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Abstract 
Phenylene-1,2-diamines and (1R,2R)-cyclohexane-1,2-

diamine were tested in the synthesis of cyclic carbonates from 

epoxides and CO2. It was found that the system based on 

aliphatic (1R,2R)-cyclohexane-1,2-diamine and iodine is the most 

effective one. An increase in the conversion was facilitated by an 

increase in the amount of iodine and the reaction temperature. 
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Introduction 

For many years, organic chemists had to use expensive, rare 

or toxic reagents and catalysts to obtain the target compounds. 

Reactions in organic synthesis often require a certain type of 

catalysts, indispensable reagents and solvents, which are 

extremely difficult to dismiss due to finely tuned parameters that 

affect the process conversion and selectivity. The use of carbon 

dioxide as a solvent and raw material is a practical way to 

address at least the cost and environmental issues. Nevertheless, 

the widespread application of carbon dioxide has a number of 

serious limitations due to its low solubilizing ability which is 

associated with a zero dipole moment and a dielectric constant 

ranging from 1.1 to 1.5 depending on the pressure and 

temperature [1]. One of the convenient approaches for the 

utilization of CO2 in the synthesis of fuel additives, polar 

solvents, including those used in lithium-ion batteries, 

monomers for the production of polycarbonates and non-

isocyanate polyurethanes is the reaction with oxiranes [2–5]. 

Nowadays, transition metal complexes, ionic liquids, as well as 

non-metallic catalysts, such as organic ammonium, imidazolium 

and phosphonium salts, including those covalently or weakly 

bound to solid supports, are used as catalysts for this process [6]. 

Each group of the catalysts has its own advantages and 

disadvantages. Thus, metal complexes are active at low 

loadings, pressures and temperatures, but their use is limited by 

the availability of starting compounds and complex synthesis 

[7]. Heterogeneous high molecular weight catalysts offer the 

advantages such as easy separation from the reaction products 

and recyclability, but there are also limitations related to the 

starting compounds and multistep synthesis of these catalysts 

[8]. Organocatalysts, as a rule, have lower activity, but an 

important feature of this type of catalysts is their availability [9]. 

In order to simplify and reduce the cost of catalysts, an approach 

has been suggested that is based on simple mixing of primary, 

secondary and tertiary amines, including high molecular weight 

derivatives, with iodine. In this case, the systems of the [NR3I]I 

composition are formed, the efficiency of which appears to be 

comparable to those of the catalysts that require significant 

synthetic efforts [10–17]. At the same time, we found that 

amines bearing additional hydroxy and amino groups are more 

effective. In order to search for new effective systems for the 

addition of CO2 to oxiranes, in this work, we studied the 

performance of accessible cyclohexane- and phenylene-1,2-

diamines with various substituents in combination with iodine. 

Results and discussion 

A series of phenylene-1,2-diamines (compounds 1–4, 

Scheme 1) and (1R,2R)-cyclohexane-1,2-diamine (5) in 

combination with iodine (1 mol %) were tested in the reaction of 

CO2 with propylene oxide (6a) at 110 °С for 2 h. 

 

Scheme 1. Addition of СО2 to epoxides. 

It was found that among the aryl-containing diamines, the 

most effective compound was diamine 1. The introduction of 

additional substituents, especially halogen atoms, significantly 

reduced the conversion (Table 1, entries 1–4). The most 

effective system appeared to be a mixture of iodine and 

cyclohexane-1,2-diamine (Table 1, entry 5). This is likely to be 

associated with the higher solubility of this aliphatic catalyst in  
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Table 1. Addition of CO2 to oxiranes (56 atm) 

Entry Amine (1 mol %) Oxirane Additive T, °С t, h Conversion (product yield), % 

1 1 6a I2 (1 mol %) 110 2 72 

2 2 6a I2 (1 mol %) 110 2 61 

3 3 6a I2 (1 mol %) 110 2 42 

4 4 6a I2 (1 mol %) 110 2 37 

5 5 6a I2 (1 mol %) 110 2 79 

6 5 6a I2 (1 mol %) 100 2 34 

7 5 6a I2 (1 mol %) H2O (10 mol %) 110 2 88 

8 5 6a I2 (1 mol %), CF3CH2OH (10 mol %) 110 2 84 

9 5 6a I2 (1.5 mol %) 110 2 100 

10 5 6a I2 (1 mol %) 120 2 100 (95) 

11 5 6b I2 (1 mol %) 120 2 74 

12 5 6b I2 (1 mol %) 120 4 100 (97) 

13 5 6c I2 (1 mol %) 120 2 100 (96) 

14 5 6d I2 (1 mol %) 120 2 100 (95) 

15 5 6e I2 (1 mol %) 120 2 100 (92) 

16 5 6f I2 (1 mol %) 120 2 100 (92) 

17 5 6g I2 (1 mol %) 120 2 100 (95) 

18 5 6h I2 (1 mol %) 120 2 100 (94) 

 

low-polar propylene oxide compared to those obtained on the 

basis of aromatic diamines 1–4. It should be noted that a 

temperature decrease led to a drastic decrease in the catalyst 

efficiency (Table 1, entry 6). 

In order to optimize the results, water and 2,2,2-

trifluoroethanol were added to the reaction system as co-

solvents, but the conversion increased only slightly (Table 1, 

entries 7 and 8). The quantitative conversion was achieved by 

increasing the amount of iodine from 1 to 1.5 mol % or by 

increasing the reaction temperature from 110 to 120 °С (Table 1, 
entries 9 and 10). The use of epoxide 6b (Scheme 1) bearing an 

ethyl substituent required a longer reaction time (Table 1, entries 

11, 12). The latter can be explained by the limited solubility of 

the catalyst in nonpolar aliphatic oxirane 6b. In the case of more 

polar oxiranes 6c–h, the complete conversion was achieved in 2 

h (Table 1, entries 13–18). 

The catalyst based on diamine 5 and iodine was also tested 

in the addition of CO2 to bis(epoxide) 8 (Scheme 2). At the 

iodine concentration of 1 mol %, the conversion in 20 h was 

27%. An increase in the amount of iodine from 1 to 1.5 mol % 

led to the quantitative conversion under the same conditions. It 

is noteworthy that bicarbonate 9 is used to obtain high-

temperature and mechanically stable adhesives and 

hydrophilizing coatings [18, 19]. 

 

Scheme 2. Addition of СО2 to bis(epoxide) 8. 

Experimental section 

General remarks 

The 1H (400.13 MHz) and 13C NMR spectra (100.61 MHz) 

were registered on a Bruker Avance 400 spectrometer in CDCl3. 

Diamines 1–5 and epoxides 6a–e are commercially available 

compounds. Epoxides 6f–h were synthesized according to the 

published procedures [15, 20, 21]. The work was performed 

with CO2 of 99.99% purity using HIP equipment for its 

handling. 

Syntheses 

Synthesis of carbonates 7a–h and 9 from the epoxides. 

The corresponding diamine (0.06 mmol) and iodine (0.06 or 

0.09 mmol) were placed in a 10 mL autoclave. Then the epoxide 

(6.00 mmol) was added. CO2 was introduced into the autoclave 

at room temperature and heated to the required temperature in a 

thermostat. After the process completion, the autoclave was 

cooled to 5 °C, CO2 was released, and CDCl3 (2 mL) was added. 

The resulting mixture was filtered through a thin layer of silica 

gel to remove the catalyst residues, and the solution obtained 

was analyzed by NMR spectroscopy. The spectral 

characteristics of the resulting carbonates were in good 

agreement with the previously published data [15, 21–24]. 

Conclusions 

Thus, we tested different phenylene-1,2-diamines and 

(1R,2R)-cyclohexane-1,2-diamine in the production of cyclic 

carbonates from epoxides and CO2. It was shown that the system 

based on aliphatic (1R,2R)-cyclohexane-1,2-diamine and iodine 

is the most effective one. An increase in the conversion was 

facilitated by an increase in the amount of iodine and the 

reaction temperature. 

Acknowledgements 

This work was supported by the Ministry of Science and 



INEOS OPEN – Journal of Nesmeyanov Institute of Organoelement Compounds of the Russian Academy of Sciences 

 108 

S. E. Lyubimov and P. V. Cherkasova, INEOS OPEN, 2023, 6 (4), 106–108 

Higher Education of the Russian Federation (agreement no. 075-

03-2023-642). 

Corresponding author 

* E-mail: lssp452@mail.ru (S. E. Lyubimov) 

References 

1. A. van Itterbeek, K. de Clippeleir, Physica, 1947, 13, 459–464. 

DOI: 10.1016/0031-8914(47)90033-5 

2. C. Calabrese, F. Giacalone, C. Aprile, Catalysts, 2019, 9, 325. 

DOI: 10.3390/catal9040325 

3. A. J. Kamphuis, F. Picchioni, P. P. Pescarmona, Green Chem., 

2019, 21, 406–448. DOI: 10.1039/C8GC03086C 

4. L. Guo, K. J. Lamb, M. North, Green Chem., 2021, 23, 77–118. 

DOI: 10.1039/D0GC03465G 

5. Y. Fan, M. Tiffner, J. Schörgenhumer, R. Robiette, M. Waser, S. 

R. Kass, J. Org. Chem., 2018, 83, 9991–10000. DOI: 

10.1021/acs.joc.8b01374 

6. T. Weidlich, B. Kamenická, Catalysts, 2022, 12, 298. DOI: 

10.3390/catal12030298 

7. F. Della Monica, C. Capacchione, Asian J. Org. Chem., 2022, 11, 

e202200300. DOI: 10.1002/ajoc.202200300 

8. G. Li, S. Dong, P. Fu, Q. Yue, Y. Zhou, J. Wang, Green Chem., 

2022, 24, 3433–3460. DOI: 10.1039/d2gc00324d 

9. T. Lv, B. Wang, R. Wang, Aerosol Air Qual. Res., 2022, 22, 

220227. DOI: 10.4209/aaqr.220227 

10. B. Chowdhury, A. A. Zvinchuk, R. R. Aysin, E. A. Khakina, P. 

V. Cherkasova, S. E. Lyubimov, Catal. Surv. Asia, 2021, 25, 

419–423. DOI: 10.1007/s10563-021-09341-9 

11. O. Coulembier, S. Moins, V. Lemaur, R. Lazzaroni, P. Dubois, J. 

CO2 Util., 2015, 10, 7–11. DOI: 10.1016/j.jcou.2015.02.002 

12. S. E. Lyubimov, P. V. Cherkasova, R. R. Aysin, Russ. Chem. 

Bull., 2022, 71, 577–579. DOI: 10.1007/s11172-022-3451-0 

13. S. E. Lyubimov, P. V. Cherkasova, R. R. Aysin, B. Chowdhury, 

Russ. Chem. Bull., 2022, 71, 408–411. DOI: 10.1007/s11172-

022-3427-0 

14. S. E. Lyubimov, P. V. Cherkasova, R. R. Aysin, INEOS OPEN, 

2022, 5, 7–9. DOI: 10.32931/io2202a 

15. S. E. Lyubimov, P. V. Cherkasova, R. R. Aysin, INEOS OPEN, 

2022, 5, 38–41. DOI: 10.32931/io2208a 

16. S. E. Lyubimov, P. V. Cherkasova, INEOS OPEN, 2022, 5, 158–
160. DOI: 10.32931/io2227a 

17. S. E. Lyubimov, P. V. Cherkasova, S. T. Gazheev, A. Yu. Popov, 

INEOS OPEN, 2022, 5, 99–101. DOI: 10.32931/io2216a 

18. A. S. Nair, S. Cherian, N. Balachandran, U. G. Panicker, S. K. K. 

Sankaranarayanan, ACS Omega, 2019, 4, 13042–13051. DOI: 

10.1021/acsomega.9b00789 

19. J. Nanclares, Z. S. Petrović, I. Javni, M. Ionescu, F. Jaramillo, J. 

Appl. Polym. Sci., 2015, 132, 42492. DOI: 10.1002/app.42492 

20. V. S. Reuss, M. Werre, H. Frey, Macromol. Rapid Commun., 

2012, 33, 1556–1561. DOI: 10.1002/marc.201200307 

21. T. Tsuda, K. Kondo, T. Tomioka, Y. Takahashi, H. Matsumoto, 

S. Kuwabata, C. L. Hussey, Angew. Chem., Int. Ed., 2011, 50, 

1310–1313. DOI: 10.1002/anie.201005208 

22. H. Zhou, G.-X. Wang, W.-Z. Zhang, X.-B. Lu, ACS Catal., 2015, 

5, 6773–6779. DOI: 10.1021/acscatal.5b01409 

23. V. Legros, G. Taing, P. Buisson, M. Schuler, S. Bostyn, J. 

Rousseau, C. Sinturel, A. Tatibouët, Eur. J. Org. Chem., 2017, 

5032–5043. DOI: 10.1002/ejoc.201700646 

24. J.-Z. Hwang, S.-C. Wang, P.-C. Chen, C.-Y. Huang, J.-T. Yeh, 

K.-N. Chen, J. Polym. Res., 2012, 19, 9900. DOI: 

10.1007/s10965-012-9900-y 

 

This article is licensed under a Creative 

Commons Attribution-NonCommercial 4.0 

International License.  

 

https://creativecommons.org/licenses/by/4.0/

