
RODD'S CHEMISTRY 

OF CARBON COMPOUNDS 

A modern comprehensive treatise 

SECOND E D I T I O N 

Edited by 

S. COFFEY 
M.Sc. (London), D.Sc. (Leyden), F.R.I.C. 

formerly of 
I.C.I. Dyestuffs Division, Blackley, Manchester 

V O L U M E I I I P A R T F 

A R O M A T I C C O M P O U N D S 
Polybenzenoid hydrocarbons and their derivatives; hydrocarbon ring 
assemblies, polyphenyl-substituted aliphatic hydrocarbons and their 

derivatives 

E L S E V I E R S C I E N T I F I C P U B L I S H I N G C O M P A N Y 

AMSTERDAM OXFORD NEW YORK 

1974 



CONTENTS 

VOLUME III F 

Aromatic Compounds. Polybenzenoid hydrocarbons and their derivatives; hydro-
carbon ring assemblies, polyphenyl-substituted aliphatic hydrocarbons and their 

derivatives 

PREFACE vn 
OFFICIAL PUBLICATIONS; SCIENTIFIC JOURNALS AND PERIODICALS xv 
LIST OF ABBREVIATED NAMES OF CHEMICAL FIRMS MENTIONED IN PATENT 
REFERENCES xvi 
LIST OF COMMON ABBREVIATIONS AND SYMBOLS USED xvn 

Chapter 20. Arylbenzenes and their Derivatives 
by G. W. H. CHEESEMAN AND P. F. G. P R A I L L 

1, Biphenyl and its derivatives 1 
a. General methods of formation of biphenyl and its derivatives . . . . 2 

(1) The Ulimann reaction, 2 - (ii) Methods involving the use of diazonium 
salts, 2 - (iii) From acylnitrosoarylaraines (nitrosoacylarylamides), 4 -
(j'v) From aryltriazenes, 4 - (v) From biaroyl peroxides, 4 - (vi) From Grignard 
or aryl-lithium reagents, 5 - (vii) By oxidative coupling reactions, 6 -
(v«0 Photolytic processes, 6 - (ix) From hydrazo Compounds, 7 - (x) By 
Diels-Alder synthesis, 7 - (xi) From phenyltropylium salts, 8 - (xii) With 
tellurium tetrachloride, 8 - (xiii) Miscellaneous methods, 8 -

b. Properties of biaryls 9 
(0 Spectra and stereochemistry of biaryls, 9 - (ii) Substitution in the biphenyl 
series, 10 - (ift) Optical activity in biphenyl derivatives, 11 - (i'v) Ring forma­
tion in the 2,2'-positions, 12 -

c. Hydrocarbons 15 
(0 Biphenyl, 15 - (ii) Alkylbiphenyls, 15 - (iii) Polymethylenebiphenyls, 19 -

d. Halogen derivatives 19 
e. Nitrobiphenyls 23 
f. Amines of the biphenyls series 25 

(0 Mono-amino Compounds, 25 - (ii) Polyamino Compounds, 27 - (iii) Diazo 
and azo Compounds derived from benzidine, 31 -

g. Sulphonic acids 33 
(1) Biphenylsulphonic acids, 33 - (ii) Aminosulphonic acids, 34 -

h. Hydroxy derivatives of biphenyl 35 
i. Quinones 38 
j . Aldehydes and ketones of the biphenyl series 41 

(0 Aldehydes, 41 - (ii) Ketones, 44 -
k. Biphenylcarboxylic acids 44 

(i) Monocarboxylic acids, 44 - (11) Aminobiphenylcarboxylic acids, 47 -
(iii) Hydroxybiphenylcarboxylic acids, 47 (iv) Biphenyldicarboxylic acids, 48 -



X CONTENTS 

2. Diphenylbenzenes. Terphenyls 51 
3. Compounds with four or more phenyl groups united 57 

(0 Triphenylbenzenes, 57 - (11) Higher phenylated benzenes, 58 - (iii) Poly-
phenyls, 59 -

Chapter 21. Di-, Tri- and Tetra-Phenylmethanes, their Derivatives 
and Oxidation Products 

byS. H. H A R P E R 

1. Diphenylmethane, its derivatives and oxidation products 61 
a. Diphenylmethane and its nuclear-substituted derivatives 61 

(0 General methods of preparation and properties, 61 - (11) Halogeno-, 
nitro- and amino-diphenylmethanes, 67 - (üi) Hydroxydiphenylmethanes, 69 
- (;v) Diphenylmethanecarboxylic acids or benzylbenzoic acids, 71 -

b. Diphenylmethyl halides or benzhydryl halides, benzhydrylidene diha-
lides, diphenylmethylamines or benzhydrylamines, and their nuclear-
substituted derivatives 72 
(0 General methods of preparation and properties, 72 - (ii) Benzhydrylidene 
dihalides, 75 - (iii) Benzhydrylamines, 76 -

c. Diphenylmethanol or benzhydrol and its nuclear-substituted deriv­
atives 76 
(0 General methods of preparation, properties and functional derivatives, 76 
- (ii) Amino- and hydroxy-benzhydrols, 81 - (iii) a-Hydroxydiphenylmethane-
carboxylic acids ("diphenylmethanolcarboxylic acids") and phenyl-
phthalides, 84 -

d. Benzophenone and its nuclear-substituted derivatives 84 
(;) General methods of preparation and properties, 84 - (ii) Functional 
derivatives of benzophenone, 91 - (iii) Halogeno- and nitro-benzophenones, 
97 _ (P) Aminobenzophenones, 98 - (v) Hydroxybenzophenones, 101 - (vi) 
Benzoylbenzoic acids ("benzophenonecarboxylic acids"), 103 -

2. Triphenylmethane, its derivatives and oxidation products 107 
a. Triphenylmethane and its nuclear-substituted derivatives 108 

(0 General methods of preparation and properties, 108 - (ii) Halogeno-, 
nitro-, amino- and hydroxy-triphenylmethanes, 112 - (iii) Triphenylmethane-
carboxylic acids, 113 — 

b. Triphenylmethyl halides and their nuclear-substituted derivatives . . . 114 
(i) General methods of preparation, 114-(ii) Reactions, 114 — 

c. Triphenylmethanol and its nuclear-substituted derivatives . . . . . 121 
(/) General methods of preparation and functional derivatives, 121 - (ii) Reac­
tions of triphenylmethanol and its functional derivatives, 123 - (iii) Amino-
triphenylmethanols, 125 - (i'v) Dyes from diamino- and triamino-triphenyl-
methanols, 128 - (v) Hydroxytriphenylmethanols, 134 - (vi) a-Hydroxytri-
phenylmethanecarboxylic acids ("triphenylmethanolcarboxylic acids") and 
diphenylphthalides, i37-(v;/)Phthaleins, 138-

3. Tetraphenylmethane and its derivatives 145 



CONTENTS XI 

Chapter 22. Diphenylalkanes, Diphenylalkenes, Diphenylalkynes, 
their Derivatives and Oxidation Products 

byS. H. H A R P E R 

1. Diphenyl-alkanes and -alkenes, in which the phenyl groups are attached to 
the same carbon atom, their derivatives and oxidation products . . . . 147 
a. Diphenylalkanes 148 

(0 General methods of preparation, 148 - (ii) Halogeno derivatives of 
1,1-diphenylethane, 151 — 

b. Diphenylalkenes and diphenylallenes 152 
(1) Diphenylalkenes: Preparation, 152 - (ii) Properties and reactions of di­
phenylalkenes, 153 - (Ui) Naturally occurring diphenylalkenes, 157 -
(i'v) 1,1 -Diphenylallenes, 158 — 

c. Diphenylalkane-i,2-diolsand 2-aminodiphenylalkan-i-ols 159 
d. Diphenylalkanals and diphenylalkenals 160 
e. Diphenylalkan-2-ones and -3-ones 162 
f. Diphenylketenes 164 

(1) Preparation, 164 - (ii) Reactions, 165 -
g. Diphenylalkanoic acids and related Compounds 168 

(i) Preparation, 168 - (ii) Properties and reactions, 169 -
h. Diphenylalkenoic acids 172 
i. Benzilic acids or a-hydroxydiphenylacetic acids 176 

2. Diphenyl-alkanes, -alkenes and -alkynes, in which the phenyl groups are 
attached to different carbon atoms, their derivatives and oxidation 
products 179 
a. Diphenylalkanes 180 

(1) Preparation, 180 -(ii) Properties, 182 -(Ui) Reactions, 182 ~(iv) Hydroxybi-
benzyls and naturally occurring bibenzyls, 183 -

b. Stilbenes or 1,2-diphenylethenes and higher diphenylalkenes 186 
(1) Preparation, 186 - (11) Stereoisomerism and photochemistry of stilbenes, 193 
- (Ui) Properties and reactions, 196 - (iv) Nuclear-substituted stilbenes, 201 -
(v) Synthetic and naturally occurring hydroxystilbenes, 203 - (vi) Synthetic 
oestrogens1 related to stilbene, 206 - (vi'i) Higher diphenylalkenes, 210 -

c. Diphenylalkapolyenes 215 
(1) Diphenyl-a,co-alkadienes, 215 - (ii) Conjugated a,a>-diphenylalka-
polyenes, 216 - (Ui) Diphenylallenes and diphenylcumulenes, 223 -

d. Diphenylethynes 224 
(1) Preparation, 224 - (ii) Properties and reactions, 226 -

e. Diphenylalkapoly-ynes 226 
f. Hydrobenzoins or i,2-diphenylethane-i,2-diols and 1,2-diphenyl-

ethanols, 2-amino-i,2-diphenylethanols and i,2-diamino-i,2-diphenyl-
ethanes 228 
(1) Methods of preparation, 228 - (ii) Properties and reactions, 230 -

g. Benzoins, i-hydroxy-2-oxo-i,2-diphenylethanes or 2-hydroxy-i,2-di-
phenylethan-i-ones 233 
(1) Preparation, 236 - (ii) Properties and reactions, 238 -



XII CONTENTS 

h. Diphenylalkanones; oxodiphenylalkanes 239 
(1) Deoxybenzoins or oxo-i,2-diphenylethanes, 239 - (ii) Higher diphenyl­
alkanones, 241 -

i. Benzils, i,2-dioxo-i,2-diphenylethanesor r,2-diphenylethane-i,2-diones 24 
(0 Preparation, 244 - («) Properties and reactions of benzils, 245 -

j . Dibenzoylmethanes, i,3-dioxo-i,3-diphenylpropanes or 1,3-diphenyl-
propane-i,3-diones 2^0 
(/) Preparation, 251 - (ii) Properties and reactions, 253 -

k. Higher diphenylalkanediones or dioxodiphenylalkanes 254 
1. Chalcones, diphenylalkenones and diphenylaficadienones 255 

(0 Properties and reactions of chalcones (i,3-diphenyl-2-propen-i-ones) and 
their vinylogues, 257 - (ii) Chalcone epoxides, 260 - (iii) Hydroxychalcones 
(synthetic), 262 - (i'v) Naturally occurring hydroxychalcones, 264 -

m. Diphenyl-alkenediones and -alkadienediones 266 
(i) Preparation, 266 - (ii) Properties and reactions, 267 -

n. Diphenylalkanoic acids 271 
o. Diphenylalkanedicarboxylic acids 272 
p. Diphenylethene-mono- and -di-carboxylic acids 274 
q. Dioxodiphenylalkane-mono- and -di-carboxylic acids 277 

(i) Synthetic acids, 277 - (ii) Naturally occurring acids, 278 -

Chapter 25. Polyphenyl-alkanes and -alkenes, their Derivatives 
and Oxidation Products 

byS. H. H A R P E R 

1. Triphenylalkanes, their derivatives and oxidation prodücts 283 
a. 1,1,1-Triphenylethanes and their oxidation prodücts 283 
b. 1,1,2-Triphenylethanes and their oxidation prodücts 288 
c. Triphenylpropanes and their oxidation prodücts 294 

2. Tetraphenyl-alkanes and -alkenes, their derivatives and oxidation prodücts 298 
a. 1,1,2,2-Tetraphenylethanes 298 
b. Tetraphenylethenes and conjugated tetraphenylalkapolyenes . . . . 301 

(;) Tetraphenylethenes or tetraphenylethylenes, 301 - (ii) Conjugated tetra­
phenylalkapolyenes, 304 -

c. Tetraphenylallenes and tetraphenylcumulenes 307 
(i) Tetraphenylallenes, 308 - (ii) Tetraphenylcumulenes, 309 -

d. Benzpinacols or tetraphenylethane-i,2-diols and benzpinacones or 
1,2,2,2-tetraphenylethan-i-ones 310 
(i) Preparation of benzpinacols, 310 -(ii) Preparation of benzpinacones, 312 -

e. Tetraphenylalkane-i,4-diones 314 
f. Tetraphenylsuccinic acid and its derivatives 314 

3. Pentaphenyl-alkanes and -alkenes, hexaphenylalkanes, their derivatives 
and oxidation prodücts 316 
a. Pentaphenylethanes and hexaphenylethanes 316 
b. Pentaphenyl-propanes and -propenes and their homologues and oxida­

tion prodücts 319 



CONTENTS XIII 

Chapter 24. Bis- and Tris-(phenylalkyljbenzenes, Oligo- and Poly-
(phenylenealkyljs (Cyclophanes), their Derivatives and Oxidation Products 

byS. H. H A R P E R 

1. Bis- and tris-(phenylalkyl)benzenes and linear oligo(phenylenealkyl)s, 
their derivatives and oxidation products 323 

2. Linear poly(phenylenealkyl)s, their derivatives and oxidation products . . 326 
a. Poly(phenylenemethyl)s, their derivatives and oxidation products . . 326 
b. Poly(phenylene-ethyl)s, their derivatives and oxidation products . . . 328 

3. Cyclic phenylenealkyls or cyclophanes, containing only one benzene ring, 
their derivatives and oxidation products 330 
a. Benzocycloalkenes or [n]orthocyclophanes 331 
b. [n]Metacyclophanes 331 
c. [njParacyclophane 333 

4. Cyclic oligo(phenylenealkyl)s or bis-, tris- etc.- cyclophanes, containing 
several benzene rings, their derivatives and oxidation products 335 
a. Saturated cyclophanes 335 

(0 Introduction, 335 - (11) Stereochemistry: Physical aspects, 336 - (iii) Prep-
aration, 343 - (i'v) Stereochemistry: Chemical aspects, 350 - (v) Naturally 
occurring cyclophanes, 361 -

b. Unsaturated (dehydro)cyclophanes 363 
c. Caged and layered cyclophanes 369 

INDEX 373 


