RODD’S CHEMISTRY
OF CARBON COMPOUNDS

A modern comprehensive treatise
SECOND EDITION

Edited by
S. COFFEY

M.Sc. (London), D.Sc. (Leyden), F.R.I.C.
Sformerly of
1.C.I. Dyestuffs Division, Blackley, Manchester

VOLUME IIT PART C
AROMATIC COMPOUNDS

Nuclear-substituted benzenoid hydrocarbons with more than one nitrogen
atom in a substituent group

ELSEVIER SCIENTIFIC PUBLISHING COMPANY
AMSTERDAM LONDON NEW YORK

1973



CONTENTS
VOLUME III C

Aromatic Compounds: Nuclear-substituted benzenoid hydrocarbons with more than
one nitrogen atom in a substituent group

PREFACE . . . . Vil
OFFICIAL PUBLICATIONS; SCIENTIFIC JOURNALS AND PERIODICALS . . . . X1V
LIST OF ABBREVIATED NAMES OF CHEMICAL FIRMS MENTIONED IN PATENT REF-

ERENCES . . . . XV
LIST OF COMMON ABBREVIATIONS AND SYMBOLS USED . . . . . . . . . . . . XVII

Chapter 12. Nuclear Substituted Benzenoid Hydrocarbons
with more than one nitrogen atom in the substituent group
by I. G. LAING

1. Nitroso compounds . . . . . . . . . . . . . . . ... ... 1
a. Arylnitrosoamines . . . . . . . . . . . . . . . .. ... 1

(i) Methods of preparation, 1 — (ii) Properties and reactions, 2 —
b. N-Nitrosoarylhydroxylamines . . . . . . . . . . . . . . . . .. 5
(i) Methods of preparation, § - (if) Properties and reactions, 6 —

2. Arylnitramines . . e e e e 7
a. Methods of preparatlon e 8
b. Reactions of nitramines . . . C e 9

3. Arenediazonium salts and diazo compounds e e e 11
Diazonium salts . . . . . . . . . . . . . ..o 15
a. Preparation. . . . . . . . . . . ... L0000 oo 15

(/) Diazotisation of arylamines, 15 — (ii) Diazotisation and tetrazotisation of
diamines, 20 — (iif) Diazo-oxides, 21 - (iv) Kinetics and mechanism of
diazotisation, 21 - (v) Direct introduction of the diazo group into the
nucleus, 25 — (vi) Other methods of formation of diazonium salts, diazo-

oxides, 26 —
b. Properties of diazonium salts . . . . . . . . . . . . .. . .. 28
(i) Simple diazonium salts, 28 - (if) Arenediazonium perhalides, 29 -

(iii) Arenediazoarenesulphonates, 29 — (iv) Complex and double salts, 30 —
(v) Arenediazo-oxides and -imines, 31 — (vi) Behaviour of diazonium salts
in solution, 32 — (vii) Determination of diazonium salts, 34 — (viii) Individual
arenediazonium salts, 34 —
Diazo compounds . . . e e e e e 34
a. Arenediazotates (arened1azohydrox1des) e e e e 39
(/) Formation of syn-(normal or labile)-diazotates, 41 - (i) Formation of
anti-(iso- or stable)-diazotates, 42 —
b. Arenediazo-ethers, arenediazo-alkoxides . . . . . . . . . . . . . 43

(i) Preparation, 43 — (ii) Properties, 43 —



CONTENTS
¢. Arenediazenium salts . . . e e e 44
d. Arenediazo-anhydrides (arenedxazo oxxdes) . R 44
e. Arenediazosulphides; arenediazothiolates (“dlazothloethers”) . 45
f. Arenediazosulphonates . . . . . . . . . . . . . ... ... 46
(i) Preparation, 47 — (ii) Properties, 48 —
g. Arenediazosulphinates and arenediazosulphones . . . . . . . . . 48
h.Arenediazocyanides..........‘........... 49
i. Arenediazoisocyanides . . . e 52
j- Arenediazo-esters (N, N—acylmtrosoarylammes N-nitrosoacylaryl-
amides) . . . . . .. L. oL e 52
(i) Formation, 52 - (if) Properties and reactions, §3 —
Reactions of diazonium salts and diazo compounds . . . . . . . . . 54
a. Reactions not involving the diazo group . . . . . 54
(i) Further substitution in the nucleus, 55 - (i) Replacement of other
substituent groups, 56 —
b. Reactions involving the diazo group . . . . . . . . . . . . .. 57
(i) Diazonium salts as electrophiles, 57 — (ii) Oxidation, 59 — (iif) Reduction,
59 — (iv) Replacement by hydroxyl, 63 — (v) Replacement by an acyloxy
group, 64 - (vi) Replacement by alkoxy or aryloxy (formation of aryl ethers),
65 — (vii) Replacement by —SH, —SR (formation of arenethiols, mono- and
di-aryl sulphides), 65 — (viiij) Replacement by —SCH,-CO,H (formation of
arylthioacetic acids), 67 — (ix) Replacement by —SO,H and —SO,Cl, 67 -
(x) Replacement by SO;H, 67 — (xi) Replacement by halogen, 68 — (xii) Re-
placement by nitro, 72 — (xiii) Replacement by amino, 72 — (xiv) Replace-
ment by the carboxyl group, 73 — (xv) Replacement by CHO, 73 - (xvi) Re-
placement by the cyano group, 74 — (xvii) Replacement by the isocyano
group, 74 - (xviii) Replacement by the thiocyanate (and selenocyanate)
group, 74 — (xix) Formation of organometalloid compounds by replacement
of the diazo group, 75 — (xx) Arylation, 76 — (xxi) Photochemical decom-
position of diazo compounds, 86 —
4. Diazoamino compounds (aryl-triazenes) and related compounds . . . . 88
a. Preparation . . . . . . . . . . .. ..o 89
(i) Diazoamino compounds, 89 — (i/) Bisdiazoamino compounds, 91 —
b. Structure and constitution of diazoamino compounds e 91
c. Properties and reactions . . . . . . e e e e e 93
(i) Pyrolysis, 93 — (ii) Action of acids, 94 — (m) The diazoamino rearrangement,
94 — (iv) Salt formation, 96 — (v) Metal-complex formation, 96 — (vi) Miscel-
laneous reactions of diazoaminoarenes, 97 - (vii) Uses of diazoamino
compounds, 98 —
d. Individual diazoamino compounds . . . . . . . . . . . . . .. 99
5. Triazene oxides; I-aryl-3-hydroxytriazemes . . . . . . . . . . . . . 102
(i) Preparation, 103 — (i) Properties, 104 —
6. Aryl azides . . . . . . . . . . .. ... .. ... ... .... 105

(i) Preparation from diazonium salts, 106 — (i/) Other methods of prepara-
tion, 109 - (iii) Properties and reactions, 110 — (iv) Individual aryl azides, 114 -



CONTENTS

7. Azoxy compounds .

a.

c.
d.

Azoxyarenes; arylazoxyarenes . e e e
(/) History and constitution, 116 — (ii) Preparation, 118 — (iii) Properties and
uses of azoxy compounds, 121 — (iv) Reactions of azoxy compounds, 121 —

. Mixed azoxy compounds .

(i) Aralkylazoxyarenes, 126 - (i) Arylazoxyformamides and arylazoxyformic
esters, 127 — (/i) Arylazoxysulphones, 127 -

Sulphur analogues of azoxy compounds; thioazoxyarenes .
Individual azoxy compounds . .

8. Azo-arenes and related compounds .

a.

Preparation by azocoupling .

(i) Coupling at an aromatic (nuclear) carbon atom; coupling components,
135 — (if) Coupling at an aliphatic carbon, 144 — (iii)) Mechanism of the
coupling reaction, 151 —

. Reductive methods of preparation

() Reduction of nitro compounds, 153 - (ii) Reduction of nitroso com-
pounds, 154 — (iii) Reduction of azoxy compounds, 154 — (iv) Reduction of
diazonium salts, 154 —

Oxidative methods of preparation . . ..
(i) Oxidation of arylamines, 155 ~ (ii) Oxndauon of arylhydrazmes 156 -
(iify Condensation of arylhydrazines with quinones, 156 —~ (iv) Oxidative
coupling, 156 —

. Miscellaneous methods of preparation .

(i) Condensation of primary arylamines and aromatic nitroso compounds, 158
— (i) Condensation of primary arylamines and aromatic nitro compounds,
158 — (iii) Preparation from N-sulphinylamines and hydroxylamines, 159 -
(iv) Preparation from diazonium salts and diazosulphonates or diazotates, 159
- (v) Preparation from a coupling component and a sulphonyl azide, 159 —
(vi) Rearrangements, 160 — (vii) Preparation from arylazomalondialdehydes,
160 —

General properties of areneazo compounds e
(i) Cis—trans isomerism, 160 - (i/) Tautomerism, i61 — (iif) Acid-base equilibria,
163 — (iv) Complex formation, 164 — (v) Colour of azo compounds, 169 —
(vi) Biological and related properties, 171 —

Chemical reactions of azo compounds not involving the azo group

(i) Substitution in the aromatic nuclei, 172 — (ii) Reactions of existing
substituent groups, 173 —

. Reactions in which the azo group is involved .

(i) Oxidation, 176 — (i) Reduction, 177 ~ (iii) Other addition reactions at the
azo group, 181 —

. Miscellaneous reactions of azo compounds .

Photochemistry of azo compounds .

X1
115
116

126

127
128
133
134

153

155

158

160

172

176

182
183



X1

a.

b.

CONTENTS

Mixed aromatic/aliphatic azo compounds .

Arylazoalkanes
(i) Preparation, 185 -
Arylazoformic acid and its derivatives .

Azo dyes and pigments .

a.

Classification of azo dyes

(/) Monoazo dyes A=E, 195 — (ii) Disazo dyes 195 — (111) Trisazo dyes 196
- (iv) Tetrakisazo and polyazo dyes, 196 —

. Water-insoluble dyes

(i) Disperse dyes, 197 — (ii) Oil-soluble colours, 199 — (/i) Spirit-soluble
colours, 200 — (iv) Vattable azo dyes, 200 — (v) Pigments, 200 — (vi) Azoic
dyes, 202 — (vii) Polymerised dyes, 203 -

Water-soluble dyes . R
(i) Basic dyes, 204 - (ii) Acid dyes 204 — (111) Direct cotton dyes 209 —
(iv) Reactive dyes, 215 —

9. Hydrazine derivatives .

a.

INDEX

Aromatic and mixed allphatlc aromatlc hydrazmes .

(i) Preparation of mono-(primary)arylhydrazines; hydrazino compounds, 217
— (ii) Preparation of symmetrical, N,N’- or 1,2-diarylhydrazines; hydrazo
compounds, 219 — (iii) Preparation of asymmetrical N,N-diarylhydrazines,
220 - (iv) Preparation of triarylhydrazines, 221 — (v) Preparation of tetra-
arylhydrazines, 221 — (vi) Preparation of mixed aliphatic-aromatic hydrazines,
222 — (vii) Properties of aromatic and mixed alkylarylhydrazines, 223 — (viii)
Reactions of aromatic and mixed alkylarylhydrazines, 224 — (ix) Individual
arylhydrazines, 242 -

. Aromatic hydrazones and osazones .

(i) Preparation, 247 — (i) Constitution, 248 — (iii) Reactions of arylhydrazones
250 — (iv) N-Dichloromethylene-N’-arylhydrazines (phosgene arylhydrazones),
258 — (v) Uses of arylhydrazones, 259 —

Arylhydrazine derivatives of inorganic acids .

(i) Nitrous acid: 1-aryl-1-nitrosohydrazines, 259 - (ii) Sulphmyl and sulphonyl
derivatives, 260 —

. Arylhydrazine derivatives of organic acids .

(/) Mono- and di-carboxylic acids, 261 — (ii) Derivatives of carbamic, car-
bonic and thiocarbonic acids, 264 —

Amidine derivatives of arylhydrazines . e e
(i) Arylamidrazones, 274 — (ii) Formazans, 275 - (iii) Hydrazidines, 283 —
(iv) Arylhydrazinoaldoximes, 283 — (v) Areneazoaldoximes (nitrosoaldehyde
arylhydrazones), 285 — (vi) Nitroaldehyde arylhydrazones (nitrazones), 286 —
Tetrazenes and tetrazanes

(i) 2-Tetrazenes; tetrazones, 288 — (ii) 1-Tetrazenes; dnazohydrazxdes buzylenes,
289 — (iii) Tetrazanes, 290 —

184
185

186
19:

195

197

204

217
217

247

259

261

274

288

295



