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Synthesis and Characterization of N-Butyl-N-(2-nitratoethyl)
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ABSTRACT

NENA(nitratoethyl nitramine) compounds, especially BuNENA(N-butyl-N-(2-nitratoethyl)-nitramine),
are of high interest to both rocket propulsion and military high explosives because of low sensitivity
to many forms of stimuli, although they are less energetic than conventional nitrate ester plasticizers.
One of advantages in using NENAs is that they provide higher impulse at any given flame
temperature than conventional propellants do. BUNENA has better thermochemical characteristics(low
melting point and low glass transition temperature), therefore has less tendency to crystallize out of
matrices. BUNENA was successfully synthesized in a high yield by reaction of n-butyl aminoethanol
and 98% nitric acid followed by dehydrogenation of salt mixture by Ac:0/ZnCls.
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DINAY azido fr=AZA] nitrate ester”)7} azido”|
2 X¥F 15-diazido-3-nitrazapentane, DANPES}
2 o}F w2 ANES 7 SFEES0] Utk

R 0
NO»
R = methyl, ethyl, propyl, butyl
& nitratoethyl

99} & NENA A€ sRFEEL duAHAE
ok BEjd Fe gAg AN E B8R S5
3 He 7R Q7] WEd 71EY oduA TtaAE
¢ UEZ FMANG)F nitrate ester AE 714A)
5 tAE + ok

A 3 o] FRAG) AHHE 1 duR kA
AE, £ BTTIN & TMETNY 7% EH&3o] Ho}
g3te] GMoME A wRRIY WolN ZAst
e AFo] 3o olF WAIA JIAAES M2
Eg3le] ARg3laL Qitk old wuksle] @) NENA
AFEZONN FRA A Fo] ARHT Qe
BuNENAS] ZA$ol= =E30] o -27C~25TEA
TMRARAE o 58 B4E 7L gk
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ArgEn ok 1 whe) 1) NCE X33 ge AE
292 3BAE 44 7iAs AlF 4 gla 2) we
2R Aarkeg wWEsl 3) viwd e 59

S HAAZ 71 glen 4) YubHQl nitrate ester

AL 7teAERY $20) d U4slH 5) olge &
e sl A scaleups ¥ F7F U 6)
NENA AE 3REES 8] g 271540l
AdHog Asitle FHE] Atk & 1o tEF
< NENA REEF 3 ouA] 7taAETe) £
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NENA 3J3HEE0] H2o] & #4E Eejdosiy
AT AM NENA SEES 4 A9 Aol s
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Az 7gsel 2 ¥ A T Blomguist, F. T
Fiedorek’s ©]2] s}skAl5e] 2JalA Aesigick? ™
1942d NENA 3329 #z /2 £49 DINA
(dinitrato ethyl nitramine)7} ‘Albanite Ho2 37
flashless gun propellante] ©]8-EHA tlZF Alrtg]
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[Z 1] Comparison of physical properties in NENA's
& high-energy plasticizers

MW | p | Hio" | O mp

CHs |165.1) 1.53| -35.8 | -43.6| 39
CoHs |179.1| 1.32| -39.2| -67.0] 5
CsH7 [193.2] 1.26| -416| -87.0] -2
CaHg | 193.2] 1.22| -46.0 | ~104.2| -25
CsHy | 221.1| 1.18| -4941] -119.1{ -7
DINA 207.2) 167| -61.5| -26.6| 52
BTTN 241.2| 1.52| -93.0 -17) 11
TMETN  1255.1| 1.49| -102.2| -34| 15
BNDPA/F | 426 | 1.39| -197.6] -58| -15

Alkyi-
NENA

1) Heat of formation, kcal/mol
2) Oxygen balance

(BUNENA)°|tt.  BuNENA® 1¢49¢ A T
Blomquist, F. T. Fiedorekel &J3td S A=A
ot 1 % 19808t} % HeculesAte) P. A. Silver, F.
stanley7} ¢ 24l gt E32E&9| nitrationd A
A B¢ 2AYZnChel 9§ amine salt®] nitration®]
Jsle F& -89 BuNENAE et A3der
o]Z EUiZ 741¥ BuNENAS #4o) gt a7<t
BUNENAE ouix|3} 7laA2A 288 748 31
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B dpeide 5 g 25 27nClh $9
o] ]2+ O-nitration® N-nitration #* BuNENA
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2.1 Al o

J

9529 BAE(n-butyl aminoethanol, Aldrich
Co. V%)= AAgle] AME-#om nitration agentZ
Ne RB% S A 4 24K Aldrich Co.
98%)3} ZnCl(KANTO Chemical, 98%) B443}
HhS & N-nitrationA] ARESICE AAAEFEC] &
ollE 4R AAS7) Y3l sodium bicarbonate
(KOKUSAN Chemical WORKS, 99%)2 AR&R1
pAgto g FRAAE Y8l ¥4 magnesium
sulfate(SHINYO Pure Chemical Co., 95%)& A}
St

2.2 BUNENA(N-n-buty-N-2-nitratoethyl)
nitramine)2| &HA

Jackete] B¥ 1L ¥hg7]0l 71414 mbr)e} =4
= Mj]fs]_ ZH:]]E_ o]_g.—;;H BuNENAZS @-1\-15].9\21:} ]|
AL 204molE ¥hE7Io Fofgh T WReEHIIE ol
3 0C°]5}77}Z] WYZtAZk. N-butyl aminoethanol
BAE), 0.8mol® metering pumpZ o]&3] BZ2

HE 53l Fakgdol #W olgE 1A 158
s Wﬂ dAsIA FAsi%t o] W BAESH 2
o] Wk Aldle ol AR wgRkgojlug 22T
ol5}E vxls}wi e slRon E3 BAEE 2
Ahgolo) FwQjg Hojrea]d A9 “spark spheres”
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mixture’} HAEATE o] salt mixtureo] Ac0/
nCl 89& Wlsld 2548 WS AA
N-nitrationg AT, AcO/ZnCl, §4& T
24¥l zinc chlorideE &31A1A Axsl= o A2l
M 33e] B2 AlZto] Ag7) HEZ oF 35~40T
2 71gsd ol a&doz W3 =g Yeh)
= Ac0/ZnCl; 834& AZE 71 Utk

Y23l o84 salt mixtured] 255 10T
ofgt2 WZAZl ¥ AcO/ZnCly, 2.4 mol/0.045 mol
£ dropping funnel =% metering pumpE ©]-&3}
oF 408 T X3 F7HE stk o] | 3B5Tol
L5} A5 BEE stolok gtk 4H3 At
T iz FoE 25 A% Adde pFedY &
SR A9 S0T/A £27F A5 471 31
AcO/ZnCLE 71E Soe & 308 3¢ ¥
719 22E ASATIA BT 10T oBlE A8
7} 0% Fol| MA3) F2oR 25F ASAI ¥
A7 &< #RAIFT SAT =o€ nitramine®]
ARG s E kg oz whe2wT) 30
ToVI7HA A 5 2571 A58tk

Hhgo] $hAs) 2" Follo Hkg-go 9 2u)
29| ice-waterd] ¥ ¥ 7t wEkE AAFH
AAEY] = dAFo] JlElgk=t) Decantationd]
oJsjed FEAFS AAGR T EHZUIIE o83
Hx e} FH4F 13, 5% NaoCO; §408
28], wpAte R FRFE 13 FEE & F 5
MgSOs2 7kl & A% & wiks AAFES
AAR F AFste] =& JA9] BuNENAE 80~
1% FEZ BUth HFHHYELS TLC FT-IR,

T-NMR 223 94840) dsle SARAE 9

o 1 dve gest 2y

- FT-IR(neat) : 1520cm ™ (as, -N-NO; stretch),
1640cm ™ as, ~O-NO; stretch), 1290cm (s,
-N-NO;  stretch), 1270cm™(s, ~O-NO,
stretch), 850cm™(n-bond, -O-NO, stretch)

- 'H-NMR : 08-0.9(3H, triplet, CHCH,CH.CH,
-N(-NOy)-), & 13-14(2H, sextet, CH;CH,
CH:CHo-N(-NO»-), & 16-17(2H, quintet,
CHsCH:CHz-CHe-N(-NO»)-), §  37-38(2H,
triplet, CHsCHZCH:CHz-N(-NOp)-), 839-4.0
(2H, triplet, -N(-NO2)CH.CH2-ONO),
47-48 (2H, triplet, -N(~NOy)CH:CHz-ONOy)

- TLC : Re 070

(eluent = chloroform : n-Hexane = 8 : 2)

- Elemental analysis :
cal. C 34.78%, H 6.32%, N 20.28%
obs. C 35.30%, H 6.81%, N 19.98%

2.3 N-n-butyl-N-nitrateethanolamine acetate®!
SABUNENAS| FE BMME ester 313HE)
BuNENA, 0.02molo) ¥4 ZAF 0.26molE ¥
ASFHANA wehe: sPHA b 3gg HHs] Mo}
gk olF A wgwrgo] Aot A7KETTL W
E Alolle dsiddol dold 47t emg M
3 7M. 4ds] Ak Folle 80T <F 5
~10BAE 9R-E AAE T oA WAzl
T FeEo] ForA Wik AAFE W =
o sl =3 EYAFTE ZAZYIIE &S

E238 T magnesium sulfate® 8- AAZTH

&5 TAHE 183 A Aed A3E(20034 99)/ 77
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24 F4717|
24.1. Nuclear Magnetic Resonance(NVR)
'H-NMR  spectrume BrukerAl®] AM-300
Bd 200MHzE AMEste] dlem BAA ARE
gl chloroform-d(CDCly)-<,

tetramethylsilane(TMS) S AM-3}5ch

reference &<

242 Infra-Red spectroscopy(FT-IR)
NicoletAte] NEXUS Ede] FT-IR 375 9
83 E4siien] AAgEQ) BuNENA 2 39§

AL esterd}HE-L KRs pelletHolA] neatAe)E
BA4E 39

24.3. Elemental Analysis
49 3FEY YaEAe Carlo Erbarle]
elemental analyzer CHNS/O-1108 =dlS AM&-31%
on Helium 7)%3l0A B4 74 2 Fh9] 3

< 2A3IIG:

244. Differential Scanning Calorimeter(DSC)

BuNENAY] %7, frefdoleest ERaes
TA instrumentsAt®] Thermal Analyst 4200 Z9-&
A8 38 e Ozawa
BuNENAY] @43liUiAE Tl $2458 @
glste] GREEE o ¥ FAAen 1 oYy
A 7}2A1Q0 BTTN} BNDPA/Fe EAslluixE
T3l BuNENASe] EHg4< 4% Hlwsigoh

equation®]]

245, ThermoGravimetric Analysis(TGA)
34" BuNENAY 39x ¥4 9 7g f& 1
A JlaAEte] Fues wwsly] $s 10T,
S2olA AR B BAE STk ARRS B

78 | @arFAlE71EE 8|2 A6 A3E(2003'd 99)

& TA instrumentsAke] Thermal Analyst 42005
AT,

3.2 o

AE7H ¢elx! BUNENAS] 4HHE 1) amino
alcohol®] 98%Z4¥e] 3t nitration HHH 2)
N-alkyl aziridine3}3HE-¢] dinitrogen pentoxide
(NoOs)ell ©J3+ nitration ¥o] $ItHScheme 1)1

Scheme 1.

@

/\/\NH/\/(H*' HNO, —> /\/\%/\/G\JQ + HO

286,07y
NG
AU ONO; + 4CHH000H
N
N + noP

Dinitrogen pentoxide®] 93+ HhH2 Aitol gt
PRtk §REA] Fakgo] At XS 7R
A% dinitrogen pentoxided] AZ7} oJ@y 2%
S 2 2 T sl gA L3t HERE B30
ol 9o} qlok

ety B a7 FAPYME acid streamoll
o QEEAZL AT & AREZ] sHHe] A
g pgo] thh g Al 9@ nitration’d
Hol 93t} BUNENAE §33Hat

A9 BuNENAE TLCEAC] 23l one-spot
< IIsgon FT-IRI2E 113 'H-NMR[2¥ 2]
of ofgle] F2E RIS O-nitrations AH &
WHEA ¢FEY)L nitrate ester7|2e]  X|¥T}

H
[o]
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} SALT
100
w -
| BuNENA
60
1 ester{carbory),
404
2 nitramine, asym.
Niphatic
od nicrate, sym
dmmﬁwl/ d;Wgwm
T T T T ¥ T A |
4000 3500 3000 2500 2000 1500 1000 500

[28 1] FT-IR spectra of salt(N-butyl-N-(2-
nitratoethy)amine nitrate) and BuNENA(N-
butyl-N-(2-nitrato ethyl)nitramine)

amine salt¥] AGTTE U] A salt
mixtureE ice-waterlX A& ¥ %3} amine
salt® Qo] FT-IR# 'H-NMRE ol&s} F2E4E
39T 1@ 19 salte) FT-IR AHEFGME
amine salt®) WEFQ 2749 sase] vehla ¢}
Y ol Z7 3400~2600cm”, 1380cm ' olx¢]
stretching@ bending®] TAEo|t} X3 ZuwEA )
-OH7I7} 24kl oJ5}] nitrate ester(-ONOy) 712
HeE 2L 22 1640cm ™, 1,280cm’, 850cm oA
asymmetric stretching, symmetric stretching, =
-bond9] stretching A Ec] Yeld 22 I 4
7k ik

Salt®] N-nitration®] 9J3t 3J¥ BuNENAS]
R 2¥EdNME salte] EAHQ  stretching™
bending B ZE0] 3400~2,600cm ™, 1,380cmolA]
B} 92to 8 nitramine(-N-NO»)@] asymmetric
stretching ®&7}F 1513em™ 4 Uepdz o

3} symmetric stretching ¥)3% 1.290cm ‘oA e}
U 1270cm 'olA9) nitrate estere] symmetric
stretching T3¢} 89 Th

3% 29 'H-NMROINE amine salt®] -NH;']
proton HFAE0] 67~68ppmolA broadd FHej=

TYTrTT TreTY T T T t TYTTTery
74 B 69 S5 50 45 &0 35 %0 5 X0 LY LD LS

1//”\\V//\\N//~\\//0N02
3 | 6
NO,

[23 2] 'H-NMR spectra of salt(N-butyl-N-2-
nitratoethyllamine nitrate) and BUNENA
(N-butyl-N-(2-nitrato  ethyl)nitramine)
@ 200MHz

A |65 2] A6 A352003d 99)/ 79
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Ueldth BuNENAQ] 'H-NMR  spectrumol Al
amine salt®] A5l ERE ¥ lom =g
303} 34ppmA salt(-NH; -CH.CHz-ONO») 2] o)
gd9] proton FAE0| X2H nitramine®] HEFEO
2 ZF} 373 40ppmlE o)FYuct E3 Yiad
A AR ARG olEA7E P9 Weld dx|E}
At

ILER71E ol8ste] I4¥ BuNENAE X 2
122228 Fél=

[# 2] Synthesis of BuNENA(N-butyl-N-(2-
nitratoethyl) nitramine) using 1L reactor

No. BAE |HNOs| AcO | =2 T
(mol) | (mof) | (mol) | (%)

08 | 204| 24| &
08 | 204| 24 | &4
08 | 204 24| 81

> fw ||~

083] 204! 24 | 69 [64X7F & 2y

0811 204| 20 | 75 |[Ac:OVIBAE]=25

(@)]

6 1 081|204] 20 | 79 [19A7F & Eg

Ac0/HNOy/ZnCly9

71 08204) 24| 71 .
08 BAE#7}

1hr@10C:-ONO;
8 0841 210 24 | 63 |1hr@15C:-NNO2

174 F el

v Reaction time & tempin O-/N-nitration :
A2, 1A, 1A7E

e No. 7 1 30 min. @0~10C/30min @36C =
catalyst : ZnClz , 0.045mol

IL 8k8715 o] &3t g} vkl 80% ol =
& 482 BuNENAE 4% 47} e BuNENA

0/ =T e} 7 135 A] Al6d A|35(2003'd 99)

o= 78 FARES deldl A2z 38| §
AEAHS  3~4%)=  AE FT-REE 119
1,750cm el A UeRt 7l2ndr]e) 9139 'H-NMR
(2@ 2]9] 2.07ppmolA R ol282719) wE7)
] protons H32E Faj] EASA(A] 1)

o C 1
Mo G 0 —
/\/N%N + ——C/O \/\/T\/\O/C\GJB
|
0 v (1
main By-prodct

NO. 7& 2949 3%, & O-Nitration#
N-nitrationg AX|A &1 ¥ 24 A2 2 zine
chloride®] $9¢ n-butyl aminoethanol A7}5l=
197 F40l %}04 3BT} =4 BuNENA
£ ISHAAT FEHAME i 10% O #e 5
5 9%tk WS FENZ ¥ AAEERES FF
9] ice-water®] F93l9 quenching A7l $ AAE
£ BEske AL & B3 AGEHY HEARE E
glate Aol % siRelel] o3 olxHzZE AA
3 By} atodch(4 2)

Acid-aatalyzed hydroysis of ester

] OH
i - @zf 7
Byl IN N O wBut” N N
NO, NO,

.
H20 OH OH OH
HO \/\ - N + \C/
= nBuy”| RN nBuyl” TN
NO, }l—{

[
Ol

—= nBuy 'V\OH {CHS\ /;2}_—: CH,COOH + H 2

ozrl2e] Mol 4 sigslel gele H-NMR
o] gate] elo] Fouck ¥ 39 2.07ppmoiA Y
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(22 3] Identificaton of by-products as a function
of contact time of product mixture and
water through 'H-NMR. Contact time : i)
< 1hr, i) 19hrs, i) 64hrs, iv) 64hrs,
N-nitration@10C ~15C

e d2H 29 Wgry anart AYERE
B =7 FEAR] F7HEA wt MAME] AR
2 ¢ 47 Utk E=3F 22ppmellA Zagt 5=}
e e oe = UE FAHEY amide
nitrate ester”]9] ol|=7]9] WE7] $£Ava2 34
Ach(4 3)

=D

y N
NN SO ’/\/\N/\/Q‘DZ

Q=)

3

oful= mEZH 9o oxEHE8} o) A s 7}
FEI7L Yojdth AT F 20|14 HAR= nje}
o] RAFGEEC] 4ol 3t TRl sted AA
7} S)A%} nitrate ester7]1E 7FAT YE BuNENAE
Aol 2t sl st Age] ato] EFE o]
A Eo HEALE 2T 2 1R Yo
v &0 ZAEve 2 & 971 Sieh(4] 4)

Acid-aatalyzed hvdrovsis of nitrate ester

H N @ NO.
NO; - 2
n-Butyl” | \/\0/ P = nBayt” NG

NO;, fast NOz 1'«1
hmo @
H\%/H
NN
| o _NO
m-Butyt NO, <S—0-VY n-Butyl” 10\2/%,(? 2
X H
HO-NO,
2 a7l 24489 BT 499 81 9

A F FALEQ d2HZ 35E, F N-butyl-
N-nitroethanol acetate® 23 #4J8td(Scheme 2.)
HAQgo] TFE BuNENAS FT-IR[2¥E 4] ¥
H-NMR{2 515 4% wlm Blsidch

Scheme 2.

Transmittance
1

OG=0ICH,, stretching | OC-. stretehng

T T T T T
3500 3000 2500 2000 1500 1000

: Wavelengh-ﬁmi '

(2% 4] FT-IR spectra of ester(N-n-butyl-N-
nitroethanoclamine acetate) (below) and
BuNENA(above)

A=rabaelr)EstelA) Aled A332003d 99)/ 81
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BANEo] $3HE BuNENAY FT-IR AHEH]
1,750cm o)A 7k=1d7)e] AgA Bl=7h Yept
TH ol P JzHzE e FT-IR &¥E
oMz UG AXdA FI2REI=7} Yehla
At =3 dAHE s5MEY -C-0-, stretching¥
#7} 1,230em™ ol vERa gick

7% 59 'H-NMR| 9J3} BuNENAY] & 24
AHEolgtn &P esterd EAIE FA3 AT
7 U9tk FAAEo] ¥¥E  BuNENAY
'"H-NMR spectrumell™ 2,07, 400, 4.34ppmolA )
A} Jepdes d 44 -0(C=0)CHs¥ methyl¢]
protons$} -N(NO2)-CH-CH,-OC(=0)CH3¢]
methylene®} protons JZEZ 4= k. A
d  EAMAYES  N-butyl-N-nitroethanolamine
acetate®] 'H-NMRAME 919} BL3 SAX|elA o
2H127)9] methyl® protons 338} oj2E|=7)9}
UEZ7] Alolo] & 2719] methylene?] protons
Hago] 449 98¢ spit FHE FrASHAA Vet
Uz ok webd FT-IR% 'H-NMRE E8)A
BuNENA9] F RAAE] ester HE0lgke Aol
IS Ak

TAZA 9] 71224 BuNENAZE 7He dE
Aol EAe YUt 31 U] 7}AA| nitrate ester 7}
Aol H]?SM 3o =4S T A FARE
AEd AR 4A doluA et 3ol
e ==4E T Q7] Wi SERE ot
Z2l 10C/min2g & Ade Z=3¢ §89271
Ueh}d ¢lol $&5E W5o| 5T/ mindlollr £
Ae 8 B 23 328 62 DSC curvesdlA BHojx|
& kel go] -27C~UToAN FE9a7} Uehth
a8 fEAele%E(Tg, glass  transition
temperature) = F -85TE o}F 3 A4S 714

82 | AT &S8R oA ABE003 99)

e
»
o
~
-

2 N ° 0 CH7
1/\/\N/\/ 3
i i
NO2 0
HE
]
.
|

¥ T f ¥ LIMBEMR T T T T
5.2 &8 %9 3.5 3.0 2.5 2.0 1.5 1.9 -5
=

[33 5] 'H-NMR spectra of BUNENA withby-
products@ 300MHz(above) and ester(N-n-
butyl-N-nitroethanolamine acetate) in CDCls
@ 200MHz(below)

I 9t GESLEE nitrate, -ONOy7)7F 200°C ol
AoolF R dEulEst Jehdb 267CqAME
nitramine, -NNOz7|7} nitrate”] BHtje &3+ gy
25 Jehlz e ol oxygend] Fll 71037
HEolct. o] e RANES EIsln Sie

BuNENA®] DSC curve®] 100~120CH oA &
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~ — Bu-NENA without By-products
~—— Bu-NENA with By-producis

[P T S A |

PR P P T IV T S

[32 6] DSC thermograms of BUNENA @ 5T/min

B3zt et glEd oE ester 9 o FAE
o] @RaZ I3l WAE whwFo|t}.
7}2A2A4 BuNENAZE 741 e 9538 4
AT tlEe] g3 BAE 71 T AuA] 7IAA
9l nitrate esters®} ¥l3}7] $i8) DSCY 4e&&n
& g2 3lo] 843 oUvAE Tt Ozawa 2]
o] PN GEETIFK)E AE3IH

P
|

(4 5"
4 Ing _ g @)
1 R
d Tm

E. : Activation energy(cal./mol),
R: Gas constant, A: heating rate("k/min),
T peak temperature

DSCY &£ (B)E 3, 5, 75, 10, 125, 15, 20T
/minE AA3}d peak temperature, Z nitrate”?]9
FERINLEE SH3Y 4 (5)d st 843 oy

g 72 G e A3 @ 2
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[38 7] Ozawa plots for BUNENA, BTTN
and BNDPA/F
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[# 3] Activation parameters and rate constants for
plasticisers decompositon

ki | ki/
ki | k3
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