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A focus of recent interest in high energetic compounds has
been the synthesis of polvnitro polvaza cyvclic compounds
showi m% high performance and low sensitivity to friction and
impact. "~ Accordmgh several explosives such as triamino-
trinitrobenzene (TATB). 3-nitro-1.2.4-triazoline-3-one (NTO).
1,3.3-trinitrotriazacvclohexane (RDX). 1.3.3,7-tetranitrotetra-
azacvclooctane (HMX), and hexanitrohexaazaisowurzitane
(HNIW. CL-20) have been synthesized. ** In the treatment with
amines such as ammonia. hvdrazine. and guanidine, polvnitro
imidazoles often led to stable salts which were suitable for high
energetic materials.” In addition, nitro imidazoles were valuable
to the pharmaceutical chemlsm as nitro-containing synthetic
intermediates and drugs

Even though some azoles were insensitive towards accidental
impact. their performance is often lower than that of RDX.
one of the most widelv used explosives. Recently 1, 1-diamino-2.2-
dinitroethylene (FOX-7) was emerging as a potential candidate
forinsensitive high explosives. FOX-7 has attracted substantial
interest because it was expected that its performance was
similar and its sensitivity could be much lower in comparison
with RDX.  Since imidazole derivatives with more than two
nitro groups. like 2.4.5-trinitroimidazole were expected to be
highly powerful, various nitroimidazoles have been prepared
Iswl‘e\-'iously_-'_8

In continuing efforts, we focused on svnthesizing nitroimi-
dazoles consisted of dinitromethylene moiety as in FOX-7. In
this paper. we report the synthesis of 1-methy1-53-nitro-2-(trinitro-
methv1)-14-imidazole (1), 1-methy1-3-nitro-2-(dinitromethy1)-
| H-imidazole (2) and its salts.
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The synthesis of FOX-7 has been reported using various
starting materials such as 2-methylimidazole. 2-methoxy-
2-methylimidazolidine-4.5-dione. and 2-methylpyrimidine~4.6-
dione (4_.S-d'1h,\-'drox}-'-Z-methylp,\-'rimjdine).9 Since the methyl
group was converted to dinitromethy lidene moiety inall methods.
nitration of 2-methyl-4(3)-nitroimidazole and 2-methyl-4.3-
dinitroimidazole were attempted to afford the corresponding
2-dinitromethylidene imidazoles. But. all the cases the reaction
failed to proceed. most of the starting material was recovered.

Acetates containing azole could be converted into the corre-
sponding dinitroacetates in the treatment with a mixture of
nitri¢ acid and sulfuric acid (mixed acids).“"’ Qur attempts to
acvlation in 2-methyl group was failed in the reaction of 2-
methyl-4(5)-nitroimidazole. 1.2-dimethyl-5-nitroimidazole or
1.2-dimethyl-4,5-dinitroimidazole with ethyl chloroformate.”

Meanwhile. the treatment of |.2-dimethy1-5-nitroimidazole
with ethyl oxalyl chloride gave the conespoudmg prruvate 3,
resulting in activation of 2-methyl group “and pyruvate 3
was converted to imidazolvlpymivic acid 4 under acidic
condition.” ™" In the treatment with nitric acid or mixed acids,
compounds 3 and 4 gave an unknown mixture along with trace
amount of tetranitro 1 (Scheme 1).

Pyruvic acid 4 was conv erled to imidazolylacetic acid S via
oxidative decarbony lation.'*" In the reaction of acetic acid 5
with mixed acids. tetranitro 1 was given as a sole product. in
the same manner that cyanoacetic acid was converted into
trinitroacetonitrile.”” During the process, intermediate trinitro
carboxylic acid was not isolated. Further nitration on the imida-
zole ring was not observed even under strong nitration conditions
such as heating of the reaction mixture. and employing of strong
nitrating agents (NO-BF/HNO;. P-Os/HNQGs). When ethyl
2-(1-methyl-3-nitroimidazolyl)acetate (6) was subjected to
nitration under mixed acid conditions. two nitro groups were
successfully introduced to afford trinitro ester 7 in shorter
reaction time.'” Further nitration of ester 7 produced tetranitro
1 in low vield (Scheme 2).

Trinitromethyl group attached to tetrazole could be con-
verted to the corresponding dinitromethylide salt arxl subsequent
acidification gave dinitromethylene compound in the reaction
with alkaline solution of hydroxylamine followed by acidifi-
cation with mineral acid.'* In the same manner. potassium salt
8 was obtained as a vellow solid, when compound 1 was treated
with KOH and hydroxylamine hydrochloride. The potassium
salt was acidified with 30% sulfuric acid to give trinitro 2 as a
white solid (Scheme 3).

HNOg/HgSOq
J: unknown mixture
|
3 R=Et
4 R=H
Scheme 1
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In addition to ring tautomerism. imidazole derivatives such
as imidazolinones exhibit tautomerism and the predominant
form depends on the substituents.'® Also. tetrazole-tetrazoline
tautomerism was readily observed and the predominant form
was dependant upon substituents and the state such as in solution
or in solid."™’" We investigated the imidazole-imidazoline
tautomerism of 2 (Figure 1) by UV and other spectra. In UV
spectra. nitro ester 7 absorbed at 221, 317 nm. and tetranitro 1
did at 228, 287 nm. whereas trinitro 2 did at 210. 343 nm. Since
2-dinitromethylenebenzimidazole shows the absorptions at
240, 320, 335 nm,'* some parts of trinitro 2 existed in the imida-
zoline form. Interestingly. the absorption of potassium salt 8
appeared at 220. 343 nm. and the UV pattern was almost same
as that of tetrazole-tetrazoline tautomerism.'“ The imidazoline
tautomer may stabilize through the intramolecular hydrogen
bond between the hvdrogen attached to ring nitrogen and
oxygen in nitro group. while the imidazole structure has the
aromatic character (Figure 1). Judging from the IR and NMR
spectral data. any conclusion was hardly made.

In summary, -methyl-3-nitro-2-trinitromethyl-14-imidazole
(1) was synthesized from the 2-(3-nitroimidazoly l)acetic acid
(5). and also from its ethyl ester (6). and compound 1 was
further converted to 1-methyl-3-nitro-2-(dinitromethyl1)-1/-
imidazole (2). and its potassium salt. In terms of the tauto-
merism. some parts of compound 2 existed in the imidazoline
form.

h-=-Q
N NO» N N-O
Oty — [
ONTN H ON" N NO2
imidazole imidazoline

Figure 1. Imidazole-imidazoline tautomerism of 2.

Experimental Section

General. 'H/'’C NMR spectra were recorded on varian
Oxford 200 or Unityinova 400 instruments. Infrared (FTIR)
spectra were recorded on a Nicolet 5700 FT-IR spectro-
photometer, » max in em”. Samples were recorded as a KBr
disc. Ultraviolet spectra were recorded on a Lambda 40 UV-
Visible Spectroscopy instrument. Mass spectra were recorded
on Varian 1200L Quadruple LC/MS system. Melting points
were performed on recrystallized solids and recorded on a
SRS OPtiMelt or electrothermal 9100 melting point apparatus
and were uncorrected. Caution: Polynitro compounds and
their salts are suspected explosive. They should be treated with
appropriate precautions.

1-Methyl-5-nitro-2-hinittomethyl-1H-imidazole (1). To a
nuxture of sulfuric acid (98%. 3.8 mL, 4= 1.84, 108.1 mmol)
and nitric acid (95%. 2.86 g. 43.2 mmol) was added 2-(1-methy1-
S-nitro-14-inudazolyl) acetic acid (5, 1.0 g. 3.6 mmol) at 0 °C.
After stirring for 15 h at rt. the reaction mixture was poured
into ice water (20 g). and a white precipitate was separated by
filteration (0.31 mg, 21%). The mother liquor was extracted
with dichloromethane and the organic laver was washed with
water and brine, dried over MgSQO., and concentrated in vacuo
to give an additional product (0.19 g. 13%,). mp: 87 °C (MeOH.
dec). IR (KBr) 1630, 1605, 1587, 1553 1487. 1374, 1355, 1277,
1219, 1134, 1022. 843. 797 UV (CHCls) Anix 228. 287 nm; 'H
NMR (CDCla 200 Hz) § 3.98 (s. 1H). 8.17 (s. 1H): °C NMR
037,124, 131.3, 133, 148, MS (ESI) m-z 275 ((M-H) ", 3]. 230
[(M-H-NQ-)". 100].

Ethyl 2-(1-methyl-3-nitro-1 H-imidazol¥l)-2,2-dinitroacetate
(7). To a mixture of sulfuric acid (98%. 2.6 mL. 46.9 mmol)
and nitric acid (95%. 1.24 g. 18.8 mmol). ethy] 2-(1-methyl-
S-nitro-1H-imidazol-2-v1)acetate (6. 0.3 g. 2.34 mmol) was
added at 0 “C. After stirring for L5 hat 1. the reaction mixture
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was poured into ice water (10 g). and a white precipitate was
separated by filtration (0.16 mg. 16%). The mother liquor was
extracted with dichloromethane. and the organic layer was
washed with brine solution, dried over MgSOs, and concen-
trated in vacro to give an additional product (0.17 g. 24%).
mp 78 °C (CHC): IR (KBr) 1775, 1603, 1583. 1542, 1482.
1371, 1275, 1240, 1215, 831: UV (MeOH) Apac 221. 317 nm;
'H NMR (CDCls) 6 1.44 (t, 3H). 3.93 (s. 3H). 4.75 (q, 2H).
8.12¢s. IH): °C NMR & 13.6, 35.9, 67.1. 106, 131.2, 136.5.
155.5. 175.9: MS (ESI) #i:z 230 [(M-H-CO-Et)". 100].
Potassium salt of Methy] 3-nitro-2-(dinitromethy])-1H-im-
idazole (8). To a solution of potassium hydroxide (22 mg. 1.63
mmol) in ethanol (2 mL) was added a solution of hvdrox-
vlamine hvdrochloride (38 mg. 0.543 mmol) in water (0.5
mL). The precipitated potassium chloride was filtered off. and
the mother liquor was added dropwise to a solution of 1 (100
mg. 0.362 mmol) in ethanol (2 mL) at 0 °C. After stirring for
1 h, a white precipitate was separated by filtration (72 mg.
74%). mp 270 °C (Water-EtOH. dec): IR (KBr) 1536. 1492,
1462. 1357, 1236. 1138.939. 867, 829, 770. 753. 742,695 'H
NMR (D-0) 6 3.85 (s, 3H). 8.25 (5, 1H): UV (H20) /ax 220,
343 nm; MS (ESI) mi/z 230 [(M-H-K)". 100].
1-Methyl-5-nitro-2-(dinitromethyl)-14-imidazole (2). A
suspension of potassium salt 8 (50 mg. 0.185 mmol) in water
(2 mL) was acidified with 30% sulfuric acid (0.3 mL) at 0 °C.
The precipitate was filtered and dried ina vaccume dessicator
over phosphorus pentoxide to give trinitro 2 (37 mg. 90%).
mp 113 °C: IR (KB 1615, 1603. 1364, 1461. 1413. 1352, 1304,
1216. 1175. 1109, 1057810, 774.752. 740. lHN]\/IR(DMSO—ds)
83.73 (5. 3H). 8.40 (s. 1H); "C NMR 5 34.7, 129.8. 140, 144.
151: UV (MeOH) /max 210, 343 nm: MS (ESI) 122 230 [(M-H) .
100].

Acknowledgments. This work was supported by the Korean
Agency for Defence Development.

References

l. {a) Katrizky, A. R.. Sommen, G. L.; Gromova, A. V., Witek, R.
M.. Steel, P. I Damavarapu, R. Chem. Heterocvel Comp. 2005,
41, 111. (b) Millar, R. W.; Claridge, J. P.. Sandall, J. P. B;
Thompson, C. drkivoc. 2002, 3, 19,

2. (a)Puchala, A Belay, F.. Bergman, J.; Kappe. C. O. J. Heterocyel.
Chenr. 2001, 38, 1345 (b) Bellamy, A. J.. Latypov, N. V.. Goede,
P.J. Clem. Res. (S) 2002, 257, (¢) Zeng, Z.. Gao, H.. Twamley,
B.. Shreev, I. M. .J. Mater. Chem. 2007, {7, 3819,

‘49

"N

10.

I1.

Notes

. (@) Chung, K.-H.; Kil, H.-8.; Choi, 1. Chu, C.-K.; Lee, I.-M. J.

Heterocvelic Chem. 2000, 37,1651, (b) Zang, M.-X.; Eaton, P.
E.. Gilardi, R. dngew. Chem. hit. Ed. 2000, 39, 401 (c) Oh, C.
H.. park, D. L. Rvw, J. H.: Cho, J. H.: Han, J.-8. Bull. Korean
Chem. Soc. 2007, 28, 322.

. Latypov, N. V. Bergman, J.: Langlet, A Wellmar, U Bemum,

U. Terrahedron 1998, 34, 11525,

. {a) Gao, H.; Ye, C.. Gupta, O. D.; Xiao, I.-C.; Hiskey, M. A.;

Twamely, B.; Shreeve, 1. M. Chem. Eur. J. 2007 133853, (b)
Katritzky, A. R.; Singh, S.: Kinchenko, K. Smuglak, M.; Holbrey,
I.D.; Rerchert, W. M. Spear, 8. K. Roger, R. D. Chem. Enr J.
2006, 12, 4630.

. Singh, R.; Manjunatha, U.. Bashoft, H. I. M. Ha, Y. H.

Nivomrattanakit, P.; Ledwidge, R.: Dowd, C. S.; Lee, L Y.; Kim,
P. Zhang, L.. Kang S Keller, T. H.: Jiricek, 1. Barry 3, C. E.
Science 2008, 322, 1392,

. Anmiappan, M.; Talwar, G. M.. Venugopalan, S.. Gandhe, B. R.

J. Haz. Mater. 2006, 157, 812,

. (a) Bulusu, S.; Damavarapu, R.; Autera, I. R.; Behrens, Jr._R.;

Minzer, L. M.: Villanueva, J.: Javasuna, K.: Axenrod, T. J. Phy.
Chem. 1995, 292, 8009. (b) Minier, L.; Behrens, R.; Bulusu, S, /.
Mass Specrrom. 1996, 31, 23, (¢) Bracuti, A, I J. Chem,
Crystatlogr. 1995, 23, 625.(d) Cho, G.; Park, B. S. Prapellants
Explos. Pyrorech. 1999, 24, 343 (e)Cho, S. C.. Park B. 8. Int. J.
Quantum Chepr. 1999 72, 145, (f) Rice, B. M; Hare, 1. J. J.
Phys, Chem. 4 2002, 106, 1770. (g) Cho, I. R.: Kim, K. I.; Cho,
S. G, Kim, . K. J. Heteroevel. Chem. 2002, 39, 141.

. (a)Cai, H.; Shu, Y.; Huang, H.; Cheng, B.; Li, I. J.Org. Chem.

2004, 69,4369, (b) Astrat’ev, A, A ; Dashko, D. V; Mershin, A.
Y., Stepanov, A. L. Urazgil’deev, N. A. J. Org. Chem. USSR
2001, 37,729,

Lim, C. H.. Hong. S.; Chung, K.-H.: Kim, J. §.; Cho, I. R. Bu/L
Korean Chem. Soc. 2008, 29, 14135,

Macco, A. A.. Godetroi, E. F.. Drouen, I. M. J. Org. Chem. 1975,
40,252,

12. Albright. J. D.. Shepherd. R. G. J. Hererocvel. Chem. 1973, 10, 89.

13. (a) Ramsden, C. A Sargent, B. J.. Wallet, C. D. Tetrahedron

Letr. 1996, 37, 1901. (b) Morrow, N.. Ramsden, C. A.. Sargent,
B. I.. Wallet, C. D. Terrahedron 1998, 34, 9603,

(@) Fred, E. J. Owg. Chent. 1964, 29, 2021. (b) Charles, O. P,

William, D. E.. Henrv, A. R.; Keith, 8. M. Terrahedron 196217,
79.

. Terpigorev, A, N.; Telsmkin, I. V.. Makarevich, A. V., Frolova, G.

M.; Mel'nikov, A. A. Zumal Organichekor Khimii. 1987 23,
214,

. (a)Hosmane, R. S. Liebigs dnn. Chem. 1984, 831 (b) Gruseck,

U.. Heuschmann, M. Chem. Ber: 1987, 120, 2033,

. Butler, R. N. In Comprehensive Hereracvelic Chemisny, 1st ed;

Potts, K. T., Ed.; Pergamon Press: Oxtord, U. K., 1984 Vol. 3, p
7931,

. Baum_ K.; Biegelow, S. S.; Nguven, N. V; Archibald, T. G. J.
233

g, Chem. 1992, 57,235,



J.Org

