SYNTHESIS OF ENERGETIC MATERIALS IN IONIC LIQUIDS
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IONIC LIQUIDS — PERSPECTIVE SOLVENTS AND CATALYSTS 2
FOR CHEMICAL REACTIONS
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BF,, PF¢, AICI,, HSO,, CF;SO,, NTf,, N(CN),, PF5(C,F),

NN\BU BF; ([bmim][BF,])

Me™

The main advantages of ionic liquids (ILS)
(green chemistry)

* ILs are incombustible

* ILs have very low volatility

* ILs can be regenerated and reused again

* ILs display catalytic activity

S. G, Zlotin, N.N. Makhova, Mendeleev Commun., 2010, 20, 63-71
S. G. Zlotin, N. N. Makhova, Russ. Chem. Rev., 2010, 79, 543-583.



SYNTHESIS OF 1-(FURAZANYL)-1,2,3-TRIAZOLES AND 5- 3
MONO- AND 1,5-DISUBSTITUTED TETRAZOLES IN ILs
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i.ILs = [bm|m][BF4], 80 OC, 6.5-7.5 h (llt 80 OC, 30h) Rl = R2 = CHon (75%), Rl =H, R2 = N02 (35%)
ii. ILs = [bmim][PF¢], 70 °C, 12h (lit. 110 °C, 120h) . ,
aR! = CH,0OH, R :H} a:b=45:1(71%)

bR!=H, R2=CH,0H | (lit.a:b=25:1)

I.V.Seregin, L.V.Batog, N.N.Makhova: Mendeleev Commun., 2002, 83

[emim][HSO,] R H [emim][HSO,] Rx__.R?
=C= + > N 1_~= 2 iy N
R—-C=N NaNs3 95-100 °C I\I7/_i\| R*—C=N + R“Ngj SETILh RTN
N N
3 3'a,b
R Time, h vield, % R1 R2 Time, h vield, %
Ph 10 85 a
4-NO,CsH, 3.5 99 EtO,C Bn 18 74
3-Py 9 96 b
Bn 5 80 PhCO Bu 50 72

N. N. Makhova, A. S. Kulikov, M. A. Epishina, N. V. Ignat’ev, M. Schulte, Russ. Patent, 2010



SYNTHESIS OF 3-ACYL-4-ACYLAMINOFURAZANS IN THE
REACTION OF 3,4-DIACYLFUROXANS WITH NITRILES IN ILs
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N\o N\O [bmim][BF,], 80 °C, 5.5h N, N
4 5 (35-40%)
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R = Me, cyclo-Pr; R!=CCl3 EtCO,

4

l. V. Seregin, I. V. Ovchinnikov, N. N. Makhova, D. V. Lyubetsky, K. A. Lyssenko,

Mendeleev Commun., 2003, 230
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SYNTHESIS OF DICHLOROIMINO- AND FLUOROFURAZANS IN ILs

R\/ \/NHZ 1) CCI4/AICI5 (3 mol) R\/ \/N:<C|
NN 2) CCljlemim][AICI] N, N

0 o

: o 1)48-80%

80 °C, 3-5h 2) 59-86%
R = Me, OMe, CO,Me, NOZ, N=C(CI),

A.B.Sheremetev, N.S.Alexandrova, |.L. Yudin, Mendeleev Commun., 2003, 31

OzN N02 02N N02 Et3NX3HF OzN F
N MecN, 60-80 °C ol [bmim][X], 50 °C, 4h N\O,N
= X =BF4, PFg 10 (50%)
0
/O\
O 0
O,N 02N N=N
>/_\8—‘<F 7/ \§ 7/ \§ n=0,1
N. N N, _N
\O/ O O
10a (38%) 10b (30-36%)

A.B.Sheremetev, N.S.Alexandrova, D.E.Dmitriev, Mendeleev Commun., 2006, 163



ONE-POT SYNTHESIS OF FURAZANOI3,4-f]-1,3,5-TRIAZEPINE
AND BENZOFUROXANS IN ILs

SO3K
N HNOg/ACzo
) RDX
H,N NH KO.5 V~Nagq K
2 —( 2 H,NSOzK+CH,0 3 g 3
NN ’ NO,
DAF N HNO3/Ac,0 Ne N\
. N "\ g I .
98% HNOg3 |[emim][HSO,] o _ JN—SO3K (36%) WE NJ
+ N
0—=20 °C |[bmpyrr][CF3S04] N lo, 13
8h 15 H NO, 2
O,NHN NHNO
i R\ i RO\/I:IVOR mp 150-151 °C (decomp)
— N, _N L0 R ) Px-ray = 1.959 glcm?
1? 20 °C (75-85%)
O O
Cl N3 o. ,O F\l
MOl e B NO: N \/ ) 9
aNg, BusNBr N\ =N A
, o
IL, 60 °C, 2h Q / \
NG NO, NO, BD
e IL = BF 20 18a (93-95%
= [empyrr][BF4] a (93-95%) BTF (92%)

A.B.Sheremetev, N.S.Alexandrova, K.Yu.Suponitsky, M.Yu.Antipin, V.A.Tartakovsky,
Mendeleev Commun., 2010, 20, 249.



HENRY REACTION OF POLYNITROALKANES IN ILs

20 °C. 24h
HC(NOy); + CH,O -~ HO~ “C(NO,)s
ILs
TNE (89-94%) mp = 70-72 °C

Synthesis of TNE in ILs

Ne IL Yield of TNE %
1 [bmim][BF,] 80
2 [bmim][PF,] 50
3 | [emim][HSO,] 89 (1), 86 (2), 83(3), 94 (4)
1-3 °C, acid NO2
NaHC(NOy), + 2CH,0 ! -~ HO~ C” OoH
[bmim][BF,] NO,

0]
Acid = HCI, CF3COOH, AcOH 21 (40%)

M.A.Epishina, 1.V.Ovchinnikov, A.S.Kulikov, N.N.Makhova, V.A.Tartakovsky,
Mendeleev Commun., 2011, 21, 21.



IONIC LIQUID-ASSISTED SYNTHESIS OF 8
CARBOXYLIC ACIDS TRINITROETHYL ESTERS

PN
Cl ILs O" 'C(NOy)3
R—_ + HO CMOy)s — = R
oo O TNE 20°C O 23

ILs = [emim][X] X =BF4, PFg AlCIy,

R = Ph (93%), 4-CICgH, (95%),% (85%) @\(79%),

Me N
ﬂ\(gz%) I (95%) [ 3\(74%)
02N O ’NON ! N
oid TNE oio/\c:(Noz)3
0~ >cl  [emim][PFg],20°C 07 ~0-_-C(NO2)3
24 (95%)

A.B.Sheremetev, I.L.Yudin, K.Yu.Suponitsky: Mendeleev Commun., 2006, 264



9
SYNTHESIS OF 2-R-2,2-DINITROETHANOL ORTHOESTERS IN ILs

P
F(ON),C~ "0 07 “C(NOp,F  HO™ "C(NO)F TNE (O,N)sC” Y0, 07 C(NO,);

ccl, - X

F(O,N),C—-O O~ _C(NO2)2F |L/FeCl3 70-100 °C IL/FeCl; 80 °C (O,N);C—-O O~ _C(NOy)3

25b (91%) 25a (83%)

*K gec. @t 110°C =6.2x 109 st

PN N
come o O CNO2F HO™ "C(NO),F TNE 07T CNOy);
(O2N)2 @) CHCl3 (0,N);¢” 00—
O\/C(NOZ)zF IL/FeCI3, 70-100 °C IL/FeCI3, 80 °C OvC(NOZ)g
26b (88%) IL = [emim][AICl,] 26a (76%)

*K gec. at 110°C=2.9x 108s?
Synthesis of compound 25a in different ILs

N IL FeCl, Yield, % N 1L FeCl, Yield, %
1 [emim][Cl] - 0 5 [emim][PF] - 43
2 [emim][Cl] 5 mol % 41 6 [emim][PF] 5 mol % 79
3 [emim][BF,] - 35 7 [emim][AICI,] - 54
4 [emim][BF,] | 5mol % 72 8 [emim][AICI,] 5 mol % 83

A.B.Sheremetey, |.L.Yudin, Mendeleev Commun., 2005, 204

*D.B. Lempert, G.B. Manelis, N.N. Makhova, Yu.M. Mikhailov, G.Nazin, G. Nechiporenko,
Proceeding of 10t NTREM, 2007, 25
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MANNICH REACTION OF UREA AND ACETAMIDE
WITH TRINITROETHANOL (or CH,O + TNM) IN ILs

O

NH,CONH, CH0 HO/\N)J\N/\OH
(pKa =0.1) IL H H
27
S
CH,0 N HO OC(N02)3 HC(NO,)q
HC(NO,)3 IL, 20 °C, 24h "
i

— (OzN)3C/\H H/\C(Nozh -—

IL = [emim][HSO,]
BTNEU (90%)

CH,0 HC(NO,)3
MGCONHZ _
(pKa =-0.4) [bmim][X] 24 h, 20 °C

K2CO3 28 TNE-acetamide (75-81%)
X= BF4, PF6

MeOCHN" “C(NO,)s

MeOCHN/\OH]

M.A.Epishina, I.V.Ovchinnikov, A.S.Kulikov, N.N.Makhova, V.A.Tartakovsky,
Mendeleev Commun., 2011, 21, 21.



MANNICH REACTION OF AMINOFUROXANS 11
WITH TRINITROETHANOL (or CH,O + TNM) IN ILs

N PN
Me NH, CH,O Me HN OH HC(NO,)s Me HN C(NOy)3
@/ \ — @/ \ _— @/ \
eo/szN [bmim][BF,] eO/Nb/N 24h,20°C eO’N‘o’N
K,COg
29a 30b 31a (37%)
(pKa =-3.0)
PN
R HN~ THN R R HN™ “C(NO,)s
/N\ /N N\ /N\ /N N
R ORI O 0® ILs °0" o’

31a-d (57-80%)

aR =Me, b R =MeCO, c R=CO,Me,d R =Ph ILs = [bmim][HSOy,], [ompyrr][CF3SO4]

NO,
R NH, R__HNTC(NOp)s RN cmoy;
@>/ \( ILs ®@// \ HNO3/(CF5C0),0 @)/ \<
@O/N\ _N + CH0 + HC(NOy)3 (or TNE) Z&: @O/N\o’N L5, 05°G= 20°C o O/N‘o’N
29a-d 3la-d (57-63%) 33a,d (54-56%)

aR =Me, b R =MeCO, ¢ R = CO,Me, d R = Ph ILs = [bmim][HSO,4], [bmpyrr][CF3SO4]

M.A.Epishina, I.V.Ovchinnikov, A.S.Kulikov, N.N.Makhova, V.A.Tartakovsky, Russ. Chem. Bull. Int. Ed.,

2011, (in press)
*A.O.Finogenov, M.A. Epishina, A.S. Kulikov, N.N. Makhova, I.V. Anan’ev, V.A. Tartakovsky, lzv. AN; Ser.

Khim., 2010, 2054 (in Russian)
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@ ONE-POT SYNTHESIS OF N,N-B1S(2,2,2-TRINITROETHYL)NITRAMINE
AND N,N’-BIS(2,2,2-TRINITROETHYL)ETHYLENDINITRAMINE IN ILs

MeCOONH, HOCH2C(NO,); (OaN)HC N C(NOy); | HNOs/(CFsCO),
; ) i 0 IL, 0-5°C—20°C
IL, 20 °C iy ,
No;
: (O2N)3C N _C(NO2)3
36 (42%)
HOCH,C(NO2)3 | (o i
-~ oN)3C N A~
HANTNAN e UNTONTICNOY)s | g, 0-59c—20°C
35
NO;
= (0,N)sC_ _N
(O2N)3C \/\l}l/\C(NOZ)g
NO,
IL = [ompyrr][CF3SO3] 37 (37%)

M.A.Epishina, I.V.Ovchinnikov, A.S.Kulikov, N.N.Makhova, V.A.Tartakovsky,
Russ. Chem. Bull. Int. Ed., 2011, (in press)



I~ PN NO3
O,N);C~ O O° 'C(NO2)3 !
(OzN)s R N._C(NO,)3
H OvC(NOZ)g I\ Rl R2
and sN N >:(
A~ N o HoN N. -N
(0,N);C~ ~O_ O~ “C(NO,)3 .«
2N)3 7/—\( N
(Oz2N)sC O O _C(NO2)s NN

|
(O2N)3C N __C(NOy)3

O ;/ \(
)J\ / N\O/ N
(0,N):C” "N” N7 C(NOL)s

H H \
=z R N#CI
O,N);C_ N ! cl
(O2N)sC N7 C(NO); N
NO, Ko}

NO
HO™ “C(NO,)s ! 2
0. »O N
and NN S \:[ \N—NO
'}102 \ / N = NJ 2
NO, 2

NO,
and BDF, BTF

R R: R
O .
v —NH —N 2
R=C_ N/ Ny and qO§
° CNO2)s \ \N,, "
NO,

13
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