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wherein each of X1 and X2 is independently NR or a 
covalent bond , R is H or C1 - 4 alkyl , each of T1 and T2 is 
independently a moiety selected from the group consisting 
of a triazole moiety , a tetrazole moiety and a guanidine 
moiety , at least one of T1 and T2 being substituted by at least 
one polymerizable group , are disclosed herein , as well as 
polymers based thereon , and uses of such polymers . 
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ENERGETIC COMPOUNDS AND 
COMPOSITIONS 

RELATED APPLICATIONS 

[ 0001 ] This application is a continuation of U . S . patent 
application Ser . No . 15 / 515 , 209 filed on Mar . 29 , 2017 , 
which is a national phase of PCT Patent Application No . 
PCT / IL2015 / 051057 having International Filing Date of 
Oct . 28 , 2015 , which claims the benefit of priority of Israel 
Patent Application No . 235415 filed on Oct . 30 , 2014 , the 
contents of which are incorporated herein by reference in 
their entirety . 

FIELD AND BACKGROUND OF THE 
INVENTION 

[ 0002 ] The present invention , in some embodiments 
thereof , relates to chemistry and , more particularly , but not 
exclusively , to energetic monomers , energetic macrocycles , 
energetic oligomers , energetic polymers and uses thereof . 
[ 0003 ] Water - free fire protection systems are desired for 
providing superior protection for terrestrial , aerial and 
marine vessels , as well as for buildings , computer rooms , 
telecommunications facilities , museums and facilities oper 
ating emergency power generators , where exposure to water 
can cause a severe damage . These systems designed to 
rapidly fill the protected compartment with inert gas that can 
suffocate the fire , leaving practically no residues behind after 
they discharge . Similar requirements are present in the 
design and manufacturing of automotive airbags . The source 
of the inert gas can be storage tanks or chemical substances 
that can rapidly produce large quantities of inert gases . In 
some circumstances , the speed and capacity at which storage 
tanks can dispense inert gases are insufficient , and thus the 
most reliable and commonly used source of inert gases in 
such systems is the chemical substances . 
[ 0004 ] Problems associated with chemical substances that 
can rapidly produce large quantities of inert gases are 
associated with the stability of these chemical substances , 
being highly energetic in some cases , and the toxicity 
thereof and of the residues they leave after discharge . 
10005 ] As a partial solution to the problem , CBrFz , known 
as Halon 1301 , was used since 1960 ' s in “ clean ” fire 
protection systems , due to this material high efficiency in 
fire - extinguishing and relatively low toxicity . Unfortunately , 
it was found that Halon 1301 is associated with the signifi 
cant damage to the ozone layer and its use and manufactur 
ing was restricted or altogether stopped . Halon 1301 was 
replaced by more environmentally - friendly hydroflourocar 
bons ( HFCs ) ; however , the latter materials were found to be 
10 - fold less effective in fire - extinguishing than Halon 1301 
and HFCs ' toxicity doses were found to be too close to 
concentrations of HFCs required for the fire - extinguishing . 
Moreover , upon exposure to an open flame , HFCs can 
decompose , releasing large quantities of a highly toxic and 
corrosive hydrogen fluoride that possesses great health haz 
ards to occupants and rescue personnel , and damages equip 
ment . 
10006 ) . The materials capable to produce airbag ' s inflating 
gases should also be stable until detonated and be non - toxic . 
Nonetheless , the material which is still used today in many 
automotive airbags is nitrogen gas - generating compound 
sodium azide ( NaN3 ) . Although NaNz has some advantages 
of operating at relatively low temperature , producing almost 
exclusively N , as the output gas , the major problem asso 
ciated with sodium azide is its extreme toxicity , being 
comparable to the toxicity of sodium cyanide , making the 

use - in - manufacturing and disposal of NaNz very difficult 
and expensive , as well as a growing health hazard and grave 
environmental problem . 
[ 0007 ] Energetic compounds have been used to inflate 
automobile airbags and aircraft occupant restraint bags . 
However , previously known nitrogen gas - generating mate 
rials are generally limited in one or more ways , e . g . , they are 
overly impact - sensitive , difficult to synthesize on a large 
scale , difficult to shape , cast of mold , and generally not 
sufficiently energetic . 
[ 0008 ] . Castable energetic compounds are generally clas 
sified as either melt - castable or cast - cured . Melt - castable 
systems include those in which the energetic compound may 
be melted and cast into any type of mold . Cast - cured 
systems involve a mixture of one or more energetic com 
pounds with a polymeric binder , cross - linker , plasticizer , 
and catalyst that is cast into any type of mold and allowed 
to cure in place . 
[ 0009 ] While the bulk majority of energetic compounds 
and propellants are small , discrete molecules , the polymeric 
versions of these small molecules possess a number of 
significant potential advantages , which include , possibility 
to form intricate shapes by various processing methods ( e . g . 
melt injection ) , potential for recovery / reuse ( e . g . extrusion 
from a casing and then remolding ) , low inhalation hazard 
due to very low volatility even in a molten state , low dermal 
toxicity hazard ( polymers are not readily absorbed through 
a skin by a direct contact ) , potential to control initiation and 
detonation velocity or rate of deflagration ( propellants ) , by 
adjusting polymer chemical composition , microstructure 
and morphology . In general , energetic polymers are a class 
of energetic compounds , which are formed by polymerizing 
energetic monomers . In addition , energetic polymers may be 
formed by attaching energetic moieties to polymeric main 
chains ( backbone functionalization ) . Energetic polymers can 
be both melt - castable and cast - cured , and can further be 
formed ( polymerize ) from their building blocks into any 
desirable shape . 
[ 0010 ] state - of - the - art overview of the various energetic 
polymers , employed for energetic compounds and propel 
lant formulations , relevant to academic research and indus 
trial R & D , as well as to industry and defense organizations , 
is provided in , for example , “ Energetic Polymers ” , by How 
Ghee Ang and Sreekumar Pisharath , ISBN : 978 - 3 - 527 
33155 - 0 ; “ Energetic Polymers and Plasticizers for Explo 
sive Formulations - A Review of Recent Advances " by 
Arthur Provatas , 2000 , DSTO - TR - 0966 ; " Investigation of 
Nitrogen - Rich Polymers Based on Tetrazoles and Triazoles ” 
by Stefan M . Sproll , 2009 , Ph . D . Thesis under supervision 
of Prof . Thomas M . Klapötke ; and “ Nitrogen - Rich Energetic 
Materials Based on 1 , 2 , 4 - Triazole Derivatives ” by Alexan 
der A . Dippold , 2013 , Ph . D . Thesis under supervision of 
Prof . Thomas M . Klapötke . 
[ 0011 ] U . S . Pat . No . 3 , 375 , 230 teaches polymers having a 
high nitrogen content and more particularly is concerned 
with organic nitrogen - containing polymers , having a nitro 
gen - to - carbon atomic ratio greater than 1 . 
[ 0012 ] Additional prior art is found , for example , in Kizh 
nyaev , V . N . et al . , Polymer Science Series B , 2011 , 53 ( 5 - 6 ) , 
pp . 317 - 323 ; Xue , H . et al . , Journal of Polymer Science Part 
A : Polymer Chemistry , 2008 , 46 ( 7 ) , pp . 2414 - 2421 ; and 
Klapötke , T . M . et al . , Journal of Polymer Science Part A : 
Polymer Chemistry , 2010 , 48 ( 1 ) , pp . 122 - 127 . 

SUMMARY OF THE INVENTION 
[ 0013 ] According to an aspect of some embodiments of 
the present invention there is provided a polymer selected 
from the group consisting of : 
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wherein n is an integer equal or greater than 2 and each of 
the polymers is linear or cyclic . 
[ 0014 ] . According to an aspect of some embodiments of 
the present invention there is provided a compound selected 
from the group consisting of : 
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[ 0015 ] According to an aspect of some embodiments of 
the present invention there is provided a mixture of mono 
mers , comprising at least a first monomer and a second 
monomer , the first monomer being represented by the For 
mula 1 : 

Formula I 
N - N 

NH N 
T — X - X2 - T2 ; 

3 HSO4 
NEN N = 
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- continued 
Formula IV 

R6 

Formula V 

N 
N 

R5 

R6 

[ 0016 ] wherein : 
[ 0017 ] each of X1 and X2 is independently NR or a 
covalent bond , 
[ 0018 ] R is H or C1 - 4 alkyl , 
[ 0019 ] each of T1 and T2 is independently a moiety 
selected from the group consisting of a triazole moiety , a 
tetrazole moiety and a guanidine moiety , at least one of the 
T1 and T2 being substituted by at least one polymerizable 
group , 
[ 0020 ] the polymerizable group being selected from the 
group consisting of azido , cyano , diazonium , ethynyl , hydra 
zine , hydroxyl , hydrazide , amine , ethanolamine , isocyanate , 
cyanate , amide , imidate , ester , carboxyl and azo , and a C1 - 4 
alkyl terminated with azido , cyano , diazonium , ethynyl , 
hydrazine , hydroxyl , hydrazide , amine , ethanolamine , iso 
cyanate , cyanate , amide , imidate , ester , carboxyl and azo , 
[ 0021 ] and the second monomer being selected so as to 
form a polymer upon reacting with the first monomer via a 
reaction selected from metal - catalyzed click polymerization , 
organocatalysis , heterogeneous catalysis , poly - condensation 
and coupling , such that at least a portion of the backbone 
units of the polymer are derived from the first monomer and 
the second monomer . 
[ 0022 ] According to some embodiments of the invention , 
at least one of the polymerizable groups of the first monomer 
is capable of forming a linking moiety with at least one of 
the polymerizable group of the second monomer , thereby 
forming the polymer . 
[ 0023 ] According to some embodiments of the invention , 
the second monomer is represented by Formula I . 
[ 0024 ] According to some of any of the embodiments of 
the invention , the guanidine moiety is represented by For 
mula II : 

[ 0028 ] wherein each of R5 and R6 is independently H or 
the polymerizable group , provided that at least one of R5 
and R6 is the polymerizable group . 
[ 0029 ] According to some of any of the embodiments of 
the invention , the triazole moiety is selected from the group 
consisting of : 
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[ 0025 ] wherein each of R1 , R2 , R3 and R4 is indepen 
dently H or the polymerizable group , provided that at least 
one of R1 , R2 , R3 and R4 is the polymerizable group . 
[ 0026 ] According to some embodiments of the invention , 
R1 is amino , each of R2 , R3 and R4 is H and the guanidine 
moiety is 1 - aminoguanidine . 
[ 0027 ] According to some of any of the embodiments of 
the invention , the triazole moiety is represented by a formula 
selected from the group consisting of Formula III , Formula 
IV and Formula V : 
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- continued - continued 

OH . 

N 

NN OH . 

0030 ] According to some of any of the embodiments of 
the invention , the tetrazole moiety is represented by a 
formula selected from the group consisting of : 

0033 ] . According to some of any of the embodiments of 
the invention , the first monomer is selected from the group 
consisting of : 
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H2N [ 0031 ] wherein R7 is the polymerizable group . 
[ 0032 ] According to some of any of the embodiments of 
the invention , the tetrazole moiety is selected from the group 
consisting of : 
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[ 0034 ] According to some of any of the embodiments of 
the invention , the second monomer is represented by For 
mula X : IV N 

Rg - A - RO Formula X ; 
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[ 0035 ] wherein : 
[ 0036 ] A is selected from the group consisting of C1 - 6 
alkyl , cycloalkyl , heteroalicyclic , aryl and heteroaryl , and 
[ 0037 ] each of R8 and R9 is independently a polymeriz 
able group selected from the group consisting of azido , 
cyano , diazonium , ethynyl , hydrazine , hydroxyl , hydrazide , 
amine , ethanolamine , isocyanate , cyanate , amide , imidate , 
ester , carboxyl and azo . 
[ 0038 ] According to some of any of the embodiments of 
the invention , the second monomer is selected from the 
group consisting of 1 , 6 - diisocyanatohexane , 1 , 4 - dicyanobu 
tane ( adiponitrile ) and dimethyl adipimidate . 
[ 0039 ] According to some of any of the embodiments of 
the invention , the second monomer is a silane represented by 
Formula XI : 

[ 0050 ] Unless otherwise defined , all technical and / or sci 
entific terms used herein have the same meaning as com 
monly understood by one of ordinary skill in the art to which 
the invention pertains . Although methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of embodiments of the invention , 
exemplary methods and / or materials are described below . In 
case of conflict , the patent specification , including defini 
tions , will control . In addition , the materials , methods , and 
examples are illustrative only and are not intended to be 
necessarily limiting . 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

Formula XI 
RIO 

R12 — 0 + Si — 0 + R13 ; 

Rii 

[ 0051 ] Some embodiments of the invention are herein 
described , by way of example only , with reference to the 
accompanying drawings . With specific reference now to the 
drawings in detail , it is stressed that the particulars shown 
are by way of example and for purposes of illustrative 
discussion of embodiments of the invention . In this regard , 
the description taken with the drawings makes apparent to 
those skilled in the art how embodiments of the invention 
may be practiced . 
[ 0052 ] In the drawings : 
[ 0053 ] FIGS . 1A - 1B present an electrospray mass spec 
trogram ( FIG . 1A ) and a differential scanning calorimetric 
measurement ( FIG . 1B ) of TAUMC5003 , an exemplary 
cyclic energetic polymer according to some embodiments of 
the present invention , comprising two 3 , 6 - dihydrazinyl - 1 , 2 , 
4 , 5 - tetrazine monomers and two 1 , 6 - diisocyanatohexane 
monomers . 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
OF THE INVENTION 

[ 0040 ] wherein : 
[ 0041 ] m is an integer ranging from 1 to 4 ; and 
[ 0042 ] each of R10 and R11 is independently selected 
from the group consisting of H , C1 - 4 alkyl , C1 - 4 alkenyl , aryl , 
heterocyclic and heteroaryl ; and 
[ 0043 ] each of R12 and R13 is independently selected 
from the group consisting of H , a silane , C1 - 4 alkyl and C1 - 4 
alkenyl . 
[ 0044 ] According to some of the embodiments of the 
invention , m is 1 , and each of R10 , R11 , R12 and R13 is 
independently and C - 4 alkyl . 
10045 ) . According to some of the embodiments of the 
invention , the silane is selected from the group consisting of 
dimethoxydimethylsilane and diethoxydimethylsilane . 
[ 0046 ] According to an aspect of some embodiments of 
the present invention there is provided a polymer derived 
from the mixture of monomers according to some of any of 
the embodiments of the present invention such that at least 
a portion of the backbone units of the polymer are derived 
from the first monomer and the second monomer . 
[ 0047 ] According to an aspect of some embodiments of 
the present invention there is provided a polymer obtainable 
by subjecting the mixture of monomer according to some of 
any of the embodiments of the present invention to condi 
tions which promote a reaction selected from metal - cata 
lyzed click polymerization , organocatalysis , heterogeneous 
catalysis , poly - condensation and coupling , such that at least 
a portion of the backbone units of the polymer are derived 
from the first monomer and the second monomer . 
[ 0048 ] According to an aspect of some embodiments of 
the present invention there is provided an article of manu 
facturing comprising the polymer according to some of any 
of the embodiments of the present invention . 
[ 0049 ] According to some of the embodiments of the 
invention , article is forming a part of a system selected from 
the group consisting of a fire extinguishing system , a safety 
airbag , an inflatable device , a buoy , a flotation device , a 
liquid nebulizer , a powder deployment device , a pneumatic 
actuator , a gas supply device and a valve actuator . 

[ 0054 ] The present invention , in some embodiments 
thereof , relates to chemistry and , more particularly , but not 
exclusively , to energetic monomers , energetic macrocycles , 
energetic oligomers , energetic polymers and uses thereof . 
[ 0055 ] Before explaining at least one embodiment of the 
invention in detail , it is to be understood that the invention 
is not necessarily limited in its application to the details set 
forth in the following description or exemplified by the 
Examples . The invention is capable of other embodiments or 
of being practiced or carried out in various ways . 
[ 0056 ] As discussed hereinabove , many of the presently 
employed chemicals in safety systems , such as fire - extin 
guishing systems and safety airbags , are toxic and / or envi 
ronmentally hazardous . The present inventors have consid 
ered a family of nitrogen - rich energetic compounds , which 
can be used as monomers in the synthesis of nitrogen - rich 
energetic polymers . 
[ 0057 ] The present inventors have recognized that poly 
mers having nitrogen - rich energetic backbone units would 
possess a number of significant advantages over the pres 
ently known nitrogen - rich energetic small compounds . 
These advantages include significantly lower toxicity ( due to 
higher molecular weight , lower volatility and extremely low 
solubility in water ) , a potential to control a burn - rate and 
other energetic properties , by adjusting polymer molecular 
weight , chemical composition , structure and morphology , 
and the ability to be molded , casted or otherwise take a large 
variety of macroscopic forms and shapes . 
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NH2 
Z 

[ 0058 ] The present inventors have devised and practiced 
novel nitrogen - enriched monomers and polymers composed 
thereof , which can be used for providing products and 
systems , which are reasonably safe and environmentally 
friendly . 
[ 0059 ] Monomers : 
[ 0060 ] According to an aspect of some embodiments of 
the present invention , there is provided an energetic and 
polymerizable compound , or monomer , based on 1 , 2 , 4 , 5 
tetrazine and represented by the general Formula I : 

I - ? ? 
1 - aminoguanidine 

[ 0070 ] According to some embodiments of the present 
invention , the triazole moiety can be represented by three 
general formulae : Formula I 

N - N 

T ; — X16 - X2 - T2 
Formula III 

NEN 

Formula IV 

Formula V 

[ 0061 ] wherein : 
[ 0062 ] each of X , and X , is independently NR or a 
covalent bond , 

[ 0063 ] Ris H or C - 4 alkyl , and 
[ 0064 ] each T , and T , is independently a moiety selected 
from the group consisting of a triazole moiety , a tetrazole 
moiety and / or a guanidine moiety , and at least one of said T , 
and T2 being substituted by at least one polymerizable 
group . 
[ 0065 ] Exemplary polymerizable group , according to 
some embodiments of the present invention , include without 
limitation , azido , cyano , diazonium , ethynyl , alkynyl , hydra 
zine , hydroxyl , hydrazide , amine , ethanolamine , isocyanate , 
cyanate , amide , imidate , ester , carboxyl and azo , and a C1 - 4 
alkyl terminated with azido , cyano , diazonium , ethynyl , 
alkynyl , hydrazine , hydroxyl , hydrazide , amine , etha 
nolamine , isocyanate , cyanate , amide , imidate , ester , car 
boxyl and azo , as these terms are defined hereinbelow . 
10066 ] . According to some embodiments of the present 
invention , the guanidine moiety is having the general For 
mula II : 

N N 
R5 

R6 

[ 0071 ] wherein each of Rs and R , is independently H or a 
polymerizable group , provided that at least one of Rs and Ro 
is a polymerizable group . 
[ 0072 ] Exemplary triazole moieties , according to embodi 
ments of the present invention , include without limitation : 

Formula II 

CN . CN . 
HN 

R3 R2 

man N3 

HN - N 
HON 

NH2 

[ 0067 ] wherein each of R1 , R2 , Rz and R4 is independently 
H or a polymerizable group , provided that at least one of R1 , 
R2 , Rz and R4 is a polymerizable group . 
[ 0068 ] It is noted that the wavy line across a bond repre 
sents the position / bond connecting the moiety to a respective 
position in a molecular structure , such as Formula I . 
[ 0069 ] Exemplary guanidine moieties , according to some 
embodiments of the present invention , include without limi 
tations , guanidine moieties wherein R , is amino and each of 
Ry , Rz and R4 is H . Such guanidine moiety is referred to as 
1 - amino - guanidine or hydrazine - carboximidamide . 

V NH 
NH , HN 

HNN 
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HN 

NH 
HN 

mm OH 

NN N33 
HN NH2 , 3 

NN 

and 
I , NH 

OH , NN and N 
NHNH 

- OH 

OH . 
OH 

[ 0073 ] According to some embodiments of the present 
invention , the tetrazole moiety can be represented by four 
general formulae : 

[ 0076 ] As discussed hereinabove , the nitrogen - rich ener 
getic polymerizable compound represented by Formula I is 
contemplated as a monomer of a nitrogen - rich energetic 
polymer . 
[ 0077 ] Exemplary monomers that fall under Formula I , 
according to embodiments of the present invention , include 
without limitation : 

Formula VI 

2 

?? ?? 

N3 Formula VII 

NH2 
HON 

N 

CN , 
N - NH Vall N 

Formula VIII NC 

NH NN HN 
N 

NN - N39 
Formula IX - ?? 

NC 

N 
N 

- CN . 
IV 

N - NH Né V = V 
[ 0074 ] wherein R , is said polymerizable group . 
[ 0075 ] Exemplary tetrazole moieties , according to 
embodiments of the present invention , include without limi 
tation : 
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- continued 

NH 
H2N HNN NH2 , 
HN 

presented hereinbelow . In the context of embodiments of the 
present invention , at least a portion of the backbone units of 
the resulting polymer are derived from the first and second 
monomers . 
[ 0081 According to some embodiments , the mixture of 
monomers is such that at least one of the polymerizable 
groups of the first monomer , represented by general Formula 
I , is capable of forming a linking moiety with at least one of 
the polymerizable groups of the second monomer , thereby 
forming the backbone of a polymer . 
10082 ] Scheme A below presents a schematic illustration 
of the definitions of the terms “ monomer ” , “ polymerizable 
group ” ( PG ) , linking moiety ” ( LM ) , “ backbone ” and “ poly 
mer ” : 

NH2 
NH 

NH2 , 

H H 
HN NH 

NH 
HO 

Scheme A 
NH 

N — N 
— NH nGP - PG2 + 

NN Nz 2 

- 

2 

type - 1 monomer 
GzP PG4 polymerization reaction 

?? . 

KAN REZ NN type - 2 monomer 
?? . NH 

ZP PG4 
GP - LM , LM2 LM HN 

HO NH 

nmn mm N - n - 1 

polymer 
OH and 

HO 

?? 

N - N 
. . 

NN 
H 

[ 0078 ] According to some embodiments , the N : C ratio 
( the ratio of nitrogen to carbon atoms in the molecule ) , is 
more than 1 . 1 , more than 1 . 3 , more than 1 . 5 , more than 1 . 7 , 
more than 1 . 9 , more than 2 . 1 , more than 2 . 3 , more than 2 . 5 , 
more than 2 . 7 , more than 2 . 9 , more than 3 or more than 3 . 5 . 
[ 0079 ] Mixture of Monomers : 
[ 0080 ] According to an aspect of some embodiments of 
the present invention , there is provided a mixture of mono 
mers , which comprises at least a first monomer and a second 
monomer ; wherein the first monomer is represented by 
general Formula I described hereinbelow . According to 
embodiments of the present invention , the first and second 
monomers are selected such that the two types of monomers 
are compatible in the sense that they can undergo a polym 
erization reaction and substantially become backbone units 
of a polymer . In other words , and first and second monomers 
are selected so as to form a polymer upon reacting the 
monomers therebetween via a polymerization reaction , as 

[ 0083 ] As can be seen in the exemplary polymerization 
reaction , illustrated in Scheme A , each of the types of 
monomers has two types polymerizable groups , denoted 
PG - PG4 , wherein PG , is capable of reacting with PG4 to 
form one type of linking moiety ( LM2 ) , and PG2 is capable 
of reacting with PGz to form another type of linking moiety 
( LM , ) , such that upon subjecting a mixture of monomers to 
polymerization reaction conditions , a polymer is formed 
from the monomers , the backbone of which is shown in bold 
in Scheme A . 
[ 0084 ] It is noted that Scheme A is an illustration of a 
particular exemplary case of polymerization , namely a co 
polymerization of two different types of monomers , each 
having two different polymerizable groups which form two 
types of linking moieties ; however , there are other types of 
polymerizations in the field of polymers . A polymer can be 
formed from a single type of monomer , having two types of 
polymerizable groups that form a single type of a linking 
moiety . A polymer can be formed from two types of mono 
mers , each having the same two types of polymerizable 
groups that form a single type of linking moiety . 
[ 0085 ] Typically , a polymer that is afforded from more 
than one type of monomers is referred to as a co - polymer , 
and in the context of the present invention , the term “ poly 
mer " encompasses all types of polymers , including single 
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monomer polymers ( homopolymers ) , co - polymers , alternat 
ing co - polymers , periodic co - polymers , statistical 
co - polymers and block co - polymers , as these terms are 
known in the art . 
[ 0086 ] According to some embodiments of the present 
invention , each of the first and the second monomers can be 
independently represented by general Formula I , provided 
that at least one polymerizable group of the first monomer is 
capable of forming a linking moiety with at least one 
polymerizable group of the second monomer . 
[ 0087 ] Polymerizable groups that are capable of forming a 
linking moiety in a polymer are referred to herein and 
throughout as “ compatible polymerizable groups ” . 
[ 0088 ] According to some embodiments , the first and 
second monomers under Formula I are the same , and having 
at least two compatible polymerizable groups that can form 
linking moieties in a homopolymer made therefrom . 
[ 0089 ] According to some embodiments , the second 
monomer is having the general Formula X : 

Rg - A - R , Formula X ; 

[ 0090 ] wherein : 
[ 0091 ] A is selected from the group consisting of C1 - 6 
alkyl , cycloalkyl , heteroalicyclic , aryl and heteroaryl , and 
[ 0092 ] each of R8 and R9 is independently a polymeriz 
able group selected from the group consisting of azido , 
cyano , diazonium , ethyny , hydrazine , hydroxyl , hydrazide , 
amine , ethanolamine , isocyanate , cyanate , amide , imidate , 
ester , carboxyl and azo , as these are defined herein . 
[ 0093 ] Non - limiting examples of a second monomer 
include 1 , 6 - diisocyanatohexane , 1 , 4 - dicyanobutane ( adi 
ponitrile ) and dimethyl adipimidate . 
[ 0094 ] According to some embodiments , the second 
monomer is a silane having the general Formula XI : 

cycloaddition ) , organocatalysis , heterogeneous catalysis , a 
polycondensation reaction and a coupling reaction . 
[ 0103 ] Briefly , the phrase “ metal - catalyzed click polym 
erization reaction ” , as used herein , refers to a polymerization 
reaction which is catalyzed by a base , a ligand that would be 
coordinated to a metal ion and a metal ion , typically copper , 
ruthenium , silver , iridium , zinc , palladium , platinum , phos 
phomolybdic acid ( HzM012040P ) and titania - supported gold 
nanoparticles , or a combination thereof , and involved the 
formation of a nitrogen - rich 5 - membered heteroaryl moiety 
by fusing an azido polymerizable group with a polymeriz 
able group having a triple bond , such as an ethynyl ( resulting 
in the formation of a triazole moiety ) or a cyano polymer 
izable group ( resulting in the formation of a tetrazole 
moiety ) . 
[ 0104 ] Scheme B and Scheme C below present the con 
cept of the click polymerization reaction , wherein Scheme B 
illustrates the formation of a co - polymer characterized by 
fusion of a cyano polymerizable group and an azido polym 
erizable group into a tetrazole moiety , and Scheme C illus 
trates the formation of a homopolymer characterized by 
fusion of an ethynyl polymerizable group and an azido 
polymerizable group into a triazole moiety . 

Scheme B 

??? = ? = ? 
metal ion = N - R or 

metal complex w = 
N = N 

- N - R " - N 
- R 

Formula XI 
No 

R12 — 0 + Si - O + R13 ; or alternatively 
N = N7 

| Rui to Dil N — R " — N . 
- N 

N = N 

Scheme C 

with or 
without catalyst R - V = Nx 

IN 

[ 0095 ] wherein : 
[ 0096 ] m is an integer ranging from 1 to 4 ; and 
[ 0097 ] each of R10 and R11 is independently selected 
from the group consisting of H , C1 - 4 alkyl , C1 - 4 alkenyl , aryl , 
heterocyclic and heteroaryl ; and 
[ 0098 ] each of R12 and R13 is independently selected 
from the group consisting of H , a silane , C1 - 4 alkyl and C1 . 4 
alkenyl . 
[ 00991 Representative non - limiting examples of a silane 
based second monomer can be found in , for example , WO 
2012 / 172176 , which is incorporated by reference herein . 
[ 0100 ] Other exemplary silane - based second monomer 
include , without limitation , silane compounds according to 
Formula XI wherein m is 1 , and each of R10 , R11 , R12 and 
R13 is independently and C1 - 4 alkyl , such as dimethoxy 
dimethylsilane and diethoxydimethylsilane . 
[ 0101 ] Polymerization : 
[ 0102 ] According to some of any of the embodiments , the 
first and the second monomers undergo a polymerization 
reaction , such as a metal - catalyzed “ click polymerization ” 
reaction ( also known as metal - catalyzed Huisgen 1 , 3 - dipolar 

R - N 

or alternatively 

NEN ) 

21 

[ 0105 ] It is noted that in Schemes B and C , and any other 
schematic illustration of a polymer presented herein , the 
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- continued 

Hi 
polymer is presented as having an infinite length ; however 
it is to be understood that unless the polymer is cyclic , it is 
capped by terminal groups that can be the terminal polym 
erizable groups of the terminal monomer , or any other 
terminal groups , as well as groups that branch the polymer 
( as in a T , Y or hub links ) or prevent further propagation and 
elongation of the polymer . 
[ 0106 ] A comprehensive overview of the “ click ” polym 
erization methodology is presented , for example , by Qin , A . 
et al . [ Macromolecules , 2010 , 43 , pp . 8693 - 8702 ] . 
[ 0107 ] It is noted herein that since during “ click ” polym 
erization process a nitrogen - rich moiety is formed , this type 
of polymerization is useful in the context of embodiments of 
the present invention . 
[ 0108 ] The term “ poly - condensation reaction ” , as used 
herein , refers to a chemical reaction in which two molecules , 
moieties , functional or polymerizable groups , combine to 
form a larger molecule in a reaction that releases a small 
molecule , typically water , hydrogen chloride , methanol or 
acetic acid . Exemplary types of condensation polymers 
include polyamides , polyacetals and polyesters . 
[ 0109 ] Scheme D and Scheme E below illustrate exem 
plary poly - condensation reactions between a diimidate 
( Scheme D ) or a diisocyanate ( Scheme E ) molecule and a 
dihydrazine molecule : 

[ 0111 ] The term “ coupling reaction ” , as used herein , refers 
to a chemical reaction that binds two or more compounds 
containing an amine and / or hydrazine polymerizable groups , 
each to a coupling agent which is a compound containing 
aldehyde and / or isocyanate polymerizable groups , whereas 
a residue of the coupling agent bridges between the two or 
more compounds . Exemplary types of coupling reaction 
involve formaldehyde , glyoxal or a diisocyanate that act as 
a coupling agent between two compounds having at least 
two amine groups , at least two hydrazine groups or combi 
nations thereof . 
0112 ] Scheme G below illustrates an exemplary coupling 
polymerization reaction between a dihydrazine molecule 
and formaldehyde : 

Scheme G 

H 
C = 0 

Scheme D H 
Formaldehyde H2N - R N H , 

H2N R NH2 
NH NH tent R H3C CH3 = MOH o R Hin 

NH 

N 
[ 0113 ] Scheme H below illustrates an exemplary coupling 
polymerization reaction between a dihydrazine molecule 
and glyoxal : LZ 

Scheme H 
Scheme E ONO 

R Glyoxal NH H N HN R NH , 

OC = Z = O 
R v = 

( 01141 Scheme I below illustrates an exemplary coupling 
polymerization reaction between a dihydrazine molecule 
and a diisocyanate molecule : 

P NH 

Scheme I [ 0110 ] Scheme F below illustrates an exemplary poly 
condensation reaction between a dihydroxyl molecule and a 
silane - based molecule : R O = CON 

Scheme F R diisocyanate NH 

Rio 
N Si . R13 OH TR - R120H and 

- R130H 
À N NH N 

Rul 
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type of monomer having two types of compatible polymer 
ization groups , is : 

L4 N = 

N HN - N N 

N 

NH2 

wherein the monomer being represented by general Formula 
I is : 

[ 0115 ] As presented hereinabove , the polymerizable 
groups of each of the first and second monomers are selected 
such that they can undergo a polymerization reaction that 
forms a linking moiety therebetween . For non - limiting 
examples , an azido group is compatible to form a linking 
moiety with both nitrile ( cyano ) and alkynyl polymerizable 
groups ( “ click ” polymerization reaction ) and afford a tetra 
zole or a triazole linking moiety respectively ; a hydrazine 
polymerizable group is compatible with , for a non - limiting 
example , an isocyanate polymerizable group ( condensation 
polymerization reaction ) and affords an amino - urea linking 
moiety ; an imidate polymerizable group is compatible with , 
for a non - limiting example , a carboxyl polymerizable group 
( condensation polymerization reaction ) and affords an 
imido - hydrazide linking moiety ; a hydroxyl group is com 
patible with a alkoxy - silyl group ( R _ _ Si ( R ) 2 — group ) 
( condensation polymerization reaction ) and affords an ether 
linking moiety ; and the likes , as these compatibility pairs of 
polymerizable groups are known in the art . 
[ 0116 ] Polymer : 
[ 0117 ] According to an aspect of some embodiments of 
the present invention , there is provided a polymer , which is 
derived from any one of the mixtures of the first monomer 
and the second monomer presented hereinabove , such that at 
least a portion of the backbone units of the polymer are 
derived from the monomers . 
[ 0118 ] According to an aspect of any of the embodiments 
presented herein , there is provided a polymer , which is 
obtainable by subjecting the mixture of monomer presented 
herein to conditions , which promote a reaction selected from 
metal - catalyzed click polymerization , poly - condensation 
and coupling , such that at least a portion of the backbone 
units of the polymer are derived from the first monomer and 
second monomers . 

= 
?? HN ?? = N = 

NH2 

one of the polymerizable groups is azido , the other polym 
erizable group is cyano , and the linking moiety , which is 
formed upon polymerization is a tetrazole . 
[ 0121 ] According to another exemplary embodiment of 
the present invention , the polymer , which is derived from 
two types of monomers , each having one type of polymer 
ization groups compatible with the type of polymerizable 
groups of the other monomer , is : 

NON NN 
wwwww W ??? N ZZ N 

HN 

HN = N N 

NH2 NH2 

wherein one of the monomers being represented by general 
Formula I is : 

[ 0119 ] Exemplary polymers , according to embodiments of 
the present invention , can be formed from a plurality of 
identical monomers represented by Formula I , or by a 
plurality of two different types of monomers represented by 
Formula I , or by a plurality of two different types of 
monomers , at least one of which is represented by Formula 
I . It is to be understood that the polymers provided herewith 
are not limited to polymers derived from two types of 
monomers , and can be derived from one , two , three , four or 
more types of monomers , at least one of which is repre 
sented by Formula I . 
[ 0120 ] According to one exemplary embodiment of the 
present invention , the polymer , which is derived from one 

NHNN v N 

N 

NH2 
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having two cyano polymerizable groups , the other mono 
mers also being represented by general Formula I is : 

= = h 

= EN 

HN = 
NH2 

having two azido polymerizable groups , and the linking 
moiety , which is formed upon polymerization is a tetrazole . 
[ 0122 ] According to another exemplary embodiment of 
the present invention , the polymer , which is derived from 
two types of monomers , each having one type of polymer 
ization groups compatible with the type of polymerizable 
groups of the other monomer , is : 

NON 
N Zz N HN 

No 
NH2 

wherein one of the monomers being represented by general 
Formula I is : 

having two azido polymerizable groups , the other monomer 
is : N 

www . 

= 
. N 

= N N 
HN 

N p = 
having two cyano polymerizable groups , and the linking 
moiety , which is formed upon polymerization is a tetrazole . 
10123 ] . According to an aspect of some embodiments of 
the present invention , the polymer that can be formed from 
the mixture of monomers presented hereinabove , include , 
without limitation : 

NH 

NEN tyrt N 
N 

HN EN 

NH 

H N N 
? NN NN 

HN No N HN NSI N No N 
NH2 NH2 



US 2019 / 0092895 A1 Mar . 28 , 2019 
18 

- continued 
NEN 

HN Zz 
HN 

NH2 

H2N 

N 
N HN - NH 

N 

HN TZ N - NH O = 
N 

HN 

N?N HN 
HN - NH - NH 

ENH N = N . 

- NH 405m 
HN 

HN — 
NH 

NN 

IZ 

CH3 
un and 

IZ N 

H?N 
NH 

HN - N 

E - NH - NH NH 

wherein n is an integer and each of the polymers can be 
linear or cyclic . 

[ 0124 ] When the polymer is linear , it is capped by either 
the polymerizable group corresponding to the terminating 
monomers , or capped by any other group or atoms . 

[ 0125 ] For example , six 6 - ( 5 - amino - 3 - azido - 1H - 1 , 2 , 4 - tri 
azol - 1 - yl ) - N - ( 3 - azido - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tet 
razin - 3 - amine monomers and five adiponitrile monomers , 
that underwent a “ click ” polymerization reaction in the 
presence of copper ions , may form the following linear 
11 - mer polymer ( polymer comprising 11 monomers , marked 
by numbers in Scheme G below ) : 
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Scheme G 
NH N 

N NN NN N 
N NSN N 

N3V N ' N NN HN 
N N = N N = N À 

N = N 1 NEN N NN 
W VI N 

N = 1 
N NEN N - - - N HN N N - NH 

N NN 
HN NH2 

N = N NN 
N 

NON 
HN . HN Spermintaan N3 I , 

A - N 
HN NH , 

9 N N = N N 

NH2 

tanks pressurization ( including pressurized tanks containing 
fire extinguishing liquids ) , devices capable of pushing fluids 
in lab - on - a - chip applications , or to power various valve 
actuators . 

[ 0126 ] When the polymer is cyclic , it can have any num 
ber of repeating units , which are attached head to tail to form 
a polymeric ring . For example , two 6 - ( 5 - amino - 3 - hydrazi 
nyl - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - N - ( 3 - hydrazinyl - 1H - 1 , 2 , 4 - tri 
azol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - amine monomers and two dim 
ethyl adipimidate monomers that underwent a 
polycondensation reaction , while releasing methanol , may 
form the following cyclic tetramer ( a cyclic polymers having 
2 + 2 monomers , marked by numbers in Scheme H below ) : 

Scheme H 
2 NH2 NH 

NH N = 
HN 

' N NH ZH EZ HN 

NH 
HN 

N7 
NH HN 

NH NH 

Definitions 
[ 0130 ] As used herein , the term " monomer ” refers to is a 
molecule that is capable of forming a chemical bond with 
other molecules to form a polymer . In the context of 
embodiments of the present invention , the term “ monomer " 
is also used to describe a constituent of the pre - polymeriza 
tion mixture , which affords a polymer upon polymerization . 
The pre - polymerization mixture is therefore a mixture of 
monomers , which is capable of undergoing a polymerization 
reaction that affords at least one type of polymer , whereas 
the monomers form a part of the polymer as a backbone unit 
thereof . 
[ 0131 ] The term “ polymerizable group ” , as used herein , 
refers to a chemical group of one compound that is capable 
of reacting with a compatible polymerizable group of 
another compound , such that the two polymerizable groups 
form a linking moiety , and the two compounds essentially 
form a part of a backbone of a polymer . 
[ 0132 ] As used herein , the phrase " linking moiety ” 
describes a bond , a chemical moiety or a chemical group , 
which links between backbone units in a polymer . The 
linking moiety can thus be , for example , formed upon 
reacting two polymerizable groups . 
[ 0133 ] The term “ backbone ” , as used herein , refers to the 
main chain of a polymer , which includes of a series of 
covalently bonded atoms that together create the longest 
continuous chain in the polymer molecule . 
[ 0134 ] The term “ backbone unit ” , as used herein , refers to 
a repeating moiety in a polymer that correlates to a monomer 
used to form the polymer . 
[ 0135 ] The term “ polymer ” , as used herein , is a molecule , 
which includes a plurality of backbone units , linked to 
one - another via linking moieties , and these terms are defined 
hereinabove . 

NH 
HN HN 

[ 0127 ] Article of Manufacturing : 
[ 0128 ] According to an aspect of some embodiments of 
the present invention , there is provided an article of manu 
facturing comprising any one of the nitrogen - rich energetic 
polymers presented hereinabove . 
[ 0129 ] According to some embodiments of the present 
invention , the article of manufacturing forma a part of a 
system selected from the group consisting of fire extinguish 
ing systems , safety airbags , inflatable devices for expand 
able structures , floats , buoys and other flotation devices such 
as rescue boats and vests , pressurized mist generators and 
liquid nebulization and powder deployment systems , gas 
supply devices for pneumatic actuators or for gas or liquids 
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[ 0136 ] As used herein , the term “ alkyl ” describes an 
aliphatic hydrocarbon that includes straight chain and 
branched chain groups . The alkyl may have 1 - 20 carbon 
atoms ( C1 - 20 alkyl ) , 1 - 10 carbon atoms , 1 - 6 or 1 - 4 carbon 
atoms in the main ( longest ) chain thereof , and it may be 
branched or unbranched . For example , an alkyl is a low 
alkyl , having 1 - 4 carbon atoms ( namely , methyl , ethyl , 
propyl and butyl ) . Whenever a numerical range ; e . g . , “ 1 - 10 ” , 
is stated herein , it implies that the group , in this case the 
alkyl group , may contain 1 carbon atom , 2 carbon atoms , 3 
carbon atoms , etc . , up to and including 10 carbon atoms . 
[ 0137 ] The term " cycloalkyl ” refers to an all - carbon 
monocyclic or fused ring ( i . e . , rings , which share an adjacent 
pair of carbon atoms ) , branched or unbranched group con 
taining 3 or more carbon atoms , where one or more of the 
rings does not have a completely conjugated n - electron 
system , and may further be substituted or unsubstituted . 
Exemplary cycloalkyl groups include , for example , cyclo 
propyl , cyclobutyl , cyclopentyl , cyclohexyl or cyclodode 
cyl . 
[ 0138 ] The term “ alkenyl ” describes an unsaturated alkyl , 
as defined herein , having at least two carbon atoms and at 
least one carbon - carbon double bond , e . g . , allyl , vinyl , 
3 - butenyl , 2 - butenyl , 2 - hexenyl and iso - propenyl . The alk 
enyl may be substituted or unsubstituted by one or more 
substituents . 
10139 ] The term “ alkynyl ” , as defined herein , is an unsatu 
rated alkyl having at least two carbon atoms and at least one 
carbon - carbon triple bond . The alkynyl may be substituted 
or unsubstituted by one or more substituents . An exemplary 
alkynyl is ethynyl , which is a radical of acetylene . 
[ 0140 ] The term " heteroalicyclic ” , as used herein , 
describes a monocyclic or fused ring group having in the 
ring ( s ) one or more atoms , such as nitrogen , oxygen , silicon 
and sulfur . The rings may also have one or more double 
bonds . However , the rings do not have a completely conju 
gated t - electron system . The heteroalicyclic compounds may 
be substituted or unsubstituted . Representative examples of 
heteroalicyclics , include morpholine , piperidine , piperazine , 
tetrahydrofurane , tetrahydropyrane and the like . 
[ 0141 ] The term “ aryl ” describes an all - carbon monocy 
clic or fused - ring polycyclic ( i . e . , rings which share adjacent 
pairs of carbon atoms ) groups having a completely conju 
gated t - electron system . The aryl group may be substituted 
or unsubstituted by one or more substituents . 
[ 0142 ] The term “ heteroaryl ” describes a monocyclic or 
fused ring ( i . e . , rings which share an adjacent pair of atoms ) 
group having in the ring ( s ) one or more atoms , such as , for 
example , nitrogen , oxygen , silicon and sulfur and , in addi 
tion , having a completely conjugated n - electron system . 
Representative examples of heteroaryls include without 
limitation , triazole , tetrazole , triazine , tetrazine and the like . 
[ 0143 ] The terms “ azido ” or “ azide ” describe a — NZ 
group . 
[ 0144 ] The terms “ nitrile ” or “ cyano ” describe a C = N 
group . 
[ 0145 ] The term “ cyanate ” describes a - O C = N group . 
[ 0146 ] The term “ isocyanate ” describes a N = C = O 
group . 
[ 0147 ] The term “ diazonium ” , as used herein , refers to 
- N X - ( N + = NX - ) group , where X is an inorganic or 
organic anion , such as a halogen . 
[ 0148 ] The term “ ethynyl ” describes a CECH group . 

[ 0149 ] As used herein , the term “ hydrazine ” describes a 
- NR - NR " R ' ' group , wherein R ' , R " and R ' ' are each 
independently hydrogen , alkyl , cycloalkyl or aryl , as these 
terms are defined herein . 
[ 0150 ] The term “ hydrazide ” , as used herein , refers to a 

C O ) - NR - NR " R ' " group wherein R ' , R " and R ' ' are 
each independently hydrogen , alkyl , cycloalkyl or aryl , as 
these terms are defined herein . 
[ 0151 ] As used herein , the term “ amine ” describes a 
- NR ' R " group where each of R ' and R " is independently 
hydrogen , alkyl , cycloalkyl , heteroalicyclic , aryl or het 
eroaryl , as these terms are defined herein . 
[ 0152 ] The term “ ethanolamine ” describes a - NH 
CH2 - CH2 - OH group . 
[ 0153 ] The term “ halide ” , as used herein , refers to the 
anion of a halo atom , i . e . F - , Cl - , Br - and I . 
[ 0154 ] The term “ halo ” refers to F , C1 , Br and I atoms as 
substituents . 
[ 0155 ] The terms “ hydroxyl ” or “ hydroxy ” , as used 
herein , refer to an - OH group . 
[ 0156 ] The term “ alkoxy ” refers to an OR ' group , 
wherein R ' is as defined hereinabove . 
[ 0157 ] The term “ hydroxyalkyl , ” as used herein , refers to 
an alkyl group substituted with one hydroxy group , e . g . , 
hydroxymethyl , para - hydroxyethyl and 4 - hydroxypentyl . 
[ 0158 ] The term “ alkoxyalkyl , ” as used herein , refers to an 
alkyl group substituted with one alkoxy group , e . g . , 
methoxymethyl , 2 - methoxyethyl , 4 - ethoxybutyl , 
n - propoxyethyl and tert - butylethyl . 
[ 0159 ] The term “ amide ” describes a - NR - C ( O ) 
R " or a C ( O ) - NR ' R " end groups or a - NR - C 
FO ) linking moiety , where each of R ' and R " is inde 
pendently hydrogen , alkyl , cycloalkyl , heteroalicyclic , aryl 
or heteroaryl , as these terms are defined herein . 
[ 0160 ] The term “ imidate ” describes a - C ( N = R ) O R " 
group , where each of R ' and R " is independently hydrogen , 
alkyl , cycloalkyl , heteroalicyclic , aryl or heteroaryl , as these 
terms are defined herein 
[ 0161 ] As used herein , the terms " carboxylate ” or “ ester " 
refer to an CEO ) OR ' group , where R ' is as defined 
herein . 
[ 0162 ] As used herein , the terms " carboxyl ” or “ carboxy " 
refer to an - C OOH group . 
[ 0163 ] The term “ azo ” or “ diazo ” describes an - N = NR ' 
with R ' as defined hereinabove . 
[ 0164 ] As used herein , the phrase “ moiety ” describes a 
part , and preferably a major part of a chemical entity or 
compound , which typically has certain functionality or 
distinguishing features . In some embodiments , the term 
“ moiety " also describes a part , and preferably a major part , 
of a chemical entity , such as a molecule or a group , which 
has underwent a chemical reaction and is now covalently 
linked to another molecular entity . This term is also used 
herein to define a radical of the indicated group , which 
substitutes a respective position of the skeleton of a com 
pound . 
[ 0165 ] It is expected that during the life of a patent 
maturing from this application , many relevant tetrazine 
based energetic monomers and polymers , based thereon , 
will be uncovered , and the scope of the tetrazine - based 
energetic monomers and polymers is intended to include all 
such mutations a priori . 
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EXAMPLES 

[ 0176 ] Reference is now made to the following examples , 
which together with the above descriptions illustrate some 
embodiments of the invention in a non - limiting fashion . 

Materials and Methods 

[ 0166 ] As used herein the term “ about ” refers to + 10 % . 
[ 0167 ] The terms " comprises ” , " comprising ” , “ includes ” , 
“ including ” , “ having ” and their conjugates mean “ including 
but not limited to ” . 
10168 ] . The term “ consisting of ” means “ including and 
limited to " . 
[ 0169 ] The term “ consisting essentially of ” means that the 
composition , method or structure may include additional 
ingredients , steps and / or parts , but only if the additional 
ingredients , steps and / or parts do not materially alter the 
basic and novel characteristics of the claimed composition , 
method or structure . 
[ 0170 ] As used herein , the singular form “ a ” , “ an ” and 
“ the ” include plural references unless the context clearly 
dictates otherwise . For example , the term “ a compound ” or 
" at least one compound ” may include a plurality of com 
pounds , including mixtures thereof . 
10171 ] Throughout this application , various embodiments 
of this invention may be presented in a range format . It 
should be understood that the description in range format is 
merely for convenience and brevity and should not be 
construed as an inflexible limitation on the scope of the 
invention . Accordingly , the description of a range should be 
considered to have specifically disclosed all the possible 
sub - ranges , as well as individual numerical values within 
that range . For example , description of a range , such as from 
1 to 6 should be considered to have specifically disclosed 
sub - ranges such as from 1 to 3 , from 1 to 4 , from 1 to 5 , from 
2 to 4 , from 2 to 6 , from 3 to 6 etc . , as well as individual 
numbers within that range , for example , 1 , 2 , 3 , 4 , 5 , and 6 . 
This applies regardless of the breadth of the range . 
[ 0172 ] Whenever a numerical range is indicated herein , it 
is meant to include any cited numeral ( fractional or integral ) 
within the indicated range . The phrases " ranging / ranges 
between ” a first indicate number and a second indicate 
number and “ ranging / ranges from ” a first indicate number 
" to " a second indicate number are used herein interchange 
ably and are meant to include the first and second indicated 
numbers and all the fractional and integral numerals ther 
ebetween . 
[ 0173 ] As used herein the term “ method ” refers to man 
ners , means , techniques and procedures for accomplishing a 
given task including , but not limited to , those manners , 
means , techniques and procedures either known to , or read 
ily developed from known manners , means , techniques and 
procedures by practitioners of the chemical , material sci 
ence , pharmacological , biological , biochemical and medical 
arts . 
10174 ] It is appreciated that certain features of the inven 
tion , which are , for clarity , described in the context of 
separate embodiments , may also be provided in combination 
in a single embodiment . Conversely , various features of the 
invention , which are , for brevity , described in the context of 
a single embodiment , may also be provided separately , or in 
any suitable sub - combination , or as suitable in any other 
described embodiment of the invention . Certain features 
described in the context of various embodiments are not to 
be considered essential features of those embodiments , 
unless the embodiment is inoperative without those ele 
ments . 
[ 0175 ] Various embodiments and aspects of the present 
invention as delineated hereinabove and as claimed in the 
claims section below find experimental support in the fol - 
lowing examples . 

[ 0177 ] All materials were procured from Sigma - Aldrich 
Israel . 
[ 0178 ] Thermal properties such as melting and decompo 
sition points were measured on TA Q20 DSC instrument , 
using a heating rate of 10° C . / min and by a Büchi B - 540 
Melting Point apparatus . 
[ 0179 ] NMR measurements were performed at the ambi 
ent temperature on Bruker AVANCE 400 MHz spectrometer , 
using DMSO - 06 , CD OD and CD2CN as solvents . 
[ 0180 ] Mass spectrometry analyses were performed on 
ESI / MALDI Q - TOF Micromass spectrometer . 
[ 0181 ] Calorimetric measurements were performed on 
Parr 6200 bomb calorimeter , equipped with a Parr 1104 
bomb . The samples were placed in a stainless pan and 
burned in atmosphere of pure oxygen at 3 . 2 MPa pressure . 
Pellets of 1 . 0 g of benzoic acid were used as a reference 
standard . 
[ 0182 ] Energetic parameters of the compounds were cal 
culated using the EXPLO5 software , which is a thermo 
chemical computer program that predicts the performance of 
ideal high explosives , propellants , and pyrotechnic mixtures 
on the basis of their chemical formulae , heat of formation , 
and density . As such , EXPLO5 is a useful tool in synthesis , 
formulation , and numerical modeling of energetic materials . 
Briefly , EXPLO5 calculates equilibrium composition and 
thermodynamic properties of state of products species at a 
specified temperature and pressure applying the free energy 
minimization techniques . These data , together with the 
Chapman - Jouguet detonation theory , enable calculation of 
detonation parameters such as detonation velocity , detona 
tion pressure , detonation energy and the like . From the 
equilibrium composition and thermodynamic parameters of 
state along the isentropic expansion the program calculates 
the coefficients in Jones - Wilkins - Lee ( JWL ) equation of 
state by a JWL fitting program built in , and energy available 
for performing mechanical work . By combining thermody 
namic properties of the products and conservation equations 
under constant pressure combustion conditions , the program 
predicts theoretical rocket performance ( specific impulse , 
thrust coefficient , flow velocity , etc . ) , as well as the specific 
energy ( or force , impetus ) under constant volume combus 
tion conditions . The program uses the Becker - Kistia 
kowsky - Wilson ( BKW ) equation of state for gaseous deto 
nation products , the ideal gas and virial equations of state of 
gaseous combustion products , and the Murnaghan equation 
of states for condensed products . 

Example 1 

Synthesis and Analysis of Energetic Monomers 
[ 0183 ] The following are synthetic procedure and analyses 
of exemplary energetic monomers , according to some 
embodiments of the present invention . 
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Synthesis of 1 - 6 - ( ( 3 - amino - 1H - 1 , 2 , 4 - triazol - 5 - yl ) 
amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) - 1H - 1 , 2 , 4 - triazole - 3 , 5 

diamine ( EM1003 ) 

Synthesis of AA1085 6 - ( 5 - amino - 3 - azido - 1H - 1 , 2 , 4 
triazol - 1 - yl ) - N - ( 3 - azido - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 

5 - tetrazin - 3 - amine ( AA1085 ) 
[ 0184 ] [ 0186 ] 

Scheme I Scheme 2 

H2NN 
ÍNH H2NN NH2 

, HN 
NH NH N 

HN N HN 
N N 1H - 1 , 2 , 4 - triazole 

3 , 5 - diamine N N 
1 - 16 - ( ( 3 - amino - 1H - 1 , 2 , 4 - triazol - 5 
yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) 
1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine 

3 , 6 - bis ( 3 , 5 - dimethyl - 1H 
pyrazol - 1 - yl ) - 1 , 2 , 4 , 5 - tetrazine 

H2N N 

HN ! 
H2NN NH N N 

I NH2 N : 

NH NH 

HUN 
N = 

6 - ( 5 - amino - 3 - azido - 1H - 1 , 2 , 4 - triazol - 1 
yl ) - N - ( 3 - azido - 1H - 1 , 2 , 4 - triazol - 5 - yl ) 

1 , 2 , 4 , 5 - tetrazin - 3 - amine 
AA1085 

H 

1 - ( 6 - ( ( 3 - amino - 1H - 1 , 2 , 4 - triazol - 5 
yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) 
1H - 1 , 2 , 34triazole - 3 , 5 - diamine 

EM1003 

[ 0185 ] A solid quantity of 3 , 5 - diamine - 1 , 2 , 4 - triazol ( 3 . 2 
grams , 32 . 3 mmol ) was added to a solution of 3 , 6 - bis ( 3 , 5 
dimethyl - 1H - pyrazol - 1 - yl ) - 1 , 2 , 4 , 5 - tetrazine ( BPT ) ( 2 . 2 
grams , 8 . 1 mmol ) in sulfolane ( 50 mL ) and the reaction 
mixture was heated at 140° C . for 24 hours . Thereafter , the 
reaction mixture was cooled to room temperature , DMSO 
( 10 mL ) was added , and the mixture was stirred for 1 hour . 
The formed precipitate was collected by filtration , washed 
with MeOH ( 80 mL ) and dried under vacuum as a purple 
solid substance ( EM1003 ) . Yield 81 . 5 % ( 1 . 82 grams , 6 . 6 
mmol ) . ' H NMR ( 400 MHz , DMSO - do ) : 8 5 . 5 ( 2H , s ) , 6 . 0 
( 2H , br s ) 7 . 16 ( 2H , s ) , 10 . 68 ( 1H , br s ) , 11 . 67 ( 1H , br s ) . 13C 
NMR ( 100 MHz , H2SO4 + DMSO - do ) : 8 147 . 9 , 152 . 9 , 153 . 8 , 
155 . 0 , 160 . 3 , 163 . 8 . DSC ( 5º C . / min ) 365° C . ( decomp . ) . 
MS ( ESIC ) : m / z : 275 [ M - H - ] , ( ESI + ) : m / z : 277 [ M - H + ] . 
FTIR ( ATR , cm ? ) : 1626 ( m ) , 1553 ( m ) , 1468 ( s ) , 1439 ( m ) , 
1354 ( w ) , 1283 ( w ) , 1117 ( w ) , 1085 ( w ) , 1049 ( w ) , 1032 ( w ) , 
951 ( w ) , 890 ( w ) , 821 ( w ) , 561 ( m ) . 

[ 0187 ] A solid quantity of 1 - ( 6 - ( ( 3 - amino - 1H - 1 , 2 , 4 - tri 
azol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) - 1H - 1 , 2 , 4 - triazole - 3 , 
5 - diamine ( 2 g , 7 . 28 mmol ) was added to a solution of 
H2SO4 30 % ( v / v ) ( 43 ml ) at 0° C . and the mixture was 
stirred for 20 minutes . A solution of aqueous NaNO , ( 2 . 03 
grams , 29 mmol NaNO , in 2 . 5 ml of H , O ) was added 
dropwise and the solution was stirred for 1 hour . Aqueous 
solution of NaN , ( 15 ml , 5 . 08 g , 78 mmol ) was added 
dropwise to the reaction solution at 0° C . and stirred 3 hours . 
The formed precipitate was collected by filtration , washed 
with H2O ( 3x30 ml ) , MeOH ( 3x20 ml ) and dried , yielding 
pure 6 - ( 5 - amino - 3 - azido - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - N - ( 3 - azido 
1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - amine as a red 
solid ( “ AA1085 ” , 2 . 28 , 6 . 95 mmol , 95 % ) . ' H NMR ( 400 
MHz , DMSO - da ) : 87 . 7 ( 2H , s ) 12 . 7 ( 1H , br s ) , 13 . 4 ( 1H , br 
s ) . 13C NMR ( 100 MHz , DMSO - da ) : 8 148 . 3 , 154 . 8 , 156 . 4 , 
157 . 3 , 158 . 7 . DSC ( 5º C . / min ) 212° C . ( decomp . ) . MS 
( ESIC ) : m / z : 327 . 2 [ M - H - ] ; ( ESI * ) : 329 . 3 [ M + H - ] . FTIR 
( ATR , cm ) : 3421 ( w ) , 2145 ( s ) , 1652 ( m ) , 1541 ( m ) , 1508 
( m ) , 1456 ( s ) , 1364 ( m ) , 1222 ( w ) , 1138 ( w ) , 1104 ( w ) , 1048 
( w ) , 1014 ( w ) , 951 ( w ) , 742 ( w ) , 554 ( w ) , 458 ( w ) . Bomb 
calorimetry : gross heat of 2 , 472 cal / g . 
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Synthesis of N , N - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) - bis 
( 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ) ( EM1004 ) 

- continued 

ANH 
[ 0188 ] 

?? HN ? 
N N 

IZ 
Scheme 3 N° , N6 - bis ( 3 - azide - 1H - 1 , 2 , 4 - triazole - 5 

yl ) - 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine ) 
AA1095 

H2NN . 
NH , NN HN M 

1H - 1 , 2 , 4 - triazole 
3 , 5 - diamine 

3 , 6 - bis ( 3 , 5 - dimethyl - 1H 
pyrazol - 1 - yl ) - 1 , 2 , 4 , 5 - tetrazine 

IZ 

[ 0191 ] A solid quantity of N , N - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 
diyl ) bis ( 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ) ( 2 g , 7 . 28 mmol ) 
was added to a solution of H2SO4 30 % ( v / v ) ( 43 ml ) at 0° 
C . and the mixture was stirred for 20 minutes . A solution of 
aqueous NaNO , ( 2 . 05 grams , 29 mmol NaNo , in 2 . 5 ml 
H2O ) was added dropwise and the solution was stirred for 1 
hour . Aqueous solution of NaNz ( 10 ml , 4 . 09 grams , 63 
mmol ) was added dropwise to the reaction solution at 0° C . 
and stirred 3 hours . The formed precipitate was collected by 
filtration , washed with H , O ( 3x30 ml ) , MeOH ( 3x20 ml ) 
and dried , yielding pure N3 , Nó - bis ( 3 - azido - 1H - 1 , 2 , 4 - tri 
azol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine as a red solid 
( “ AA1095 " , 1 . 97 g , 6 mmol , 82 % ) . ' H NMR ( 400 MHz , 
DMSO - do ) : 8 12 . 2 ( 2H , s ) , 13 . 2 ( 2H , s ) . 13C NMR ( 100 
MHz , DMSO - da ) : 8 149 . 2 , 154 . 6 , 158 . 0 . DSC ( 5º C . / min ) 
203° C . ( decomp . ) . MS ( ESIC ) : m / z : 327 . 2 [ M - H - ] ; ( ESI * ) : 
329 . 2 [ M + H - ) . FTIR ( ATR , cm ) : 3419 ( w ) , 3325 ( w ) , 
2144 ( m ) , 1615 ( s ) , 1557 ( s ) , 1541 ( s ) , 1436 ( s ) , 1363 ( s ) , 
1222 ( w ) , 1138 ( w ) , 1079 ( w ) , 1053 ( w ) , 1015 ( w ) , 955 ( w ) , 
810 ( w ) , 724 ( w ) , 557 ( w ) . 

N NH 
HON NH2 

N HN 
N 

N5 , N5 ' - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) 
bis ( 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ) 

EM1004 

Proposed Synthesis of AA1086 ( 5 - amino - 1 - ( 6 - ( ( 3 
cyano - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin 
3 - yl ) - 1H - 1 , 2 , 4 - triazole - 3 - carbonitrile ) ( “ AA1086 " ) 

[ 0192 ] 

[ 0189 ] A solid quantity of 3 , 5 - diamine - 1 , 2 , 4 - triazol ( 4 
grams , 40 . 4 mmol ) was added to a solution of 3 , 6 - bis ( 3 , 5 
dimethyl - 1H - pyrazol - 1 - yl ) - 1 , 2 , 4 , 5 - tetrazine ( 3 grams , 11 . 1 
mmol ) in sulfolane ( 70 mL ) and the reaction mixture was 
heated at 210° C . in sand bath for 24 hours . Thereafter , the 
reaction mixture was cooled to room temperature , MeOH 
( 15 mL ) was added and the mixture was stirred for 1 hour . 
The formed precipitate was collected by filtration , washed 
with MeOH ( 80 mL ) and dried under vacuum as a purple 
solid . Yield 84 . 5 % ( 2 . 59 grams , 9 . 38 mmol ) . 13C NMR ( 100 
MHz , H2SO4 + DMSO - do ) : 8 147 . 5 , 153 . 3 , 160 . 8 . DSC ( 5° 
C . / min ) 369° C . ( decomp . ) . FTIR ( ATR , cm ) : 1610 ( s ) , 
1541 ( s ) , 1439 ( s ) , 1371 ( m ) , 1333 ( w ) , 1271 ( m ) , 1097 ( w ) , 
1055 ( s ) , 954 ( s ) , 888 ( w ) , 792 ( m ) , 738 ( m ) , 703 ( m ) , 564 
( m ) . 

Scheme 5 

HN 
N 

1 . H2SO4 , 
H20 , 
NaNO2 ; 

2 . NaCN 
- NH2 

NÓ N - NH 

TZ 

Synthesis of Nº , Nº - bis ( 3 - azido - 1H - 1 , 2 , 4 - triazol - 5 
yl ) - 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine ( “ AA1095 " ) 

[ 0190 ] 
H?N 

CN Scheme 4 N . 

— NH 
NH NH N 

HN NH2 NCC - N ' N 
HN N N ' N NON AA1086 

N5 , N5 ' - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) 
bis ( 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ) [ 0193 ] 1 - ( 6 - ( ( 3 - amino - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 

4 , 5 - tetrazin - 3 - yl ) - 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ( 1 , 025 mg , 
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Proposed Synthesis of ( 6 - ( 3 , 5 - dihydrazinyl - 1H - 1 , 2 , 
4 - triazol - 1 - yl ) - N - ( 3 - hydrazinyl - 1H - 1 , 2 , 4 - triazol - 5 

yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - amine ) ( “ AA1201 ” ) 
[ 0196 ] 

Scheme 7 

3 . 71 mmol ) is slowly added to a 4° C . cooled solution of 
concentrated H2SO4 ( 7 mL ) in H2O ( 20 mL ) and stirred for 
30 minutes . Thereafter , a solution of NaNO2 ( 640 mg , 9 . 27 
mmol ) in H2O ( 3 mL ) is added dropwise , and the reaction 
mixture is stirred at 4° C . for 1 hour and then added over 30 
minutes to a cooled solution of NaCN ( 2 , 646 mg , 54 mmol ) 
in H20 ( 100 mL ) . The resulting reaction mixture is stirred 
overnight at room temperature and the formed precipitate is 
collected by filtration . The crude solid is dissolved in a 
minimal amount of DMF , filtered at room temperature , cold 
water is added to the DMF solution until precipitate is 
obtained . The aqueous suspension is stirred for 1 hour and 
filtered . The final solid is washed twice with H2O and dried 
under vacuum , yielding 5 - amino - 1 - ( 6 - ( ( 3 - cyano - 1H - 1 , 2 , 4 
triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) - 1H - 1 , 2 , 4 - triazole 
3 - carbo - nitrile ( " AA1086 ” ) . 

H2NN 
Y NHNH NHNH 

N . 
N ' 

N - NH NH2NH2 

HANHN NON 
AA1200 

H - NHN . 

- NHNH 

N N - NH 
Proposed Synthesis of AA1200 ( 6 - ( 5 - amino - 3 - hy 
drazinyl - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - N - ( 3 - hydrazinyl - 1H 

1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - amine ) 
( “ AA1200 " ) H , NHNN HANHN : NH 

[ 0194 ] AA1201 

Scheme 6 

H2N 
IN 

1 . H2SO4 , 
H20 , 
NaNO2 ; 

2 . NH2NH2 

[ 0197 ] ( 6 - ( 5 - amino - 3 - hydrazinyl - 1H - 1 , 2 , 4 - triazol - 1 - yl ) 
N - ( 3 - hydrazinyl - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 
amine ) ( “ AA1200 ” ) is stirred overnight in a solution of 
aqueous hydrazine at room temperature . The resulting reac 
tion mixture is concentrated under vacuum to a minimum 
volume and formed precipitate is collected by filtration and 
dried , yielding ( 6 - ( 3 , 5 - dihydrazinyl - 1H - 1 , 2 , 4 - triazol - 1 - yl ) 
N - ( 3 - hydrazinyl - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 
amine ) ( “ AA1201 ” ) . 

- NH2 
N No 

N – NH N 

H?N ZI 
Proposed Synthesis of ( ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) 
bis ( hydrazine - 2 , 1 - diyl ) ) - bis ( hydrazinylmethani 

minium chloride ( “ AA1202 " ) 

[ 0198 ] 
H2N 

- NH2NH2 Scheme 8 
V NN 

N _ NH NH2 
HN HCI HNHN SYNH NH NH 
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NH HCI 
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NH N 
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[ 0195 ] 1 - ( 6 - ( ( 3 - amino - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 
4 , 5 - tetrazin - 3 - yl ) - 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ( 1 , 025 mg , 
3 . 71 mmol ) is slowly added to a 4° C . cooled solution of 
concentrated H2SO4 ( 7 mL ) in H2O ( 20 mL ) and stirred for 
30 minutes . Thereafter , a solution of NaNO2 ( 640 mg , 9 . 27 
mmol ) in H2O ( 3 mL ) is added dropwise , and the reaction 
mixture is stirred at 4° C . for 1 hour and then added over 30 
minutes to a solution of aqueous hydrazine . The resulting 
reaction mixture is stirred for overnight at room temperature 
and formed precipitate is collected by filtration , yielding 
( 6 - ( 5 - amino - 3 - hydrazinyl - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - N - ( 3 - hy 
drazinyl - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - amine ) 
( “ AA1200 " ) . 

AA1202 

[ 0199 ] To a solution of 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine 
( 30 mmol ) in methanol ( 50 mL ) amino ( hydrazinyl ) metha 
niminium chloride ( 70 mmole ) is added at room temperature 
and the reaction mixture is heated to reflux for overnight 
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- continued 
HO 

N - N 
NI 

under nitrogen atmosphere . After cooling to room tempera 
ture , the solvent volume is reduced by 50 % and diethylether 
( 50 mL ) is added . The formed precipitate is filtered and dried 
under vacuum to afford ( ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) bis ( hy 
drazine - 2 , 1 - diyl ) ) - bis ( hydrazinylmethaniminium ) chloride 
( “ AA1202 " ) monomer . 

Proposed Synthesis of 2 - ( 3 - azido - 1 - ( 6 - ( ( 3 - azido - 1 
( 2 - hydroxyethyl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 
5 - tetrazin - 3 - yl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) ethan - 1 

ol ( “ AA1600 % ) 
[ 0200 ] 

À 

AA1601 

Scheme 9 
H2N N 

N3 

[ 0203 ] To a dispersion of N3 , N6 - di ( 1H - tetrazol - 5 - yl ) - 1 , 2 , 
4 , 5 - tetrazine - 3 , 6 - diamine in DMF , NaHCOZ powder is 
added and the reaction mixture is stirred for 1 hour at room 
temperature . Thereafter , 1 , 2 - bromoethanol is added slowly 
and the reaction mixture is heated to 70° C . for 2 hours . After 
cooling to room temperature , the volume of the reaction 
mixture is reduced by 80 % and water is added . The formed 
precipitate is filtered and dried to afford 2 , 2 - ( ( ( 1 , 2 , 4 , 5 
tetrazine - 3 , 6 - diyl ) bis ( azanediyl ) ) bis ( 2H - tetrazole - 5 , 2 
diyl ) ) - bis ( ethan - 1 - ol ) ( “ AA1601 " ) . 

NON N _ NH 

- N N 
N = ? 

OH 

OH HN 
Proposed Synthesis of ( ( ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) 
bis ( azanediyl ) ) bis ( 1H - 1 , 2 , 4 - triazole - 5 , 3 - diyl ) ) dime 

thanol ( “ AA1700 " ) 
- N3 

[ 0204 ] 
NN 

Scheme 11 N3v1 N N 

H2NN OH 
AA1600 

NEN HN 
TV 

Sulfolane . 
NN A 

OH 

NH N 
HN 

HO 

[ 0201 ] To a dispersion of 6 - ( 5 - amino - 3 - azido - 1H - 1 , 2 , 4 
triazol - 1 - yl ) - N - ( 3 - azido - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tet 
razin - 3 - amine in DMF , NaHCO , powder is added and the 
reaction mixture is stirred for 1 hour at room temperature . 
Thereafter , gaseous ethylene oxide is bubbled through the 
reaction mixture and the reaction mixture is heated to 70° C . 
for 4 hours . After cooling to room temperature , the volume 
of the reaction mixture is reduced by 80 % and diethylether 
is added . The formed precipitate is filtered and dried to 
afford 2 - ( ( 3 - azido - 1 - ( 6 - ( ( 3 - azido - 1 - ( 2 - hydroxyethyl ) - 1H - 1 , 
2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) - 1H - 1 , 2 , 4 - tri 
azol - 5 - yl ) amino ) ethan - 1 - ol ( “ AA1600 ” ) monomer . 

Proposed Synthesis of 2 , 2 - ( ( ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 
diyl ) bis ( azanediyl ) ) bis ( 2H - tetrazole - 5 , 2 - diyl ) ) - bis 

( ethan - 1 - ol ) ( “ AA1601 " ) 
[ 0202 ] 

AA1700 

Scheme 10 

[ 0205 ] A suspension of 3 , 6 - bis ( 3 , 5 - dimethyl - 1H - pyrazol 
1 - yl ) - 1 , 2 , 4 , 5 - tetrazine ( 3 . 74 g , 0 . 014 mol ) and ( 5 - amino - 1H 
1 , 2 , 4 - triazol - 3 - yl ) methanol ( 4 . 0 grams , 0 . 035 mol ) in sulfo 
lane ( 60 mL ) is heated to about 135° C . for 24 hours . After 
cooling to room temperature , ethyl acetate ( 150 mL ) is 
added to the reaction mixture and the formed precipitate is 
filtered , washed with MeOH ( 2x150 mL ) and dried under 
vacuum . Thereafter , the solid is dissolved in aqueous 
NaHCO3 ( 10 % ) under heating to 50° C . Activated carbon 
powder ( 100 mg ) is added and the mixture is heated to 50° 
C . for 1 hour . The resulting mixture is filtered and HC1 
solution ( 10 % ) and added to filtrate , in order to adjust the pH 
to about 1 . 5 . The formed precipitate is filtered , washed with 
H2O ( 2x20 mL ) and dried under vacuum to afford ( ( 1 , 2 , 4 , 
5 - tetrazine - 3 , 6 - diyl ) - bis ( azanediyl ) ) - bis ( 1H - 1 , 2 , 4 - triazole 
5 , 3 - diyl ) ) dimethanol ( " AA1700 " ) . 

N V N 1 . NaHCO3 ; 
2 . Bromomethanol N - NH 

HN 
H 

N3 , N - di ( 1H - tetrazol - 5 - yl ) 
1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine 
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Synthesis of Nº , N - di ( 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 
5 - tetrazine - 3 , 6 - diamine ( EM1005 ) 

Synthesis of ( ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) bis 
( azanediyl ) ) bis ( 1H - 1 , 2 , 4 - triazole - 5 , 3 - diyl ) ) dimetha 

nol ( “ AA1700 " ) 
[ 0206 ] 

[ 0208 ] 
Scheme 12 

Scheme 13 

- NH2 
NH N VN Paraformaldehyde HN 

N 
1H - 1 , 2 , 4 - triazol - 3 

amine 
HN 

' N N 
EN N 

" N ' N Nº , N - di ( 1H - 1 , 2 , 4 - triazol - 5 - yl ) 
1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine 

?? 
NH 

3 , 6 - bis ( 3 , 5 - dimethyl - 1H 
pyrazol - 1 - yl ) - 1 , 2 , 4 , 5 - tetrazine 

NV HN 
OH NH 

( { ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) bis ( azanediyl ) ) 
bis ( 1H - 1 , 2 , 4 - triazole , 5 , 3 - diyl ) ) dimethanol 

AA1700 

NH N 

N HN N N NEN 
Nº , N - di ( 1H - 1 , 2 , 4 - triazol - 5 - yl ) 

1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine 
EM1005 

[ 0209 ] A solid quantity of paraformaldehyde ( 277 mg , 
9 . 22 mmol ) was added to a solution of N , N - di ( 1H - 1 , 2 , 4 
triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine ( 453 mg , 1 . 84 
mmol ) in acetic acid ( 20 mL ) and the reaction mixture was 
stirred and heated at 95° C . After 2 . 5 hours , paraformalde 
hyde ( 245 mg , 8 . 15 mmol ) was added and the reaction 
mixture was stirred at the same temperature for 22 hours . 
The reaction mixture was cooled to room temperature and 
the precipitate was collected by filtration , washed with H2O 
and MeOH and dried under vacuum , yielding ( ( ( 1 , 2 , 4 , 5 
tetrazine - 3 , 6 - diyl ) bis ( azanediyl ) ) bis ( 1H - 1 , 2 , 4 - triazole - 5 , 3 
diyl ) ) dimethanol ( " AA1700 ” ) as an orange solid ( 273 mg , 
0 . 89 mmole , 48 % ) . ' H NMR ( 400 MHz , DMSO - do ) : 8 10 . 68 
( s , 2H ) , 8 . 46 ( s , 2H ) , 7 . 02 ( t , 2H ) , 5 . 39 ( d , 4H ) . 13C NMR 
( 100 MHz , DMSO - do ) : 8 71 . 1 , 143 . 5 , 157 . 1 , 159 . 2 . MS 
( ESI “ ) : m / z : 305 [ M - H - ] . 

Synthesis of Monomers AS - 1271 and AS - 1272 
[ 0210 ] 

Scheme 14 

[ 0207 ] A solid quantity of 1H - 1 , 2 , 4 - triazol - 5 - amine ( 4 . 23 
grams , 50 . 31 mmol ) was added to a solution of 3 , 6 - bis ( 3 , 
5 - dimethyl - 1H - pyrazol - 1 - yl ) - 1 , 2 , 4 , 5 - tetrazine ( 6 . 46 grams , 
23 . 90 mmol ) in sulfolane ( 150 mL ) and the reaction mixture 
was heated at 135° C . for 24 hours . Thereafter , the reaction 
mixture was cooled to room temperature , DMF ( 150 mL ) 
was added and the mixture was stirred for 1 hour . The 
formed precipitate was collected by filtration , washed with 
MeOH ( 3x80 mL ) and dried under vacuum , yielding pure 
N ? , N - di ( 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - di 
amine as an orange solid ( 4 . 77 g , 81 % ) . DSC ( 10° C . / min ) 
332° C . ( decomp . ) . HRMS ( ESIC ) : m / z : 245 . 0697 [ M - H - ] . 
Elemental Analysis : calcd . ( % ) for C6H N12 : C , 29 . 27 , N , 
68 . 27 , H , 2 . 46 ; found : C , 29 . 92 , N , 68 . 73 , H , 2 . 55 . FTIR 
( ATR ) : v 2807 ( m ) , 2359 ( w ) , 1597 ( s ) , 1542 ( s ) , 1486 ( s ) , 
1434 ( s ) , 1312 ( m ) , 1268 ( s ) , 1207 ( w ) , 1062 ( s ) , 1047 ( s ) , 
1027 ( s ) , 962 ( s ) , 896 ( s ) , 763 ( m ) , 719 ( s ) , 649 ( m ) , 557 ( s ) . 
Due to a very low solubility of the compound in all tested 
organic solvents , the free base was converted into the 
corresponding nitrate salts for further analysis . ' H NMR 
( 400 MHz , DMSO - d . ) : 8 8 . 65 ( s ) , 11 . 35 ( br s ) . 13C NMR 
( 100 MHz , DMSO - do ) : 8 143 . 4 , 150 . 1 , 158 . 6 . FTIR ( ATR , 
cm ) : v 2943 ( w ) , 1697 ( s ) , 1621 ( s ) , 1551 ( s ) , 1407 ( s ) , 
1303 ( s ) , 1060 ( s ) , 1041 ( s ) , 999 ( s ) , 937 ( s ) , 855 ( s ) , 713 ( s ) , 
557 ( s ) . 

HN 
NH N VN 

- N3 + 
N3 NHNN N NON N N 

Nº , N6 - bis ( 3 - azido - 1H - 1 , 2 , 4 - triazol - 5 - yl ) 
1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine 

DMSO 

HO 
propargyl 
alcohol 
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- continued 
HO Y N - NH NNNNNN OH 

- N 
Non NNN HN NEN 

AS - 1271 
+ 

?? OH 

N - NH NY 
NS 

NaN Na VON NON HK HN - N ' N 
Ñ 

AS - 1272 

[ 0213 ] To a solution of NS , NS - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) 
bis ( 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ) ( 206 mg , 0 . 74 mmol ) in 
concentrated H2SO4 ( 2 mL , 98 % ) H20 ( 3 mL ) was added 
dropwise and the mixture was stirred for 1 h at 0° C . Then , 
to this mixture an aqueous solution of NaNO2 ( 200 mg , 2 . 85 
mmol , 0 . 5 ml ) was added dropwise , while the reaction 
temperature was kept below 5º C . and the mixture was 
stirred for 1 h . After that time , H2O ( 20 mL ) was added to 
the reaction mixture and formed diazonium salt ( highly 
sensitive compound ) was collected by filtration . Subse 
quently , wet diazonium salt was added to a solution of 
diethylamine ( 0 . 5 ml , 4 . 84 mmol ) in water ( 30 mL ) and the 
mixture was stirred at room temperature for 5 h . After that 
time , acetic acid ( 6 mL ) was added to the reaction mixture 
and formed precipitate was filtered out , washed with 
acetonitrile ( 3x20 mL ) and vacuum dried to yield monomer 
TP - 147 . MS ( ESI “ ) : m / z : 445 . 5 , ( ESI - ) : m / z 443 . 4 . 130 
NMR ( 100 MHz , DMSO - d . ) 8 161 . 5 , 158 . 9 , 153 , 49 . 2 , 41 . 3 , 
14 . 1 , 10 . 5 . FTIR ( ATR ) : 1594 ( s ) , 1557 ( w ) , 1541 ( w ) , 1472 
( s ) , 1434 ( m ) , 1334 ( s ) , 1241 ( m ) , 1224 ( m ) , 1072 ( m ) , 1050 
( s ) , 951 ( m ) , 733 ( m ) , 656 ( m ) , 557 ( s ) . 

[ 0211 ] To a solution of N3 , Nó - bis ( 3 - azido - 1H - 1 , 2 , 4 - tri 
azol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine ( 53 mg , 0 . 16 
mmol ) in DMSO ( 3 ml ) propargyl alcohol ( 250 ul , 4 . 3 
mmol ) was added and the reaction mixture was heated at 90° 
C . for 24 hours . Thereafter , the reaction mixture was cooled 
to room temperature and H2O ( 15 ml ) was added . The 
formed precipitate was collected by filtration , washed with 
water and vacuum dried to yield a mixture of target isomeric 
monomers AS - 1271 and AS - 1272 ( ratio between isomers 
was 1 : 3 , respectively ) . MS ( ESI + ) : m / z : 439 . 3 . ' H NMR 
( 400 MHz , DMSO - d . ) : isomer AS - 1271 ( 33 % ) : 8 4 . 6 ( 4H , 
s ) 5 . 3 ( 2H , s ) , 8 . 4 ( 2H , s ) , 12 . 5 ( 2H , s ) ; isomer AS - 1272 
( 67 % ) : 8 4 . 8 ( 4H , s ) 5 . 6 ( 2H , s ) , 7 . 8 ( 2H , s ) , 12 . 5 ( 2H , s ) . 

Synthesis of Monomer TP - 147 [ 0214 ] Table 1 presents the structure of the exemplary 
energetic monomers presented hereinabove . [ 0212 ] 

Scheme 15 

N . NH N NH2 
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TABLE 1 

Compound 
Ref . Structure N : C ratio 

AA1085 N 3 ( 18 : 6 ) 

HN 
N ' s 

N37 
NH2 

AA1086 HN 1 . 8 ( 14 : 8 ) 

- CN 
N 

NH N 
NC 

NH 
AA1200 2 . 7 ( 16 : 6 ) 

WN 
NH 

H?N N HN 
N N NH2 

HN 

' N NH2 

AA1201 2 . 8 ( 17 : 6 ) 
H2N 

NH 
HN N . N . 

NH N NH2 
HN 

AA1202 NH 3 . 5 ( 14 : 4 ) 
ZI NH2 

N NH 
HN 

H N ' N N N 
NH 

AA1600 ?? . 1 . 8 ( 18 : 10 ) 
NH 

N - N 
N Home NH 

OH 
N 

N NEN 

AA1601 1 . 8 ( 14 : 8 ) 
HO . 

NN KAN 
N NN N = - ?? N ' NH 
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TABLE 1 - continued 
Compound 

Ref . Structure N : C ratio 

AA1700 1 . 5 ( 12 : 8 ) N 

HN — N N 
NH 

HO . 

~ ?? 

AA1701 1 . 2 ( 12 : 10 ) 
OH 

N — N N 
N 

EM1003 H2N . 2 . 3 ( 14 : 6 ) 

NH2 

' NH 

H N 

N 
EM1004 2 . 3 ( 14 : 6 ) 

A NH N 
HN NH2 

HN 
N N 
H 

EM1005 2 ( 12 : 6 ) 
NH N 

HN 

NH ' NEN 

EM1006 1 . 2 ( 12 : 10 ) 

- CECH 
HN NN 

HC = C 
' N - NH2 

EM1007 1 . 2 ( 12 : 10 ) 
NH 

HCS = CH 
HN 

NH 
EM1008 HN 1 . 2 ( 12 : 10 ) 

CECH 

N . 
- N ' N 

HCEC 
' N NH2 



US 2019 / 0092895 A1 Mar . 28 , 2019 
30 

TABLE 1 - continued 
Compound 

Ref . Structure N : C ratio 

EM1009 2 . 7 ( 16 : 6 ) 
ANH N7 NON A 

HN 

2 HSO 
EM1010 2 . 8 ( 17 : 6 ) 

ze 

NÊNH N 

N 
3 HSOC 

AA1095 2 . 3 ( 14 : 6 ) 
NH 

N3 
HN 

IZ 
AA1271 1 . 6 ( 18 : 11 ) 
HOY NH N OH 

NH N 
N 

AA1272 HO OH 1 . 5 ( 18 : 12 ) 

NH N 
- N 

Na N HN 
N N 

NH 
TP147 1 . 3 ( 18 : 14 ) H N N - ANH - N 

= NN N SA 
HN 

N ' N 

Example 2 
Scheme 16 

Nz — Y - N2 + NC - 2 – CN Copper Catalyst 
Bis - azide Bis - cyanide 
monomer monomer 

Copper Catalyzed “ Click ” Chemistry 
Polymerization 

[ 0215 ] The following presents exemplary syntheses of an 
exemplary class of energetic polymers , based on Cu - cata 
lyzed “ click ” chemistry polymerization . 
[ 0216 ] General Procedure : 
[ 0217 ] The schemes below present a general copper - cata 
lyzed polymerization of bis - azide monomers with bis - cya 
nide ( Scheme 8 ) and bis - alkynyl ( Scheme 9 ) monomers , 
wherein Y and Z can each be independently alkyl , aryl , 
heterocyclic , heteroaryl , substituted 1 , 2 , 4 , 5 - tetrazine and the 
like . 

I NN 2 

- 

Z nnnnn VTV 
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and 
Scheme 17 

N3 — Y — N3 + = - 2 Copper Catalyst 
Bis - azide 
monomer 

Bis - alkynyl 
monomer Scheme 19 

NN N = N N3 - Y - E + N3 - 24 Copper Catalyst 
N - Z 

NN Azide 
alkynyl 
monomer 

Azide 
alkynyl 

monomer 

NON 
N - Z IN - 2 
INN 

VA [ 0218 ] Following the rationale presented hereinabove , the 
schemes below present additional embodiments of a general 
copper - catalyzed click - chemistry polymerization : 

Scheme 18 

N3 — Y - CN + N3 — 2 - CN Copper Catalyst 
Azide 
cyanide 
monomer 

Azide 
cyanide 

monomer 

wherein Y and Z can each be independently alkyl , aryl , 
heterocyclic , heteroaryl , substituted 1 , 2 , 4 , 5 - tetrazine and the 
like , and Y and Z may be identical . 

Synthesis of an Exemplary Polymer TAUP133 
[ 0219 ] The scheme below is proposed as a schematic 
synthetic procedure for the preparation of an exemplary 
energetic N - ( 3 - ( 5 - ( 4 - ( 2 - ( 5 - amino - 1 - ( 6 - ( ( 3 - methyl - 1H - 1 , 2 , 
4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) - 1H - 1 , 2 , 4 - tri 
azol - 3 - yl ) - 2H - tetrazol - 5 - yl ) butyl ) - 2H - tetrazol - 2 - yl ) - 1H - 1 , 
2 , 4 - triazol - 5 - yl ) - 6 - ( 5 - amino - 3 - azido - 1H - 1 , 2 , 4 - triazol - 1 - yl ) 
1 , 2 , 4 , 5 - tetrazin - 3 - amine ( “ TAUP133 ” ) polymer from the 
exemplary 6 - ( 5 - amino - 3 - azido - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - N - ( 3 
azido - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - amine 
( “ AA1085 " ) monomer and adiponitrile , in a copper - cata 
lyzed “ click ” polymerization procedure . 

NYN 
N - Z N - Z 
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[ 0220 ] The procedure may follow reactions such as pre 
sented , for example , in Binder , W . H . et al . [ Macromol . 
Rapid Commun . 2007 , 28 , pp . 15 - 54 ] and Terao , J . et al . 
[ Chemical Communications , 2012 , 48 ( 10 ) , pp . 1577 - 1579 ] . 
[ 0221 ] An exemplary 11 - mer TAUP133 compound is 
characterized by chemical formula C6H64N118 ; molecular 
weight 2 , 510 . 1 g / mol ; calculated heat of formation ( AH , of 
8 , 817 . 4 kJ / mol ; calculated density of 1 . 73 g / cm° ; and cal 
culated velocity of detonation ( CVD ) of 8 , 031 m / sec . 
[ 0222 ] Comparatively , for n = 1 the cVD is 11 , 072 m / sec , 
for n = 2 the cVD is 8 , 720 m / sec , for n = 3 the cVD is 8 , 150 
m / sec and for n = 4 the cVD is 8 , 057 m / sec . 

Synthesis of an Exemplary Polymer TAUP183 
[ 0223 ] The scheme below is proposed as a schematic 
synthetic procedure for the preparation of an exemplary 
energetic 5 - amino - 1 - ( 6 - ( 3 - ( 2 - ( 4 - ( 5 - ( 5 - amino - 1 - ( 6 - ( ( 3 
methyl - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) 
1H - 1 , 2 , 4 - triazol - 3 - yl ) - 2H - tetrazol - 2 - yl ) - butyl ) - 2H - tetrazol 
5 - yl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) 
1H - 1 , 2 , 4 - triazole - 3 - carbonitrile ( “ TAUP183 ” ) polymer 
from the exemplary 5 - amino - 1 - 6 - ( ( 3 - cyano - 1H - 1 , 2 , 4 - tri 
azol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) - 1H - 1 , 2 , 4 - triazole - 3 
carbonitrile ( “ AA1086 " ) monomer and 1 , 4 - diazidobutane , 
using copper - catalyzed “ click ” polymerization . 

Scheme 21 
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[ 0224 ] An exemplary procedure may follow procedures 
such as presented , for example , in Qin , A . et al . [ Chem . Soc . 
Rev . , 2010 , 39 , pp . 2522 - 2544 ] and / or in Takale , S . et al . 
[ Synth . Commun . , 2012 , 42 ( 16 ) , pp . 2375 - 2381 ] . 

Synthesis of Polymer AS2 - 007 
[ 0225 ] 

Scheme 22 
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- continued 
NH PN N = N PROTON HN 

AS2 - 007 

[ 0226 ] To a solution of Nº , N® - bis ( 3 - azido - 1H - 1 , 2 , 4 - tri 
azol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine ( 303 mg , 0 . 92 
mmol ) in DMSO ( 12 mL ) propargyl ether ( 105 ul , 1 . 02 
mmol ) was added at room temperature and the reaction 
mixture was heated at 110° C . for 20 days . After that time , 
the reaction mixture was cooled to room temperature , ethyl 
acetate ( 60 mL ) was added and formed precipitate was 
filtered out , washed with acetonitrile ( 3x20 mL ) and vacuum 
dried to yield polymer AS2 - 007 ( 128 mg ) . FTIR ( ATR ) : 
3247 ( w ) , 1607 ( s ) , 1574 ( m ) , 1531 ( m ) , 1474 ( m ) , 1436 ( s ) , 
1364 ( m ) , 1292 ( m ) , 1243 ( m ) , 1178 ( w ) , 1108 ( w ) , 1070 
( m ) , 1046 ( s ) , 974 ( m ) , 955 ( m ) , 882 ( w ) , 838 ( w ) , 761 ( w ) , 
728 ( s ) , 657 ( m ) , 558 ( s ) . 

[ 0228 ] To a solution of N , N - bis ( 3 - azido - 1H - 1 , 2 , 4 - tri 
azol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine ( 100 mg , 0 . 3 
mmol ) in dimethylacetamide ( 6 mL ) a solution of di ( prop 
2 - yn - 1 - yl ) oxalate ( 68 mg , 0 . 4 mmol ) in dimethylacetamide 
( 2 mL ) was added at room temperature and the reaction 
mixture was heated at 65° C . for 18 days . Thereafter , the 
reaction mixture was cooled to room temperature , ethyl 
acetate ( 15 mL ) was added and formed precipitate was 
filtered out , washed with acetonitrile ( 3x20 mL ) and vacuum 
dried to yield polymer AS2 - 008 . 

Example 3 
Formaldehyde - Based Coupling Polymerization 

[ 0229 ] The following presents an exemplary synthesis of 
an exemplary class of energetic polymers , based on a 
coupling polymerization reaction with formaldehyde . 
102301 General Procedure : 
[ 0231 ] The scheme below presents a general polymeriza 
tion of formaldehyde with bis - hydrazo monomers , wherein 
Z can be alkyl , aryl , heterocyclic , heteroaryl , substituted 
1 , 2 , 4 , 5 - tetrazine and the like . 

Synthesis of Polymer AS2 - 008 
[ 0227 ] 

Scheme 23 
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Scheme 24 
[ 0235 ] General Procedure : 
[ 0236 ] The scheme below presents a general polymeriza 
tion of glyoxal with bis - hydrazo monomers , wherein Z can 
be alkyl , aryl , heterocyclic , heteroaryl , substituted 1 , 2 , 4 , 5 
tetrazine and the like . HN - N - 2 - N - NH , CH20 

Formald 12 

Bis - hydrazo monomer 

Scheme 26 
N - Z - N _ NEN H nun 

H H?N – – 2 – 4 – NH , Gyota – 
Bis - hydrazo monomer 

N = CH 

Synthesis of an Exemplary Polymer TA UP2000 
[ 0232 ] The scheme below is proposed as a schematic 
synthetic procedure for the preparation of an exemplary 
energetic N - ( 3 - ( ( 1E ) - ( ( ( 5 - amino - 1 - 6 - ( ( 3 - ( ( E ) - ethyldiaz 
enyl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) 
1H - 1 , 2 , 4 - triazol - 3 - yl ) diazenyl ) methyl ) - diazenyl ) - 1H - 1 , 2 , 4 
triazol - 5 - yl ) - 6 - ( 5 - amino - 3 - ( methyldiazenyl ) - 1H - 1 , 2 , 4 
triazol - 1 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - amine ( “ TAUP2000 ” ) 
polymer from the exemplary 6 - ( 5 - amino - 3 - hydrazinyl - 1H 
1 , 2 , 4 - triazol - 1 - yl ) - N - ( 3 - hydrazinyl - 1H - 1 , 2 , 4 - triazol - 5 - yl ) 
1 , 2 , 4 , 5 - tetrazin - 3 - amine ( “ AA1200 " ) monomer and formal 
dehyde . 

— — – HCEN 
HN _ z NH 

HC SN 

Scheme 25 
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Synthesis of an Exemplary Polymer TA UP3000 [ 0233 ] The procedure may follow reactions such as pre 
sented , for example , in U . S . Pat . No . 3 , 375 , 230 . 

Example 4 
Glyoxal - Based Coupling Polymerization 

[ 0234 ] The following presents an exemplary synthesis of 
an exemplary class of energetic polymers , based on a 
coupling polymerization reaction with glyoxal . 

[ 0237 ] The scheme below is proposed as a schematic 
synthetic procedure for the preparation of an exemplary 
energetic N - ( 3 - ( 2 - ( ( E ) - allylidene ) hydrazinyl ) - 1H - 1 , 2 , 4 - tri 
azol - 5 - yl ) - 6 - ( 5 - amino - 3 - ( 2 - ( ( 1E , 2E ) - 2 - ( 2 - ( 5 - ( ( 6 - ( 5 - amino 
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- continued 

DMSO 

3 - ( 2 - methylenehydrazinyl ) - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - 1 , 2 , 4 , 5 
tetrazin - 3 - yl ) amino ) - 1H - 1 , 2 , 4 - triazol - 3 - yl ) hydrazono ) - eth 
ylidene ) hydrazinyl ) - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - 1 , 2 , 4 , 5 - tetrazin 
3 - amine ( “ TAUP3000 ” ) polymer from the exemplary 6 - ( 5 
amino - 3 - hydrazinyl - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - N - ( 3 
hydrazinyl - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - amine 
( “ AA1200 " ) monomer and glyoxal . 

oxalaldehyde 

Scheme 27 

H?N 
Glyoxal 

N ' N 
N ' HN - NH2 ?? 

HN - NH 
AA1200 

H2N 

N ' N 
N HN - N 

HC - CH 
EEN - NH 

N - NH 

HCC 
HN — N Ni N 

H?N 

N 
TAUP3000 

[ 0238 ] The procedure may follow reactions such as pre 
sented , for example , in U . S . Pat . No . 3 , 375 , 230 . 

- continued 
3 

Synthesis of Polymer AS - 196 
[ 0239 ] 

N NUN N 
Scheme 28 

H2N 
N 

AS - 196 
N 

' N ' N N3 

10240 ] To a solution of 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl - bis ( 3 
azido - 1H - 1 , 2 , 4 - triazol - 5 - amine ) ( 102 mg , 0 . 3 mmol ) in 
DMSO ( 3 mL ) a solution of glyoxal ( 65 ul , 40 % w / w in 
water ) was added and the reaction mixture was heated at 
100° C . for 20 hr . Then , the reaction mixture was cooled to 
room temperature , stirred for additional 6 hr and ethyl 
acetate ( 30 mL ) was added . Formed precipitate was col 
lected by filtration , washed with diethylether ( 40 ml ) and 
vacuum - dried to yield polymer AS - 196 . 

NH2 
1 , 1 ' - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 5 - diyl ) bis 
( 3 - azido - 1H - 1 , 2 , 4 - triazol - 5 - amine ) 



US 2019 / 0092895 A1 Mar . 28 , 2019 
36 

Synthesis of Polymer AZ - 159 
[ 0241 ] 

Scheme 29 

[ 0242 ] To a solution of 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine 
( 142 mg , 2 . 0 mmol ) in ethanol ( 10 ml ) glyoxal solution ( 113 
al , 40 % w / w in water ) was added and the reaction mixture 
was refluxed for 16 hours . Thereafter , the reaction mixture 
was cooled to room temperature and the formed precipitate 
was collected by filtration , washed with acetone and vacuum 
dried to yield a brown - colored AZ - 159 ( 141 mg , 86 % ) . 
FTIR ( ATR ) : 3024 ( w ) , 3208 ( w ) , 1668 ( w ) , 1632 ( w ) , 1565 
( w ) , 1529 ( s ) , 1479 ( s ) , 1416 ( m ) , 1368 ( m ) , 1338 ( s ) , 1295 
( w ) , 1282 ( w ) , 1114 ( m ) , 1037 ( s ) 939 ( w ) , 864 ( w ) , 822 ( w ) , 
784 , 644 ( w ) , 548 ( w ) , 487 ( w ) . Tdecomp . ( DSC ) 160 . 1° C . 

HON 

NH2 
A N 

3 , 6 - dihydrazinyl 
1 , 2 , 4 , 5 - tetrazine Example 5 

Ethanol Isocyanate - Based and Polyurethane - Based 
Polymerization 

glyoxal [ 0243 ] The following presents the exemplary synthesis 
and analysis of an exemplary class of energetic polymers , 
based on a coupling a bis - isocyanate monomer with bis 
hydrazo monomer . 
[ 0244 ] General Procedure : 
[ 0245 ] The scheme below presents a general polymeriza 
tion of a bis - isocyanate monomer with a bis - hydrazo mono 
mer , wherein Y and Z can each be independently alkyl , aryl , 
heterocyclic , heteroaryl , substituted 1 , 2 , 4 , 5 - tetrazine and the 

+ NV 
AZ - 159 

like . 

Scheme 30 

o = c = N — Y — N = c = 0 + HN — N — 2 — 1 — NH , 
Bis - isocyanate monomer Bis - hydrazo monomer 

N N NH ZI 

Synthesis of an Exemplary Polymer TA UP5000 
[ 0246 ] The scheme below is proposed as a schematic 
synthetic coupling procedure for the preparation of an 
exemplary energetic polymer N - ( 5 - acetamidopentyl ) - 2 - ( 5 
( ( 6 - ( 5 - amino - 3 - ( 2 - methyl - hydrazinyl ) - 1H - 1 , 2 , 4 - triazol - 1 
yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) amino ) - 1H - 1 , 2 , 4 - triazol - 3 - yl ) - hy 
drazine - 1 - carboxamide ( “ TAUP5000 " ) from the exemplary 
6 - ( 5 - amino - 3 - hydrazinyl - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - N - ( 3 - hy 
drazinyl - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - amine 
( " AA1200 " ) monomer and 1 , 6 - diisocyanatohexane . 

Scheme 31 

H2N 
N = C = 0 

0 = c = N AN ' N 

HN — NH2 IV 

HN - NH 
AA1200 
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- continued 
NH 

H2N NN 
NEN 

O 

Z - HN - NH = 

0 

N ?? N 
TAUP5000 

Synthesis of an Exemplary Cyclic Polymer TA 
UMC5003 

[ 0247 ] A mixture of 6 - ( 5 - amino - 3 - hydrazinyl - 1H - 1 , 2 , 4 
triazol - 1 - yl ) - N - ( 3 - hydrazinyl - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 
5 - tetrazin - 3 - amine ( “ AA1200 " ) ( 5 . 0 mmol ) and 1 , 6 - diiso 
cyanatohexane ( 5 . 2 mmol ) in DFM ( 30 mL ) is stirred for 2 
days at room temperature . Thereafter , the formed precipitate 
is collected by filtration , washed with water and vacuum 
dried , to yield N - ( 5 - acetamidopentyl ) - 2 - ( 5 - ( ( 6 - ( 5 - amino - 3 
( 2 - methyl - hydrazinyl ) - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - 1 , 2 , 4 , 5 - tet 
razin - 3 - yl ) amino ) - 1H - 1 , 2 , 4 - triazol - 3 - yl ) - hydrazine - 1 - car 
boxamide ( “ TAUP5000 ” ) polymer . 

[ 0250 ] The scheme below presents a schematic synthetic 
coupling procedure for the preparation of a “ TAUMC5003 ” , 
which is an exemplary energetic cyclic “ 2 + 2 ” tetramer , 
comprising two 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine mono 
mers and two 1 , 4 - diisocyanatobutane monomers , each act 
ing as a coupling agent . 

Scheme 33 

H2N / 
NH 

Synthesis of an Exemplary Polymer TA UP5002 
[ 0248 ] The scheme below is proposed as a schematic 
synthetic coupling procedure for the preparation of an 
exemplary energetic TAUP5002 polymer using from N ' , N ' " . 
( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) di ( methane - bis ( imidhydrazide ) ) 
( “ AA1202 " ) monomer and 1 , 6 - diisocyanatohexane . 

À NN 
3 , 6 - Dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine 

Scheme 32 

NH 
HN N 

ZIT 
N NH 

H2N - NH NEN NH 
AA1202 

o = 
= = 

1 , 6 - diisocyanatohexane 
NH 

N NON N N 
IZ N 

NH 

TAUP5002 

- continued 
OCN 

[ 0249 ] A mixture of N ' , N " " - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) di 
( methane - bis ( imid - hydrazide ) ) ( “ AA1202 " ) ( 5 . 0 mmol ) and 
1 , 6 - diisocyanatohexane ( 5 . 2 mmol ) in DFM ( 30 mL ) is 
stirred for 2 days at room temperature . Thereafter , the 
formed precipitate is collected by filtration , washed with 
water and vacuum dried to yield TAUP5002 polymer . 

NCO 
1 , 4 - Diisocyanato - butane 
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- continued N — N Scheme 34 

NN 
N = N 

NH HN 

FO H2N NHA + 
À NON 

3 , 6 - Dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine 
NCO 

OCN 

1 , 6 - Diisocyanatohexane 
N - N 

NH HN HN - N – – NH 
OS NEN = 0 JN 

HÌNH – – NH NH HN 

N - N 

Cyclic " 2 + 2 " 
tetramer 

TAUMC5003 

NH HN 

NEN FO 
HN - NT AN - NH 

N — N 
Cyclic " 2 + 2 " 

tetramer 
TAUMC5004 

bs , SIL , N12 ) 

[ 0251 ] To a solution of 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine 
( 145 mg , 0 . 1 mmol ) in DMF ( 30 ml ) 1 , 4 - diisocyanatobutane 
( 145 mg , 0 . 1 mmol ) was added and the resulted solution was 
stirred at room temperature for overnight . The formed 
precipitate was filtered , washed with THF ( 3x20 ml ) , water 
( 3x50 ml ) and vacuum dried . A crude solid material was 
re - dissolved in DMF ( 10 ml ) at 90° C . and water ( 3 ml ) was 
added dropwise . Upon cooling to room temperature 
TAUMC5003 precipitated , filtered , washed with THF ( 3x20 
ml ) and vacuum dried . Yield : 42 % . Tdecomp : ( DSC ) 230 . 4° 
C . FTIR ( ATR , cm - 1 ) : 3271 ( w ) , 2351 ( s ) , 2321 ( s ) , 1625 
( m ) , 1566 ( m ) , 1439 ( m ) , 1244 ( m ) , 1037 ( s ) , 959 ( m ) , 567 
( m ) . ' H NMR ( 400 MHz , DMSO - da ) 8 : 1 . 30 ( bs , 8H , CH , ) , 
2 . 87 ( bs , 8H , CH ) , 6 . 55 ( bs , 4H , NH ) , 7 . 93 ( s , 4H , NH ) , 
9 . 20 ( s , 4H , NH ) . 13C NMR ( 100 MHz , DMSO - d ) d : 26 . 2 
( CH , ) , 37 . 9 ( CH , ) , 151 . 6 ( C = 0 ) , 161 . 9 ( C = N ) . 13C 
DEPT135 ( 100 MHz , DMSO - da ) : 26 . 2 ( CH , ) , 37 . 9 ( CH , ) . 
HRMS ( ESIC ) : m / z = 587 . 2502 [ M - H - ] . Bomb calorimetry : 
gross heat of 3 , 382 cal / g . 
[ 0252 ] FIGS . 1A - 1B present an electrospray mass spec 
trogram ( FIG . 1A ) and a differential scanning calorimetric 
measurement ( FIG . 1B ) of TAUMC5003 . 
[ 0253 ] As can be seen in FIG . 1A , the mass spectrogram 
peak at 587 . 2 Da clearly indicates that the target cyclic 
“ 2 + 2 ” tetramer was formed as the major product . The peaks 
at 869 . 4 Da and 1151 . 5 Da are assigned to small amounts of 
the cyclic “ 3 + 3 ” hexamer and the cyclic “ 4 + 4 ” octamer 
respectively , were formed in trace amounts . As can be seen 
in FIG . 1B , evaluation of thermal properties of 
TAUMC5003 showed that this compound is energetic . 

[ 0255 ] To a solution of 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine 
( 145 mg , 0 . 1 mmol ) in a mixture of DMF / THF ( 30 ml , 1 : 1 
v / v ) 1 , 6 - diisocyanatohexane ( 168 mg , 0 . 1 mmol ) was added 
and the resulted solution was stirred at room temperature for 
overnight . The formed precipitate was filtered , washed with 
THF ( 3x20 ml ) , water ( 3x50 ml ) and vacuum dried . A crude 
solid material was re - dissolved in DMF ( 20 ml ) at 100° C . 
and water ( 5 ml ) was added dropwise . Upon cooling to room 
temperature TAUMC5004 precipitated . It was filtered out , 
washed with THF ( 3x20 ml ) and vacuum dried . Yield : 51 % . 
T decomp . ( DSC ) 227° C . FTIR ( ATR , cm ) : 3264 ( w ) , 2929 
( m ) , 2346 ( m ) , 1648 ( m ) , 1533 ( m ) , 1437 ( m ) , 1256 ( s ) , 1055 
( m ) , 950 ( m ) , 568 ( s ) . 1H NMR ( 400 MHz , DMSO - d6 ) 8 : 
0 . 33 ( s , 8H , CH , ) , 0 . 48 ( s , SH , CH ) , 2 . 10 ( s , 8H , CH , ) , 5 . 68 
( bs , 4H , NH ) , 7 . 05 ( s , 4H , NH ) , 8 . 31 ( s , 4H , NH ) ; 13C NMR 
( 100 MHz , DMSO - d6 ) 8 : 26 . 5 ( CH , ) , 30 . 3 ( CH ) , 39 . 6 
( CH2 ) , 159 . 0 ( C = 0 ) , 163 . 4 ( C = N ) . HRMS ( ESIC ) : 
m / z = 619 . 3146 [ M - H - ] . 

Synthesis of an Exemplary Cyclic Polymer TA 
UMC5004 

Synthesis of an Exemplary Cyclic Polymer TA 
UMC5005 

[ 0254 ] The scheme below presents a schematic synthetic 
coupling procedure for the preparation of a “ TAUMC5004 ” , 
which is an exemplary energetic cyclic “ 2 + 2 ” tetramer , 
comprising two 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine mono 
mers and two 1 , 6 - diisocyanatohexane monomers , each act 
ing as a coupling agent . 

[ 0256 ] The scheme below presents a schematic synthetic 
coupling procedure for the preparation of a “ TAUMC5005 ” , 
which is an exemplary energetic cyclic “ 2 + 2 ” tetramer , 
comprising two 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine mono 
mers and two toluene - 2 , 4 - diisocyanate monomers , each 
acting as a coupling agent . 
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Scheme 35 Scheme 36 

ZS H2N NH2 NH + 
NH H2N NON 

3 , 6 - Dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine 
OCN , 

NH 
NCO 

HN 1 , 3 - Diisocyanato 
5 - methylbenzene 

N - N 
HN - N 

NON 
IZ 

N - NH 
N N N N W N N N = N 

- Y 

NH HN 

NH HN 

TAUP5003 
[ 0259 ] To a dispersion of 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetra 
zine ( 145 mg , 0 . 1 mmol ) in DMF ( 1 ml ) 1 , 4 - diisocyana 
tobutane ( 145 mg , 0 . 1 mmol ) was added and the resulted 
solution was stirred at room temperature for overnight . The 
formed rubber - like red - orange solid was filtered , washed 
with DMF ( 3x20 ml ) , water ( 5x100 ml ) and extensively 
vacuum dried to give TAUP5003 polymer . Tdecomp . ( DSC ) 
226 . 4° C . FTIR ( ATR , cm - 1 ) : 3226 ( m ) , 2931 . 0 ( m ) , 2340 . 1 
( m ) , 1647 . 66 ( s ) , 1533 . 0 ( s ) , 1448 . 5 ( s ) , 1261 . 5 ( m ) , 1044 . 4 
( m ) , 943 . 0 ( s ) 544 . 7 ( s ) . 

N = N 
HN - N - NH 

N - N 
Cyclic " 2 + 2 " 

tetramer 
TAUMC5005 Synthesis of an Exemplary Non - Cyclic Polymer 

TAUP5004 
[ 0260 ] The scheme below presents a schematic synthetic 
coupling procedure for the preparation of a “ TAUMC5004 ” , 
which is an exemplary energetic polymer , comprising of 
3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine monomers and 1 , 6 - diiso 
cyanatohexane , each acting as a coupling agent . 

Scheme 37 

NH2 

[ 0257 ] To a solution of 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine 
( 145 mg , 0 . 1 mmol ) in a mixture of DMF / THF ( 30 ml , 1 : 1 
V / v ) toluene - 2 , 4 - diisocyanate ( 175 mg , 0 . 1 mmol ) was 
added and the resulted solution was stirred at room tem 
perature for overnight . The formed precipitate was filtered , 
washed with THF ( 3x20 ml ) , water ( 3x50 ml ) and vacuum 
dried . A crude solid material was re - dissolved in DMF ( 20 
ml ) at 60° C . and water ( 20 ml ) was added dropwise . Upon 
slow cooling to room temperature TAUMC5005 precipi 
tated , filtered , washed with THF ( 3x20 ml ) and vacuum 
dried . Yield : 57 % . Tjecom . ( DSC ) 234 . 2° C . FTIR ( ATR , 
cm - 1 ) : 3738 ( m ) , 3630 ( m ) , 3178 ( w ) , 2521 ( w ) , 2171 ( m ) , 
2009 ( m ) , 1538 ( m ) , 1045 ( m ) , 640 ( s ) . ( 400 MHz , DMSO 
d6 ) d : 2 . 10 ( S , 6H , CH ) , 7 . 04 ( s , 4H , NH ) , 7 . 66 - 8 . 82 ( m , 
10H , 4 NH + 6 aromatics ) , 9 . 43 ( s , 4H , NH ) . 13C NMR ( 100 
MHz , DMSO - d6 ) 8 : 17 . 2 ( CH ) , 110 . 3 ( CH , aromatic ) , 
126 . 1 ( CH , aromatic ) , 129 . 6 ( C — NH , aromatic ) , 137 . 8 
( C — CHz , aromatic ) , 155 . 8 ( C = O ) , 162 . 0 ( N — C — N tet 
razine ) . HRMS ( ESI - ) : m / z = 631 . 2205 [ M - H - ] . 

HN , 
Z N 
+ 

= CEN 
N = C = 0 

N 

NH NH N Synthesis of an Exemplary Non - Cyclic Polymer 
TAUP5003 

[ 0258 ] The scheme below presents a schematic synthetic 
coupling procedure for the preparation of a “ TAUMC5003 ” , 
which is an exemplary energetic polymer , comprising of 
3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine monomers and 1 , 4 - biiso 
cyanatobutane , each acting as a coupling agent . 

TAUP5004 

[ 0261 ] To a dispersion of 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetra 
zine ( 145 mg , 0 . 1 mmol ) in DMF ( 1 ml ) 1 , 6 - diisocyanato 
hexane ( 168 mg , 0 . 1 mmol ) was added and the resulted 
solution was stirred at room temperature for overnight . 
Formed rubber - like red - orange solid was filtered , washed 
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- continued with DMF ( 3x20 ml ) , water ( 5x100 ml ) and extensively 
vacuum dried to give TAUP5004 polymer . T decomp . 218 . 1° 
C . FTIR ( ATR , cm - 1 ) : 3708 ( m ) , 3243 ( w ) , 2937 ( m ) , 1647 
( s ) , 1551 ( s ) , 1413 ( m ) , 1262 ( m ) , 1051 ( m ) , 943 ( s ) , 479 

N . H _ H NON 
( w ) . 

N À ZI Synthesis of an Exemplary Non - Cyclic Polymer 
TAUP5005 

[ 0262 ] The scheme below presents a schematic synthetic 
coupling procedure for the preparation of a “ TAUMC5005 " , 
which is an exemplary energetic polymer , comprising of 
3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine monomers and toluene - 2 , 
4 - diisocyanate , each acting as a coupling agent . 

TAUP5005 

Scheme 38 

NH2 

[ 0263 ] To a dispersion of 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetra 
zine ( 145 mg , 0 . 1 mmol ) in DMF ( 1 ml ) toluene - 2 , 4 
diisocyanate ( 175 mg , 0 . 1 mmol ) was added and the resulted 
solution was stirred at room temperature for overnight . The 
formed rubber - like red - orange solid was filtered , washed 
with DMF ( 3x20 ml ) , water ( 5x100 ml ) and extensively 
vacuum dried to give TAUP5005 polymer . Tdecomp . ( DSC ) 
206 . 8° C . FTIR ( ATR , cm - 1 ) : 3220 ( w ) , 2340 ( m ) , 1659 ( s ) , 
1520 ( s ) , 1442 ( s ) , 1316 ( m ) , 1238 ( s ) , 1039 ( m ) , 949 ( s ) , 666 
( w ) , 551 ( s ) , 485 ( m ) . 

H2N 

+ 

OCN . NCO 1 

Synthesis of an Exemplary Non - Cyclic Polymer 
AS - 199 

[ 0264 ] 
Scheme 39 

NH2 

HON * N ' N 

N3 
1 , 1 ' - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) bis 
( 3 - azido - 1H - 1 , 2 , 4 - triazol - 5 - amine ) 

DMSO 

OCN 

? NCO 
1 , 6 - di isocyanatohexane 

N3 

7 . 

N 

AS - 199 
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Scheme 41 

N . 
HN 

[ 0265 ] To a solution of 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl - bis ( 3 
azido - 1H - 1 , 2 , 4 - triazol - 5 - amine ) ( 250 mg , 0 . 76 mmol ) in 
DMSO ( 5 mL ) a solution of 1 , 6 - diisocyano - hexane ( 160 al , 
1 mmol ) was added and the reaction mixture was stirred at 
65° C . for 7 days . After that time , the reaction mixture was 
cooled to room temperature and formed precipitate was 
collected by filtration , washed with diethylether and vacuum 
dried to yield polymer AS - 199 as a red solid ( 284 mg ) . FTIR 
( ATR ) : 3317 ( m ) , 2932 ( m ) , 2856 ( m ) , 2139 ( m ) , 1706 ( s ) , 
1570 ( s ) , 1476 ( m ) , 1459 ( m ) , 1459 ( m ) , 1437 ( m ) , 1375 ( w ) , 
1337 ( w ) , 1251 ( m ) , 1213 ( w ) , 1076 ( s ) , 733 ( w ) , 612 ( s ) . 

N ' N 
HN - NH2 

H2N - NH 
AA1200 

Example 6 
NH 

Imidamide - Based Polymerization CH3 

H3C 
NH 

[ 0266 ] The following presents an exemplary synthesis of 
an exemplary class of energetic polymers , based on polym 
erization of bis - imidate monomers with bis - hydrazo mono 
mers . 
[ 0267 ] General Procedure : 
[ 0268 ] The scheme below presents a general polymeriza 
tion of a bis - imidate monomer with a bis - hydrazo monomer , 
wherein Y and Z can each be independently alkyl , aryl , 
heterocyclic , heteroaryl , substituted 1 , 2 , 4 , 5 - tetrazine and the 

Dimethyl 
adipimidate 

NH HN 

N N 
like . HÌNH 

EN N - NH NH 
Scheme 40 

TAUP6000 NH NH 
R - 0 - 0 - Y 0 - 0 R1 

Bis - imidate 
monomer 

HN — N — 2 — N — NH , — 
Bis - hydrazo 

monomer 

[ 0270 ] A mixture of 6 - ( 5 - amino - 3 - hydrazinyl - 1H - 1 , 2 , 4 
triazol - 1 - yl ) - N - ( 3 - hydrazinyl - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 1 , 2 , 4 , 
5 - tetrazin - 3 - amine ( “ AA1200 " ) ( 5 . 0 mmol ) and dimethyl 
adipimidate ( 5 . 2 mmol ) in DFM ( 30 mL ) is stirred for 2 days 
at room temperature . Thereafter , the formed precipitate is 
collected by filtration , washed with water and vacuum dried , 
to yield N ' 1 - ( 5 - amino - 1 - ( 6 - ( 3 - ( 2 - ( 1 , 6 - diiminoheptyl ) hy 
drazinyl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 
yl ) - 1H - 1 , 2 , 4 - triazol - 3 - yl ) - N ' 6 - ( 5 - ( ( 6 - ( 5 - amino - 3 - ( 2 - methyl 
hydrazinyl ) - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) 
amino ) - 1H - 1 , 2 , 4 - triazol - 3 - yl ) adipimidohydrazide 
( “ TAUP6000 ” ) polymer . 

Synthesis of an Exemplary Polymer TA UMC6002 
[ 0271 ] The scheme below is proposed as a schematic 
synthetic procedure for the preparation of a cyclic 2 , 3 , 10 , 
11 , 13 , 14 , 21 , 22 - octaaza - 1 , 12 ( 3 , 6 ) - ditetrazinacyclodo 
cosaphane - 4 , 9 , 15 , 20 - tetraimine ( “ TAUMC6002 ” ) , which is 
an exemplary energetic cyclic “ 2 + 2 ” tetramer , comprising 
two 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine monomers and two 
dimethyl adipimidate monomers . 

MY Z N 
NH NH IZ 

NH NH NH NH 

Synthesis of an Exemplary Polymer TA UP6000 

Scheme 42 

NON Z 

[ 0269 ] The scheme below is proposed as a schematic 
synthetic procedure for the preparation of an exemplary 
energetic N ' 1 - ( 5 - amino - 1 - ( 6 - ( ( 3 - ( 2 - ( 1 , 6 - diiminoheptyl ) hy 
drazinyl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 
yl ) - 1H - 1 , 2 , 4 - triazol - 3 - yl ) - N ' 6 - ( 5 - ( ( 6 - ( 5 - amino - 3 - ( 2 - methyl 
hydrazinyl ) - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) 
amino ) - 1H - 1 , 2 , 4 - triazol - 3 - yl ) adipimidohydrazide 
( “ TAUP6000 " ) polymer from the exemplary 6 - ( 5 - amino - 3 
hydrazinyl - H - 1 , 2 , 4 - triazol - 1 - yl ) - N - ( 3 - hydrazinyl - 1H - 1 , 2 , 4 
triazol - 5 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - amine ( “ AA1200 ” ) mono 
mer and dimethyl adipimidate . 

H2N NHA + 

3 , 6 - Dihydrazinyl 
1 , 2 , 4 , 5 - tetrazine 
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- continued 
NH 

? 

[ 0274 ] General Procedure . 
[ 0275 ] The scheme below presents a general polymeriza 
tion of a bis - alkoxysilane monomer with a diol monomer , 
wherein R1 and R2 can each be independently alkyl , aryl , 
heterocycle or heteroaryl , and Z can be alkyl , aryl , hetero 
cyclic , heteroaryl , substituted 1 , 2 , 4 , 5 - tetrazine and the like . ? ; c 

NH 

Dimethyl 
adipimidate Scheme 43 

Acid or 
base 

catalysis 
R2 - 0 - si - 0 – R2 + HO - Z - OH N - N 

Diol monomer HN - N — NH R ? - NH 

HN = NEN NH Silane monomer 

- - 0 - 070 
HNE NEN ENH 

HN - N _ 1 _ N _ NH 
N - N 

TAUMC6002 

Synthesis of an Exemplary Polymer TA UP7000 

0272 ] A mixture of 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine 
( 726 mg , 5 . 14 mmol ) and dimethyl adipimidate ( 5 . 17 mmol ) 
in DFM ( 30 mL ) is stirred for 2 days at room temperature . 
Thereafter , the formed precipitate is collected by filtration , 
washed with water and vacuum dried , yielding cyclic 2 , 3 , 
10 , 11 , 13 , 14 , 21 , 22 - octaaza - 1 , 12 ( 3 , 6 ) - ditetrazinacyclodo 
cosaphane - 4 , 9 , 15 , 20 - tetraimine ( “ TAUMC6002 ” ) polymer . 

Example 7 
Polysiloxane - Based Polymerization 

[ 0273 ] The following presents an exemplary synthesis of 
an exemplary class of energetic polymers , based on polym 
erization of bis - alkoxysilane monomers with diol mono 
mers . 

[ 0276 ] The scheme below is proposed as a schematic 
synthetic procedure for the preparation of an exemplary 
energetic N - ( 3 - azido - 1 - ( 2 - ( ( ( 2 - ( ( 3 - azido - 1 - ( 6 - ( ( 3 - azido - 1 
( 2 - methoxy - ethyl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tet 
razin - 3 - yl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - amino ) ethoxy ) - dimethyl 
silyl ) - oxy ) ethyl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - 6 - ( 3 - azido - 5 - ( ( 2 
( ( trimethylsilyl ) - oxy ) ethyl ) amino ) - 1H - 1 , 2 , 4 - triazol - 1 - yl ) - 1 , 
2 , 4 , 5 - tetrazin - 3 - amine ( “ TAUP7000 ” ) polymer from 2 - ( ( 3 
azido - 1 - ( 6 - ( ( 3 - azido - 1 - ( 2 - hydroxyethyl ) - 1H - 1 , 2 , 4 - triazol 
5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) 
amino ) ethan - 1 - o1 ( “ AA1600 ” ) monomer and 
diethoxydimethylsilane . 
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- continued 

NH 

CH3 N - N 
NH 

N = N 
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TAUP7000 

[ 0277 ] To the suspension of 2 - ( 3 - azido - 1 - ( 6 - ( ( 3 - azido - 1 
( 2 - hydroxyethyl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tet 
razin - 3 - yl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) ethan - 1 - ol 
( “ AA1600 ” ) ( 0 . 345 mol ) in methanol ( 1 . 0 L ) diethoxydim 
ethylsilane ( 0 . 726 mol ) is added and the reaction mixture is 
stirred for 12 hours at room temperature . Formed precipitate 
is filtered and dried , yielding N - ( 3 - azido - 1 - ( 2 - ( ( ( 2 - ( ( 3 
azido - 1 - 16 - ( 3 - azido - 1 - ( 2 - methoxyethyl ) - 1H - 1 , 2 , 4 - triazol 
5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) 
amino ) ethoxy ) - dimethylsilyl ) - oxy ) ethyl ) - 1H - 1 , 2 , 4 - triazol 
5 - yl ) - 6 - ( 3 - azido - 5 - ( ( 2 - ( ( trimethylsilyl ) - oxy ) ethyl ) amino ) 
1H - 1 , 2 , 4 - triazol - 1 - yl ) - 1 , 2 , 4 , 5 - tetrazin - 3 - amine 
( “ TAUP7000 ” ) . 

[ 0279 ] To the suspension of ( 5 - ( ( 6 - ( ( 3 - ( hydroxylmethyl ) 
1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) amino ) 
4H - 1 , 2 , 4 - triazol - 3 - yl ) - methanol ( " AA1700 " ) ( 0 . 345 mol ) in 
methanol ( 1 . 0 L ) diethoxydimethylsilane ( 0 . 726 mol ) is 
added and the reaction mixture is stirred for 12 hours at 
room temperature . Formed precipitate is filtered and dried , 
yielding N3 - ( 5 - ( ( ( dimethyl ( ( 3 - ( ( 6 - ( ( 5 - ( ( ( trimethylsilyl ) 
oxy ) - methyl ) - 1H - 1 , 2 , 4 - triazol - 3 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin 
3 - yl ) amino ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - methoxy ) silyl ) oxy ) 
methyl ) - 1H - 1 , 2 , 4 - triazol - 3 - yl ) - N6 - ( 5 - ( methoxymethyl ) 
1H - 1 , 2 , 4 - triazol - 3 - yl ) - 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine 
( “ TAUP7001 ” ) polymer . 

Example 8 
Synthesis of an Exemplary Polymer TAUP7001 

[ 0278 ] The scheme below is proposed as a schematic 
synthetic procedure for the preparation of an exemplary 
energetic N3 - ( 5 - ( ( ( dimethyl ( ( 3 - ( ( 6 - ( ( 5 - ( ( ( trimethylsilyl ) 
oxy ) methyl ) - 1H - 1 , 2 , 4 - triazol - 3 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin 
3 - yl ) amino ) - 1H - 1 , 2 , 4 - triazol - 5 - yl ) - methoxy ) silyl ) oxy ) 
methyl ) - 1H - 1 , 2 , 4 - triazol - 3 - yl ) - N6 - ( 5 - methoxymethyl ) 
1H - 1 , 2 , 4 - triazol - 3 - yl ) - 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diamine 
( “ TAUP7001 ” ) polymer , from ( 5 - ( ( 6 - ( ( 3 - ( hydroxylmethyl ) 
1H - 1 , 2 , 4 - triazol - 5 - yl ) amino ) - 1 , 2 , 4 , 5 - tetrazin - 3 - yl ) amino ) 
4H - 1 , 2 , 4 - triazol - 3 - yl ) - methanol ( " AA1700 " ) monomer and 
diethoxydimethylsilane . 

Diazonium - Based Polymerization 
[ 0280 ] The following presents exemplary syntheses of an 
exemplary class of diazonium - based energetic polymers . 
[ 0281 ] It is noted herein that in the diazomium - based 
polymerization that goes via formation of a diazonium ion 
intermediate from the corresponding amine - containing 
monomer , the diazonium ion can be isolated in the form of 
a salt , albeit such intermediates tend to be highly sensitive 
( explosive ) and require special safely steps and procedures 
for handling , such as keeping these intermediates in solu 
tion . 
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Synthesis of Polymer TP - 121 
[ 0282 ] 

Scheme 46 
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[ 0283 ] To a solution of NS , NS - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) 
bis ( 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ) ( 275 mg , 1 mmol ) in 
concentrated H2SO4 ( 2 mL , 98 % ) H2O ( 3 mL ) was added 
dropwise and the mixture was stirred for 1 hour at 0° C . 
Then , to this mixture a solution of NaNO , ( 200 mg , 2 . 85 
mmol ) in water ( 0 . 5 ml ) was added dropwise , while the 
reaction temperature was kept below 5º C . and the mixture 
was stirred for 1 hour . Thereafter , H2O ( 20 mL ) was added 
to the reaction mixture and formed diazonium salt ( highly 
sensitive compound ) was collected by filtration . Subse 

quently , wet diazonium salt was added to a solution of 
piperazine ( 108 mg ) in water ( 15 mL ) at 0° C . and the 
reaction mixture was allowed to heat up to room temperature 
and was stirred for overnight . Thereafter , the formed pre 
cipitate was filtered out , washed with acetonitrile ( 3x20 mL ) 
and vacuum dried to yield purple - brown colored polymer 
TP - 121 . 

Synthesis of Polymer TP - 113 
[ 0284 ] 

Scheme 47 
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- continued 
NH2 IZ C 
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Diazonium salt TP - 113 

[ 0285 ] To a solution of N , N - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) 
bis ( 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ) ( 275 mg , 1 mmol ) in 
concentrated H2SO4 ( 2 mL , 98 % ) H2O ( 3 mL ) was added 
dropwise and the mixture was stirred for 1 hour at 0° C . 
Thereafter , a solution of NaNO2 ( 200 mg , 2 . 85 mmol ) in 
water ( 0 . 5 ml ) was added dropwise to the reaction mixture , 
while maintaining the mixture below 5º C . and stirred for 1 
hour . Thereafter , H , O ( 20 mL ) was added to the reaction 
mixture and formed diazonium salt ( highly sensitive com 
pound ) was collected by filtration . Subsequently , wet diazo 
nium salt was added to a solution of aminoguanidine hydro 
chloride ( 137 mg , 1 . 24 mmol ) in water ( 20 mL ) at room 
temperature and the reaction mixture was stirred for over 
night . Thereafter , the formed precipitate was filtered out , 
washed with acetonitrile ( 3x20 mL ) and vacuum dried to 
yield polymer TP - 113 . 

[ 0287 ] To a solution of NS , NS - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) 
bis ( 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ) ( 275 mg , 1 mmol ) in 
concentrated H2SO4 ( 2 mL , 98 % ) H2O ( 3 mL ) was added 
dropwise and the mixture was stirred for 1 hour at 0° C . 
Thereafter , to this mixture a solution of NaNO , ( 200 mg , 
2 . 85 mmol ) in water ( 0 . 5 ml ) was added dropwise , while the 
reaction temperature was kept below 5º C . and the mixture 
was stirred for 1 hour . Thereafter , H2O ( 20 mL ) was added 
to the reaction mixture and the formed diazonium salt 
( highly sensitive compound ) was collected by filtration . 
Subsequently , wet diazonium salt was added dropwise to a 
solution of 3 , 6 - dihydrazinyl - 1 , 2 , 4 , 5 - tetrazine ( 160 mg , 1 . 13 
mmol ) in water ( 20 mL ) at 0° C . and stirred at this 
temperature for 2 hours . Thereafter , the reaction mixture was 
allowed to warm up to room temperature and was stirred for 
30 minutes . Thereafter , the formed precipitate was filtered 
out , washed with acetonitrile ( 3x20 mL ) and vacuum dried 
to yield purple - colored polymer TP - 116 . 

Synthesis of Polymer TP - 116 
[ 0286 ] 

Scheme 48 
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Synthesis of Polymer TP - 138 
[ 0288 ] 

Scheme 49 
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[ 0289 ] To a solution of NS , N - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) 
bis ( 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ) ( 275 mg , 1 mmol ) in 
concentrated H2SO4 ( 2 mL , 98 % ) H2O ( 3 mL ) was added 
dropwise and the mixture was stirred for 1 hour at 0° C . 
Thereafter , to this mixture a solution of NaNO2 ( 200 mg , 
2 . 85 mmol ) in water ( 0 . 5 ml ) was added dropwise , while the 
reaction temperature was kept below 5° C . and the mixture 
was stirred for 1 hour . Thereafter , H2O ( 20 mL ) was added 
to the reaction mixture and formed diazonium salt ( highly 
sensitive compound ) was collected by filtration . Subse 
quently , wet diazonium salt was added dropwise to a solu 

tion of 1 , 3 - diaminoguanidine hydrochloride ( 134 mg , 1 . 06 
mmol ) in water ( 15 mL ) at 0° C . and stirred at this 
temperature for 2 hours . Thereafter , the reaction mixture was 
allowed to warm up to room temperature and was stirred for 
2 hours . Thereafter , the formed precipitate was filtered out , 
washed with acetonitrile ( 3x20 mL ) and vacuum dried to 
yield purple - colored polymer TP - 138 . 

Synthesis of Polymer TP - 143 
[ 02901 
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ethynyl , hydrazine , hydroxyl , hydrazide , amine , etha 
nolamine , isocyanate , cyanate , amide , imidate , ester , 
carboxyl and azo , 

and said second monomer being selected so as to form a 
polymer upon reacting with said first monomer via a 
reaction selected from metal - catalyzed click polymer 
ization , poly - condensation and coupling , such that at 
least a portion of the backbone units of said polymer are 
derived from said first monomer and said second mono 
mer . 

2 . The mixture of claim 1 , wherein at least one of said 
polymerizable group of said first monomer is capable of 
forming a linking moiety with at least one of said polym 
erizable group of said second monomer , thereby forming 
said polymer . 

3 . The mixture of claim 2 , wherein said second monomer 
is represented by Formula I . 

4 . The mixture of claim 1 , wherein said guanidine moiety 
is represented by Formula II : 

[ 0291 ] To a solution of N , N - ( 1 , 2 , 4 , 5 - tetrazine - 3 , 6 - diyl ) 
bis ( 1H - 1 , 2 , 4 - triazole - 3 , 5 - diamine ) ( 275 mg , 1 mmol ) in 
concentrated H2SO4 ( 2 mL , 98 % ) H2O ( 3 mL ) was added 
dropwise and the mixture was stirred for 1 hour at 0° C . 
Thereafter , to this mixture a solution of NaNO , ( 200 mg , 
2 . 85 mmol ) in water ( 0 . 5 ml ) was added dropwise , while the 
reaction temperature was kept below 5° C . and the mixture 
was stirred for 1 hour . Thereafter , H , O ( 20 mL ) was added 
to the reaction mixture and formed diazonium salt ( highly 
sensitive compound ) was collected by filtration . Subse 
quently , wet diazonium salt was added dropwise to a solu 
tion of ethylene glycol ( 67 ul , 1 . 1 mmol ) in water ( 15 mL ) 
at 0° C . and stirred at this temperature for 2 hours . There 
after , the reaction mixture was allowed to warm to room 
temperature and was stirred for 2 days . Thereafter , the 
formed precipitate was filtered out , washed with acetonitrile 
( 3x20 mL ) and vacuum dried to yield purple - colored poly 
mer TP - 143 . 
[ 0292 ] Although the invention has been described in con 
junction with specific embodiments thereof , it is evident that 
many alternatives , modifications and variations will be 
apparent to those skilled in the art . Accordingly , it is 
intended to embrace all such alternatives , modifications and 
variations that fall within the spirit and broad scope of the 
appended claims . 
[ 0293 ] All publications , patents and patent applications 
mentioned in this specification are herein incorporated in 
their entirety by reference into the specification , to the same 
extent as if each individual publication , patent or patent 
application was specifically and individually indicated to be 
incorporated herein by reference . In addition , citation or 
identification of any reference in this application shall not be 
construed as an admission that such reference is available as 
prior art to the present invention . To the extent that section 
headings are used , they should not be construed as neces 
sarily limiting . 

What is claimed is : 
1 . A mixture of monomers , comprising at least a first 

monomer and a second monomer , said first monomer being 
represented by the Formula I : 

Formula II 

7 

' N ' N 

R3 R2 

wherein each of R1 , R2 , R3 and R4 is independently H or 
said polymerizable group , provided that at least one of 
R1 , R2 , R3 and R4 is said polymerizable group . 

5 . The mixture of claim 4 , wherein R1 is amino , each of 
R2 , R3 and R4 is H and said guanidine moiety is 1 - amin 
oguanidine . 

6 . The mixture of claim 1 , wherein said triazole moiety is 
represented by a formula selected from the group consisting 
of Formula III , Formula IV and Formula V : 

Formula III 

Formula I 
N - N 

RG 1 , – x , X - Tz ; 
NEN Formula IV 

Formula V 

N 

wherein : 
each of X , and X , is independently NR or a covalent 
bond , 

R is H or C1 - 4 alkyl , 
each of T , and T2 is independently a moiety selected from 

the group consisting of a triazole moiety , a tetrazole 
moiety and a guanidine moiety , at least one of said Ti 
and T? being substituted by at least one polymerizable 
group , 

said polymerizable group being selected from the group 
consisting of azido , cyano , diazonium , ethynyl , hydra 
zine , hydroxyl , hydrazide , amine , ethanolamine , iso 
cyanate , cyanate , amide , imidate , ester , carboxyl and 
azo , and a C1 - 4 alkyl terminated with azido , cyano , 

R ; 

R6 

wherein each of R5 and R6 is independently H or said 
polymerizable group , provided that at least one of R5 
and R6 is said polymerizable group . 
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7 . The mixture of claim 6 , wherein said triazole moiety is 

selected from the group consisting of : 
- continued 

Formula VIII 

and 
- R , 

Non mm m CN 
ON Formula IX 

HN 

mahn mm N 
N3 

HN N 

HN 

NH2 
wherein R7 is said polymerizable group . 
9 . The mixture of claim 8 , wherein said tetrazole moiety 

is selected from the group consisting of : 
NH 

NH2 HN 

HN - NH2 
H2N 

NH HN 

OH N 

N32 
' N 

NE 

HN - NH2 
NN IN 

and 
N 

NH 
N and 

NN NHNH2 
OH 

OH . 

LOH . 

8 . The mixture of claim 1 , wherein said tetrazole moiety 
is represented by a formula selected from the group con 
sisting of : 

10 . The mixture of claim 1 , wherein said first monomer is 
selected from the group consisting of : 

Formula VI 

NVN N HN 
N3 

Z ' N 
NH2 

Formula VII HN N 

CN . 

NN NH N 
NC 

N 
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- continued - continued 
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- continued 

CECH , 
V N HN 

N V = 

each of R8 and R9 is independently a polymerizable 
group selected from the group consisting of azido , 
cyano , diazonium , ethynyl , hydrazine , hydroxyl , 
hydrazide , amine , ethanolamine , isocyanate , cyanate , 
amide , imidate , ester , carboxyl and azo . 

12 . The mixture of claim 11 , wherein said second mono 
mer is selected from the group consisting of 1 , 6 - diisocya 
natohexane , 1 , 4 - dicyanobutane ( adiponitrile ) and dimethyl 
adipimidate . 

13 . The mixture of claim 1 , wherein said second monomer 
is a silane represented by Formula XI : 

HC = C 

N NH2 

NH N = 
HCS CECH , 

NHN HN 

Formula XI 
[ RIO 1 

CECH , 
CNN R12 — 0 + Si - o + R13 ; VN R11 

HC = C — 

N7NH2 
N . 

H 
N 1 

N - NH OH . 
N HO Y 

N IN HN - N N?N 
NSN 

OH 

HO 

NNH N 
N HN 

N NN ? and 

wherein : 
m is an integer ranging from 1 to 4 ; and 
each of R10 and R11 is independently selected from the 

group consisting of H , C1 - 4 alkyl , C1 - 4 alkenyl , aryl , 
heterocyclic and heteroaryl ; and 

each of R12 and R13 is independently selected from the 
group consisting of H , a silane , C1 - 4 alkyl and C1 - 4 
alkenyl . 

14 . The mixture of claim 13 , wherein m is 1 , and each of 
R10 , R11 , R12 and R13 is independently and C - 4 alkyl . 

15 . The mixture of claim 14 , wherein said silane is 
selected from the group consisting of dimethoxydimethyl 
silane and diethoxydimethylsilane . 

16 . A polymer derived from the mixture of monomers of 
claim 1 such that at least a portion of the backbone units of 
the polymer are derived from said first monomer and said 
second monomer . 

17 . An article of manufacturing comprising the polymer 
of claim 16 . 

18 . The article of claim 17 , forming a part of a system 
selected from the group consisting of a fire extinguishing 
system , a safety airbag , an inflatable device , a buoy , a 
flotation device , a liquid nebulizer , a powder deployment 
device , a pneumatic actuator , a gas supply device and a valve 
actuator . 

N - N N N - N 

EN HN - N 
NH ' NEN 

11 . The mixture of claim 1 , wherein said second monomer 
is represented by Formula X : 

Rg - A - R , Formula X ; 
wherein : 
A is selected from the group consisting of C1 - 6 alkyl , 

cycloalkyl , heteroalicyclic , aryl and heteroaryl , and 


