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ABSTRACT 

The reaction of the cobalt(II) meso-tetraphenylpor- 
phyrin (TPP) starting material with an excess of 2- 
aminophenol (Hon) in organic solvents, yields the co- 
balt(II) porphyrin species [CoII(TPP)(Hon)2] (1). This 
compound has been characterized by UV-vis, IR, MSI 
MS and 1H NMR spectroscopy. The UV-vis data and 
especially the proton NMR results, for the isolated 
product, indicated that complex 1 is a Co(II) meso- 
porphyrin derivative. The X-ray molecular structure 
of the title compound bis(2-aminophenol) (tetraphe- 
nyl-porphyrinato) cobalt(II) has been determined. This 
structure is the first one reported of a metallopor-
phyrin with a 2-aminophenol axial ligand species. The 
central metal is hexacoordinated by the four nitrogen 
atoms of the pyrrole rings and the nitrogen atoms of 
the two Hon trans axial ligands.  
 
Keywords: Meso-Tetraphenylporphyrin Cobalt(II); 
2-Aminophenol Cobalt(II) Complex; X-Ray Molecular 
Structure 

1. INTRODUCTION 

Complexes with noble metal such as rhenium and tech- 
netium have been used for decades in medicine specially 
as potential radiotherapeutic agents for cancer [1] and 
many cobalt(II) phthalocyaninetetrasodiumsulfonate has 
been found to enhance the rate of oxidation of 2-amino- 
phenol with dioxygen in water to 2-amino-phenoxazin- 
3-one [2]. Thus, the main goal of the present work is to 
prepare a metalloporphyrin complex with much cheaper 
metal in particular transition metals such as cobalt, which 
is coordinated to a 2-aminophenol (Hon) axial ligand [3]. 
Such species can eventually replace the rhenium and 
technetium as potential radiotherapeutic agents and also 
can be used as catalysts in many organic reactions. It is 
noteworthy that no structures of 2-aminophenol Co(II)  

porphyrin derivative were reported up to day. The only 
reported cobalt(II) with a substituted 2-aminophenol is 
the polymer{[CoII(2-AT)]}n(where 2-AT = 2-3-amino- 
(S)-tyrosinato) [4]. In order to gain more insight into the 
physico-chemistry properties of this new Co(II)-porph- 
yrin derivative. We report in this paper the results of the 
spectroscopy and the X-ray molecular structure investi- 
gation on the 2-aminophenol cobalt(II) meso-tetraphenyl- 
porphyrin complex [CoII(TPP)(Hon)2]. 

2. EXPERIMENTAL 

2.1. Materials and Methods 

Ultraviolet-visible (UV-vis) spectra were measured on a 
SHIMADZU UV-2401 spectrometer and IR spectra were 
recorded from pure products using a PerkinElmer Spec- 
trum 100 FT-IR equipped with a single-bounce diamond 
attenuated total reflectance (ATR) sampling accessory. 
Proton magnetic resonance spectra were measured at 
room temperature on a Bruker 300 Ultrashield spectrom- 
eter. Mass spectra were recorded on spectrometers MS/ 
MS API-365 (Perkin Elmer Sciex) equipped with elec- 
trospray source (ESI). All chemicals were purchased 
from SIGMA-ALDRICH Co. LLC. They were used as 
received without further purification except the dichloro- 
methane which was distilled under CaH2 and freshly 
used. 

Synthetic Methods 
The free base 5,10,15,20-tetraphenylporphyrin and the 
corresponding cobalt(II) derivative [CoII(TPP)] were sy- 
nthesized by literature methods [5,6]. 

2.2. Synthesis of [CoII(TPP)(Hon)2] 

[CoII(TPP)] [6] (100 mg, 0.149 mmol) and (190 mg, 
2.231 mmol) of 2-aminophenol in 25 mL of dichloro- 
methane were stirred overnight at room temperature. The  
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color of the solution turns from red-orange to dark-red 
and single crystals of the complex were prepared by slow 
diffusion of the hexanes into the CH2Cl2 solution. Typi- 
cal yields were 55% - 65%. UV-vis [max (nm) in CH2Cl2, 
(log)]: 434 (4.46), 521 (3.54), 555 (3.41). IR (KBr):, 
cm−1 3411, 3385, 3354, 3329, 3298, 3027, 2324, 1888, 
1811, 1622, 1595, 1500, 1440, 1378 , 1362, 1350, 1271, 
1229, 1203, 1175, 1156, 1147, 1071, 1000, 993, 954, 928,  
834, 796, 747, 701. 1H NMR (CDCl3): , ppm, 16.07 (s, 
8 H), 13.20 (s, 8 H), 9.97 (s, 8 H), 9.76 (s, 4 H), 5.30 (s, 
H), 3.70 (s, 2 H). ESI(+) MS m/z calc for (C6H7NO) 
[M]+ 109.05, found 109.20; m/z calc for (C44H28N4Co) 
[M]+ 671.16, found 671.40; m/z calc for (C50H35CoN5O) 
[M-H]+ 779.21 found 779.50. 

2.3. X-Ray Diffraction 

A dark purple crystal of the cobalt(II) 2-aminophenol  
porphyrin derivative with approximate dimensions of  
0.44 × 0.40 × 0.27 mm3 was mounted under inert per- 
fluoropolyether at the tip of glass fiber and cooled in the 
cryostream of an Oxford Diffraction XCALIBUR. 

The data were collected at 180 K using the mono- 
chromatic Mo K radiation ( = 0.71073). Lattice pa- 
rameters were obtained by least-squares fit to the opti- 
mized setting angles of the 4447 collected unique reflec- 
tions in the full theta range data collectioon 3.02˚ <  < 
26.02˚. Intensity data were recorded using  scans. Data 
reduction was done using CrysAlisPro, Oxford Diffrac- 
tion Ltd. [7]. Empirical absorption correction using sphe- 
reeeeeecal harmonics, implemented in SCALE3 ABSP- 
ACK scaling algorithm. The minimum and the maximum 
transmission factors values are 0.8592 and 1.000, respec- 
tively. The structure was solved by direct methods using 
SIR-2004-1.0 [8] and refined by full-matrix least squares 
on |F|2 using the SHELXL-97 program [9]. The asym-
metric unit of the structure contains half [CoII(TPP)(Hon)2] 
molecule where the Co(II) is located on an inversion cen- 
ter. The two hydrogens of the NH2 group and the H of 
the OH group of the axial ligand were found in the dif-
ference Fourier map and were included in the refinement 
using restraints (N-H = 0.92(1) Å; O-H = 0.85(1) Å) with 
Uiso(H) = 1.2Ueq(N3, O1). In the last refinement cycles, 
the H of the NH2 group were fixed and treated as riding 
on their parent N atom. The H attached to O1 was kept 
refining. The positions of H atoms at- tached to C atoms 
were calculated and they were treated as riding on their 
parent C atoms with C-H = 0.95Å and Uiso(H) = 1.2 
Ueq(C). Refinement was then carried on to convergence 
with anisotropic thermal parameters for all non hydrogen 
atoms. Crystal data and experimental parameters used for 
the intensity data collection are summarized in Table 1. 
Complete crystallographic details are available from the 
CCDC (see Supporting information section). 

Table 1. Crystal data and refinement parameters for 
[CoII(TPP)(Hon)2]. 

Empirical formula C56H42N6O2Co 

Formula weight, (g·mol−1) 889.89 

Crystal system triclinic 

Space group P-1 

Lattice constants  

a (Å) 10.7139(3) 

b (Å) 11.0463(4) 

c (Å) 11.6128(4) 

 (˚) 114.290(3) 

 (˚) 107.973(3) 

 (˚) 103.296(3) 

Volume V (Å3) 1085.92(9) 

Z 1 

Dcal, g/cm3 1.361 

Absorption coefficient,  (mm–1) 0.448 

F(000) 463 

Crystal size (mm3) 0.44 × 0.40 × 0.27 

T (K) 180(2) 

-range for data collection 3.02 - 26.02 

Limiting indices –13  h  13, –13  k  13

 –14  l  14 

Completeness (%) 99.9 

Tmin/Tmax 0.859/1.000 

Reflections collected unique 21397/4447 

R(int)/R(sigma) 0.0245/0.0142 

Data/restraints/parameters 3975/1/298 

Goodness-of-fit on F2 1.361 

Final R indices [I > 2σ(I)] R1 = 0.0492, wR2 = 0.1442

R indices (all data) R1 = 0.0546, wR2 = 0.1491

Largest peak and hole (eÅ–3) 1.30 and –0.62 
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3. RESULS AND DISCUSSION 

 

3.1. UV-Visible, IR and Mass Spectrometry 

The electronic spectra of complex 1 and the [CoII(TPP)] 
starting compound are represented in Figure 1. The Sor- 
et bands of the related species [CoII(TpivPP)(OAc)]− [10], 
and other Co(II) meso-porphyrin derivatives (Table 2), 
are in the range [438 - 441 nm]. This data confirm com- 
plex creation of a new Co(II)-meso-porphyrin coordina- 
tion compound by displaying red shifted Soret band of 
complex 1. The IR spectrum of [CoII(TPP)(Hon)2] (Fig- 
ure 2) shows the existence of the coordinated 2-aminop- 
henol ligand. Thus, the frequencies of the O-H(Hon) and 
the N-H(NH2) stretching are 3386 and 3332 cm−1 respec- 
tively. 

Figure 1. UV-vis spectra of [CoII(TPP)] 
starting material (pink line) and  
[CoII(TPP)(Hon)2] (blue line). The spectra 
were taken in CH2Cl2 at room temperature. 

The ESI MS experiments recorded in the positive ion 
mode show the presence of the three fragments: [Hon]+ 
with a m/z value of 190.20, the [CoII(TPP)]+ and the 
[CoII(TPP)(on)]+ with a m/z values of 671.40 and 779.50 
respectively. For the latter fragment, it corresponds to 
[M-H]+ where the deprotonation of the OH group occurs 
on one 2-aminophenol axial ligand. 

 

 

3.2. Proton NMR Spectroscopy 

The paramagnetic starting material [CoII(TPP)] species 
(with the ground state configuration 3d7) presents down- 
field chemical shifts of the -pyrrole protons (H-pyrr) = 
15.75 ppm) as shown in Figure 3. For the diamagnetic 
cobalt(III) porphyrin derivatives (with the ground state 
configuration 3d6), the -pyrrole protons resonate in the 
normal regions of the free base TPP porphyrin (8.1 ppm < 
δ(H-pyrr) < 9.1 ppm) [11,12] (Table 3). Complex 1 

Figure 2. IR spectrum complex [CoII(TPP)(Hon)2] 
(solid neat). 

 

 

Figure 3. Proton NMR spectra of the [CoII(TPP)(Hon)2] complex taken in CDCl3 solution at room tem-
perature. 
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presents a peak at 16.07 attributed to the -pyrrole pro-
tons. This is an indication that our derivative is a para-
magnetic cobalt(II) meso-porphyrin species [13]. The 1H 
NMR peaks for the NH2 and the OH protons of the two 
Hon ligands appear at δ ≈ 3.7 ppm and δ ≈ 5.3 ppm re-
spectively. 

3.3. Crystal Structure 

The structure of [CoII(TPP)(Hon)2] compound was de-
termined at 180 K and Figure 4 is an ORTEP diagram 
[15] of this complex. The Co(II) is coordinated to thefour 
nitrogens of the porphyrin ring and the nitrogen at oms of 
the NH2 groups of the two 2-aminophenol trans axial 
ligands. Selected bond distance (Ǻ) angles (deg) for the 
[CoII(TPP)(Hon)2] complex are represented in Table 4. 
The preference for the amino nitrogen is understand- 
dable since Co(II) would have a lower affinity for the 
more electronegative oxygen donor atom, which prefers 
 
Table 2. Electronic spectra data for selected cobalt(II) meso- 
porphyrins. 

Complex max (nm) Ref. 

 
Soret 
band   bands 

[CoII(TpivPP)]a 412 524 - [10] 

[CoII(TPP)]b 412 528 - t.w.c 

[CoII(TPP)(Hon)2]
b 434 521 555 t.w. 

{[CoII(TPP)(µ-4,4’-bipy)].2bipy}n
b 438 545 - [10] 

[CoII(TPP)(OAC)]-a 441 553 - [10] 

aIn chlorobenzene. bIn dichloromethane. ct.w: This work. 

 
Table 3. 1H NMRa data for the free-base TPP porphyrin and a 
selected cobalt(II) tetraphenylporphyrin complexes. 

Complex H_pyrrol. H-Phenyl.b Ref. 

TPP 8.84 8.23; 7.91; 7.67; 7.26 t.w.c 

[CoII(TPP)] 15.75 13.10; 9.80; 8.95 t.w. 

{[CoII(TPP)(µ-4,4’-bipy)] 
-2bipy}n 

13.45 9.98; 8.82; 8.42; 7.64 [10] 

[CoII(TPP)(py)] 12.5 8.50; 8.33; 7.82 [14]

[CoII(TPP)(Hon)2] 16.07 13.21; 9.97; 9.76 t.w. 

aData are recorded in CDCl3 solvent at room temperature. bDesignate re- 
spectively the protons Ho, Ho’, Hm, Hm’ and Hp of the phenyl rings of the 
porphyrin TPP. ct.w: This work. 

 

Figure. 4. ORTEP drawing [15] of [CoII(TPP)(Hon)2] 
complex showing thermal ellipsoids at 50% probability 
level. The H atoms have been omitted for clarity. 

 
Table 4. Selected bond distances (Ǻ) and angles (deg) for the 
[CoII(TPP)(Hon)2] complex. 

Cobalt coordination polyhedron 

Co-N1 1.973(2) N1-Co-N3 92.88(9) 

Co-N2 1.975(2) N2-Co-N3 91.30(9) 

Co-N3 2.391(3) N1-Co-N2 89.97(8) 

Co-Np
a 1.974(2)   

2-aminophenol ligand 

N3-C23 1.413(4) O1-C28-C23 115.9(3) 

C28-O1 1.405(4) N3-C23-C28 118.5(3) 

C23-C28 1.386(5) C23-N3-Co 120.9(2) 

aCo-Np represents the average cobalt-porphyrinato nitrogen atoms bond 
usually known as the equatorial bond. 

 
ionic interaction with the metal. In the Cambridge Struc- 
tural Database (CSD, version 5.33 of November 2011 [16]) 
few structures of transition-metal-Hon structures were 
reported among them only one structure of a Co(II) sub- 
stituted 2-aminophenol ligand was mentioned [4]. For all 
these published structures the metal ion is either bonded 
only to the nitrogen of the amino group or to the NH2 
group and the deprotonated oxygen (Table 5). Figure 5 
illustrates the geometry of the transition metal (M) and-
the amino group of one coordinated Hon ligand. The 
CoII-NH2(Hon) bond length for 1 [2.391(3) Å] is slight- 
ly longer than the one of the related CoII-bis[2-2-3ami-  
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no-(S)-tyrosinato] polymer derivative [4] with values of 
2.311(7) and 2.258(7) Å. The only reported structures of 
complexes with metal coordinating Hon ligand are those 
with the rhenium transition metal [17,18] (Table 6) 
where the M-NH2 distance is in the range [2.048(4) - 
2.270(4) Å]. The CI-NH2 and CII-OH of the Hon ligand 
for complex 1 and the reported complexes are within the 
normal values: [1.40 - 1.45 Å] and [1.35 - 1.39 Å] re-
spectively. The CI-N-M angle is 120.9(2)˚ for our species 
and the related Co(II) derivatives are in the range [115.4˚ - 

121.0˚]. The complex [CoII(TPP)(Hon)2] presents an 
intramolecular hydrogen-bond (N3-H…..OI) with a dis-
tance of 2.677(5) Å which falls in the range [2.639(5) - 
2.788(3) Å] for related species (Table 5). It has been 
noticed [19] for cobalt-porphyrin complexes that ruffling 
of the porphyrin core always results in a shortening of 
the porphyrin equatorial cobalt pyrrole nitrogen M-Np 
bonds. Thus, for the very ruffled structure [CoII(TPP)] 
[6], the Co-Np bond length value is 1.923(4) Å. while 
the practically planar porphyrin core of the dimer 

 
Table 5. Selected bond lengths (Å) and angles (˚) for several 2-aminophenol and substituted 2-aminophenol complexes. 

Complexe M-NH2 CI-NH CII-OH <CI-N-M> NH...O <N-H...O> Ref 

[CoII(TPP)(Hon)2] 2.391(3) 1.413(1) 1.405(4) 120.9(2) 2.677(5) 110 t.w.e 

{[CoII(2-AT)]}na 2.311(7) 1.40(1) 1.35(1) 121.0(6) 2.72(1) 107 [4] 

 2.258(7) 1.45(1) 1.39(1) 118.9(6) 2.72(1)   

[PdII(adtbp)(noo’)]b,c 2.066(2) 1.441(4) 1.382(4) 115.4(2) 2.788(3)   

Fac-[Re(CO)3(opa)(Hon)d 2.248(4) 1.426(6) 1.346(5) 119.4(3) 2.639(5) 105 [17] 

[Re(CO)3(opa)(Hon)]d 2.270(4) 1.441(5) 1.365(6) 117.9(4) 2.703(4 147 [18] 

a2-AT = 2-3-amino-(S)-tyrosinato, badtbp = (2-amino-4,6-di-t-butylphenol-N), cnoo’ = (2,4-di-t-butyl 6) (salicylideneamino) phenolato-N-O-O’, dopa = 
2-aminophenolato-N,O. et.w: This work.  
 
Table 6. Selected intermolecular hydrogen interactions. 

 D-Ha (Å) H…Ab (Å) D…A (Å) D-H…A (°) 

C19-H19…Cg1iv 0.95 2.82 3.655(3) 148 

C13-H13…Cg2i 0.95 2.71 3.500(4) 141 

C14-H14…Cg8ii 0.95 2.92 3.851(4) 166 

C15-H15…Cg9iii 0.95 2.85 3.636(4) 141 

aD: designate the donor atom , bA: designate the acceptor atom; Cg1 is the centroid of the N1-C1-C2-C3- C4 five membered ring; Cg2 is the centroid of the 
N2-C6-C7-C8-C9 five membered ring; Cg8 is the centroid of the C17-C18-C19-C20-C21-C22 six membered ring; Cg9 is the centroid of the C23- 
C24-C25-C26-C27-C28 six membered ring; Symmetry codes : (i) -x,1-y,1-z˚; (ii) -x,-y,1-z˚; (iii) x, y, 1+z˚; (iv) 1-x, -y, 1-z. 

 

 

Figure 5. Drawing showing the ion 
metal M coordinated to the amino 
group of one 2-aminophenol (Hon) 
axial ligand. 

 

Figure 6. Drawing showing the packing in lattice of 
[CoII(TPP) (Hon)2], viewed down the a axis. 
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{[CoII(TPP)(µ-4,4’-bipy)].2bipy}n [10] presents a Co-Np 
distances of 1.985(5) and 1.993(1) Å. The Co-Np value 
for our complex [CoII(TPP)(Hon)2] is 1.974(2) Å which 
is an indication that 1 presents a slightly ruffled porphy- 
rin core. On the other hand, the average displacements of 
the meso carbons above and below the porphyrin mean 
plan are small [−0.01 and 0.034 Å] which indicate a mo- 
derate ruffling. 

The crystal structure of 1 is stabilized by intermolec- 
ular interactions type O-H.....Cg and C-H.....Cg where 
Cg is the centroid of pyrrole five member ring or phenyl  
six member ring. A selection of these intermolecular 
distances is summarized in Table 6. Figure 6 is a draw-
ing showing the packing in lattice of [CoII(TPP)(Hon)2], 
viewed down the a axis. 

4. SUPPORTING INFORMATION 

Crystallographic data (excluding structure factors) for 
he [CoII(TPP)(Hon)2] compound have been deposited t 

with the Cambridge Crystallographic Data Centre as sup- 
plementary publication number CCDC-878829. Copies 
of the data can be obtained free of charge on application 
to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK 
(fax: +44 1223-336-033; or email:  
deposit@ccdc.cam.ac.uk 
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