
PPOR, Vol. 20, No. 1, 2019, pp.14-24 

 www.ppor.az 14 

THE USE OF FULLERENE IN OBTAINING BIOLOGICALLY ACTIVE 

COMPOUNDS BASED ON A DERIVATIVE OF VITAMIN B12 

 Valentina S. Romanova, Nadezhda Yu. Shepeta, 

Anastasiya G. Buyanovskaya, Rina U. Takazova 

A. N. Nesmeyanov Institute of Organoelement Compounds of the Russian Academy of 

Sciences, Russia, 119991, GSP-1, Moscow, 119334, Vavilov str, 28,  

e-mail: nadshep@mail.ru 

Abstract 

We assumed that the introduction of a pharmacophoric fullerene derivative of 

the active form of vitamin B12 into the molecule will significantly improve 

the efficiency of the antitumor action of the complexes. On the first stage of 

the work the addition to carboxylic group of a macrocyclic cobalt complex — 

derivative of cobalamin e-COOH-Cbl-CN (I) the fullerene frame of the amino 

acid fullerene С60 derivative — ether of N-(monohydrofullerenyl)-ε-

aminocapronic acid: HC60NH(CH2)5COOCH3 (II) result in the new type of 

mixed biologically targeted cobalamin-fullerene complexes CN-Cbl-C(O)-

C60NH(CH2)5COOCH3 (III). The next derivative (IV) is obtained directly by 

the addition of (I) to (II), but after the additional introduction of a spacer — 

an ethylene bridge with the formation of the following structure: CN-Cbl-В12-

C(O)OCH2CH2-C60NH(CH2)5COOCH3 (IV). For this purpose, carboxyl 

group (I) was modified with ethylene chlorohydrin previously. The structure 

of obtained substances (III) and (IV) was established by UV, IR and CD 

spectroscopy. The determination of the elemental composition of the samples 

was carried out on the basis of previously developed in the laboratory of 

microanalysis of the INEOS RAS different analytical methods. The content 

of Co and P in compounds, was determined by non-destructive X-ray 

fluorescence analysis (XRD) and spectrophotometry (SF) respectively and 

also the method of express gravimetry (EG) was chosen. For more complete 

information about the elemental composition of the preparations, their 

automatic CHN analysis was also carried out 

Keywords:  amino acid derivatives, fullerene С60, native macrocyclic cobalt complexes, 

cobalamin, active form of vitamin В12, antitumor activity cobalt complexes 

Introduction 

Approaches of preparing of biologically active substances based on transition metal 

complexes with biological substrates participation in closed to physiological conditions were 

developed for a number of years in INEOS RAS. As is known, transition metal complexes are 

active catalysts for many chemical reactions, similar to those which occur in living organisms 

under the action of metal enzymes [1]. Under academician M.E.Vol’pin’s idea [2], catalytic 

sources of active oxygen species (AOS) which are capable selectively accumulate in tumor, can 
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be active in suppressing of tumor tissue grows. The native macrocyclic cobalt complexes — 

vitamin B12 and its derivatives (cobalamins, in particular, e-carbonic acid of B12: e-COOH-Cbl-

CN(I) introduce the most interest. 

Our results, in particular, the investigation of catalytic activity of these complexes in 

oxidation of natural substrates [3], producing AOS in these reactions [4], oxidative cleavage of 

nucleic acids in the presence of these metal complexes[5-7] and medico-biological examinations 

(investigations antitumor activity of cobalt corrin complexes and their compositions with L-

ascorbic acid) confirmed, that catalytic system, capable to generated AOS, can be highly 

effective as antitumor and related agents [8].Also, firstly in INEOS RAS was elaborated the 

method of synthesis of aminoacids and peptides fullerene derivatives [9]. It turned out to be that 

there is no toxicity of these substances and they have a wide spectra of biological activity. A 

complex of studies has shown that the most effective derivatives with antitumor activity are 

those compounds that contain nitrogroups or carnosine derivatives [10, 11]. 

We assumed that the introduction of a pharmacophoric fullerene derivative of the active 

form of vitamin B12 into the molecule will significantly improve the efficiency of the antitumor 

action of the complexes. To do this, first of all it was necessary to show the fundamental 

possibility of the synthesis of such compounds. 
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Results and Discussion 

On the first stage of the work e-COOH-Cbl-CN(I) and methyl ether of N-

(monohydrofullerenyl)-ε-aminocapronic acid: HC60NH(CH2)5COOCH3 (II) were used as 

subjects of investigations. 

It is known that framework C60 in fullerene derivative has active hydrogen [12-14], which 

is easily replaced by halogen. Therefore, for the direct attachment of e-COOH-Cbl-CN(I) to 

fullerene cage, its acid chloride was first obtained by boiling with a 1.5-fold excess of thionyl 

chloride in DMF for 2 hours. The excess thionyl chloride was removed in vacuum and the 

resulting solution was poured into a solution of 1.5-fold excess of compound (II) in pyridine. The 

resulting mixture was stirred at room temperature for 8 hours, after which it was dialyzed against 

water. The resulting product: CN-Cbl-C(O)-C60NH(CH2)5COOCH3 (III) turned out to be water 

soluble, therefore, an excess of the starting ester (II), which is not soluble in water, is easily 

removed by filtration, and the unreacted compound (I) passes through the dialysis bag. The 

second derivative — (IV) is obtained directly by the addition of (I) to (II), but after the additional 

introduction of a spacer - an ethylene bridge with the formation of the following structure: CN-

Cbl-В12-C(O)OCH2CH2-C60NH(CH2)5COOCH3 (IV). For this purpose, carboxyl group (I) was 

modified with ethylene chlorohydrin. The reaction was carried out at room temperature for 8 

hours with stirring using dicyclohexylcarbodiimide (DCCDA). The resulting solution was 

poured into a solution of 1.5-fold excess of compound (II) in pyridine and stirred at room 

temperature for 8 hours, after which it was dialyzed. Derivative (IV) also turned out to be water 

soluble, so the purification was performed similarly to the previous compound. 

The study of the structure of the obtained derivatives was carried out using the methods 

of IR and UV spectroscopy, as well as circular dichroism (CD). 

 

 
Fig.1. CD spectra of e-COOH-Cbl-CN (I) and CN-Cbl-C(O)-C60NH(CH2)5COOCH3 (III) 
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Fig.2. CD spectra of e-COOH-Cbl-CN (I) and CN-Cbl-C(O)OCH2CH2-C60NH(CH2)5COOCH3(IV) 

When comparing the CD spectra of the starting compound (I) and the obtained fullerene 

derivatives (III) и (IV) (Fig. 1, 2) it can be seen changes have occurred in them. The extremes 

characteristic of the initial e-COOH-Cbl-CN (I) are preserved in the spectrum of compound (III), 

but new bands appeared at 471 and 542 nm, which are characteristic for electronic -*transfers 

of fullerene derivatives [15, 16]. In addition, in short wave area of spectra the Cotton effect (EC) 

changes its sign and becomes negative. A negative meaning is characteristic for EC and in 

compound (IV) for frequencies below 400 and above 470 nm. Extremes at 471 and 542 nm, 

indicating to -* electronic transitions of fullerene derivatives, are also present here, but they 

are not as pronounced as in compound (III). Perhaps this is due to the very strong conjunction e-

COOH-Cbl-CN (I) with the fullerene fragment in compound (III) in contrast to compound (IV), 

wherethe complex connecting through ethylene bridge. At the same time, the band at 430 nm, 

referring to е-carbonic acid of В12, is brightly expressed in all three compounds. The above data 

speak in favor of the implementation of the addition of a derivative of vitamin B12 to fullerene. 

In addition, the IR spectra of compounds III and IV contain almost all bands characteristic 

of compound (I) (Fig. 3, Tab. 1), with the exception of the band at 1216 sm
–1

, belonging to the 

free carboxyl group. 
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Fig. 3.  IR-spectra of compounds e-COOH-Cbl-CN (I), CN-Cbl-C(O)-C60NH(CH2)5COOCH3 

(III) and CN-Cbl-C(O)OCH2CH2-C60NH(CH2)5COOCH3 (IV). 

Also in spectrum (I), the following characteristic features are observed: intense broad 

bands of 3350 cm
-1

 with a shoulder of 3401 sm
-1

 and 3195 sm
-1

 (w.s.), whereas in spectra (III) 

and (IV) in this region there are only bands of about 3400 sm
-1

, which confirms the assignment 

of other bands to the stretching vibrations of the OH group of compound (I).Spectrum (I) 

exhibits an intense broad band at 1668 sm
-1

.It is also present in spectra (III) and (IV) and can be 

attributed to the stretching vibrations of the CO group of the e-COOH-Cbl-CN molecule. In 

spectrum (III), in the same region of carbonyl vibrations, in addition to the 1668 sm
-1

 band, a 

weak shoulder of 1719 sm
-1

is observed, which can be attributed to ν СОof the ether group in the 

fullerene fragment. 

The difference between electron structure (III) and (IV) lies in the different method of 

joining complex (I) to the fullerene skeleton. In the case of compound (III), when complex (I) 

directly attached to the fullerene, the carbonyl group is in conjunction with С60. As a result, the 

band of CO group valent oscillations shifts to the low frequency region and coincides with the 

band of νСО molecules e-COOH-Cbl-CN. This conclusion is consistent with the appearance of 

an intense band at 256 nm in electronic spectrum (III) (Fig. 4). When the complex is attached to 

the fullerene cage through an ethylene bridge, as in compound (IV), there is no conjugation and 

the ester group does not differ from that in the fullerene fragment. As a result, an intense band at 

1719 sm
-1

 is observed in the IR-spectrum, and only a weak band at 252 nm in the electronic 

spectrum. 

The obtained data are in good agreement with the electronic spectra of these compounds 

(Fig. 4). 
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Fig. 4. UV-spectra e-COOH-Cbl-CN (I), HC60NH(CH2)5COOCH3 (II), CN-Cbl-C(O)-

C60NH(CH2)5COOCH3 (III) and CN-Cbl-C(O)OCH2CH2-C60NH(CH2)5COOCH3 (IV) 

It is known [17] that in the UV-VIS spectra of compounds containing a corrin ligand, there 

are several characteristic bands located at 360 and 540 nm related to transitions of the corrin 

chromophore. On the above (Fig. 4) UV-VIS spectra of the following compounds: e-COOH-Cbl-

CN (I), CN-Cbl-C(O)-C60NH(CH2)5COOCH3 (III) and CN-Cbl-C(O)OCH2CH2-

C60NH(CH2)5COOCH3 (IV), all of them have peaks indicating the presence of a corrin ligand in 

the initial and obtained compounds. 

The determination of the elemental composition of the samples was carried out on the basis 

of previously developed analytical methods [18]. The content of Co and P in OH-Cbl (V) (the 

preparation of the company Sigma), which was taken as the benchmark for purity of the initial e-

COOH-Cbl-CN (I), was determined by non-destructive X-ray fluorescence analysis (XRD) and 

spectrophotometry (SF) respectively (Tab. 2). The obtained results were compared with 

theoretically calculated, based on the gross formula of vitamin B12. To exclude the possible 

influence of the sample size on the results of the RF-determination of Co, several samples of 

vitamin C of various weights (from 10 to 2 mg) were analyzed. The reproducibility of the 

obtained results indicates the absence of possible errors associated with the size of the sample, 

however, one cann't help but notice their overall understatement compared to the theoretical 

(4.38% Co). The spectrophotometric determination of P in the form of a phosphorus-

molybdenum heteropolyacid after the mineralization of the sample according to Kjeldahl method 

was carried out with good accuracy (2.30% Ptheory) and did not cause complications. 
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In the course of further work, an elemental analysis of the preparations was necessary to be 

carried out using the minimum amount of the substance. In this regard, the method of express 

gravimetry (EG) was chosen to determine Co and P, the fundamentals of which were developed 

earlier in the laboratory of microanalysis of the INEOS RAS. The essence of the method consists 

in burning a substance at a high temperature in a rapid stream of oxygen. The content of the ash-

forming elements, in this case, Co and P, is calculated on the basis of their analytical form and 

atomic ratio in the sample. Previously, in the laboratory, substances containing both Co and P 

were not analyzed by this method. When determining this method in individual Co-organic 

compounds and polymers, mixed black Co3O4 oxide is quantitatively formed in the ash residue. 

In the reference sample OH-Cbl (V), as well as in all the synthesized preparations based on 

it, the atomic ratio Co:P = 1:1 remains constant. When determining these elements by the EG 

method, a change in the color of the ash residue was observed, which was colored in a dark lilac 

color and was probably an inorganic salt — cobalt (II) phosphate. In this connection, the content 

of Co and P in OH-Cbl (V), as well as in the synthesized preparations based on it, was calculated 

based on the ash residue of the composition 2CoO∙P2O5. Comparison of the obtained results with 

theoretical results for OH-Cbl (V) and Cbl-CN (VI) (Tab. 3) indicates the correctness of the 

chosen methodology for performing the analysis of the studied samples. 

For more complete information about the elemental composition of the preparations, their 

automatic CHN analysis was also carried out. The correctness of the obtained results was 

confirmed by the analysis of acetanilide under the same conditions taken as a standard sample 

(Tab. 4). 

Experimental Part 

General remarks 

The IR spectra were measured on a Tensor 37 Fourier spectrometer (Bruker) in the region 

of 4000-400 sm
–1 

for samples in the form of tablets with KBr. UV-Vis spectra were recorded on 

a spectrophotometer V-780 (Japan) in 1 sm quartz cuvettes in aqueous solutions containing 5
.
10

-5
 

mol of the test substance at 23°C. The wavelength range is 220— 700 nm. Scanning speed 400 

nm / min, scanning interval 0.5 nm. CD spectra were obtained on a SKD-2 dichrograph (joint 

development of IMB and IS RAS) in the wavelength range 200–600 nm at 23°C. All 

measurements were carried out in a quartz cuvette with a thickness of 1 sm with a spectral 

resolution of 3 nm, an accumulation of 2.4 seconds, and a scanning speed of 35 nm/min. The 

intensity of the Extrema of the Cotton effect (EC) in the CD spectra was calibrated using an 

aqueous solution of D-10-camphorsulfonic acid. In all the figures, the dichroism values ΔА are 

given in ΔA (the value expressing the difference in light absorption corresponding to the right 

and left circular polarization). 

Syntheses 

Compound (I) was synthesized according to the method [2], and the compound (II) to the 

method from [9]. 

Complex CN-Cbl-C(O)-C60NH(CH2)5COOCH3 (III) 

CN-Cbl-COOH + SOCl2 → CN-Cbl-COCl 
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CN-Cbl-COCl + HC60NH(CH2)5COOCH3 → CN-Cbl-C(O)-C60NH(CH2)5COOCH3 (III) 

To a solution of 0.0494g (3.64
.
10

-5
 mol) of compound (I) in 5 ml of DMF, 0.0065 g thionyl 

chloride (5.46
.
10

-5
 mol) was poured, boiled for 2 hours and the excess of thionyl chloride was 

distilled off in vacuum. Then, 0.0472 g (5.46
.
10

-5
 mol) (1.5 times excess) of compound (II) in 5 

ml of pyridine was poured into the solution, the mixture was stirred at room temperature for 8 

hours, and left overnight. The solution was placed on dialysis against water. An excess of 

insoluble compound (II) precipitates, and unreacted complex (I) penetrates the dialysis bag, 

staining the water pink. Dialysis was carried out for 2 days until the dialysis water was 

completely decolorized, the solution was removed from the dialysis bag and the precipitate was 

filtered off (II). An aqueous solution of compound (III) was obtained in almost quantitative 

yield. 

Complex CN-Cbl-C(O)OCH2CH2-C60NH(CH2)5COOCH3 (IV) 

CN-Cbl-COOH + HOCH2CH2Cl → CN-Cbl-COOCH2CH2Cl 

CN-Cbl-COOCH2CH2Cl + HC60NH(CH2)5COOCH3 →CN-Cbl-C(O)OCH2CH2-

C60NH(CH2)5COOCH3 (IV) 

Ethylenchlorhydrine (0.0029 g (3.64
.
10

-5 
mol)) and 0.0091 g (4.37

.
10

-5 
mol) (20% excess) 

DCHCD were added to the solution of 0.0494 g (3.64
.
10

-5 
mol)of the compound (I) in 5 ml 

DMF. The mixture was stirred for 2 days at room temperature. Then 0.0472 g (5.46
.
10

-5 
mol) 

(1.5-fold excess) of the compound (II) in 5 ml of pyridine added to this solution, the mixture was 

stirred at room temperature for 8 hours and left overnight. The isolation of compound (IV) with 

practically quantitative yield was carried out similarly to the previous method. 

The elemental analysis  

Elemental composition of investigating specimens defined on the base on early developed 

analytic procedures [18]. 

The determination of Co and P in compounds was initially carried out using the methods of 

non-destructive roentgen-fluorescent analysis (RFA) (Co) and spectrophotometry (SP) (P) 

respectively to (Tab. 2). The RF determination (Co) was performed on a VRA-30 X-ray 

spectrometer (Carl Zeiss Jena, Germany) with a X-ray tube with a molybdenum anode (40kV, 

20mA). Crystal analyzer LiF200, collimator 0.17º, scintillation detector. The measurements were 

carried out in air; the counting time was 10 s. The Co Kα1,2 line was used as an analytical line, 

the peak maximum angle was 52.74º. Polystyrene was used as a diluent for the sample. The SF 

determination of P in the form of a phosphorus-molybdenum heteropolyacid (blue form) was 

carried out at λ = 750 nm on a Cary 100 spectrophotometer (Varian) after mineralization of the 

Kjeldahl portions when heated to 250-300°C with H2SO4 cons. and a few drops of 57% HClO4. 

Metholsulfite was used as a reducing agent. A KH2PO4 solution containing 20 µg P in 1 ml was 

used to construct a calibration graph. 

Simultaneous determination of Co and P by the express-gravimetric EG method was 

carried out from one sample using a set of equipment for determining CH and a hetero element 

(manufactured by “Chemlaborequipment”, Klin, Russia) (Tab. 3). The sample weights and ash 
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residues were weighed on an AT-20 microbalance (Mettler Toledo, Switzerland). The samples 

were burned at 930ºС in quartz containers on crushed quartz in a fast stream of oxygen (35-40 

ml/min), previously cleaned from moisture and organic impurities. At the end of the burning, the 

ash residues were cooled to room temperature and weighed. The content of Co and P was 

calculated using the mass of the samples and the ash residues of the composition 2СоО∙Р2О5. 

Automatic CHN analysis of the samples was carried out on a new Vario Microcube Elementar 

CHN analyzer (Germany) using acetanilide as a standard when calibrating the instrument 

(Tab.4). 

Table 1. Characterictic bands (sm
-1

) in IR spectra of (I), (III) and (IV) 

Sample 

(in tablets of KBr) 

νNH+νOH νСО 

Cbl 

Amide bands 

Cbl 

νCN-Cbl ν (-C-OH)  

(СООН)-Cbl 

 

I 

 

3401 sh. 

3350st. 

3159st. 

1668v.st. 1668v.st. 

1574st. 

 

2135 w. 1216 mid. 

 

 

III 

 

3421st. 

3202 sh. 

 1667v.st. 

1574st. 

1719 sh., w. 

2136v.w.  

 

IV 

 

3400st. 

3202 sh. 

 1667v.st. 

1573 mid. 

1719st. 

2136v.w.  

Table 2. Determination of Co and P in OH-Cbl (V) by the methods of X-ray fluorescence 

analysis and spectrophotometry 

Hitch, mg Со,% Hitch, mg Р,% 

10.167 3.7 2.645 2.27 

6.009 3.8 2.210 2.33 

2.250 3.9   

theory 4.38  2.30 

Table 3. Simultaneous determination of Co and P in Cbl-CN (VI) and compounds (III) - (V)  by 

the method of express gravimetry 

Sample Amount, mg Ash residue, mg Со,% Р,% 

Cbl-CN (VI) 4.769 0.502 4.26 2.23 

(VI) theory   4.38 2.30 

(I) 4.582 0.392 3.45 1.81 

(III) 4.494 0.322 2.90 1.52 

(IV) 3.768 0.352 3.78 1.98 

(V) 3.738 0.344 3.72 1.95 
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Table 4. Automatic CHN-analysis of obtained samples and acetanilide 

Sample Amount, mg С,% H% N,% 

(I) 0.879 46.54 6.92 12.33 

(III) 0.889 52.60 4.68 5.93 

(V) 1.001 50.31 6.50 12.85 

Acetanilide 0.935 70.91 6.60 10.18 

Acetanilide theory  71.09 6.71 10.36 

Conclusions 

Summarizing the obtained data, we can conclude that the addition of the fullerene cage of 

the amino acid fullerene derivative HC60NH(CH2)5COOCH3 (II) to the carboxyl group of the e-

COOH-Cbl-CN (I) complex results in the formation of a new type of biologically oriented 

cobalamin-fullerene complexes (III) and (IV). The structure of the obtained substances was 

established using UV, IR and CD spectroscopy. The elemental composition of the samples is 

clearly established on the basis of the methods developed in the laboratory of the microanalysis 

of INEOS RAS, including nondestructive X-ray fluorescence analysis, spectrophotometry and 

the method of express gravimetry. 
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