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ABSTRACT

BTTN and TMETN are representative energetic plasticizers used for various propellants. However
these compounds are sensitive relatively. So, in order to develop insensitive energetic plasticizer, this
study attempted to synthesize derivative of triazole, 4,5-bis(azidomethyl)-(2-methoxyethyl)-1,2,3- triazole
(DAMETR). Also, the prepared compound was characterized by NMR, IR spectroscopy, and
physicochemical properties such as glass transition temperature, melting point, decomposition
temperature, density, viscosity and impact sensitivity. In addition, the heats of formation (AH;) and
detonation properties (pressure and velocity) of DAMETR were calculated using Gaussian 09 and
EXPLO5 programs. Especially, 1-DAMETR(>50 ]J) was more insensitive than BTTN(1 J) and TMETN(9.2 J).
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BTTN, TMETN-2 1A FXIA oA AMGE= tHEA I AYA 7taAelth 28y o] 2452 4
Z=7F vlwz Azeithe gde] dth B dAFolAE BTIN, TMEIN Rt} £33 ouA] 7FaAS
7H walr] Y8 EgolE AE Y 4,5-bis(azidomethyl)-(2-methoxyethyl)-1,2,3-triazole(DAMETR)S 343

o]3}sty EA BAS st L3, BEFEA(NMR, IR)S 53 DAMETRS 725 B89,
E]ZJO]%E =23, Bes, U5, %, 44 E 59 E83 542 ZHsAT. 283 Gaussian
09¢} EXPLOSE o]-&3ate] PG F BEA(FS %) 55 Altetdth 53] 1-DAMETR(>50 J)°
A% =x BTIN(L J), TMETN9.2 J)oll & wj$- stk
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w, dEAHQ 7tAaAE dioctyl sebacate(DOS),
dioctyl adipate(DOA), isodecyl pelargonate
(IDP) Fol AytH12]. L8} DOS, DOA, IDP
2 =284 staAlE F349 Gl 718t
1= = 284 o ARE Aol =55
= 7 A= YA JkaAldd d A5 2
3] X3P 3, NG(Nitroglycerin) BTTN(1,24-
Butanetriol  trinitrate), =~ TMETN(Trimethylol
ethane trinitrate)? Z2 oY= 7}&A7l SA)
7V de] AR E AL AHH3-5].
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4,5-bis(azidomethyl)-(2-methoxyethyl)-1,2,3-triazo
le(DAMETR)S $4at9x, E4 #7125 st
DAMETRE UuHAQl Eols AdEHe] 1
AN R hz2A AHEZA FEAR AREo] A

%Sy - olHA SR FRISHE R
geirt. HE EE 2HELS ZHEHNMR,
24, DSCE o83 &4,

ZA" A9 AME WA E(Gaussian 09)S =
AR FEEy, U (EXPLOS) 52 AlLtet
At X3, BAM drop hammerE ©]&3t S

2. DAMETRY| & & &MERL

DAMETRZ 29HAIE AA @A H Az 19
A= 14-dichloro-2-butyne(DCB)¢} ¢} =3 o}
EFE ®HSAIA 4,5-bis(azidomethyl)-1H-1,2,3-
triazole(DATR)S FAd3st=  Zolth. 28=
DATRS 9714  F8%9A  2-chloroethyl
methyl ether®} WAl DAMETRS 3/43}+=
Aotk ¥khg ¥ DAMETRS &3 9oz
oA, A9 AZWEIYAE o] &3 EW
o2 AAE 1-DAMETRY 2-DAMETRS <
I A h(Fig. 1).
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21 DATR®] 34
1,4-dichloro-2-butyne(DCB)Y] 227 £
ojgrlojm® AN ofxtel= Flo] o3 4

A AN 2 F At oiE 72 XFd
14-diazido  -2-butyne(DAB) &X uelA

[3,3]-sigmatropic rearrangement®] <]3l allenyl
FAsta, st WHEs Fal
triazafulvene® 3 /J%tt}. Triazafulvened ©]%
Aol ofA%E & EA7F ¥ H7FEo] DATRe]
o

DATR 34 1,4-dichloro-2-butyne(12.0 g,
0.097 mol)¥#} 1,4-dioxane(450 mL)= 1 L ®F§-7]
of FYdstar wykgtt}. o] RkgHo ofx=3} 1}
EF(254 g 0387 mol)? @8} YWE(104 g
0.193 mol), FHF(150 mL)S FHJ3t W
L5 90C=E 71E3te 8AIF &
%, WE7Y 2EE deoR
A B2 U2 &% SHF 1L
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, 34 #AHELE AAH DATR
DATRE &%) oA EAL oo =Zolx, e
7FHAC BHA & Al F38k 10.6 g(0.059
mol, 61%)%] BAE DATRE f=th

22 DAMEIRY] §H4

ofRlZlE FAFS YEFY e 9714 ER
I HGA 95 FA3IG. DATR 9A £213
EFY ®E3lY YEF 92 NaDATRS 34
Hed, o 22 JAFYAZA 2-chloroethyl
methyl ether$} #H&-3te] DAMETRS 3 /d 3o
dojzl DAMETRE FZF0]A A< 1-DAMETR
7} 2-DAMETR®] A EAl3}7] wjiol Z¢ =
ZutEaggE o]&ste] AAE 1-DAMETR,
2-DAMETRS d+=th

DAMETR &4 : DATR(3.00 g, 0.017 mol),
ks UEF 0740 g(0.018 mol), FF5(10
mL)S 100 mL ¥H&7]o] F{ista axgkgitt, o]
Hh-g-H el 2-chloroethyl methyl ether(0.87 g,
0.009 mol)& A3 FYstaL, WE7E 1 A7t

TS SR Pk o] F, vk REE

N3 N3
Sl NaNy/ NH,CI N aq. NaOH
/ » N NH
cl H,0 / 1,4-dioxane °N° H,0

DCB

SE3, WA ABYE Stk
= 0] &]
= H

712 9] (EA:hexane =
1-DAMETR 0451 g(0.0019 mol, 11%)%
2-DAMETR 0.522 g(0.0022 mol, 13%)< 4=t}

3. DAMETRS| E4 24

31 DAMEIR?] &% &4
IR FELe ATR(Attenuated  Total

Reflectance) S AH&-3F 49 ™, Nicolet jil: #37

A

HE 0] 83tk (model iS10) 'H, ®C NMR #
3 B2 300 MHz(Bruker AVANCE 300) @}
A71E #ER71E AR, §ME CDCLE
o] &3ttt IR EFEHLE 4 We| dAE 3
o] AEAUAE AH FFE T3 24 7=
o Hedte 5ol SHEHS 2 Jow &

NaDATR

DAMETR mixture

column
chromatography

A

\

ol
1-DAMETR 2-DAMETR
Yield : 1% Yield : 13%

Fig. 1 Schematic Synthesis of DAMETR.
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(Fig. 2). 2-DAMETR 1-DAMETRZ} & 7]¢]
AAT =23, 71EAD FErb 2] el

Y
o
o6 | m

aﬂ YA+ 2933 cm'ol A, CN 2=E A IR 2FEYo] #5530t N-H 2EH A
AT 1449 cmol A #AZEHAY. SolHo= v=7F 3320 em’old, C-H 2E#HA Hae

90 %0

” 3326 ” ) s |

2933 3320 | [
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% 50 % 50
%40 §40
= | =
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Fig. 2 IR spectrum of 1-DAMETR. Fig. 3 IR spectrum of 2-DAMETR.
ﬂ | ‘ | | il
15.0. 10.0 5.0 0.0 phm 200 150 100 50 0.0 PPmM
Fig. 4 'H and ®*C NMR spectrum (CDCly) of 1-DAMETR.
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Fig. 5 'H and ®C NMR spectrum (CDCly) of 2-DAMETR.



H203A HNeE 2016. 12. =

Y

OiLX] Jt2H Y H S 4 15

2932 cm™ol A, C-N 2E# 3 33E 1448 cm™
ANA #AZSHAJT TG ofxfol=9] MY 2E
H3 F=27} 2098 cmlo A, 1A 2EHH =
£ 1260 cm™ol A #=5] A TH(Fig. 3).
1-DAMETRS Blt) % 22 <13l9 'H NMR
2HEHgA 5 o] A1de] A th(Fig.
4). o}AE A4 -CHy-9 A2d2 450, 456 ppm
oA, EFolE Ao AZFE - CH,CH,OCH;
% CH;9l Al2de 325 ppm, CHy A1de
3.73, 451 ppm oA #ZH Ak "C NMR 23|
EoME 7 M Alade] #SEATH(Fig. 4).
EgolEo] EFEH Ue ©ho Aade
131.1, 141.3 ppmolA, CH ¢} CH;9 &4 Al
S 422, 453, 493, 59.2, 71.4 ppmolA #Z=E
%E}.
2-DAMETRS 3 Fxo]22 'H NMR &3
EA 4 e Alidoe] #ZEHAtHFig. 5).
olA = A -CHx-9] Al1d-E 443 ppmolA #3
HAx, EfolE: AL dZ"E - CH.CHO
CH; & CH,9 Al1d-2 3.84, 452 ppm, CH;9

e T
N\\\/

+ 5CH; + NH,

——> NN+ 2CH;CH; + 2CH;N, + NH,CH,CH; + CH;0CH;
N

H

Fig. 6 Isodesmic reaction of DAMETR.

Alade 329 ppmolA #FHAT PC NMR
2HEH = 5 e Aade] #BSFHASG
(Fig. 5). Triazoleo Z3Ho] U= &4 A
gL 1413 ppmol A, CH,9F CH;9l &4 Aad
< 448, 55.0, 59.1, 70.3 ppmolA #TZE AT}

32 DAMEIRS] £214 54 &4

DAMETR®] fgdel2x, x=4, 4
== Differential Scanning
(METTLER TOLEDO DSC)& ©]&3le ££9 1
0Cs $e HEZ 33,
meter(MEttLER TOLEDO LiquiPhysics)& ©]§
atol ZA8AT =3, DAMTRY] B4 E ALt
Z2aHs ARSI,
structure®} frequency®] geometric optimization
& 631+G  #WE  BILYPE AHEEHTh
Single-point energy~ MP2/6-311++G** #H#l =
A2FeL R TH12]. Isodesmic reaction®] <NEI=
MP2/6-311++G**2] oA =Z}o]¢}  zero-point
energy(MP2 /6-31+G**), 18] T-& o2 7}
factor(MP2 /6-31+G**)9] Z3 % £ A A
g F e A dHE =2 EJAthFig. 6). F
ogtgy v ST+ Gaussians 3 oé—%
AL F4& Sl
EXPLO5Z AlLetdth 54 #ZE+ BAM drop
hammerE A}-83t9 A3ttt DAMETRY] &
214 54L& 34 d5E g AREHL e
oz 7}&A¢l BTTN, TMETN¥} Hlw 3}t
(Table 1).

3

A

Calorimeter

A== density

2 Gaussian 09

Table 1. Physicochemical properties of DAMETR.

Compound | T& | Tm® | Tae’ | Density® | ~AH™ AH* pe vD® Is!

P [Cl | [C] | [C] | [gem”] |[KJ mol | [ g '] | [GPa] |[ms ]| [
1-DAMETR | -73 -4 185 1.26 985 415 15.3 6810 1.39
2-DAMETR | -88 - 160 1.23 963 4.06 14.2 6646 >50

BTTN -70 -27 154 1.52 -398 -1.65 21.6 7270 1
TMETN -66 -3 158 1.49 -431 -1.69 20.5 7050 9.2
°Glass transition, melting and thermal decomposition temperature under nitrogen gas (DSC, 10°C min ‘). "Density meter (25 °C). ‘Heat of

formation (calculated via Gaussian 09). “Calculated detonation pressure (EXPLO5 V5.05). “Calculated detonation velocity (EXPLO5 V5.05). ‘Tmpact

sensitivity (measured via BAM drop hammer).
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123 g cm®2 BTTN, TMETN Xt} woich A
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