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Abstract 

Ligands containing azole rings are interesting as ligands for coordination 

chemistry, especially as building blocks for metal-organic frameworks. 

Adamantane can serve as a rigid linker for the construction of multidentate 

ligands. In this work we describe the synthesis of 3-azolyl-1-

adamantanecaroboxylic acid derivatives starting from 3-bromo-1-

adamantanecaroboxylic acid and the corresponding azoles (pyrazole, imidazole, 

1,2,4-triazole, benzimidazole, 1,2,3-benzotriazole). The structure of products was 

confirmed by NMR and mass-spectrometry. 
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Introduction 

Diamondoids are cage hydrocarbons, in which the arrangement of carbon 

resembles the diamond crystal lattice [1]. Adamantane, being the simplest and the 

most readily available of them attracts attention for its rigidity, relatively low 

molecular volume and lipophilicity [2–4]. Functionalized adamantanes find use in 

pharmaceutical applications [5–7], polymer synthesis [8], design of nanostructured 

materials [9,10], ionic liquids [11] and coordination chemistry [12,13]. Among 

pharmaceutical applications, potent antiviral activity of functionalized 

adamantanes should be noted [14–16]. Some of azolyl-substituted adamantanes 

resembling rimantadine analogs were evaluated as antiviral agents [17]. In 

addition, arrangement of azoles around a rigid linker makes azolyladamantanes 

perfect auxiliary ligands for metal-organic framework design, however, only 

several examples of such ligands have been reported so far [18–22]. 

In this contribution synthesis of new azolyl-functionalized adamantane-

carboxylic acids is reported. 

 

Results and discussion 

3-Azolyl-1-adamantanecarboxylic acids 1-3 were prepared by heating the 

liquid mixture of the corresponding azoles and 3-bromo-1-adamantanecarboxylic 

acid at 120 C (Scheme 1). 
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The products were identified using GC/MS and NMR methods. GC/MS 

analysis of products was performed after their derivatization with MeOH / SOCl2 

system. Methyl ethers of 3-azolyl-1-adamantanecarboxylic acids gave stable 

molecular ions in electron impact mass spectra (see Figure 1 as an example). 

Other characteristic peaks correspond to ions formed abstraction of azole (m/z 

193) or COOMe (m/z 202) moieties. Further fragmentation leads to a stable 

dehydroadamantane cation-radical (Scheme 2). 

 

Figure 1. Electron impact mass-spectrum of methyl ether of compound 2. 



 

Scheme 2 

When 1,2,3-benzotriazole was used as a starting azole, a mixture of the 

corresponding 1- and 2-benzotriazolyl derivatives 4a and 4b was isolated 

(Scheme 3). 

 

Scheme 3 

Compounds 4a and 4b could be easily discerned by their mass-spectra 

(Figure 2). 1-Benzotriazolyl derivative 4a is able to eliminate dinitrogen, thus its 

molecular ion is unstable and the corresponding peak at m/z 311 was not 

detected. Instead, the heaviest peak in the mass-spectrum of compound 4a was 

at m/z 281 and accounted for [M-N2-2H] particle. On the contrary, mass-spectrum 

of compound 4b demonstrated a peak at m/z 310 corresponding to [M-H] ion. 
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Figure 2. Electron impact mass-spectra of methyl ethers of compounds 4a (a) and 

4b (b). 



A typical synthetic procedure is given in the experimental part. 

 

Experimental 

Gas chromatography-mass spectrometry analysis was performed using 

Agilent 7890A gas chromatograph equipped with Agilent MSD 5975C mass-

selective detector. 

NMR spectra were recorded on Bruker AV300 instrument operating at 300 

MHz for 1H and 75 MHz for 13C. 

3-(Pyrazol-1-yl)-1-adamantane carboxylic acid (1). A mixture of 3-bromo-1-

adamantanecarboxylic acid (5 mmol) and 1H-pyrazole (10 mmol) were heated in a 

screw-caped glass vial at 120 C in a dry bath incubator for 24 hours. The glassy 

residue was then dissolved and DCM (10 ml) and the organic phase was washed 

several time with water to remove the excess of pyrazole. After removal of the 

solvent the acid 1 was obtained as a colorless solid. Yield 1.14 g (92 %). NMR 1H, 

, ppm (CDCl3): 1.74-2.79 (14H, Adm), 6.23 (1H, 4-H-Pz), 7.51 (1H, 3-H-Pz), 7.57 

(1H, 5-H-Pz), 11.0 (1H, COOH). 

 

Summary 

In summary, a simple procedure for the synthesis of new functionalized 

adamantanes, which are potentially useful ligands for metal-organic frameworks 

was proposed. The structure of the products was confirmed by NMR and mass-

spectrometry. 

 

Acknowledgements 

The reported study was funded by RFBR, according to the research project 

No. 16-33-60149 mol_а_dk. 

 

References  

1. Dahl, J. E.; Liu, S. G.; Carlson, R. M. K. Isolation and Structure of Higher 

Diamondoids, Nanometer-Sized Diamond Molecules. Science (80-. ). 2003, 299, 

96–99. 



2. Wanka, L.; Iqbal, K.; Schreiner, P. R. The lipophilic bullet hits the targets: 

medicinal chemistry of adamantane derivatives. Chem. Rev. 2013, 113, 3516–

604. 

3. Pannier, N.; Maison, W. RigidC3-Symmetric Scaffolds Based on Adamantane. 

European J. Org. Chem. 2008, 2008, 1278–1284. 

4. Nasr, K.; Pannier, N.; Frangioni, J. V; Maison, W. Rigid multivalent scaffolds 

based on adamantane. J. Org. Chem. 2008, 73, 1056–60. 

5. Klimochkin, Y. N.; Shiryaev, V. A.; Leonova, M. V Antiviral properties of cage 

compounds. New prospects. Russ. Chem. Bull. 2015, 64, 1473–1496. 

6. Grillaud, M.; Bianco, A. Multifunctional adamantane derivatives as new 

scaffolds for the multipresentation of bioactive peptides. J. Pept. Sci. 2015, 21, 

330–45. 

7. Pathak, R.; Marx, A. An adamantane-based building block for DNA networks. 

Chem. Asian J. 2011, 6, 1450–5. 

8. Fu, S.-Q.; Guo, J.-W.; Zhu, D.-Y.; Yang, Z.; Yang, C.-F.; Xian, J.-X.; Li, X. 

Novel halogen-free flame retardants based on adamantane for polycarbonate. 

RSC Adv. 2015, 5, 67054–67065. 

9. Singh, R.; Meena, J. S.; Chang, Y.-C.; Wu, C.-S.; Ko, F.-H. Control of active 

semiconducting layer packing in organic thin film transistors through synthetic 

tailoring of dielectric materials. RSC Adv. 2014, 4, 29383. 

10. Zhou, Y.; Brittain, A. D.; Kong, D.; Xiao, M.; Meng, Y.; Sun, L. Derivatization of 

diamondoids for functional applications. J. Mater. Chem. C 2015, 3, 6947–6961. 

11. Tanaka, K.; Hiraoka, T.; Ishiguro, F.; Jeon, J.-H.; Chujo, Y. Adamantane ionic 

liquids. RSC Adv. 2014, 4, 28107. 

12. Zhou, Y.-H.; Liu, X.-W.; Chen, L.-Q.; Wang, S.-Q.; Cheng, Y. Synthesis, 

structure and superoxide dismutase-like activity of two mixed-ligand Cu(II) 

complexes with N,N′-bis(2-pyridylmethyl)amantadine. Polyhedron 2016, 117, 788–

794. 

13. Natterer, A.; Adhikari, B.; Fyta, M. Complexes of carbene-functionalized 

diamondoids and metal atoms: Electronic properties. J. Organomet. Chem. 2016, 

815–816, 8–15. 



14. Naik, R.; Jeon, C.-O.; Min, H.-Y.; Choi, H.-K.; Min, K.-H.; Lee, K. Synthesis 

and Bioactivity of Novel Adamantyl Derivatives as Potent MDR Reversal Agents. 

Bull. Korean Chem. Soc. 2011, 32, 4444–4446. 

15. Zarubaev, V. V; Golod, E. L.; Anfimov, P. M.; Shtro, A. A.; Saraev, V. V; 

Gavrilov, A. S.; Logvinov, A. V; Kiselev, O. I. Synthesis and anti-viral activity of 

azolo-adamantanes against influenza A virus. Bioorg. Med. Chem. 2010, 18, 839–

48. 

16. Min, K. H.; Xia, Y.; Kim, E. K.; Jin, Y.; Kaur, N.; Kim, E. S.; Kim, D. K.; Jung, 

H. Y.; Choi, Y.; Park, M.-K.; Min, Y. K.; Lee, K.; Lee, K. A novel class of highly 

potent multidrug resistance reversal agents: Disubstituted adamantyl derivatives. 

Bioorg. Med. Chem. Lett. 2009, 19, 5376–5379. 

17. Gonzalez, M. E.; Alarcon, B.; Cabildo, P. Synthesis and in vitro antiviral 

activity of some N-adamantylazoles and benzazoles. Eur. J. Med. Chem. 1985, 

20, 359–362. 

18. Boldog, I.; Domasevitch, K. V.; Sanchiz, J.; Mayer, P.; Janiak, C. 1,3,5,7-

Tetrakis(tetrazol-5-yl)-adamantane: the smallest tetrahedral tetrazole-

functionalized ligand and its complexes formed by reaction with anhydrous M( 

<scp>ii</scp> )Cl 2 (M = Mn, Cu, Zn, Cd). Dalt. Trans. 2014, 43, 12590. 

19. Senchyk, G. A.; Lysenko, A. B.; Boldog, I.; Rusanov, E. B.; Chernega, A. N.; 

Krautscheid, H.; Domasevitch, K. V 1,2,4-Triazole functionalized adamantanes: a 

new library of polydentate tectons for designing structures of coordination 

polymers. Dalt. Trans. 2012, 41, 8675–8689. 

20. Senchyk, G. A.; Lysenko, A. B.; Krautscheid, H.; Rusanov, E. B.; Chernega, A. 

N.; Krämer, K. W.; Liu, S. X.; Decurtins, S.; Domasevitch, K. V. Functionalized 

adamantane tectons used in the design of mixed-ligand copper(II) 1,2,4-

triazolyl/carboxylate metal-organic frameworks. Inorg. Chem. 2013, 52, 863–872. 

21. Senchyk, G. A.; Lysenko, A. B.; Rusanov, E. B.; Chernega, A. N.; Krautscheid, 

H.; Domasevitch, K. V. Polynuclear and polymeric metal complexes based upon 

1,2,4-triazolyl functionalized adamantanes. Inorganica Chim. Acta 2009, 362, 

4439–4448. 

22. Senchyk, G. A.; Lysenko, A. B.; Rusanov, E. B.; Chernega, A. N.; Jezierska, 



J.; Domasevitch, K. V.; Ozarowski, A. Structure and magnetic behavior of CuII 

MOFs supported by 1,2,4-triazolyl-bifunctionalized adamantane scaffold. Eur. J. 

Inorg. Chem. 2012, 5802–5813. 

 


