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tetraazacyclooctane 253

acetone cyanohydrin nitrate, nitration of amines

with 203–4

acetone-derived peroxides 339–40

acetonitrolic acid 23

N -acetyl-N ′-nitroimidazolidine 217

acidic nitration

of acidic hydrogen containing compounds 31–2

amides and derivatives 208–11

amines 133–4, 195–202

acylazide formation 73

adamantane, polynitro derivatives 79–82

1-adamantanol nitrate 96

1-adamantyl nitrate 107

addition reactions, nitric acid/nitrogen oxides and

unsaturated bonds 3–7

1,2-addition reactions, nitroalkanes 33–5

1,4-addition reactions

nitramines 234–5

nitroalkanes 35–42

AFX644 explosive composition 313

alcohols, nitration of 90–7, 359

aliphatic C-nitro compounds

addition and condensation reactions 33–46

1,2-addition reactions 33–5

1,4-addition reactions 35–42

Henry reaction 44–6

Mannich reaction 43–4

as explosives 2

synthesis 2–54

by addition of nitric acid/nitrogen oxides to

unsaturated bonds 3–7

by direct nitration 2–3

by halide displacement 7–14

by Kaplan–Shechter reaction 24–7

by nitration of acidic hydrogen containing

compounds 27–32

by oxidation and nitration of C–N bonds 14–24

by oxidative dimerization 32

by selective reductions 51

alkaline nitration, of acidic hydrogen containing

compounds 27–31

alkanes, direct nitration of 2–3

alkene nitrofluorination 6

alkenes

addition reactions 3–4, 104–6

dihydroxylation of 109–10

reactions with

dinitrogen pentoxide 5–6

dinitrogen trioxide 6

nitric acid and mixtures 3–4

nitrogen dioxide 4–5

nitrous oxide 6

other nitrating agents 6–7

β-alkoxy-gem-dinitroalkanes, synthesis 40

alkyl azides 333–8

N -alkylamides, N -nitration of 208–13

N -alkyl bonds

nitrolysis of 217–21

tert-butyl groups 218–19

primary and secondary alkyl groups 217–18

alkyldichloramines, nitration of 207–8

alkyl-N ,N -dinitramines 286–7

compared with dinitramides 285

N -alkyl-3,4-dinitropyrroles 294

alkyl nitrates, aromatic nitration with 143
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alkynes

reactions with

nitric acid and mixtures 4

nitrogen dioxide 5

amatols (TNT + ammonium nitrate) 126, 293

amides and derivatives

N -nitration of 208–13

with acidic reagents 208–11

with nonacidic reagents 211–13

nitrolysis of 213–17, 223

with acidic reagents 214–16

with nonacidic reagents 216–17

amines

aromatic, nitration of 133–4

nitrate salts, dehydration of 232–3

nitration of

acidic conditions 133–4, 195–202

chloride-catalyzed 198–200

with nonacidic reagents 202–7, 355–6

oxidation of 19–21

amino-to-nitro group conversion, arylamines 149,

155

4-amino-5,7-dinitrobenzofurazan 302

5-amino-4,7-dinitrobenzofurazan 302

7-amino-4,6-dinitrobenzofuroxan (ADNBF) 305

4-amino-3,5-dinitropyrazole (LLM-116) 295

aminoguanidine 343–4

4-amino-4′-nitro-3,3′-azofurazan 299

3-amino-4-nitrofurazan (ANF) 298

3-amino-5-nitro-1,2,4-triazole (ANTA) 309

chemistry 310

4-amino-5-nitro-1,2,3-triazole (ANTZ) 311, 312

2-(5-amino-3-nitro-1,2,4-triazolyl)-3,5-

dinitropyridine (PRAN) 310

4-amino-N ,2,3,5,6-pentanitrotoluene 147

aminophenols, diazotization of 340–1

3-amino-1,2-propanediol, as precursor of TNAZ

267

4-amino-2,3,5,6-tetranitrotoluene 147

5-aminotetrazole 314

1-amino-1,3,4-triazole, amination of 288

3-amino-1,2,4-triazole, reactions 307, 309

4-amino-1,2,4-triazole (ATA), as aminating agent

170, 174

6-amino-1,2,4-triazolo[4,3-b][1,2,4,5]tetrazine

(ATTz) 316

3-amino-2,4,6-trinitrophenol 134

3-amino-2,4,6-trinitrotoluene 152

ammonium azide 316

ammonium dinitramide (ADN) 284

applications 284, 363

properties 285, 363

synthesis 212, 286, 350, 363–4

ammonium nitrate–fuel oil (ANFO) mixture 2

ammonium picrate (Explosive D) 127, 174

ammonium 2,4,5-trinitroimidazole (ATNI) 297

anilines, nitration of 133–4, 138, 145

Apollo spacecraft 177

aromatic azides 338–9

aromatic nitramines, synthesis 240–3

aromatic C-nitro compounds

synthesis 125–89

via diazotisation 148–9

via direct nitration 128–44

via nitramine rearrangement 145–7

via nitrosation–oxidation 39, 144–5

via nucleophilic aromatic substitution 125,

157–74

via oxidation of arylamines and derivatives

149–55

via oxidation of arylhydroxylamines and

derivatives 155–7

arylamines and derivatives, oxidation of 149–55

arylazides, lead salts 338

aryldinitromethanes 17

arylhydroxylamines and derivatives, oxidation of

155–7

arylnitramines

rearrangement of 146

synthesis 233

arylnitromethanes, synthesis 8, 9, 29

1-azabicyclo[1.1.0]butane, in synthesis of TNAZ

267

azetidines

nitramines and derivatives 265–8

reactions with dinitrogen pentoxide 103, 114,

227–8, 361

ring-opening nitration of 227–8, 361

see also 1,3,3-trinitroazetidine (TNAZ)

azides 333–9

alkyl azides 333–8

aromatic azides 338–9

azido esters 334

azido group 282, 296, 333

in conjuction with other ‘explosophores’ 335

azidoalcohols 336

1-azido-1,1-dinitroalkanes 338

2-azidoethyl nitrate 335

3-azidomethyl-3-methyloxetane (AMMO) 337

1-(azidomethyl)-3,5,7-trinitro-1,3,5,7-

tetraazacyclooctane (AZTC) 282

2-azido-2-nitropropane 338
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5-azidotetrazole 344

aziridines

carbamate derivatives 227

reactions with dinitrogen pentoxide 114,

226–7, 361

ring-opening nitration of 226–7, 361

3,3′-azobis(6-amino-1,2,4,5-tetrazine) (DAAT)

322–3

azotetrazole

dihydrazinium salt 316

salts 315–16

Bachmann process (for HDX/RDX) 244–5, 247,

248, 249

Bamberger rearrangement 145–7, 203, 341

benzofurazan, nitro derivatives 302

benzofuroxans, nitro derivatives 303–7

benzotriazene-1-oxide 314

benzotriazoles, nitro derivatives 313–14

benzotrifuroxan 303

bicyclic 1,3-dinitramines, synthesis 222

bicyclic nitramines and derivatives 271–3

bicycloalkanes, polynitro derivatives 82–5

bicyclo[3.3.1]nonane, polynitro derivatives 85

bicyclo[3.3.0]octane, polynitro derivatives 84–5

4,6-bis(3-amino-5-nitro-1H -1,2,4-triazole-1-yl)-

5-nitropyrimidine (DANTNP) 310

2,4-bis-(5-amino-3-nitro-1,2,4-

triazolyl)pyrimidine (IHNX) 310

N ,N ′-bis(3-aminopicryl)-1,2-ethanediamine 165

bis(2-azidoethyl) adipate 334

bis(2-azidoethyl)nitramine 335

3,3-bis(azidomethyl)oxetane (BAMO) 113, 337

2,2-bis(azidomethyl)-1,3-propanediol dinitrate

(PDADN) 337

3,4-bis(N ,N -difluoroamino)-1,2-butanediol

dinitrate 106

1,4-bis(N ,N -difluoroamino)-2,3-butanediol

dinitrate 106

3,3-bis(difluoroamino)octahydro-1,5,7,7-

tetranitro-1,5-diazocine (TNFX) 271

bis(2,2-dinitropropyl)acetal (BDNPA) 2, 11, 48

bis(2,2-dinitropropyl)formal (BDNPF) 2, 11

bis(2,2-dinitropropyl)hydrazine 44

bis(fluorodinitroethyl)amine 335

1,1-bis(2-fluoro-2,2-dinitroethyl)ethyl acetal 34

bis(2-fluoro-2,2-dinitroethyl)formal (FEFO) 2,

48

bis(furazano)piperazine 301–2

1,3-bishomopentaprismane, polynitro derivatives

79

3,6-bis(hydrazino)-1,2,4,5-tetrazine 323

2,2-bis(hydroperoxy)propane 340

1,1-bis(hydroxymethyl)-nitroethane 108

bis-nitramines 283

1,3-bis(2-nitroxyethylnitramino)-2,4,6-

trinitrobenzene 115

4,4′-bis(picrylamino)-3,3′-bifurazan (BPABF)

299

2,6-bis(picrylamino)-3,5-dinitropyridine (PYX)

317

3,4-bis(picrylamino)furazan (BPAF) 300

2,6-bis(picrylazo)-3,5-dinitropyridine (PADP)

317

1,3-bis(1,2,4-triazol-3-amino)-2,4,6-

trinitrobenzene (BTATNB/SDATO) 166,

308

N ,N ′-bis(1,2,4-triazol-3-yl)-4,4′-diamino-

2,2′,3,3′,5,5′,6,6′-octanitrobenzene

(BTDAONAB) 128, 177, 308

bis(2,2,2-trinitroethyl)amine 43

bis(2,2,2-trinitroethyl)formal 48

bis(2,2,2-trinitroethyl)urea (DiTeU) 43

boron trifluoride hydrate/potassium nitrate,

O-nitration with 96

brisance of explosives, meaning of term xxvi

3-(bromomethyl)-1-azabicyclo[1.1.0]butane, in

synthesis of TNAZ 266

1-bromo-2,3,4,6-tetranitrobenzene 156

BSX 255

BTX 313–14

BuNENA 199, 200, 283, 361

butanediol dinitrates 95, 100

1,2,4-butanetriol trinitrate (BTTN) 88

tert-butylamines, nitrolysis of 218–20

N -tert-butyl-3,3-dinitroazetidine, in synthesis of

TNAZ 266, 268

n-butyl nitrate 96

N -butyl-2-nitroxyethylnitramine (BuNENA) 199,

200, 283, 361

butyltetryl 242

caged structures

adamantanes 79–82

bicycloalkanes 82–5

cubanes 71–4

cyclobutanes and derivatives 69–71

cyclopropanes 68–9

as energetic materials 67–8

homocubanes 74–8

isowurtzitanes 193, 200, 273–5

nitrate esters incorporated into 112
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caged structures (Continued )

prismanes 78–9

spirocyclopropanes 69

carbohydrates

nitrate esters 98–9

nitration of 94, 359

Caro’s acid 152

cautionary note xxix
cellulose, O-nitration of 90, 94, 359

ceric ammonium nitrate, nitration of epoxides

with 101–2

chloramines, nitration of 207–8, 234

chloride-catalyzed nitration, amines 198–200

N -chloronitramines 207–8

3-chloro-2,4,6-trinitrophenol 140

CL-20 193, 273

properties 193, 273

structure 193, 215, 273
synthesis 216, 274

classification of explosives xxv–xxvi

conjugation, thermally insensitive explosives and

176–9

CPX-413 116

cubane-based nitramines 196, 268–9

cubane-based polynitro derivatives 23–4, 30, 71–4

cubane-1,3,5,7-tetraacylazide 73

cubane-1,3,5,7-tetraisocyanate 73

cyanohydrin nitrates

alkaline nitration with 29–30

nitration of amines with 203–4

cyanuric triazide 338

cyclic nitramine explosives 219, 273

synthesis 222, 273

cyclobutanes

nitramino derivatives 264–5

polynitro derivatives 69–71

cyclodextrin polymers, nitrated 116–17

1,2-cyclohexanediol dinitrate 106

Cyclonite 243

cyclopentyl nitrate, synthesis 96

cyclopropanes

nitramino derivatives 263

polynitro derivatives 68–9

cyclotols (RDX + TNT) 126, 293

DBBD 307

deamination, synthesis of nitrate esters via 106–7

decanitrobiphenyl 150

1-decanol nitrate 104

demethylolation (reverse) reaction 25, 44, 45

DFAP 284

1,9-diacetoxy-2,4,6,8-tetranitro-2,4,6,8-

tetraazacyclononane 252

1,5-diacetyl-3,7-dinitro-1,3,5,7-

tetraazacyclooctane (DADN)

nitrolysis of 249, 250, 357–8

synthesis 250

3,7-diacetyl-1,3,5,7-tetraazabicyclo[3.3.1]nonane

(DAPT) 249–50

N ,N -diacylmethylamines, nitrolysis of 217

N ,N -dialkylacetamides, nitrolysis of 214

N -dialkylamides, nitrolysis of 217

dialkylchloramines

as intermediates in chloride-catalyzed nitration

198

nitration of 207

dialkylperoxide explosives 339

4,4′-diamino-3,3′-azofurazan (DAAzF) 298

4,4′-diamino-3,3′-azoxyfurazan (DAAF) 298,

300

4,4′-diamino-3,3′-bifurazan (DABF), reactions

299

5,7-diamino-4,6-dinitrobenzofuroxan (DADNBF)

305

1,1-diamino-2,2-dinitroethylene (DADE/FOX-7)

50

1,1-diamino-2,2-dinitroethylenes 49–50

N -nitro derivatives 50

2,5-diamino-3,6-dinitropyrazine 319

2,6-diamino-3,5-dinitropyrazine (ANPz) 318–19

2,6-diamino-3,5-dinitropyrazine-1-oxide

(LLM-105) 319

1,4-diamino-3,6-dinitropyrazolo[4,3-c]pyrazole

(LLM-119) 294, 295

2,6-diamino-3,5-dinitropyridine-1-oxide

(ANPyO) 318

3,4-diaminofurazan (DAF) 298, 301

3,3′-diamino-2,2′,4,4′,6,6′-hexanitrobiphenyl

(DIPAM) 128, 177–8, 178
3,3′-diamino-2,2′,4,4′,6,6′-

hexanitrodiphenylamine 165

3,3′-diamino-2,2′,4,4′,6,6′-hexanitrostilbene

(DAHNS) 176, 177

3,5-diamino-4-nitropyrazole 296

3,5-diamino-4-nitropyrazoles, N -substituted 296

1,3-diaminopropane 238

3,6-diamino-1,2,4,5-tetrazine 321–2

3,6-diamino-1,2,4,5-tetrazine-2,4-dioxide

(LAX-112) 322

1,3-diamino-2,4,6-trinitrobenzene (DATB) 128,

163, 169

synthesis 164, 170, 355
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3,5-diamino-2,4,6-trinitrotoluene (DATNT) 170

diazides 335

1,4-diazidobutane 333

1,3-diazido-2,2-dimethylpropane 333

1,3-diazidopropane 333

1,3-diazido-2-propanol 335

1,7-diazido-2,4,6-trinitro-2,4,6-triazaheptane

(DATH) 282

diazo oxides 146, 340–3

1,5-diazocines, N -nitro and N -nitroso derivatives

216, 269–71

2-diazo-4,6-dinitrophenol (DDNP / DINOL) 146,

340, 342

4-diazo-2,6-dinitrophenol 341

2-diazo-3-methyl-4,6-dinitrophenol 342

diazonium phenolates 146, 340–3

diazonium salts, with nitrite anion, aromatic

nitration with 148–9

diazophenols 146, 340–3

nitro-substituted 341

synthesis 146–7, 340–3

via diazotization of aminophenols 340–1

via rearrangement of o-nitroarylnitramines

146, 341–3

dibenzotetraazapentalenes 324–6

di-iso-butylnitramine 225

di-n-butylnitramine 216

1,3-dichloro-2,4,6-trinitrobenzene (styphnyl

chloride) 172

1,4-dideoxy-1,4-dinitro-neo-inositol

dinitrate ester (LLM-101) 93

tetranitrate ester 92–3

Diels–Alder reactions, polynitroalkenes 51

trans-1,2-diethyl-1,2-dinitrocyclopropane,

synthesis 68

diethylene glycol bis(azidoacetate) ester

(DEGBAA) 324

diethylene glycol dinitrate (DEGDN) 88, 91

3-(N ,N -difluoroamino)-1,2-propanediol dinitrate

106

diisocyanates 239

1,3-dimethoxybenzene, tri-nitration of 173

N ,N -dimethylaniline, nitration of 241

2,3-dimethyl-2,3-dinitrobutane, synthesis 14,

32

trans-1,2-dimethyl-1,2-dinitrocyclopropane,

synthesis 68

3,4-dimethyl-3,4-dinitrohexane, synthesis 32

3,7-dimethyl-1,5-dinitro-1,3,5,7-

tetraazacyclooctane 236

dimethyldioxirane (DMDO)

amino-to-nitro group conversion with 149,

154–5

isocyanates oxidised by 23–4

dimethylnitramine, synthesis 232

dimethylolnitramine 249, 253–4

3,8-dimethyl-2,4,7,9-tetranitro-4,7-diazadecane

235

dinitramide

ammonium salt 212, 284, 285, 286

N -guanylurea salt 285

dinitramide anion 284–6, 363

compared with alkyl N ,N -dinitramines 285

synthetic routes 285–6, 363–4

N ,N -dinitramino group 286–7

dinitraminobutanes 232

dinitraminopropanes 232

1,2-dinitrate esters 102, 360

1,3-dinitrate esters 102–3, 107, 360

vic-dinitrate esters 6, 99–101, 105

1,3-dinitrates 102–3

gem-dinitrates 94

dinitroacetonitrile, ammonium salt 49

gem-dinitroaliphatic compounds, synthesis

10–11, 24–7

α,ω-dinitroalkanes

bis-methylol derivatives 25, 45

reactions 46

synthesis 8, 28, 29

1,3-dinitroalkanes 40

gem-dinitroalkanes 10–12, 15, 16, 25, 31, 40, 105

vic-dinitroalkanes 32, 105

4,4′-dinitro-3,3′-azobis(furazan) (DNAzBF) 299

1,1′-dinitro-3,3′-azo-1,2,4-triazole (C-DNAT) 311

4,4′-dinitro-3,3′-azo-1,2,4-triazole (N -DNAT)

311

4,4′-dinitro-3,3′-azoxybis(furazan) (DNABF) 299

dinitrobenzenes 154

4,6-dinitrobenzofuroxan (DNBF) 304

1,3-dinitrobicyclo[1.1.1]pentane 69

4,4′-dinitro-3,3′-bifurazan 299

N ,N ′-dinitro-N ,N ′-bis(2-hydroxyethyl)oxamide

dinitrate (NENO) 114, 193, 194, 210

N ,N ′-dinitro-N ,N ′-bis(2-hydroxyethyl)sulfamide

dinitrate 210

5,5′-dinitro-4,4′-bis(1,2,3-triazole) (DNBT) 312

1,4-dinitrobutane 29

2,4-dinitrochlorobenzene 136

1,3-dinitrocubane 24, 72

1,4-dinitrocubane 23–4, 72

dinitrocyanoacetic acid esters 16

1,3-dinitrocyclobutane 70
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α,α′-dinitrocycloketones 28

trans-1,2-dinitrocyclopropane 68, 69

3,5-dinitro-3,5-diazaheptane 239

2,4-dinitro-2,4-diazapentane 239

3,5-dinitro-3,5-diazapiperidinium nitrate (PCX)

251

1,3-dinitro-1,3-diazapropane 231

4,10-dinitro-4,10-diaza-2,6,8,12-

tetraoxaisowurtzitane (TEX) 200, 275

5,7-dinitro-5,7-diazaundecane 239

4,4′-dinitro-3,3′-diazenofuroxan (DDF) 303

N ,N ′-dinitro-N ,N ′-dimethyloxamide 193, 194,

208

eutectic mixture with PETN 208–9

N ,N ′-dinitro-N ,N ′-dimethylsulfamide 193, 194

1,5-dinitroendomethylene-1,3,5,7-

tetraazacyclooctane (DPT)

nitrolysis of 248–9, 252–3

synthesis 249

α,α-dinitroesters, synthesis 16, 31

1,1-dinitroethane

potassium salt 41, 53

synthesis 11, 12, 23, 25

2,2-dinitroethanol

as source of dinitromethane 37

synthesis 11, 31

1,1-dinitroethene, formation of 41, 42

2,2-dinitroethyl ether, synthesis 41

dinitroethylation reactions, nitroalkanes 40–2

2,4-dinitroethylbenzene 128, 355

1,2-dinitroethylene derivatives, synthesis 14

N ,N ′-dinitro-N ,N ′-ethylenebisacetamide 209

3,3′-dinitro-1,1′-ethylenebisurea 233

5-(dinitrofluoromethyl)tetrazole 316

3,4-dinitrofurazan (DNF) 298

3,4-dinitrofuroxan (DNFX) 302

dinitrogen pentoxide 349–64

addition to alkenes 5–6, 105

chemistry 351

compared with mixed acid 93, 142, 350

nitration with

alcohols 93–4

amides and derivatives 212, 286

amines 204–5, 223

aromatic compounds 142, 353–5

reagent types used 350–1

C-nitration with 353–5

N -nitration with 355–7

O-nitration with 359

nitrodesilylation with 103–4, 224, 359

nitrolysis with 247, 250, 357–9

reactions with

alcohols and polyols 93–4

alkanes 107

alkenes 5–6, 105

hexamine 247, 255, 357–8

oximes 17

ring-opening reactions with

azetidines 227–8, 361

aziridines 226–7, 320, 361

epoxides 100–1, 360

oxetanes 102–3, 360

solid-state 351

synthesis 351–3

dinitrogen tetroxide

addition to alkenes 5, 105

alkaline nitration with 30

nitration of alcohols with 93–4

nitration of amines with 205

nitration of aromatic compounds with 142

reactions with

alkenes 5, 105

epoxides 99

nitronate salts 21–2

oximes 16, 17

ozone 352

dinitrogen trioxide, addition to unsaturated bonds

6

1,4-dinitroglycouril (DINGU) 194, 211, 277

properties 278

synthesis 211, 277–8, 356

2,4-dinitrohalobenzenes 136, 163

N ,N ′-dinitrohexahydropyrimidine 225

3,4-dinitro-3-hexene 14

2,4-dinitroimidazole (2,4-DNI) 296–7

N ,N ′-dinitroimidazolidine 217, 239

N ,N ′-dinitro-2-imidazolidone 210, 231, 357

α-dinitroketone 28

dinitromethane

potassium salt 11, 31

reactions, with Michael acceptors 36

2,4-dinitro-N -methylaniline, nitration of 241–2

2-(dinitromethyl)-4-nitrophenol 17

dinitronaphthalenes

nitration of 137

synthesis 148

2,4-dinitronaphth-1-ol 140

1,1,-dinitro-1-(4-nitrophenyl)ethane 17

2,5-dinitronorbornane, nitration of 19, 83

N -(2,4-dinitrophenyl)ethanolamine, nitration of

242

2,4-dinitrophenylpyridinium chloride 163, 171
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1,1-dinitropropane 11, 12, 25

2,2-dinitropropane 2

synthesis 23, 25, 31

2,2-dinitro-1,3-propanediol

as source of dinitromethane 37

synthesis 11, 25, 31

2,2-dinitropropanol 11, 25

3,3-dinitropropionitrile 41

3,5-dinitropyrazoles 295

3,6-dinitropyrazolo[4,3-c]pyrazole (DNPP)

294–5

2,4-dinitroresorcinol 144

1,3-dinitrosoamines, nitrolysis of 358

2,4-dinitrosoresorcinol 144

trans-1,2-dinitrospiropentane 69

1,5-dinitro-3,7-tetraacetyl-1,3,5,7-

tetraazacyclooctane, nitrolysis of 214

1,5-dinitro-1,3,5,7-tetraazacyclooctanes 236

1,5-dinitro-1,3,5-triazacyclooctanes 236

3,5-dinitro-1,2,4-triazole 309

ammonium salt 309

4,5-dinitro-1,2,3-triazole (DNTZ) 311, 312

N ,N ′-dinitrourea (DNU) 194, 211

N ,N ′-dinitroureas, synthesis 231–2, 356

1,4-dinitroxycubane 112

1,3-dinitroxydimethylnitramine 254

dinitro-m-xylenes 135, 139

2,6-dioxo-1,3,4,5,7,8-hexanitrodecahydro-

1H ,5H -diimidazo[4,5-b:4′,5′-e]pyrazine

(HHTDD) 280

synthesis 280, 281

1,3-dioxolane, ring-opening nitration of 103

N ,N ′-diphenylethylenediamine, nitration of 242

2,6-dipicrylbenzo[1,2-d][4,5-d ′]bis(triazole-4,8-

dione) 307

dipyridotetraazapentalene tetranitro derivative

326

direct nitration

alkanes 2–3

amines 133–4, 195–207

acidic conditions 133–4, 195–202

with nonacidic reagents 202–7

aromatic compounds 128–44

effect of nitrating agent and reaction

conditions 138–9

factors affecting 128–9, 138–9

with mixed acid 129–31

with other nitrating agents 139–43

selectivity issues 129

side-reactions and by-products 143–4

substrate-derived reactivity 131–8

1,3-ditetrazolyltriazine 344

DNPP 294–5

double-base (DB) propellants 87, 89, 285

E-method (for RDX) 246, 254

energetic binders 6, 89, 126, 283

energetic compounds

N -heterocycles 293–326

nitramines and derivatives 196, 263–88

nitrate esters 112–17

polynitropolycycloalkanes 67–86

energetic groups 284–8

dinitramide anion 284–6

N ,N -dinitramino group 286–7

N -nitroimide group 287–8

epoxides, ring-opening nitration of 99–102, 360

erythritol tetranitrate 88, 89, 91, 92, 360

ethylene glycol bis(azidoacetate) ester (EGBAA)

324

ethylenediamine 238

ethylenedinitramine (EDNA) 192, 231

precursors 209, 210, 231

reactions 236, 237

synthesis 231, 232

ethylene glycol 90

ethylene glycol dinitrate (EGDN) 88, 95, 100

2-ethylhexanol nitrate, synthesis 104

ethyltetryl 242

Explosive D (ammonium picrate) 127, 174

‘explosophores’ xxvi, 2, 87, 191

azido group 282, 296, 333

nitrate ester group 87, 335

C-nitro group 1

N -nitro group 191

extremely insensitive detonating substances

(EIDS) 116, 313

2-fluoro-2,2-dinitroethanol

Michael adducts 37

reactions 33, 34

synthesis 33, 45

fluorodinitromethane

Michael adducts 37

reactions 45

synthesis 33

fluorodinitromethyl compounds, synthesis 33

formaldehyde

condensations with

primary nitramines 239, 249

sulfamic acid 246

FOX-7 50
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FOX-12 285

furazan–piperazine fused ring systems 301

furazan-based heterocycles, N -nitration of 197–8,

356

furazans

nitro and amino derivatives 297–302

nitro-substituted 298–9

picrylamino-substituted 299

furoxans, nitro derivatives 302–3

gelatinized explosives 87, 89

gem-dimethyl effect 197

glycerol 90

glyceryl dinitrate, synthesis 97

glyceryl nitrate, synthesis 97

glyceryl trinitrate (GTN) 87–8

see also nitroglycerine

glycidyl azide polymers (GAP) 337

glycidyl nitrate (GLYN) 98, 116, 362–3

guanidine

nitro derivatives 192, 194, 343–6

synthesis 200

guanidine nitrate, dehydration–rearrangement of

233

guanidine tricycle 280, 281

Hale nitrolysis reaction 244, 253

halide displacement reactions, synthesis of

aliphatic nitro compounds by 7–14

Haller–Bauer cleavage 84

β-haloalkyl nitrate esters 106

β-haloalkyl pyridinium nitrates 106

halobenzenes, nitration of 136

halogenation–oxidation–reduction route,

oxidation and nitration of oximes using

19, 74

halonitroxylation, synthesis of β-haloalkyl

nitrates via 106

Henry condensation reaction 44–6, 113

heptanitrocubane

physical properties 73–4

synthesis 30, 73

1,1,1,3,5,5,5-heptanitropentane, synthesis 40

N -heterocycles 293–326

5-membered rings

1N-rings 294

2N-rings 294–307

3N-rings 307–14

4N-rings 314–16

6-membered rings

1N-rings 317–18

2N-rings 318–19

3N-rings 320–1

4N-rings 321–4

dibenzotetraazapentalenes 324–6

ring-opening nitration of 225–8

O-heterocycles, ring-opening nitration of 99–103

heterocyclic nitramines 276–7

2,4,6,8,10,12-hexabenzyl-2,4,6,8,10,12-

hexaazaisowurtzitane (HBIW) 274

hexahydrotriazine, N -nitration of 197

hexakis(azidomethyl)benzene (HAB) 338–9

hexamethylenetriperoxidediamine (HMTD) 339

hexamethylphosphoramide, nitrolysis of 224

hexamine

acetolysis of 247, 249–50

nitrolysis of 214, 220, 243–7, 248–55

with ammonium nitrate and nitric acid 245,

252

dimethylolnitramine and 253–4

with dinitrogen pentoxide 247, 357–8

DPT produced via 252–3

effect of reaction conditions 250–2

HMX produced via 214, 220, 248–9

linear nitramines produced via 254–5

low temperature 251

with nitric acid 244

RDX produced via 220, 243–5, 247

hexamine dinitrate, nitrolysis of 244–5, 251

1,6-hexanediol nitrate 104

hexanitrate esters 110

2,2′,4,4′,6,6′-hexanitroazobenzene (HNAB) 177

synthesis 160, 162

hexanitrobenzene

reactivity 168

synthesis 150, 152, 157, 176

2,2′,4,4′,6,6′-hexanitrocarbanilide 126, 127
hexanitrocubane 30

2,2′,4,4′,6,6′-hexanitrodibenzyl 176

2,2′,4,4′,6,6′-hexanitrodiphenylamine (hexyl)

126, 127, 134, 160, 161

2,2′,4,4′,6,6′-hexanitrodiphenyl sulfide 126, 127,

159

2,2′,4,4′,6,6′-hexanitrodiphenyl sulfone 159

2,2′,4,4′,6,6′-hexanitrodiphenyl sulfoxide 163

2,4,5,7,9,9-hexanitrofluorene, synthesis 17, 354

2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-

hexaazaisowurtzitane (HNIW, CL-20)

193, 216, 273–4

see also CL-20

1,1,1,6,6,6-hexanitro-3-hexyne 13

2,2,5,5,7,7-hexanitronorbornane 82

1,3,3,5,7,7-hexanitrooctahydro-1,5-diazocine 269

1,3,3,6,6,8-hexanitrooctane 38
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4,4,7,7,11,11-hexanitropentacyclo-

[6.3.0.02.6.03.10.05.9]undecane 75–6

4,4,8,8,11,11-hexanitropentacyclo-

[5.4.0.02.6.03.10.05.9]undecane 76, 77

2,2′,4,4′,6,6′-hexanitrostilbene (HNS) 128, 176,

176, 177

D3-hexanitrotrishomocubane 75–6

Hexogen 243

high explosives, meaning of term xxv

HK-55 201, 279

HK-56 200, 279

HMX see 1,3,5,7-tetranitro-1,3,5,7-

tetraazacyclooctane

HNFX 216, 270

homocubanes 74–8

3-hydroxy-2,4,6-trinitrobenzoic acid 140

imidazoles, nitro derivatives 296–7

2-imidazolidone 210, 231

initiators (primary explosives) xxv–xxvi

neo-inositol-based nitrate ester explosives 92–3

insensitive high explosives (IHEs) 293, 305, 313

interfacial nitration 30

isocyanates, oxidation of 234

isowurtzitane derivatives 193, 200, 216, 273–5

K-6 219, 281

K-10 plasticizer 128, 355

K-55 201, 279, 356

K-56 200, 279, 356

K-process (for RDX) 245

KA-process (for RDX) 244–5, 254

Kaplan–Shechter reaction 24–7

drawbacks 26

modifications 26–7

Keto-RDX 219, 281, 358

Kornblum modification of Victor Meyer reaction

9–10

LAX-112 322

lead azide 333

lithium nitrate/trifluoroacetic anhydride,

O-nitration with 96

LLM-101 93

LLM-105 319

LLM-116 295

LLM-119 294, 295

LOVA propellants 227, 278, 283, 361

low explosives, meaning of term xxv

‘magic acid’/nitric acid mixtures, nitration of

aromatic compounds with 140

Mannich bases

nitration of 44

from TNT 174–5

Mannich condensation reactions

1,5-diazocine derivatives 269, 270

heterocyclic nitramines 276–7

nitramines 196, 235–8, 253

polynitroaliphatic amines 43–4

mannitol hexanitrate 92, 110, 359

mannitol pentanitrate 110

Meisenheimer intermediates 158, 171, 304, 305

melt-castable explosives 27, 114, 193

mercury(I) nitrate, alkyl bromides treated with

99

mercury(II) nitrate, with nitric acid, in nitration of

aromatic compounds 140

metal nitrates

aromatic nitration with 142–3, 212

N -nitration of cyclic amides and imides with

213

methyl 2,2-dinitroethyl ether 41

methyl 4,4,6,6-tetranitrohexanoate 36

methylenediamines

nitrolysis of 220–1

synthesis 220

see also hexamine

methylenedinitramine 231

reaction with primary amines 236

1-methylheptyl nitrate, synthesis 96

methylnitramine 192

synthesis 230

2-methyl-2-nitro-1-azidopropane 336

2-methyl-1-propyl nitrate, synthesis 96

metriol dinitrate 112

metriol mononitrate 112

metriol trinitrate (MTN) 88, 108–9, 360

Meyer reaction see Victor Meyer reaction

Michael reaction 35–8

1,4-Michael addition reactions

nitramines 234–5

nitroalkanes 35–8

nitroalkenes as Michael acceptors 38–40

mixed acid

characteristics 90, 129–30

compared with dinitrogen pentoxide 93, 142,

350

nitrate esters and 90–1

nitration with 4, 16, 90–1, 129–31

nitroalkanes and 4, 16

nitrolysis with 216

polynitroarylenes and 129–31

safety precautions during nitration 90–1, 130
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Nef reaction 52

nitracidium cation 90, 129, 139

nitramides

as explosives 194

hydrolysis of 229–32

see also N ,N ′-dinitrourea; N -nitrourea

nitramine, synthesis 229, 240

nitramine-nitrate explosives 114

nitramine-nitrates, synthesis 103, 114, 227, 228,

283

nitramine rearrangement, aromatic nitration via

145–7

nitramines

classification 191

as explosives 192–3

primary 191, 192

as nucleophiles 234–40

synthesis 224–5, 229–30

reactions with

amines in presence of aldehydes 235–8

formaldehyde 239–40

α,β-unsaturated compounds 234–5

nitramines and derivatives

energetic compounds 263–91

as explosives 192–4

synthesis 195–255

aromatic nitramines 240–3

cyclic nitramines 243–55

via dehydration of nitrate salts 232–3

via direct nitration of amines 195–207

via hydrolysis of nitramides and nitroureas

229–32

miscellaneous methods 233–4

via N -nitration of amides 208–13

via nitration of chloramines 207–8

via nitrative bond cleavage 223–5

via nitrolysis 213–23

via oxidation of nitrosamines 228

via ring-opening nitration of nitrogen

heterocycles 225–8

nitraminoguanidine 345

nitrate–acetate esters 255

nitrate anion

nucleophilic displacement with 97–9

reaction of epoxides under acidic conditions

101

nitrate ester group 87

displacement by azido groups 335

nitrate esters

acid-sensitive, synthesis 98

alkaline nitration with 27–9

electron-deficient, amine nitration with 203

as energetic compounds 112–17

as explosives 46, 87–9

as plasticizers 334

synthesis 90–112

via addition to alkenes 104–6

via deamination 106–7

via nitration of parent alcohol 90–7

via nitrodesilylation 103–4

via nucleophilic displacement with nitrate

anion 97–9

from polyols 108–12, 359

via ring-opening of strained oxygen

heterocycles 99–103

nitrated hydroxy-terminated polybutadiene

(NHTPB), synthesis 6, 101, 105, 115, 350,

360–1

nitration

alkanes 2–3

amines 133–4, 195–207

acidic conditions 133–4, 195–202

chloride-catalyzed 198–200

with nonacidic reagents 202–7

aromatic compounds 128–44

effect of nitrating agent and reaction

conditions 138–9

factors affecting 128–9, 138–9

with mixed acid 129–31

with other nitrating agents 139–43

selectivity issues 129

side-reactions and by-products 131, 143–4

substrate-derived reactivity 131–8

chloramines 207–8

O-nitration

with boron trifluoride hydrate/potassium nitrate

96

with dinitrogen pentoxide 359, 361–3

with dinitrogen tetroxide 93–4

with lithium nitrate/trifluoroacetic anhydride 96

with nitric acid and mixtures 90–3

with nitronium salts 94–5

selective 361–3

with thionyl nitrate/thionyl chloride nitrate

96–7

by transfer nitration 95

2-nitratoalkyl perchlorates 107

nitratocarbonates, decomposition of 98

2-nitratoethanol 101

α-nitratoketones, synthesis 102

nitratomercuriation, synthesis of β-haloalkyl

nitrate esters via 106
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3-nitratomethyl-3-methyloxetane (NIMMO)

102–3, 116, 362–3

5-(nitratomethyl)-1,3,5-

trinitrohexahydropyrimidine (NMHP) 113

nitric acid and mixtures

with acid anhydrides 141

additions to alkenes 3–4, 104

additions to alkynes 4

anhydride see dinitrogen pentoxide

with ‘magic acid’ 140

with mercury(II) nitrate 140

nitration of aromatic compounds with 139–41

N -nitration of amines with 195–7

O-nitration of alcohols with 90–3

nitrolysis with 214–16, 244–5

oxidation of arylhydroxylamines with 156–7

in presence of Lewis acids and Brønsted acids

139–40

reaction with oximes 15–16

with ‘super acid’ 140, 216, 270

nitrimines 192

as explosives 194

2-nitrimino-5-nitrohexahydro-1,3,5-triazine 277

nitro group rearrangement 54

C-nitro compounds

aliphatic compounds

as explosives 2

synthesis 2–54

aromatic compounds

as explosives 126–8

synthesis 129–76

N -nitro compounds

as explosives 192–4

synthesis 195–255

2-nitro-3-acetoxy-1-propene 40

nitroacetylenes 51

nitroalkanes

addition and condensation reactions 33–46

1,2-addition reactions 33–5

1,4-addition reactions 35–42

Henry reaction 44–6

Mannich reaction 43–4

classification 1–2

dinitroethylation reactions 40–2

reactions with

bases and nucleophiles 52–4

mineral acids 52

synthesis

by addition of nitric acid/nitrogen oxides to

unsaturated bonds 3–7

by direct nitration of alkanes 2–3

by halide displacement 7–14

Kaplan–Shechter reaction 24–7

by nitration of acidic hydrogen containing

compounds 27–32

by other routes 50–1

by oxidation and nitration of C–N bonds

14–24

by oxidative dimerization 32

by selective reductions 51

α-nitroalkenes

1,4-addition reactions 38–40

reaction with nitrogen dioxide (or dimer) 5

synthesis 5, 6–7, 105

N -nitro-N -alkylcarbamates 209

N -nitro-N ′-alkylureas 233

o-nitroarylnitramines, rearrangement of 146,

341–3

N -nitroazetidine 200, 228

nitrocarbon explosives 150

ω-nitrocarboxylic acids 29

ω-nitrocarboxylic esters 28

nitrocellulose (NC) 89, 90, 94

nitrocellulose–nitroglycerine double-base

propellants 285

N -nitrocollidinium tetrafluoroborate, as

O-nitrating agent 95

nitrocyanamide metal salts 346

2-nitrocyclohexanol acetate 104

2-nitrocyclohexanol nitrate 104

2-nitrocyclohexene 104

3-nitrocyclohexene 104

α-nitrocycloketones 28

nitrodesilylation

nitramines produced via 224–5, 359

nitrate esters produced via 103–4, 359

N -nitrodiethanolamine dinitrate (DINA) 114,

193, 199

synthesis 114, 199, 207, 227

α-nitroesters, synthesis 9, 29

nitroform 4

in addition and condensation reactions 33, 34,

35, 36, 38, 43, 45

nitrogen dioxide

addition to unsaturated bonds 4–5

aromatic nitration with 142

reaction with oximes 16

nitrogen heterocycles, ring-opening nitration of

225–8

nitrogen oxides see dinitrogen pentoxide;

dinitrogen tetroxide; nitrogen dioxide;

nitrous oxide
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nitroglycerine (NG) 87, 91, 95, 360

see also glyceryl trinitrate (GTN)

nitroguanidine 194, 343

chemistry 231–2, 277, 343, 345

N -nitroimides 287–8, 312

α-nitroketones 7

β-nitroketones 9

nitrolic acids

formation of 21, 23

reactions 21–3, 23

nitrolysis 191, 197, 213–23

N -alkyl bonds 217–21

amides and derivatives 213–17, 358–9

hexamine 214, 220, 243–7, 248–55, 357–8

nitrosamines 221–3, 358

nitromethane 2

in combination with ammonium nitrate 2

3-nitro-4-methylfuroxan 302

1-nitronaphthalene, nitration of 136–7

nitronate salts

alkylation of 13–14

nitration of 21–2

β-nitronitrate esters 104, 105

β-nitronitrates 3, 5, 6

gem-nitronitronate salts 12, 52, 53–4

nitronium electrophile 90, 129

nitronium hexafluorophosphate, as nitrating agent

95, 141, 206

nitronium nitrate 351

nitronium salts

aromatic nitration with 141–2

N -nitration of acetamides and urethanes with

212

N -nitration of amines with 205–6

O-nitration of alcohols with 94–5

nitronium tetrafluoroborate, as nitrating agent

94–5, 141–2, 205–6, 212, 285, 286

5-[4-nitro-(1,2,5)oxadiazolyl]-5H -

[1,2,3]triazolo[4,5-c][1,2,5]oxadiazole

(NOTO) 300

3-nitro-4-(picrylamino)furazan 300

3-nitro-1-propanol nitrate 107

nitropyrazoles 296

1-nitrosamine-3-nitramines 222

nitrosamines

nitrolysis of 221–3

oxidation of 221, 228

toxicity 199, 228

nitrosation–oxidation

in aromatic nitration 139, 144–5

hexamine 247

nitrosoalkanes, oxidation of 24

nitrosoguanidine 343

β-nitrosonitrate esters 104

β-nitrosonitrates, formation of 104, 105

nitroso-to-nitro group conversion, arylamines

155

2-nitroso-2-nitropropane, synthesis 23

5-nitrotetrazole 316, 344

3-nitro-1,2,4-triazole 309, 311

3-nitro-1,2,4-triazol-5-one (NTO) 312–13

N -nitro-N ′-(2,2,2-trinitroethyl)guanidine

(TNENG) 284

N -nitrourea 194, 233

N -nitroureas, synthesis 233, 277–81

nitrous oxide, addition to alkenes 6, 105

nitroxyethylnitramines (NENAs) 115, 227,

283

1-(2-nitroxyethylnitramino)-2,4,6-trinitrobenzene

(pentryl) 227, 240

synthesis 114–15, 227, 242–3

nitryl halides, aromatic nitration with 143

2,2′,2′′,4,4′,4′′,6,6′,6′′-nonanitro-m-terphenyl

(NONA) 178–9

norbornane, polynitro derivatives 19, 82–4

nucleophilic nitration of amines 202–3, 357

nucleophilic substitution

nitramines 240

with nitrate anion in synthesis of nitrate esters

97–9

polynitroarylenes produced via 125, 157–74

octahydro-1,3,4,6-tetranitro-3a,3b,6a,6b-

cyclobuta[1,2-d:3,4-d′]diimidazole 265

octahydro-1,3,4,6-tetranitro-3a,3b,6a,6b-

cyclobuta[1,2-d:3,4-d′]diimidazole-2,5-

dione 264

Octal (HMX + Al) 248

octanitrocubane (ONC) 30, 73

2,2′′,4,4′,4′′,6,6′,6′′-octanitro-m-terphenyl 179

2-octanol nitrate 104

Octogen 247

Octol (HMX + TNT) 248

1,2,5-oxadiazoles 297–302

1,3,4-oxadiazoles 297

oxetanes, ring-opening nitration of 102–3,

360

oxidative dimerization, nitroalkanes produced via

32

oxidative nitration

advantages 25

nitroalkanes produced via 19, 24–7
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polynitropolycycloalkanes produced via 70, 74,

75, 82, 83, 85

see also Kaplan–Shechter reaction

oximes

oxidation and nitration of 14–19

by halogenation–oxidation–reduction route

19, 74

by peroxyacid oxidation 17–18, 74

Ponzio reaction 16–17

Scholl reaction 14–16, 74

oxygen balance, meaning of term xxvi

oxygen heterocycles, ring-opening nitration of

99–103

oxynitration 140

ozone

amino-to-nitro group conversion with 149,

155–6

reaction with dinitrogen tetroxide 352

paraformaldehyde, reaction with ammonium

nitrate and acetic anhydride 246

PBX-9404 248

pentacyclo-[4.3.0.03.804.7]nonane-2,4-

bis(trinitroethyl ester) 77

pentacyclo-[5.4.0.02.6.03.10.05.9]undecane,

polynitro derivatives 76–7

pentaerythritol diazido dinitrate (PDADN)

113

pentaerythritol tetrakis(azidoacetate) ester

(PETKAA) 324

pentaerythritol tetranitrate (PETN) 88, 92, 108,

110–11

pentaerythritol triazide mononitrate 113

pentaerythritol trinitrate 111

pentanitrate esters 109, 110

2,3,4,5,6-pentanitroaniline

reactivity 168

synthesis 134, 145, 173

in synthesis of TATB 173

pentanitrobenzene 150

1,1,3,5,5-pentanitro-1,5-bis(difluoramino)-3-

azapentane (DFAP) 284

2,2′,4,4′,6-pentanitrodiphenyl ether 160

2,2′,4,6,6′-pentanitroheptane 40

1,3,3,5,5-pentanitropiperidine 276

pentanitrotoluene 150

pentolite (PETN + TNT) 88, 126

pentryl see 1-(2-nitroxyethylnitramino)-2,4,6-

trinitrobenzene

n-pentyl nitrate, synthesis 96

peroxide-based explosives 339–40

peroxyacetic acid, polynitroarylenes synthesized

with 152–4

peroxyacid nitrates, synthesis 94

peroxyacids, oxidation of oximes by 17–18, 74

peroxycarboxylic acids, polynitroarylenes

synthesized with 152–4

peroxydisulfuric acid 149–50

polynitroarylenes synthesized with 150–2

peroxymaleic acid, polynitroarylenes synthesized

with 154

peroxymonosulfuric acid, polynitroarylenes

synthesized with 152

peroxynitrates, synthesis 94

peroxytriflic acid, polynitroarylenes synthesized

with 152

peroxytrifluoroacetic acid, polynitroarylenes

synthesized with 154

phenol ethers, nitration of 133

phenols, nitration of 131–3, 138

phenyldinitromethane 21

1-phenyl-3,3-dinitropropane 22

phenylnitromethane 27, 29

phenyltrinitromethanes 21

1-phenyl-3,3,3-trinitropropane 22

phloroglucinol, nitration of 133, 144, 173

picramide (2,4,6-trinitroaniline) 127, 133, 152,

158, 162, 163, 169

availability from Explosive D 174

in synthesis of TATB 174

picric acid (2,4,6-trinitrophenol) 126, 127

ammonium salt 127, 174

synthesis 132, 140, 144, 158, 161, 354

picryl bromide 142

picryl chloride (1,3,5-trinitrochlorobenzene)

chemistry 158–61, 242

synthesis 136, 142, 158

picryl ethers 126, 127, 133, 159

4-picrylamino-2,6-dinitrotoluene (PADNT)

164–5

4-picrylamino-5-nitro-1,2,3-triazole (PANT) 309

picrylamino-substituted furazans 299

picrylamino-substituted pyrimidines 319

5-picrylamino-1,2,3,4-tetrazole (PAT) 166, 315

3-picrylamino-1,2,4-triazole (PATO) 166, 307

N -picrylazetidine 228

1-picryl-5,7-dinitro-2H -benzotriazole (BTX)

313–14

PL-1 167, 321

plastic bonded explosives (PBXs) 88, 193, 248,

278, 293

plasticizers 2, 37, 48, 109, 116, 128, 283, 334, 336



JWBK121-IND October 17, 2006 21:46 Char Count= 0

380 Index

poly(AMMO) 337

polyazapolycyclic-caged nitramines and

nitrosamines 271–5

poly(BAMO) 113, 337

poly-CDN 116–17

polyether–carbamate energetic polymers 337

poly(GLYN) 116, 350, 362

poly(NIMMO) 116, 350, 362

polynitrate esters 110

polynitroaliphatic alcohols 44, 46

derivatives 46–9

acetals 48

esters 46–7

formals 48

orthoesters 48

polynitroaliphatic amines 44

polynitroaliphatic compounds 2

chemical stability 51–4

nitronate salts 45

synthesis 14

polynitroaliphatic diamines 44

polynitroaliphatic–nitrate ester (mixed)

explosives 47

polynitroalkanes

reactions with

bases and nucleophiles 52–4

mineral acids 52

synthesis 3, 5

polynitroarylenes

displacement of alkoxy and aryloxy groups

from 170–1

displacement of halides from 158–67

displacement of hydrogen from 169–70

displacement of nitro groups from 167–8

displacement of sulfonate esters from 171

as explosives 126–8

high molecular weight 166–7

reactivity affected by nitro group displacement

167–9

synthesis

via diazotization 148–9

via direct nitration 128–44

via nitramine rearrangement 145–7

via nitrosation–oxidation 139, 144–5

via nucleophilic aromatic substitution 125,

157–74

via oxidation of arylamines and derivatives

149–55

via oxidation of arylhydroxylamines and

derivatives 155–7

polynitrobiphenyls, amino derivatives 177–8

polynitrocubanes 71–4

polynitrocycloalkanes 2

polynitrocyclobutanes 69

polynitrohalobenzenes, Ullmann coupling of 138

polynitroperhydro-1,5-diazocines 269–71

polynitropolycycloalkanes 67–86

synthesis 15, 18, 19, 20, 21, 26
via amine oxidation 21
via oxidative nitration 26
via oxime halogenation 19, 20
via oxime oxidation 18
via Scholl reaction 15

polynitropolypolyphenylene (PNP) 179

polyols 90

nitrate ester derivatives 108–12

O-nitration of

with dinitrogen pentoxide 359

with mixed acid 90–1

with nitric acid 91–2

Ponzio reaction 16–17, 354

primary explosives, meaning of term xxv–xxvi

prismanes 78–9

1,2-propanediol dinitrate (PDDN) 88, 89, 100,

107

1,3-propanediol dinitrate 91

propellants xxv

pseudonitroles

formation of 15, 16, 22, 23

oxidation of 23

PTX-1 (RDX + tetryl + TNT) 126, 240, 244

pyrazine-based compounds 318–19

pyrazoles, nitro derivatives 294–6

pyrazolo[4,3-c]pyrazoles, nitro derivatives 294–5

pyridine, polynitro derivatives 317–18

pyridine–furoxan fused ring system 304

pyrimidine-based explosives 319

pyrrole, nitro derivatives 294

RDX see 1,3,5-trinitro-1,3,5-triazacyclohexane

ring-opening nitration

strained nitrogen heterocycles 225–8, 360–1

strained oxygen heterocycles 99–103, 360

Rowanite-8001 128

Sandmeyer-type reactions 148

Scholl reaction 15–16, 74

selective O-nitration 361–3

side-reactions, aromatic nitration 143–4

silver nitrate, reaction with alkyl halides 97–9

silylamines, nitrodesilylation of 224, 359

silyl ethers, nitrodesilylation of 103–4
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spirocyclopropane, polynitro derivatives 69

stannylamines, nitrolysis of 223

strained nitrogen heterocycles, ring-opening

nitration of 225–8, 360–1

strained oxygen heterocycles, ring-opening

nitration of 99–103, 360

strained structures see caged structures

styphnic acid (2,4,6-trinitroresorcinol) 126, 127

synthesis 132, 354

5,5′-styphnylamino-1,2,3,4-tetrazole (SAT) 166,

315

sulfamic acid, condensation with formaldehyde

246

sulfonate esters, displacement with nitrate anion

98–9

sulfonation–nitration approach 131–2

‘super acid’/nitric acid mixture, as nitrating agent

140, 216, 270

Ter Meer reaction 10–12

compared with oxidative nitration 25

2,6,8,12-tetraacetyl-4,10-dibenzyl-2,4,6,8,10,12-

hexaazaisowurtzitane (TADBIW) 274–5

2,6,8,12-tetraacetyl-2,4,6,8,10,12-

hexaazaisowurtzitane (TAIW), nitration of

275

1,3,5,7-tetraacetyl-1,3,5,7-tetraazacyclooctane

(TAT)

nitrolysis of 214, 249, 357, 358

synthesis 250

tetraacylazide 73

3,3′,5,5′-tetraamino-2,2′,4,4′,6,6′-
hexanitroazobenzene 177

3,3′,5,5′-tetraamino-2,2′,4,4′,6,6′-
hexanitrobiphenyl 177, 178

2,5,7,9-tetraazabicyclo[4.3.0]nonan-8-one

N -nitration of 200–1, 279

synthesis 279

2,4,6,8-tetraazabicyclo[3.3.0]octan-3-one,

N -nitration of 200–1, 279

3,3′,5,5′-tetrachloro-2,2′,4,4′,6,6′-
hexanitroazobenzene 177

3,3,7,7-tetrakis(difluoroamino)octahydro-1,5-

dinitro-1,5-diazocine (HNFX) 216, 270

3,3′,7,7′-tetrakis(trifluoromethyl)-2,4,6,8-

tetraazabicyclo[3.3.0]octane, nitration of

197

tetrakis(2,2,2-trinitroethyl) orthocarbonate 48

N ,N ,N ′ N ′-tetramethylenediamine, nitrolysis of

220

1,1,2,2-tetranitraminoethane 278

1,3,5,7-tetranitroadamantane 20, 21, 80

1,4,6,9-tetranitroadamantane 82

2,2,4,4-tetranitroadamantane 80–1, 82

2,2,6,6-tetranitroadamantane 80

α,α,ω,ω-tetranitroalkanes

reactions 36, 37, 46

synthesis 12, 25, 26, 45

2,3,4,6-tetranitroaniline, reactivity 134, 168

2,2,6,6-tetranitro-4-azaheptane, synthesis 44

1,2,3,5-tetranitrobenzene

reactivity 168

synthesis 155–6

tetranitrobenzenes 150, 155–6, 168

2,2′,4,4′-tetranitrobiphenyl 163

3,3′,4,4′-tetranitrobiphenyl 148

2,2′,4,4′-tetranitrobis(1,3,4-triazole) (TNBT) 311

1,1,1,3-tetranitrobutane 38

1,1,3,3-tetranitrobutane, potassium salt 54

2,2,4,4-tetranitrobutanol, potassium salt 42

2,2,4,4-tetranitrobutyl acetate 42

1,3,5,7-tetranitrocubane (TNC)

alkaline nitration of 30

physical properties 73

synthesis 24, 72–3

1,1,3,3-tetranitrocyclobutane 70

N ,N ′,N ′′ N ′′′-tetranitro-1,2,3,4-

cyclobutanetetramine 264–5

3,5,8,10-tetranitro-5,8-diazadodecane 235

tetranitrodibenzotetraazapentalene (TACOT)

324–5

2,2′,4,4′-tetranitrodiphenyl sulfide 163

2,5,8,10-tetranitrodispiro[3.1.3.1]decane 70–1

5,5,10,10-tetranitrodispiro[3.1.3.1]decane 70

1,1,2,2-tetranitroethane, dipotassium salt 49, 54

1,3,4,6-tetranitroglycouril (TNGU) 211, 278

chemistry 278

properties 278

synthesis 277–8, 356

1,3,5,5-tetranitrohexahydropyrimidine (DNNC)

276

tetranitromethane 2

formation of 4, 143

nitration with 22, 30, 143

N ,2,4,6-tetranitro-N -methylaniline (tetryl) 193,

240

applications 193, 240

in mixtures with other explosives 127, 240,

244

synthesis 159, 162, 217–18, 240–2

tetranitronaphthalenes 137

tetranitro-1-nitrosooctahydro-1,5-diazocine 270
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2,2,5,5-tetranitronorbornane 19, 83

2,2,7,7-tetranitronorbornane 84

5,5,9,9-tetranitropentacyclo-

[5.5.0.02.6.03.10.04.8]decane 75

8,8,11,11-tetranitropentacyclo-

[5.4.0.02.6.03.10.05.9]undecane 76, 77

2,3,4,6-tetranitrophenol

reactivity 168

synthesis 132

1,1,1,3-tetranitropropane 38

1,1,3,3-tetranitropropane, dipotassium salt

42, 54

tetranitropropanediurea (TNPDU) 211

2,3,4,5-tetranitropyrrole 294

4-(2′,3′,4′,5′-tetranitropyrrole)-3,5-dinitro-1,2,4-

triazole (HNTP) 311

2,5,7,9-tetranitro-2,5,7,9-tetraazabicyclo

[4.3.0]nonan-8-one (TNABN / K-56) 200,

201, 279, 356

2,4,6,8-tetranitro-2,4,6,8-tetraazabicyclo

[3.3.0]octane (bicylo-HMX) 271–2

2,4,6,8-tetranitro-2,4,6,8-tetraazabicyclo

[3.3.0]octan-3-one (K-55) 201, 279,

356

1,3,5,7-tetranitro-1,3,5,7-tetraazacyclooctane

(HMX)

applications 192, 248

azido derivative 282

as impurity in RDX 244, 245, 246, 247

properties 192

risks associated 192–3

structure 193
synthesis 213, 214, 220, 248–50, 357–8

1,3,5,7-tetranitro-1,3,5,7-tetraazaheptane 240

trans-1,4,5,8-tetranitro-1,4,5,8-tetradecalin

(TNAD) 273

α,2,4,6-tetranitrotoluene 30

2,3,4,6-tetranitrotoluene 152, 157, 171

tetranitrotoluenes 150

1,3,5,7-tetranitroxyadamantane 112

1,2,3,4-tetrazino[5,6- f ]benzo-1,2,3,4-tetrazine

1,3,7a-tetra-N -oxide (TBTDO) 323–4

tetrazole-based explosives 314–16

tetrazolylguanyltetrazene hydrate (‘tetrazene’)

344

tetryl see N ,2,4,6-tetranitro-N -methylaniline

tetrytol (tetryl + TNT) 240

TEX 200, 275

thallium(III) nitrate

reactions with

alkenes 106

epoxides 102

thermally insensitive explosives

conjugation and 176–9

synthesis 128, 163–7, 172–4

thionyl chloride nitrate, O-nitration with 96–7

thionyl nitrate, O-nitration with 96–7

TNAD 273

TNAZ see 1,3,3-trinitroazetidine

TNENG 284

TNGU see 1,3,4,6-tetranitroglycouril

TNT see 2,4,6-trinitrotoluene

toluene, nitration of 134–5

Torpex (RDX + TNT + Al) 126, 244

transfer nitration

alcohols 95

amines 206

epoxides 101–2

N -nitro heterocycles 143

triacetone triperoxide (TATP) 339–40

1,3,5-triacetyl-1,3,5-triazacyclohexane (TRAT)

247, 250

1,3,5-triacyl-1,3,5-triazacyclohexanes, nitrolysis

of 247, 249

triaminoguanidine 345

1,3,5-triamino-2,4,6-trinitrobenzene (TATB) 128,

163, 172

applications 128, 172

synthesis 136, 164, 168, 172–4, 176, 355

triazacycloheptane bicyclic compound 236–7

triazides 336

1,3,5-triazido-2,4,6-trinitrobenzene 338

triazine-based explosives 320–1

triazole-based explosives 307–12

triazoles, nitration of 308–9

triazolone-based explosives 312–13

1,3,5-trichlorobenzene, nitration of 172

1,3,5-trichloro-2,4,6-trinitrobenzene, reaction

with ammonia 172

triethylene glycol dinitrate (TEGDN) 88

2-(trifluoromethyl)-2-propyl nitrate 203

1,1,1-trimethylhydrazinium iodide (TMHI), as

aminating agent 170, 174, 295

4-(trimethylsilyl)-5-nitro-1,2,3-triazole 312

trinitrate esters 110

trinitroacetonitrile 32

2,4,6-trinitroaniline (picramide) 127, 133, 152,

158, 162, 163, 169, 171

2,4,6-trinitroanisole (methyl picrate) 126, 127,

133, 143, 159, 162, 171

1,3,3-trinitroazetidine (TNAZ) 27, 193, 265

properties 265

synthesis 219, 265–8

2,4,6-trinitrobenzaldehyde 175
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1,2,3-trinitrobenzene 149, 156

1,2,4-trinitrobenzene 149, 156

1,3,5-trinitrobenzene (TNB) 126

as impurity in crude TNT 143

reactivity 169

synthesis 135–6, 142, 143, 155, 175

in synthesis of TATB 174

2,4,6-trinitrobenzyl chloride 176

1,3,5-trinitrochlorobenzene (picryl chloride)

chemistry 158–61

synthesis 136, 142, 158

2,4,6-trinitrocresol 126, 133, 140

1,3,5-trinitrocubane 72

1,1,3-trinitrocyclobutane 70

1,3,5-trinitrocyclohexane 51

2,4,6-trinitrodiphenylamine 160

2,4,6-trinitrodiphenylether 160, 171

1,1,1-trinitroethane

reactions 40–1

synthesis 13, 21

2,2,2-trinitroethanol

as source of nitroform 37

synthesis 45

2,4,6-trinitroethylbenzene 128, 355

1,3,5-trinitrohexahydropyrimidine (TNHP)

277

2,4,5-trinitroimidazole (TNI) 296

ammonium salt 297

trinitromethane 4

see also nitroform

trinitromethyl-based explosives 36

1,1,1-trinitromethyl compounds, synthesis 13, 22,

49

α-trinitromethyl ethers, synthesis 33–4

5-(trinitromethyl)tetrazole 316

trinitronaphthalene(s) 126, 127, 137, 148

1,5,5-trinitro-1,3-oxazine 276, 277

1,3,5-trinitro-2-oxo-1,3,5-triazacyclohexane

(Keto-RDX / K-6) 219, 281, 358

1,3,5-trinitropentane 51

2,4,6-trinitrophenetole 126, 127, 133, 159,

170–1

2,4,6-trinitrophenol (picric acid) 126, 127

synthesis 132, 140, 144, 158, 161, 354

2,4,6-trinitrophenyl (picryl) compounds 127

2,4,6-trinitrophenylpyridinium chloride 160,

171

2,4,6-trinitrophloroglucinol 133, 144

in synthesis of TATB 173

1,1,1-trinitropropane, synthesis 22

3,3,3-trinitro-1-propanol, synthesis 35–6

2,4,6-trinitropyridine 318

2,4,6-trinitroresorcinol (styphnic acid) 126, 127,

132

lead salt 127

synthesis 132, 354

1,3,5-trinitroso-1,3,5-triazacyclohexane 247

2,4,6-trinitrostilbene 175

2,4,6-trinitrostyrene 175

2,5,7-trinitro-2,5,7,9-tetraazabicyclo

[4.3.0]nonan-8-one (HK-56) 200, 201,

279

2,4,6-trinitro-2,4,6,8-tetraazabicyclo[3.3.0]octan-

3-one (HK-55) 201, 279

2,3,4-trinitrotoluene 169

2,3,5-trinitrotoluene 149

2,3,6-trinitrotoluene 149, 169

2,4,5-trinitrotoluene 169

2,4,6-trinitrotoluene (TNT) 126

chemistry 30, 174–6

impurities 143, 169

isomers 16, 168–9

mixtures with other explosives 126

as starting material for TATB synthesis 173,

176

synthesis 134–5, 354

3,4,5-trinitrotoluene 148, 149

1,3,5-trinitro-1,3,5-triazacycloalkanes, synthesis

220, 237, 240

1,3,5-trinitro-1,3,5-triazacycloheptane 237,

238

1,3,5-trinitro-1,3,5-triazacyclohexane (RDX)

applications 192, 243–4

impurities in crude RDX 244, 245, 246, 247

in mixtures with other explosives 244

properties 192, 243

risks associated 192–3

structure 193
synthesis 213, 214–15, 220, 221, 244–7, 357

2,4,6-trinitro-2,4,6-triazaheptane 221

1,3,5-trinitro-1,3,5-triazapentane 240

2,4,6-trinitro-1,3,5-triazine 321

2,4,6-trinitroxylene (TNX) 126, 135

tris(azidomethyl)amine 333

2,4,6-tris(3′,5′-diamino-2′,4′,6′-
trinitrophenylamino)-1,3,5-triazine 167,

321

1,1,1- tris(hydroxymethyl)ethane 108

trinitrate 108–9

see also metriol

tris(hydroxymethyl)nitromethane 108

in synthesis of TNAZ 267–8

1,1,1-tris(hydroxymethyl)nitromethane

tris(azidoacetate) ester (TMNTA) 324
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1,1,1-tris(hydroxymethyl)propane, trinitrate ester

108

1,2,3-tris(nitramino)cyclopropane 263

2,4,6-tris(2-nitroxyethylnitramino)-1,3,5-triazine

(Tris-X) 114, 227, 282, 320, 361

1,3,5-tris(2-nitroxyethylnitramino)-2,4,6-

trinitrobenzene 115

2,4,6-tris(picrylamino)-3,5-dinitropyridine 317

2,4,6-tris(picrylamino)-1,3,5-triazine (TPM) 320

2,4,6-tris(picrylamino)-1,3,5-trinitrobenzene

166

tris(2,2,2-trinitroethyl) orthoformate 48

1,3,5-tris(2,4,6-trinitrophenyl)-2,4,6-

trinitrobenzene 179

With kind thanks to Paul Nash for compilation of this index.

Tris-X 114, 227, 282, 320, 361

Ullmann coupling reaction 138, 163, 177, 178–9

urea nitrates, dehydration of 233

vicarious nucleophilic substitutions (VNS) 169,

174

Victor Meyer reaction 7–8

modified (Kornblum modification) 9–10

W-method (for RDX) 246

XM-39 gun propellant 265

m-xylene, nitration of 135, 139


