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Abstract: The nitration of novel bioactive derivatives of 2,6,8,12-tetraacetyl-2,4,6,8,10,12-
hexaazaisowurtzitane in different nitrating systems was examined. The yield of CL-20, the known
product from the nitration of hexaazaisowurtzitane compounds, was found to depend on the nature
of substituents at the 4,1 positions and on the composition of the nitrating mixture.

Keywords: nitrolysis; CL-20; 2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazaisowurtzitane; mixed
sulfric/nitric acids; nitric acid

1. Introduction

2,4,6,8,10,12-Hexaazaisowurtzitane derivatives are cage polycyclic amines with a
unique structure that makes them appealing for study in different fields of organic chem-
istry. These compounds are traditionally produced by condensation of glyoxal with ben-
zylamine [1] followed by the modification to the target structures. Indeed, a method
is known for the synthesis of hexaazaisowurtzitane compounds by transamination of
N,N′-di-tert-butyl-1,2-ethanediimine with amines [2].

These compounds have become best known as intermediate products for the synthesis
of the powerful explosive CL-20 (2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane,
1) [3–10]. However, a range of 2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazaisowurtzitane deriva-
tives has presently been created that exhibit significant biological activity combined with
low toxicity [11–20], making them promising for a wide range of use.

Here, we explored the nitration process of innovative compounds that exhibit an
analgesic activity, these are:

- 4,10-di(2-ethoxyacetyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazaisowurtzitane (2);
- 4-(3,4-dibromothiophenecarbonyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazaisowurtzitane

(thiowurtzine, 3);
- 4-(3,4-dibromothiophenecarbonyl)-10-(2-ethoxyacetyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-

hexaazaisowurtzitane (4);
- 4-(3,4-dibromothiophenecarbonyl)-2,6,8,10,12-pentaacetyl-2,4,6,8,10,12-hexaazaisowurtzitane

(5);
- 4,10-bis((±)-5-benzoyl-2,3-dihydro-1Н-pyrrolo [1,2-a]pyrrol-1-carbonyl)-2,6,8,12-

tetraacetyl-2,4,6,8,10,12-hexaazaisowurtzitane (6).

2. Materials and Methods
1H and 13C NMR spectra were recorded on a Bruker Avance III spectrometer (Bruker

Corporation, Billerica, MA, USA). 1H NMR spectra were acquired at 400.13 MHz, while
13C NMR spectra were taken at 100.61 MHz. The measurements were conducted at 298
K, unless otherwise stated. The spectra were calibrated using residual solvent signals
(DMSO-d6: 2.50 ppm for 1H, 39.5 ppm for 13C). All NMR spectra of the new compounds
are shown in the Supporting Materials. IR spectra (KBr): Simex FT-801 FTIR spectrometer
(Simex, Novosibirsk, Russia). Elemental analyses were done on a Thermo Scientific Flash
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EA1112 CHNS elemental analyzer (Thermo Fisher Scientific, Waltham, MA, USA) for
carbon, hydrogen, nitrogen, and oxygen contents. The reagents were procured from
commercial sources and used as received unless otherwise stated. The commercially
available compounds were used without additional purification unless otherwise stated.

A general procedure for the nitration of 2,6,8,12-tetraacetyl-2,4,6,8,10,12-
hexaazaisowurtzitane derivatives (2–6) in mixed H2SO4-HNO3 (30/70) at a modulus of
30 was as follows:

In a 100-mL three-neck flask equipped with an oil bath, a thermometer, and a reflux
condenser, nitric acid (28 mL, 42 g) was poured into sulfuric acid (11.5 mL, 18 g) with
stirring at a temperature not above 30 ◦C, and afterwards 2–6 (2 g) were added portionwise
at 20–25 ◦C and held for 30 min at this temperature until completely dissolved. The reaction
mixture was then heated to 70–73 ◦C and held for 6 h. Once the holding was completed,
the reaction mixture was cooled to 40 ◦C and poured into ice (300 g); the precipitate was
collected by filtration and air-dried. The resultant product was analyzed by HPLC.

A general procedure for the nitration of 2,6,8,12-tetraacetyl-2,4,6,8,10,12-
hexaazaisowurtzitane derivatives (2–6) in mixed NH4NO3-HNO3 (25/75) at a modulus
of 10 was as follows:

In a 100-mL three-neck flask equipped with an oil bath, a thermometer, and a reflux
condenser, nitric acid (20 mL, 30 g) was added into ammonium nitrate (10 g) with stirring
at a temperature of no more than 25 ◦C; afterward, 2–6 (4 g) were added portion-wise
and held for 30 min at this temperature until fully dissolved. The reaction mixture was
then heated to 115–120 ◦C and held for 6 h. After the holding was completed, the reaction
mixture was cooled to 40 ◦C and poured into ice (150 g); the precipitate was collected by
filtration and air-dried. The resultant product was analyzed by HPLC.

4-(2-Nitro-3,4-dibromothiophenecarbonyl)-2,6,8,10,12-pentanitro-hexaazaisowurtzitane
7: 1H NMR (DMSO-d6, δ, ppm) 6.98–7.23 (m, 2CH, CH-Iw), 7.92–8.09 (m, 4CH, CH-Iw). 13C
NMR (DMSO-d6, δ, ppm) 71.16, 71.57, 74.09 (CH, Iw), 117.91 (C, CBr), 118.71 (C, CBr), 132.64
(C, CS), 148.97 (C, CNO2), 160.28 (CO). FTIR (KBr): 593, 710, 757, 784, 824, 867, 897, 966,
1048, 1097, 1180, 1283, 1402, 1529, 1617, 1702, 3032, 3061 cm−1. Elementary analysis: calcd
C 18.71, H 0.86, N 23.80, S 4.54; found C 18.96, H 0.83, N 23.71, S 4.61 (see Supplementary
Materials).

4-(2-Nitro-3,4-dibromothiophenecarbonyl)-10-acetyl-2,6,8,12-tetranitro-2,4,6,8,10,12-
hexaazaisowurtzitane 8: 1H NMR (DMSO-d6, δ, ppm) 2.44 (s, 3CH, CH3), 6.96–7.24 (m,
3CH, CH-Iw), 7.71–8.09 (m, 3CH, CH-Iw). 13C NMR (DMSO-d6, δ, ppm) 20.85 (CH3), 66.62,
70.33, 71.15, 71.57, 73.69, 74.08 (CH, Iw), 117.83 (C, CBr), 118.32 (C, CBr), 133.18 (C, CS),
148.95 (C, CNO2), 160.96 (CO), 169.80 (CO, CH3CO). FTIR (KBr): 603, 661, 751, 770, 825, 889,
964, 1103, 1174, 1327, 1400, 1489, 1585, 1691, 3033 cm−1. Elementary analysis: calcd C 22.21,
H 1.29, N 21.91, O 27.30, S 4.56; found C 22.03, H 1.50, N 21.15, S 4.38 (see Supplementary
Materials).

2,4,6,8,10,12-Hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane 1: 1H NMR (DMSO-d6, δ,
ppm) 7.99 (s, 4H, CH-Iw), 8.09 (s, 2H, CH-Iw). 13C NMR (DMSO-d6, δ, ppm) 71.56, 74.13
(CH, Iw).

3. Results and Discussion

Based on the known data on optimum conditions for the synthesis of 1 [9], we chose
the following nitrating systems for the study: mixed sulfuric/nitric acids (30:70), a classical
option, and nitric acid with added 25% ammonium nitrate providing milder reaction
conditions.

Nitrolysis of 2 in mixed sulfuric/nitric acids at 70 ◦C was quite fast and furnished 1,
with the simultaneous destruction of the final product. In case nitric acid with ammonium
nitrate was employed at 110–120 ◦C, the yield of product 1 was 67% (Scheme 1).
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When 3 was nitrated with nitric acid/ammonium nitrate at 110–120 ◦C for 8 h,
the reaction products were 1 and 4-(2-nitro-3,4-dibromothiophenecarbonyl)-2,6,8,10,12-
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An increase in the reaction length to 16 h resulted in the higher destruction of the
starting molecule of 3, and the reaction product was 1 mixed with 7 in yields of 7.5% and
18%, respectively.

In the case of nitration with mixed sulfuric/nitric acids at 70 ◦C, the reaction product
was 1 in a 33% yield, while compound 7 in the reaction mass was not documented.

Nitrolysis of compound 4 with nitric acid/ammonium nitrate at 110–120 ◦C also gave
mixed compounds 1 and 7 in 34% and 25% yields, respectively (Scheme 2). Mixed sulfu-
ric/nitric acids used for the nitration of 4 led to a fast-occurring process with simultaneous
destruction of the final product.

By nitration of compound 5 with nitric acid/ammonium nitrate at 110–120 ◦C for
6 h, we isolated 4-(2-nitro-3,4-dibromothiophenecarbonyl)-10-acetyl-2,6,8,12-tetranitro-
2,4,6,8,10,12-hexaazaisowurtzitane (8) in a 61% yield (Scheme 3). When the holding time
was raised, no formation of product 1 was documented. In case mixed sulfuric/nitric acids
were utilized, product 8 was not observed to be formed, with the final reaction product
being 1 in a 34% yield.
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Nitrolysis of compound 6 with mixed nitric acid/ammonium nitrate at 110–120 ◦C
furnished compound 1 in a 30% yield (Scheme 4). The use of mixed sulfuric/nitric acids
to nitrate 6 resulted in a fast-occurring process with simultaneous destruction of the final
product.



Materials 2022, 15, 7880 4 of 5

Materials 2022, 15, x FOR PEER REVIEW 4 of 5 
 

 

Nitrolysis of compound 6 with mixed nitric acid/ammonium nitrate at 110–120 °С 
furnished compound 1 in a 30% yield (Scheme 4). The use of mixed sulfuric/nitric acids to 
nitrate 6 resulted in a fast-occurring process with simultaneous destruction of the final 
product. 

 
Scheme 4. Nitration scheme of 6 with mixed nitric acid/ammonium nitrate. 

4. Conclusions 
Thus, the present study demonstrated that the nitration of bioactive derivatives of 

2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazaisowurtzitane with mixed sulfuric/nitric acids in 
a ratio of 30:70 was fast and led basically to the degradation of the starting and final 
products. The process carried out under milder conditions (nitric acid mixed with 25% 
ammonium nitrate) afforded CL-20 as the product of complete nitration in a yield rang-
ing from 30 to 67%. 

Indeed, it was discovered that the compound with linear substituents at the 4,10 
positions underwent nitration most easily. Nitration of the compounds bearing the thi-
ophene moiety at one position proceeded through an intermediate stage to generate de-
rivatives comprising the mononitro thiophene moiety.  

It is worth noting individually that the yield of CL-20 as the end product is not 
technologically significant and hence the wide application of the studied promising 
hexaazaisowurtzitane compounds with an analgesic activity will make it impossible to 
use the same for terrorism purposes. 

Supplementary Materials: The following supporting information can be downloaded at: 
www.mdpi.com/xxx/s1, Figures S1–S4 for NMR spectra of compounds 7, 8. 

Author Contributions: Conceptualization, M.V.C. and S.V.S.; methodology, M.V.C. and S.V.S.; 
formal analysis, M.V.C. and S.V.S.; investigation, M.V.C. and D.A.K.; data curation, S.V.S.; writ-
ing—original draft preparation, M.V.C.; writing—review and editing, D.A.K. and S.V.S. All au-
thors have read and agreed to the published version of the manuscript. 

Funding: The study was supported by the Ministry of Science and Higher Education of the Russian 
Federation (Project No. 075-15-2020-803) using instruments provided by the Biysk Regional Center 
for Shared Use of Scientific Equipment (IPCET SB RAS, Biysk). 

Institutional Review Board Statement: Not applicable.  

Informed Consent Statement: Not applicable.  

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Nielsen, A.T.; Chafin, A.P.; Christian, S.L.; Moore, D.W.; Nadler, M.; Nissan, R.; Vanderah, D.; Gilardi, R.; George, C.; Flip-

pen-Anderson, J. Synthesis of polyazapolycyclic caged polynitramins. Tetrahedron 1998, 54, 11793–11812. 
https://doi.org/10.1016/S0040-4020(98)83040-8. 

2. Il’yasov, S.G.; Chikina, M.V. A novel approach to synthesis of hexaazaisowurtzitane derivatives. Tetrahedron Lett. 2013, 54, 
1931–1932. https://doi.org/10.1016/J.TETLET.2013.01.102. 

Scheme 4. Nitration scheme of 6 with mixed nitric acid/ammonium nitrate.

4. Conclusions

Thus, the present study demonstrated that the nitration of bioactive derivatives of
2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazaisowurtzitane with mixed sulfuric/nitric acids in a
ratio of 30:70 was fast and led basically to the degradation of the starting and final products.
The process carried out under milder conditions (nitric acid mixed with 25% ammonium
nitrate) afforded CL-20 as the product of complete nitration in a yield ranging from 30 to
67%.

Indeed, it was discovered that the compound with linear substituents at the 4,10 posi-
tions underwent nitration most easily. Nitration of the compounds bearing the thiophene
moiety at one position proceeded through an intermediate stage to generate derivatives
comprising the mononitro thiophene moiety.

It is worth noting individually that the yield of CL-20 as the end product is not
technologically significant and hence the wide application of the studied promising hex-
aazaisowurtzitane compounds with an analgesic activity will make it impossible to use the
same for terrorism purposes.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ma15227880/s1, Figures S1–S4 for NMR spectra of compounds
7, 8.

Author Contributions: Conceptualization, M.V.C. and S.V.S.; methodology, M.V.C. and S.V.S.; formal
analysis, M.V.C. and S.V.S.; investigation, M.V.C. and D.A.K.; data curation, S.V.S.; writing—original
draft preparation, M.V.C.; writing—review and editing, D.A.K. and S.V.S. All authors have read and
agreed to the published version of the manuscript.

Funding: The study was supported by the Ministry of Science and Higher Education of the Russian
Federation (Project No. 075-15-2020-803) using instruments provided by the Biysk Regional Center
for Shared Use of Scientific Equipment (IPCET SB RAS, Biysk).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Nielsen, A.T.; Chafin, A.P.; Christian, S.L.; Moore, D.W.; Nadler, M.; Nissan, R.; Vanderah, D.; Gilardi, R.; George, C.; Flippen-

Anderson, J. Synthesis of polyazapolycyclic caged polynitramins. Tetrahedron 1998, 54, 11793–11812. [CrossRef]
2. Il’yasov, S.G.; Chikina, M.V. A novel approach to synthesis of hexaazaisowurtzitane derivatives. Tetrahedron Lett. 2013, 54,

1931–1932. [CrossRef]
3. Latypov, N.; Wellmar, U.; Goede, P.; Bellamy, A. Synthesis and scale-Up of 2,4,6,8,10,12-Hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane

from 2,6,8,12-tetraacetyl-4,10-dibenzyl-2,4,6,8,10,12-hexaazaisowurtzitane (HNIW, CL-20). Org. Process Res. Dev. 2000, 4, 156–158.
[CrossRef]

4. Kalashnikov, A.A.; Sysolyatin, S.V.; Surmacheva, I.A.; Surmacheva, V.N.; Lapina, Y.T. Debenzylation of 2,6,8,12-tetraacetyl-4,10-
dibenzyl-2,4,6,8,10,12-hexaazatetracyclo [5.5.0.03,11.05,9]dodecane. Rus. Chem. Bull. 2009, 58, 2164–2168. [CrossRef]

https://www.mdpi.com/article/10.3390/ma15227880/s1
https://www.mdpi.com/article/10.3390/ma15227880/s1
http://doi.org/10.1016/S0040-4020(98)83040-8
http://doi.org/10.1016/j.tetlet.2013.01.102
http://doi.org/10.1021/op990097d
http://doi.org/10.1007/s11172-009-0295-9


Materials 2022, 15, 7880 5 of 5

5. Ramazani, A.; Azizkhani, V.; Joo, S.W. Heteropolyacids: As efficient catalysts for the nitration of 2,4,6,8,10,12-hexaacetyl-
2,4,6,8,10,12-hexaazaisowurtzitane. Rev. Roum. Chim. 2019, 64, 569–575. [CrossRef]

6. Yanhua, L.; Qing, L.; Xiaoting, R.; Danyang, Y.; Yingyuan, G.; Ning, D.; Jinxuan, H. A Kind of Method that Three-Step Reaction
Prepares CL 20. CN Patent 107353293A, 17 November 2017.

7. Qian, H.; Lu, C.; Ye, Z. Synthesis of CL-20 by clean nitrating agent dinitrogen pentoxide. J. Indian Chem. Soc. 2008, April, 434–439.
8. Kalashnikov, A.И.; Sysolyatin, S.V.; Sakovich, G.V.; Dubkov, A.S.; Kulagina, D.A. Nitrolysis of 4,10-dibenzyl-2,6,8,12-tetraacetyl-

2,4,6,8,10,12-hexaazatetracyclo[5,5,0,3,11,5,9]dodecane. Rus. Chem. Bull. 2017, 3, 531–536. [CrossRef]
9. Kalashnikov, A.I.; Sysolyatin, S.V.; Surmachev, V.N. Nitration of acyl derivatives of 2,4,6,8,10,12-hexaazaisowurtzitane. Prop.

Explos. Pyrotech. 2019, 44, 1472. [CrossRef]
10. Surmachev, V.N.; Kubasova, V.A.; Zimin, D.E. A study on nitration of 4,10-dibenzyl-2,6,8,12-tetraacetyl-2,4,6,8,10,12-

hexaazaisowurtzitane. Prop. Explos. Pyrotech. 2020, 45, 1841. [CrossRef]
11. Krylova, S.G.; Povet’eva, T.N.; Zueva, E.P.; Suslov, N.I.; Amosova, E.N.; Razina, T.G.; Lopatina, K.A.; Rybalkina, O.Y.; Nesterova,

Y.V.; Afanas’Eva, O.G.; et al. Analgesic activity of hexaazaisowurtzitane derivatives. Bull. Exp. Biol. Med. 2019, 166, 461–465.
[CrossRef] [PubMed]

12. Lopatina, K.A.; Krylova, S.G.; Safonova, E.A.; Zueva, E.P.; Kulagina, D.A.; Churin, A.A.; Fomina, T.I.; Sysolyatinm, S.V. A new
analgesic agent based on hexaazaisowurzitan: Feasibility of using in managing patients with cancer. Sib. J. Oncol. 2020, 19, 76–81.
[CrossRef]

13. Krylova, S.G.; Lopatina, K.A.; Zueva, Е.P.; Safonova, Е.A.; Rybalkina, О.Y.; Povet’yeva, Т.N.; Suslov, N.I.; Kulagina, D.A.;
Sysolyatin, S.V.; Zhdanov, V.V. Hexaazaizowurtzitane derivate as a new analgesic for chronic pain syndrome relief in experimental
rheumatoid artritis. Rus. J. Pain 2020, 18, 5. [CrossRef]

14. Bryushinina, O.S.; Yanovskaya, E.A.; Abdrashitova, N.Y.; Zyuz’kova, Y.G.; Frelikh, G.A.; Lopatina, K.A.; Zueva, E.P.; Krylova,
S.G.; Kulagina, D.A.; Sysolyatin, S.V.; et al. Pharmacokinetics of a new analgesic on the basis of hexaazaisowurtzitane derivative.
Bull. Exp. Biol. Med. 2021, 170, 448–452. [CrossRef] [PubMed]

15. Kulagina, D.A.; Sysolyatin, S.V.; Kalashnikov, A.I.; Malykhin, V.V.; Sonina, E.G.; Shevchenko, A.V.; Krylova, S.G.; Lopatina, K.A.;
Zueva, E.P.; Razina, T.G.; et al. Synthesis and analgesic activity of 4,10-bis((±)-5-benzoyl-2,3-dihydro-1hpyrrolo[1,2-a]pyrrole-
1-carbonyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatetracyclo[5,5,3,11,5,9]dodecane. Pharm. Chem. J. 2021, 54, 1140–1144.
[CrossRef]

16. Krylova, S.G.; Lopatina, K.A.; Nesterova, Y.V.; Povet’eva, T.N.; Kul’Pin, P.V.; Afanas’Eva, O.G.; Kulagina, D.A.; Safonova, E.A.;
Zueva, E.P.; Suslov, N.I.; et al. Some aspects of investigation of the central mechanism of antinociceptive effect of a new analgetic
from the hexaazaisowurtzitane group. Bull. Exp. Biol. Med. 2021, 170, 752–758. [CrossRef] [PubMed]

17. Krylova, S.G.; Lopatina, K.A.; Zueva, Е.P.; Safonova, Е.A.; Povet’eva, T.N.; Nesterova, Y.V.; Afanas’yeva, О.G.; Kul’pin, P.V.;
Suslov, N.I.; Kulagina, D.A.; et al. Analgesic action of hexaazaisowurtzitane derivative in somatic pain models caused by TRPA1
and TRPV1 Ion channels activation. Bull. Sib. Med. 2020, 19, 110–118. [CrossRef]

18. Tomilova, E.; Kurgachev, D.; Kulagina, D.; Sysolyatin, S.; Krylova, S.; Novikov, D. Development of HPLC-method for simultaneous
determination of API and related components in thiowurtzine: A new non-narcotic analgesic. Chromatographia 2021, 84, 147–154.
[CrossRef]

19. Aguero, S.; Megy, S.; Eremina, V.; Kalashnikov, A.; Krylova, S.; Kulagina, D.; Lopatina, K.; Fournier, M.; Povetyeva, T.; Vorozhtsov,
A.; et al. Discovery of a novel non-narcotic analgesic derived from the CL-20 explosive: Synthesis, pharmacology, and target
identification of thiowurtzine, a potent inhibitor of the opioid receptors and the ion channels. ACS Omega 2021, 23, 15400.
[CrossRef] [PubMed]

20. Krylova, S.G.; Pove’teva, T.N.; Lopatina, K.A.; Nesterova, Yu.V.; Zueva, E.P.; Afanas’eva, O.G.; Kulpin, P.V.; Kiseleva, E.A.; Suslov,
N.I.; Kulagina, D.A.; et al. Risk of developing drug abuse in administration of a new hexaazaisowurtzitane derivative-based
analgesic (experimental study). Bull. Sib. Med. 2022, 21, 54–62. [CrossRef]

http://doi.org/10.33224/rrch/2019.64.7.03
http://doi.org/10.1007/s11172-017-1767-y
http://doi.org/10.1002/prep.201900149
http://doi.org/10.1002/prep.202000174
http://doi.org/10.1007/s10517-019-04372-9
http://www.ncbi.nlm.nih.gov/pubmed/30788739
http://doi.org/10.21294/1814-4861-2020-19-2-76-81
http://doi.org/10.17116/pain2020180315
http://doi.org/10.1007/s10517-021-05085-8
http://www.ncbi.nlm.nih.gov/pubmed/33713224
http://doi.org/10.1007/s11094-021-02332-0
http://doi.org/10.1007/s10517-021-05148-w
http://www.ncbi.nlm.nih.gov/pubmed/33893965
http://doi.org/10.20538/1682-0363-2020-4-110-118
http://doi.org/10.1007/s10337-020-03993-x
http://doi.org/10.1021/acsomega.1c01786
http://www.ncbi.nlm.nih.gov/pubmed/34151118
http://doi.org/10.20538/1682-0363-2022-1-54-62

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Conclusions 
	References

