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l'J1aBa 1.
3aMellleHHbIe ITPOU3BOAHbIE THPA3UHA



1 LILM-105: mogxoabl K CUHTE3Y

Z ™
Meton A (1995 ron)
| | :
@GN0 H2N N._ _NH,
MeONa : = HNO;3(100%,) e NH;-H,0 25> Hy00(50%)
\[ ]/ MeOH, 68°C, 34y \[ Z 5-45°C, 44 I I Me 65°C, 29 :[ I CF3COOH 250 24q I I
N OINCENE T NG
2 3 (98%) 4 (43%) 5 (90%) 1(97%)
. Cymmapnbiii Bbixog LLM-105 = 36% .
-
Meton b (2013 rop)
L H-N H,N N NH H5N I{I_ NH
N NH; H,0, BN 2 H:  Hs0,HNO, 2 X 2 H;09(50%) 2 A :
[ W MO, 5:25°C, 54 \[ ]/ 10-25°C, 4u I I CF;COOH, 30°C, 24u I I
CN 0NN NO ONe NN,
6 7 (82%) 5 (69%) 1(97%)
. Cymmapubii Bbixog LLM-105 = 53% -

Mertop A: Pagoria P. F. Synthesis of LLM-105 //Propellants Explos. Pyrotech. — 1995. - T. 20. - No. 1. - C. 38-42.
Meton b: Zhao X., Liu Z. An improved synthesis of 2, 6-diamino-3, 5-dinitropyrazine-1-oxide //Journal of Chemical Research. - 2013. - T. 37. - No. 7. - C. 425-426.
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1LIM-105: B cocTaBe KOMIJIEKCHBIX COE

MHEHUU

& 2
O,N O,N NO, H H NO,
T aGe e T
oF a }\I / S At f\} HzN _2’N02 | N Cu/ Nl
| "_' b = =
H,N_ N_ NH, / O NI Ko OzN)\( Q 0 +j)\No2
I+\I M(NO3), N Sl o N\ : : /N\
= 5 - 1 \ = 1 1 B H
OzN N NOZ HM@, 600C, V3 ZN (—)/ 4 (_)/ 5 02N % N— I _O NH2 Cu\\ o Cu
/ , : \ 0 {
1 NE B NE SN SR = |
O,N / \ N\— Z 4 I gl N\ "/'N—O —,N \ /)—NO, H/IEI Ij\ I:I\H
S e TN sareYe 2
NO, QR 5 N o NGy @3N SN O,N ON? -NZ * NO;
8 (M = Ni) 9 (M = Co) 10 (M = Mn) 11 (M = Cu)
(=)
& ACUCTBUTCJILHO CUHTC3NPOBAHHBIC COCITVMHCHN A .
/
O 0 H A Y
O,N /N N\(_)___H’O-"III (I)_ O,N N—H""O\I‘t}//O H,N NO, H,)N /O—H"‘O-Cl\\:O O,N
I+I[ H oo N +N-O--H 0 S ONJNt NH o H‘NfN NO
N : ~O--H.,"H--0-N+ N 2 DA 2
e ) _H---0. j[ I >\—/< Q >\_/< Nzgi ==t = O = +/N~/27
O =0 e Pl FONGRNGHL 6 s RN NG, NOo,  03CI-0---H-O  NH,
40 O H 0 o)
12 13 14
TEOPETUYECKas pacyeTHas padboTa
< %7

8-11:Xiao Y. etal. Construction of Energetic Complexes Based on LLM-105 and Transition Metal Cations (Ni, Co, Mn, and Cu) //Crystals. — 2023. - T. 13. - No. 11. - C. 1587.
12-14:]Ji])., Wang K., Zhu W. Prediction of the crystal structure and properties of energetic LLM- 105: oxidant cocrystals: A theoretical study //Journal of the Chinese Chemical Society. — 2022. - T. 69. - No.

4.-C.618-629.



LILM-105: n3omepbl 1 MOJ

Q9

ncukauuu

7~ -
3,5-TMaMHUHO-2, 6-IMHUTPONUPA3UH-3-OKCHU/]
| |
Cl\[N\]/Cl o \[ ]/ i :O\[N\ ol 0 I I NHyHO | QN:[N\:[NHz
N© HiS0, 025°C, 431 N2  MeOH, 60°C, 1/ N G000 o NG oNE oS g 1?1/ N
L _
2 15 (89%) 16 (90%) 17 (70%) 18 (80%)
< =
7z =

3,5-IMaMuHO-2,6-IMHUTPONMUPA3UH- 1 ,3-TMOKCH

|
\[ j/ MeONa O\[N\ HNOs100%) _ I I NH;-H,0 I INHZ H,05459), Ca(C103), HzNIIf\j[NHz
MeOH, 68°C, 34 - 5-45°C, 4y o MeCN, 65°C, 24 H,0, 65°C, 124 N ITI/ NO,
2 3 (98%) 4 (43%) 5 (90%) 19 (99%)
E &,

15-18: Wenquan Z. / Compound 3,5-diamino-2,6-dinitropyrazine- 1-oxide and preparation method thereof. 2015 Patent CN105294580A
19: Gokeinar E., Klapotke T. M., Bellamy A. J. Computational study on 2, 6-diamino-3
T.953.-No. 1-3. - C. 18-23.

, o-dinitropyrazine and its 1-oxide and 1, 4-dioxide derivatives //Journal of Molecular Structure: THEOCHEM. - 2010. —



LILM-105: pogcTBeHHbBIE COETMHCHUS

Ho/\ (\OH ozNo/\ (\ONO2

ozNo/\

-

(\ONO2

O N 0 HN_ N_ NH HN_ N._ _NH N NG N
pe =y et M pea TR g
- 0 ~ Ac,0, 0°C, 15 P Ac,0, 0°C, 15 P
OGN N NN SN N N e N e ON: S NG
4 20 (86%) 21 (81%) 22 (63%)
e 2
i =
KaT+ +KaT

H3N, N2H3

N2H4 5 H20 NH3 7 H20

e

26 (90%)

EtOH -20°C, 1/,u MeCN, 65°C, 2q

| |
O NE ©
N
I I
OsNT N NO

4 (43%) 5 (90%)

NH
2 1. HNOj3(100%) O,N”
2. KatOH

II "NO,

Kar=H 23 (80%)
K 24 (90%)
NH, 25 (93%)

15-18: Chen F. etal. Modifying polynitro benzene and pyrazine skeletons with flexible nitratoethyl substituents towards new energetic melt-castable materials //Chemical Engineering Journal.

-2022.-T.435.-C. 135053.

23-25: Singh J. etal. Energetic salts of sensitive N, N'-(3, 5-dinitropyrazine-2, 6-diyl) dinitramide stabilized through three-dimensional intermolecular interactions //Inorganic Chemistry. —2022. - T. 61. = No. 41. - C. 16493-16500.
26: Yadav A. K. etal. Symmetric refunctionalization of diaminodinitropyrazine with hydrazine and aminotetrazole: strategy for enhancing detonation performance and safety in energetic materials //Inorganic Chemistry. — 2024. — T. 63.

-No.32.-C.15144-15153
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PU3UKO-XUMUYECKIE TapaMeTPhI 1 CieaJIbHbIE CBOMCTBA

- 3 ; 2 O2NO/;|\I . QONO2 ozNo/\N - N(\ONO2 KaTtN - N;KaT
2 I I 2 :[ I O,N’ I I “NO, O,N’ I I NO, Ker=H 23
0,N” N” "No, QN7 N: ~NO; 0,N” "N” "No, O,N” "N” "NO, NH, 25
1 21 22
IHapamerp/Coenunenue TNT 1 21 22 23 24 25 26
AHY%[KIx Moi1b1] -59 -13 -162 -5 246 -107 179 219
p [r-ecm3] 1,65 1,93 1,68 1,80 1,89 2,10 1,73 1,84
IS [H] 15 100 20 16 H/JT 4 5 40
FS [JIx] 360 360 160 34 H/JT 40 60 360
Tm [°C] 81 = 170 129 H/JT H/JT H/JT H/JT
Ta [°C] 255 802 205 153 103 220 155 205
V [km-c1] 6,8 8,3 7,8 7,8 S 8,3 8,6 8,7
D [I'TIa] 19,4 32 24,7 32,3 36,8 29,9 30,8 31,6




I'1aBa 2.
AHHeJIMPOBaHHBIE IIPOU3BOJHbIE ITUPa3HUHA



6 [Ipon3BoHbBIE XMHOKCATMHA

_O (I)_
il N N NN N ON
O,N\:© CHy(CN), BN ©i \:[ N2,S,0, - @[ \ji NaNOyHCl @E \j:
N _10° ~ (¢ oz 710 ~
N JIM®A, 0-10°C, 44 NN, MeOH/H,0, 50°C, 34 NTONH, AcOH, 4-25°C, 6u o
28 29 (75%) 30 (87%) 27 (55%)
II;I] N N CN N N
NEE 0 — 0 0 _ /
= 100°C, 14 NZ e AMCO, 80 c,3q H20 100°C, o N? N
H,N OH
31 (90%) 27 32 (52%) 33 (52%)

28: Leyva E. et al. One-pot methodology for conversion of o-halogen nitrobenzenes to benzofuroxans //Synthetic Communications. - 2017. - T. 47. - Ne. 6. - C. 604-608.
29-33: Monge A. etal. 3-Amino-2-quinoxalinecarbonitrile. New fused quinoxalines with potential cytotoxic activity //Journal of heterocyclic chemistry. — 1994. - T. 31. - Ne. 5. - C. 1135-1139




MexaHn3Mbl UMKJIN3alun

N

-N (\N N NH NH,
N C % < N
N7 >l c oo ! & NN_ z NN
i H H N
27 29 (90%)

N CN N CN

I NaN; \]i HClgpp)
¢ AMCO, 80°C, 34 z H,0, 100°C 24

NE NEEN

\
OH

27 28 (52%) 33 (52%)

.

28: Leyva E. et al. One-pot methodology for conversion of o-halogen nitrobenzenes to benzofuroxans //Synthetic Communications. - 2017. - T. 47. - Ne. 6. - C. 604-608.
29-33: Monge A. etal. 3-Amino-2-quinoxalinecarbonitrile. New fused quinoxalines with potential cytotoxic activity //Journal of heterocyclic chemistry. — 1994. - T. 31. - Ne. 5. - C. 1135-1139



Tpancdhopmanys 2,3-quxyopnmpasnHa

& . £
; X
N @l =
[ \j: N2H4'H20 [ I NaN02 [ I HN - N [ I N 1650C 25"1 [ I ;:[
N7 > EtOH, 60°C, 14 N, H, AcOH, 0°C, 19  MeCN, 80°C, 189 .
34 35 (87%) 36 (73%) 2 3'7_('7_3'%5 s i{' S ‘H """" 38 (85%)
39(76%) H NO, 41 (97%)
40 (76%) NO, NO, 42 (63%)
& >
- & 2 2
X X X
= =T ST X
/ P
. [Ii
N
5 : e S+ Y
: N N+ > N
°N‘ N
< Z HI/ITPGH = 7

34: Tam H. D. etal. Synthesis of C-Nucleosides. 17. s-Triazolo [4, 3-a] pyrazines //The Journal of Organic Chemistry. - 1979. - T. 44. - Ne. 7. - C. 1()28—1 ()35.

35: Sirbu D. etal. An original class of small sized molecules as versatile fluorescent probes for cellular i lmagmﬂ //Chemical Communications. — 2019. - T. 5

—Ne. 54. - C. 7776-7779.

36-42: Nyffenegger C. et al. Synthesis of nitro-functionalized polynitrogen tricycles bearing a central 1, 2, 3-triazolium ylide //Synlett. - 2009. - T. 2()()9 NO 08.-C.1318-1320



9 A30JI0NUPA3MHbI

= 2
+
_OH _OTs Py ALl
- NaNO, HCl 1\1 TsCl 2 N| CH,(CN), Py yC\(’Nﬁ/CN HCligvpp) I ]v\
NC~ "CN H,0, 20°C, 244 NC)\CN MeCN, 30°C, 2u NC)\CN Et,0, 0-25°C, 244 NG EN TR0 100°C, o
44 45 (83%) 46 (68%) 47 (90%) 43 (45%)

X =
= 2
H,N NH,

N ZGN ELNe = No NESEN
7 X N,H,H,0 X NH,OH-HCI, Et;N v
N | & D e’ | 2 3 = 0
> ~ 0 —= 0 N S
E NT>Nm, BOH.60°C, 1u (oS PSoy  BOH78°C, 20 oS-y

49 (74%) 43 48 (75%)
e =
= P
. H,N
o =
H NN Gl H,N_ _N. _N,H; HN. NN : N _N,H; NN
gl G v e
(8} =, o I ~ n X O
o EOHGRG S s RO B e : = BuOH, 5-10°C N/
43 50 (61%) 51 (54%) : 52 53 (35%)
e J

43-47: Lang M. etal. Aza-2-di¢nes-1, 3 3. Nouvelles voies d”acces a des amino-2-pyrazines substituées //Helvetica chimica acta. — 1986. - T. 69. - Ne. 4. - C. 793-802.
48-49: El-Shafei A. K. et al. Synthesis and reactions of some pyrazine derivatives //Synthetic communications. — 1994. - T. 24. - Ne. 13. - C. 1895-1916.
50-53: Maguire J., Paton D., Rose F. L. s-Triazolopyrazines //Journal of the Chemical Society C: Organic. — 1969. - Ne. 11. - C. 1593-1597.



10

MexaHn3Mbl UMKJIN3alun

. -
HN N ¢l H N HNC NN (JTI
: :[ I [NH,OH]  ~ :[ \:[ “OH 2 j:/ | N\0+—H - HQN:[/N| No—’ HQN:[/N /N‘O
_ 3 =) N S S bepel
€ N CN Nt N o NC” N NC” N c N
C N_ CNH NH
2
43 48 (75%)
s J
= S O (\Iﬂ O = OH Ac ¥N
1 HN- N - N 220 H,N_ _N_{ N, H,N_ _N_ _N. -
AL T8 B Sl e W L Bk R
N o e iy -ACOH  Nc” N7 Ac NC” N7 eN -H,0
43 50 (61%) 51 (54%)
o 5
e N
= Y N
H /B_r\/c e N CITI _NH 7’
H;N 2 N o N o) HN- D N Ne Ci H2N NN 7 L o) N
| A NH, ! | X N ) = | Z =
~ -HBr ~ H 7 —
NC N CN NC N CN NC N CN
< 50 53(35%)

44-43: Lang M. et al. Aza-2-dicnes-1, 3 3. Nouvelles voies d"acces a des amino-2-pyrazines substituées //Helvetica chimica acta. — 1986. - T. 69. - Ne. 4. - C. 793-802.
48-49: El-Shafei A. K. et al. Synthesis and reactions of some pyrazine derivatives //Synthetic communications. — 1994. - T. 24. - Ne. 13. - C. 1895-1916.
50-53: Maguire J., Paton D., Rose F. L. s-Triazolopyrazines //Journal of the Chemical Society C: Organic. — 1969. - Ne. 11. - C. 1593-1597.



1 1} A3UA-TETPA30JI U METO/IbI €I0 CUHTE3A

7 >
MeTong A Meton b

H;N,. _N._ _NH

N N (] N NN
i B 5
=z EtOH, 78°C, 44 Z H,0, 0°C N

NC N CN NC N CN

43 54 (53-64%) 50
¢ )
N=N
| \
HN_ _N_ N

Merton A: El-Shafei A. K. et al. Synthesis and reactions of some pyrazine derivatives //Synthetic communications. — 1994. — T. 24. - Ne. 13. - C. 1895-1916.
Merton b: Maguire J., Paton D., Rose F. L. s-Triazolopyrazines //Journal of the Chemical Society C: Organic. - 1969. - Ne. 11. - C. 1593-1597.



dypoKkcaHONMpPa3uHbI

& )
Chos N Cl (|) N O] (l) N Cl (lJ N._N — 0 N 2
\[ \j/ MeONa \[ \j/ HNO, - I \ji NaN; I \:[ : i j IN\B
N© MeOH, 68°C, 1/2u . HaS04,40°C, 450 (o APy MeCNLSOC, 1a | N oD (|) NN
2 56 (65%) 55 (50%) [57] : 58 (65%)

& )
5 72y
> —< LiN, BnNE{Cl > —< N:/ \<N >/ \<N H50 (cre o) HN5 \<N

N N = N\ /N EemvaEna BT o
>\ /< XM, 25°C, 104 > < >—< >—< >—<
: +N/ \N N/ \N+ N/ \N+
02N Cl 02N N3 Z 6 5E \O/ \O/ FO) \O/ S2C)a
55 [57] [60] 59 (12%) 58 (99%)
= 7,

56-58: Yudin I. L. etal. Furoxano [3, 4-b] pyrazines: The first synthesis and x-ray structure //Journal of heterocyclic chemistry. — 2005. - T. 42. - Ne. 4. - C. 691-694.



dypokcaHONMpa3UHbI (ITOYTH)

~
N | |
1l W //
N_ N QN0
O’N\j: I Nj |N\:[I\i3 _ NaN, I \ji N, H, H,0 H3N21NIN2H3 NOBF, j: :[
i 2 G & & 0 = 0
N NG o — NO, ON N/ NO, EtOH, -78°C, 24 HN, N/ NO, MeCN, -40°C, 151
0
[62] [61] 4 63 (97%) 64 (24%)
XO0TeJu Kak II}"HH@. i v d HOJIqu/IJIOCb TOKC HUYCT O -
i =
N3 N3 N3 N\N
/>—<\ >—</ Zra \\ \>—<
N o N NN N-N
>/ \< >/ \< >/ \<
N\ N\ /N N\ /N
O O @)
64” 64 64’

MOJIIPHOCTb PACTBOPUTEIS

K—

=

64-64: Guillou S. etal. An unexpected synthesis of 7-azidofurazano [3, 4-b] tetrazolopyrazine //Tetrahedron. — 2009. - T. 65. - Ne. 43. - C. 8891-8895.
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1 4 Cunte3 [IAD

| pmemw 0 h e Bomonn ) Yoo Eivon @

| yCIOBHS - N> \<N_ . o e
: NHyOHsp96ppy1 25-95°C,501  80%

68 67

PearenThl YeinoBus » Beixox 66

|
HO_N;\ gNHz peareHTHI H,N NH>  NaOH,H,0 ' 140°C,4a ' 20%
/R |

__________ e e e e i e ey

YCIOBUS /
H,N N—-OH N

MBH, 20Mun : 71%

67 66 KOH, H,0

Hcroprdecknit IBY XCTaIUMHBINA IO X O]1
< J

& 2
O| H,N NH,
=R N
g H,0, 5-105°C, 144 0

68 66 (45%)
- 7

One-pot by Shreeve and Co.

67: Zclenin A. K., Trudell M. L. A two-step synthesis of diaminofurazan and synthesis of N-monoarylmethyl and N, N'-diarylmethyl derivatives //Journal of heterocyclic chemistry. — 1997. = T. 34. — Ne. 3. - C. 1057-1060. / Johnson E. C., Sabatini ]. J.,
Zuckerman N. B. A Convenient and Safer Synthesis of Diaminoglyoxime //Organic process research & development. —2017. - T. 21. - Ne. 12. - C. 2073-2075.

66: Gunasckaran A. ctal. A convenient synthesis of diaminoglyoxime and diaminofurazan: Useful precursors for the synthesis of high density energetic materials //Journal of heterocyclic chemistry. — 1995. = T. 32. - Ne. 4. - C. 1405-1407. / Kusurkar R.
S. etal. Microwave mediated fast synthesis of diaminoglyoxime and 3, 4-diaminofurazan: key synthons for the synthesis of high energy density materials //Journal of Chemical Research. — 2005. - T. 2005. — Ne. 4. - C. 245-247. / Zhang ], Shreeve J. M. 3,
3'-Dinitroamino-4, 4'-azoxyfurazan and its derivatives: an assembly of diverse N-O building blocks for high-performance energetic materials //Journal of the American Chemical Society. — 2014. - T. 136. - Ne. 11. - C. 4437-4445.




Cunre3 5,6-quxnopdypaszano|3.4-b|nupa3uHa

~
‘ 1 | : O \N \N
HO OH C C | — 20
H,N NH >_< — : >—<
: >_< > HCI, H,C,0, N JIM®A N . \ H,0 \<
/ H,0. 100°C, 4 >N> (N SOCL,, 10-75°C, 4 ’N> (N ' HN> <N 2
N\ /N Y, ok ) = A Ao :
9) f=y Sy | e [EER
N\ /N N\ /N : N\ /N N\ /N
O 9) o O @) ] Q)
66 69 65 (50%) ! [70] 71 (0 30%)
\ 1
/o 0y
Meton b
HO OH Cl Cl I I I I | | P50 | 0
N T e - o |
N/ \N JloGaBka =N/ \N To6aBxka : : PCIS: N : N : /N@ : \\_N/ : )J\N/ :\)J\N/
>_< POCI,, 10-120°C, 34 >_< ________ = el e s e B S cdr ke
N/\ /\N N/\ /\N Boixon 65' cmemsr | 69% ' 52% ' 47% ' 50% ' 45% ' 62% ' 53%
0 0
69 65
N 2,

69: Khisamutdinov G. K. etal. Synthesis and properties of 1, 2, 4-triazolo [4, 3-d]-1, 2, 4-triazolo-[3, 4-f] furazano [3, 4-b] pyrazines //Russian Chemical Bulletin. — 1993. - T. 42. - C. 1700-1702.

Mertop A: Starchenkov I. B., Andrianov V. G. Chemistry of furazano [3, 4-b] pyrazines: 3. Method for the synthesis of 5, 6-disubstituted furazano [3, 4-b] pyrazines //Chemistry of Heterocyclic Compounds. —
1997.-T.33.-Ne. 10. - C. 1219-1233.

Mertoa b: Sun Z. etal. Practical and Scalable Synthesis of 5, 6-Dichlorofurazano [3, 4-b] pyrazine //Organic Process Research & Development. - 2023. - T. 27. - Ne. 9. - C. 1662-1666.



1.2,3-rpnazono|4,5-b]dpypazano|4,>-e|mrpas3nHbI

'z 25
0
B ] A H
el Cl H,N NH HE% Egz HN’N;N N’N‘N HN’N‘\N
2 2
S
N>/ \<N NH;-H,0 N>/ \<N HNO;(100%) N>/ \<N /\/ \/\N AlHEE N> <NH HN03(100%)‘N/\/ \/\N
MeCN, 25°C, 2u (CF;0),0,20°C, 1/pa “HNO; H,0, 30-40°C (MnO,)
>/ \< >/ \< >/ \< >/ \< >/ \< >/ \<
N. _N NZ 2N KNz N N. _N e N. _N
0 0 BELS ] 0 0 0
65 72 (97%) 73 74 (85%) 75 (94%) 76 (92%)
\& o)
= )
HO
: ! | -
N N NEZZ=N N~ N NELN
HO ] = ol e ONG,
N HC(NO CELO 2%, > < HNO; 1000 >/ \<
> o H,0 gocz); i e M OH/H20(3275/°)C 24 = N (CF;0),0 (3(313())/0)% 1 = 2
2, s q c AT 5 q 3 PASER 5 , 11
T T HO e : T
N N N\ /N N\ /N
O 0 O 0]
79 (85%) 75 77 (82%) 78 (82%)
& &7,

72-79: Starchenkov 1. B., Andrianov V. G., Mishnev A. F. Chemistry of furazano [3, 4-b] pyrazine 6. 1, 2, 3-triazolo [4., 5-b] furazano [3, 4-b] pyrazines //Chemistry of Heterocyclic Compounds. — 1998. - T.

34.-Ne. 9. - C. 1081-1085.



DHeproeMkue coau 1TPI10

% H,N * )
0 O *NH,80(98%) ° \—NH,
/
D N "N,Hs 81 (95%) N >’ﬁ (85%)
+
o iy NH;OH 82 (90% N
N/ \N Kartnon i N/ \N : + ( ) N/ N
MeOH, 25°C, 54 > ( EE_N»E:; 8% \N:<
>/ \< f= A TN NH N
N\ /N N\ /N 2 ITI 2 4/<
0) O NH, o s
74 :
. >,

Ilapamerp/Coenunenune 74421 80142 811421 821421 83142] 840421  TNTIH21 RDXI42l

AH%[K/T:x-Mo1b1] 507 476 641 542 794 1070 -67 92
Ta [°C] 281 270 141 157 274 301 295 210
p [r-em3] 1,85 1,73 1,76 1,74 1,70 1,69 1,65 1,82
V [km-c1] 8,5 8,1 8,4 8,5 8,0 1.9 8,4 8,9
D [T'TIa] 32,4 26,3 30,0 30,3 2o U 24,0 32,1 35,4
IS [H] D >40 38 59 >40 >40 7 7

80-84: Thottempudi V. etal. 1, 2, 3-Triazolo [4, 5.-¢] furazano [3, 4.-b] pyrazine 6-oxide—a fused heterocycle with a roving hydrogen forms a new class of insensitive energetic materials //Chemistry—A
European Journal. — 2014. = T. 20. - Ne. 2. - C. 542-548.



1 8 [TommmuuTuponponsBoaHbie [TAPIT

s 72\
Et
| 0 0
O. H HO OH OQNO )ﬁ ONO,
H,N NH, HN = NH HN~ "NH \\N N =

>/ \< HC(OEt); BF; N/\/ \/\N MnO, ‘N/\/ \/\N CH,O 3705 N/\/ \/\N HNO3 1099 5 N/\/ \/\N
> < 60°C, !/5u > < Me,CO, 25°C, 64 > < MeOH/H,0, 25°C, 244 > < (CF50),0, (-30)-0°C, 1u > <
e A e (o i

N_ N N. N N_ N N. _N NN
0 0 0 0 0
72 85 (82%) 86 (88%) 87 (73%) 88 (73%)
iz 7
z 2
HO OH NO, NO,
> . N NO 0,N O2N NO,
2 2 \ ! NO,
HN  NH, HN  NH O,N~ "NH HN~ "NO, o,N-T N N—xo
VA a V. ON NO, -
G 0y S OO SO e N e
> < MeOH/H,0, 25°C, 244 > < H,0, 25°C, 244 > < (CF30),0, (-30)-0°C, 14 > <
G / \N
\O/ \O/
72 89 (92%) 90 (67%) 91 (79%)
- 2

85-91: Starchenkov I. B., Andrianov V. G., Mishnev A. F. The chemistry of furazano-[3, 4-b] pyrazine. 7. Properties of 5, 6-diamino-and 5, 6-dihydrazino-furazano [3, 4-b] pyrazine //Chemistry of Heterocyclic
Compounds. - 1999. - T. 35. - Ne. 4. — C. 499-508.



N-dpyHKIIMOHATM3UPOBaHHbIE OMC(ypa3zaHoNUpa3uHbI |

2 2N
(I)H QH O
Gl = e HN NH N N
>\ /(
>/ \< NH,OH509p ) >/ \< (NH,),CO
N N = > N N 5 > HN NH
MeCN, 10°C, 24 H-,0,95°C, 244
>/ \< >/ \< >/ \<
NS NP N\ /N
O O O
0 0
e 65 92 (92%) 93 (85 A))J
\
/O\ /O\ /O\ /O\
N)\ /N< N\ /N L i
O,N >—< O,N K
N e e HNO3(10°%)1 = NN NN oIzO}(I: T NN NN
0 _150 3 59
>/—\< H,0, 75°C, 24 = H,S0,, -15°C, /54 >/_\< NO, th® s K. >/_\< 302
N N N. _N N. _N N._ N
o) o) o) 0)
93 94 (91%) 95 (12%) 96 (18%)
7

92-96: Li W. etal. Construction of a thermally stable and highly energetic metal-organic framework as Lead-free primary explosives //Crystal Growth & Design. —2018. - T. 18. - Ne. 3. - C. 1896-1902.



N-dpyHKUuMoHann3npoBaHHble OrcdypazaHonupasuHsbl 11

(G 2N
A0 A8 O OzN G 17_0\
N N N NN s
\ / M+ \ / +M \ / X= / \ 104 (31%) HZN/KKN
e MOH & XCl /\ /\ e
i U renonnse. o
>_< 2 M=Li 101 (97%) >—<
L ) 102 (93% L
N, N N, N O3% NN J I %,
0 0 K 103 (95%) 0 /o
N 106 (85%)
93 105 (73%)
N o
(i Ten )
N\ /N
HNO;, OzN?\_N/\ /\N
PON PR 2 2
o o Ac,0, 20°C, 24 >_< 0
o HO b N/ \N
— CH,0 - ) o
LY T e 98 (64%)
AN o q /O\ g /O\
N>/ \<N N>/ \<N = NN NN
20 O SOCL L l= NaN; b o
93 97 (98%) TRC A N_\ClMezco G50 e N_\N
>/ \< i :
N. _N NN
O O
99 (75%) 100 (81%)
e J
104-106: Fischer J. W., Nissan R. A., Lowe-Ma C. K. Synthesis of 4, 8-disubstituted 4H, 8H-bis [1, 2, 5] oxadiazolo [3, 4-6: 3", 4"-¢] pyrazines //Journal of heterocyclic chemistry. — 1991. - T. 28. - Ne. 7. -

C.1677-1681

97-100: Zhang J. et al. N-functionalized nitroxy/azido fused-ring azoles as high-performance energetic materials //Journal of Materials Chemistry A. — 2016.

-T.4.-Ne. 19. - C. 7430-74.36.



PU3UKO-XUMUYECKIE TapaMeTPhI 1 CieaJIbHbIE CBOMCTBA

NQN NON NQN NON
O,N >\_/< ON >\_/< K O,NO >\_/< N3 >\_/<
HN-N  N-NH NN - NoN- N=-N NN
e O K e N0, el ONO, s N
NN NN N_ N Ni N
O O O o)

96 97 99 101
Coenqunenue/Ilapamerp 95 96 98 100 Pb(N3)2 TNT RDX
AH%[ K]k Mo0b1] 750 2] 276 1100 450 -67 80
Tm [°C] - - 128 122 - 81 -
Ta [°C] 74 292 196 188 315 295 204
p [r-cm3] 1,80 2.1 1,84 1,68 4.8 1,65 1,86
V [km-c1 S 0 8,6 8,3 e, 8,4 8,7
D [I'IlIa] 36,5 36,8 33,4 27,8 33,4 32,1 352
IS [H] 1 % 18 18 255 15 7
FS [1:x] 24 1 240 120 1 360 120




buc(1,2,4-Tpua3oio)dypazaHonupa3uHbl

= =)
Cl Cl H3N; - NjHj3 N~
> < \>_<
TN N,H4-H,0 TN ClmBarOIMi areHT )\\ /k
N N = > N N e N
MeCN, 15°C, 24 X >_< X
>/ \< >/ \( =2
Neew N Nz =N N 2N
O O O
65 107 (97%) 108-114
O X X X
Pt HCOOH Ac,0 BrCN L - o L
Cl CCl; HN - OEt HN" ~0OFEt HN- > OFt
NH
HO\ /'?71 EtO IN=
['pynma X H Me NH, (|“: \ﬂ/\j 0 HI\{ -~ ‘?ZL
O 0 N ¥ N=
Coenunenue 108 (76%) 109(93%) 110 (75%) 111 23%) 112 (70%) 113 (56%) 114 (42%)
e 5

108,109, 111-113: Khisamutdinov G. K. etal. Synthesis and properties of 1, 2, 4-triazolo [4, 3

1700-1702.

110: Lei C. et al. Toward high-energy and low-sensitivity energetic materials based on a fused [5, 5, 5

-dJ-1, 2, 4-triazolo-[3, 4-f] furazano [3, 4-b] pyrazines //Russian Chemical Bulletin. - 1993. -T. 42. - C.

, 6]-tetracyclic backbone //Organic Letters. — 2023. - T. 25. - Ne. 19. - C. 3487-3491.

114:Zhu T. et al. Preparation of novel heat-resistant and insensitive fused ring energetic materials //Journal of Materials Chemistry A. - 2024. - T. 12. - Ne. 8. - C. 4678-4683.
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HwuTpoBaHue TeTpaluKInJYeCKnX KapKacos |

& 22}
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N0\ v N N N\ 72\ HN N v~ NH
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New=N N ZN NZZEN
O O O
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e 57
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N N N N N{ o’N
N~ N N~ N
R E Bod
70° N N NO
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) ° K Iy K
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N\ /N P N\ /N N N\
N \> </ N
113 122 (61%) \ |
XeF2 g N\/ (N 39
MeCN,20°C,524 I NO, N :
\O/
124 (89%)
e 5

115-116 1 122-124: Khisamutdinov G. K. etal. Synthesis and properties of 1, 2, 4-triazolo [4, 3-d]-1, 2, 4-triazolo-[3, 4-f] furazano [3, 4-b] pyrazines //Russian Chemical Bulletin. - 1993.-T. 42. - C.
1700-1702.




DU3UKO-XUMUYECKUE TApAMETPHI U ClIEUAJIbHbIE CBOVICTBA

[ 2)
N N N N : N.
j\I\\ el /fi HNO3(100%) _ o Katmon  _ Kar' e ¢ /lli * Kar.
BN N 0o N N>_<N N-NO Ol Ot B B o NGO
N/\ /\N - N/\ /\N 4 N/\ /\N = 1118(85%)
O 0 0 NH," 119 (79%)
110 117 (59%) NH;0H* 120 (88%)
\ &
Coequnenue/Ilapamerp 110 117 118 119 120 RDX
AH%[ K]k M0J1b1] 792 966 917 i 907 70
Ta [°C] 238 151 276 198 7 204
p [r-em3] 125 1,92 2,00 1.76 1.82 1,86
V [km-c! 8,0 9,2 7,8 8,8 9,0 8,7
D [I'TIa] 25 37,8 26,9 33,0 35,2 592
IS [H] 40 10 6 24 26 7!
FS [:x] 360 144 108 288 300 120

117-120: Lei C. etal. Toward high-energy and low-sensitivity energetic materials based on a fused [5, 5, 5, 6]-tetracyclic backbone //Organic Letters. — 2023. - T. 25. - Ne. 19. - C. 3487-3491.



[TpeBpamienus 5-a3ufgoTeTpasoiiodypazaHONMpa3nHA
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N,Hs"139(73%)  'Kar. 0 2. Karnom, MeCN \—( N 2 Kemuon MeCN )( N-NO2 N HA 136 (85%)
s N = L)
NH;0H" 140 (80%) NN N EN N NEe NH;0H" 137 (81%)
O O
128
& Y

125-126: Andrianov V. G., Starchenkov 1. B., Mishnev A. F. Chemistry of furazano [3, 4-b] pyrazines. 2. Nucleophilic substitution of the azido group in furazano [3, 4-b] pyrazines //Chemistry of Heterocyclic
Compounds. - 1997. - T. 33. - Ne. 8. - C. 977-981.

127-132: Zhu T. etal. High-Energy and Thermally Stable Energetic Materials Based on an Azo-Fused Dinitramino Compound //Organic Letters. — 2024. - T. 26. - Ne. 39. — C. 8430-84.34.

133-140: Zhu T. etal. [5, 6, 5]-Tricyclic Energetic Compounds with Piperazine, Triazole, and 1, 2, 5-Oxadiazole Rings in Framework //Crystal Growth & Design. —2024. - T. 24. - Ne. 21. - C. 8847-8854.



PU3UKO-XUMUYECKIE TapaMeTPhI 1 CieaJIbHbIE CBOMCTBA

Coerunenne/Ilapamerp [Kz[n%-%fnb-l] [oT(‘?l] [r-cPM-s] [KMYC‘I] [FII')[a] [I}% [;[Fi]
127 547 238 1,73 7.9 007 40 360
128 1043 283 1,76 7,6 22,7 40 360
129 1918 193 1,88 9,1 36,1 14 48
130 1544 238 1,81 8,7 31,1 20 84
131 1821 205 1,83 8.9 33,4 15 72
132 1668 211 1,86 9,0 35,8 16 80
133 603 200 1,83 8,5 27,3 26 288
134 111 304 1,84 7,9 24,9 22 252
135 575 208 1,75 8,4 27 40 360
136 708 211 1,79 8,7 31,5 30 288
137 634 204 1,78 8,7 29,0 34 324
138 109 228 1,76 7.8 22,6 40 360
139 243 218 1,79 8,0 25,0 38 360
140 168 207 1,8 8,1 25 40 360

RDX 80 204 1,8 8.8 33,6 7 120

HNS 78 318 IS 7,6 24,3 5 240
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