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Objectives

» Development and fielding of new energetic materials for
advanced chemical propulsion in space and missile applications

» Design energy dense, ionic liquids with very fast (hypergolic)
ignition response

Anion control hypergolic activity,

Cation influences ignition delay times (1Ds)

Combining energetic functional groups such hydrazines and
heterocyclic rings such as tetrazoles, triazoles etc.
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Single X-ray crystal structures of 5-(halo-alkyl)-Tetrazoles 1- 3
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o‘( Synthesis of 5-(hydrazino-alkyl)-tetrazoles

N—N N—N
// N2H, // \ @
N N \ Br > N\ HzNHZ + N2H5Bl‘
N MeOH N
H n © n
n=1-3
Solubility Physical state
H,O CH;OH C,H;OH (CH3) ,CHOH
n=1 soluble Sparingly soluble insoluble Insoluble Viscous oil
n=2 soluble soluble insoluble Insoluble Viscous oil
n=3 soluble soluble sparingly soluble soluble Viscous oil
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N,H, > 6 eq

Synthesis of 5-(hydrazino-propyl) tetrazole
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DSC, Single crystal X-Ray structure and1H NMR spectrum
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of 5-(hydrazino-propyl ) tetrazole
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N\ / Synthesis of 5-(hydrazino-alkyl) tetrazole

A
Qr
N—-N N—-N
/I /l
N »MX N2H4 > N \ %)HZNHZ 4+ N,H;X
H 0 MeOH 2) n
n=1-2 n=1-2 X=Br, Cl
X = Br, CI
NaOH, H,0
Y
7\
NG »\(\/)(ENBHZNHZ =+ NaX
S N
n=1-2 X =Br, CI

Difficult to separate due to poor solubility of the zwitter ions
Unprecedented in the literature
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Reactions of crude 5-(hydrazino-alkyl)tetrazoles with 2-
nitrobenzaldehyde
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N / Synthesis of 5 - (hydrazino - alkyl) tetrazole

‘ < via BOC hydrazine

Acidic medium
Amino acid-BOC Amino acid - HCI

Acidic medium
Tetrazole-R-N,H,-BOC Tetrazole-R-N,H, - HCl — Tetrazole-R-N,H,

» Address solubility issues

» Solid state structures of hydrochloride salt

» Hydrochloride salt as substrate for metathesis reaction with energetic anions e.g
[NOg], [N5], etc.
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Synthesis of 5 - (hydrazino - alkyl) tetrazole
via BOC hydrazine
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N\ / Neutralization of 5-(hydrazino-alkly)tetrazole mon-
wQr hydrochlorides salts 11 and 12
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File: C:.. \TetC3HBN2H3 zwitter ion.002

Operator: yonis
Run Date: 30-Oct-2013 14:13
Instrument: DSC Q1000 V9.9 Build 303
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NN 3 Reaction of 5 - (chloro-methyl) tetrazole with mono-

-« methyl hydrazine (MMH)
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Conclusion

0 Successfully synthesized several 5-(hydrazino alkyl) tetrazole

O Fairly stable, T, > 150, and difficult to work with due poor
solubility

O Bicyclic tetrazole derivative formed via intramolecular cyclization

0 Generated energetic nitrate salt and tetrazole-alkyl azides from
reaction intermediates

0 Reaction of MMH with 5-chloromethyl tetrazole also leads to di-
alkylated derivative depending on concentration of MMH
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