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 !"#$%&'(()

*'+',-./0123#+'!'4050621.723#8'9':;62<013#='9'>.?.7#

:0@@.A@<.A#B./.<0-CDB70?0E.FD@<.A#;7.1D5@.CDC#./'#!'G'#HD76D?DD123#H0@<123#:0@@.I

 !"#$%& '"$()*$+,!-& +.#$(!./*0& ".& * "*0$& 1,2,4-
#(!.%*/*1234-b]-1,2,4,5-#$#(.%!".&

*5D6@C21?D7J# @.7CDK# .# @10A@C12# 7D@<0?L<.B# 701JB# M7D5E0D/<.B# N50.K1067JB#

1,2,4-C5.2K0?0O%3)-b]-1,2,4,5-CDC52K.723# 1<?PF2I# M7D5E0D/<.D# @0?.#)-7.C50E;27.6.70-1,2,4-

C5.2K0?0O%3)-b]-1,2,4,5-CDC52K.723# Q-/DC.?-3-7.C50E;27.6.70-1,2,4-C5.2K0?0O%3)-b]-1,2,4,5-

CDC52K.72# .# )-E;27.6.70-1,2,4-C5.2K0?0O%3)-b]-1,2,4,5-CDC52K.72'# :2K52R0C27# M--D<C.17JA#

/DC06# N0?;FD7.I# )-SCDC52K0?-5-.?2/.70T-1,2,4-C5.2K0?0O%3)-b]-1,2,4,5-CDC52K.72# 72# 0@701D#

5D2<U..#Q-E.652K.70-3-SCDC52K0?-5-.?2/.70T-1,2,4,5-CDC52K.72#@#C5.MC.?05C0-05/.2C0/'#

The synthesis and properties of several new energetic derivatives of 1,2,4-triazolo[4,3-b]-

1,2,4,5-tetrazine are described. These are energetic salts of 3-nitroguanidine-1,2,4-triazolo[4,3-b]-

1,2,4,5-tetrazine, 6-methyl-3-nitroguanidine-1,2,4-triazolo[4,3-b]-1,2,4,5-tetrazine and 3-

guanidino-1,2,4-triazolo[4,3-b]-1,2,4,5-tetrazine. We describe an efficient method of producing 3-

(tetrazol-5-ylamino)-1,2,4-triazolo[4,3-b]-1,2,4,5-tetrazine from 6-hydrazino-3-(tetrazol-5-

ylamino)-1,2,4,5-tetrazine and triethoxymethane.

VD@/0C5I#72#C03#FC0#<#72@C0IWD/;#15D/D7.#@.7CDK.50127#X.50<.A#5I6#

2K0?0CDC52K.701JB#@.@CD/#OYZ3#Y3[3%-C5.2K0?0O%,3-b]-1,2,4,5-CDC52K.7J#0@C2PC@I#

/2?0# .K;FD77J/.# @0D6.7D7.I/.'# :2@FDC# M7D5EDC.FD@<.B# B252<CD5.@C.<# K2/D\

WD77JB#Y3[3%-C5.2K0?0O%3)-b]-1,2,4,5-CDC52K.701#N0<2KJ12DC3#FC0#62772I#@C5;<\

C;52# 0R?262DC# 1J@0<./# CDN?0@06D5]27.D/#.#/0]DC# @?;].CL# 0@7010A# 6?I#N0\

@C50D7.I 5I62#ND5@ND<C.17JB#M7D5E0D/<.B#/2CD5.2?01#O[Z'#^672<0#<0?.FD@C10#

N5./D501# .@N0?LK0127.I# @0D6.7D7.A# 62770E0# <?2@@2# 1# <2FD@C1D# M7D5E0D/<.B#

/2CD5.2?01#0@C2DC@I#0E527.FD77J/#O)-6].

^@7017J/.#@N0@0R2/.#@.7CDK2#C5.2K0?0CDC52K.701#I1?IPC@I#<076D7\

@2U.I# E.652K.70CDC52K.701# @# 05C0M-.52/.#<25R0701JB#<.@?0C#.?.#0<.@?D\

7.D# @00C1DC@C1;PW.B# E.652K0701# O&-Y_Z'# G@N0?LK0127.D# 62770A# /DC060?0\

E..#N0K10?IDC# @.7CDK.5012CL#X.50<.A#5I6#)3Q-K2/DWD77JB#@0D6.7D7.A3#70#

N5D6N0?2E2DC#60@C;N70@CL#.#;@C0AF.10@CL#@00C1DC@C1;PW.B#CDC52K.7.?E.6\

52K.701'#`#65;E0A#@C0507J#6./DC.?N.52K0?L72I#E5;NN2#S!H*T#1#C5.2K0?0-

1,2,4,5-CDC52K.72B# 0R?262DC# /D7LXDA# 7;<?D0-;E70@CLP3# FD/# 1# @00C1DC@C\

1;PW.B# @./-CDC52K.72B# O(Z3# FC0# N5D60N5D6D?IDC# N0.@<# 0NC./2?L7JB# ;@?0\

1.A#@.7CDK2#N5.#.@N0?LK0127..#@?2RJB#7;<?D0-.?01.

=# N5D6@C21?D770A# 52R0CD# /J# .@@?D6012?.# 10K/0]70@CL# K2/DWD7.I#

!H*#2K0C@06D5]2W./.#7;<?D0-.?2/.#52K?.F70A#0@70170@C.#72#N5./D5D#)-

(3,5-6./DC.?N.52K0?-1-.?T-1,2,4-C5.2K0?0O%3)-b]-1,2,4,5-CDC52K.701# S4536T'# =#
<2FD@C1D# 7;<?D0-.?01# RJ?.# .@N0?LK0127J# 7.C50E;27.6.73# E;27.6.7# .# $-

2/.70CDC52K0?# S$-+aT'# "076D7@2U.P# 3-(3,5-6./DC.?-1H-N.52K0?-1-.?T-6-

E.652K.70-1,2,4,5-CDC52K.72#S2) @#C5.MC.?05C0-05/.2C0/#.#C5.MC.?05C02UD\

C2C0/#N50106.?.#N5.#;/D5D770/#72E5D127..#1#;@?01.IB#<.@?0C70E0#<2C2?.\

K2#S789:5&;T'#4J?0#;@C2701?D703#FC0#72.R0?DD#;@NDX70#U.<?.K2U.I#N50CD<2\
DC#1#N5.@;C@C1..#<.@?0C#@#pKa<4.
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CH3

H3C

N2H4

CH3CN

RC(OEt)3 N

N N

N

N

N

CH3

H3C

1 2

H+

NH2

N N

R
80%

R=H (3 , 85%),
Me (3!, 55%)

 89:5&;<& =>?9@&4-(3,5-A=:9?=BC=D5@EB-1-=BF-1,2,4-?D=5@EBE1234-b]-1,2,4,5-
?9?D5@=>EG&H4a36F

`.7CDK# 3-7.C50E;27.6.70-1,2,4-C5.2K0?0O%3)-b]-1,2,4,5-CDC52K.701#

(I536F .#DE0#@0?DA# S2536,J5-GT#RJ?#0@;WD@C1?D7#.K#4536&1#61D#@C26..#S789:5&
2T'#V;<?D0-.?L70D#K2/DWD7.D#N50106.?.#1#/DC270?D#1#N5.@;C@C1..#/DC.?2\

C2#72C5.I'#4J?0#0R725;]D703#FC0#7DK21.@./0#0C#72?.F.I#K2/D@C.CD?I#1##N0\

?0]D7..#Q#<076D7@.5012770E0#EDCD50U.<?2#5D2<U.I#N50CD<2DC#@D?D<C.170#@#

0R52K0127.D/# 72C5.D1JB# @0?DA# )-7.C50E;27.6.70-1,2,4-C5.2K0?0O%3)-b]-

1,2,4,5-CDC52K.701# S2536F'# *0@?D67.D# ?DE<0# N5D152W2PC@I# 1# I536 N5.# 0R52\
R0C<D#1067JB#52@C10501#@0?I70A#<.@?0C0A3#2#N5.#@/DXD7..#@#1067J/.#52@\

C1052/.# E.650B?05.62# C5.2/.70E;27.6.72# Sa+8bT# 0R52K;PC# @0?.# J63G.

8.652K.7.D1;P# @0?L# J5 N0?;F2?.# 0R52R0C<0A# 52@C1052# I5 1# 2UDC07.C5.?D#
M<1./0?L7J/#<0?.FD@C10/#E.652K.7E.652C2'

N

N N

N

N N

NH2NaN

N
NO2

N

N N

N

N N

NH2HN

N
NO2

N

N N

N

N N

NH2CatN

N
NO2

MeONa

HCl

H2O

N2H4

CH3CN

3(a, )

!"#

$%"&

6

R R R

R=H (4a, 73%),
Me (4 , 78%)

R=H, Cat=N2H5 (a, 75%), $%"! ( ,73%),
R=Me, Cat= $%"! (', 78%)

R=H (5a, 85%),
Me (5 , 83%)

 89:5 K<& =>?9@&4->=?DELM5>=A=>E-1,2,4-?D=5@EBE1234-b]-1,2,4,5-?9?D5@=>EG&HIa36F&=&=8&
7EB9N

`C5;<C;52# @.7CDK.501277JB#)-7.C50E;27.6.70-1,2,4-C5.2K0?0O%3)-b]-

1,2,4,5-CDC52K.701# RJ?2# ;@C2701?D72# 72# 0@70127..# 5DK;?LC2C01# G"3# cH:#

(
1
H,

13
dT#@ND<C50@<0N..#.#>bH`#.#M?D/D7C70E0#272?.K2'#*0?;FD77JD#1DWD\

@C12# N5D6@C21?IPC# @0R0A# 0<52XD77JD# 1# ]D?CJA# U1DC# <5.@C2??.FD@<.D# @0\

D6.7D7.I'# # =# G"# @ND<C52B# N5.@;C@C1;PC# B252<CD57JD# N0?0@J# <0?DR27.A#

7.C50#E5;NNJ#SY$Q)#.#Y))%#@/
-1

) .#def#SYQ[g#@/
-1
T'#:DK0727@7JD#@.E72?J#27\

7D?.5012770E0#;E?D5062# Sd(aT# 1#@ND<C52B#
13
d#cH:#72R?P62PC@I#1#0R?2@C.#

Y%g#/'6'3#2#@1IK2770E0#@#M<K0U.<?.FD@<./#2C0/0/#2K0C2#SC3) - 1#0R?2@C.#Y$&#

/'6'# `;WD@C1D770D# @/DWD7.D# N0?0@J# 27C.@.//DC5.F7JB# <0?DR27.A# 7.C50#

E5;NNJ# 1# R0?DD# 6?.77010?701;P# F2@CL# @ND<C52# Shie)_ -$_# @/
-1

) .# @61.E# 1#
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0R?2@CL# @?2R0E0# N0?I# 5DK0727@7JB# @.E72?01# 2C0/01# ;E?D50623# @0@D6@C1;P\

W.B#@# 27.077J/#UD7C50/# ShjS`
Gu

)=7-(#/'63#hjS`)Te% -Q#/'6T3# 72R?P62D/JD#

N5.#ND5DB06D#<#@0?I/3#N0K10?IPC#E0105.CL#0#?0<2?.K2U..#K25I62#1#0R?2@C.#

M<K0U.<?.FD@<0E0#2C0/2#2K0C2'

k2/DWD7.D#6./DC.?N.52K0?.?L70A#E5;NNJ#72#E;27.6.73#N501D6D770D#

72#N5./D5D#E.650B?05.62#E;27.6.72#S8 bT#N0<2K2?03#FC0#5D2<U.I#N50CD<2DC#

@# .@N0?LK0127.D/# 1# <2FD@C1D# 0@70127.I# Y3(-62K2R.U.<?0O$'%'_Z;76DU-7-D72#

S!4 T'#4J?0#;@C2701?D703#FC0#E?;R.72#K2/DWD7.I#@.?L70#K21.@.C#0C#CD/ND\

52C;5J'# a2<# D@?.# N5.# [_l`# @# 1JB060/# g[m# N0?;F2DC@I# )-E;27.6.70-1,2,4-

C5.2K0?0O%3)-b]-1,2,4,5-CDC52K.7#S7T3#C0#N5.#<.NIFD7..#1#2UDC07.C5.?D3#62]D#

N5.# M<1./0?L70/# @00C70XD7..# 5D2ED7C013# 725I6;# @# 7 0R52K;DC@I# 1# K72F.\

CD?L7JB# <0?.FD@C12B# N,N'-6.-1,2,4-C5.2K0?0O%3)-b]-1,2,4,5-CDC52K.7-3-

.?E;27.6.7#S9) (789:5&4).

N

N N

N

N N

NH2HN

NH

N

N N

N

N N

NH2HN

NH2

"#& / ()#

CH3CN

HA

3a

A=NO3 (8a, 73%),
ClO4 (8!, 62%)

7 (92%)

A

N

N
N

N

N

N

H
N

H
N

NH N
N

N
N

N

N

"#& / ()#

CH3CN

20oC80oC

9 (46%)

 89:5&4<& =>?9@&4-LM5>=A=>E-1,2,4-?D=5@EBE1234-b]-1,2,4,5-?9?D5@=>5&HOF&=&9LE&7EB9N

!277JD# N506;<CJ# N5D6@C21?IPC# ]D?CJD# <5.@C2??.FD@<.D# 1DWD@C123

52K?2E2PW.D@I# RDK# N?21?D7.I'# G6D7C.-.<2U.P# @0D6.7D7.A# N50106.?.# /DC0\

60/#G"-@ND<C50@<0N..#.#>bH`#272?.K2'#7 ?DE<0# 0R52K;DC# @0?.# @# @.?L7J/.#

/.7D52?L7J/.#<.@?0C2/.'#a2<#N5.#0R52R0C<D#$_m#2K0C70A#<.@?0C0A#0R52K;DC\

@I#7.C52C#SP5T3#2#ND5B?052C#SP6T#RJ?#N0?;FD7#1 @5D6D#MC.?010E0#@N.5C2'
k2/DWD7.D#6./DC.?N.52K0?L70E0#-52E/D7C2#1#45 72#$-+a#N50106.?.#

1#;@?01.IB#272?0E.F7JB#@.7CDK;#BTATz'#=#<2FD@C1D#52@C105.CD?DA#.@N0?L\

K012?.@L#2N50C077JD#N0?I57JD#52@C105.CD?.#- !H9+#.#@;?L-0?27'#^<2K2\

?0@L3#FC0#62]D#N5.#Y)$l`#UD?D10A N506;<C#7D#0R52K;DC@I'#*501D6D7.D#5D2<\

U..# @# 72C5.D10A# @0?LP# $-2/.70CDC52K0?2# 1# /DC270?D# .# !H9+# C2<# ]D# 7D#

N5.1D?0# <# ]D?2D/0/;# 5DK;?LC2C;'# *0MC0/;# @.7CDK# )-SCDC52K0?-5-.?2/.70T-

1,2,4-C5.2K0?0-[4,3-b]-1,2,4,5-CDC52K.72# S12T# N50106.?.# .K# Q-E.652K.70-3-

SCDC52K0?-5-.?2/.70T-1,2,4,5-CDC52K.72#S10) [11] (789:5&2).

*501D6D770D#.@@?D60127.D#N0<2K2?03#FC0#N5.#72E5D127..#10 1#C5.MC.\

?05C0-05/.2CD# S60#(_l`T#1#0C@;C@C1..#<.@?0C70E0#<2C2?.K2C052#5D2<U.I#0@\

C2721?.12DC@I# 72# 0R52K0127..# @/D@.# E.652K0701#11a36 1# @00C70XD7..# [# <# Y #
(Z/E3# *H:T'# ^R52R0C<2# N0@?D67DA# C5.MC.?05C0-05/.2C0/# 1# N5.@;C@C1..#

C5.-C05;<@;@70A#<.@?0CJ#N0K10?.?2#1J6D?.CL#12 @#1JB060/#$&m'#VD0RB06.\

/0# 0C/DC.CL3# FC0# 1# ;@?01.IB# <.@?0C70E0# <2C2?.K2# @.7CDK# UD?D10E0# N506;<C2#

/0]70#N50106.CL#RDK#1J6D?D7.I#N50/D];C0F7JB#@0D6.7D7.A#S1JB06#&_mT'
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N

NH
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N

N
H
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OEt

N N

10 11a (Z) 11 (E) 12

+
CH(OEt)3

CH(OEt)3

CF3COOH80oC, 2 *
80oC, 2 *, 57%

76% (Z/E, 2/1)

CH(OEt)3

CF3COOH

80oC, 7 *, 70%

 89:5&2<& =>?9@&4-H?9?D5@EB-5-=B5:=>EF-1,2,4-?D=5@EBE1234-b]-1,2,4,5-?9?D5@=>5&H;KF
3-SaDC52K0?-5-.?2/.70T-1,2,4-C5.2K0?0O%3)-b]-1,2,4,5-CDC52K.7# N5D6-

@C21?IDC#@0R0A#<5.@C2??.FD@<0D#1DWD@C10#]D?C0E0#U1DC2#52K?2E2PWDD@I#N5.#

[Q[l`#RDK#N?21?D7.I#Samax,!`"T'#*506;<C#0670K72F70#.6D7C.-.U.5;DC@I#72#

0@70127..#5DK;?LC2C01#>bH`#272?.K2#@#.@N0?LK0127.D/#<2<#0C5.U2CD?L703#

C2<#.#N0?0].CD?L70#K25I]D77JB#.0701'

V01JD#N50.K1067JD#Y3[3%-C5.2K0?0O%3)-b]-1,2,4,5-CDC52K.72#0C70@IC@I#

<#N0?.2K0C.@CJ/#M7D5E0D/<./#@0D6.7D7.I/#@#;601?DC105.CD?L70A#CD5/.FD\

@<0A#@C2R.?L70@CLP#.#/0E;C#N5D6@C21?ICL#.7CD5D@#<2<#<0/N07D7CJ#M7D5ED\

C.FD@<.B#<0/N0K.U.A'

4.R?.0E52-.FD@<.D#@@J?<.n
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 !" 547.883

G.4."0K?01, =.^."25ND7<0, 8.9.:;62<01, =.9.>.?.7

:0@@.A@<.A#B./.<0-CDB70?0E.FD@<.A#;7.1D5@.CDC#./'#!'G'#HD76D?DD123#H0@<123#:0@@.I

* *Q$""* #!&.%!R*#$#(.%*/S"*T&#.U#*+$(!!&0& */V-&
6-H#$#(.%*/-5-!/.+!"*F-#$#(.%*/*1;3I-b]-1,2,4,5-#$#(.%!".&

*5D6@C21?D7J# @.7CDK# .# @10A@C12# Q-SCDC52K0?-5-.?2/.70T-CDC52K0?0OY3$-b]-1,2,4,5-

CDC52K.72#.#DE0#@0?DA'#HDC060/#G"-@ND<C50@<0N..#.@@?D601272#2K.60-CDC52K0?L72I#C2;C0\

/D5.I'#*0<2K2703#FC0#@0?.#@#C5.2/.70E;27.6.70/#.#6.2/.70E;27.6.70/#7D#N5DCD5ND12PC#

N5D152WD7.I#1#2K.60--05/;'

The synthesis and properties of 6-(tetrazole-5-ylamino)-tetrazolo[1,5-b]-1,2,4,5-tetrazine 

and its salts are introduced. The azido-tetrazole tautomerism was search by the methods of IR-

spectroscopy and was shown that salts with tri- and diaminoguanidine do not undergo transforma-

tion to azido-form.
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