, m.p. 71 - 72°C 

(dec). 1H NMR (300 MHz, d8 -THF, 297 K, ppm): δ = 2.17 (s, 

6H, Ar–CH3); 6.94 (t, 3JH,H = 7.7 Hz, 1H, Ar–H); 7.09 (d, 
3JH,H = 7.5 Hz, 1H, Ar–H), 7.58-7.69 (m, 3H, Ar–H); 8.03 

(dd, 3JH,H = 7.3 Hz, 4JH,H = 1.5 Hz, 1H, Ar–H); 8.10 (d, 
3JH,H = 8.3 Hz, 1H, Ar–H); 8.14 (d, 3JH,H = 7.2 Hz, 1H, Ar–

H); 8.91 (s, 1H, Ar–H); 9.29 (d, 4JH,H = 8.3 Hz, 1H, H–C=N). 
13C NMR (300 MHz, d8 -THF, 297 K, ppm): δ = 18.1 (s, Ar–

CH3); 117.2 (s, CH); 123. (s, CH); 125.2 (s, CH); 125.7 (s, 

CH); 126.7 (s, CH); 126.9 (s, C); 127.9 (s, C); 128.4 (s, CH); 

129.1(s, CH); 130.7 (s, CH); 131.8 (s, C); 132.3 (s, CH); 

134.5 (s, C); 149.9 (s, C); 163.7 (s, H–C=N). C19H17N, Mw. 

(259.35 g/mol): Calc.: C, 87.99; H, 6.61; N; 5.40 Found: C, 

87.60; H, 6.62; N; 5.39 %. 

 

[2-[(phenylimino-κN)methyl]naphthyl-κC]tris-

(trimethylphosphine)cobalt(I) (1) 

875 mg (2.31mmol) of CoCH3(PMe3)4 in THF were combined 

with 535 mg (2.31 mmol) of N-(1naphthyl methylene)aniline 

to afford 1 as dark green crystals, yield 981mg (82%); 

M.P.109 - 111 °C. (dec). IR (Nujol) ῡ = 3048 w (ν H−C=C); 

1587 m (ν C=C); 1340 w (δas PCH3 ); 1294 m, 1277 m 

(δsPCH3 ); 1191 w; 1167 m; 936 vs (ρ1 PCH3); 810 w (ρ2 

PCH3); 767 w (γ C−H arom); 741m, 700 m (νas PC3 ); 654 m 

(νs PC3 ). 1H NMR (500 MHz, d8 -THF, 300 K, ppm): δ = 1.06 

(s, 27H, PCH3); 7.07 (t, 3JH,H = 7.3 Hz, 1H, Ar−H); 7.15 - 

7.28 (m, 6H, Ar−H); 7.46 (d, 3JH,H = 8.5 Hz, 1H, Ar−H); 

7.64 (d, 3JH,H = 8.3 Hz, 1H, Ar−H); 7.97 (d, 3JH,H = 8.3 Hz, 

1H, Ar−H); 8.39 (d, 3JH,H = 8.5 Hz, 1H, Ar−H); 9.51 (sbr, 

1H, H−C=N). 13C NMR (125 MHz, d8 -THF, 300 K, ppm): δ 

= 22.3 (m, PCH3); 112.2 (s, CH); 121.8 (s, CH); 122.1 (s, 

CH); 123.7 (s, CH); 124.1 (s, CH); 126.6 (s, CH); 127.5 (s, 

CH); 131.3 (s, CH); 141.1 (s, C); 142.6 (s, C); 145.8 (s, C); 

153.3 (s, C); 158.6 (s, C=N); 179.2 (m, Co-C). 31P NMR (202 

MHz, d8 -THF, 300 K, ppm): δ = -16.3 (m, 2P, PCH3); - 3.8 

(m, 1P, PCH3). C26H39CoNP3, Mw. (517.46 g/mol): Calc.: C, 

60.35; H, 7.60; N; 2.71; P, 17.96 Found: C, 60.12; H, 7.86; N; 

2.71; P, 17.95 %. 

 

[2-[(2,6-dimethylphenylimino-κN)methyl]naphthyl-

κC]tris(trimethylphosphine)cobalt(I) (2) 

A solution of N-(1-naphthylmethylene)-2,6-dimethylaniline 

(0.994 g, 3.83 mmol) in 10 mL of THF were combined with a 

solution of CoCH3(PMe3)4 (1.45 g, 3.83 mmol) in THF (50 

mL) at -80 °C. This was allowed to warm to 20 °C and stirred 

for 18 h to form a green, turbid mixture, which was filtered. 

Crystallization from pentane at -27 °C yielded dark green 

single crystals 2 suitable for X-ray analysis; yield 1.25 g 

(60%), M.P.109 - 111 °C. (dec). IR (Nujol) ῡ = 3047 w (ν 

H−C=C); 1637 vw; 1606 vw, 1590 vw (ν C=C); 1531 vw (ν 

C=N); 1423 m (δas PCH3 ); 1327 m; 1318 m; 1296 m, 1275 s 

(δs PCH3 ); 1253 vw; 1187 m; 1143 vw; 1092 vw; 1042 vw; 

956 s, 940 vs (ρ1 PCH3); 875 w; 845 w (ρ2 PCH3); 818 w; 

804 s, 760 s (γ C− H arom); 734 m; 697 m (νas PC3 ); 664 m 

(νs PC3 ); 624 vw; 599 vw; 571 vw; 542 vw; 503 vw; 460 w; 

436 w; 417 w. 1H NMR (500 MHz, d8 -THF, 300 K, ppm): δ 

= 1.01 (sbr, 9H, PCH3); 1.07 (s, 18H, PCH3); 2.14 (s, 6H, Ar − 

CH3); 7.02 - 7.08 (m, 4H, Ar − H); 7.18 (t, 3JH,H = 7.4 Hz, 

1H, Ar − H); 7.48 (d, 3JH,H = 8.2 Hz, 1H, Ar − H); 7.64 (d, 
3JH,H = 7.9 Hz, 1H, Ar − H); 7.94 (d, 3JH,H = 8.2 Hz, 1H, Ar 

− H); 8.53 (d, 3JH,H = 8.6 Hz, 1H, Ar − H); 9.34 (s, 1H, H− C 

= N). 13C NMR (125 MHz, d8 - THF, 300 K, ppm): δ = 19.1 

(s, Ar − CH3); 23.3 (dt, 3JP,C = 2.2 Hz, 1JP, C = 10.6 Hz, 

PCH3)118.9 (dd, 5JP,C = 3.4 Hz, 4JP,C = 5.6 Hz, CH); 122.8 

(s, CH); 123.4 (s, CH); 124.9 (d, 5JP,C = 4.5 Hz, CH); 128.6 

(s, CH); 128.8 (s, CH); 131.8 (s, C); 132.5 (s, C); 133.6 (s, C); 

138.9. (s, C); 142.8 (s, C); 144.4 (m, CH); 153.3 (m, CH); 

160.4 (d, 4J P,C = 3.4 Hz, C=N); 181.2 (m, Co − C). 31P NMR 

(202 MHz, d8 -THF, 300 K, ppm): δ = -14.9 (sbr, 2P, PCH3); - 

4.5 (sbr, 1P, PCH3). C28H43CoNP3 (545.51 g/mol): Calc.: C, 

61.76; H, 7.77; N, 2.57; P, 17.07 Found: C, 60.61; H, 7.86; N, 

2.64; P, 17.35%. 

 

Hydrido[2-[((2-Benzyl-κC)imino-κN)methyl]phenyl-

κC]tris-(trimethylphosphine)cobalt(III) (3) 

A solution of N benzyl-benzylideneimine (434 mg, 2.22 

mmol) in 20 mL of THF were combined with a solution of 

CoCH3 (PMe3)4 (840 mg, 2.22 mmol) in THF (50 mL) at -80 

°C. This was allowed to warm to 20 °C and stirred for 18 h to 

form an orange, turbid mixture, which was filtered. 

Crystallization from pentane at 4 °C yielded orange single 

crystals 3; yield 99 mg (11%), M.P.116 - 118 °C. (dec). IR 

(Nujol) ῡ = 3096 vw, 3069 vw (ν H−C=C); 1879 m (ν Co−H); 

1588 w, 1573 s (ν C=C); 1531 w (ν C=N); 1427 m, 1416 m 

(δas PCH3); 1309 w, 1298 w (δs PCH3); 1274 s; 1254 vw; 

1204 w; 1149 vw; 1109 w; 1056 w; 1020 vw; 1005 w; 936 vs 

(ρ1 PCH3); 855 s, 841 s (ρ2 PCH3); 811 vw; 756 s (γ 

C−Harom); 726 vs (νas PC3); 670 m (νs PC3); 619 vw; 535 
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vw; 477 vw; 458 vw. 1H NMR (500 MHz, d8 -THF, 300 K, 

ppm): δ = - 18.73 (t, 2JP,H = 72.4 Hz, 1H, Co−H); 0.80 (s, 

27H, PCH3); 5.08 (s, 2H, CH2); 6.69 (m, 1H, Ar − H); 6.72 (t, 
3JH,H = 6.8 Hz, 1H, Ar−H); 6.80 (d, 3JH, H = 6.8 Hz, 1H, Ar 

− H); 6.85 (t', 3JH,H = 6.9 Hz, 1H, Ar-H); 6.91 (t, 3JH,H = 6.8 

Hz, 1H, Ar − H); 7.29 (d, 4JP,H = 5.3 Hz, 1H, Ar − H); 7.39 

(d, 3JH,H = 7.1 Hz, 1H, Ar − H); 7.63 (d; 3JH,H = 6.5 Hz, 1H, 

Ar − H); 8.56 (s, 1H, H− C=N). 13C NMR (125 MHz, d8 -

THF, 300 K, ppm): δ = 17.7 (t', |1JP,C + 3JP,C| = 29.6 Hz, 

PCH3); 64.4 (s, CH2); 119.6 (t, 5JP,C = 2.3 Hz, CH); 120.8 (s, 

CH); 121.4 (t, 5JP,C = 2.2 Hz, CH); 124.9 (t, 5JP,C = 3.4 Hz, 

CH); 126.6 (s, CH); 126.9 (s, CH); 145.9 (s, CH); 146 (d, 

5JP,C = 2.0 Hz, CH); 151.3 (m, C); 152.1(s, C); 166.8 (t, 
3JP,C = 3.61 Hz, C=N); 176.7 (m, Co − C); 194.6 (m, Co − 

C). 31P NMR (202 MHz, d8 -THF, 300 K, ppm): δ = 9.98 s, 

PCH3. C20H30CoNP2, (405.35g/mol): Calc.: C, 59.26; H, 

7.46; N, 3.46; P, 15.28 Found: C, 59.11; H, 7.71; N, 3.84; P, 

16.79 %. 

 

(η3-κC,κN,κC)[[[(Phenylmethyl)imino]methyl]phenyl]tris-

(trimethylphosphine)cobalt(I) (4) 

A solution of N benzyl-benzylideneimine (434 mg, 2.22 

mmol) in 20 mL of THF were combined with a solution of 

CoCH3(PMe3)4 (840 mg, 2.22 mmol) in THF (50 mL) at -80 

°C. This was allowed to warm to 20 °C and stirred for 18 h to 

form an brown, turbid mixture, which was filtered. 

Crystallization from pentane at 4 °C yielded brown single 

crystals 4; yield 568 mg (58%), M.P. 115 - 117 °C. (dec). IR 

(Nujol) ῡ = 3073 vw, 3055 w, 3018 m (ν H−C=C); 1591 vs (ν 

C=C); 1486 s (ν C=N); 1425 s (δas PCH3); 1294 m, 1275 m 

(δs PCH3); 1245 w; 1220 w; 1153 w; 1140 w; 1063 m; 1024 

w; 996 vw; 953 vs, 936 vs (ρ1 PCH3); 847 m (ρ2 PCH3); 756 

vs γ(C−Harom); 699 vs (νas PC3); 657 vs (νs PC3); 636 w; 

627 vw; 611 vw; 575 m; 527 m; 505 vw; 419 vw. 1H NMR 

(500 MHz, d8 - THF, 300 K, ppm): δ = 1.06 (s, 27H, PCH3); 

2.21 (sbr, 1H, NCH); 7.03 (m, 6H, Ar−H); 7.66 (m, 4H, 

Ar−H). 13C NMR (125 MHz, d8 - THF, 300 K, ppm): δ = 22.8 

(m, PCH3); 64.1 (s, N−CH); 124.0 (s, CH); 128.6 (s, CH); 

128.8 (s, CH); 150.1 (s, C). 31P NMR (202 MHz, d8 - THF, 

300 K, ppm): δ = - 5.3 (s, PCH3). C23 H39 Co N P3, 

(481.39g/mol): Calc.: C, 57.33; H, 8.10; N, 2.09; P, 19.26 

Found: C, 57.59; H, 7.97; N, 2.82; P, 19.27 %. 

 

3. Results and discussion 

N-(1naphthylmethylene) aniline reacts with CoCH3 (PMe3)4 at 

-70 °C [Eq.1] to afford 1 exclusively, isolated in 82 % yield. 

Concentrated pentane solutions afforded at – 27 °C dark green 

crystals of 1. Figure 1. Synthesis of complex 1 

 

 
 

Fig 1: Synthesis of complex 1 
 

The most distinctive spectroscopic data in the IR spectrum are 

a bathochromic shift of 127 cm -1 for the imine band in 

comparison with the free ligand. In the 13C NMR spectrum of 

the ortho-metalated complex 1 only one metallated carbon can 

be detected at 197.2 ppm as a multiplet. The 31P NMR shows 

two resonances at -16.3 ppm and -3.8 ppm as multiplets. Even 

at -100 °C the coupling pattern cannot be resolved, which is 

either due to dynamic behaviour of the complex or quadropol 

broadening (ICo=7/2). In 31P NMR the phosphorus nuclei 

appear as two resonances because of the low symmetry of the 

chelating ligand. The switched [C, N] coordination mode in 

the imine ligand gives the same result as observed in the 

reaction with a dimethyl iron complex. Again no 

bicyclometalation is observed which is due to the steric 

demand in the second C-H activation step forming a four-

membered metallacycle. Here the reaction sequence does not 

involve a reductive elimination step because the methyl group 

is eliminated in the first step of the cobalt complex. A possible 

mechanism of the reaction may start by dissociation of a 

phosphine group and coordination of cobalt to the nitrogen 

atom. Proximity of the cobalt atom towards the ortho C-H 

bond is affected by σ - or π - coordination. Activation and 

regiospecific cleavage of the C-H bond forms a hydrido-cobalt 

(III) compound which eliminates methane (1-

naphthylmetylene)-2, 6-dimethylaniline providing one in 

plane ortho-C(sp2)-H and one ortho-C(sp3)-H bond out of 

plane, reacts with Co(CH3) (PMe3)4 at -70 °C with a gas 

evolution [Eq.2] to afford 2 exclusively, isolated in 60 % 

yield, as dark green crystals. 

 

 
 

Fig 2: Synthesis of complex 2. 
 

The coordinated imine band is present at 1531 cm-1 with a 

bathochromic shift of 91cm-1 in comparison with the free 

imine ligand. The coordinated trimethylphosphine ligands are 

indicated by two broad singlet resonances at 1.01 ppm and 

1.07 ppm. The six methyl protons appear at 2.14 ppm 

indicating no C-H activation of the methyl group. A typical 

low field shift is recognized for the imine proton at 9.34 ppm. 

In the 13C NMR spectrum all resonances are found to be 

consistent with an ortho-metalated coordination sphere. The 

metallated aromatic carbon is shifted to 181.2 ppm and forms 

a multiplet. Due to the asymmetric aromatic backbone the 

trimethylphosphine ligands are anisochronic in solution, 

indicated by two resonances at –14.9 ppm for the two 

equatorial trimethylphosphine ligands and at - 4.5 for the axial 

phosphine ligand. Single crystals of 2 suitable for X-ray 

diffraction (Fig.1) were obtained by crystallization from 

pentane at - 27 °C. The crystal belongs to the space group 

Pbca. The coordination of the cobalt atom can be described as 

a trigonal bipyramid with an axial C1 atom and an axial PMe3 
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group (P3). The equatorial positions are occupied by the 

nitrogen atom (N1) next to the other remaining phosphine 

groups with the phosphorus atoms (P1 and P2). The angles 

from the axial (P2) to the equatorial phosphorus atoms are 

similar with 95.22(2)° for (P1) and 94.71(2)° for (P3), 

respectively. The two equatorial cobalt phosphorus distances 

(Co1-P1 = 2.1915(15) and Co1-P3 = 2.2030(6) Å) are shorter 

than those opposite the σ-bonded aryl group (Co1-P2 = 

2.2401(6) due to a strong trans influence of the carbon atom. 

The distance between cobalt and nitrogen (1.9552(14) Å) is in 

the range for single bonds.[44] The Co-C, Co-P and P-C bond 

lengths are close to the average of reported values in aryl 

cobalt compounds. The sum of internal angles in the 

metallacycle (539.7°) equals that of a regular pentagon. 

 

 
 

Fig 3: Molecular structure of 2 (ORTEP plot with hydrogen atoms omitted). Selected bond lengths (Å) and angles (°): Co1-C11 1.9536 (18), 

Co1-N1 1.9552 (14), Co1-P1 2.1915 (6), Co1-P3 2.2030 (6), Co1-P2 2.2401 (6), N1-C1 1.318 (2); C11-Co1-N1 81.06 (7), C11-Co1-P2 177.17 

(6),C11- Co1-P1 84.86 (6), N1-Co1-P1 118.84 (5), C11-Co1-P3 87.82 (6), N1-Co1-P3 123.97 (5), P1-Co1-P2 95.22 (2), P3-Co1-P2 94.71 (2) 

P1-Co1-P3 114.47 (2). 
 

With N-(1-naphthylmetylene)-2, 6-dimethylaniline in reaction 

with Co (CH3) (PMe3)4 bicyclometallation is not possible. The 

reaction stops at the ortho-metallation of the β-position in the 

naphthyl part forming a five-membered metallacycle and no 

further C-H activation step of the methyl groups in the 

aromatic backbone occurs. Bicyclometallation reactions only 

occur when the two C-H bonds, which will be activated, are 

aromatic. It is known that many transition metals 

predominantly activate the stronger aryl CH bond (110 

kcal/mol), instead of the weaker aliphatic C-H bond (96 – 102 

kcal/mol) [45].  

The reaction between Co (CH3) (PMe3)4 and N-benzyl 

benzylideneimine proceeds below 20 °C according [Eq.3]. 

The first step of the reaction is a bicyclometalation by a loss 

of methane and trimethylphosphine generating a hydrido-

cobalt (III) complex 3, followed by a reductive elimination 

producing a π- allylic η3-cobalt (I) complex 4. 

 

 
 

Fig 4: Synthesis of complex 3 and 4. 
 

The reaction sequence is depending on increased reaction time 

and polarity of the solvent. Predominantly long reaction times 

and polar solvent e.g. THF provides compound 4. Both 

complexes crystallize from pentane at -27 °C in 11 % yield for 

3 and 58 % yield for 4. The two products formed large crystals 

which were separated manually. Crystals of 4 were suitable 

for an X-ray structure determination [Fig.4]. Most remarkable, 

the IR spectrum of 3 shows a broad signal at 1879 cm-1 

indicating a cobalt-hydrid stretching frequency. 

Corresponding to the IR, in the 1NMR spectrum with a high 
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field shift a triplet arises for the hydrid resonance at -18.7 ppm 

with a 2J(PH) coupling of 72.4 Hz. The two isochronic 

trimethylphosphine ligands resonate at 0.80 ppm as a singlet, 

the methylene protons at 5.08 ppm as a singlet and the imine 

proton with a typical low field shift to 8.56 ppm, next to the 

remaining aromatic proton signals at 6.69 - 7.39 ppm. Most 

significantly in the 1H NMR of complex 4, is the absence of a 

hydrid resonance at high field and accordingly the Co-H band 

in the IR spectrum is not present anymore. The 1H NMR and 
13CNMR pattern in the aromatic region suggest a more 

symmetric molecule. The ratio of trimethylphosphine and 

aromatic protons has changed from 2:1 in complex 3, to 3:1 in 

4. An X-ray structure analysis of 4 which given below was 

carried out using a single crystal sealed in a capillary. The 

structure was solved by direct methods using SHELXS-97 and 

refined on F2 by full-matrix least-squares techniques using 

SHELXL-97. Cobalt, phosphorus and carbon atoms were 

refined anisotropically and all nitrogen atoms isotropically. 

The structure was solved with the space group P1̅ with a R-

value 0.1606.  

 

 
 

Fig 5: Molecular structure of 2. Selected bond lengths (Å) and angles (°): Co6-N6 1.985 (8), Co6-C123 2.099 (9), Co6-C116 2.123 (9), Co6-P16 

2.222 (4), Co6-P17 2.233 (3), Co6-P18 2.231 (3), N6-C116 1.420 (11), N6-C123 1.420 (11), C116-C117 1.493 (13); C116-Co6-P16 158.9 (3), 

N6-Co6- P18 125.3 (3), C123-Co6-P17 146.9 (3), N6-Co6-P16 119.1 (3), N6-Co6-P17 108.8 (2), P16-Co6-P17 94.87 (16), P16-Co6-P18 100.5 

(2), P17-Co6-P18 103.26 (16). 
 

The molecular structure of 4 shows a piano stool type 

configuration of complex. The cobalt center is surrounded by 

three trimethylphosphine groups and an η3 [C, N, C] 

coordination mode of anionic N benzylidenephenylimine 

ligand forming a π-allylic coordination to the metal like in half 

sandwich complexes. Regarding the midpoint [C, N, C] as a 

ligand position the resulting geometry of the cobalt center can 

be described as pseudotetrahedral. Three basal positions are 

occupied by the trimethylphosphine donor atoms. The C116-

C117 and C123-C124 bond length (1.493(13) Å) agree well 

with the average carbon single bond distances in imino groups 

while distances N6-C116 = 1.420(11) Å and N6-C123 = 

1.420(11) Å indicate a delocalized anionic ligand function. 

The source for the poor yield of 3 (11%) is explained by the 

concominant transformation to 4.The Co-H function together 

with the methylene group of benzylideneimine initiate the 

reductive elimination of two Co-C bonds forming an η3-

coordinated cobalt I complex of Cs-symmetry. we have an 

example for reductive C, H elimination in a cobalt (III) 
intermediate to form complex 4. 

 

4. Conclusion 

This project introduces some novel imine chelating systems of 

cobalt. Their model characters for the homogenous catalysis 

make them very interesting and attractive. Their regioselective 

ortho-metalations make a particular attention on them for the 

synthesis of organic compounds. Meridional 

bicyclometalation reactions are a novel way of forming 

dianionic [CNC] – ligands. Demetalation steps in 

bicyclometalation reactions give the possibility to synthesize 

organic compounds which are not accessible by classical 

methods. 

 
Table 1: Crystal data for compound 1 

 

Empirical formula C28 H43 Co N P3 

Formula weight 545.47 

Temperature 298(2) K 

Wavelength 0.71073 Å 

Crystal system Orthorhombic 

Space group Pbca 

Unit cell dimensions a = 9.2326(3) Å α= 90°. 

 b = 18.5977(7) Å β= 90°. 

 c = 34.0872(12) Å γ = 90°. 

Volume 5852.9(4) Å3 

Z 8 

Density (calculated) 1.238 Mg/m3 

Absorption coefficient 0.767 mm-1 
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F(000) 2320 

Crystal size 0.40 x 0.38 x 0.35 mm3 

Theta range for data collection 2.19 to 28.20°. 

Index ranges -11<=h<=12, -24<=k<=24, -45<=l<=44 

Reflections collected 58842 

Independent reflections 7206 [R(int) = 0.0503] 

Completeness to theta = 28.20° 100.00% 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.980 and 0.806 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 7206 / 15 / 340 

Goodness-of-fit on F2 0.984 

Final R indices [I>2sigma(I)] R1 = 0.0370, wR2 = 0.0807 

R indices (all data) R1 = 0.0633, wR2 = 0.0865 

Largest diff. peak and hole 0.463 and -0.155 e.Å-3 

 
Table 2: Crystal data for compound 4. 

 

Empirical formula C23 H39 Co N P3 

Formula weight 481.39 

Temperature 293(2) K 

Wavelength 0.71073 Å 

Crystal system triclinic 

Space group P-1 

Unit cell dimensions a = 15.4413(13) Å α= 90.20(2)°. 

 b = 19.1241(10) Å β= 89.93(2)°. 

 c = 26.8570(12) Å γ = 90.18(2)°. 

Volume 7.9308(9) nm3 

Z 12 

Density (calculated) 1.210 Mg/m3 

Absorption coefficient 0.840 mm-1 

F(000) 3072 

Crystal size 0.17 x 0.20 x 0.42 mm3 

Theta range for data collection 1.52 to 29.55°. 

Index ranges -18<=h<=21, -26<=k<=26, -37<=l<=36 

Reflections collected 123946 

Independent reflections 43020 [R(int) = 0.1416] 

Completeness to theta = 29.55° 96.90% 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 43020 / 0 / 1483 

Goodness-of-fit on F2 1.718 

Final R indices [I>2sigma(I)] R1 = 0.1606, wR2 = 0.3607 

R indices (all data) R1 = 0.2532, wR2 = 0.3902 

Largest diff. peak and hole 2.968 and -2.839 e.Å-3 
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