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Abstract: The first crystal structure of a phenylcyanamide cobaltoxime 

(cobaloxime) complex is reported. This compound is trans-

[Co((DO)(DOH)pn)(2,5-Cl2pcyd)2], and consits of an imine-oxime equatorial 

ligand ((DO)(DOH)pn) and two 2,5-dichlorophenylcyanamide ligands in axial 

positions. Crystals of trans- [Co((DO)(DOH)pn)(2,5-Cl2pcyd)2] were grown by 

ether diffusion into an acetonitrile solution of the complex. Crystal structure of 

this complex is orthorhombic (space group: Pbca) with a = 13.6800, b = 

13.7434, c = 29.892 Å, and Z = 8. The structure was refined by using 2946 

independent reflections with I>2σ(I) to a R factor of 0.0606. Both 

phenylcyanamide ligands are coordinated to Co(III) through the terminal nitrile 

nitrogen of the cyanamide group. In addition, the cobalt(III)-cyanamide (Co(III)-

N=C=N-ph) bond angle is significantly bent while the cyanamide 

group(N=C=N-) is largely coplanar with the phenyl ring. These geometries can 

be ascribed to the relative importance of  bonding. 
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Introduction 

The coordination chemistry of cobaloximes and cobaloxime-imines has been 

studied extensively in recent years with emphasis on the role of axial ligands on 

electrochemical and photochemical behavior and in particular on the use of these 

systems as models of vitamin B12 [1 - 9].  

Phenylcyanamide coordination chemistry has been the subject of a recent 

review [10]. Phenylyanamide ligands (pcyd) are pseudohalides like azide or 

thiocyanate[11]. However, the attachment of phenyl ring to the cyanamide group 

(-N=C=N) adds an extra dimension which is not present in azide or thiocyanate 

ligands. An extensive π  conjugation between the cyanamide group and the 

phenyl ring provides an energetically favorable means by which a metal ion can 

couple into a conjugated organic π  system. The phenylcyanamides are 

ambidentate ligands whether neutral or in anionic form and so the possibility of 

linkage isomerism must be recognized. As shown below, neutral 

phenylcyanamides (N≡C-NH-Ph) can coordinate to a metal ion through either the 

nitrile or the amine nitrogen: 

 

 

 

However, there are no crystal structures of neutral phenylcyanamides 

coordinated to metal ions. The amine nitrogen is sterically crowded by the 

phenyl ring and so terminal coordination to the nitrile is expected, particularly 

for electron-rich metal centers. Metal ions that behave as π-acceptors are 

expected to favor the anionic phenylcyanamide ligand in order to take advantage 

of the ligand’s π-donor properties [12 - 14]. 

Side-on coordination of the cyanamide group has not been observed for 

phenylcyanamide ligands but has been observed in tungsten complexes of 

dialkylcyanamides [15]. Anionic phenylcyanamides have three non-bonding 

pairs of electrons that can be involved in coordination chemistry, as shown 

below: 

 

 

 

 
There are many crystal structures of monodentate phenylcyanamide ligands 

showing coordination through the cyano-nitrogen but there are no examples of 

amide-nitrogen coordination [16 - 20]. The neutral or anionic phenylcyanamides 

can function as bridging ligands although this has only been observed for the 

anionic cyanamide:                                      
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Both bridging modes I and II have been observed in copper(II) complexes [21]. 

At this time, only the crystal structure of Ru(II), Ru(III), Ni(II), Pd(II), Pt(II), 

Cu(I), Cu(II) and Ag(I) phenylcyanamide complexes have been obtained [16 - 

33] and the coordination chemistry of phenylcyanamide ligands still requires 

much effort to complete. 

Experimental 

Preparation of trans-[bis(2,5-dichlorophenylcyanamido){N,N′-propanediylbis 

(2,3-butadien-2-imine-3-oxime)} Cobalt(III)], 

trans-[Co((DO)(DOH)pn)(2,5-Cl2pcyd)2] 

[Co((DO)(DOH)pn)Cl2] [3 - 4](2×10-3 mol) was dissolved in 100 mL acetonitrile 

in a 250mL round-bottom flask. Thalium(I)(2,5-dichlorophenylcyanamide)[13], 

(2,5-Cl2pcydTl) (4×10-3 mol) was added, and the reaction mixture was stirred for 

24 h at reflux temperature.  

The Co(III) oxime complex (Fig. 1) was synthesized in good yield according 

to the following methathesis reaction: 

Trans - [Co((DO)(DOH)Pn)Cl2] + 2(2,5-Cl2 pcydTl )   

                                         trans - [Co((DO)(DOH)Pn)(2,5-Cl2pcyd)2] + 2TlCl 

The resulting reaction mixture was allowed to cool to room temperature and 

then left in a refrigerator overnight. A white solid (TlCl) was filtered off. The 

crude brown product was precipitated from the filtrate by the addition of 500 mL 

of diethylether and then collected by suction filtration. Recrystallization was 

achieved by diffusing diethylether into an acetonitrile solution of the complex, 

yielding brown crystals suitable for crystallographic study. 

Yield 64%. Anal. Calcd. For C25H25Cl4N8O2Co (MW = 670.275): C, 44.80; H, 

3.76; N, 16.72. Found(Canadian Microanalytical Service Ltd) : C, 45.02; H, 

3.81; N, 16.85. 
IR(KBr disk): (NCN) = 2083 cm-1 ; UV-vis sepectra (10-3M in acetonitrile, λ in 

nm (log ε)): 441(3.89), 550(3.64).  
1H-NMR (500 MHz, DMSO-d6):19.07(s,1H), 2.49(s,6H), 2.66(s,6H), 

4.07(t,4H), 3.32(m,2H), 7.22(s,2H), 6.83(d,2H), 6.52(d,2H).  
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Fig. 1  trans-[Co((DO)(DOH)pn)(2,5-Cl2pcyd)2] Complex. 

 

Crystals of trans-[Co((DO)(DOH)pn)(2,5-Cl2pcyd)2] were grown by ether 

diffusion into an acetonitrile solution of the complex. The data were collected on 

a 1 K Siemens Smart CCD using Mo-Kα radiation (λ= 0.71073 Å) at 203(2) K 

using an ω-scan technique and corrected for absorptions using equivalent 

reflections [34]. No symmetry higher than orthorhombic was observed, and 

solution in the centric space group option yielded chemically reasonable and 

computationally stable results of refinement. The structure was solved by direct 

methods and refined with full-matrix least-squares procedures. Anisotropic 

refinement was performed on all non-hydrogen atoms. All hydrogen atoms were 

calculated. Scattering factors are contained in the SHELXTL 5.1 program library 

[35]. The ORTEP drawings with atom numbering schemes and unit cell  of the 

complex trans-[Co((DO)(DOH)pn)(2,5-Cl2pcyd)2] are depicted in Figures 2 and 

3. Crystal structure data, atomic coordinates,  selected bond lengths and angles 

are given in Tables 1, 2 and 3, respectively.  

 

 

 

  
Fig. 2 ORTEP drawing of trans-

[Co((DO)(DOH)pn)(2,5-Cl2pcyd)2]. 
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Fig. 3 Unit cell diagram of trans- [Co((DO)(DOH)pn)(2,5-Cl2pcyd)2]. 

 

 

Table 1  Crystal data for trans- [Co((DO)(DOH)pn)(2,5-Cl2pcyd)2]. 

C25H25Cl4CoN8O2 

670.26 

203 (2) K 

0.71073 Å 

Orthorhombic 

Pbca 

a = 13.6800 (16) Å, 

b = 13.7434 (19) Å, 

c = 29.892 (4) Å, 

560.0(12) Å 3 

8 

1.584 g/cm3 

1.032 mm-1 

2736 

0.10 × 0.10 ×0.10 mm 

29663/2946 [R(int) = 0.3489] 

Semi-empirial from equivalents 

Full- matrix Least-Squares on F2 

R1 = 0.0606, wR2 = 0.1292 

 

R1 =0.1401, wR2 = 0.1647 

1.043 

Empirial Formula 

Formula Weight 

Temperature 

Wave Length 

Crystal System 

Space Group 

Unit Cell Dimensions 

 

 

Volume 

Z 

Calculated Density 

Absorption Coefficient 

F(000) 

Crystal Size 

Reflection Collected/Unique 

Absorption Correction 

Refinement method 

Final R indices [I > 2 

sigma(I)], for 2964 reflections 

R indices (all data)a 

Goodness-of-fit on F^2 
aR1=Σ׀׀Fo׀-׀Fc׀׀  /Σ׀Fo׀ ; wR2=( Σw (׀Fo׀ –  ׀Fc׀)2/Σw׀ Fo2׀)1/2 
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Table 2  Atomic coordinates (104) and equivalent isotropic displacement parameters (A2 × 103) for 

trans-[Co((DO)(DOH)pn)(2,5-Cl2pcyd)2].U(eq) is defined as one third of the trace of the 

orthogonalized Uij tensor. 
 

Atom x y Z U(eq) Atom x y Z U(eq) 

Co 168(1) 5099(1) 1281(1) 33(1) C(6) -1068(8) 3665(8) 675(3) 72(3) 

Cl(1) 3577(2) 7435(2) -43(1) 62(1) C(7) -1718(7) 4342(8) 941(4) 69(3) 

Cl(2) -5(2) 9794(2) 632(1) 77(1) C(8) -2618(7) 6278(10) 1083(4) 110(5) 

Cl(3) -98(2) 463(2) 1955(1) 62(1) C(9) -1552(8) 6048(8) 1169(3) 60(3) 

Cl(4) -3508(2) 3156(2) 2561(1) 52(1) C(10) -869(9) 6798(7) 1351(4) 60(3) 

N(1) 1497(5) 5023(6) 1457(2) 38(2) C(11) -1168(9) 7831(7) 1398(4) 104(5) 

N(2) 440(5) 3749(5) 1134(2) 34(2) C(12) 1166(8) 6082(6) 550(3) 38(3) 

N(3) -1170(5) 5192(6) 1109(3) 46(2) C(13) 1780(7) 7573(6) 337(3) 35(2) 

N(4) -46(6) 6413(5) 1430(2) 46(2) C(14) 983(7) 8135(6) 479(3) 46(2) 

N(5) 584(5) 5543(5) 689(2) 35(2) C(15) 1010(8) 9128(7) 446(3) 53(3) 

N(6) 1846(5) 6583(5) 370(3) 40(2) C(16) 1809(8) 9632(7) 279(3) 56(3) 

N(7) -225(5) 4688(5) 1873(2) 34(2) C(17) 2570(7) 9092(7) 135(3) 50(3) 

N(8) -1603(50) 3855(5) 2217(3) 42(2) C(18) 2562(7) 8096(7) 150(3) 43(2) 

O(1) 1985(5) 5784(5) 1615(2) 67(2) C(19) -875(8) 4249(7) 2027(3) 40(3) 

O(2) 672(6) 6982(5) 1581(2) 74(2) C(20) -1671(7) 2839(6) 2243(3) 35(2) 

C(1) 2995(6) 4068(9) 1572(4) 87(4) C(21) -924(7) 2203(6) 2125(3) 38(2) 

C(2) 1937(7) 4193(8) 1429(3) 46(2) C(22) -1054(7) 1215(6) 2135(3) 43(2) 

C(3) 1273(8) 3445(7) 1250(3) 43(2) C(23) -1926(8) 809(7) 2271(3) 51(3) 

C(4) 1603(7) 2401(7) 1235(3) 70(3) C(24) -2654(7) 1422(7) 2405(3) 47(3) 

C(5) -330(7) 3108(7) 955(3) 57(3) C(25) -2545(6) 2409(7) 2399(3) 39(2) 

 
Table 3  Selected bond lengths (Å) and angles (°) for trans- [Co((DO)(DOH)pn)(2,5-Cl2pcyd)2]. 

Bond Lengths, (Å) 
1.165(10) 

1.274(11) 

1.368(10) 

1.170(10) 

1.267(11) 

1.400(10) 

N(5)-C(12) 

N(6)-C(12) 

N(6)-C(13) 

N(7)-C(19) 

N(8)-C(19) 

N(8)-C(20) 

1.883 (7) 

1.896(7) 

1.905(7) 

1.935(7) 

1.942(7) 

1.956(8) 

Co-N(4) 

Co-N(1) 

Co-N(3) 

Co-N(7) 

Co-N(2) 

Co-N(5) 
           Bond Angles, (deg) 

89.4(3) 

90.9(3) 

178.5(3) 

92.2(3) 

118.5(7) 

115.4(6) 

136.1(7) 

136.2(7) 

122.5(6) 

121.9(6) 

 

N(1)-Co-N(5) 

N(3)-Co-N(5) 

N(7)-Co-N(5) 

N(2)-Co-N(5) 

C(2)-N(1)-Co 

C(3)-N(2)-Co 

C(12)-N(5)-Co 

C(19)-N(7)-Co 

C(1)-N(1)-Co 

C(2)-N(4)-Co 

97.8 (4) 

81.4(4) 

179.2(4) 

91.1(3) 

89.8(3) 

90.0(3) 

177.8(4) 

80.0(3) 

100.8(3) 

88.9(3) 

87.8(3) 

N(4)-Co-N(1) 

N(4)-Co-N(3) 

N(1)-Co-N(3) 

N(4)-Co-N(7) 

N(1)-Co-N(7) 

N(3)-Co-N(7) 

N(4)-Co-N(2) 

N(1)-Co-N(2) 

N(3)-Co-N(2) 

N(7)-Co-N(2) 

N(4)-Co-N(5) 
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Results and Discussion  

Trans- [Co((DO)(DOH)pn)(2,5-Cl2pcyd)2] complex  is air-stable and can be 

readily recrystallized. The elemental analysis of the complex is consistent with 

C25H25Cl4N8O2Co formula. In 1H-NMR spectrum of the complex, the integration 

of phenyl protons of 2,5-Cl2pcyd ligands and comparison with those of 

((DO)(DOH)pn) suggests that both phenylcyanamide anion ligands occupy 

magnetically equivalent coordination environments. In the downfield region, the 

intramoecular hydrogen bonding O―H---O shows a singlet at 19.07 ppm. 

Sufficient D2O (≈ 10 μL) was added to a DMSO-d6  solution of the complex for 

complete D-exchange of the O―H---O signal. Under these conditions, the singlet 

at 19.07 ppm disappeared. 

The presence of only one sharp and intense absorption band for the 

cyanamide stretching frequency  (-N=C=N)  in the complex provides evidence 

that both 2,5-Cl2pcyd ligands are equivalent in the solid state. When the 

cyanamide ligands are inequivalent, multiple ν(-N=C=N) bands are observed 

[10,31,34,36]. Two ligand field transitions for Co(III) complexes are expected 

[37]. However , the intensity of the two absorption bands in the visible region 

(441 and 550 nm) in comparison to Ru(III) and Co(III) phenylcyanamide 

complexes [16-20, 31] , allow these two intense absorption bands to be assigned 

to the ligand to metal charge transfer(LMCT) with minor contributions to band 

intensity from the underlying ligand field transition. These two bands are 

associated with Co(III)-cyanamide chromophore. Since the t2g orbitals in Co(III) 

are full occupied, the LMCT bands originate from the ligand π  orbital to a metal 

eg
* (σ*) orbitals [37]. 

The crystal structures of Ru(III), Ru(II), Ni(II), Pd(II), Pt(II), Cu(I), Cu(II) 

and Ag(I) show that the phenyl cyanamide group is an approximately planar 

ligand and that the preferred coordination mode of the cyanamide group is by 

its’ terminal nitrile nitrogen [12-33]. This is likely due to the greater steric 

hinderance of coordination to the amide nitrogen. In addition, these crystal 

structures showed that when the cyanamide group is coordinated to Ru(III), the 

Ru(III)-cyanamide bond angle is approximately linear [10, 16-20], but, when 

coordinated to Ni(II), Pd(II), or Cu(II), the metal-cyanamide bond is bent [10, 

21, 28, 29, 33]. In contrast to the other metal ions, Ru(III) is a π  acceptor and it 

is only when the Ru(III)-cyanamide bond is linear that the cyanamide group can 

function as both a σ and π  donor. Crystal structures of free dicyanamidebenzene 

dianion ligands [22] showed that these ligands were essentially planar  and this 

has been ascribed to the mixing of the π systems of cyanamide and phenyl 

groups, and confirmed by theory. 

ORTEP (Fig.2) of the complex, trans-[bis(2,5-dichlorophenylcyanamide) 

{N,N’-propanediylbis (2,3-butadien-2-imine-3-oxime)}Co(III)] shows the 
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Co(III) ion is surrounded by a distorted octahedral coordination sphere of 

nitrogen donor atoms. The slight differences between the nearly planar 

phenylcyanamide ligands and their coordination to Co(III) are probably due to 

crystal packing forces. The cyanamide groups are approximately linear and not 

significantly different as shown by the angles describing the cyanamide groups 

(N(7)-C(19)-N(18) = 173.9(10)° and N(5)-C(12)-N(6) = 172.9(10)°). The 

coordination mode of the cyanamide group to Co(III) is bent as indicated by the 

bond angles Co-N(5)-C(12) and Co-N(7)-C(19) of 136.1(7)° and 136.2(7)°, 

respectively, and is therefore a reflection of Co(III)’s inability to accept π-

electron density into a filled dπ-orbital. There are significant differences 

between Co(III)-N bond lengths for the equatorial {(DO)(DOH)pn} monoanion 

ligand. This may be due to unequal sharing of the oxime proton as shown below. 

Co(III)-cyanamide bond lengths (see Table 3) are consistent with those of other 

first row metal ions.  
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