
POLYFLUO'ROAROMATIC AZ O-COMP OUND S 

AND SOME RELATED HETEROCYCLES

by

J. E. G. KEMP B,Sc.



ProQuest Number: 13892668

All rights reserved

INFORMATION TO ALL USERS 
The qua lity  of this reproduction  is d e p e n d e n t upon the qua lity  of the copy subm itted.

In the unlikely e ve n t that the au tho r did not send a co m p le te  m anuscrip t 
and there are missing pages, these will be no ted . Also, if m ateria l had to be rem oved,

a no te  will ind ica te  the de le tion .

uest
ProQuest 13892668

Published by ProQuest LLC(2019). C opyrigh t of the Dissertation is held by the Author.

All rights reserved.
This work is protected aga inst unauthorized copying under Title 17, United States C o de

M icroform  Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 4 81 06 - 1346



The Umvmi'iy m  
ManeS>B3tep ilosaitu-te ©T 
Science and Technology iS
*» — S E P  19 S9

LI

i jviANCKslST^ \
I uNiVERSlTY |
1 library I



This thesis is submitted in part fulfilment of the requirements 
for the degree of Doctor of Philosophy in the University of 

Manchester.
Unless otherwise stated, the work described is that of the 

author, and has not been previously submitted, in whole or in part, 
at this or any other University,

(j.E.G, Kemp) 
October 1966



The author studied at the University of Bristol from I960 until 
1963, graduating in the Honours School of Chemistry Class II, 
Division (ii)^*

Between October 1963 and October 1966 the author has been 
carrying out research in the Department of Chemistry of the Faculty 
of Technology in the University of Manchester, under the direction 
of Prof, R.U. Hasseldine and Dr, JJ-I. Birchall.



Acknowledgements

The author is very grateful to Prof, R.N. Haszeldine and 
Dr, J,M. Birchall for advice and continual support during the present 
work, and to Pennsalt Chemicals Inc, for financial assistance.

The author is Indebted also to Mr, E,S, Wilks for the gift of 
several samples, to Dr, M,G. Barlow and Mr. 0, Allinson for helpful 
discussions on n.m*r* spectra, to Mr, F. Moss for technical assistance, 
and to Miss K. Frost, Mrs, I, George, and Mss V, Meeks for their 
excellent and diligent typing services.



(i)
SUMMARY

Decafluoroazobenzene and related compounds have been prepared by 
the oxidation of highly fluorinated anilines with either bleaching 
powder in refluxing carbon tetrachloride (yields 17-51$) or lead 
tetra-acetate in refluxing benzene (yields *1-2-48$); the latter 
procedure yielded fluorinated phenazines (18-20$) as by-products.
The azo-compounds are oxidized quantitatively to azoxy-compounds by 
peroxytrifluoroacetic acid; the phenazines with the same reagent give 
tars. Hydriodic acid cleaves the azoxy- and azo-compounds to 
anilines in good yields, and reduces the phenazines to very readily- 

-oxidized dihydro-derivatives. Decafluoroazobenzene and the azoxy- 
-compound are reduced in good yields by zinc and ammonium chloride 
to the hydrazo-compound.

Decafluoroazobenzene reacts easily with nucleophiles in the 
4- and 4lpositions; the 4Hs4ti-compound reacts in the 2»position. 

Hydroxide ion and ammonia give only mono-substituted products, and 
there is some evidence that a little 2-substitution occurs also in 
the reaction between decafluoroazobenzene and ammonia. Decafluoro­
azobenzene reacts with methoxide and ethoxide ions to give both 
mono- and di-substituted products, which can be separated easily 
by chromatography on alumina; the decafluoro-azo-compound reacts with 
one mole of thiophenoxide ion to give mainly the 4,4-di-substituted 
product and starting material - the mono-substituted product can be 
isolated, but only in low yield. Decafluoroazobenzene is reduced 

by hydrosulphide ion and by hydrazine, but substitution occurs as well.



and no products hare been characterized from these complex reactions.
The substituted azo-compounds are cleaved more readily by 

hydriodie acid than is the parent decafluoroazobenzene; the dialkoxy- 
-derivatives give almost quantitative yields of alkyl iodide and 
4-aminotetrafluoropheno1 - this amino-phenol is produced also, along 
with pentafluoroaniline, on reduction of the monohydroxy-azo-compound. 
4-Aminononafluoroazobenzene may be reduced to pentafluoroaniline 
and tetraXLuoro-g-phenylenediamine. This diamine, and the afore­
mentioned amino-phenol, are oxidised by warm nitric acid to give good 

yields of tetraf'luorobenzoquinone,
4,4-Dithiophenoxyoctafluoroazobenzene, in contrast with the 

alkoxy-aso-compounds, is cleaved by hydriodie acid to give fair 
yields of diphenyl disulphide and 4H-tetrafluoroaniline, rather than 
the amino-thiol.

The reactions of the azoxy-compounds with nucleophiles parallel 
closely those of pentafluoronitrobenzene; that is, substitution 
occurs in the ring adjacent to the nitrogen bearing the oxygen atom, 
and is ortho-para; in the reaction with ethanolic ammonia the 
ortho/para ratio is 2. The azoxy-compounds give l-(phenylamino)- 
benzotriazoles with hydrazine in yields of 9“’3?$P und this reaction 
has been used to establish the position of the oxygen atom in the 
asymmetric azoxy-compounds. Perfluoro-l-(phenylaminp)benzotriazole 
reacts with lead tetra-acetate to give an unresolved mixture of 
azo-compounds, and is cleaved slowly by hydriodie acid to give 

pentafluoroaniline (84$) and tetrafluorobenzotriazole (4$).



(iii)

This last compound may also be obtained by diazotization of the
o-diamine5 and (quantitatively) by hydriodie acid reduction of 
tetrafluorobensotriazol-l-ol, which has been made (l̂ /S yield) 
by the reaction of pentafluoronitrobenzene with hydrazine. Tetra- 
fluorobenzotriasole may be acetylated in the 1-position? but is 
otherwise resistant to eleetrophilic substitution.

Diazotization of tetrafluoroanthranilic acid leads to loss 
of fluorine to give trifluorobenzenediazonium-2~>oxide*-6-carboxylic
acid, which on reduction gives 233sih-trifluoro~5“hydroxybenzoic

acid.
Thirty three new polyfluoroaroma/tic compounds have been fully 

characterized.
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INTRODUCTION
The general chenistry of azo-coapounds has not proved to 

be very relevant to the work described in this thesis and will 
not be discussed in this introduction, which is concerned solely 
with the chenistry of aromatic fluorine compounds. A brief 

survey is presented of the more important aspects of the field; 
in addition, most of the reported reactions of polyfluoro-aromatic 
compounds with nucleophiles are presented in tabular form, and a 
brief discussion of the theoretical aspects of these reactions 

is also included. Nucleophilic reactions are as important to 
hexafluorobenzene as electrophilic reactions are in the benzene 
series, and represent a large proportion of the work described 
in this thesis;

Now that many highly fluorinated aromatic compounds 
(including all but one of the starting materials for the research 
described in this thesis) are available commercially, a 
satisfactory background to this work need not include an account

H

H

NUC
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of their preparation* Several reviews are available, o.nd the
preparation of polyfluoroaromatic compounds has been summarized

1-5111 several recent theses produced in this Department*

The Physical Properties of Polyfluoroaromatic Compounds.
Perfluoroaronatic compounds have molecular weights and 

specific gravities of about twice those of their hydrocarbon 
analogues, yet in some of their physical properties they resemble 
closely the corresponding hydrocarbons. For example, they often 

have closely similar boiling points - the higher molecular weights 
being offset by extremely low van der Waals intera.ctions.
However^the partially fluorinated benzenes are all less volatile, 
presumably owing to the relatively strong interactions between 
hydrogen and the strongly electronegative fluorine* Benzene 
and hexafluorobenzene are compared in Table 1 *

The Reactions of Highly Fluorinated Aromatic Compounds with 
Electrophiles *

•j*No-one has yet succeeded in displacing an F cation from 
hexafluorobenzene* The displacement of H from pentafluoro-
benzone can be achieved by sulphonation^ in oleum at 15°, and

8 8 oby bromination or iodination in oleum at 60 * The nitration
of pentafluorobenzene takes place only in the most reactive
medium known, nitric o.cid in anhydrous hydrogen fluoride, and
proceeds at room temperature'* Nitration of 1,2,3>^-tetra-
fluorobenzene followed by reduction provides the best route to

102E-tetrafluoroaniline and related compounds.
(to p.*f)
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Table 1
Comparison of Benzene and HexafXuorobenzene,

Property Benzene, ^5^5 ^6^6

Molecular weight 78,1 186.1

Boiling point, °C. 80.10 80.26

Melting point, °C. 3.2
Specific gravity 0.879 1.613
Viscosity at 25° in C.P. 0.608 0.903
Surface tension, dyne/cn 28.88 22.6

Dielectric constant 2.28 2.07
6Ultra-violet spectrum , nyu/EtOH X 230 £ 770max

. 6 18Refractive index , n^
A  255,£16omax 7 X. .250-255m f

201.50l4(n^ ) 1.37^6
Susceptibility to substitution Electrophiles Nucleophiles

Flrrunrbility Yes No

Radiation stability Good Good

Thermal stability T , °C 600 > 650, <850



(from p.2)
16N HNO

Sn/HCl '2

Bronination raid nitration of the tetrnfluoro.anilincs is achieved 
more easily' (see also p. 47 )P

The Peactions 01 Highly Fluor incited Aromatic Compounds with 

Nucleophiles.
Aromatic nucleophilic substitution reactions may proceed 

via any of throe mechanisms: a few are unimolecular and show

first-order kinetics, the best-known examples being the 
decompositions of diazonium ions, and some (again, relatively

12few) nucleophilic reactions proceed via a benzyne intermediate,,
The great majority, however, show second ord^r kinetacs, and only

these reactions, which .are himolecular, .are discussed hero, for
there is no reason to believe that any other mechanisms were
involved in any of the nucleophilic reactions described herein.
‘Those bimoloculcar roecti :ns are generally believed, to proceed by
the addition of the nucleophile across a TC-bond to form an

12intermediate of the following type.

F Hue



Fluorine as a substituent on the benzene ring is classified
as a -I + M group, which means that it withdraws electrons
inductively, but donates them cosonerically. The two effects
are superimposed, and the expectation (based partly on simple
electronic theory, partly by analogy with chlorine, and,

increasingly, on experimental evidence) is that in nucleophilic
substitution reactions, fluorine has little effect on the rate

of displacement of a substituent para to it, is moderately
activating from the ortho position, andis relatively highly

activating from the neta position (where the +M effect does 
13not operate).

The activation pattern in highly fluorinated benzenes can 
be predicted by assuming that the electronic effects of 

successive replacement of hydrogen by fluorine are additive, 

and the justification for this assumption is provided by the 
accuracy of the predictions that follow. Consider 
pentafluorobenzene. Each fluorine atom is potentially capable 
of being displaced as the anion, and each fluorine atom will 
have an activating effect on every other fluorine atom in the 
molecule - the extent of this activation depending on the 
particular ortho, or para relationship• These effects

may be shown as follows:
Activation by: meta_--_F ortho-F pnra-F



-6-

Assuming that activation is in the expected order meta >

> ortho >  para, it is seen that the fluorine atom para to the 
hydrogen atom is not only the most labile one in the molecule, 
but is highly activated compared to that in fluorobensene*
The ortho position will bo only slightly less activated, and 
sone ortho substitution is observed in most of the nucleophilic

1Areactions of pentafluorobenzono, for example:

A similar pattern is. observed for most pentafluoroplienyl 
compounds, and is altered only by those substituents

to overcome the activating effect of 2 do ta + 2 ortho fluorine

powerful activating effect on a position other than the para 

position:

Substituent effects on orientation in fluoroaromatic 
compounds .are illustrated in the table below; the discussion 

section includes also several references to reaction rates and 

solvent effects.

LiAlH, )

*15(e.g. NPL,) whose deactivating effect is sufficiently strong

atoms, or by those substituents (e .g. NO^)^ which exert a

NaOMe
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A very recent paper by Ho and Miller discusses the
reactivity of highly fluorinated compounds in the sane way as

13the above pages, and includes much kinetic data on all the
important pentafluorophenyl derivatives except the very
interesting nitro-compound* A slightly earlier paper by 

17Burdon on reactivity and orientation in pentafluorophenyl 

compounds is somewhat unorthodox, but is important in making e 
clear distinction between effects due to variations in ground 
state stabilities and those in the transition states of

nucleophilic reactions*
Table 2

Nucleophilic 8ubstition in Arenatic Fluorocarbons,

Substrate

C6F6

Nucleophile
NH,;NaNH0;MeNH p 2 2
C/-F . NHNa 6 3
H2V H2°
NaOMe
NH^OH
NaSH/py
c6f5 .se
n-BuLi,MeLi
CH^.CH:CHLi3

p Reference
monosubstitution 18, 19

20 , 21 
22
19, 33 
23
2.b, 25 

polynor Z k

nonosubstitution 26 
" 27

* Reactions in which disubstitution occurs readily are listed 
under ; where forcing conditions are required, under

J u c .6 p



*8-*'

(continued)

EtOK;KOH/t-BuOH monosubstitution
LiAlH, (replaces F by H);

CrH_.CH-.ONa/t-BuOH:o 3 2
C r H o ONa/DMF

KOH aq. ; RLi; Alkenj^l Li
HO.CH^.CH .ON 11 then
HO•CK_•CH„.NH

H3T.CH^.CI-L .NH

1,4-disubstitution 29HO.CH„.CH^.SNa
HO.CH^.CH .ONa 30

nono- m-di £-di
N H. anhydrous/dioxan

/THF 32 33

CH,.CO.CHNa.CO^Et 32

LiAlH

NaOMe
C.F.SK; p-HC.F,SK



(continued)

Substrate Reference
C^F X o 5
X = Cl, Br, I KOH/t-BuOH; KOH/py +

Br, I 

I 
01  

Cl 
Br

NaNH,

N2V H2° +

19, 3 h  

19 

35
23 ,v3 ^ 7 0  36c, ~t d

CsF/sulfolan replacement of Cl by F 37

CuCN; CuCl; CuS&gF /DMF " >? ,T by nucleophile 38

LiAlH. ; NH, ; N E. . H O  4- s> 2 2

„ 0 n 2

C r F  *NH
0 3  2

NH_
5 3 9

It N ^ . H ^ + 1

ii H H , ; MeNH ; Me.NH
3  2  2

^ 0 ^  8 8 / ^ 1 2 1 5

ii NaOMe 5 7 9 1 6 1 5

C / - F  .. NHMe 
6  3

NH_
3

0 ^ 0 6 0 1 5

11 MeNH.2 0 6 0 *fO 1 5

?! Me NH 0 3 2 hS 1 5

n NaOMe 5 h3 5 2 1 5

C,Fr.NMen 
6  3  2

H H V
5

0 7 9 3 1 5

!! MeNH 0 6 9h 1 5

f!
M e 2 ™ 3 5 9 2 1 3

n NaOMe 1 2 9 7 1 5

C . F  .OMe NaOMe; NaNHMe ko hO 1 0 1 7
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(continued)

Substrate Nucleophile n £ Re ference
Cz-F *0H 

6 5

C/FjCO H
6 5 2

n

it

c6f5 .n°2

KOH aq., outoclave 

NaOMe; NaSMe
+

MeNH.-,*

NaOMo/MeOH
" /MeCH,3 .8% +

Et^O, 96.2S

0

i/~\
G6F5 ,N\__/X
(X = CH or 

C6F5 * N2H3

NH /Et20 

MeNH-
Me NH 
CgP .MgBr

NaOMe
0)Me NE(2 equivalents) 

(see under

4o

57

8

50
70

6.5

19

9

+

60

43

92

5 0

30

35

81

91

+

40

41 

41

41 

16

16
42

43

43

44

45

+ (both positions) 45

C6F5 - C6H3
Ĉ Ii Li ;N_H, ;NH_;NnSH 0 5  2 4 3

+ 46

ft KOH/t-BuOH;NaOMo + 35

C^F Me 
6 5 KOH/t-BuOH + 19

t; MeLi + ^7

g6f 5 . ot3 LiAlH^;MeLi;NH^OH;NaOEt + 48

tt N2H4 ;C6H5SK + 48

^Competitive
approximate

decarboxylation reduces yields: ratios are thi



(continued)
-11-

Substrate Nucleophile o_ n jd Reference

6 5 2 5 N2H^;NH^;MeLi;LiAlH^; 
NaOMe

+ 50

C/-F,- .Ĉ F,- 6 5 6 5 NH ; ;Me ̂ NH;KOH;NaOMe (both pos.)+ 51

C6F5 .Hg.C6F5 KOH;NaOMe;N
0 n £

52

C^F_.CH:CHMeb 5 MeCH:CHLi + 27

C/'F-* SMe6 5 NH-;NaOMe 
3

+ 1
C^F .SO He 

6 5 2
NH_;NaOMe 5 + 1

C/-F_.NHCOMe6 5 NaSH + 1
c 6f5 .n ^-s o " NaOH + 1
o-C6Fif(CF3 )2 N^H. .H-0 ;NH^ ;No.SH 2 h- 2 j? 4-position 53

£-CgPif(CF3 )2 NH,5 2-position 53

n NaOMe 2 ,5-disub.stitution 53

n-CgF^CFj)., N Hi .II^OjMeLi;NaOMe 4, 6-clisubstitution 5 +̂
n NaSH 4 + tra.ce 2 54
F

& < -

F *£~F>^\ F
f(^ JjF m 3 ;fc0H5 ® 2 \  5 LiAlH^

MoCH:CHLi;Me 0NH 2

arrowed position 17, 55

" 17, 55

17, 55 

" 56

k ,2-disubstituticn 56
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(continued)

Substrate

NOj,
F( ^ N F
F W >

Nu c1eophile m P Reference
NaOMe
aq. ̂ O/aKaOH at 80'

4,2 ,6-trisubs. 56
( b ,2 di-(20?O + 56

;C0
2 3

F C.CFrCF + KF/sulfolan,
120° 4(90%)+4,2 di-(5%)57

(i.e.(F7C) CF ; nucleophilic equiv. of Friedel-Crafts

NE_/Et_0
5 2

2

Nuci :0t
NO

M x
n  X l - 1*Kvm/P .

lyo*
P® 5CL w XX

NaOMo/EtOH

NaOMe/Et 0, 90% +
EtOE, 102

reaction)

I II III IV 

27 48 25 tr 38

70 ? 23 - 38

70 12 18 - 38

Other Reactions of Polyfluorobenzenes.

The reactions of hexafluorobenzene with free radicals and 
the reactions of the pentafluorophenyl radical have little 
relevance to the present work and have been reviewed in a recent 
thesis prepared in this Department.

Very recently reported reactions include the oxidation of

hexafluorobenzene and of chloropolyfluorobenzenes to
59 obenzoquinones with nitric acid at 80 , and the photoisomerization

of hexafluorobenzene and of octafluorotoluene to perfluoro-
“Dewar-benzenes.^ ^



Substituted Polyfluorobenzenes.
(a) Halogenopolyfluorobenzenes .

Iodopentafluorobenzene is prepared from pentafluorobenzenei
oby treatment with iodine in oleum0 (p.2 ). The bromo-compound

omay be prepared analogously,° or by halogen exchange from
62hexabromobenzene. Halogen exchange is likely to become the

standard method of preparation of chloropentafluorobenzene (a 

useful intermediate, participating, unusually for a chloro- 
-compound, in Grignard and Ullmann reactions) and also of 
hexafluorobenzene.^

C,C1,. — ££-4 . + C . CUV + C,C1_F, (Chiefly meta)6 6 ^ o 0 6  6 5  6 2 4  — ~ —

(21%) (20%) (14%)
The ortho and para dihalogenotetrafluorobenzenes, which are not

available from the halogen exchange reactions, are prepared by
64-5the halogenation of the appropriate tetrafluorobenzenes*

All three halogenopentafluorobenzenes (chloro 1 ,
bromo°^, i o d o ^ ’̂ )  yield Grignard reagents and undergo Ullmann 

reactions on heating with copper to yield decafluorobiphenyl•
65 69Ullmann reactions on the jg-dibromo and di-iodo compounds, ’

70and on the readily available m-dichloro-compciind, have been 

used to obtain polymers.
(b ) Organometallic Compounds of Polyfluorobenzenes.

The Grignard compounds and lithium derivatives of 
polyfluoroaromatic compounds are easy to prepare, but
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conventional reactions of Ar have to be carried out at low
temperatures; at room temperature benzyne formation occurs. 
Solvent effects are often important (one example is given in the 
chart on p •15)•

Much work has been done on polyfluoroaromatic derivatives 
of other metals, but these compounds will not be discussed here.
(c) Alkyl" and Alkenyl-polyfluorobenzenes.

Compounds of the type CgF .C^H are prepared by the reaction

of alkyl- or alkenyl-lithiums with hexafluorobenzene (p. 7 ) or
by the reaction of pentafluorophenyl Grignard reagents with
alkyl halides. The simplest of these compounds, pentafluoro-

toluene, reacts typically; it can be oxidized (albeit in low
yield) to pentafluorobensoic acid with chromium trioxide,
and one, two, or three chlorine atoms may be introduced into the

26 Anside-chain by free-radical chlorination. ’ Compounds with
fluorinated side chains are best prepared by the defluorination

77of aliphatic compounds, for example:

This last compound, octafluorostyrene, can be polymerized only

(d) Highly Fluorinated Aromatic Compounds with Functional 
Groups derived from Oxygen.
Pentafluoro- phenol, -anisole, and --phenetole are prepared 

by nucleophilic replacement reactions (p.7 ) i

»C,F_.CF:CF6 5
(13&)

at high pressures under

(to p .16)



liii
CH(OH)Me

- 15-Poly fluoro-aryl Grignard and Lithium Heagents



The ethers are cleaved to pentafluorophenol by anhydrous
33aluminium chloride, hydriodic acid (see discussion, Pt50 )»

hydrobromic acid, and, surprisingly, by acids and alkalis; in
these hydrolytic reactions the ethers show similarity to esters

The phenol is also obtained by oxidative cleavage of
79pentafluorophenylboronic acid (or its esters);

A1C1-,
ClrF-.OCH, 6 3 3 C^F .Oli (6o£)o 3

C6 V BC12
PIpO H„0q

C^F .B(OH) — H BO + C^F ,0H (91 % 6 3 2 3 3 6 3
Pentafluorophenol (K = 3 x 10 ) is much more acidic thana

phenol 28
29 AOTetrafluoro-derivatives of catechol , resorcinol , and

hydroquinone^^’̂  are prepared thus;

A1C1
(p. 8 ) 3

F
F ^ ^ n0H 
F OH

F
OH T..̂TT autoclave v + K O H  — —  ----^

V F
F OH

!f
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k?Pentafluorobenzyl alcohol is prepared by the reduction of 
pentafluorobenzaldehydc, which in turn is prepared by a Grignard 
synthesis:

CgF^.Br — ---- >  CgF^.MgBr CgF^.CHO
Ethyl,  'formate can react further with the pentafluorophenyl-

magnesium halide, giving bispentafluorophenylmethanol, which can
i ^7be oxidized to decafluorobenzopnfinone:

CrO
2CgF5 .MgI + HC02Et — ~> (C6F5 )2CH.OH ( C g ^ a 00

Pentafluorobenzaldehyde undergoes the usual transformations of 
an aromatic aldehyde, and in addition undergoes a haloform-type 
cleaovage in alkali to form pentafluorobenzene and formic acid;

OH”Ĉ -F oCHO -^2---- >  C/-F H + HCCkH6 3 6 3 2
The carbonyl group in decafluorobenzophenone is very inert, 
and will not condense with the usual reagents,

Pentafluorobenzoic acid and the tetrafluorophthalic acids 
have been prepared by some or all of the following routes:*

co2
(i) ArLi or ArMgX — ArCO^H

H SO,
(ii) ArCN ■— — ArCO H

c.

* CgFg.COgH, method (i) 71, (iii)27, (iv) ; 
ortho-Ĉ -F, (C02H) , (ii)5 , (iv) 9 ; meta- C ^  (CO^H)^, 
(iv)83; £ara-C6F£f(C02H)2 , (ii)3 ’38, (iii)27, ( i v P 9
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(iii) ArR or ArCH=CHR Col
&  ArCO^H

H BO.
(iv) ArCF — -— - ArCO-H A 2
As expected, the acids arc* stronger them their hydrocarbon

analogues. Some reactions of compounds derived from
27 8Apentafluorobenzoic acid are shown below: *

C6F5 .C02Ag ■— £— >  CgF^I + Agl

CgF .C02Ag + N0C1 AC^F .GO.0N0 C.F^.NO + C0o6 3 o 5 2
A —  (C6F5 )2Hg + 2C02

exchange

(C6F5 .C02)2Hg -

Tetrafluorobenzoquinone (fluoranil) is made by halogen 
80

0
ClCl,

Cl Cl

0

EF
200-250o

+ chi orofluoroquinones

(e) Aromatic Fluorine Compounds containing Sulphur.
Pentafluorothiophonol and ^H-tetrafluorothiophenol are 

made by nucleophilic elimination of fluorine by the 
hydrosulphide anion (p. 7 ):

XC^F + “SE — js-XC^F^.SH (X = F or H)
Tetrafluorobenzene-1,̂ -dithiol cannot be made similarly, for 
the -S group (necessarily anionic in the reaction medium) 
is deactivating towards further attack; the compound is

O p*
made thus:
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nBuLi\
S~Li

.O' —‘ . +° Li
Thio-others (p. 7 ) can bo made either from hexafluorobenzene
and the RS anion, or by the specific replacement of bromine 
(rather than fluorine) by the action of the copper derivatives 
of thiols on bromopclyfluorobenzenes:

C^Fg + 2E0.CH2.CH2„SNa >  HO.CHg.CH^.S SoCH2 .CH2 .OH

[cf. CtrF_.SK + CrF,r1''" O _P O b

C^F^Br + CuS.CgF /DMF --- > (CgF )^
C6F5 .S(C6F4 .S)nC6F j

The fluorinated thiophenols have been converted by standard
procedures into disulphides, sulphonic acids, and sulphonyl

2k 25chlorides, and the sulphides into sulphones, 1 and a sulphur
76heterocycle has been reported recently (p. 15 )»

(f) Aromatic Fluorine Compounds containing Nitrogen.
19The preparations of pentafluoroaniline and the

^ 5hydrazine' are simple nucleophilic substitution reactions 

(p.7 ):

C6F6 + NH3 aq> c6f5 -nh2(86?0 + NV
+ a-C6F^_(NH2) (10;0

CcFc + N_H, C,Fc.NH.KH_ (95%)6 6 2 k reflux 6 5 2

Totrafluoro-o-phenylene diamine is made by reduction of the
k 2  k 3  ortho-nitroamine: ’



major product: other amines also formed
Good routes to the other two diamines have been provided recently 
by Wilks:

NTs.
TsCl

pyridin \
f

dioxan/

NHTs NH-
H2SV

( k k c/o) f?k

NH
Fra

F

NH NH,
_ Z n __

AcOE aq.„nh2
it

F
NH?

Pentafluoroanilino, owing to the inductive effect of the
fluorine atoms, is a weaker base than aniline, though it can
still be extracted from solution in light petroleum by

concentrated hydrochloric a.cid. This amine, imlike aniline,
is not oxidised on exposure to air, and remains colourless
indefinitely., Oxidation of pentafluoroaniline with per formic
acid gives pentafluoronitrosobensene, which is green and 

86monomeric:
E.CO H/CH Cl

c 6f5 .n k 2  * c 6f 5 .no
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Oxidation with peroxytrifluoroacetic acid gives the nitro- 
-compound: ^

CF .COv tt
C 6 F5 * NH2 C g .d ̂ . NO 2

The nitroso-compounds have boon studied by Castellano and 
11his cO"Workors, who report Dicls-Aldor additions of 

cyclohexadiene to the nitroso-group:
F F

,-X.Ĉ F,..RO +F A 6 if v
e-" i ^ N _ / /  \)X (X=F,Br,CO H)

-S.'/ \  ./

Pontafluorophcnylhydrazine reacts somewhat differently to the 

unfluorinated compounds; the most important differences (its 
reactions with base and with hyclriodic acid) are discussed in 
the main section of this thesis.

The purpose of this project was to investigate the 
chemistry of decafluoroozobenzene. Some related hetorocyclos 
were also investigated, and the following nomenclature is used 

Ring systems■- Standard numberings are used, thus:

ha 2
6L

7
azobonzeno phenazino benzotriazole

The prefix H- . Unoil recently, this prefix has been used 
to indicate the position of hydrogen in either partially 
hydrogenated compounds or in tautonoric compounds
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(e.g. benzotriazole)» This latter usage is extended to indicate
the placing of hydrogen in polyfluoro-conpounds; partially

hydrogenated derivatives are indicated by writing out the prefix
*in full, thus:

2H,?H“hexafluorophenazine. 5 ?10-dihydro-octafluorophonazine,
Azoxy-compounds » - Symmetrically substituted compounds, 

and asymmetric compounds whose isomerism is not known, are 

named similarly to the related azo-compounds. Specific isomers 

of unsymnetrical azoxy“-compounds are named by the following 

procedure (Handbook for Chemical Society Authors, 19&1>195 ):

In view of the inter-relation of all parts of this work, 
the discussion is divided not into sections dealing with classes 
of compounds, but into two sections only, the first describing 
the reactions, and the second section consisting of the detailed 
arguments pertaining to the identification of new compounds.

F F F H F

The compound RH is regarded as the parent, into which the

R.N=N(0)- group is substituted, thus:-

2- (pentaf luorophenylazoxy) -- 
tetrafluoroaniline•

(2-aminotetrafluorophenylazoxy) 
pentafluorobenzene.



SECTION I. THE REACTIONS.

The Oxidation of Highly Fluor incited Anilines with Lead, Tetro- 
ac eta tj2 •

The use of lead totra-acetate for the preparation of symmetrical
.87azo-conpounds frou anines was first reported hy Baer and Tosom, who 

used the lead salt in benzene at room: temperature as oxidant for 
several mono™ and di- halogens,tod amines, and obtained azo-coapounds 
in yields approaching . The preparation of decafluoroazobenzene 
by this procedure was first achieved by Wilkinson in this Department 
his work was repeated and extended by the present author, and deca- 
fluoroazobenzene and octafluoroph.ena.zine were obtained in
yields of $0% and 2%, respectively. The latter compound had not 
been identified by Wilkinson.

88

decafluoroazobenzene 
F E F F

F N=Nr V
m mF F

oc tafluorophenazine 
F F

F
* F  n . p .  2 3 9 °

yellow, with blue-green fluorescenceorange-red , n .p « l̂ i-3 
The reaction was repeated at reflux temperature in an attempt 

to improve the yield of the azo-compeund, for lead totra-acetate 
is much more soluble in benzene at 80° than at 20°, and a more 
concentrated solution cculd be used. The yield of azo-conpound 

( W )  was almost unchanged, but the yield of phenazine rose to 28% 
and the amount of tarry residue was reduced; thus three-quarters of 
the pentafluoroaniline had been converted into tractable products 
in this reaction compared with only half at room temperature.
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The reaction involving the tetra-acetatc in refluxing benzene 
was applied to two other anilines, enabling new azo-conpounds 
and phenazines to be prepared. The characterization of these 
products, in which ultra-violet spectroscopy was of considerable 
importance, is described on pp,100,102 , and the reactions and
products are summarized below.

F F F F

U- F F

F

NH? 
F ^ < .

( k 2 A )
octafluoroazobenzene 2H,7H~hexafluorophenazine

F

F
— F

F F F F 
)'// \ n =N// V

F
F F F

F
F

( k y £ )

2H ,2H-o c t afluor o a s ob en s en e
( 1895)

1H,6H~hexafluorophenazine

The S» (as opposed to M- ) synnetry of the two hexafluorophenazines 
follows from their node of production.

Several facts have to be explained by any proposed mechanism 
for these reactions; (i) the formation of the azo-conpound, (ii) 

the formation of the phenazine - in low yield at 20° but fair yield 
at 80°, (iii) in the oxidation of 2H-tetrafluoroaniline, the 
formation of only that phenazine produced by elimination of the
fluqrin^ aton (not hydrogen) ortho to the anino-group.

8?Baer and Tosoni ' suggest that the oxidation of anilines by 
lead tetra-acetate proceeds by a free-radical mechanism; however, 
although lead totra-acetate does decompose honolytically on heating,
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it is stable at room temperature, and Baer and Tosoni do not
explain the occurrence of a reaction at room temperature. It
nay be that the oxidation is aided by complex formation, in which

case dccomp ~>sition of the complex is likely tc generate tvjo 
arylamino radicals in close proximity: g q^c q^c

2ArNH. Pb(OAc). > Ar- N+
H

Pb - N.+ - Ar

2ArNH* Pb (OAc ) ̂  — “ Ar-

H OAc ^  OAc H 
OAc H

9 ■
N - Pb- Ar

OAc
In reactions carried out in refluxing benzene the normal mode of
decomposition will also occur;

A
Pb(OAc)^ — — > Pb (OAc ) ̂  + 2AcO*
AcO° + ArNH.^ — £-AcOH + ArNEf With pontafluoroaniline;

■q
2C6F^ .NH — ^CgFR »NH ♦C^Fr.

CgF^ NH dJ-CgF — N=N.CgF(
■»

Reaction at the ortho position on one of the pentafluoro- 
phenylanino radicals would explain the production of the phenazine

F
F

F F

F

_ X  .n-.tt'O fF, \ F
\  JF -2HF p

Loss of hydrogen fluoride from quinonoid intermediates has been
89postulated before in the polyfluorc-arountic field:
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NaOEt
N.NH,

N2NH

F E F F

The phenylanino radical nay also react at the £nra position, but 
the resulting intermediate can eliminate only one molecule o£ 
hydrogen fluoride:

F F F F F F F F
~HF

T F

This last compoxmd would almost certainly be destroyed in the
reaction mixture, since quinones are very susceptible to homolytic
reactions, and fluorinated quinones are also extremely susceptible

90to nucleophilic attack, even by unionized c-thanol; reaction with 
pentafluoroanilino is clearly possible.

The reaction of ^fH-tetrafluoroaniline with lead tetra-acetate 

to yield the azo-compound and the phenazine calls for no special 
comment; it can bo explained by a mechanism exactly comparable to 
that given for the oxidation of pentafluoroaniline• Furthermore



it is seen that in this reaction too, only one possible phenazine* 
can be formed, since there must be a hydrogen atom para to each

of the nitrogen atoms. However, from the oxidation of 2H-tetra- 
fluoroaniline one might expect a mixture of three phenazines, 
depending on whether F or H is eliminated from the ortho positions:

(2 ortho F* s eliminated) (IF 8c 1H eliminated) (2 ortho II1 s eliminated)

The phenazine fraction obtained by chromatographic separation 
of the reaction mixture consisted of the pure hexafluoro~conpound, 
formed by the elimination of two ortho fluorine atoms, and the 

possibility that other phenazines were separated and lost during the 
chromatography seems remote.j octafluorophenazine (and also the 

2H,7H-conpound) has chromatographic characteristics which are almost 
identical with those of 1H,6H-hexafluorophenazine, and one would 

expect the lH-heptafluoro-compound also to be similar.
The two ortho positions in 2H»tetrafluoroaniline are not 

equivalent. Attack at the ortho position bearing a fluorine atom 

will give the hexafluorophenazine in the normal way by elimination 
of two molecules of hydrogen fluoride:

MI

F
F

F
+ F

NH

N   H ^ F

A j, -2ro
F ^ \ ^ N

N / \ /



The other internedir,te compound can eliminate only one molecule
F Fo f nydr egon fluoride:

F

F H
N.H

N —  H

H H

The resulting compound could, of course, be oxidised to a phenazine, 

and it can only be assumed that if it is formed at all, it reacts 
in other ways.

One night surmise that the production of a single phenazine 
from the oxidation of 2 Ii -1 e t r a f 1 u c r o a n i 1 i n o could be explained by 

a mechanism involving nucleophilic elimination of fluorine.
However, attempts to formulate such a mechanism failed, firstly, 
because pentafluoroaniline is beth a very weak nucleophile end 
is deactivated towards nucleophilic attack itself, and secondly, 
because it was not possible to account for the cyclization stage 
if initial oxidation of the amino-group (which would facilitate 
subsequent nucleophilic attack) were assumed.

Finally, the non-formation of benzocinnolinco (for which the 
following route vn uld appear possible) can be attributed to steric

H.hindrancc (p • 91 ) 
NH

H
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The Oxijajsion of jti i ghi y_F 1 uorinatecl^Anilines with B1 eaching 
Powder.

Wilkinson oxidized pentafluorophenylhydrazine with
bleaching powder in refluxing carbon tetrachloride:

Although in this reaction formation of the azo-conpound is unlikely 
to proceed via pentafluoroaniline (reaction via species such as

oxidation of the aniline with bleaching powder during the present 
work. The reaction was successful, and furthermore, the product 
(decafluoroazobenzene) was much easier to isolate from the reaction 
mixture than was the case with the oxidation involving lead tetra­
acetate. Octafluorcphenazine was not formed - quite a snail 
amount would have boon detected because of its low solubility in 
tho solvent, carbon tetrachloride. This reaction too was 

extended to other anilines, and the results are summarized below, 
the solvent in each case being refluxing carbon tetrachloride•

C^F^,N=N* is more probable), it seemed. reasonable to attempt the

F F F F F F

F F F FF F
2.5-3 hr

vpl/ n Vnr—/  I refluxp F  f/p p p
F F F F F F

Ca(OCl)

F F F F F F

F (6 hr.reflux)
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The initial stage in the oxida,tion of pentafluoroaniline
can be assumed to be chlorine.tion:

Ca(0Cl)
c 6f 5 .n h 2 ..... ... .?> c6f 5 .n h c i

Arylchloranines are unstable at room temperature and above, and
the dcconposition will give a nitrone intermediate:

CrF .NIIC1 — £> + HC16 5 6 5 ° °* r* n ( or* i 'i
C6F5*^: + Cs V M 2  >  c6f5 -kh-kh-C6F5 - 12^
c 6f 5 .n c i .n h .c 6f 5 o 2 E L . _ >  c 6f 5 .n =n .c 6f 5

The non-fcrnation of phenazines in these reactions nay be 
duo to the difference in the nature of the intermediates (nitrene 
rather than free radical) in the oxidation with bleaching powder. 
The oxidations of the other anilines probably proceed by similar 
routes. Furthermore, it is easier to explain the variations in 
yield for the oxidations with bleaching powder than for those 
with load tetra-acetate.

^-H-Tetrafluoroaniline gave a much poorer yield (1750 of 
azo-conpcund than did pentaf luoroaniline (^l/-)* The former amine 
is just as sterically hindered in the two ortho positions as is 

pentafluoroaniline, and the hydrogen at the par a position will 
nake it much more susceptible to oxidation to quinonoid products, 

which cannot yield the azo-compound, The higher yield from the

2K-isouer can be explained by the position of the nuclear hydrogen 
aton; in the 2-position it provides less steric hindrance than 
does fluorine. The low yield of azo-coupound from the 2-brono- 
aniline can be attributed to steric hindrance- by bronine*
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T_he Oxiclcitiuii of Mixtures o_f Highly Fluorinated Anilines.
Two such oxidations wore carried out, one with lead tetra-

-acetate, and the ether with bleaching powder. To a first

approxima.tion, an cquinolocular mixture of tvro anilines w'uld be
expected to give the two symmetrical azo-compounds and the un~
syumetr'ical compound in the ratio 1:1:2, respectively. Alternatively,

the use of a large excess of cn^ aniline should load to a .mixture
consisting largely of two compounds, with only a minute proportion
of the symmetrical compound derived from the minor component - this

¥
latter procedure was used for the preparation of AH-nonafluoro­
azobenzene :

F F F F  F F F F
'Vffl2 + HoN ft \   ^_^  j/? \n=n/ \+ symmetrical

\ = f  \ = J  \ _ /  \ _ /  compounds
F F  F F  F F F F

An attempt to prepare the 2H-isomer frmi the oxidation (with 

bleaching powder) of a nearly equine1ocular mixture of the 

2H-aniline send pentaf 1 uoroani 1 ine failed because the mixture of 
azo-conpcunds could not be separated.

Fxploratory Experiments on the^ J)x i dution of Anilines .
Although the lead tetra-ac^tate and bleaching powder procedures 

were available early in the course of this project, a number of 
exploratory experiments were carried out with readily available 

oxidants, with the intention of finding a procedure which would 
give better yields of the azo-conpounds#* Oxidants used were 
Br2 , KMnO^, Ce(hO^)^ ,IC1 , chlorejaine-T,C E^CCO) NBr,

* Lepd tetra-acetute was used as oxidant, because of the low yield of 
4H,^-H-octnfluoroazobenzene- obtained by the use of the bleaching powder 
pr o c e dur e •
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Bz^O^, O^/CuC 3/pyridine, and All expori i„± ents were more or
less unsuccessful in that only a small yield^ or wj_th some reagents 
none at all, of the azo-conpound was produced*

The Attempted Preparation cf cis-Decafluoroazobenzene«
91cis-Azobonzone was reported first by Hartley, x\rho prepared 

it by irradiation of the ordinary (trans) isomer. The product was 
isolated by extraction into waiter and rocrystallization at low

92tenperatui'e to constant 1:1,p. Recently Badger and his co-workers 
have described a simple procedure in which they repeatedly 
irradiated azobenzene in 20/6 benzene/light petroleum, and removed 
the cis-isoner between irradiations by parsing this solution through 
adLunina* Their procedure wo.s applied to decaf luoroazobenzene by 
the present author, but the fraction removed last from the chromato­
graphy column showed no increase in the intensity of the -N=N- 
absorption band (presumed to be in the IAOO-I63O cm ^ region) ^  

nor the appearance cf a, band in the 720-760 cm region - both 
effects characteristic cf cis-azo-compounds.

Evon cis-azobenzene,with four hydrogen atoms ortho to the
95azo-group, has been shown (by X-ray diffraction) to be much

distorted from planarity. The reason is clear if one draws the
cis-isoner in a hypothetical planar form; the diagram 'overleaf is 

96from Pauling. cis-Decafluoroazobenzene, owing to the larger size of
fluorine, would be even more distorted than cis-azobenzeneo In view of 
the above considerations, no further attempts were made to prepare 
cis-decafluoroazobenzene.



Hypothetical planar form of cis-azobenzeno, ■33-

A He~examinat io n of Other Authors 1 Work on Decafluoroazoxy- 
bensene*

Shortly after this project was begun, s. report appeared from
19Wall, Pummer, Fearn, and Antonucci of the preparation of 

decafluoroazoxybenzene, and its subsequent reduction to deca« 
fluoroazobenzene. The former reaction was repeated and confirmed 
during the present work, blit the reduction product from deca- 
fluoroazoxybenzene was shown to be the hydrazo-compound«.

Decafluoroazoxybenzene was prepared in a crude yield of 
23% (cf • Wall et_ ai., 2.2%) by the oxidation of pentaf luoroaniline 
with pera.cetic acid at room temperature „ The reaction mixture 
turned successively blue, green, brown, yellow, red, and orange, 
and these colour changes were interpreted by Wall and his colleagues 

as supporting the following mecha.nism:
F p

F. M 0
F F

i t  f I- MeCO^H
F

f U- f

However, pentafluoronitrosobenzene and pentafluoroaniline cannot
59be condensed to give the azo-compound; the classical condensation 

would appear to be more probable (though this still leaves the
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colour changes unexplained):
- H O  ^

ArNH.OH + ArNO •— ------> ArN=NAr.

The present anther attempted the condensation of pentafluoronitrQ- 
benzone and pentafluoroaniline, but the reaction did not occur 
under the conditions used for the preparation of decaflucroazobenzon- 
The reaction occurs in the hydrocarbon series only in the presence

97of sodium:

h, $  H O  2.
PhNI-Ip + 0 NPh---------------------P h K r----- -NPh --2------->  PhN=NPh

A, \ J_Na 0~Na'

The reduction of the azoxy-conpound was also carried out by the
19procedure of Walt and his colleagues* Decafluoroazoxybenzone

was reduced with zinc and ammonium chloride to give decafluoro- 

hydrazobenzene, n«p* 62-3°» in 33/̂ yield (cjf. Hall: ;:decafluoroazo- 
benzene11, m*p, 57-9°j^1?0« The characterization of this compound 
is described on p.101- of great significance also is the experiment 
discussed on p,39 ,in which d^cafluoroazobenzono was shown to be 

unstable in the above reaction mixture, changing instantaneously 
on dissolution into the hydrazo-conpound*

The reduction of decafluoroazoxybenzone to the hydrazo-conpound 
parallels closely the reduction of nitrobenzene to phenylhydroxy 1~ 
amiK©j and other examples of the very close similarity between 
nitro-compounds and azoxy-compounds are described in this thesis

(pp.79,84):
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Zn/KH^Cl

0,-H.JSe 0 —   C,HrJN~0b 5 \  60-65° 6 5 1 I0 }I HZ11/RH, Cl
C.-F .H=NC -F C ,Fr.N-K.C,-F[r6 54, b 5 Ov° 6 5 | | 6 5

0 E H

T1}g_ Oxiclc.tion o f_ jkj.g hly Fluorinc.tod Azo - ccapounds „
98Burden, Horton, and Thomas describe the preparation of

£decafluoroazoxybenzone by throw, methods: (i) it was isolated
in 17# yield from the high-boiling residue- from the preparation of

86pentafluoronitrosobonzene / by the oxidation of pentafluoror.nilino 
with performic acid, (ii) in 33^ yield by the pyrolysis at 60° 

of the nitroso-conpound, and (iii) in 80% yield by the action of 
triethyl phosphite on the nitroso-compound in benzene at 60°.

0
C,Fc„N0 + P(OEt), ™ >  C,F^.N* + PO(OEt)_o 3 m o 3 •0 3
CHF .NO + CrF N 8 — > CrF .N**N,CHF

b 3 6 3 * 0 o 5 | 6 3
0

Burden at al, attempted to prepare docafluoroazoxybenzene 
by the oxidation of decaf luoroasobc-nzene with peroxytrifluoroacotic 
acid in dichloronethane, but the azo-conpound was recovered in 90% 

yield even after refluxing for 72 hr® They also obtained starting
material in high recovery on attempting to oxidize d^-cafluoroazo-
benzene with performic, peracetic, and fuming nitric acids.

* This paper appeared after the present author’s re-investigation
of Wall’s work (p.33 )? but before the experiments discussed below 
on the oxidation of highly fluorinated azo-conpounds were carried 
out,
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Other azo-compounds wore oxidized* however, by peroxytrifluoroacetic
acid, and since a sample of A-H, AE~octo.f luoroazoxybenzene was 
required for the reaction described on p. 80 7 it was decided to 
attempt to find an improved route to this compound by following 
up the preparation given by Burden and his co-workers.

Burden and his co-workers raa.de ^-H-octafluoroazoxybenzene
in 57% yield by treating the a,zo-compound with aqueous 90% hydrogen 
peroxide and trifluoroacetic anhydride in refluxing dichlorcmethane 

for 50 hr , They also isolated starting material in 32% recovery, 
With this in mind their procedure was modified by the present 

author* further portions of peroxide and anhydride1 were added 
during the reflux. The azoxy-conpound was isolated chronato- 
graphically in Vt-% yield, and no starting material was recovered. 

The literature method was then repeated almost exactly, the chief 
difference in the procedure being that the reaction was stopped 
after only 1 hr., since it was noticed that the orange colour 
due to the azo-compound had disappeared by this time. The azoxy- 
-compound was isolated in 98% yield, and no starting material was

recovered* 2H,2H~Octafluoroazobenzene was then oxidized to the

After these successes, the oxidation of decafluoroazobenzeno 

to the azoxy-conpound wa.s also achieved by the use of pcroxytri-

(new) azoxy-ccnpound by a similar procedure, and the yield was
quantitative

h.c6fv n=n.c6fv h
CF_, .C0_H
__ 3 .....J>_ _ . _>
CH0Cln; 1 hr 2 2

-r-> H.C =N.C.F,.H +hr« on- 6 4 CF .CO H 5 2
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fluoroacetic acid in dichloronetha.no.
CF .CO H £

C6F5 .N=N.C6F5 c~Fpcl7 r ^ r . C6F5 *W=K 'C6F5 ^

The chief difference in the procedure used, ccnpr.red with the 
unsuccessful attempt by other workers, ^  WQS that the present 

author used an excess of trifluoroacetic anhydride, sufficient to 
react with all the hydroxylic species (i.e, H^O and present
in the reaction mixture. The perox.ide/anhydride ratio used 

earlier was such that sufficient water was introduced into the 

reaction mixture to hydrolyse all the trifluoroacetic anhydride. 
Since in both experiments, the peroxide/water ratio, was high 
(83-90% peroxide was use-d), it must bo assumed that the anhydride 
is solvolysed preferentially by water. The following reactionsVj- — a.
could occur: :0H —  0H

1 °,-Cr3 ^  O T 3 -C02” a ' 3 - t e -  f ' " 3 - CF3'C03H0 w  0 0 0 +CF C0 H
^.-:0H T 3 2

3) 2 if-) s£-° 0H
CF,.C---0 —  OH— > CFq . C0„H CF .C---0--- OH CF„.C0 H3 11 v A 3 2 3 t V a  -3 30 +H 0 02 2 +H202

hater is probably a stronger nucleophile than is hydrogen 
peroxide, and reactions (l) and (3 ) will be favoured relative to 
reactions (2) and (4); in any case, the last reaction is trivial, 
and has no not effect on the system.

The strong oxidizing power of peroxytrifluoroacetic acid is
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due to the inductive effect of the trifluoromethyl group, which 
renders the terminal oxygen aten uoro susceptible to nucleophilic 

attack; the resistance to oxidation shown by tlî- flucrinated 
azo“Compounds is also due Id the inductive effect of fluorine:

I  ^  0 F _ ^ _ N=N v _* a e *
'j' U) — <-o H p— p

Ting Oxidution Highly_ JQ.ucr donated Phenazine_Si

oince it has not been found possible to prepare the N-oxide
99of pontafluoropyridino, it was decided to use peroxytrifluoro­

acetic acid, already shown to be a strong oxidant^ in an attempt 

to oxidize the fluorinated phenazines.
An initial experiment was carried out on the readily available 

2H,7H-hexaf luorophenazinc-. The phenazine was heated under reflux

for 50 hr, with hydrogen peroxide and an excess of trifluoroacetic 
anhydride in dichloroniethane, 'kork-up yielded a pale brown gum, 
from which some starting material (13%) was recovered; no other 
product could be removed from the chromatography column.

Attention was now turned to the oxidation of octafluoro- 
phenazine. Hydrogen peroxide in a large excess of trifluoro- 
acetic anhydride was used with no adcitional solvent. The 
reactions were carried out at reflux temperature (ca, 40°); 
the first one (30 min* duration) gave a 60% yield of an 
intractable brown gum. In a second experiment, starting material
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was obtained quantitatively after 1 ain., and a third experiment 
(5 min* reflux) gave a product (80%) similar to that fron tlio 
first reaction, except that it was yellow and probably contained 
some starting material.

These reactions were not f o l l o w e d  up further, so nothing 

can be said yet about their course. It may bo significant, 
however, that half the fluorine atoms in the monoxide and all 

eight in the hypothetical dioxide of octafluorophenazinc are 
situated ortho or para to positive nitrogen, and will be highly 

activated towards nucloophilic attack.
I)ecaf luor ohydr azobenzene .

It was shown earlier (p. 34 ) that decafluoroazoxybcnzene is 
reduced by zinc and ammonium chloride to the hydrazo-compound, 
and not (as previously reported) to the nzo-cor.ipcund; it was 
clearly of interest to investigate the reaction of authentic 

doca.fluoroazobenzene with the sane reluctant. A mixture of 
zinc dust, ammonium chloride, water, and ethanol was prepared in 
the sane proportions as were used earlier (p. 34 ) for the 
reduction of decafluoroazoxybcnzeno* Decafluorcazobonzcne was 

added and dissolved rapidly to give a colourless solution; it 
was therefore pointless to heat the mixture under reflux as had 
boon done with the azoxy-compound. a simple work-up gave pure- 
de-cafluorohydrazcbcnzono in 80% yield.

A second efficient reductant, scdiu:.: hydrosulphite (dithicnite) 
was also found; five equivalents gave the hydrazo-conpound in 85% 
yield•
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C , F_ .NsN.C^F- ..— — —  — - C„F_ .NH .HE.C^F.
6 5 6 5 o r  N a J S . 0 , / a a .  i% 0 H  °  5 6 5

Zn/NH^Cl/aq.EtOH
'or Na^S^O^/aq* A 

The relative stability of the hydrazo-conpound to further 
sceduction is discussed later (p.42 ).

Reductive Cleavage of Beeafluoro-azo,-azoxy-, and -hydrazo- 
benzenes•

, . 22 In 1962, Birchall, Easzeldine, and Parkinson reported an
attempt to prepare pontafluoroiodcbenzenc from pentafluorophonyl-
hydrazine by the reaction of the hydrazine with iodine in rofluxing
aqueous hydriodic acid, In the hyd.rocc.rbon series, the following

100sequence occurs:
-3HI

CrH .NH.KH + 2I»  C.Hc .m O “  >  C.-HJ: + N„o p  2 2  6 5 2  6 5 2
However, with the pentafluoro-conpound, reduction to pontafluoro- 
aniline occurred with the generation of further iodine:

C N H . N H -  + 3HI -->  C£F_,NH_ + NH, I + I_
o  5  2  6 5 2  4  2

It seemed probable' that d^cafluorohydrazobenzeno could be 
reduced similarly to pentafluoroanilin^ by r©fluxing hydriodic 
acid. This was achieved, and the reaction was later extended 

to the reduction of both the azo- and the azoxy-conpound; penta- 
fluoroaniline was obtained also in both these reactions. The 
reactions arc summarized below; the reducing ag^nt was refluxing 
aqueous 55% hydriodic acid in each case;
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Table 3
Pentafluoroaniline fron the Reaction cf .Belated Compounds 

wi th Hydr i cdic Acid.

Compound

PPC^F ,NH,NH (Birchall ot alf ) o p 2 -—
CrF *NH«NH*C/-F o p  o 5
c6f 5 .n =h .c 6f 5
CgF ,N(0)=N.C&F

Yic-ld of C^F^.NH.6 5 2

75%
63%
37%
33%

Two points arise fron the above table. Firstly, the isolation
of the aniline in yields of groater than §0?/- fron the azo- and

22 ~hydrazo-compounds supports the suggestion that the terminal 

nitrogen atom from pontafluorophenylhydrazino is converted into 
ammonia (which was not isolated) by the cleavage reaction.
Secondly, the lower yield of pentafluoroaniline obtained fron the 

azoxy-conpound nay bo due in part to incomplete reaction, for 
in an early experiment on the cleavage of the azoxy-conpound, in 
which half the quantity of hydriodic acid was used, starting 

material (74%) was recovered after a reaction period of 2.5 hr* 

Earlier attempts to cleave decafluoroazob^nzcne gave the 
hydrazo“Compound (tin and hydrochloric acid) or a tar (triethanol- 
amine); the product in both cases had an odour of iDontafluoroaniline 
Decaf luor oazobenzc-no did not react with zinc and alkali; this 
reagent usually ^ives hydrazo-compounds.
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Discussion:_ T h R e  duc ticn of Azo- Azoxy- and Ĵ ckcdZO".coi.'■Poul-&s •
Two contrasting observations can bo made* in relation to the

above experiments 011 the reduction f docafluoroazobenzone.
Firstly, reduction to decafluorohydrazobenzcnc is accomplished
quickly and easily; to the reagents described so far (Zn/HH^Cl;

; £n/HCl) can be added hydrazine (p«62 ) and hydrosulphide
ion (p.61 )? though it is probable that in the latter two casts,
the reduction stage occurred on products formed during initial
substitution reactions. Secondly, it is extremely difficult to
cleave decafluorohydrazobenzone to pontafluoroaniline - the only
really satisfactory reagent (Hi) being an unorthodox one. Both

the above observations arc in accord with recent investigations by
other workers 011 substituent effects in the reduction of (non-

1°1-fluorinated) azo-coiiipounds, Thus, the results of khalifa 
/• \ 102(011 the products of reduction) and of Marwick . (on the rates of
reduction) can be summarized as follows (both workers used a wide 
variety of azo-conpounds and reducing agents). The relevant 
variable in all the reaction series is the electron density on the 
azo-group. Compounds containing electron-withdrawing substituents
are reduced faster than the parent azebonzone to the hydrazc-
cexpound, but are not readily cleaved to aminos. Conversely,
compounds containing substituents which increase the electron 
density on the azo-group are reduced : ‘.ore slowly than the parent 
compound, but the resulting hydruzo-ceupounds care readily reduced 
further. In polysubstitut^d compounds, substituent effects are
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approxim tely additive. The collective- offset of ten fluorine

atoms will bo powerfully electron-withdrawing (the C^F -group
.103ha.3 about the same electronegativity as a. bromine atom) , and 

decafluoroazobenzene is clearly in the forner category.
The re tuction of decafluoroazobenzene by hydriodic acid 

could nrocoed thus: V

. _ All.. f id
C6F5 *N=N,C6F5 > c6f5 .n-n.c6f5 >

? I- I_ I
C6 * 5 - * S i € ? 5 “ X *  G6F5-NI2 + C6F5-KH2

I H \ or
C,F_.NHI + CeSV.NEI6 5 6 5

C,Fr.Ip-IVL r -----•> G,FC.NI + T
6 J -I 6 V  2

C^F-lNHI (or via C^F .NHI cf.CeF_.NE_I)o 5 o 5  2   o 5 2
H

T

! .ft) \ / * \CrF_.NHI  ---- >  C^Fr.N-^I ^1 —  ̂C.F^.Nth + I*o p  o 3 1 6 5 2 2
H

Reduction of the hydrazo-compound probably proceeds vela. a comparable 
mechanism:

H 'iI \ C  "xm
C6F5'f'" f*C6F5 1 ---> C 6F5 ‘ra2 + c6F5lNEI

H h

Reduction of azoxy-compounds includes two distinct types of 
reaction. The first, deoxygenation, occurs with strong Lewis 
bases, o .g , P(OEt)7 :

AroN^*>0‘-- + : Bo.se Ar J  + 0 ^ — =-Base2 2 2 2
The c.bcvo reaction will not be discussed. Secondly, more 
conventional reducing agents can give the azo-or the hydrazo- 
compound, or cleavage* to amines can occur. It is to be noted
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that the initial stage is not necessarily reduction to the azo-
i

compound, for 4,4-diethoxyazoxybenzone is reduced to the hydrazo- 
conpound twice as fast as is the azo-cexpound under identical

1 0 4
conditions (Zn/KOH/EtOH).

Very few reports cf the use of hydriodic acid as a reducing 
agent for compounds containing N-N bonds have appeared«
Presumably this is because both azoxy- and hydrazo-compounds usually 
rearrange under strongly acidic conditions. There is, however, 

one report of the reduction of azoxybenzene v;ith hydriodic acid; 

benzidine was produced, presumably by rearrangement of the
105hydrazo-compound:

Ph„N(0)=N.Ph -----5 Jph.NH.NH.PhJ — — ?>
HI r- n hT-

The mechanism of this reaction can be inferred from the work of 
.3hemyakin, Maimind, and Agadzhanyan, who were interested primarily 

in the Uallach rearrangement (the acid-catalysed rearrangc-nent 
of azoxybenzene to 4-hydroxyazobc-nzenc) • These workers found 
that azoxybenzene rearranged In cold chicrosu 1 phon ic acid under 

conaitions in which sulphuric acid was ineffective:
C1S0_H

/ In —  1
= /  I0Furthermore, if the reaction was done in the presence of iodide

ion, azobenzono was produced:
, , KI/CISO^H „ - . T

PhM (0)=N Ph __ 1 .1 ___ 2 ^  PhN^===IIPh + I 2

Azoxybenzene was not reduced by potassium iodide in sulphuric acid 
These observations were interpreted thus. In chlorosulphonic 
acid a cyclic intermedioite is formed; this can react c-itlier with



wet or, or with iodide icn, r.nd the following mechanism for the 
kallach rearrangcn...nt nay applys

N — N t

■h T V  <—
w y  -h2o

It con be inferred froi: the above work that the fol3.owin^ 
mechanism for the reduction of dc.cafluoroasoxybonzeno would, be

vA7/*l\ kT' • OH

acceptable:

C.F^.klf.CrF, C,F_.N— tJ.C>F6 5 i- 6 5 0 5 Vfl*65
H.+

1
*  c6F5^ ~ — N-c6f5

2C,Fc.NH 6 5 2 \

ii
(as above)

- + 7 °H t' h
CgF .N=N.C6Ft. + H20 + I2

Finally, it nay bo noted that a benzidine rearrangement (p. 44 ) 
is net possible with decafluorohydrazobenzeno, for there aro nc 
protons in any nuclear position in the molecule*

Flupr inat e d Dihydrophenazino s <,

Octafluorophenazinc was iunedirtoly roauced by aqueous 
hydriodic acid at reon temperature:

F F
Similar dihydro-derivatives were made fron the two hexafluoro- 
phenazines. None of the compounds was obtained pure, but their 
identities are not in doubt (the spectroscopic characterizations 
arc given on p*103)o On exposure to air, all the compounds
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(monentarily colourless when first isolated) were spontaneously 
oxidized, giving a series of green, blue, or violet molecular 
complexes (”phenazhydrinss:) • The octafluoro-compound was 
aerated in ^ther for 10 nin., and wc-.s completely and quantitatively
oxidized back to the starting material: 

P m
p ¥  ° 2/ / e’biler

NH ^ 20°: 10 min.5* ¥ ¥ ¥
Dihydrophenazine itself is also readily oxidized at room

temperature, and gives similar coloured complexes with its
., . 107oxidation product.

i 1The azine group -NsC-C—N- cam be considered to be a 
Vinylogue of the azo-group -N=N-, and the following nechnnis:

H H

(10050

for the red.netion is postulated: 
H

,]fe *

P P

/e
4/

p

- i
s X 4

P

X ^ F

Attempted JPropr.r at ion of a_ Decaf luor onzobc-nzgne - Boron 
Trifluoride Complex 0

Azobenzene is a Lewis base, and combines with borcn trichloride 

to form a. complex; this reaction is used for the removal of the 
latter from silicon tetrachloride, far most other bases (e.g.
aniline) react with the silicon compound also:108
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T)1 T\T TVT T)1 T IP T * B  — N  c P l lPh.N=N,Ph + BCl^ — — "> | •»» » 00 *) ^  ' •—BC1
y

In the present work boron trifluorido was used in an att ..mpt 
to make a similar complex fr^n docafluoronzobenzono. Do reaction
occurred,, This is probably because of the same electronic 
factors v:hich make oxidation to thu azoxy-ccmpound difficult 
(p» 37 ) ? together with ste-ric hindrance involving the ort lio 
fluorine atoms and the boron trifluorido molecule.

t
2j_2-dDibr or.io -o c t of luoro a zo bon zone .

?

Two attempts to brominate 2H, 2H-octafluoroazobonzene failed.
In the first experiment, bromine in oloUffl was used under conditions

8wnich have been used before in the polyfluoroaronatic field,
and in the second, bromine in refluxing acetic acid was used.

Starting material was recovered alnoi quantitatively in both
experiments0 The 2-position in the octafluoreazo-compound is
deactivated, towards electrophilic substitution by one ortho and

bWG pG_ta fluorine atoms, but the ortho phenylazc-jroup should
have little net electronic effect on the ^lv.-ctrophilic replacement
of hydrogen. The hydrogen atoms will be very sterically hindered,
and this may explain the lack of success of the reaction.

The dibrono-azo-compound was prepared by the oxidation of
2-bromotetrafluoroaniline (p. 29 ), and an improved route to this
aniline was found. The first report of the compound gave the

10following route:
F— F Br0/HOAo F F F F

i 0
F F Br r~Br

h h 2
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Castellano and his co-workers ' reported a direct synthesis of the 

4-Br isomer in glacial acetic acid at room temperature:

?— S Br /HOAg /~^\
/ ^ \  g/ B r / ^ W u
\ )b h 2 2 hr.; 20° \ _ _ / >~ 2
r - . P ¥

An identical procedure was applied to 2H-th-trafluoroaniline by
mo-compound in 65°C yield:the present author, and gave the 2«bron;

HOAc 2 hr.
N H 2 + S r 2

B F

P p  (65$)
]? Br

Thsj reaction of Dccafluoroazcbenzeno with _5tInexido Inn . 
D^cofluoroaaobunzenc reacted with tv;o nolos of uthcxide ion 

in refluxing ethanol to give a. quantitative yield of crude
i

A,1-dicthoxyoctafluoroazobenzone; one recrystallization gave the
pure sample in 59/*’ recovery. Decafluoroazobonzene reacted with
one nole of ethoxide ion to give recovered starting material and
mono- and di-substitutod products:

F F F F (13/0

CM3W  MS1 i OEt ____ \(l mole)
F F F F

F F 
+ E t o / ^

OEt

F F
The products wore separated chrouutographically and identified 
by their melting points and infra-red spectra. The monoethoxy- 
conpcund was characterized by its elemental analysis and by

i
conversion to the 1, ̂ •■-'diethoxy-conpound by reaction with a further 
nole of tthoxido ion. The rocrystallizod compounds wore shown 
to be single isomers by th^ir n.m.r. spectra and by the quantitative
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yield of ^-aminotetrafluorophetLol obtained on reductive cleavage- 

(p*50 ) •
T h o reaction o f Decaf luor eazcbe-nsonc with rlothoxido I on ■
An early reaction of cik. third the duration of the above 

reactions with ethoxide ion c;avo only a low conversion of the 

decafluoroazobc-nzc-ne0 The reaction was therefore repeated over 
an extended period of reflux, and gave the methoxy-analoguc-s of 
the two othoxy-cornpounds:

F F f t ?

(OgI15 )2N2-51^. M b 0 ( /  \ f ~w  \ F MeO

F F F F
The activation pattern of the po 1 yf 1 uoropheny 1 azo-group is

discussed later (p «60 ) *
The roaction o 1 Ducafluoroazobenzono with Thiophenoxid^ Ion„
Decafluoroe.sobenzone reacted quickly with two moles cf

sodium thiophenoxide in methanol, and a quantitative yield of
!almost pure k , ̂ -dithiophonoxyoc tafluoroazobc-nzene was obtained ,

One recrystallisation gave the pure compound (Bid’ recovery), 

which was characterised by reductive cleavage (p 05]_ )*
Less thiophcncxide (0„7 mole) reacted v.-ith d ^ c afluoroazo~ 

benzene to give a mixture consisting largely of unreact^d 
starting material and disubstituted product, but the moncsubsLilulv. 

product could alsc be isolated in 6y yield0
The success of the first experiment can be ascribed te tLe­

high nucleophilicity of the thiophenoxide ion, and to the 
relatively high acidity of thiophenol, which would ensure that 

the following equilibrium would lie far to the right:
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MeONa + PhdH — ~> Mo OH ->■ PhSNa

The high isoniric purity of the crude disubstituted product 
can be ascribed to steric hindrance to substitution in the 2-positi 
and the low yield of uonosubstituted product in the second reacti 
is due to the activating influence of the first thiophenoxy- 
substitucnt* This influence will be transmitted through the 
azo-linkage to the second ring, since ultra-violet spectroscopy 

showed that decafluorcazobenzene is (like azobenzene) planar. 
Accordingly, stabilization of the intermediate should occur as 
follows: F__F f  F

:N- B = 0 = BPh
F F  F  F

The n.ai.r. spectrum of the monothiophenoxy-conpound was 
exceptionally well resolved, and confirmed the orientation and 

isomeric purity of the conpeund. A - T h i o p li e n o xy n o n a f 1 u o roazo-- 
benzene also gave the A,A-disubstitutcd conpound on reaction with 
a further mole of thiophenoxide ion.

The^ liaductive Cleavage of the Dialkcxy— and D it hi o phono xy- 
-dorivativcs of pecafluoroazobenztnq.

The reaction of A , A'-diethcxyoctafluoroazebenzene with 
hydriodic acid gave- good yields cf cleavage products:

F  F
H I > 2  EtI(95‘/°) + 2 K 0 ^  \^!H2 (98^)

h i ?
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The; ^ , ̂ mlimthoxy-conpound r^r.ctod oinilarly to give the ariino- 

phenol in 100>- yield, but no attempt was i::ede to isolate iodoriethanc 
The uninophonol was characterized by oxidation to fluoranil:

m o P ¥
~7T >=0 (87#)

F F
The , 4-dithioph^noxy-c. .npound reacted differently with hydriodic
acia

F P F P
Ph S' SPh

2 p

“ >PhS,SPh(98#) + 2 (58#)
F F

Those dcgi'cl” tions involve two contributory reactions which
are probably quite independent: (i) the reductive cleavage at
the azo-group, and (ii) the- Zeisol cleavage of the ether group. 
The order in which these reactions occur - or nior£ accurately,

the proportion of e-ach occurring first » cannot be deterninod in
the absence of any definitive nechanisn for the reduction of the

azo-grcupo The azo-c ompound, in solution, will exist largely
as the conjugate acid, which will be a aiixturc- cf two tautomeric
f o m s  ;

(a) F F H
E t ~  °- 0  h

F F
Ft

O P  

e  Bt -

tl

0
P P

* J T'C
P P V

^ O E t
F F

Form (a) mist be capable of mi imposing reaction with hydriodic acid.
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since decafluoroazobenzenc, which has only the azo site cf 
protonation, can be reduced (unless, of course, the reduction 
proceeds only via the neutral molecule in both cases), and by an 

analogous argument, fora (b) roust be capable of Z.eisel cleavage 
however, both ferns can probably undergo both reactions, thus 
with form (a):

OEt

0
P P

OEt '“ ^ H O

.Repetition of the cleavage and reduction reactions would 
give the products observed, and cleavage? of the dinethoxy-conpound 

undoubtedly takes a similar course. An attempted de-ethylati^n 
of the diethoxy-cempound with hydrobrouic acid was unsuccessful, 

perhaps because the acid was not sufficiently strong,
tThe path taken during the reaction of- , t-dithiophenoxyoc ta-

109 .fluoroazobenzene requires further discussion. Thioanisole us 
stable to conditions (HI; 2 3ar,; 230°) under which nnisole is 
cleaved quantitatively; the thio-compcund is, however, cleaved 
by other standard reagents (aICI ; Nu/pyridine; fla/liquid 
but much more slowly than is anisole. The failure of thioanisole
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to react with hydriodic acid can be ascribed in part to the low 
basicity of the thioether, and cleavage of the aso-cuapound 
discussed here is probably due to activation by formation cf the 
N-conjugate acid. A reaction 'analogous to the cleavage of the 
alkoxy-azo-conp-unds would give iodcbcnzene and the fluorinated 
amino-thiol:

E.
PhSC Olf=iK/ 7SPh

EX
-> 2PhI + 2H:S

P 
\ ME.

P P
However, fron the products observed it is seen that in the Z e i sel 

cleavage it is the C-S bend to the fluoroaronatio ring which is 
broken,’ it will be assumed for convenience that the cleavage reaction 

occurs before the reduction stage, but this order is not essential 
to the argument:

Ph

I

H

PhS'

P PP P

F F 1 
+ IV  —Ax

, p S'similar cleavage c*£ 
other end t*£ m6lec*ale)
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The following reaction is well known, and accounts for the 
diphenyl disulphide obtained:

PhiSH + HSPh + I —  >  PhS.SPh + 2HI
To account for the different positions of cleavage found 

in the ethers and the thio-ethers is not as difficult as might 
be expectedo The alkoxy-compounds are alkyl aryl ethers, and 
the cleavage to the iodoalkane and the phenol parallels the 
cleavage of better-known compounds such as aiiisole:

The dithiophenoxy-compound is a diaryl ether, and the relative 
susceptibilities ox the two aryl groups to nucleophilic attack 

have to be considered. Each of the carbon atoms para to the 
azo-group in the dithiophenoxy-compound is activated by the 
inductive effects of the eight fluorine atoms, the phenylazo- 

-■ group, and the other phenylthio-group, and in addition, 

activation is likely to be increased due to formation of the 
N-conjugate acid.

The C-S bonds of the terminal phenyl groups are unactivated, 
and the production of thiophenol in the cleavage reaction is 
thus rationalised; the probable mechanism is given above.

The production of kH- (rather than k-iodo-) tetrafluoroaniline 
now has to be explained. The preparation of iodobenzene from 
iodine and benzene is usually carried out in the presence of an
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oxidizing agent, whose function is generally believed to be to
drive the following equilibrium to the right;

HNO
PhH + I0 *— > Phi + HI (  ~> I )c ^—  2

There is some evidence that electron-withdrawing substituents
110favour the reduction of aryl iodides, thus Nev/bold reduced

ithe 2- and ^-iodonitrobenzenes and also 2,2-di-iodoazoxybenzene 
to azobenzene :

2 Zn/ITaOH 0
Z n / S f a O H  ----- /|V0 “O 0 “ o

iiSo '''WHaOH

But

V \ W /  \// N02 Zn/NaOH ^

I I
The last compound (3-iodonitrobenzene) and its reduction 
product, are the only compounds in the above series in which 
the iodine atom is not conjugated with an electron-withdrawing 
group (the nitro-, azoxy- or azo-group).

It has been assumed that at some stage of the reaction of
»

k ,̂ -dithiophenoxyoctafluoroazobenzene with hydriodic acid, the 
thiophenoxy-groups are replaced by iodine. The removal of 
these iodine atoms could occur in either the azo~compound., or 
in the hydrazo-compound, or in the aniline, for each of these
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species will be activated in the strongly acidic medium used,
owing to formation of their conjugate acids* The mechanism
(given only for the azo-compound) requires either protonation
at carbon or the elimination of a carbanion:

HF P

F F
N = N f

F F
35J— Ar

F F
H N = N  — Ar

Or;

N —  N
F F

Ar — > I2 + N— Ar

F F

H ~~C3~F F

\V

To the present author the second possibility appears quite
acceptable, for the electronegativity of the pentafluorophenyl
group has been given as about the same as that of a bromine 

103atom (p.4-3 )? in the present case the polarity of the
C-I bond will be further enhanced by the protonation of the 
azo-group„



Incidentally, both the above mechanisms appear unconvincing 
to the present author when applied to the alleged reaction of 

iodobenzene with hydrogen iodide. It seems more likely that 
the function of the oxidizing agent in the preparation of 

iodobenzene is to provide an effective source of iodine cations 
(either free or complexed) so that the expected electrophilic 
reaction can take nlace:

% , I+ +
H> :\

y
-H

The Re action of D e c af luoro a zo be nzenogwit h Ammonia 
The reaction of decafluoroazobenzene with ammonia in 

refluxing aqueous ethanol gave the following products;

P F ME,F F

F FF F

F P P P
P ^  ^ET=N ̂  + Starting material (24$)

P P P P

P P p p
+ ? w  V \ M / y  vsF

F F H21J F
5aj)

The ^f-amino-compound was shown tc be isomerically pure 
by n.m.r. spectroscopy, and was cleaved by hydriodic acid to 
tetrafluoro-p-phenylenediamine and pentafluoroaniline:



The diamine was, like the aminophenol (p.51 )? oxidized 
to fluoranil by nitric acid:

P F F F

F F F F

The suspected 2-amino-compound could not be isolated, owing 
to the small yield and the similarity of its chromatographic 
characteristics to those of decafluoroazobonzene. Its low 
polarity suggests that the compound is a monosubstituted 
derivative, and the 2-isomor can be inferred from its colour, 
and from the position of the N-H absorptions in the infra-red

tspectrum *** indentical with those of 2-amino-4H,4H-heptafluoroazobenzene.

The absence of a disubstituted product is presumably due 
to the deactivating influence of the first amino-group,

4-Hydroxynonafluo ro azobenzene.
Potassium hydroxide (1„3 mole) in refluxing t-butanol 

reacted with decafluoroazobenzene to give the 4-hydroxy- 
-derivative in 80% yield based on starting material consumed 

(50?9 :



of pentafluorophenol, and the work-up was by chromatography.
The major product was recrystallized with very little effect 
on its melting point, and the resulting product was shown to be 
pure by n.m.r, spectroscopy; it was identified by reductive 

cleavage:

F F F F

F F

HI -X
F F

+ Hi'// \\0H
F I 1 F P F F

( k 7 % )  ( 8 0 % )

o OA small quantity of a mere polar product, m.p. Z O o - Z ' l O , was
obtained, but could not be purified. It was presumably a
disubstituted compound, (a) or (b)

F F F F  F F  F F

F F
HO// Y\ N=IJ F

F OHF F jj1 F F F
- depending on whether the 0 group pa.rtia.lly or completely 
destroys the activating influence of the ArN^ group. The 
fact that further reaction occurred at all suggests that 
compound (a) is the more likely product.
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:2-Amino~ hep ta fluoroazobenzene .
!A-H,4H-0ctafluoroazobenzene , treated with refluxing aqueous 

ethanolic ammonia as for the reaction with decafluoroazobenzene,
rgave, after an extended reaction time, 2-amino-^H,̂ Il-hepta-* 

fluoroezobonzene in 7&A yield:

J ? f f p p p p
r/ W
P F p p

7 \ W / /  \
P MH P P

The crude product (isolated by chromatography) was of high 
purity; recrystallization raised the m,p. slightly, and the 
resulting product was shown to bo pure by its n.m.r, spectrum 
and by elemental analysis.

Iteductivo cleavage gave the expected mixture of amines:

^ c> >
F F F v m 2 V p

The diamine was characterized as its benzil derivative .
The initial nucleophilic substitution reaction was carried

out to obtain some indication of the activating pattern of the
fluorinated phonylazo-group. In the octafluoro-azo-compcund,

the 2- and 3”Posi^i°ns nrc* activated thus:
F F

\  TVT— 1\T A v, same for both positions 
activated by £-ArN^, ^

" if m-ArN^, P-F

/  V)  N=NAr

F F
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The experiment shows that the ArN^-group is much more
activating in the ortho than in the meta position and this
implies that the polyfluorophenylazo-group is (as expected)
activating in nucleophilic substitution, since deactivating
groups are generally meta-directing*

The He actions of J)ecafluoroazobonzene with Othor flPuc 1 eo_philes .
The reaction of dccafluorcazobonzeno with sodium hydrosulphide

in refluxing methanol yielded an intractable gummy solid showing
N-H but no S-H in the infra-red spectrum. The following

F P P Fsequence appears likely:

F F F P P P
A,

F P P P

polymer; thevi reduction 
of N=1T bonds to NH-NH ^
by H S*

:N

S

P P P P
Methyl-lithium in ether reacted with decafluoroazobenzene

at 0-5 to give a tar ’clysubstitution is likely to have
occurred, and reaction at the azo-group is also possible, since

111Grignard reagents are known to add to aso-conpounds;

P P P P  / P P t p p  p p
P f f  ^  IM t/f P

P P F F P P
h—  r*

2(polymeric?)tar
p P + P PHe Li



A similar experiment with phenyl-lithium ga,ve an equally 
intractable product.

Several experiments were carried out on the reaction of 
decafluoroazobenzene with hydrazine hydrate. Methanol, 
ethanol, ether, dioxan, and pyridine were used as solvents, and 
the reactions at room temperature or under reflux were 
investigated. The products were colourless or pale brown, 
suggesting that reduction of the azo-group as well as substitution 

had occurred. All the products* were intractable.
A clue to possible complicating factors is given by Holland 

and Tamborski's observation of the base-catalysed defluorination 

of the polyfluorophenylhydrazines; one example is illustrated 
on p .26 . The defluorination requires the abstraction of a 
proton from the hydrazine group as the initial step in the 
reaction, and this normally requires hydroxide or ethoxide ion.

The hydrogen atoms in decafluorchydrazobenzeno are likely to 
be more acidic than those in the phonylhydrazine, owing to the 
inductive effect of the additional pontc.fluoroph.Gnyl group.
It is therefore possible that comparable defluorinations could 
occur also in decafluorohydrazobenzene, instigated by the 
weaker base, hydrazine. This would add to the multiplicity of 

products observed.
hecent Work of Other Authers on Decaf1uoroazobonzens,

98The paper by Burden, Morton, and Thomas, which has already 

been mentioned in connection with the azoxy-compounds (p°35
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also describes tho preparation of decafluoroazobenzene and two 
other highly fluorincited azo-compounds by the oxidation of the 
anilines with aqueous sodium hypochlorite at room temperature ,
The yield of decafluoroazobcnzene was only 25% 5 but the yields

i tof tho and ^Me^He- octafluoroazobenzenes were slightly
over 50/c. Burden and his co-workors report that decafluoro- 
azobenzene reacts with methoxide ion in ether at room temperature 
to give mono- and di-substituted products identical with those 
obtained by the present author, and that further reaction gives 
also the following compounds:

F F 
M e O / ' \

F F

F F
IT=W— \\ OMe 

MeO F
leO// \

F OMe MeO F

F F

The reaction of docafluoroazobenzene with lithium -aluminium 
hydride gave the octafluorohydrazo-compound in very low yield, 
and it was shown that in this reaction, the substitution 
preceded the reduction:

F F F F
F //^ ^  L lA lih

F F F
\SN=̂ /7 \VH H// \\_HH

Tars were obtained from decafluoroazobonasne and methyl-lithium 
or hydrazine in ether, and also from the reactions with 
hyd.roxide ion and ammonia (both in ether) , from which the present 
author obtained tractable products by using different solvents.



If tar-formation is taken to imply a high rate of reaction, then 
a comparison of Burdon's work with that of the author demonstrates 
a well known phenomenon; that reactions in which a dispersal 
of electric charge in the transition state occurs are impeded 
or slowed by an increase in the dielectric constant (or polarity) 
of the medium.  ̂̂ ^

Nuc" + __Tj— F  f t  \

Furthermore, Burden's results imply that the fluorinated 
phenylazo-group is even more activating in nucleophilic 
substitution than could be inferred from the present author's 
work.

There is one anomaly, the reaction of ammonia, with 
decafluoroazobenzene: here one would predict that the rate 
will be fastor in ethanol than in ether, for the transition 
state will involve ch.argo-separa.tion, which is favoured by a 
polar me dium;

C...
F F F F  F F

+ i>'(/ \y\i=h<y___

F F F F
N —  n - / (  y\F <T'

f -  -r “
F F 
or

The probable explanation is that if the ether were quite 
dry, and gaseous ammonia were dissolved in it (Burdon used these 
conditions for tho reactions of C^F.NCk with HBL),the ammonia6 ^ 2  p
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would be a much stronger nucleophile in the absence of any 
hydrogen bonding (to water or ethanol), which would if present 
decrease the availability of the lone pair electrons on the 
nitrogen. Another natter which requires comment is the slowness 
of the reaction of decafluoroazobenzene with nethoxide ion 
compared with that with ethoxide ion; the latter is a stronger 
nucleophile than nethoxide, but the difference in reaction rates 
is actually fully explicable by solvent and temperature effects. 
The reactions were carried out under reflux, and methanol boils 
1^° lower than does ethanol, and is also the more polar of the 
two solvents. These solvent effects are of a similar magnitude 
to those observed on transferring from methanol to dioxan/methanol 
(a comparable system to ether/methanol) as the following table 
(calculated from data of Ho and Miller ) shows:

T_able 4
Temperature and_Solvent effects on the Rate of the 

C_£F^Br/NaOMe Reac tion .

^eriperature (/c) Room temp
(20°)

Rate constant (lO^k)
in methanol

10 k 5 pts. dioxan/ 
1 pt. KeOH-

0.008 

3 *>6

b,p.MoOH 
( 6 a  7 ° )

6.6 

220

b.p.EtOH
( 7 8 . 3 ° )

20.5

650



It is seen that - discounting effects due to polarity differences 
reactions in refluxing methanol will occur at less than one third 
the rate observed in refluxing ethanol, and that on transferring 
to an ethereal solvent (dioxan or ether) the sane reactions will

from the reactions of decafluoroazobenzene with hydroxide ion 
and with ammonia is probably due to an additional factor - the 
increased nucleophilicity of the unsolvated reagents.

Burdon and his colleagues report a few of the compounds 
made by the present author, whose work is upheld by the published 
paper.

Two exploratory experiments were carried out in an attempt 
to achieve the following cyclization:

has been used before to abstract hydrogen fluoride from partially 
fluorinated aliphe,tic compounds (with the formation of a 
C-C double bond). The reaction gave the starting material 
quantitatively, and was not investigated further.

occur at a comparable rate at room temperature. Tar formation

TheAttenpted Cyclizaticn_of 2~Amino- , kH-heptafluoroazo-
benzene,

N  TSS

H F F H

Firstly, the aminoazo-compound in the vapour state was
passed over anhydrous potassium fluoride at 2?0o the reagent
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In the second experiment, the aminoazo-compound was heated 
in an atmosphere of nitrogen under reflux with sodium hydride 
in toluene, in the expectation that the anion

F NH Na'
would eliminate fluorine intramolecularly (polymerization 

would be expected not to occur, for this anion will be highly

-hep t afluo ro az obe n ze ne.
The formation of complexes from ortho amino- and ortho

hydroxy-az.o-compounds is well known, e,nd attempts were made to
make mercury, copper, and nickel complexes of the 2-amino-
heptafluoro-compound. The azo-compound was heated with mercuric
oxide in refluxing ethanol for 30 rain., but no reaction occurred.
With cupric or nickel salts in methanol solution containing a

113little aqueous ammonia., darkening occurred as the azo-conpound 
dissolved, but the presumed complex broke up on removal of the 
solvent. The instability of the complexes was probably due to 

inductive withdrawal of the amino-group electrons by the 
fluorinated aromatic ring. In addition, it is known that 
complexes derived from benzenoid azo-compounds are less stable 
than those obtained from polynuclear arenes.

F F

deactivated to nucleophilic attack). No reaction occurred.
tAttempted Formation 5pf_ >Ietal Complexes from 2-Anino-;'tH, kl l



with Nucleophiles,

Pontafluoronitrosobenzene with Hydrazine Hydrate» The
. 86 onitroso-conpound, stirred in ethanol at -15 , was treated with

1-5 dole of hydrazine in order to determine whether the reaction
would aid the investigation of the reactions of the fluorinated

azo- and nitro-conpounds with the same nucleophile; an
intractable tar was obtained.,

Decafluorohydrazobenzene and Hydrazine Hydrate• Decafluoro- 

hydrazobenzene (91/0 was recovered after treatment with hydrazine 
hydrate in refluxing ethanol. This reaction shows that in the 
reaction of decafluoroazobenzene with hydrazine (p. 62), 
substitution must have preceded reduction of the azo-group, and 

secondly, that the hydrazo-compound is greatly deactivated 

towards nucleophilic attack; in this it resembles both 
pentafluoroaniline and pentafluorophenylhydrazine (p. 6 )<.

For this latter reason, together with the ready 
autoxidation and thermal instability of the hydrazo-compounds, 
the reactions of dccafluorohydrazobenzene with nucleophiles 

were not investigated (they could provide a route to meta- 
- substituted azo-compounds, but these would be more conveniently 
obtained by oxidation of the anilines).

Pentafluoronitrobenzene_ with Toluene-p-sulphonylhydrazide. 

Equinolar quantities of the nitro-compound (p. 21) and the 
hydrazide were heated for 1 hr, in refluxing ethanol;



precipitation of tho product with water gave unchanged 

pentafluoronitrcbcnzone. The reaction at roan temperature 
(̂ the hydrazide is somewhat unstable to heating) also gave 
starting material* The intention had been to achieve the 

following series of reactions (the reasons for requiring th« 
ar.iinotria.zolo are given on p.75 )* NO

F C7H7.S02.h"2H3 +
. NH. S02. Gy^

F !F
F

.so2.c7h7 (i) reduce NO,
c

(ii) HNO„
\k

¥

< ■

F
IT

I
f h ,so2,c7h 7

The failure of the first stage of this series is almost 
certainly duo to tho poor nucleophilicity of the acid hydrazide 
compeared with that of hydrazine*

Th e Reaction of Penta fluoronitro benzene with Hydr azine 
Hydra.to °

Tho reaction of decafluoroazoxybenzene with hydrazine gave 

a 1-(phonylamino)bonzotriazole, the identification of which 
presented certain difficulties (p.lOy^)* It was therefore 
decided to investigate the reaction of pentafluoronitrobenzene 
with hydrazine with the intention of obtaining a "model11 

compound for a proof of structure involving u.v. and n.rn.r.
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spectroscopy. Tho following is tho anticipated reaction:

6 5
from the asoxy compound

Preliminary experiments with hydrazine and pentafluoro- 
nitrobenzeno are tabulated in tho experimental section (p.l79)» 
Reactions wore carried out using 1.5-2.5 mole of hydrazine/mole 
of nitro-conpound, at room temperature or reflux in the 
following solvents: ethanol, other, dioxan, propan-2-ol,
aq. 90% methanol, and benzene. Failuros and difficulties wore 
due to two phenomena: (i) in the less polar solvents
(e .g . ether), the product was intractable, probably duo to 
polysubstitution; (ii) in solvents of high polarity,
(e.g. ethanol) the reactions wore (at first) irreproducible.
A smo.ll yield of an explosive substance* was sometimes obtained, 
and later work showed that this was, in fact, the desired 
triazolol0

It was eventually observed that the required product was 
generally isola.ted when the crude product was heated after

t
removal of the solvent was complete. After this observation, 
a. procedure was developed whereby the replacement of the 
extraction solvent by the recrystallisation solvent was 
combined with this heating stage, enabling highly reproducible 
results to be obtained. An extensive purification led to
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isolation of tho product in iVb yield„

The reaction of pentafluoronitrobonzene with hydrazine to 
give tetrafluorobunzotriazol~1-ol can be rcprosoatod thus, and 
is rather similar to the reaction of 2-chloronitrobenzene with

114hydrazine:

F

OH

^ \ C 1
W02 + 'W2H4 ■> (88%)

c!h
Similar reactions occur with dihalogonated nitro-coupcunds 
(with lower yields), and Muller .and Hof fr.iann̂  ̂  have reported 

tho preparation of a triazole fro::: a nitro-conpound containing 
£-, n-, and jD-chlorine atons; the yield was not stated:

C 1 ^ T \  Cl
Cl MO. + K2H4

This last reaction is an example of the (none or less)

specific activation in tho orthc position that has been observed
116before in the reactions of uitro-conpounds. Two examples

involving pentafluoronitrohenzene have already been

reported,^’ ^  ^  and the second of these at least is
16solvent-dependent:
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HO HO HO, (+ di~ and trl

2

-substituted
products)

Ratio 7
NO,

The reaction of pentafluoronitrobonzene with annonia was 
originally explained in terns of hydrogen bonding between the 
incoming nucleophile and the nitro-group:

Whilst it would be unreasonable to dispute that such hydrogen 
bonding is a contributory factor to the course of the reaction, 
it clearly cannot explain ortho substitution with nethoxide 
ion. The solvent offeet provides a clue to the probable 
explanation, and this is discussed later (p. 87 ) i-n connection 
with the pentafluorophonylazoxy-group,
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Tetrafluo robenzotriazole
Tetrafluorobenzotriazol-1-ol was reduced quantitatively to 

tetrafluorobenzotriazole by refluxing aqueous hydriodic acid; 
the similar reduction of the unfluorinated compound has been

Tetrafluorobenzotriazole was also prepared by the
diazotization of tetrafluoro-o_-phenylenediamine (p. 87 ), and
this reaction also is closely analogous to the preparation of

118benzotriazole from o-phenylenediamine:

The scale of this experiment was small and the product was 
identified by infra-red spectroscopy* The reaction was not 
investigated further, for the diamine was not readily available 
in this Department,, However, this route to tetrafluorobenzo- 
triazole is at least as convenient as the preparation via 
pentafluoronitrobenzene and the triazolol, and the overall 
yield from pentafluoroaniline may be higher.

117known since 1900»

aq, 5%' HI ,   - .
reflux 30 min.

F

mU  1 ,-3' (1000)

OH

bJ di N/ 
aq,7Cfe HoSO^



Tetrafluorobenzotriazole w?s characterized (p. 105 ) by
elemental analysis, u.v., and n .m .r . spectroscopy,

An attempt was made to fluorinate tetrachlorobenzotriazole

by a procedure analogous to that used for the fluorination of
119oc tachlor onaphtha.leno ;

K F/1 e t r nme t hy 1 ê ne F
sulphone

120

y  . (51*)

Tetrachlorobenzotriazole was prepared by the chlorination of 
118benzotriazole with refluxing aqua regia, and two attempts

to fluorinaete the chloro-compound were nia.de; the reaction with 
anhydrous potassium fluoride in tetramethylene sulphone at 270° 
for 20 hr, gave a te,r, and the same reagents, heated at 200° 
for 18 hr., gave starting mp.terial (143) together with tar,

1 - Aĉ eipyl.t e trafluorobenzo triazole .
Tetrafluorobenzotriazole was acetylated in the 1“position 

by refluxing acetic anhydride:

X0O - - c H ? - c t ) g o

F H reflux; 10 min. N (3%) + starting
material

CO.CII
The product was rather difficult to isolate, sinco it was 

very readily hydrolysed; both in the position of acylntion and 
in tho ready hydrolysis of the product tetrafluorobenzotriazole
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1 2 1resembles its unfluorinated analogue. The compound was
characterised by elemental analysis, i.r, spectroscopy, and n.m.r, 
spectroscopy - this last established the position of the -acetyl 

group (p „ 1 '\k ) •
The Attempted Synthesis of 1-Aminotetrafluorobenzotriazole. 
Shortly .after tetrafluorobenzotriazole had been prepared, the 

following synthesis of biphcnylene was reported by Campbell and
to 122Sees o

\  Ph(0Ac)2r<:;>Y ' \N -----------I 0

Several unsuccessful attempts to prepare 1-aminotetra.fluoro­
benzotriazole were made, with the intention of preparing 

octafluorobiphenylone by a comparable synthesis. Amination of 
tetrafluorobenzotriazole with hydroxylarni.ne-0-sulphonic acid 
could not be achieved, so -amination of tho silver salt 
precipitated by the addition of silver nitrate to .an aqueous 
solution of the sodium salt) was attempted, but was unsuccessful.
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F F

AS‘ NH2
the preparation of 1-methylteen-se-triazole :

+ AgCl

N

Ag
+ Agl

Three attempts to nitrate tetrafluorobenzotriazole, with 
the intention of reducing tho nitro-triazole to the amino- 
-triazolo, gave only starting material. The lack of success 
of these electrophilic reactions is in accord with the 
difficulty of prepare,tion of the 1 -acetyl-triazole.

Attention was now turned to the preparation of compounds 
which could undergo nucleophilic amination:

Chlorination of the triazole and bromination of. the 
triazole were each unsuccessful:

F

+ Nuc

* Reagents and conditions: (i) HNO^/H^SO^;0°° (ii) KNO^/
(CF-CO)_0: 20°; (iii) HRO /Aco0; reflux,3 2 3 2



Tosylation and bonzoylation of tetrafluorobenzotriazol-1~ol 
were achieved by ;3chottcn-Buumnnn procedures with aqueous sodium 
bicarbonate and the acid chlorides, e 0 _g:

The products were characterized by tho ammonolysis reactions

the benzoyloxy-triasole (prepared similarly in 80'a yield) was 
not purified.

The following sequence might be expected to occur, in 
view of the probable increase in susceptibility of the triazole 
ring to nucleophilic attack owing to the presence of the 
fluorine atoms:

F 0 F
aq.NaHCO_

F
OH

0

described below. The tosyloxy-triascle was also analysed, but
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F F
F

+ Acyl-0

Acyl

In fact, the reactions of the ncyloxy-tria.zolcs with 
refluxing aqueous ethr.nolic ammonia toot: the more usual course, 
viz*

F
F
F

Me

F

F
F

(100$)
IOH

\  + HgN.gy V

(lOOfr)

The benzoyloxy-compound reacted similarly; all the ammonolysis 
products were identified by i.r. spectroscopy*

The preparation of 1-amino tetraf luor obonzo triazole- was 
attempted by one more route. A large excess of boron 

trifluoride was added to the triazolol in dichloromethane, and 

the mixture was then saturated with anhydrous ammonia.. Once 
more, the reaction took the usual course, i.o:

F
N

N/
+ L* u

F
F,

e :P

- » a y \  <«•>

' i - ^ . V * '
J -   r~BF, S.H
i >  a ' 3 5

(presumed)
OH

rather than —  C.F.M NU + BF^ + H.Q^ 6 4 p 2 a 2

+ BP^.fe^
(presumed)



The Reaction of Docafluoroaaoxybenzenu with Hydrazino
Decaf In o r o r.a o xy b e n zo ne and hydrazine hydrate (1-5 mole) 

were heated under reflux for 30 min0 in ethanol 5 it was 
anticipated that either reduction or substitution (possibly both)

The identification of this compound presented some difficulty, 
and is discussed on p„ 107

The reaction is closely analogous to those of 2-chloro- 
nitrobenzene and pentafluoronitrobenzene with hydrazine, but, 
as it happens, tho preparation of 1-(phenylamino)benzotriazoles 
from halogenated a.zoxy--compounds appears never to lie.ve b̂ c-n 
reported or attempted before - it is probably quite general, and 
four more examples are reported in this thesis. These are 
included in the table below- Satisfactory analyses were 
obtained on all except the last compound (for which insufficient 
sample was available), and the spectroscopic characterizations 
of all five compounds are given on p.107 ff.

would occur. However, a simple work-up gave 1-■ (pentafluoro- 

plienylamino)tetrafluorobenzotriazole in 28(' yields

0

F y'J<vsSY--blo / r /  /_fL». p// m ,

p p



The Preparation. jdT 1 - (P h o nZP  ̂ PPn.solos from Azqxy-conipounds

Starting Mciteriql Prodiict^frora reo.c t ion w . H}[ Yield

P, JST

P P P P

(JrCJ
F F 0 F F

*

F
p  ir w

P
p

p

m.p. 15S-9A N

NH- .P
P P

m

28?o

m.p. 162-4° (decomp.)

31fo

P P P
P- / / ^ p ^
p 0

P
P

P

N
INH

> m.p. 125-60

P P 
/ /  \\p 3A%

P P
p

p p

p
m.p.2

P

P P

P

m.p. 152-3

2jfo

P ELB2ni

P
j  N m.p. 14-7
1 jS (decomp,)T /  * J
2 Ah - ^ N
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The expo rime ntr.l procedures for these reactions were 
comparable (the major variation was in the duration of reflux - 
15 or min., but since tho reaction appeared to be fust, this 

factor may not be significant) and it is therefore possible to 
comment on the relative yields of tho products. The highest

Tyield was obtained from hH,tH-octafluoroazoxybonzene, in which
the only positions activated to nucleophilic attack ."re those
ortho to the azoxy-group, and tho lowest yield was obtained
from 2-(pentafluorophenylazoxy)tetrafluoroaniline, which is
deactivated to nucleophilic attack by the nmino-group, and which
has only one ortho«• position available in the ring next to the

!N G bond. The high yield of triazole from the 2H,2H-octa-
fluoroazoxy-compound me.y be due to the planarity of this 
compound (p. 121 ), which should increase tho difference in 
activation between the two rings, and favour substitution in 
the ring adjacent to the N-— ■}> 0 groups;

^ —/ >
f. S’ y 0 F o“

\ — S a  ’h
W  \

r Vs/
^  J  F F

V
F*

decafluoroazoxybenzene: 
non-planarity limits 
deactivation of ring 
further from N— —>0 group.

i2H ,2H-octafluoroazoxybenzene: 
ring further from N— group 
deactivated by resonance.
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The mother liquors from the crystallizations of each of the 
triazoles yielded tars, which were not further investigated; 
products due to polysubstitution, substitution in the ^-position, 

reduction, or defluorination (p. 26 ) could have been present.

was decid.ed to attempt an independent synthesis of one of the 
triazoles:

Thy hydrazo-compound was prepared similarly to decafluoro- 

hydrazobenzene, but it was found to be difficult to handle, 
since it is very readily autoxidized; accordingly, it was 
diazotized in  ̂situ. Sufficient sodium nitrite was used to 
destroy the ammonium ion present. The resulting product was 

intractable, but showed absolution at k , 7a  in the infra-red

spectrum. This band was probably duo to a diazonium cation, 
possibly either

Since S-amino-^H, *+H-heptafluoroazobenzene was available, it

HNO



The Oxidation of 1 - (Pent a f luo r o p h enylami n o) tetraf luoro- 
bensotriazole with Lead Tetr%-acetate„

This reaction was carried out before the nature or identity 
of the triazole was known. Since tho compound had been 
prepared from an azoxy-compound and a reducing -agent (hydrazine) 
it seemed possible that to treat the (then unknown) product with 

an oxidant might aid. its characterization.
Oxidation of the triazole with lead tetra-acetate in benzene, 

both at room temperature and under reflux, gave fair yields of c.n 

orange product melting over a. wide range, and shown by n.m.r. 
spectroscopy to bo a mixture of several compounds; its u.v. 
spectrum (A 303-7 m «,£= 15800 and X . ^57-9 m p , t =  708 inlilcLX / 1ft cX /
EtOH, cfo decafluoroazobenzene, pjL30 ) suggested that the 
constituents were e.zo-compounds. This would involve the 
destruction of the triazole ring - this has been recently 
observed also in the oxidation of 1-aminobenzotriazole by the 
same oxidant ( P-75 )•

Reductivo Cleayage of 1-(Pentafluorophenylamino)tetra- 
fluorobe nzotriazole0

This reaction was carried out in order to provide a chemical 
proof of the structure of the triazole.



The triasole in an inert solvent (jo-xylene) was heated 
under reflux for 3 days with aqueous hydriodic acid, and gave 
the following products:

It is conceivable that the low-yield of totrafluorobenzotriazole 

was due to further reduction to tetrafluoro-o-phenylenediamine 
during the prolonged reaction time necessary to cleave the 
plienylaminotriazolo. If so, the diamine could have been 

distributed through the various aqueous phases during the work-up, 
and consequently escaped detection.

The cleavage has similarities to both the reduction of the 

triazol-1-ol (p.73 ) aild the reduction of decafluorohydrazo-
benzene (p. 43 )» and the mechanism will not be discussed
further.

The 18 e action of Dec a fluo r o azoxybenzene with Ammonia,

The reaction of decafluoroazoxybenzene with aqueous 
ethnnolic ammonia at reflux temperature gave the following 
products, which were isolated by chromatography:

F F F F

F F F F F F F F( oF F F F

F F F F
+ mixture of unidentified products (2/0
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The products were characterized by elemental analysis, reductive
cleavage^and by conversion into triazolos; these reactions,
together with spectral data, are discussed on p. 116 •

9 8The paper of Burdon, Morton, and Thomas, which appeared 
before the above reaction was carried out, described the reaction 
of decafluoroazoxybenzene with methoxido; the authors avoided 
the problem of isomerism (which would have been difficult to 
investigate in ignorance of the reactions with hydrazine) by 
using two equivalents of the nucleophile:

P P 0 »«OI0St2»;2Oo W l  \=/

The above reaction with ammonia was intended to complement 
Burdonfs work, since by use of a deactivating nucleophile, the 
relative reactivities of the two rings ^which will, of course, 
be different, for they have different substituents: -ArN=N(0)-
nnd ArN(0)=N~] could be investigated. The ortho/para ratio 

of 2 in the reaction with ammonia (cjf. the inferred ratio of 
^ 0,25 in the reaction with methoxide) once again emphasizes 
the similarity of the arylazoxy-group to the nitro-group, 
and supports the early suggestion (p. 7 2 ) that hydrogen bonding 
is in part responsible for the high ortho/para ratio in the» » t\J n'«fc»y rfl'. frrtfrju*

reaction of pentafluoronitrobonzene with ammonia.



-86

Burdon's reaction presumably took the following course:

Since the methoxy-group is a weakly deactivating group-̂ -3 
one would deduce that the C^F-N=N(0)- group is only slightly 
more activating than the CgF -N(0)=N- group, in view of the 
fact that the seconds substituent goes into this other ring.
It is therefore somewhat surprising that in the azoxy-compounds 
containing the strongly deactivating amino-group, a considerable 
proportion, at least, of hydrazine enters the already-substituted 
ring during the triazole-formation reactions (p.80); that 

this occurs is powerful circumstantial evidence that isomerization 
of the azoxy-compounds does not occur during these reactions, 
and this substantiates their use to prove the structure of the 
amino-compounds (p.116). For example, if the azoxy-compounds 
could equilibrate:

(a) H2N.C6Flf.N(0)=N.C6F5 ^ ± r { h )  ^N.CgF^.NdtTCO) .CgF , one would 
expect the reactions with hydrazine to occur more readily with 
the forms (b), leading to products with the substituents in 
different rings.

Substitution on the ring next to the — > 0  group is 
precisely what one would expect in vi-w of the similarity of 
this end of the molecule to the highly activating nitro-group,



including the positive charge on the nitrogen atom. Furthermore, 
the other nitrogen atom has a partial negative charge, and would 
be deactivating in the ring to which it is attached:

Thus, either the methoxide reaction cam be considered as 
the typical one, and the course of the reactions with ammonia 
and hydrazine ascribed to hydrogen bonding, or the reactions 
with the amines can be considered as normal, in which case the 
course of the reaction with methoxide must be assumed to be due 
to the larger size of the solvated methoxide ion (see also pi! 1 &),

The Reductive Cleavage of the Amino-azoxy-Compounds.
These reactions were carried out to assist in the 

characterization of the azoxy-compounds:

cr 0

F m 2 F F f' m 2 

(55/0

F F F F F F 
(66/)

F F
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The ortho-diamine was converted into the benzil derivative 
(a new compound), which gave the correct analysis;

A  -1TH- F
F

F z °Yh aqoh>
^  reflux ^N Fh

F  m

Further proof of the structure of this diamine was provided by
its diazotization, which gave tetrafluorobenzotriazole (p.73 )•
The other three products of these cleavage reactions xvere
identified by infra-red spectroscopy.

Attempted Preparations of Qctafluorobenzocinnoline.
A number of attempts were made to prepare octafluorobenzo-

?cinnoline by the removal of ortho substituents from 2 ,2~disub“ 
stituted octafluoro-azo- and azoxy-benzenes:

\ — J? octafluoro-
P F

ikXW 1’ ̂  pt>€>
\0/ X i F  F  F  F

F benzocinnoline
F  F  F  F

These experiments were based on five reactions known in the 
hydrocarbon series:

12 -̂(a ) The photolytic cyclizntion of azobonzene:

sunlight ;HpSO^/BtO^

1 month
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(b) T he_ cyjc lization of azobenzene with aluminium chloride

,F rM ■
A1015/0H2012

or/eutectic melt

( c) The WeJ,lach rearrangement ,jfolio_wod. by dehydration: 

usually takes the following course (p*4 4 )-

/ r \ ^ s f ~ \  H 2 S 0 4  o r

126 This

V  VS OH

a iso^h51
But 4.4-disubstituted azoxy-compounds give tho ortho-hydroxy-azo- 
-compounds?and it was intended, to dehydrate " rearrangement prodiucl:
of the octafluoro-compound; T

P__ 3?
]?</

F H HO H 

127(d) The jo h o to lytic r earrangeiiient of az oxybenzene :

o *d ? -
(e) The Ullmann reaction S Tho abstraction of bromine from
2,2-dibromo-octafluoroazobenzene was attempted: 

£V W bl?
Br Br P

C n

A
P

F P

P
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None of these experiments (tabulated below) was successful.
Table 6

Attempted Preparations of Qctafluorobenaocinnoline

Reaction Reagent Solvent Temp» Time Pro due t

(a) U.V. + aq.EtOH 20
H2S\

2.h hr. Starting material
(8250

( I  I f h2so4 23 hr.
(b) A1C1 CH2G12 r©flux 3 days

( c)

(d)

A1C1 /NaCl/NaF
eutectic

CISO^H CCl^

,o90 90 min.

H (So%) 
" (96%)

11 (72?c)

U.V. EtOH

reflux 13 min. intract, oil with
band in I.E. at

o20
(c) with(d)U.V. + aq.EtOH H 

(e)

18 hr, starting material

19 br, " u
h2so^

Cu—bronze HCO.NMep reflux 1 hr. reduction
'to F 1=

none 200o 2 b hr. tar p \M ft

The failure of the cyclization reactions can be attributed 
to steric hindrance in the required product. Soon after this 
work was completed, oct&fluorobiphenylene was reported; it

iwas prepared by an Ullmann reaction on 2.,2-di-iodo-octafluoro-
128biphenyl, but it can be seen that in this case, steric 

hindrance is non-existant:



octafluorobenzocinnoline octafluorobiphenylene
This suggestion is supported by the reported difficulty in 
obtaining pure perfluorophenanthrene, whose steric requirements 
are very similar to those of the cinnoline, The reduction of 

halogen-compounds in dimethylformamide has been observed before 
where there is steric hindrance to biaryl formation, as there

■ . -I. 130-1is m  this case;

TJr— -J? J2 P

P Br Br p

(identified by an.p. & i,r« spectrum)

-■i?
150o

P P P „ P

( 4 9 ^
H H~PP
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2

Ou/DMP
150°

T O 2

2

The reduction may also be assisted by electronic factors

(cf. p. .5 5 ) •

and in the octafluoro-azoxy-compound, these are in effect two

Its non-occurrence is therefore not surprising.

The photolytic rearrangement of azoxy-compounds is 
believed to be intramolecular, and should bo impeded less, but 

it is in any case slow and the above experiments were not 
exhaustive•

The Diazotization of Tetrafluoroanthranilic Acid .
This reaction was carried out in an attempt to prepare

octafluorobiphenylene by a sequence similar to a recently
133reported synthesis of the unfluorina.ted analogue:

The Wallach rearrangement is known to be impeded by
132substituents ortho to the point of entry of the hydroxyl group,

such substituents, F and ArCN^O)-

presumeu puxne oi entry oi nyaroxyi group
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1^ 1^2 MO,
00«H

.0 "" N F ■+

i T 2-- W o o 2

u,v.

Totrafluoroanthranilic acid was prepared by the following
previously reported sequence

01 K? pi
cir^^CF Fr^^CF
01 J' ON

H 2S04

*-[ ' 
(Si 250° F

OF

NaOBr
0

120
> Fr  ] r >

F F

n h 2
o o 2h

Tetrafluoroanthranilic acid was diazotized in aqueous 
sulphuric acid at 0°, and gave trifluorobenzenediazonium-2- 
-oxide-6-carboxylic acid, nucleophilic replacement of the ortho 
fluorine atorne having occurred (the characterization of this 
product is given on p. 123 )*

HFO,

00„H aq-* H2S°4

0 ,f-

F r ^ h  
p L

P
XI02H ( 2,3$)

The relatively low yield was due to a low recovery on 
recrystallization; the i.r. spectrum of the crude product was 
very similar to that of the recrystallized sample, showing that 
the amount of substitution para to the diazonium group must 
have been small*
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A simple but tentative explanation for the position of 
substitution can be given. In the pentafluorobenzenediazonium

It can be seen that in both the diazonium salt and in the 
diazonium--ca.rboxylic acid (or tho zwitterion) there are two 
possible positions of attack:

The different orientation found in the reaction of the two
diazonium compounds is difficult to explain, but the following1
rationalization can be given.

In changing from the pentafluoro-compound to the carboxylic
acid or the zwitterion, tho activation of each of the potentially
labile fluorine atoms ho.s been changed, in each case by the
replacement of a. meta fluorine atom by a less activating meta
CO H or CO group; the relative activation of the tv/o sites is 2 cL

unchanged, but the absolute activation is lower. It is 
therefore quite possible that the diazonium-carboxylate is 
stable in aqueous solution, and reacts with water only in ether

1 1 ̂bion, substitution by water occurs in the para position: *- T*_=i

0

T T
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solution (i.e. during the ether extraction); in the solvent 
of lower polarity, ortho substitution should be favoured, since 

it is probably due mainly to an inductive or direct-field. effect 
The Photolysis of Trifluorobenzenediazonium-2-oxide--6-

~carboxylie Acid.

This reaction was carried out before it was discovered that 

tho diazonium compound was not the tetrafluoro-carboxylate:

The diazo-oxide was found to be stable to u.v. irradiation for 
one week.

2,3 t tfl^Qro"h-hydroxybenzoic Acid.
The sequence described below was carried out in.-an attempt to 

synthesize an indazole derivate (cf. the synthesis of
135indazolom ):

Fkx jJ
F

0 o 2h

OH HOIF
F

OH
Trifluorobenzenediazonium-2-oxide-6-carboxylic acid was 

reduced with zinc and ammonium chloride in aqueous methanol; 

some effervescence was observed. The liquid phase was heated 
with dilute hydrochloric acid and gave 2 ,3 i^*-trifluoro~3~* 
-hydroxybenzoic acid in 60% yields



ET+ 3n/HH .01 _
H02° ( '  l ' ° ---------  ^  H0„C f^%]OH

]? h x ^ F  
F

It wr.s clear from the evolution of gas on the addition of
ammonium chloride that the product was formed before the refluxing
with hydrochloric acid was carried out, and this was confirmed
by the isolation of the hydroxy-acid In 29% yield when the
reaction was carried out without this last stage. The chief
result of the treatment with hydrochloric acid appears to be the
incidental facilitation of the purification of the product.

The de-amination process of the above sequence of reactions
is closely similar to that reported by Hodgson and Marsden, who

136developed a general procedure for the process:

(1) HNO r
ArNH  --   &----------------- ArN*2 (ii) naphthalene-1,5” 2 10 7 2

disulphonic acid

r
ArN2 LC10H7S2°6 •J:SZS£2£_.^ ArH (>907:-) +

'4 20 °

Hodgson and Marsden stated that the ethanol was not oxidized, 
and that the hydrogen necessary for the reduction apparently was 

derived from the sulphonic acid groups, which presumably were 
converted into the zinc salts. If this is the case, then the
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above deamination procedure is almost identical in mechanism 
the acid being the ammonium ion? the overall reaction would 
be s

ArN* + NH^ + 2Jn ■— > [a tN=!Th J + + gn+:

ArH + N,

After the above reactions with tetrafluoroanthranilic acid
dervatives were carried out, but before the products were fully
characterized, a report appeared of the diazotization of

117tetrachloroanthranilic acid. ^ The chlorine atoms were not 
displaced on diazotization of the acid in concentrated sulphuric 
acid, nor by the subsequent dilution and steam distillation of 
the product, which gave a tetrachlorophenol;

53- a. ~N 0

a i ' ^ J / o o "  -002 
^  rour-*1L lS04

01
01

01

01

01

II
01

.137A comparison of the above work with that of the author 
illustrates the susceptibility of fluorine to nucleophilic 
replacement in fluoroaromatic systems.



- 9 8 -

SECTION 2

THE G H Alt AC TEH IZ AT I ON OF NEW COMPOUNDS 
Introduction; The Interpretation of Spectra.

Infra-red, ultra-violet and nuclear magnetic resonance spectra 
were each recorded for nearly all of the new compounds. These 
spectra.are discussed (i) as necessary to establish structures of 
new compounds, or (ii) where an obvious anomaly is present, or (iii) 

(briefly) in groups for each class of compound, but no attempt is 
made to mention every spectrum individually.
(a) Infra-red spectra. These were used (apart from routine 
identifications) entirely for the identification of those functional 
groups which absorb in the region 2.5-6̂  , since no useful correl­
ations (e.g. C-F stretching bands) could be made in the tffinger- 
print1' region (6-15^ ) .
(b ) Ultra-violet spectra. The electronic effects of fluorine 
in highly fluorinated compounds to some extent cancel each other, 
and the spectra of aromatic fluorocarbons are often very similar to 
those of their unfluorinated analogues; several examples of this 
similarity, and a few interesting exceptions, are presented in this 
section.
/ \ 19Nuclear magnetic resonanc e spectra. F spectra were
obtained for many compounds, and a few proton resonance spectra 
were measured also. The assignments were made on the basis of 
chemical shifts and coupling constants; for the latter the 
following were regarded as typical values (in c./sec.) for
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fluorinated benzenoid compounds:
o-FF; 18-22; o-HF; 10; m~FF: 0-10; m-HF; 7; £-FF: 7-15; 
p~HF; 2-3 c./aec.

Chemical shifts were assumed to be determined by additive substit­
uent contributions, superimposed upon the shift in hexafluorobenzene 

(83.25 ppm. to high field from trifluoroacetic acid). After a few 
preliminary assignments had been made, the reliability of this 
procedure was increased by using as reference compounds decafluoro- 

azobenzeno (I), the triazole (II), and the quinoxaline (III) (for 
comparison with the phenazines)_ the spectrum of each of these
compounds was unambiguously analysed,

F
*Nv\F F F F f

x F f

F F

F

F F
II

N/  F F

t-O
H Ph

'F

H F

F ^  Ph
F

III
138The folloxtfing table, provided by Mowthorpe, ^ was used as a source 

of substituent contributions to chemical shifts;

Table 7
Fluorine Chemical Shifts relative to Hexafluorobenzene.

Compound
wt.ui i>)« n̂ infc mi. i» iw.au #>ww

CrF_H 6 5
Ĉ F,- o Br o 5
c6f5 .c°2h
c6f5 .n=n,c6f5

C6F5N02
c6f5 .nh2
CgF .OMe
c6f5 .oh

Substituent ortho-F meta-F para-F

-23*55pp^ -9.05ppm0* 55pp*a
21.05

C0„H
N=N, Ĉ Fj- 6 5 -0,55 13.7513.75

13.95-15.55 -2.95
+5.15-3.05 +0*25
+1.75+1.75

+2.65 +7.95+1.15



The use of table 7 Is best explained by reference to particular 
examples, and the reader is referred to p. 114 , where the spectra of 
the benzotriazoles are discussed in detail,
Azo"compoun ds•

Decafluoroazobenzene was characterized not only by its 
elemental analysis and by its infra-red spectrum (which showed no 
N-H stretching absorptions), but also by its ultra-violet spectrum,

139which resembled that of azobenzene very closely (p.lOOa). The

nuclear magnetic resonance spectrum of decafluoroazobenzene shewed 
fluorine atoms in three environments, and was a typical AAPXX’ 
system (p. 139). The chemical shifts were close to those found 
for pentafluoronitrobenzene (p.99 )» with ortho and para fluorine 
atoms shifted considerably to low field relative to hexafluoro­
benzene; this effect is found in other pentafluorophenyl compounds 

which are highly activated towards nucleophilic attack.
Other azo-compounds were also characterized by all the 

techniques used for the characterization of decafluoroazobenzene. 
Substituted azo-compounds prepared by nucleophilic reactions on 

other azo-compounds were characterized chemically by reductive 
cleavage to amines, and decafluoroazobenzene was also cleaved 
(to pentafluoroaniline). These reactions have been discussed 
earlier and are summarized in Table 8 (p« 1 0 0 h )*

Satisfactory nuclear magnetic resonance spectra (p»l39 ) were 
obtained for all but one of the azo-compounds (the dithiophenoxy- 
-compound was insufficiently soluble); no anomalies were observed



Ultra-violet Spectra
-100a

. Azo- Hydrazo- and Uiazo- Compounds

M  -+■ MsW 
0"

0“

. IN W/* »(maxima: X j

z,oo

Sooo

II

St^Unle^s otherwise indicated, air^soeotra^are in^ethano 1D.°&
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Table 8

The Characterization of Azo- end Azoxy-compounds,

Compound Cleavage Product(s)
Reference
Compound

pl» ft H

F?/^X=N<^~\)F
? P F F

L ?

p  p
F</ known)

P

''The azoxy- •and the 
hydrazo-compounds are 
Vlso cleaved to CgF^FHg,

F F
EtO ̂ ) ^ = N ^ ) 0 £ t -  Etl(known) + HO /r^H,(new) 0 

p“P P P F^P
3imethoxy-azo-compound: characterized similar

O

£ yP V

P P P F

’F v /a'
f~" p

F F F F
k2n<0>n=nC3P P F F

p p  P P
?h 3 v 3 N=1'T<© > SPh PhS •SPh

P F P P f

P p P
HO

7 "S' r £
< 0 > KH2
F F

P P P P
p + h2 n  n h 2

p ?
p p

p p
iy

= o
P

♦ h < £ W  (known)
P P

P

F P
F F O  P P

p F H

F P
<2 > m 2 *
17 1?

r j
(known)

p

?J?0
n <v3 ^ n <Q >f2 ?'p

H
P Pi* J?

F F
^ /VHV-* / 2
F F 
p p

p f W  + h 21:
P F

P F€
F N H 2
f J W
P k j ^ l 2

^f^TT uPh l^iivNtJph
P

p r ^ V 1S T*

p (new)
p

F^-y'N
II, P Hi* s
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in either chemical shifts or coupling constants, and these spectra 
are not discussed.
Decafluoro hy dr a zob e nzene.

It was this compound which Wall and his co-workers (p. 33 )
identified incorrectly as decafluoroazobenzene, The hydrazo-
compound was colourless when pure, and its ultra-violet spectrum 
(shown on p. lOOe) was similar to that of hydrazobenzene 

The infra-red spectrum of decafluorohydrazobenzene (p. 125) shewed 
a strong sharp singlet at 2.93yU (N-Ii) which was absent (as 
expected) from the spectrum of the azo-compound. The erroneous 
characterization of this compound as decafluoroazobenzene was based 
entirely on its mass spectrum, which shewed a parent ion at m/c = 

362(C^I?2.okT2  ̂° -^e mass spectrum of authentic decaf luorohydrazo­
benzene (measured at 1§0°) gave the same parent ion, but also a 
strong peak due to pentafluoroaniline * Hydrazo-compounds"^^ 

are known to disproportionate on heating, and. the following reaction 
can be assumed, to have occurred in the mass spectrometer:

2C6F5,HH'KH'C6F5 ~ > 2G6F5‘NH2 + C6F5*N=N'C6F5
98Burdon and his co-workers reported independently the dis- 

proportionation of d.ecafluorohydrazobenzene at 130°> hut did not 
comment on the mass spectrum of the compound, 

k - Aminotetrafluorophenol.
This compound was characterized as a tetrafluoroaminophenol by 

its elemental analysis and its infra-red spectrum (p.126), which 
shewed several absorptions in the 0-H and N-H stretching region
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(2«5"^^u)o The para relationship of the substituents was 
established by the nuclear magnetic resonance spectrum (p.138), 
an A^B0 system; the ortho - or meta-aminophenols would give 
AGPX or ABXY spectra. The orientation of the substituents was 
confirmed chemically by oxidation to the known fluoranil :

F F  F  F
/ 7— \  H3ST0,

ho" J m i 2  .— ^  o - /  y = o
F F

Aminotetrafluorophenol was reported independently by 
Brooke, Forbes, Richardson and Tatlow;^^ their data on the 

compound agree with the present author's- 
The Phenazines„

The molecular formulae of these compounds were established 
by elemental analysis, leaving a choice between the phenazine (XV) 
and benzocinnoline (V) structures:

IV V
The phenazine structures were indicated for all the compounds by
their ultra-violet spectra (p and the spectra of octafluoro-

14-1phenazine and phenazine are compared graphically on p.102a - 
Further evidence (not in itself absolutely conclusive) was given 
by the nuclear magnetic resonance spectrum (p. 141) oi octafluoro- 
phenazine, which shewed only two regions of absorption, of equal 
intensity, suggesting an A^X system (probably with no inter-ring

c. c.
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coupling), but unfortunately the spectrum was not well enough 
resolved for coupling constants to be obtained. An ABXY system 
can not, therefore, be ruled out entirely on the basis of the 
n.m.r# spectrum alone.

By consideration of the phenazines and the structurally- 
-related quinoxalines as a group complete assignments of all 
these nuclear magnetic resonance spectra are possible (p.141)i 
and the consistency obtained supports the assumption that the 
benzo-rings on the phenazines and the quinoxalines provide 
similar chemical environments for their H & F substituents.
2 , 3"Dipbenyltetrafluoroquinoxaline.

This compound was characterized by elemental analysis, its 
ultra-violet spectrum (very similar to that of the trifluoro- 
-compound) (p. 135), and its nuclear magnetic resonance spectrum, 
whose chemical shifts were close to those predicted from the 
spectra of related compounds (p. 14-1) •

None of the three dihydrophenazines was completely character­
ized. Octafluoro-5,10-dihydrophenazine was prepared in
hexane solution, and an ultra-violet spectrum was obtained on this 
product. The spectrum shewed negligible absorption and no 

shoulders in the regions of the maxima in octafluorophenazine (the 
two spectra are compared graphically on p.ICEa), and this observation 
and the fact that the product obtained on evaporation of the hexane 
was colourless (but quickly darkened) shew that the product was pure.
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This suggestion is supported also by the quantitative oxidation 
(p. 4 6 ) of the presumed dihydrophenazine back to the starting 
compound.

No spectrum of a simple dihydrophenazine has been published, 
but there has been one theoretical prediction-^2 0p the position 

of the longest wavelength absorption maximum; this predicted 
value is included on the graph on p* 102a,

The nuclear magnetic resonance spectrum of 2H,?H-hexafluoro- 
i10-dihydrophenazine (VI) was obtained and analysed completely

V H p

F H F
VI

(p.141); the compound contained about 10% of the unreduced 
(probably re-oxidized) phenazine, and this impurity was Identified 
by its chemical shifts* The nature of the spectrum shewed (i) 
that the green colour of the crude compound was due to a molecular 
complex and not a free-radical (VII) (which would have destroyed

F

1 11 F
VII

the resolution of the spectrum), and (ii) that in this complex, 
the phenazine and the dihydrophenazine exist as distinct entities, 
and do not exchange hydrogen rapidly (which would have given a 
weighted average of the chemical shifts)*
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Infra-red spectra were obtained for the three dihydrophenazines,
but since they were each admixed with oxidized product, these
spectra are not reported in full* The N~H absorptions can be given:

Octafluoro-5?10-dihydrophenazine: N-H absorption at 2.88^
lH,6H-hexafluoro-5i10-dihydrophenazine: rf '•* n 2.8?yu
2H,7H-hexafluoro-5»10-dihydrophenazine: n n ” 2,89^
Te traf luorobenzotriazol-1 ~oI <»

Bearing in mind its mode of preparation, no structure can be
assigned to the formula C^HF^N^O except the triazole structure (VIII).
Further evidence is provided by its ultra-violet spectrum, which was

\14*3compared with the spectra of some related compounds (p.105a).
F

F
F

F
VIII OH

The nuclear magnetic resonance spectrum consisted of an AGPX 
system (p.142) which shows also an acidic proton at £>*=:-12*62.
This proton gives a strong very broad peak at in the infra-red

spectrum. Chemical confirmation of the structure of this compound 
was achieved by its quantitative reduction to tetrafluorobenzotriazole.

The tosyl and benzoyl derivatives of tetrafluorobenzo- 
triazol-l-ol each gave the triazolol an ammonolysis (p. 78 ), and 

gave satisfactory infra-red spectra.
Tetrafluorobenzotriazole.

This compound was prepared by the reduction of tetrafluoro-
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benzotriazol-l-ol, and characterized conclusively by its alternative 

preparation by the diazotization of tetrafluoro-o-phenyl^'ene diamine

(p.73 ).

F
F m

F F

HNO. F ̂
F ^

The nuclear magnetic resonance spectrum of this triasole shows 
a (poorly resolved) system, indicating that the hydrogen atom
is labile:

F F
F
F

F

The low S value of the proton (“13*25) supports this; the compound 
is acidic, and dissolves readily in dilute aqueous sodium hydroxide, 
The n.m.r, spectrum of the sodium salt is much better resolved, and 
shews the following coupling constants (c*/sec.):

T jI

0 A ~|j

If the compound is regarded as an ortho-disubstituted tetrafluoro-



-107-

benzene, then these coupling constants are quite unprecedented.
Firstly, the ortho-coupling of 6*9 c./sec, is half that of the
previous lowest value ever observed (14.4 c./sec. in tetrafluoro-
benzene-I, 4-diazo-oxide ̂  ). Secondly, and are of the

or thosame sign. Assuming that is still negative (cf.J^ =
”22.0 c./sec. in hexafluorobenzene -^1 ) this means a change of
about 20 c./sec. from the usual value for J^ara. These coupling
constants are sufficiently unusual as to raise doubts about the
validity of assigning them in the usual way (Ja^th° > J^ara> J^ata)FF FF FF
in this compound; it is possible that the negative charge may have 
something to do with the anomaly, since the coupling constants in 
the unionized benzotriazoles are more or less normal (p.141 ).
The negative charge in the anion can reside (by resonance) on the 
three nitrogen atoms and all six carbon atoms.

The ultra-violet spectrum of tetrafluorobenzotriazole is 
unexceptional, and is shown on p.l05a., together with the spectrum 
of benzotriazole*.^

The silver salt (p. 75 ) and the 1-acetyl-derivative (p.75 ) 
of tetrafluorobenzotriazole have been discussed briefly already, 
and the n.m.r. spectrum of the latter is described on p.190. 
(Phenylamino)benzotriazoles.

l-(Pentafluorophenylamino)tetrafluorobenzotriazole (IX) was 

obtained from the reaction of decafluoroazoxybenzene with hydrazine:



F F
Concordant analyses on the compound had to await improvements in

the departmental analytical service, and the triazole was initially
characterized spectroscopically. The nuclear magnetic resonance
spectrum (p,14l) shewed that the compound contained nine fluorine
atoms, arranged on a pentafluorophenyl ring and on a 1,2,3 ,4-
-tetrafluoro-benzenoid ring. The simplicity of the N-H absorption
in the infra-red spectrum (p.136) indicated that there was probably
only one N-H bond in the molecule, and the benzotriazole structure
was therefore suspected. With this in mind, tetrafluorobenzotri-
azol-l~ol was synthesized (p, 69 ), and its ultra-violet spectrum
(p. 1f>5a) was added arithmetically to half the spectrum of deca-

fluorohydrazobenzene (p.lOOa), to give a predicted spectrum of the
(phenylamino)benzotriazole:

F F
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The rc-sult was eminently satisfactory, and is illustrated on p„l05a,.
The success of the procedure can be ascribed to the fact that in

both decafluorohydrazobenzene, and in the triazole, tho ring systems
\ / /are separated by at least two single bonds ( ^N-NH-C^ ); the 

chromophores are not in conjugation and therefore act separately. 
This spectroscopic work incidentally eliminates the alternative 
dihydrotetrazine structure (iXa), which contains different 
chromophores; this structure is also rendered highly improbable by 

the reductive cleavage of compound (IX) to tetrafluorobenzotriazole 
and pentafluoroaniline (p, 85):

F F

F F

Similar preparations .of triazoles (X) and (II) from the two octa-
fluoroazoxybenzenes were achieved.

F tt

&
F F

x F m - / f  \  , ? ii
F F

W  F F

The presence of the benzotriazole structure (as opposed to 
the dihydrotetrazine system) in compounds (X) and (II), and also 
in the amino-compounds to be described later, was clearly shewn by 
their ultra-violet spectra, and additional support was provided by



the constancy of the secondary N-H vibrations in the i.r. 
spectra - in every case a singlet close to 3. 1JJL • The amino- 
-compounds, of course, shewed extra N-H absorption in the infra- 

-red; they also shelved an extra absorption at ca. 320nr?yu * of 
relatively low intensity, in the ultra-violet. This latter can 
be ascribed to the extension of the conjugated benzotriazole 

chromophore to include the TC-electrons of the amino group.

Decafluoroazoxybenzene reacted with ammonia to give two 
isomeric monosubstituted products, which were partially charact­
erised (as ortho and para isomers) by reductive cleavage (p.10Db) :

c6f5 (n2°)c6f5 c 6F5 ( x 20 ) c 6Fk . m z - k  XI
EtOH \

Each of these amino-azoxy compounds reacted with hydrazine to
give a benzotriazole, and there are two possible structures in

F
N,

each case:
1) F F F F

h2n ^  v>f

2)

F F F F
F F F F

F F

F F
F F

F FF F F F

F m F F F F
F F

XIII (i)

X HIa (ii)

XIV (i)

XIVa (ii)
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The amino-(phenylamino)benzotriazoles were characterized by 
their n.m.r. spectra. The first spectrum on p.111a is that of the 
product from reaction (1). Four bands are shewn, corresponding 
to one, one, two, and four fluorine atoms, respectively.

Whichever structure (XIII or Xllla) were correct, at least one 
of the bands due to only one fluorine atom must be duo to one of 
the atoms on the benzotriazole ring. Both bands were doublets, of 
doublets, suggesting that structure (XIII) was correct, and the 
rest of the spectrum was fully compatible with this structure.

There is a possibility - admittedly remote - that the compound 
(Xllla) could give rise to a similar spectrum; this would occur 
if the fluorine atoms producing bands I and II were meta to each 
other, with a mutual coupling constant of zero, or if, by 
coincidence, each were coupled to one of the two other fluorine 
atoms on the benzo-ring with a coupling constant of zero. This 
would require that the four-fluorine complex at 88 p.p.m. 
contained two of the bands due to the benzotriazole ring. The 

alternative, that band III is due to the other two fluorine atoms 
of the benzo-ring, is not possible, since it would imply that band 
IV must be due entirely to the phenyl ring in compound (Xllla); 
this cannot be so, for the phenyl group must give an A0X or A0fk

I— C. C. CL

system, and this is ruled out by the lack of symmetry in the band 
envelope IV. Thus, if the n.m.r. spectrum were due to compound 
(XIIIa)v these absorptions due to the benzo-ring would have to be 
assigned as follows: ,
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19Compound F absorption due to benzotriaaole_rin(ignoreasing p.p.m. )
(XIII) analysed as if it were (Xllla)

F F

F FF
F F F

F O F (IX) 7.9-7 78.0 8^.0 89.3F
F
F

F F

F ..OH (VIII) 76*9 80*1  S^foO 83,6

F

Comparison of the spectrum of (XIII) analysed as if it were (Xllla) 
with the spectra of the two related compounds as shewn above indicates 
that the compound is not, in fact (Xllla)*

The rest of the argument will be given in less detail* It is 
seen from the spectra on pp«1Ha5 i i i h , that the fine~structure of the 
benzotriazole portions of the spectra of compounds (VIII) and (IX) 
is also quite different from that in the spectrum of the triazole 
(XIII), and this also is a powerful argument against the assumptions 
necessary (e.g. coupling constants of zero) in order to analyse the 

spectrum of (XIII) as if it were that of (Xllla), Finally, the 
values observed for the chemical shifts of the fluorine atoms on 
the benzotriazole ring in compound (XIII) agree well with those 
predicted from the consideration of the spectrum of compound (IX).

The predicted chemical shifts are compared with those observed in 
Table 9*
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The structure of compound (XIV) was established by a similar 

appraisal of its n.ra.r, spectrum. The spectrum (p.111 a.) Was poorly 
resolved, and though there can be no reasonable doubt about the 

assignments, an additional proof of the structure was available*, 

This is conveniently considered later (p. 119 ).

There is no ambiguity in the structure of the triazoles (II) 

and (X) prepared from the two octafluoroazoxybensenes.

II X >F

F F

The triazole (II) v/as prepared specifically to aid the assignments 

in the n.m.r, spectra of the other triazoles, since, owing to the 

asymmetry of both ring systems, and the relative constancy of H-F 

coupling constants (c^.F-F), the spectrum could be completely 

assigned with high certainty. The rest of the spectra were 

assigned by the use of Mowthorpefs Table (p.99 ); the magnitudes 

of the coupling constants were, of course, taken into consideration 

as well as the chemical shifts in making the assignments. The 

consistency of the pattern obtained (Table 9 j coupling constants 

are also tabulated, on p,14Z) increases the reliability of the 

individual analyses of these spectra. Table 9 serves also as an 

illustration of the procedure used in analysing many of the other 

n.m.r. spectra reported in this thesis.
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Table 9
Predicted and Observed Chemical Shifts in Benzotriazoles.

Standard notation (p. 14X ) S. L5 s, <-2 3 h *6
Notation used on pp. Ut a b c d e f g
Substituents Predicted BSNZOTPIAZOLE-PINC EHEHILAMINO--hi m

or
Benzo PhM Observed
7H 2H Observed 69.6 87.5 51.5 (h ) (H) 62.2 90.2 79.8 81,9

Change on repl. H by F: +9.05 +0.55 +23.55 +23.55 +0.55 +9.05 +0.55
Perfluoro-comp.;(Predicted: 78.65 88.05 75.05 - - 85.75 90.75 88.85 82.45

" " (Observed 78.0 85.3 75.7 84.0 79.9 87.2 87.2 87.2 79.9
5H and 4H to replace F: -23.55 (H) -23.55 -0.55 -0.55--23.55 (II) -'23.55 -0.55
5H 4H (Predicted: 54.45 (H) 51.15 83.45 79.35 63.65 (h ) 63.65 79.35
,T 11 (Observed: 58.2 (h ) 49.0 87.6 71.1 63.1 (h ) 63.1 71.1
Perfluoro-comp. 78.0 85.3 75.7 84.0 79.9 87.2 87.2 87.2 79.9
5MI^ to replace F: -3.05 (NHj -3.05 +0.25 -
5NH2 - (Predicted: 74.95 ( W  ) 72.65 84.25 !! n t! tr
" - (Observed: 75.1 ( m 2) 76.6 87.8 80.1 87.8 88 87.8 80.1

Perfluoro-comp. 78.0 85.3 75.7 84.0 79.9 87.2 87.2 87.2 79.9
7NH2to replace F: +5.15 +0.25 “3.05 ( m 2 )

7NH2 - (Predicted: 83.15 85.55 78.75 ( M  ) it » ts tt it
n - (Observed: 90.2 87.7 82.1 (HH2) 78.6 86.6 86.6 86.6 78.6

Perfluoro-comp. 78.0 85.3 75.7 84.0 - N H C ^
Tetrafluorobenzotriazol-1-ol 80.1 85.6 77.9 84.0 -OH replacing above
1 -Acetyl- 75.1 83.0 74.5 62.1 -CO.Me " ” -predictions
tetrafluorobenzotriazole or74.5 or 75.1 less certain in this case.
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completely conclusive characterizations of the triazoles 
could probably be achieved by reductive cleavage, but unfortunately, 
neither time nor quantities of materials available permitted chis 
course of action during the present work?

These reactions may occur more readily than the cleavage of the 
perfluoro-c.ompound. (erf- the ready cleavage of the two amino- 
“■azo-compounds, compared with the rather slow cleavage of deca- 
fluoroazobenzene)* The isomeric triazoles would, of course, give 
tetrafluorobenzotriazole and the two tetrafluoroanilines:

F F

F F
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Azoxy - comounds«

The previously reported decafluoroazoxybenzene, and the 
symmetrically-substituted azoxy-compounds prepared by the oxidation 
of azo-compounds, presented no problem of constitution; they v/ere 

characterized by elemental analyses and by their n.m*r, spectra 
(p o 1 )  . The n,rn,r0 spectra shewed two different types of ring, 
but it was not at first possible to assign these to the ArN(0)=N- 
and ArN=N(0)- groups, for the potentially useful compounds for 
comparison, CgF,_.N(0)-0 and , respectively, shew
similar chemical shifts (p.99)» Definite assignment became possible
only when the structures of the araino-compounds (XI) and (XII) were 
fully elucidated*

F F 0 f F

XI HpH tF F tf= N ft \  F XII
F F F 1 F F F

F F  0 F F F F  O F F
H 2 N  ft =  \^F F (' V)N =  N < '  '}*“ Xlla

F F F F F NH0 F F
C—

The orientation ("i.e. ortho, meta or para relationship 
between the amino—  and (N^O)-groups] of these aminoazoxy-compounds 
was established by reductive cleavage; these experiments are 
tabulated on p.lOOh.The position of the amino-group relative to 
the N-X> bond in these compounds is of interest and importance*
Both aminoazoxy-compounds reacted with hydrazine to give triazoles 

of known structure, but this reaction, which completes their
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characterization, requires discussion.

It has not been found possible to formulate an acceptable 
mechanism to explain the formation of the triazole (XIII) from the 
azoxy-compound (XIa) and the reaction must therefore be 

F F

F F
F F +

F
0 F F

NH F

assumed to take a path comparable to the reaction of pentafluoro- 

nitrobenzene with hydrazine, and to involve compound (XI) rather than 
(XIa): H H

H0N\ V-- N+ F F2\ / ((
F F N —  >F

NH

F F

->H3T
c.

\\ F F 7 H J F F
F F F F F

F F F F
cf:

F
il0 N2H^

F
F

S' ,  A h ,/
F F F F
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The most surprising observation to be made on the above reaction

is that the hydrazine molecule - or species derived therefrom -
reacts wa.th the ring already bearing the strongly deactivating
amino-group, whereas in the reaction of decafluoroazoxybenzene
with methoxide, the 4, 4 - disubstituted compound is formed,

implying that the methoxy-group, which is normally less deactivating
than an amino-group, is more so in this case: 0

F F ^ F F
C6F5(N20)CgF5--̂  C6F[.(N?0)C6Fif.0Me-^ -»MoO ( T 3  N=N (' ^  0Me

F F F F
This last point can be explained in two ways, both of which 

require the formulation (XI) rather than (XIa) for the amino- 
-compound. The simplest explanation would be that the ArN=N(0)» 
substituent is much more activating than the ArN(0)=N~ group, 

and ammonia therefore reacts with decafluoroazoxybenzene in the 
ring next to the group. The resulting amino-substituent

is not sufficiently deactivating to overcome the powerful activating 
effect of the N->0 group, and the second nucleophile (hydrazine) 
therefore reacts at the same ring. The 4,4 - disubstitution 

occurring in the reaction with methoxide ion can be ascribed to 
solvation effects. The first methoxy-group enters the 4-position 
(presumably in the ring bearing the N ->0 group) exclusively, since 
the solvated ion is too bulky to substitute in the 2-position on this, 
ring. The second substituent enters the 4-position on the other 
ring, rather than the 2-position on the ring already bearing a 
4-raethoxy-group, for the same reason.

Alternatively, it is possible that ortho substitution with 
ammonia and with hydrazine are due to hydrogen bonding between the



incoming nucleophile and the N~>0 bond. It must be assumed also 

that in the reaction of the arninoazoxy-compounds with hydrazine, 
this hydrogen bonding is sufficiently powerful as to cause th£ 
nucleophile to enter the ring already deactivated by the amino- 
“group« The different course of the reaction with methoxide ion 
(absence of ortho-substitution and the tendency of the second 
substituent to enter the other ring) is thus rationalised.

The azoxy-compound (XII) was also caused to react with 
hydrazine, but here the n.m.r, proof of structure of the triazole 
is open to some criticism owing to the poor resolution (due to 
the small sample size) of the spectrum. However, the pentafluoro- 
phenyl groups in the two aminoazoxy-compounds gave very similar 
well resolved n.m.r, spectra (p.139), and can therefore be 
presumed to be similarly situated in relation to the N —5G group.
In view of the above considerations on the mechanism of triazole 
formation, it is perhaps better in this case to regard the reaction 
as a proof of the structure of the triazole, rather than of the 
azoxy-compound, for which independent evidence is now available 
as explained above:



The n.m.r . Sioectrum of decaf luoroazoxybenzene was
assigned by comparison with the spectra of the two aminoazoxy 
-compounds;

F F 0 F F

N =  N

F F F F F F

F

F NHTrings in comparable chemical environments and' 
shewing similar n.m.r# characteristics

The spectrum of ^-H-octaf luoroazoxybenzene (XV) was assigned 
F F ^F F ? F F  F o  F

N = N  S F F XVI

F F  F F  F F  F F

by the use of Mowthorpe's table (2_f° p * ^4 )» and the spectrum of 
?the 2H,2H-isomer (XVI) was tentatively assigned by a similar 

procedure. The chemical shifts were found to be somewhat 
anomalous in this latter spectrum, and there must therefore be 

some uncertainty about the assignments. However, the reason for 
the anomaly becomes clear on the examination of the ultra-violet 
spectra of these compounds.

iThe 2H,2H-octafluoro-compound was the only one of the series 

which did not (taking the spectrum of the unfluorinated compound 
as the norm) have an anomalous ultra-violet spectrum (p.10la).



It can be seen from the diagram below that steric hindrance in

2Bj tafluoroazoxybenzene and Decaf luoroasoxybe n zene
Continuous circles: fluorine; dotted circles: hydrogen; 
dashed circle: oxygen*

the 2H,2H~compound need be no greater than in azoxybenzene; hence
this fluorinated compound will adopt the same configuration - more
or less planar - as azoxybenzene. However, in the ^*H,*fH~isomer
and in the decafluoro-compound, the increased steric interactions
between fluorine and oxygen will force the molecule out of the planar
conformation, with a resulting decrease in inter-ring conjugation.

The resultant interference with the electronic structures of these
two molecules will cause the effect observed in their spectra*
Such shifts have been noted before in azoxy-compounds containing

15^145bulky ortho - substituents (ê Jh* Me or Br), but it apparently
needs more than two ortho fluorine atoms to cause steric interaction.

This steric effect means that each phenyl ring in 2H,2H-octa- 
fluoroazoxybenzene contains an azoxy-substituent (represented as
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planar-Ar.N (0)=N- and planar-Ar♦ N=N (0)-, respectively) which is 
not comparable to those found in the azoxy-compounds containing 
four ortho fluorine atoms (or three fluorines and one amino-group). 
These latter substituents can be represented as skew-Ar.N(0)=N- 
an(  ̂sfeew-Ar ._N==N(0) -» , and would be expected to have different 
n.m.r. characteristics from the planar substituents. It is not 
possible to predict the precise effect of this difference on the 
n.m.r. spectra, and there must remain some uncertainty about the 
assignments in the spectrum of the 2H,2E-compound. A definite 
assignment could probably be made as a result of the synthesis of, 
for example, compound (XVII)s

XVII

Ant hr anillc Ac id De r iva tives.
The diazo-oxide (XVIII) shewed -§=N at in its infra-red

spectrum, and was distinguished from its isomer (XVIIIa) by 
ultra-violet spectroscopy; the spectrum was compared with those

146of the diazo-oxides (XIV) and XlXa), and with that of
1 4-7benzenediazonium-2-carboxylate * ' '  These spectra are shown on 

p ol00ct* •

The nuclear magnetic resonance spectrum of compound (XVIII) 
was equally compatible with that predicted for structure (XVIIIa)
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and did not assist the characterization. The diazo-oxide was 
reduced to the hydroxy-acid (XX) whose n.m.r. spectrum was 
compatible with the structure given, and quite incompatible with 
that exxoected for the isomeric compound (XXa) which would have been 

produced by reduction of the alternative diazo-oxide (XVIIa).
Tile decisive feature of the spectrum of the hydroxy-acid was the 
H-F coupling of 2.8 c./sec,, which can only reasonably be assigned 

a -Para H-F group, since H-F coupling constants vary much less 
than do F-F couplings.

2
P / \ 0“

F
XIXXVIII XX

H02n

0
OH

XVIIIa XlXa XXa



-1  2 4 -

INFRA-KED SPECTRA

Mulls in Nujol (paraffin) and HOB(hexachlar o b j rt adione);
wave- lengths are j£i ve n_in mi crons,

- 6.11 b , 6 ,66n , 6 „ 99w , 7•19w , 7.25s , 7,62m ,
7 .89w, 8 .35s, 8 .75s, 9 .83w, 10.03s, 10.27w, 10,94m, 12,13w,
12.53w, 13.86m.

r
4H,4 H ~ 0 c tafluoroazobenzones 3.40w, 5 •85vj , 6 .22n, 6 .62m, 7.24m, 

7.82m, 7.84w, 8.48s, 9.67s, 10.50s, 11.67m, 11.79m, 13.43w,
13* 96 s , 14»30m .

2H <3 : 3 ♦ 23n , 5 ,74w , 6 .13v4 6. 2.4-6.64m, 

6 . 7 0 m ,  7 * 3 3 m »  7 . 8 4 m ,  3 . 5 1 1 -1 , 8 . 9 1 m ,  9 . 1 9 w ,  9 * 4 1 s ,  1 0 . 5 5 s ,

11.45s, 13.70m, 13.83m , i4.15w,
12 ,2-Dibroino-octafluoroazob^naenu : 6 .16m , 6 .64s , 6 ,77m , 7 .33m , 

8.55w, 8 .72s, 9.33s, 10.29s, 11,24w, 11.82w, 12.03s, 12.98w, 
13.37w, 18.85W.

4H-Nonafluoroazobonzoneo 3*42w, 6.6lw, 6.74w, 6 ,63s, 6,67m. 
7.13m, 7*27m, 7»52w, 7 .86m, 8.50s, 8 .69w, 8.84w, 9.55w,
9 . 9 4 ’:i, 1 0 . 1 9 s ,  1 0 . 4 7 m ,  1 0 . 7 3 s ,  1 1 . 7 5 - 1 1 . 8 1 s ,  1 3  * 4 2 w ,  1 3 . 9 2 m ,

14,00m .
Octafluorophenazijie ̂ 5.95p, 6 .35n, 6.61s, 6,75 s, 7.36 s, 7* 49w, 

8 .72s, 8 .90w, 9.15w, 9*31s, 9.47s, 11,87s, 13.90w.
2. H , 7-H-Ho xaflnor o p h e nazin 0 : 3 * 26 w , 5.8 2w, 6,03s, 6.62s, 7*0os, 

7.35m, 7.53s, 7*97w, 8 .28s, 8 .57m, 8 .65s, 8,74s, 8 .88s, 9.92s, 
11.55m, 11.64s, 11.86w, 13.12w, 13*41 s.



1; H.,6 H- Hoxg f lu o r o p lie n a zinc ; 3 ° 2?v/, 5*7 2w , 5 * 99s , 6.02s, 6.27w, 
6,4is, 6.64s, 6 .69s, 6 .8ls, 7*25w, 7 *35w, 7*60w, 8 .16s,
8.24w, 8 .52n, 8 .71w , 8.92w, 9-17s, 9.59s, 9*8lm, 9*88w,
10.00s, 10.05w, 11„4is, li.S5w, 12,09w, 13,32V/, 13,80w,
15« 00s ,

Decafluoroazoxybonzones 6.O60, 6.50w, 6.54m, 6,6ln, 6 .75w,
7.00m, 7.38m, 7 *580, 7*78w, 7.8?w, 8.70s, 8.75s, 8.93w, 9*05w, 
9 *28w, 9.35w, 9.91s, 10.15s, 10.48m, 11.97s, 12.48w, 12.96w, 
13*15w, 13*55s, 13.94n, l4«60w„
t4H, 4H~Gct'afluoroazoxybenzone : 3 • 24b , 6.1 Ow, 6 .41 o , 6.53s,

6.61s, 6 .76w, 6.91w, 7.15s, 7.45s, 7 .83s, 8 .06w, 8,43s,
8.50s, 8.70w, 8.78w, 9-43o, 9.59s, 9.99s, 10.44s, 10.74s,
10.46b , 11.650, 11.75m, 11.90b, 13.46b, 13.86b, 14.10s,

14.18s , l4.66w, 13.502:1.
t2H ,2H-0ctafluopoazoxyb0nzene° 3 •19w , 3•24w, 6.16s , 6 .61s ,

6 .76s, 6 .850, 7*30s, 7.42n, 7.66w, 7.90-7.96b, 8,42m, 8,84w, 
9.56s, 9.30b, 9»75s, 10.50s, 11.58s, 12.08s, 13.86s, 13*96w, 
14.17b, 15.i8w.

ge£ a flu orohydr a z obo n zone: 2.93s, 6.52s, 6.60s, 6.94s, 7 .38b, 
7.59m, 7.781:1, 8.54w, 8 »73w, 8 .87s, 9.03s, 9.86s, 9.96s,
10.28s, 10,45s, 12.10s, 12.78s, 13.86s, 14.40s, l4.88n.
i4,4-.piethoxyoctaf luoroazobonaene ; 3 • 35 w ? 6 .13s, 6 ,28w , 6,71s,
6 ,78s, 6.92w, 7-11w, 7-25s, 7.35s, 7*64w, 8 ,66s, 9*o8s, 
10.00-10.11s, 11.73s, 1 3 - 3 8 w .
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*l— jSthoxynoncfluoronaobongeno: 3 -3^w, 6 .08s, 6 .63s, 6 ,70s, 6.79w, 
6.91w, 7.12s, 7.21s, 7.31s, 7-58w, 8.55s, 8 . 7 k w ,  9.02s, 9.52s, 
9 .97s, 10.12w , 100ns, 11.^5w, 12.33w, 12.61s, 13.48w, I k . J k w .
I

k - Biaethoxyoctafruoroc'.zobenzeno i 3 B 1w, 6 .10s, 6 .30w, 6.66s,
6 .95n, 7.16s, 7.60;j, 8.35u, 8.70s, 9.8^s, IO.O^s, 10.95w, 
12.52w, 13.85s.

^-Mothoxyn.onrifluorof.zobcnzono: 3 B 1w, 6 .12s, 6 .35w, 6.67s,
7.00m, 7.14c, 7.25s, 7 .65m, 7.89w, 8.39s, 8 .69s, 8.75s,
10.03r.:, 10.B w ,  12.15w, 12.59w, 13.90s.
f

9̂9.̂ 10-̂ 054-9̂ 125-z,9.'b an g ene ; 6 .14n, 6 ,35 w , 6.76 s ,
6.94m, 7.26s, 7.75m, 8,65w, 9.?8w, 10.03w, 10.16s, 11.70m, 
13.38n, 13.46s, 13.83m, l4*35w, 14.56m, 15.26W.

4-Thiopihenoxynonaxluoroazobenzene: 6.13m, 6 *31w , 6.60s, 6.73s,
6*93m , 7.13®, 7 -25m, 6 .61m, 7.82w, 7»88w, 8.66w, 8 .8lw,
9*35w, 9.40w, 9*75w, 9.35m, 10.07s, 10.49m, 11.49s, 13.40w, 
13.50s, 13.82s, 14.29m, 14.57s.

4-Aninotetr afItioroftheno 1 : 2 .95s, 3*04s, 3 .39m, 3 .69w, 3 .8m, 
5 *72w, 5 .84w, 6 .25s, 6.54m, 6 .62s, 6 .87w, 7.26s, 7.76s,
8 .32s, 8 .71s, 9 .09m, 9 «50w, 9.79n, 9.98s, 10.48s, 11.07s,
12.20m, 13.20w, 13.98s, 15.43m.

4 - Ami 11 o n onaxluo roa zobGnzeiio : 2.0 3 w , 2 „ 93 w, 6.03 s, 6.12m, 6 ,25w,
6.39w, 6 .62s, 6.94m, 7.13m, 7.27s, 7.63m, 7*73w, 8*57s, 9.01n,
9.19n, 10.25s, 10.781:1, 13.7-13.9m.

4-Hydroxynonafluoroa.zobenzone : 2.92m, 3 • 13m, 6 .0 7m, 6 .40m,
6.63s, 7*09w, 7 .23w, 7»40w, 7 *58w, 7*93w, 8.47w, 8.66m, 9.81 w, 
10.03s, 10.16s, 10.55w, 12.55w, 13.88s.
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t2." Amino - 4h[ r 4_5-hep t af Iuor o azob o n zone ; 2.85m, 2 □ 99w , 3 • 23w , 6.2 9 w , 
6,411,1, 6 .6?s, 7.10w, 7.19s, 7.24s, 7.77s, 7.97s, 8.31s, 8 .96m, 
9.03m. 9.84m, 10.68s , 11.55m, 11.73m, 13-38w, 13.87m, l4.0^w,
14.46m *

5 ,6 ,8-Trifluoro-2,3"diphonylquinoxaline: 3 -29w, 6.11m, 6.55w, 
6.78m, 6.861:1, 6.97m, 7.15w, 7.32n, 7 *50n, 7-64w, 8 .26v/,
8 .51m, 8 ,82w, 8.95m, 9.50m, 9.80w, 9-99w, 10.75w, 10.99w, 
11.85w, 11.98w, 12 o 20w, 12.90m, 13-39w, 13.80s, 14.39s, 15*19w.

Tetr a :noaorobooizo;c_ri/i.zo_I-1 ~ o 1 : 3 .8 - 4. 4s, 6 . 41 s , 6.70s, 7 .08s ,
7 *34m, 7.73s, 8.03s, 8 .12n, 8.32s, 8.48m, 8.96s, 9*o4m, 9«42w, 
9*57s, 9.72s, 10.02s, 10.16s, 10.25s, 10.68w, 11.82m, 12.00m,
12,05m , 12.671:1, 13 * 7m i 13 * 85m .

3L91 r af luoro be n z o t r ia^ol.0 : 3 .6s, 6.39s, 6.73 s, 7«26 s , 7.50m,
8 .15s, 8.40m, 9•12v;, 9*50n, 9 *73s, 10.32s, 10.4ls, 12.28s,
13 -40w.

Si 1.ver salt of^Jbctrafluorobenzotriazole . 6 „00v/. 6 . 47s . 6 n n '-r 

7.24w, 7.31w, 7*39w, 7*93w, 8,54s, 8.64s, 9-50w, 9*74s,
10.02s, 10.13m, 12,20s, 13-86s,

1-Acoty11otrafluorobonzotriaao1o ; 5 -30w, 5 «60s, 6 .01w, 6.44s, 
6.71s, 6.99m, 7.24s, 7-39w, 7.46w, 7.65w, 7-75s, 7 »S6s, 8.45w,
8.52m, 8 .68s, 9-07s, 9 -37s, 9.61s, 9.85s, 10.11w, 10.28m,
10.51m) 10.65m, 12.26s, 13-36w, 14.16s .

1 - (Pentaf luqro^honylaaainoj t̂ o-1raf luorobonzo triazole : 3 -11 s ,
3*40n, 6.03m, 6 .13w, 6 ,38s, 6 .58s, 8 .73s, 8 ,86w, 7 -13m, 7 .23s,
5 »57m, 7 -85s, 7 -92w, 8 .01m, 8.70s, 8 .83s, 8.45w, 9-08w, 9-3?w,
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9.71a, 9;83s, 10.15s, 10i27sj 10.94s, 12.19s, 12.99aj 13 
13.32w, 13.60s; 13.8%.!, l4;02a, l4.54c, l4;77wi

1 -(^■H-Totrafluoropheiiylr.nino ) •.■gH-trlfluorobonzotrir.zolo : 
3 .23s, 3.31w, 5 .94w, 6 ;04s; 6;08o, 6.15w, 6 .41s, 6.53s;
6.80s, 7 .04n, 7.15s, 7 .24a, ?.89n, 7 .96r.i, 8.03a, 8.26w,
8.51c, 8.701:1, 8.Siw, 9.02s, 9 .38s, 9.60s, 10.33s, 11.50s
11.86s, 11.94s , 13.19 a, 13.39s, 13-94w, 14.15s, l4 .59m.

1-(2H-lVtrr.fluoropiionylcinino) -7H-trifluorobonzotri.azole: 
6.05m, 6.18a, 6 .47s, 6,53s; 6.'6ls, 6,77s, 6.98a, 7.12w,
7 »77n, 7.83w, 7 .95s, 8 .17w, 0.33a, S.Wn, 8 ,73s, 8.87a,
9.39s, 10.Vis, 10.68s, 11.40a, 11.91s, 12.04s, 12.52a, 1 
13j90s, 14 .25a, 14.55w, l4 .c2vi; 15.27w.

1 -(Pontr.fluorophenylcnino) -5—r.nip.otrifbuorobenzo.trlaaole : 
2.90c, 3.01n, 3.13s, 5.98::i; 6.11 u , 6 ,40s , 6.59s, 6.77s,
7 .3in, 7 .59a, 7 .83s, 7 .97w, 8.06w, 8 .34a, 8 .62s, 8,71a,
9.72s, 9.98s, 10.16s, 10.42s, 10.89s, 12.58s, 12.97a; 13 
14.65a.

1-(Pontafluorophunylnaino)"7-ar.iinotrifluo robonzotriazole: 
2.95c, 3.17c, 6.10c, 6 .44s, 6.55c, 6.80w, 7.06w, 7.60w,
7 .90ra, 7 -97w, 9 .29w, 8 .65w, 8 .76w, 8 .91a, 9 .17n, 9 .79s,
10.60s, 11.12w, 12.3w, 12.75w, 13.18w, 13.85a, 14.87W.

4-(Pontafluorophonylci.zoxy ) tetrafluoroaniline : 2 .82a, 2 .92

6.01s, 6.10:u, 6 .54s, 6.60s, 6,8ln, 6.93w, 7.02w, 7*30w,
7 .41s, 7.53a, ?.?8w, 8 .47a, 8 .64n, 8 .89n, 9 .48w, 9>70w,
10.08c, 10.50s, 11.99s, 13.01w, 13.671:1, 13.94m, 14.53c,

* 23a,

3 J11s j 
6.71s,
8.42a,

T

5 .08s ,
7.26::i,
9.25s, 

3.7W,

7.13s, 
8,82s , 
.58s,

7.75w,
10.15s,

9.91n,
15.^9m•



»1 29r”*

2- (P o 111 a f 1 u o r op hon y 1 n aoxj) t o t r n flu oro n.n i lino : 2.83s , 2.91s,
5.99m, 6 .20,3, 6.33s, 6.59s, 6,83w, 7.01n, 7°40n, 7-59w, 7 .69s, 
7.80m, 8.54m, 8.81s, 9.5W, 9.75s, 9.91s, 10.05s, 10.25s,
10.56s, 12.08s, 12.94w, 13«57m, 13*94m, l4.65w.

2,5~DiPhony 11etrnfluoro^uino^xal^e^: 6 ,05m , 6 0 50n , 6 .68s, 6 . 94w,
7 .62m, 7.40n, 7*51w, 7 .61w, 8 .01w, 8.28w, 8 .50w, 8 .62w, 9.19m, 
9.32w, 9.58s, 9.78s, 10♦21n, 10.59m, 12.21n, 12.65w, 12.91n,
12.99n, 13.64m, 13.8-13.9w, l4 .i3n, l4,32w, 14.42m, 15.29m.

Trifluorobun aenedinzon ium-2-oxide-6»corboxyIic meid: 3 .6s,
4.0s, 4 .58s, 5 .25s, 5 «86n, 6 .0811, 6.4is, 6 .55s, 6.84s, 7.03w, 
7.34w, 7.44w, 7.63n, 7 .87w, 8 .29s, 8 .61s, 9.71s, 10.21s, 11.02s, 
13.65s, 14.13s.

3-Hydroxy-4,5 ,6-t r i f lu o rob on zo i c <?.c id: 3.05s, 3 * 76w, 5 .89s,
6 .13s, 6.46n , 6 ,23s, 7.00a, 7 .22n, 7.53m, 7.87s, 8.17s, 8.45s, 
9.10m, 9.60s, 11.03m, 11.36m, 12.60s, 13.15-13.25w, 13.73s, 
13.85m, 14.64s.
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ULT1U-VIQLET SPECTHA

.For nost compounds, two spectra are given: the first, in
ethanol, and the second, in hexane. Whore only one solvent
was used, this is shown by E (ethanol), E (hexane), or
¥ (water). Extinction coe fficients ( £  ) for r.bsorpticn
below 21En/1 (^thanol) or 203nyu (hexane) arc sonewhat
ino,ccLirate (high) owing to solvent absorption.

Conp^oun^d Wax o Win a £ .InflqXo £

Decafluoro” 203au 8800 211au 6800
azobenzone 218 6840 853 3410

312 16100 377 155
453 745
197 15000 212 6750
218-221 6900 253 3750
308 14800 370 90
451 715

2H,2H-0cta» 200 13900 221 7600
f luoror.zo- 223-6 7750 251-2 1790
benzene 333-3 18100 391-3 278

440-3 548

198 16000 221-2 7750 322-330 17100-
226 8050 255 1790 17700
334 18200 388-390 243 344-8 16500-
443 524 15800

354-363 11900-
8500

2,2-Dibrono- 207-8 26 200 26x 5 4300 224-233 8460-7980
octafluoro- 319 12 300 391 170
azobonzc-no 464 513

208 26100 262-3 4440 226-233 8200-7960
318 12300 386 118
465-9 ^58



- 1 3 1 -

Cojnjoound Ma;c 0 £ Kin 0 g- Influx

4li-No nr., flu or o - 202 12,300 247-9 5000 221-231 7400-6450
azobGnzene 302-4 17,400 381-4 196

(s) 4-50-4 714

Octafluoro- 205 12500 215-6 9300 353-6 5580-5720
phenazine 223 10800 230 94-00 387-394 2980-2660

257 95000 293-4 640 404-413 2110-1820
370 7740
200 14700 217-8 9400 351-4 4950-5140
221 9650 232 6900 359-362 9110-9390
258 122000 291-2 274 387-393 44-00-4380
369 1235C 4-09 2870
413 3010

5,10-Dihydro- 199-200 13200 212-3 9900 256-8 7200-6320
octnfluoro- 237-8 39500 279-281 1000
phcnazinc (H) 317-8 2030

2H,7H-Hexa- 206-7 12000 227-8 5050 216-220 8800-8100
fluoro- 259 91500 293-4- 390 34-5-350 3220-34-20
plionr.zine 363 446o 338-393 2100 355-7 3960-4100

2440 422-430 2090-1980
195-6 13500 201-2 11800 215-9 7900-7200
20 4 12200 227 3660 256-7 9550C
259 115000 292-4- 34-0 98500
344 2620 34-7 2540 327-332 1400-1570
360 3680 374— 6 1960 353-6 3200-3280
385-6 2120 395 2020 402-3 2380-2400
4-07 2600 4-20 1750 411-4 2400-2380
427 1930 429 1850 437-440 1540-1510
4-32 2030

1H,6H-Huxa- 205-6 18800 225-6 10400 215-221 12050-
flucro- 248 89000 286-7 302 11200
phonr.zino 366 10200 350-4 8200-9000

359-362 10100
386-393 3280-2480



r1?2r

Co^rpound knx. . £ 1 ;in. £ In flox. £-

205 19700 226-7 9650 215-221 - 12100-
2.4- 9 116500 286-7 262 11200
357 10200 361-2 10100 349-352 8300-8680
364 10200 332-8 3510-2880

Decnfluoro- 
a z. o xy b e 21 z u n e

201 13000 212 9100 228-237 10150-
224 11100 265-6 4300 9240
291-4 5760

198-9 14500 213 8850
226-7 10600 261 3590
291-3 5300

4ll, 4H-Ccta-
fluoi'oe.zoxy-
benzene

2H,2H-0ctci- 
fluoronzoxy- 
benzene

203-4 13400
233 8950
284-290 5550
203-4 i4yoo 
229-231 10000 
283-4 6200

205 10750
227-230 7400 
249-252 S800 
313-4 11200

203
229—231 
2

12000 
7420 
7050 

319-321 12550
253

220-2
260-2

220-1
258-9

220-2
241-3
266-9

219-2
24-1-2
269-271

8200
4050

9590
4200

7190
6560
6120

6940
6540
6110

Decnfluoro- 204 10000
hydrr.zo- 233 18100
benzene

201-2 7*1-60
227-9 13900

208

206

9200

6700 243-5 6150-4120



Coopound Max o £ Min. £ InfIgxo &
!4, 4~Diethoxy- 

oc tal luoro» 
assobunzeno

■ 204-5 
213 
340-3 
441-7

9250
9250

21600
1700

208-9
265
399

9200
2780
970

231-8 7450-7050

202-3
331-3
431-3

9750
23300
1500

259-260
390

2800 
46 0

210-4
229-234

9100
7250-7050

4-Ethoxy-
nonafluoro-
azobonzeno

204-3 
214 
329 
44 2

8300
8100
19900
1110

210-1
256-9
393

8000
3300
470

25 4—9 6580-5720

202-3
323
448-431

9050
19800
1100

257-9
385

3760
240

210-7
234-9

8250
6600-5950

4, 4Disethoxy- 
octafluoro- 
azobsnzyno

■ 213-5 
338-341 
448

9000
22400
1350

263
399

2640
805

205-8
231-5

8750=8850
7300-7050

203-6
213-4
335-6
448-452

9650
9450

24500
1560

211
261
389

9250
3380
460

229-236 7800-7200

4-Me thoxy™ 
nonafluoro- 
azobenzene

202
214-5
328-331
447-451

9050
8100
19800
1170

210-1
260-1
394

7950
5360
475

227-2.37 7250-6450

200
322-4
452-5

10900
19600
1050

257-8
381

360 0 
220

210-6 8100-7950

4, 4-Dithio- 
phenoxyocta- 
fluoroazoben- 
zene (S)

205 
245-8 

- 367-8 -

233-5
312-6 -
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Conpound Hax« £ Kin. £

4 - T lii op he no xy--206 21600 ■"l C.2cp-/ 9000
nonafluoro" 305-•9 14200
azobenzone

20 A 21700 256-265 9050
303-•4 14400 330 13200
343™■3 13ZK)0 430-3 1300
439 i4oo

4-Amino­ 223"•4 14150 247 725
te trafluoro- 278 1320
phonol (2 )

4-Anino- 213-■4 8800 295-7 2960
nonafluoro" 377-380 24400
nzobenzeno

202 8900 206-7 8500
213-•3 9000 277-9 3250
332 23500 4o4~b 19^0
433--442 2340

4-Hydroxy- 202--3 7330 208-9 6700
nonafluoro- 214--6 6950 267-9 3150
azobonzone 34 3.■3 18000 393-7 6950

403 7050
202-*3 8630 256 2840
319--323 19300 381 330
449-452 1100

2-Amino-
1
208-9 16300 266-7 2900

-4h , 4'h - 318-*9 12500 376 1410
-heptafluor0- 463 6100

Illf lt3X

11700 
332-346 13000-

12800
442-460 1650-1600
13-9 17300-

15000
10800-

10600

203-7
226-240
243-250
429-457

7700-7550
7400-7000
8000-4950

345-359 11700.
8750

9700
?.zobenzeno



Co inpound Max 0 £ Min □ Inflex. £.

206
319-321
443-7

26200
12650
5180

265
371

2560
1^50

197-201
222-234

22000-
23200

12100-
9550

5,6,8-Tri- 
fluoro-2,3-
dip he nyl quin - 
oxaline (E)

205-6
246
274-5
351

30400
30400
17400
7800

230-1
263
313-5

16200
16800
^620

222-6
268-272
280-6

17300-
16800

17200-
17300

17000

2 ,3-Dipbonyl- 
tetrafluoro- 
quinoxaline

205-6
2'+5
266-270
353

36000
36000
19700

9530

230-1
260-2
313-^

21600
19000
^780

219-227
278-285

23000-
22300

19000-
17000

206
225
24*5
267-274
352

37600
25800
36400
22800

9400

217-9
232
259
31^

2^800
22800
21^00

279-284 21700-
21*t00

Tetrafluoro-
benzotriazol-
-1-ol

206-7
218-9
363
283

14700
14300

3170
3300

213-^
2^0-1
270-1

13800
2180
2820

256-8
319-327

3030-3070
390-290

205
2Zb
259
282

221
237
269

252-5

Tctrafluoro- 203 
benzotriazole 223-^

(E) 257-9270-2

26800 219-221 3020
3120 233-^ 2620
*m*k> 263-*̂  3980
^020
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Compound Max. £ Min *
- —- -I--rn-4-j

Inflex.

1-(Pentafluoro-207-8 19300 272 3220 213-8 18500-
phonylanino)- 280*-2 3310 17700
tetrafluoro- 240-9 6110-6070
benzotrinzole

208-210 22100 238-2^0 6090 255-9 5380-4930
2̂ -9 6300 269 2550
286 31^0

1» (^-H-tetra- 211 28800 252 5710 225-230 16100-
fluorophenyl- 25^ 3810 15^50
anino)-5H- 272-281 4220-3630
^-trifluoro-
benzo™ 212 27600 224-5 5180 223-8 1650O-
trinzole 253-^ 3330 13900

260-3 5060-4930

1-(PH-totra- 203-^ 2^00 238-9 7090
fluorophonyl- 2̂ -9 7800 269-272 5360
nnino)-7H- 27^-6 3^10
-trifluoro-
benzo- 203»^ 2̂ -600 233 5890 320-330 248-234
triazole 22A-7 7100 266-7 3970 350-6 127-106

27^-5 **120

1-(Pentafluoro- 200 29^00 205-6 24700 256-262 6820-5960
phenylmnino)» 223 V3100 290 985
-5-aminotr i - 326-7 2390
fluorobonzotriazole (E)

1-(Pentafluoro-220-1 27650 282 23*10 262-273 2730-2580
phonylanino)- 312-3 39^0
-7-cnriinotrif luorobenzotrinzole (E)

phenylazoxy) 
tetrafluoro- 
aniline

-203 26000 211 18300 275-280 7170-7340
227-8 26400 265 6180 300-321 7860
283 77*100 287 7*1*10
353 8950

225 17100 256 6000 203-8 12700-
288-291 9300 13500
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_Co_np̂ :imid „ £_ Min. £L Inflex. g.

2-(Pentafluo: 
phenylazoxy) ■ 
tetrafluoro- 
aniline

*0“ 223 
■ 277-281 
366-9

19100
6150
3300

219-220 17850 
293-9 5650

266-8
344-6

286-9

5890
3110

207-211

238
1^330-

14900
8950

3500 207-212 13400-
16000

233-241 8300-8060
263-273 5900 
336-355 4160

Trifluorobenz-207-8 178OO 311
enediazoniun- 390-403 5430
-2-oxide~6- 
carboxylie
f-cid (E) 199 18400 265-6

(W) =' 277-9 3230 313
394-7 5550

473 226-231 7280-6200
224-252 4360-4100
267-276 3260-2940

2890 205-9
569

223-6
241-6

15800-

15000
8900-8070
5780-5150

2,374-Triflu- 205 
oro-5-hydroxy-291 
benzoic acid (S)

7900
2400

259 500 225-231 6600-6200



HUC4BAR MAGNETIC BESONMCE SPECTRA
1 QF at 56.46 Me./sec. Solvents THF; Reference s CP-COJH - ext.3 2
H at 60,00 Me,/sec, " ” " Me^Si » int.
A Pexf:in-Elmer R,10 permanent magnet instrument operating at

14 kfi and 35° was used, Pluorine chemical shifts (S') are
measured in parts per million to high field of triflucroncetic

acid V 1 v ? and proton shifts are relative to tetramethylsilane,
Figures in parentheses ( ) refer to proton shifts and H-P coupling
constants; all others to P - shifts and P-P coupling constants.

(a) Miscellaneous

4-Aminotetrafluorophenol. In ethanol, a poorly-resolved A0B0 
■f'system: = 87.6; ”  45-50 c./sec.

2,3,4~TrifIuorO“5~hydroxybenzoic acid. In water; first order.

^2 ~ ^ 3 “ 86,6; 0 = 76,6 p.p,m, = 0.36 p,p,m. to low field
of benzene interchange. /J2H/= 6,5? 2.8; /j^/= 9,2; /j^/= 20,0

/J24^“ ^J34^= 18*̂  G-/sec«
TrifluorobenzenediazoniuBi-‘2‘“Qxide"6-carboxylic acid. In Ih-methyl-

pyrrolidone. 6 = 72.2; S  = 68.9; S  = 62,8 p,p,m,a D c
~ 14,7; /j / = 3,4; /J^ / = 20.0 c,/sec,; (see also p,l2l)

H
HO „C /  X". 0 H HO 0c 0

" H i  2 |l



(b) Azo- )

Hydrazo- ) comuounds- .p  '1 f I II .i I ■ ■ i || .1 I ■, ^

Azoxy- )

2— ® I v-j ] ; h i f— s
/ /  ^  '• i - i.jJ / /  \

c ,"  n ___It__ (f \h

' t J  ifi w /b a L. j k 0

Substituents
\Oa b

Chemical shifts of ring nuclei
s  f  T  s ’ s h s .  s

Azo-compounds (parent compound; decafluoroazobenzene)
Hone 72.5 '86.4 73.6 86,4 72,5 72.5 86,4 73.6 86.4 72.5
4H,4H 71.4 62.1 (-7.76) 62.1 71.4
2H,2I (-7.66) 61.7 73.4 79.0 71.3
2Br,2Br (Br) 53.5 74,1 78.9 73.1
4H . 72.7 62.5 (-7.74) 62.5 72.7 73.9 86,4 74.0 86,7 73.9
4EtO,4EtO 75.7 83.4 (Eto) 83.4 75.7
4StO 73.4 82.1 (EtO) 82,1 73,4 73.6 87.9 75.4 CD • 73.6

or or or or
73.6 73.6 73.4 73.4

-Cs» CD O k CD O 74.1 82.8 (MeO) 82.8 74.1
4MeO 73.6 82,9 (m©o ) 82.9 73.6 73.5 87.1 75.4 87.1 73.5
4PhS 72.8 56,8 (HiS) 56.8 72.8 72.3 86.4 73.5 86.4 72.3
4hH2(in EtOH) 73.0 88.6 (mh2) 88.6 73.0 74.9 87.9 78.9 87.9 74.9
40B 74.6 87.1 (o h) 87.1 74.6 74.4 87.2 76.6 87.2 74.42MH2,«H,4H (-7.82) 61.5 (-7.25) 78.0 72.9 74.5 62.9 (-7,44) 62,9 74.5
Decafluorohydrazobenzene 93.1 88.7 82.0
Azoxy-compounds
hone1 71.7 83.7 74.0 83.7 71.7 65.2 86.5 78.5 86.5 65.2
4H,4H 72.3 60.8 (-7.86) 60.8 72.3 66.1 62.5 (-7.26) 62.5 66.1
2H,2H (-7.99) 59.8 76.3 73.4 66,4*(-8.33; 62.2 80.0 75,7 64.0
4KH2 74.6 86.2 (mh2) 86.2 74.6 65.4 86.6 79.8 86,6 65,4
2KH2 Cnh2) CO -p* * ro 77.5 99.4 72.3 65.1 86.9 79.6 86.9 65.1

* is anomalous; alternatively the assignment of the rings could be 
interchanged, in which case and would be anomalous. This compound
is discussed on p. 1Z0,
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Coupling Constants (moduli; c./sec.)

Aso-compounds

Substituents

/ /  t *

\

a q 
/r

VT
$

\
b a

None 
4H,4E 
2H,& 
2Br,2lBr 
4H , 
4EtO,4EtO 
4EtO , 
4MeO/‘L'oO
4EhS
4 M 0
40He"
2MH ,4H,4H

J , J jao ad ac
* +

X J be ae

\   /
k 3 
Jbd J - J cd ce
*

be
7 C 4-

Jde
-h

20.3 7.3 3.6 20.7 9.0 4.0 20.7 3.6 7.3 20.3
20.8 13.1 (7.5)(10.4) 5.7 0.7 (10.4)(7.5)13.1 20.8
(11.2)(2.5)(8.2) 20.6 (6.2) 2.2 19.7 6.0 11.5 18.2

21.8 2.4 19.2 5.2 9.6 19.2
20.8 13.1 (7.5)(10.5) 5.7 0,8 (10.5)(7.5)13.1 20.8

■-20.3 V7.1 -7.9 -0 -7.1 -20.3
coupling constants not measurable 

■>/ 20«S ■'■' { • 6 •■■■''6 —1 * 6 —20 „ 8
coupling constants not measurable
21,7 11.3 5.7 5.0 11.5 21.7

-2 1  - 7 .5  nx2 -'20.8 -4 -1 — 20♦ 8 2 - 7-5 */21
coupling constants not measurable

(11.3) 4.3 (10.3)(6.8)13.7 20.6
Decafluoroliydrazobenzenc s coupling constants not measurable

i i

Jfg Jfh .-Isk Jfk Jsi Jh.i Jhk Jgk J.jk
■X- 4H 20.9 7.4 4.0 21.1 -12 <2 21 .1 4.0 7.4 20.9-X- 4StO -3.4 -20.8 ^ 20.8 -5.4-& 4MoO ~5 * 2 -20.6 -20.6 -3.2•Jf 4HhS 20.6 7.2 4.1 20.6 7.1 2.2 20.6 4.1 7.2 20,6* 4 M 2 20.6 20.6

40H , 20.6 20.6■Jr 2HH2,4H,45 20.1 12.1 (7.3)(10.2)±4-0 to.7 (10.2)(7.3)12.1 20.1

t t* AAXX and AAPXX systemss J /j, - not distinguished; J , and J.ae bd ab de
of opposite sign to J _ and J.aa be similarly, for etc.
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Coupling; Constants (moduli; c./sec.)

0 ~ r < 3Az oxy-c QLipounds

Substituents J ,ab
* t

J ,ad
* lb

Jac cr o Jae
*

fbd
*

J ,cd Jce be J,de

* None J„,1.1t  ̂ *
21,5 6.3 3.6 20.3 6.7 2.1 20.3 3.6 6.3 21.5

* 4H,4H (7.3) (10.4) (10.4)(7.3)
2H,2H (10.5) (2.0) (7.7) 20.5 (7.1) 2.8 19.1 7.5 12.0 18.6* 4MH2 25.9 10.6 10.7 <1 10.6 25.9
2 M 2 20.3 6.5 21.6 4.9 7.9 22.6

J J . J J J j J J , j J
_£i fh flC - Z ± J l l hk gk 1 M

•w- None J,srrp1.0f ux
22.0 6.6 2.0 20.4 8.9 0.4 20.4 2.0 6.6 22.0

* 4H,4H (7.3) (10.4) (10.4)(7.3)
2H,2H (10.1 ) (2.4) (8.1) 20.7 (6.1) 1.4 19.1 4.8 10.9 19.2* 4 M 2 22.7 6.5 1.4 20.5 5.5 2.1 20.5 1.4 6.5 22.7

* 2NH2 21.6 6.0 1.3 20.3 5.6 2.1 20.3 1.3 6.0 21.6

i i  I I
* AAXX and AAPXX systems: J /J, , not distinguished; J , andae bd

J, of opposite sign to and JK - similarly for etc.de be

:b

flc

(c) Bienazines (?) 

and

Quinoxal ine s (Q,)

>-jPh

N ^ Ph

Substituents s & sa b c 3nb ^ac ^ad ^bc J 4, cd
None (P) 75.6 73.5 73.5 75.6 coupling constants not measurable
" (q ) 76.5 78.9 78.9 76.5 « 11 11 it

or 78.9 76.5 76.5 78.9
1K,6H(p ) (-8.05)48.0 74.7 69.5 (9.9) (7.5) (3.0)
2H,7H(p ) 45.8 (-7.99)52.8 77.2 (~9.9) (-9.9) (6.9)

7H(q ) 48.5 (-7.64)56.4 78.6 (10.2) 2.2 19.5(11.3) (6.8) 18.4
5,10-Dihydrophenazino:
2H,7H 62.1 (-6.34)69.4 88.4 (10.8) 2.3 10.7(10.8) (7.2) 21.6

also shows: <£_ NH -6.74 :Ja ( N H r Jd(iJH) ~  1,5 c/s.
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(d) Benzotriazoles (i) Ar = C.F.-.NE- 6 5
y  ot h.c6p4.kh-

(ii)
k

!
(i) Substituents
Benzo- „ S’ £ (C £ Sjv J J - J J _ J J .&  JL jS _7 _̂ H* 1. 2\ .45. _ii _£L 56 57 lil

Mone H 76.1 35.8
(in aq

(-13.25)1331 (poorly--resolved AAXX)
10 b )it Na 77.4 88.5 . 5;̂  NaOH) +15.0 +7.4 0.4 6.9 (see p.

" Ac 75.1 83.0 74.5 62.1 19.5 2.3 18.4 19.5 0.0 18.4
m or74.5 

OH 80.1
or75.1 

85.6 76.9 jesL84.0 (-12.62)18.1 1.5 18.1 18.1 2.8 20.4it Ar 78.0 85.3 75.7 84.0 18.5 2.4 18.5 18.5 2.4 20.3
5H Ar 58.2 (-7.32) 49.0 87.6 (10.7) 3.7 19.7 (9.6) (4.6) 22.8
7H Ar 69.6 87.5 51.5 (-7.57) 18.3 6.6 (2.1) 18.7 (6.0) (8.7)
5 M 2 Ar 75.1 (nh2) 76.6 87.8 11.1 18.8 20.5
7NE2 Ar 90.2 87.7 82.1 (nh2) ~ 21 ~6 .̂ 18

(ii) Substituents
r  cBenzo- Ar 2 p

*None None 79.9^87.2
*5NHp it 80.1 ~ 87.8
*7HH2 it 78.6^ 86.6
*5H 4H 71.1 63.1
7H 2H (-6.16)62.2

7H 2H

£  6 ; _i JL J23 J25 J24 J26 
* -  * +• *

'-'87.2̂  87.2 79.9 not analysabie
~88 v 87.8 80.1 ti it

^ 86•6 * 86•6 78.6 it ti

(-7.17) 63.1 71.1 21.5 10.7 (7.35) 1.46
90.2 79.8 81.9 (11.5) (2.6) (7.2) (7.8)

J35 J34

J56 J36 J46
19.0 10.4 3.2 20.6

*AAPXX systems: J ^ / j ^  not distinguished; and of

opposite sign to J0  ̂ and J' ^



EXPERIMENTAL
SECTION



EXPERIMENTAL
General Techniques; - In many experiments, the crude product 

was chromatographed on alumina (light1s type "A", 100-200 mesh). 
Three columns were used (A,60 x 30 cm.; B, 30 x 2.5 cm.; and 
C,’20 x 1.5 cm.). In all but one of the chromatographic separations 
the products were sufficiently coloured for the separation to be 
monitored visually.

In photolytic experiments, the reaction vessel was placed 
ca.30 cm. from a 500 w ”Hanovian mercury vapour lamp.

Fluorine and proton, magnetic resonance spectra were recorded 
on a Perkin-Elmer R.10 60 m/c instrument, and ultra-violet and 
visible spectra were recorded on a Uhicam S.P.700 spectrophoto­
meter; for routine infra-red spectra, an Infracord 137 instrument 
was used, and the infra-red spectra of pure compounds were recorded 
on a Perkin-Elmer 21 spectrophotometer.

Yields are quoted on the crude product if its melting point 
was within 5° of that of the pure sample, and its infra-red 
spectrum was satisfactory.

Compounds new at the time of preparation are underlined at 
first mention; a few of these compounds have since been reported 
in the literature, and this is shown by quotation of the literature 
melting points in the usual way.

Decafluoroazobenzene and Ootafluorophenazine. - (a) From 
pentafluoroaniline and lead tetraacetate at room temperature.
Lead tetra-acetate (3*25 g., 7.2 mmole) in benzene (100 ml.) was 
added to pentafluoro aniline (l.OO g., 5.5 mmole) in benzene (15 ml.)
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After two days at room temperature the solids were filtered off, and 
the filtrate was washed with aqueous 2N sodium hydroxide (5 x 20 ml.), 
then with water (4 x 25 ml.), and dried (MgSO^). The solution, 
which was deep red, was evaporated to dryness, and the residue was 
chromatographed on alumina (column B) with elution with light 
petroleum (b.p. 60-80°). An orange band followed the solvent front 
down the column, and was the only fraction collected. Evaporation 
of the eluent yielded an orange solid (0.50 g.; 51$)9 135-8°,

qoshown by infra-red spectroscopy to be decafluoroa.zobenzene. 
Recrystallization from carbon tetrachloride gave a pure sample 

(Found: C, 40.0; H, 0.2; N, 7*5. ^12^10^2 reBu^res 39.8?
H, 0.0; N, 7.75S), m.p. 1^3° (lit,9,8 142-1^3°).

0 ° ) From pentafluoroaniline and lead tetra-acetate in refluxing 
benzene. Pentafluoroaniline (5.0 g., 27 mmole) was dissolved in 

benzene (150 ml.); lead tetra-acetate (25-0 g., 55 mmole) was added, 
and the mixture was heated under reflux for one hour. The resulting 
dark brown suspension was diluted with benzene (250 ml.), then 
washed successively with aqueous 50$ acetic acid, saturated aqueous 

sodium bicarbonate, .and water, then dried (MgSO^). The solvent was 
evaporated and the residue was dissolved in a minimum of hot 30$ 
benzene in light petroleum (b.p. 60-80°), and chromatographed on 
alumina (column A). Elution with the same solvent gave deca- 
fluoroazobenzene (2.3 g; 48$), m.p. 138°, identified by infra-red 
spectroscopy. Elution was continued with benzene; a yellow band 

developed on the column, and yielded yellow ootafluorophenazine
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(1.23 g.; 28$), m.p. 230-2°, on evaporation of the solvent. The 
infra-red spectrum was identical with that of a puro sample, m.p. 239°a 
which was obtained by recrystallization from benzene/light petroleum 

(b.p.80-100°) (Found: C, 44.5; H, 0.2; N, 8.9. ci2FRN2 ret3uires:
C, 44.5! H, 0.0; N, 8 . 6 fo ) . The compound was distinguished from the 
isomeric octafluorobenzocinnoline by its nuclear magnetic resonance 
spectrum, an A^XX*system (p.141) and by its ultra-violet spectrum 

(p.lOZa), which was almost identical with that of phenazine.
In a second experiment, pentafluoroaniline (0.145 g.9 0.80 mmole), 

lead tetra-acetate (0.60 g.s 13.2 mmole), and benzene (3-0 ml.) yielded 
the azo-compound (0 .06l g., 42$) and the phenazine (0.017 g.; 13$)* 
both identified by infra-red spectroscopy.

(c) From pentafluoroaniline and bleaching powder. Pentafluoro­
aniline (10.0 g., 55 mmole) and bleaching powder (50.0 g.) were 
heated under reflux in carbon tetrachloride (120 ml.) for 3 hr.; 
the mixture became deep red. The solids were filtered off and 
washed until colourless with ether, and the combined filtrates were 
evaporated to low bulk (10-20 ml.) and allowed to cool slowly. The 
resulting solid was filtered off, washed once with carbon tetrachloride 
(10 ml.) then twice with light petroleum (b.p. 30-40°; 20 ml.), 
and identified as decafluoroazobenzene (5*0 g.; 51$)a m.p. 138°, by 
infra-red spectroscopy.

Exploratory Oxidations of Pentafluoroaniline. - (a) Test-tube 
experiments. Qualitative experiments on the oxidation of penta­
fluoroaniline with bromine, potassium permanganate, eerie sulphate.



iodine monochloride9 chloramine-Ts and other oxidants were performed. 
Those in which promising colour changes occurred were repeated on 
a larger scale said worked up chroma to graphically. The reactions 
were done at reflux temperatures for one hour3 except where 
otherwise shown.

Pen ta.fluoro aniline Oxidant Solvent (C^F^)^^

0.50 g., 2,7 mmole Pb(0Ac)^(2.0 g) C01^(25 ml.) Wf>

0.50 mmole mm°le) CHCl^(lO ml*)(5 min.) trace
5.0 mmole Ba^09(10 mmole) MeoC0(50ml.) trace
20.0 mmole O^bubbled/CuCl(0.25 g. ml.)(25°C.) 5 f

20,0 mmole MhO (200 mmole) petrol (100 ml.)(7 hr.)
. (b.p.100-120°)

none

x Decafliioroazobenzene was identified by infra-red
spectroscopy^ or presumed to be present (trace
amounts) because of its chromatographic behaviour.

Oxidation of Pentafluorophenylhydrazine with bleaching powder. - 
The hydrazine (0.37 g.? 1.92 mmole) and bleaching powder (0.92 g.) 
were kept in ether (?.^ ml.) for one day. Evolution of gas occurred 

for 30 min., by which time the mixture was orange. The mixture 
was evaporated to dryness and extracted with light petroleum 
(b.p. 60-80°). Chromatography of the extract on alumina (column C)9 
eluting with light petroleum9 gave an orange semi-solid product \ 

(0.08 g.)5 shown by infra-red spectroscopy to contain dece,fluoroazo­
benzene.
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^H0̂ fa-Qctafluoroazobenzene and 2HB7H-Hexaflaoronhenazine. ~ (a) 

From 4H-tetrafluoroaniline and lead tetra-acetate. The aniline 
(6*53 g.9 ^0 mmole) and lead tetra-acetate (30*0 g*9 66 mmole) were 
heated under reflux for 1 hr. in benzene (150 ml.). Chromato­
graphic work-up (column A) as for decafluoroazobenzene preparation
(b), gave the orange-red octafluoroazo-compound (2.7 g. ; ^2$)9

9 8m.p. 119-120° (lit.5 118°), unchanged on recrystallization from
light petroleum (b.p. 60-80°) (Found: Cs H9 0.8; Ns 8.8
Calc, for C-^H^FgN^; C9 *14.2; H9 0.6; N, 8.6$) and 2Hr7H-hexafluoro- 
phenazine (1.32 g.9 23$)9 m.p. 205° 9 as bright yellow plates with 
a strong blue-green fluorescence in solution. The infra-red 
spectrum was identical with that of a pure sample, m.p. 208°9 
obtained by recrystallization (recovery 67$) from benzene/light 
petroleum (b.p. 60-80°) (Found; C9 50.1; H, 0.9; N, 9 A ]  Fs 39-3. 
C12H2F6N2 requires: C, 50.0; H, 0.7; N9 9.7? Fs 39-6$); the 
compound was further characterized by its ultra-violet spectrum 
(p.131).

(b) From 4H-tetrafluoroanillne and bleaching powder. The 
aniline (0,50 g.s 3*0 mmole) and bleaching powder (2.5 g») were 
heated under reflux for 3 hr. in carbon tetrachloride (5 ml.).
The solids were filtered off and washed with ether until colourless. 
The filtrates were evaporated to dryness and chromatographed 
(column C) as above, to give the azo-compound (0.085 g.; 17$)

.m.p. 113-6°9 identified by infra-red spectroscopy. No phenazine 
was isolated.
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4H-Nonafluoroazobenzene. - 4H~Tetrafluoroaniline (5.0 g.s 
30 mmole)s pentafluoroaniline (l.O g., 5.5 mmole), and lead 
tetra-acetate (23.0 g., 5.5 mmole) in benzene (150 ml.) were 
heated under reflux for 30 min. The usual chromatographic 
work-up gave a fraction which was probably a mixture of azo- 

- compounds (1.94 g. )s and a phenazine fraction (0.68 g.) which 
was discarded. The azo-fraction was re-chromatographed (column A); 
elution with carbon tetrachloride (20$) in light petroleum 
(b,p. 60-80°) gave (i) crude nonafluoroazobenzene (0.243 g.)9 
identified by infra-red spectroscopy, and (ii) crude octafluoroazo­
benzene (1.287 g.), identified similarly. The former product, 
m.p. 102-6°, was recrystallized three times from light petroleum 
(b.p. 60-80°), yielding the orange 4H~nonafluoroazobenzene (0.053 g.) 
(Found: C, 42.5; H, 0.8. ^ H F  requires: C, 41.9; H, 0.3$), 
m.p. 118,.5-119°. The analysis was done on only 7 mg. of sample, 
and the result is within the experimental error for a sample of 
this size. This compound was characterised by its nuclear 

magnetic resonance spectrum (p.139) and by its infra-red spectrum 

(p.W), which was quite distinct from that of a mixture of deca- and 
octa-fluoroazobenzenes. The mass spectrum showed peaks at 362,
344, and 326 mass units (corresponding to (C^F^),^, C6?5'N2‘ 
and (HC^F^)^N^9 respectively/ in intensity ratio 0.45 : 9^.5; 1-05$; 
if it is assumed that these figures correspond closely with the 
composition of the sample, the nonafluoro-compound was 98.5$ pure.
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2H.2H-0ctafluoroazobenzene and 1H.6H-Hexafluorophenazine. - (a)

From 2H-tetrafluoroaniline and load tetra-acetate. The aniline 

(0.653 ^*0 mmole) and lead tetra-acetate (3*0 g.? 6*6 mmole)
in benzene (15 ml.) were heated under reflux for 1 hr. The usual 
chromatographic work-up (alumina, column C) gave, on elution with 
50$ benzene in light petroleum (b.p. 60-80°), 2HGsfa-octafluoroazobenzene 
(0.28 g.; ^3^)9 m.p. 108-110°5 with an infra-red spectrum identical 
with that of a recrystallized sample (Found: C, ^3.9; H, 0.8; N, 8.9. 
Q..H2F8N2 requires: C, 44.2; H, 0.6; Ns 8.6$), obtained as orange 
needles, m.p. 111-2° (from, light petroleum, b.p.60-80°)* Continued
elution with ether gave 1H06H~hexafluorophenazine (0,10 g,9 18$)

(Found: C, 50.1; H9 0.9; N, 9.9. C ^ H ^ N  requires: G, 50.0; H, 0.7;
N9 9.7%)9 m.p. 186°, as pale yellow plates with a blue-green 
fluorescence in solution. This compound was unchanged on 
recrystallization from benzene/light petroleum; it was characterized 
as a phenazine by its ultra-violet spectrum (p.131),

(b) From 2H-tetrafluoroaniline and bleaching powder. The 
aniline (5.0 g., 30 mmole) and bleaching powder (12.5 g* )9 in 
carbon tetrachloride (60 ml.), were heated under reflux for 2.5 hr.
The solids were filtered off and washed with ether until colourless, 
the combined filtrates were evaporated to 5*7 ml- and deposited &n 
orange solid. This was filtered off and washed first with carbon 
tetrachloride and then with light petroleum (b.p. 30~ k0° ), to give 
the azo-compound (2.55 g*, 52$), m.p, 110°, identified by infra-red 
spectroscopy.



-151-

Attempted synthesis of 2H-Nonafluoroazobenzene. - Penta fluoro- 
aniline (^.35 g.s 2^ mmole), 2H~tetrafluoroaniline (^.35 g., 2 6 mmole), 
and bleaching powder (2^ g.) were heated under reflux in carbon 
tetrachloride (100 ml.) for 3 hr. The solids were removed as above, 
and the filtrates were taken to dryness and chromatographed on alumina 
(column A), eluting with light petroleum (b.p. 60-80°), to give an 
orange solid (5.5 g.)5 presumably a mixture of azo-compounds; this 
could not be resolved by further chromatography.

2-Bromotetrafluoroaniline. - Bromine (h ml., 75 mmole) acetic
a.cid (70 ml.), and 2H-tetrafluoroaniline (lO.O g., 60 mmole) were
kept for 2 hr. at room temperature, diluted with water (200 ml.),
and chilled. The precipitate was filtered off, washed with water
(20 ml. ), and dried in vacuon giving presumed 2-bromotetrafluoroaniline

10(9.6 g.; 66$) as a cream solid, m.p. 50-1°(lit., 52°). This 
product was used without further purification.

2»B-Dibromo-octafluoroazobenzene. -2-Bromotetrafluoroaniline 
(9.0 g., 35 mmole) and bleaching powder (4*0 g.) were heated under 
reflux for 6 hr. in carbon tetrachloride (100 ml,). The mixture 

was filtered hot, and the solids were washed with ether until 
colourless. The filtrate was evaporated to about 5 ml., diluted 
with light petroleum (b.p. 60-80°; 20 ml.) and evaporated again to 
5 ml. On cooling, the solution deposited an orange solid (1.8 g.), 
which was chromatographed on alumina (column B), eluting with 50$ 
benzene in light petroleum (b.p. 60-80°). One band (orange) 

developed; this gave 2O2~dibromo~octafluoroazobenzene (1.6 g.; 18$)
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as an orange solid, m.p. 112-4°, with a satisfactory infra-red 
spectrum. This product was recrystallized (63$ recovery) from 
benzene/light petroleum (b.p.60-80°) to give a pure sample (Found:
C, 30.1; H, 0.2; N, 6.0. C ^ B ĵ F qN requires: C, 29.8; H, 0.0;

N, 5.8$), m.p, 114.5-115°, characterized further by its ultra-violet 
spectrum (p. 130).

Attempted preparation of cis-decafluoroazobenzene. - Pure 
decafluoroazobenzene (l.O g.3 2.8 mmole) was dissolved in a mixture 
of 20$ benzene and light petroleum (b.p, 60-80°) (60 ml,), and 

irradiated for 1 hr.; it was then chromatographed on alumina 
(column A_, packed to a depth of 15 cm. ), eluting with the same 
solvent, such that most of the azo-compound was recovered with little 
increase in the volume of the solution. The product was irradiated 
and recycled through the column three times in all. After the 
final irradiation the column was eluted until the eluent was almost 
colourless. The total eluent (about 1000 ml.) was evaporated to 

dryness, and gave decafluoroazobenzene (O.65 g.; 65$), m.p. 138-140°, 
identified by infra-red spectroscopy. The column was then eluted 
with ether, and yielded an orange-yellow solid (20 mg.), which 
followed the solvent front down the column. This product was shown 
by infra-red and ultraviolet spectroscopy to be impure decafluoroazo­
benzene, m.p. 94-8°; a band at 3-5juindicated a hydrocarbon impurity, 
and the presence of the cis-isomer is made highly improbable by 
the absence of absorption in the 13“14/uregion. This impure

product was sublimed in a test-tube over a bunsen burner; it then 
melted at 135° 5 and its infra-red spectrum showed it to be considerably
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more pure.
Decafluoroazoxybenzene» - (a) From pentafluoroaniline. The

procedure was essentially that of Wall and his co-workers.
Pentafluoroaniline (5.0 g., 2?.5 mmole) in glacial acetic acid 
(50 ml.) and aqueous 80$ hydrogen peroxide (5.0 ml.) were kept 
for four days at room temperature. The brown solution wan diluted 
with water (150 ml.)s and the organic layer (ca. 3 ml.) was separated. 
The aqueous layer was extracted with carbon tetrachloride (3 x 10 ml.)
and the combined organic layers were evaporated to dryness. The

*■„/semi-solid product was distilled twice in vacuo at 5^ 9 and the 
distillate was collected as a sublimate, shown by infra-red 
spectroscopy to be decafluoroazoxybenzene (l.l8 g.; 23$)* The 
m.p., 4-7-9°9 showed the product to be somewhat impure: a convenient 
preparation of the pure compound is given below.

(b) From decafluoroazobenzene. The azo-compound (5.0 g.,
13.8 mmole), aqueous 85$ hydrogen peroxide (2.5 ml.), trifluoroacetic 
anhydride (25 ml.), and dichloromethane (100 ml., dried by distillation 
from phosphorus pentoxide) were heated under reflux for 4 hr., during 
which time further trifluoroacetic anhydride (20 ml.) and hydrogen 
peroxide (8 ml.) were added in small portions. The mixture was 
protected from moisture by a calcium chloride tube during the reflux. 
The resulting yellow solution was diluted with water (100 ml.), 
and the organic layer was separated, washed with water, and dried 
(MgSO^); on evaporation it yielded decafluoroazoxybenzene (4.9 g.J 
94$) as a cream solid, m.p. 54°. The infra-red spectrum was
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satisfactory. Recrystallization from light petroleum (b.p. 30-40°) 
gave a white solid (Found: C, 38.1; H, 0,1, Calc* for 
C, 38.1; H, 0.0$), m.p. 5^-5°f (IAt.f9 53-4°).

(c) Attempted condensation of pentafluoronitrobenzene with 
pentafluoroaniline. The nitro-compound (0,426 g., 2,0 mmole) and 
the aniline (O.366 g., 2.0 mmole) were kept in glacial acetic acid 
(10 ml.) for 4 days. The mixture was heated under reflux for 5 min,9 
cooled, and poured into water (20 ml.), and a small quantity of pale 
brown oil was deposited. The mother liquor was decanted, and 
saturated aqueous sodium bicarbonate (10 ml.) was added to the residual 
oil, and the mixture was extracted with ether (10 ml.). The extract 
was dried (MgSOĵ ) and evaporated to give a pale brown oil which was 
shown to be pentafluoronitrobenzene (0,221 g.j 52$) by infra-red 
spectroscopy.

4H.4tH-*0ctafluoroazoxybenzene. - (a) With a high hydrogen
98peroxide/trifluoroacetic anhydride ratio, (cf. Burdon et al. ),

4H,4H-0ctafluoroazoxybenzene (3.16 g., 9.7 mmole), aqueous 85$ 

hydrogen peroxide (15 ml.), trifluoroacetic anhydride (36 ml.), 
and dichloromethane (38 ml.) were heated under reflux. The mixture, 
initially red, was yellow after 2 hr. but red again after 24 hr., 
at which time more hydrogen peroxide solution (5 ml.) and 
trifluoroacetic anhydride (15 ml.) were added? and after a further 
24 hr. more peroxide (3 ml.) and anhydride (10 ml.) were added, 
turning the mixture yellow once again. The product was added to 
water (100 ml.), separated, and extracted with dichloromethane
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(3 x 30 ml0 » 'the extracts were washed, with water (2 x 5 ml.), dried
(MgSO^), filtered, and evaporated, to give a semi-solid yellow oil.
This substance was chromatographed on alumina (column B) to give, on
elution with light petroleum (b.p. 60-80°), a fairly pure sample of
4Hg 4^1-octaf luoroazoxybenzene (1.46 g.; 44$), m.p. 48-50°, identified
by infra-red spectroscopy. The pure compound m.p. 55-55-5°

98(lit.5 52°)9 was obtained as white needles on recrystallization
from methanol (Found: C9 42.2; H, 0.6; N, 8.2. Calc, for ^ 2 H2F8^2°:

C, 42.1; H, 0.6; N, 8.2$. The ultraviolet spectrum of this compound
(p.lOIa) resembled closely that of decafluoroazoxybenzene.

Continued elution of the column with ethanol gave a pale brown 
glassy substance (0.13 g.), which could not be recrystallized.

(b) Improved procedure using a low peroxide/anhydride ratio.
4HS4k-0ctafluoroazobenzene (0.158 g.s 0.485 mmole), aqueous 85$ 
hydrogen peroxide (0.52 ml.), trifluoroacetic anhydride Cl-58 ml.), 
and dichloromethane (1.58 ml.) were heated under reflux for 1 hr.
The mixture had become yellow after 40 min. The yellox^ solution 
was washed with water (5-2 ml.)9 the washings were extracted with 
dichlo rome thane (2 x 1 ml,), and the combined organic layer was 
washed with water (2 ml.) and dried ̂ 'IgSÔ ). Filtration and 

evaporation of the solvent yielded the azoxy-compound (0-.162 g.; 98$) 
as a pale brown solid, m.p, 53-5°-, identified by infra-red spectroscopy. 

2Ha 2̂ 1-00tafluoroazoxybenzene. - 2H, 2H-0ctafluoroazobenzene

(1.5 g.9 4.4 mmole), dichloromethane (15 ml.), trifluoroacetic 
anhydride (15 ml.), and aqueous 85$ hydrogen peroxide (5 ml.) were
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heated under reflux for 1 hr. ; the reaction mixture turned yellow.
The mixture was washed with water (50 ml.) and the washings were 
extracted with dichloromethane (2 x 5 ml.). The organic layer was 
washed again with water (20 ml,), dried (MgS0^)s and evaporated, to 
give 2H«2H-octafluoroazoxybenzene (1.59 gj 100$), m.p. 59-62°, 
identified by infra-red spectroscopy. Recrystallization from aqueous 

methanol gave the pure compound (Found: C, 42.2; H, 0,8; N, 8.4 

CjpHgFgNgO reluires: Cs 42.1; H, 0.6; N, 8.2$) as pale orange-brown 
needles, m.p. 62-3°• Repeated treatment with charcoal and 
recrystallization would not decolourize this compound; however, a 
simple and satisfactory explanation for its colour is given in the 
discussion section (p.'HO).

Oxidation of Octafluorophenazine. - The phenazine (0.50 g.,
1.54 mmole), trifluoroacetic anhydride (15 ml.) and aqueous 85$ 
hydrogen peroxide ,(l«0 ml.) were heated under reflux for 10 min.; 
further peroxide (l.O ml.) was added and heating was continued for 
20 min. longer. The mixture was diluted with water (50 ml.), 
neutralized to pH 6 with‘solid sodium bicarbonate, and extracted 
with ether (50 + 2 x 25 mj.). The ethereal solution was dried 
(MgSO^) and the solvent was removed; the resulting brown gum (O.3O g.) 
was stirred with a few ml. of light petroleum (b.p. 60-80°), which 
caused it to solidify. The solvent was evaporated, but the residual 

product could not be recrystallized.
The reaction was repeated with refluxing for only 1 min., and 

gave quantitative recovery of the starting compound. An identical
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reaction mixture, on refluxing for 5 min., gave a yellow gum 
(0,40 g. ), whose infra-red spectrum suggested that some starting 
material was present.

Oxidation of 2Ha7H-hexafluorophenazine. - The phenazine 
(l.O g., 3*6 mmole), dichloromethane (50 ml.), trifluoroacetic 

anhydride (15 ml.), and aqueous 85$ hydrogen peroxide (3 ml.) were 
heated under reflux for 18 hr. Dichloromethane and water (50 ml. 
each) were added, and the layers were separated. The aqueous 
layer was extracted with ether (3 x 50 ml.), and the combined 
organic layer was washed with water (3 x 10 ml*), dried (MgSO^) 
and evaporated to dryness, yielding a pale brown gum (l.27 g.)*
This product was chromatographed on alumina (column B); a yellow 

band appeared on elution with ether. This band gave starting 
material (0.13 g.; 13$) identified by its infra-red spectrum.
Elution with ethanol gave no more substances, and the column was 
eluted with glacial acetic acid; a brown band followed the solvent 

front down the column, and gave a brown solid (4 g.) presumably 
containing aluminium salts^ This product yielded no tractable 
fractions on subsequent chromatography on silica.

Decafluorohydrazobenzene. - (a) From decafluoroazoxybenzene.
19This procedure is that of Wall et al., who wrongly characterized 

the product as the azo-compound. Decafluoroazoxybenzene (1.18 g., 

3.13 mmole), ammonium chloride (1.18 g.), zinc dust (3-7 g-)9 
water (2*35 ml.), and ethanol (18 ml.) were heated under reflux 
for 30 min. The mixture was filtered hot, and the residue was
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washed with a little hot ethanol. The combined filtrates were
diluted with water (50 ml.) and cooled. The resulting precipitate
was filtered off, dried in vacuo over phosphorus pentoxide, and
sublimed in vacuo at 50-55° to give colourless crystals of
decafluorohydrazobenzene (Found: C, 39.45; H, 0.6. C-^E^F^qE-,

98
requires: C5 39.6; H, 0.55$)9 m.p. 62-3 (lit., 57 )* This 
compound showed a sharp singlet (N~H) at2*^^n its infra-red 
spectrum, and was further characterized by its ultra-violet 
sp e c trum (p. 100a).

(b) From decafluoroazobenzene with zinc and ammonium chloride.
The azo-corapound (2.0 g., 5.5 mmole), ammonium chloride (2.0 g.), 
zinc dust (6.0 g.), water (5 ml.), and ethanol (50 ml.) were shaken 
in a stoppered flask. The red compound dissolved, but the 
resulting solution was colourless. The mixture was filtered and 
the filtrate was poured into water (ca. 100 ml.) and cooled; 
it gave decafluorohydrazobenzene (1.6 g.; 80$) as a white solid, 

m.p. 61-3°, with an infra-red spectrum identical with that of the 
above sample.

(°) From decafluoroazobenzene with sodium hydrosulphite. The 
azo-compound (2.0 g., 5*5 mmole), in methanol (50 ml.), was heated 
under reflux, and sodium hydrosulphite (4.6 g., purity 85$) in 
water (25 ml.) was added during 5 min. The mixture became colourless 
after 10 ml. of solution had been added. The product was diluted 
with water (50 ml.) and distilled; 100 ml. of distillate were 
collected, and dilution of this distillate with water (150 ml.)
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caused a white precipitate to appear, which was identified as 
decafluorohydrazobenzene (1.66 g,), imp, 58-60°, by infra-red 
spectroscopy, Ether-extraction of the filtrate gave more product 
(0,04 g.), the total yield (1.7 g.) being 85$, The odour of 
pentafluoroaniline was completely absent*

(d) From decafluoroazobenzene with tin and hydrochloric acid.
The azo-compound (1.0 g., 2.75 mmole), granulated tin (5.0 g.)9 
concentrated hydrochloric acid (10 ml.) and dimethylformamide 
(20 ml.) were heated under reflux for 30 min. The mixture was 
made alkaline and extracted with ether (2 x 50 ml,), and the 
extracts were washed with water to remove dimethylformamide, dried 
(CaO), and on evaporation yielded a pale orange solid (0.60 g.), 
m.p. 40-50°, shown by infra-red spectroscopy to be impure deca- 
fluorohydrazobenzene.

Unsuccessful reductions of decaf luoro a,zobenzene. - (a) With

triethanolamine .Decafluoroazobenzene (l.O g., 2.75 mmole) and 

triethanolamine (6.0 g.) were heated for 2 hr. at 95°9 then poured 

into water (150 ml.) and extracted with chloroform (50 ml.). The 

extract was evaporated to give an intractable tar with a strong 

odour of pentafluoroaniline.

(b) With zinc and alkali. The azo-compound (2.0 g,, 5-5 mmole), 
zinc dust (O.38 g.), sodium hydroyide (0.45 g. )<> and methanol 

(60 ml.) were heated under reflux for 2.5 hr. Pure azo-compound 

was recovered quantitatively.



Reductive cleavage of decafluoroazobenzene with hydriodic acid. -
The azo-compound (2,0 g,, 5*5 mmole) and aqueous 55$ hydriodic acid 

(15 ml.) were heated under reflux for 3 hr. Solid sodium metabisulphite 

was added to remove iodine and the solution was diluted with water 

(100 ml,) and distilled. Pentafluoroaniline (1.15 g-? 57$)5 m.p.
29-31 (lit. 33.5*“35°), was filtered from the distillate and identified
by infra-red spectroscopy,

Reductive cleavage of decafluoroazoxybenzene. - The azoxy- 
compound (l.O g., 2.65 mmole) and aqueous 55$ hydriodic acid (10 ml.) 
were heated under reflux for 6,5 hr., then diluted with water 
(30 ml.), decolourized with solid sodium metabisulphite, and 
neutralized with solid sodium carbonate. The solution was steam- 
distilled to give pentafluoroaniline (0.32 g.; 33$)? m.p. and mixed 
m.p. 32-3°9 which was filtered off from the first 10 ml. of 
distillate and dried over phosphorus pentoxide.

In an earlier experiment, the starting material was recovered 
in 74$ yield after 2,5 hr. in half the above quantity of refluxing 
hydriodic acid.

Reductive cleavage of decafluorohydrazobenzene. - Deca­
fluorohydrazobenzene (2.0 gM  5.5 mmole) and aqueous 55$ hydriodic 
acid (10 ml.) were heated under reflux for 3 hr., and worked up as 
for the above reaction to give pentafluoroaniline (l.28 g.; 63$), 
m.p. 33°, identified by infra-red spectroscopy.

0ctafluoro-5o10-dihydrophenazine. - Octafluorophenazine 
(10.0 mg., 0.031 mmole) in spectroscopically pure hexane (25*0 ml.)
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was shaken with aqueous 55$ hydriodic acid (5 ml.) for 30 min;
The mixture was then decolourized with solid sodium metabisulphite, 
and the organic layer was separated and dried (MgSO^). An 
ultra-violet spectrum (p.^la) was run on this solution; unfortunately 
neither the spectrum of 5sl0~dihydrophenazine nor that of any closely 
related compound has been reported in the literature, but the 
observed spectrum was in reasonable agreement with a theoretically 
predicted spectrum. Evaporation of the solvent left a white solid 

(10 m.g. j 9 9 % ) , m.p. 189°, the presumed dihydrophenazine. The 
infra-red spectrum of this product showed a sharp N-H singlet at 
2iSQfj i * The substance was too sensitive towards autoxidation for 
further work to be convenient; in air it quickly became green, then 
violet (presumably phenazhydrin-type molecular complexes).

The crude dihydrophenazine (0.50 g.) was dissolved in ether

(50 ml.) and air was bubbled through the solution for 10 min.;
ether was added as necessary to maintain the volume of the solution.
A greenish colour appeared in the solution and gradually gave way

to yellow. The product was dried (MgSO^) and filtered, and the

filtrate was evaporated, yielding octafluorophenazine (0,4? g., 97$)* 
0m.p. 232 , identified by infra-red spectroscopy.

2H.7H-Hexafluoro-5 nIQ-dihydrophonazine. « 2H,7H«Hexafluoro- 
phenazine (0.50 g.s 1.74 mmole) was shaken in toluene (10 ml.) for 
30 min, with aqueous 55$ hydriodic acid (l0 ml.). Potassium iodide 
was added to break up the resulting emulsion, and the mixture was 
decolourized with solid sodium metabisulphite and extracted with
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ether (ca. 50 ml.)* The extract was dried (MgSO^) and yielded on 
evaporation a green solid (0,515 g.). Recrystallization of this 
product from ethanol5 and again from light petroleum (b.p. 80-100°)s 
gave green needles (0,170 g. )? m.p, 22R~6°3 shown by nuclear magnetic 

resonance spectroscopy (p.104) to consist of presumed 2H57H-hexafluoro~59 
10-dihydrophenazine (90$) and starting material (10$) (Found: C9 R9 .8;
H, 1.2; N9 9.5. requires: C, R9*6; H5 l.R; N, 9-7$)s showing
an N-H singlet at 2.8̂ 1 in the infra-red spectrum.

Attempted preparation of a complex between Decafluoroazobenzene 

and Boron Trifluoride. - The azo-compound (l.OO g,s 2.7 mmole) was 
dissolved in a solution of an excess of boron trifluoride in 
dichloromethane (20 ml, of 0.92M solution; 18,4 mmole BF^). The 
solution was stirred at room temperature for 1 min. (no colour change 
occurred) and evaporated to dryness in vacuo. Starting material 
(l.OO g.)9 m.p. 138°9 was obtained and was identified by infra-red 
spectroscopy.

^-Diethoxyo'ctafluoroazobenzene. - A solution of sodium ethoxide 
(15.2 mmole) prepared from sodium (0.35 g-) and ethanol (70 ml.) was 
added dropwise during 30 min. to decafluoroazobenzene (2,5 g., 6.9 
mmole) in refluxing ethanol (100 ml.). The reaction was stopped 

after a further 2y hr. reflux by the addition of water (250 ml.).
Ether extraction (100 + 50 ml.) yielded 2.8 g. of crude product/ 
m.p. ca,107°9 which on recrystallization from cyolohexane gave orange 
^0̂ -diethoxyoctafluoroazobenzene (l.68 g.; 59$)9 m.p. 110-112°, 
identified by infra-red spectroscopy. The melting point was raised
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to 113.5-114.5° by further recrystallization (Found: Cy 46.5;

H, 1.3. ^i6%0^8^2^2 relu -̂rest ^.5; Hp l.l$)9 m.p. 113.5-114.5°♦ 
4~Ethoxynonafluoroazobenzene. » Decafluoroazobenzene (2.0 g,9

5.5 mmole) was heated under reflux for 2 hr. in ethanol (40 ml.). 
During the first hour a solution of potassium ethoxide (5-5 mmole) 
[from potassium (0.22 g.) and ethanol (22 ml.)] was added dropwise. 
The mixture was poured into water (400 ml.) and extracted with 
ether (3 x 5^ ml.). The extracts were dried (MgSO^) and yielded 
an orange solid (2.2 g.), m.p. 70-80°, which was chromatographed 
on alumina (column B)9 eluting with 25% benzene in light petroleum 
(b.p. 60-80°). Three bands developed, yielding respectively
(i) decafluoroazobenzene (0.26 g.), identified by infra-red 
spectroscopy, (ii) an orange solid (l.20 g.)9 m.p. 74-6°, shown 
by infra-red spectroscopy to be 4-ethoxynonafluoroazobenzene 
containing some decafluoroazobenzene and diethoxyoctafluoroazobenzene 
and (iii) (elution with ether) crude diethoxyoctafluoroazobenzene 
(0.51 g.)9 m.p. 101-3°, identified by infra-red spectroscopy. The 
product from band (ii) was twice recrystallized from cyclohexane 

to give orange 4-ethoxynonafluoroazobenzene (Found: C5 43.1; Hs 1.6; 

N, 7 .6. C ^ F J  0 requires: C, iQ.3 i H, 1 .3 ; N, 7 .2$, m.p. 82-82.5° 
Reaction of 4-ethoxynonafluoroazobenzene with ethoxide ion. - 

The monoethoxy-compound (0.50 g,5 1.25 mmole) was heated under 
reflux in ethanol (20 ml.). Potassium ethoxide (l.37 mmole; an 
excess of 10$) in ethanol (ll ml.) was added dropwise during 30 
min., and heating was continued for another JO min. The mixture
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was poured into water (100 ml.) and extracted with ether. The 
extracts were dried (MgSO ) and evaporated to give 4,45diethoxy~ 
octafluoroazobenzene (0.55 g. ; quantitative), m.p. 98-100°, mixed 
m.p. xtfith a pure sample, 98-104°, identified also by its infra-red 
spectrum.

This reaction, the nuclear magnetic resonance spectra (p.139), 
and the reductive cleavage (below) to 4-aminotetrafluorophenol, 
prove the structures of these two ethoxy-compounds.

Reductive Cleavage of 4,4-diethoxyoctafluoroazobenzene. - The 
azo-compound (2.0 g., 4.8 mmole) and aqueous 55$ hydriodic acid 
(10 ml.) were heated under reflux for 1 hr. in a distillation 
apparatus fitted with a partial condenser containing refluxing 

benzene (see diagram overleaf).

A few ml. of distillate was collected; this separated into 
two layers. The upper layer (aqueous)was discarded, and the 
lower layer (0.74 ml. )̂ which contained some iodine, was decolourized 
with a little solid sodium metabisulphite, dried (MgSO^) and 
identified as iodoethane (1.43 g., calc, from volume of crude 
product, 9-2 mmole; 95$) by infra-red spectroscopy.

The residue in the reaction flask was diluted with water to 
100 ml., decolourized with solid sodium metabisulphitep and 
neutralized carefully with solid sodium carbonate. Ether extraction 

(5 x 20 ml. + 10 z 10 ml.) yielded 4-aminotetrafluorophenol.
(1.72 g., 9.5 mmole); 98fo) as a white solid, m.p, 177-8° (decomp.), 
identified by infra-red spectroscopy. Two recrystallizations



The vertical socket in the still head contained a 
cold finger, the top of which was fitted with a 
reflux condenser. The side arm of the still 
head was connected to another condenser which led 
to a small graduated receiver. The cold finger 
contained benzene which was maintained under 
reflux at 80 by the boiling reaction mixture.
This device enabled a small quantity of volatile 
distillate to be removed from the reaction mixture 
during the course of the reflux.

from 1,2-dichloroethane were carried out rapidly (discolouration occurred
if the product was kept in contact with the hot solution) and yielded a
pure sample (Found: C, 40.0; H, 2.0; N, 7.9. C^H^F^NO requires: C, 39.8; 
H, 1.7; N, 7 . 7 % ) , m.p. 180-1° (decomp.) (lit., 177.5.178°).



Oxidation of 4-aminotetrafluorophenol to fluoranil. ~ The 

amino-phenol (1.2 g., 6.6 mmole) was heated on a steam bath with 
nitric a^id (10 ml,; 4.7M) in a flask fitted with a reflux conden^xr.

The solution (initially purple) turned yellow suddenly after a few 
minutes9 and the quinone sublimed into the condenser. After a 
total of 10 min, heating, the reaction mixture was cooled and 
extracted with ether (20 1 6 x 5 ml.X , and the combined extracts 

were washed with water (5 x 5 ml.). The washings plus residual 
solution were partially neutralized (to pH 3) with solid sodium 
carbonate and further extracted with ether (10 + 5 x 5 ml,). The 
combined ethereal layer (ca. 80 ml.) was dried (MgSO^) and evaporated 
in vacuo at room temperature to give fluoranil (l.O g,5 5.8 mmole; 87%)? 
m.p. (sealed tube) 163-6° (lit.^ 179°), identified by infra-red 
spectroscopy, its colour, and its characteristic odour.

Attempted „de-;ethylation of jiiejbp xyociafluoroazobenzcne . - 
4,4-Diethoxyoctafluoroazobenzene (1.5 3*6 mmole) was heated under

reflux for 3 hr. with bromine-free aqueous 30% hydrobrcmic acid 
(15 ml,). Starting material -.identi fied t y infr i~red spectre scopy 

was recovered quantitatively.

Re actio n of Decafluoroazobenzene with Methoxide. * Sodium
methoxide (l?.4 mmole) prepared from sodium (0.40 g. ) and methanol 
(80 ml.) was added dropwise during 1 hr- to decafluoroazobenzene 
(^.0 g,? 11 mmole) in refluxing methanol (100 ml.). Keating was 
continued a further 18 hr.s and the mixture was poured into water 
(180 ml. ) and extracted with ether (200 4- 100 + 2 x 25 ml.).
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The ethereal extract was dried (MgSO^) and evaporated to give an 

orange solid (4.07 g.), m.p. 118-135° 9 which was chromatographed
on alumina (column A) and eluted with hot light petroleum (b.p.

0 \ °  /60-80 ) to give two orange solids, m.p. 89.5-92 (1.3 g*) and m.p.
160-2° (2.5 g.)^ The former, on two recrystallizations from light
petroleum (b.p .60-80°)9 gave the red 4~methoxynonafluoroazobenzene
(Found; C, 42.0; H, 0.9; N, ?.6. C^H F requires C, 41.?; H, 0.8

N, 7.5 %  m.p. 98° (lit., 94-6°). The other fraction was
recrystallized twice from light petroleum (b.p. 100-120°)9 and gave
4„4-dimethoxyoctafluoroazobenzene (Found; C, 43.7; H, 1.7? N, 7*2

ClifH F J  0 requires Cs 43.5; H, 1.6; N, 7*3/^)9 as brick red b o 2 2 q
>* 1 o / 98 ,. o \needles, m.p. 164 (lit., 164-5 ).

Reaction of 4-methoxynonafluoroazobenzene with methoxide ion. 
The azo-compound (0.20 g.9 0.53 mmole) was heated under reflux 
for 20 hr. in methanol (12.5 ml.). During the first hour, sodium 
methoxide (0.54 mmole) prepared from sodium (12.5 mg. ) in methanol 
(12.5 ml.) was added dropwise. The reaction mixture was poured 
into water (150 ml.) and extracted with ether (25 + 10 ml.). The 
extracts were washed with water (100 ml.), dried (MgSO^), and 
evaporated to give am orange product (0.21 g»), m.p. 140-150°, 
shown by infra-red spectroscopy to be 4„4-dimethoxyoctafluoroazo­

benzene together with some starting material. One recrystallization 

from light petroleum (b.p. 100-120°) raised the m.p. to 154-60°, 
and this product, though probably still containing some starting 

material, gave a satisfactory infra-red spectrum.



IReductive cleavage of 4.4-dimethoxyoctafluoroazobenzene. -

The azo-compound (0,30 g., 0.78 mmole) was heated under reflux for
1 hr. with aqueous 55$ hydriodic acid (10 ml.). Oily droplets
(almost certainly iodomethane) were observed refluxing; but no
attempt was made to isolate this product. The mixture was decolourized
with saturated aqueous sodium metabisulphite, then neutralized with
saturated aqueous sodium carbonate. The solution (now ca. 70 ml.)
was extracted with ether (15 + 4 x 10 ml.), and the extracts were
dried (MgSO ) and evaporated to give 4-aminotetrafluorophenol 4
(0.29 g.; quantitative), m.p. 175-7° (decomp.), shown by infra-red 
spectroscopy to be identical with the sample prepared earlier (p.164).

4-Aminononafluoroazobenzene (perfluoro-aniline yellow). 
Decafluoroazobenzene (2.0 g., 5*5 mmole), ethanol (75 ml.), and 
aqueous ammonia (m.g. 0.88j 10 ml.) were heated under reflux for 
3 hr. The mixture was poured into saturated aqueous ammonium 
chloride (250 ml.) and extracted with ether (50 + 2 x 25 ml.).
The extracts were washed with water, dried (MgSO^), and evaporated, 

to leave an orange product (2.0 g.); this was chromatographed on 
alumina (column B) with elution by ether to give crude decafluoroazo­
benzene (0.66 g.; 33$ recovery), m.p. 139-40°, identified by infra-red 
spectroscopy, and crude 4-aminononafluoroazobenzene (1.34 g.; 67$;
99$ based on unrecovered starting material), m.p. tca. 133° 9 identified 
by infra-red spectroscopy. Three recrystallizations of the latter 
from cyclohexane gave a pure product (0.91 g . i  68$ based on starting 
material consumed) (Found C, 40.5; H, 0.8; N, 11.7* F N requires:2 9 2



C, 40.2; H, 0.6; N, 11.750 5 m.p. 139*5°* -An N-H doublet was observed 
in the infra-red spectrum at 2.8^ iand 2,94ju , and the product was 
further characterized by reductive cleavage (p.1DDh) and nuclear 

magnetic resonance spectroscopy (p.133).
In a second experiment, the crude product was shown by nuclear 

magnetic resonance spectroscopy to contain 4-aminonmafluoroazobenzene 
(68$), decafluoroazobenzene (24$), and other fluorine-containing 
substances (8$), Chromatography of this product on a longer column 
gave a crimson product (?$), m.p. ca. 100-110°, just preceding the 
decafluoroazobenzene fraction, but this substance could not be 
satisfactorily recrystallized. From its colour (very similar to 
that of 2«amino«4H,4H-heptafluoroazobenzene, p. 60), chromatographic 

behaviour3 and position of N-H absorptions in the infra-red spectrum, 
again very similar to those of the 2-aminoheptafluoro-compound, this 
product may be tentatively identified as 2-nminononafluoroazobenzene, 
probably containing some decafluoroazobenzene. There was insufficient 

sample for nuclear magnetic resonance spectroscopy.
Traces of two more polar products were also obtained.
Reductive cleaivage of 4-aminononafluoroazobenzene. - The 

amino-azo-compound (l.O g\, 2.8 mmole) was heated under reflux with 
aqueous 55$ hydriodic acid (10 ml.) for 2 hr. Iodine was removed 
with solid sodiurn metabisulphite, and the acidity was adjusted to 
pH5 with sodium carbonate. The mixture was diluted to 40 ml. and 
extracted with ether (10 + 5 x 5 ml,). The ethereal solution was 
dried (MgSO. ) and the solvent was removed by distillation through a
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15 cm. column packed with glass helices, leaving an almost colourless 

gummy residue (l.l4 g. ), shown by infra-red spectroscopy to be a 

mixture of pentafluoroaniline and tetraflUoro-p-phenylenediamine.

This mixture was recrystallised from cyclohexane (25 ml.), to give
tetrafluoro-p-phenylenediamine (0,32 g.; 63$) as colourless needles,

x o / 2 3  o \m.p. and mixed m.p. 137 (lit,, 143*5-144 ; identified also by infra-red

spectroscopy. The mother liquor was distilled through a fractionating 
column (as used above) to give a residue of pentafluoroaniline (O.36 g.; 
71$)9 m.p. 3̂ *-6 (lit.^° 33*5-35°) shown by infra-red spectroscopy to
contain a little of the above diamine.

Oxidation of tetrafluoro-p-phenylenediamine to fluoranil.

The diamine (50 mg., 0.2.8 mmole) and 4.7M nitric acid (1.0 ml.) were
boiled for one minute, cooled, and diluted with water to 20 ml. The

solution was extracted with ether (10 + 5 ml.); the extracts were
dried (MgSO^) and evaporated to give fluoranil (29*5 mg.; 59$ )5 

om.p. 172-5 9 shown by infra-red spectroscopy to be identical with the 
sample prepared from 4-aminotetrafluorophenol (p. 5T)*

2-Amino-4Ha 4fa-he~ptafluoroazobenzene. - 4H,4li- Octafluoroazobenzene

(4.0 g., 12.3 mmole), ethanol (80 ml.), and aqueous ammonia (s.g. 0,88;

25 ml.) were heated under reflux for 21 hr., and the resulting mixture 
was poured into water and extracted with ether; the extracts yielded 
a deep red solid, which was chromatographed on alumina (column A).

x With an authentic sample kindly supplied by E.S.Wilks*
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Elution with 50$ benzene in light petroleum caused two bands to 
develop, yielding respectively starting material (0,10 g.; 3°1°) 

and 2-am:: no-4H, 4H-heptafluoroazobenzene (3*1 g» J 78$), m.p, 163-5° 
Both products were identified by infra-red spectroscopy; the latter 
was purified by rocrystallization from 200 ml, of light petroleum 
(b.p. 80-100°) to give pure 2-amino —4H.4k-heptafluoro a z o ben z en e 
(2.4 g;. 78$ recovery) (Found: C, 44.8; H, 1,4; N, 13.I. C-^H^FgN 
requires: C, 44.6; H, 1.2; N, 13.0$), as scarlet crystals, m.p.l68-9°. 
This compound was characterized by reductive cleavage (below) and 
by its nuclear magnetic resonance spectrum (p.139).

Reductive cleavage of 2-Amino-4HB4H-heptafluoroazobenzene. -

The azo-compound (0.40 g., 1.24 mmole) and aqueous 55$ hydriodic 
acid (5.0 ml.) were heated under reflux for 30 min,. The mixture 
was decolourized with solid sodium metabisulphite and neutralized 
with solid sodium carbonate, and the resulting solution was extracted 
with ether (25 + 2 x 10 ml.). The extracts were dried (MgSO^) and 
on evaporation yielded a nearly colourless solid (O.36 g,) with an 
odour of 4H-tetrafluoroaniline. This product was dissolved in hot 
light petroleum (b.p. 30-40°; 10 ml.), and on cooling to room 
temoerature the solution deposited 3$456«trifluoro»-o~phenylenediamine

148
(0.099 g.? 48$), m.p. 70-2° (lit., 75 /9 which was bharacterized
by the preparation of the benzil derivative, 2,3-diphenyl«596,8-tri-

149fluoroquinoxaline, by the method of Bost and Towell; this compound 
(Found: C, 71.4; H, 3.4. Calc, for CgoE^F N^s C, 71.4; H, 3-3$)

was obtained as colourless needles m.p. 167-8 (from ethanol)



4-Hydroxynonafluoroazobenzene. - Potassium hydroxide (0.41 gM
7.3 mmole) was dissolved in hot t-butanol (35 ml.) and ddded to a
hot solution of deoafluoroazobenzene (2.0 g,, 5*5 mmole) in the

same solvent (25 ml*) The mixture was heated under reflux for

30 min. and then poured into water (200 ml,5, and the alcohol was

distilled off. The residue was acidified to pH 3 with conc.
hydrochloric acid, then extracted with ether (2 x 50 + 25 ml.).
The extracts were washed with water (2 x 20 ml.), dried (MgSO^),
and evaporated. The resulting purple solid was chromatographed
(column A) on silica (B.D.H. reagent grade precipitated silica;
neither alumina nor chromatographic silica gave a good separation).
Elution with benzene gave (i) decafluoroazobenzene (l.O g.; 50$

orecovery), m.p. 131-8 , identified by infra-red spectroscopy,
(ii). a brown-purple solid (0.08 g.; 40$, or 80$ based on deca­

fluoroazobenzene consumed), m.p. 156-9 9 shown by infra-red
spectroscopy to be 4-hydroxynonafluoroazobenzene, and (iii) a

odark-brown solid (0.08 g.), m.p. 208-210 , which could not be 

purified and was discarded. Product (ii) was crystallized from 

a large volume of water to give pure 4-hydroxynonafluoroazobenzene 
(Found: C, 40.2; H, 0.4; F, 48.0. C1?HF N 0 requires: C, 40.0;7 2 o
H, 0.3; F, 47.5$) us a pale yellow powder, m.p, 164 . The infra- 

-red spectrum (p,126) confirmed the presence of an 0-H group, which 
absorbed at 2,92yu * The colour of this compound-was due to its 
state of fine subdivision; solutions were red, and its ultra-violet
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and visible spectrum is given on p .134. The position of the 
hydroxyl group was confirmed by nuclear magnetic resonance 
spectroscopy (p.159) and by reductive cleavage (below).

Reductive cleavage of 4-hydroxynonafluoroazobenzene. The 
hydroxy-azo-compound (0.60 g., I.67 mmole) was heated under reflux 
with aqueous 55$ hydriodic acid (6.0 ml.) for 1 hr. The mixture 
was diluted with water (50 ml.), decolourized with solid sodium 
metabisulphite, and neutralized with solid sodium carbonate. The 
solution was extracted with ether (5 x 10 ml.) and the extracts 
were dried (MgSO^), Removal of the ether in vacuo yielded a cream 
solid (0.54 g.) with a strong odour of pentafluoroaniline. The 
infra-red spectrum showed that this product was a mixture of 
4-aminotetrafluorophenol and pentafluoroaniline; it was recrystallized 
from trichloroethylene (20 ml.), to give the aminophenol (0.24 g.; 
80$), m.p. 177-8 (decomp.) (lit.,134 177.5-178°) shown. hy inira-red 

spectroscopy to be identical with the sample prepared earlier 
(p. 164-)- The filtrate was extracted with concentrated hydrochloric 
acid ( 3 x 3  ml.), and the extract was made alkaline with aqueous 
potassium hydroxide; the volume of the solution was now ca. 30 ml.
This aqueous phase was extracted with ether (5 + 3 x 3 ml*)* and 
the extracts were washed with saturated aqueous potassium chloride 
(3 x 3 ml.), dried (MgSO^), and evaporated in vacuo, to give
pentafluoroaniline (0.14 g.; 4?$), m.p. 30-31-5°* mixed m.p. with

x o 18 o an authentic sample 32 (lit. 33-5-35 )* identified also by infra-red

x Imperial Smelting Corporation.
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spectroscopy,
Reaction of decafluoroazobenzene with thiophenoxide ion.

(a) With two equivalents of thiophenoxide, Thiophenoxide ion 
(l? mmole) was obtained by the addition of sodium (0,**0 g. ) to 
a solution of thiophenol (1.97 g*) in methanol (kO ml.). The 
resulting solution was added dropwise during 30 min, to deca­

fluoroazobenzene (3-07 g*, 8*7 mmole) in refluxing methanol (100 ml.).
and

Heating was continued for a further 2.5 min.^the mixture was poured 
into water (150 ml.) and filtered. The precipitate was washed with 
water and dried in vacuo 0 to give 4-dithiophenox.yoc taf luoroazobenzene 

(^.73 g*J quantitative)s m.p. 202-6°5 identified by infra-red 
spectroscopy. One crystallization from a large volume of light 
petroleum (b.p. 100-120 ) gave the pure compound (3*75 g.J 81$) 

as orange-brown needles (Found: C3 53 *1; 1,8; N9 5***. ^2*A_0^8^2^°
requires: Cs 53*1; H9 1.8; Ns 5.2$), m.p, 208.5-210 .

(b) With 0.7 equivalents of thiophenoxide ion. Thiophenol 
(0.75 g.) and sodium (0.18 g.) were dissolved in methanol (250 ml.)9 
and the resulting solution (containing 6.8 mmole thiophenoxide ion) 

was added dropwise during 18 hr. to decafluoroazobenzene (3*5 g*?
9.7 mmole) in refluxing methanol (100 ml.). On coolings the 
reaction mixture deposition 1.0 g. of the above di-thiophenoxy-

t 0 \compound (m.p. 190-5 )s which was filtered off and identified by 
infra-red spectroscopy - it contained also decafluoroazobenzene 
and some of the mono-substituted compound described below. The 
filtrate was diluted with water (350 ml.) and extracted with ether
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(2 x 200 ml.). The extracts were washed with water (3 x 50 ml.)
and dried (MgSO ). The product from these extracts (**1 g.) was 

i],

chromatographed on alumina (column B)r eluting with hot 331° benzene
in light petroleum (b.p. 60-80 )9 to give decafluoroazobenzene
(0.87 g.; 25$ recovery) m.p. 135-8 s identified by infra-red
spectroscopy, and an orange solid, m sp t 83-92° (0.86 g,). Elution

with ether gave a trace of the dithiophenoxy-compound (0,003 g-)9
most of which presumably remained on the column. The orange product9 

om.p. 83-92 9 was recrystallized three times from light petroleum
(b.p. 100-120°) to give 1-thiophenoxynonafluoro azobenz e_ne (0.20 g.•

6fo based on decafluoroazobenzene consumed) (Found: C? **7-8; H9 1.3?
N9 6,5. C^gH^F N^S requires: C, **7-8; H9 1.1; Ns 6.2$) as brick-red  ̂ ✓ a oneedles, m.p. 111-2 . The compound gave a well-resolved nuclear 
magnetic resonance spectrum (p. I’59) and was further characterized 
by the reactions described below.
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Re action of 4-thiophenoxynonafluoroaaobenzene with

thioj^henoxide ion. - A solution oi thiophenoxide (2.0 mmole) in
methanol (50 ml.) was added dropwise during' 20 min. to the
azo-compound (0.0914 g., 2.0 mmole) in refluxing methanol (20 ml.).
The mixture was heated for a further 5 minutes, then diluted with
water (50 ml,). An orange precipitate (0*144 g. ) m.p. l80~5°j

?was obtained, and identified as a mixture of 4,4-dithiophenoxy- 
octafluoroasobensene containing a little starting material.
One crystallization from light petroleum (b.p, 100-120°) gave 
a. product (0.059 g *I 54'l), m.p. 204-8°, with a satisfactory 
infra-red spectrum.

rRe due tiye cle ayage of 4,4-dithiophenoxy oc t af luoro azobenzene . - 
The azo-compound (0.50 g., 0,92 mmole) was heated under reflux 
for 50 min. with aqueous 551 hydriodic acid (5*0 ml.). The 
mixture was diluted with water* (10 ml.), decolourized with 
solid sodium metabisulpliite, and extracted, with dichloromethane 

(10 + 2 ml.); the aqueous layer was neutralised with solid 
sodium carbonate and re-extracted with dichloromethane 
( 5 + 2  ml.). The extracts were combined and dried (MgSG^) 
and yielded a yellow oil (0.45 g.), which was chromatographed 
on alumina (column C), eluting with light petroleum b.p.30-4o°.
A white solid appeared at the bottom of the column where the 
eluent was evaporating, and elution was continued until this 
solid had completely dissolved in the eluent. This first 
product proved to be diphenyl disulphide (0.20 g., 98;?)
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m,p. 51°i (lit.,* m.p, 61°), and was identified by infra-red
spectroscopy. The column was then eluted with ether; 
evaporation of the first few ml. of ethereal eluent gave 
4-H-tetrafluoroaniline (0.18 g. , 58fO , m.p. just above room

IQ Q
temperature (lit. 23o5-26.5 ), identified by infra-red 
spectroscopy.

He act ions of _de ca f 1 uor o a z o ben gene with joth e r nu c leophiles . -
(a) Heaction with sodium hydrosulphide. A solution of sodium 
hydroxide (2.0 g, , 50 mmole) in ethylene glycol (10 ml.) was 
saturated with hydrogen sulphide. This solution was added 
dropwise during 25 min. to decafluoroazobenzene (2.0 g,,

5.5 mmole) in refluxing methanol (100 ml,), and the mixture was 
heated for a further 2,5 hr,, by which time it had become deep 
red.. The solution was neutralized with concentrated hydrochloric 
acid and extracted with ether (200 + k x 50 ml.) and the extracts 
were dried (1-JgSÔ ) . Evaporation of the extracts yielded a grey 

gummy solid (1,78 g«)» showing multiple absorption in tho
infra-red spectrum, but no S-H. Dissolution in ether (10 ml.) 
left a residue of sulphur (0,22 g.), m.p. 117-12^°, identified 
by combustion to sulphur dioxide; the ethereal, extract yielded 
a gummy solid (1,62 g.), which resisted attempts at 
recrystallization and which could not be chromatographed,

* J.E. Waller (this Department) gives m.p. 5^°» raised 
to the quoted figure only on prolonged storage in a desiccator.
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(b ) Reac t i oil jyit h me t hy1-1i t hium. Pi.e t hy 1 -1 i t hium 
(6,5 mmole), in ether (kO ml.), was added dropwise during 

25 min. to decafluoroasobenzene (30 g., 8.3 mmole) in dry 

ether (700 ml.), stirred at 0-3° under nitrogen. After 2 hr. 

the mixture was allowed to warm to 20° overnight. The solution 

was evaporated in vacuo to 150 ml., water was then added and the 

layers wore separated. The ethereal layer was washed with 

dilute hydrochloric acid and then with water, and dried (MgSOj). 

The ether was removed, leaving a brown gum (2.4 g*), which gave 

many poorly separated products when it was chromatographed on 

alumina.

(c) Reaction with phenyl-lithium. Pheny1™lithium

(13 mmole) in ether (30 ml.), was added dropwise with stirring 

during 15 min. to decafluoroa.zoben.zene (3*0 g. , 8.3 mmole) in 

dry ether (200 ml.) under nitrogen. The mixture was kept 

overnight and then poured into water, and the ethereal layer 

was washed with dilute hydrochloric acid and then with water 

and dried (KgSQ^). Evaporation yielded a brown tar (^.0 g.), 

which on chromatography 011 silica gave a poorly “resolved 
mixture of gummy products.

A second reaction in THF at — 20° gave an equally 

intractable product.

(d) React ion ^with hy^dr^zine . The experiments tabulated 

below all gave intractable tars sh owing, multiple N--H absorption 

in the infra-red; a little decafluoroazobenzene (DFAB) was
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sometimes recovered. The products were often pale brown, 
suggesting that reduction of the azo-group had occurred. 
Work-up was by chromatography.

iDFAB Hydrazine Temp, DFAts No. of Kajor
j(mmole) (mmole) Solvent;ml. ( C) Time recov, products product

1 A

4.1

2.7

5.5
2.7 
2 • 7

5.5

5.5

3heGE;40 reflux 2- hr, 557?

MoOH;275 2o~ 3 days 27m

EtOH;32 reflux 10 min, 20;? 6 +
(impure)

20,6 dioxan;25 reflux k hr. none
St 0;50 reflux 15 min, none

20,6 pyridine;50 20 6 hr, none

20;~ i
intract, | 
solid |
i'.i.p.53-8°j

hT,'--
intract. 
gum
30?;:
intract. 
gum
tar

large 10 07? gum

T trace
solid 
m . p . c a 
170°

j* This procedure was repeated with azobenzene itself: no
reaction occurred.

Attempted brcmination of 2H ,2H -octafluoroaz_obenzene . - (a) 

With Jpromine in oIjbum. The azo“Compound (1.65 g., 5 * 1  mmole), 
bromine (6,0 g., 37.5 mmole), and 20m sulphur trioxide in 
sulphuric acid (15 ml.) were stirred for 4 hr. at 60°, cooled, 
and poured onto ice. The product was filtered, washed, and
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dr led ir\ vacuo over phosphorus pentoxide; it was shown by 

infra-red spectroscopy to be starting material (l.60g.; 977? 
recovery).

(b) hijpl̂ Jiroiuinê  in acetic acid. The aso-compound 
('1.60 g. , 4,9 mmole), bromine (4.8 g, , 30 mmole), and glacial 
acetic acid (32 ml.) were heated under reflux for 1 hr., poured 
into ivator, and filtered. The solid was washed and dried and 
shown by infra-red spectroscopy to be starting material (1,30 g«; 
8li? recovery) .

?Attempt e d eye li z a t io n__ o f 2- ami n o -4H,4h - he pt_afl u o ro a z oben zene .
(a) Witii jk>tassium jnuiorijie. A Pyrex tube (40 x 1.5 cm.) was 
packed with powdered dried potassium fluoride and placed in a 

horizontal furnace. The azo-compound (0.50 g,, 1.55 mmole) 
was placed in a small flask wound with hearting tape, and the 

flask was connected to the Pyrex tube, the other end of which 

led to a trap cooled in liquid nitrogen. The furnace was 
heated to 270°, the cold trap was connected to a ';Hivac:f pump, 
and. the heating tape was adjusted, so that all the azo-compound 

had been vapourized through the potassium fluoride tube during 
30 mill. The azo-compound (0.50 g« , 1005?) was recovered in the 
tube leading to the cold trap, and identified by infra-red 
spectroscopy, Nothing had condensed in the cold trap,

(k) With sodium hydride. The azo-compound (0.50 g.,

1,55 mmole) and sodium hydride (0.045 g., 1.96 mmole, in 0.2 g. 
of paraffin) in toluene (2.0 ml,), under nitx’ogen, WuTw



heated under reflux for 30 min. The solution was washed with 
v/ater, evaporated to dryness, and chromatographed on alumina? 
elution with 50f' benzene in light petroleum (b.p. 60-80°) gave 
the starting material (0,30 g. ; 1007)? identified by infra-red 
spectroscopy. An earlier reaction at room temperature also 
gave starting material.

?jib t emjo t ed co nip lex forma tie n JTr om 2 ■» artiin o -tH, kjH - ho p taf luor o ■ 
azobensen^e. - (a) Reaction with mercuric oxide. The azo-
compound (0.50 g. , 1.55 mmole) was heated under reflux for 
30 min, with mercuric oxide (5*0 g„) in ethanol (25 ml.),
Tho suspension was filtered hot; the residue was washed with
hot ethanol., and the azd-compound (O.pO g. , 100,1; identified
by infra-red spectroscopy) was precipitated from the combined 

filtrates by the addition of water.
(b ) Reaction_with_cupric ion. The azo"Compound (0,250 g , 

O .78 mmole) was shaken with cupric chloride (0,78 mmole in
0.5 ml, of aq, ammonia s.g. 0.88) in methanol (25 ml,).
Darkening occurred at once, but the complex decomposed on 
removal of the solvent in vacuo, and the azo-compound was 
recovered quantitatively from the residue b y chromatography 
and identified by infra-red spectroscopy.

(c) Reaction with nickel ion. The above procedure was 
repeated, the copper salt being replaced by an equimolar 
quantity of nickel chloride. Darkening was again observed., 
and again the azo-compound was recovered quantitatively.
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Reactions of hydrazincs with fluoroaromatic_ compound s . -
(a) Hyclrazine and penta f 1 ux> r o nitrosobenzene. The nitroso- 
compound ( h O  g. , mmolo) was stirred in ethanol (100 ml,)
at ~15°o Hydrazine hydrate (O.yS g,, 7,6 mmole) in ethanol 
(20 ml,) was added dropwise during 30 min. The addition of 
water precipitated a tar (extracted with other) which had a 
complicated infra-red spectrum showing many peaks in the N-E 
region. The spectrum did not resemble that of tetrafluoro- 
benzotriazole,

(b ) Hydrazine and decafluorohydr az obe nsene. The hydrazo- 
compound (l.Og,, 2,7 mmole), hydrazine hydrate (0,28 g.,
5»5 mmole), and ethanol (10 ml.), were heated under reflux for 
30 min. and then poured into water (30 ml.), and the resulting 
solution was extracted with ether (4 x 10 ml,). The extracts 
were washed with water (10 ml.), dried (MgSO^), and evaporated, 
giving decafluorohydrazobenzene (0,91 g«? 91m recovery), 
identified by infra-red spectroscopy.

(c) To sy1hy dr az ide and pen t a fluo r o n 11 r o b e n z en e ■ P^nta-
43fluoronitrobenzene (see also p,12>5)(l,0 g,, 4,7 mmole), 

tosylhydrazide (0,88 g., 4,7 mmole) and ethanol (50 ml.), were 
heated under reflux for 1 hr. The mixture was poured into 
water and extracted with ether. The extracts were dried 
(MgSO^) and 011 evaporation yielded a pale brown oil (1.0 g,), 
identified by infra-red spectroscopy as pentafluoronitrobenzene 
containing a little ethanol. The reaction was repeated at
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Notes: (i) Reactions done at room temperature showed a spontaneous 

temperature rise. (ii) This procedure proved not to be 

reproducible (hence subsequent experiments). In one experiment, 

when the crude product was left on the steam bath for 13 min. 

after evaporation of solvent, sudden frothing followed by 

solidification of the product occurred; a reasonable yield was 

obtained from this experiment. However, if the crude product 

was heated for too long, it was liable to explode. These 

observations led to the development of the definitive procedure,

(iii) In turn, experiments were done using ether, dioxan, 

isopropanol, aq. 90/̂ methanol, and benzene as solvents.

(b) Definitive_ p_rocsdure . .Pentafluoronitrobenzene "

(6.0 g,, 28.2 nmole) was stirred in ethanol (30 ml.) on a water 

bath at 60°. Hydrazine hydrate (2.2 g . , 4.4 mmole) in ethanol 

(50 ml.) was added dropwise during 10 min.; the temperature
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rose to 65° and the reaction mixture turned brown, and a
precipitate of hydrazinium fluoride appeared. Stirring was 
continued, at 60° for a further 30 min., then the mixture v/as 
poured into water (100 ail.) and extracted with ether (5 x -̂0 ml.) 
The extracts were washed with saturated aqueous calcium chloride 
(10 ml,) to remove ethanol, and evaporated to dryness,
1T 2~Dichloroethane (50 ml.) v/as added, and the mixture was 
carefully boiled down to about 10 ml. (An experiment on five, 
times this scale exploded rather feebly at this stage, but no 
explosions were encountered on this scale of preparation),
Light petroleum (b.p. 60-80C ; 5 ml.) v/as added, and the mixture 
was allowed to cool, A brown powder (2,2 g.), shown by 

infra-red spectroscopy to consist largely of tetrafluorobenso- 
triazol-1-ol, was obtained.

The product from five such experiments (10,5 g*) was 
recrystallized from a mixture of 1,2-dichloroethane (200 ral.) 
and light petroleum (b.p. 6O-8O0 ; 100 ml.), to give a somewhat 

purer product (7*1 g*); this v/as boiled with water (100 ml.) 
and largely dissolved, leaving a black tarry residue. The 
aqueous layer v/as decanted, charcoaled, filtered, and extracted 
with ether (5 x ^0 ml.). The extracts were dried (MgSO^) and
the solvent v/as removed. The residue v/as crystallized from
50^ 1,2-dichloroethane in light petroleum (b.p. 60-80°), to 
give pure t e t r a flu o r obqnz o t r i a z o 1 -I-0I (h- „ 0 g. ; it-p) , as a 

bulky white power (Found; C, 3̂ **7; 2? 0.5; N, 20.5* C^HF.tkOO
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requires; C, 34.8; H, 0,5; 20.3%)) exploding at 144°. Tho
triazolol showed 0-H stretching vibrations at 4,0p (strong, 
very broad) in its infra-red spectrum (p //27) , and was further 
characterised by its ultra-violet spectrum (p.lDSa) and its 
nuclear magnetic resonance spectrum (p.U1l)). Reduction of 
this compound gave tctrafluorobensotriasole (p.73), which was 
also completely characterised.

Tosyl and Benzoyl dcayivatiyes of Tfetrafluorobensotriasol-1_;- 

oL - (a) Preparation. The triasolol (0,20 g,, 0.97 mmole), 
sodium bicarbonate (1.0 g.), and toluene-p-sulphonyl chloride 
(1,0 go), were shaken in water (20 ml,) for 30 min. The 
mixture was then boiled for 5 min,, cooled, and filtered. The
solid product was charcoaled in and recrystallized twice from 
light petroleum (b.p. 60™80°) and gave tetrafluorobenzotriazol-
-1 -yl-.toluene-p-sulphonat a (0.146 g; 42%) (Pound; C, 43.4;

r HnF, N_0_-! e  7 3  $
H, 1.95; N, 11.9. c .,eia'iiN_,0_S requires: G, .2; K, 1.9
II, 11.6%), as colourless granular crystals, ui.p. 95-6°. The 
infra-red spectrum was rather similar to that of tetrafluoro- 
benzotriazol-1-ol, but contained extra peaks due to the tosyl 
group.

A similar reaction, using benzoyl chloride (0.80 g.) instead 
of tosyl chloride, gave (presumed) tctrafluorobenzotriazol-1-yl 
benzoa.to (crude product; 0,24 g. ; 80%) , m.p. 48-50°, again with 
a satisfactory infra-red spectrum. The product was not 
characterized further, except by the ammonolysis reaction
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described below.

( b) Amionolysis o f he acy 1 __deri vativos , The tosyl

derivative (0.20 g. , 0.55 mmole) was heated under reflux for 

5 min. with aqueous ammonia (s.g. 0,88; 2.0 ml.) and ethanol 

(8.0 ml.); the mixture was then diluted with water (20 ml.) and 

extracted with ether (4 x 10 ml.). The extracts wore washed 

with water and dried (MgSO^), and evaporation of the solvent
f i

gave toluene-p-sulphonamide (0.103 g« ; 100%); acidi^cation of 

the aqueous phase, followed by ether extraction (4 x 10 nil.) 

gave tetrafluorobenzotriazol-1~ol (0.127 g*; 100%) - both 

products were identified by infra-red spectroscopy.

1-Benzoyloxytetrafluorobenzotriazole, when treated similarly 

to the tosyloxy-compound, gave benzamide and the samo triazolol.

4t,tp_mpte d Pro par ati on of 1 -Chi or o t e t r afluo ro benzotr iazol.e . - 

The triazolol (0.25 g** 1*2 mmole) and phosphorus pentacliloride 

(0.30 g. , 1.4 mmole) were heated under reflux for 1 hr. in dry 

toluene (10 ml.) then evaporated to dryness. The resulting oil 

(0.40 g.) was shown by infra-red spectroscopy to consist largely 

of the triazolol.

Tetraf 1 uorobenzotriazo 1 o . - (a.) From the triazolol.

Tctrafluorobenzotriazole (0.250 g. , 1.2 mmole) and aqueous 55% 

hydriodic acid (2,5 ml.) wore heated under reflux for 30 min.

The solution v/as decolourized v/ith solid sodium metabisulphite 

and partly neutra.lized (pK6) with saturated aqueous sodium 

carbonate. The solution was extracted with other (5 x 10 ml.)
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and the extracts were .dried (MgSO, ) and evaporated to give 
almost pure tetrafluorobenzotri_azo 1 e (0.241 g, ; 100%), as a
white solid, m.p. 160-2°, identified by infra-red spectroscopy. 
Recrystallization of this product from benzene yielded the pure 
compound (Found; C, 37*'8; H, 0.6; N, 21,9* CgHF^NT requires;
8 , 37*7? H, 0.5; N, 22o0/'), as colourless glistening plates with 
a peasant odour (0,100 g. ; 425- recovery), m.p. 162.5°* The 
compound v/as further characterized by its ultra-violet spectrum 
(p.lD5a), the nuclear magnetic resonance spotrum (an system,
p.1(76) ox its anion, and by the independent synthesis described 
below,

(b) From tetrafluoro»a-phenylonediamine. The diamine

(p.87 )? (21.0 mg., 0.117 mmole), sodium nitrite (10,5 mg#?
0,15 mmole), and aq. 70/'- sulphuric acid (1,0 g.) were heated to 
75° in a water bath; the colour changed from green to brown.
The mixture was diluted to 50 ml., partly neutralized
(pH 6 ,5 ) with sodium carbonate, and extracted with ether
(3 x 10 ml.). The extracts were dried (KgSO^ ) and evaporated

t

to give tetraf liorobenzotriazole (l8„7 mg,; 84%) as a somewhat 
gummy solid, identified by infra-red spectroscopy,

(c ) Att empt_e djpr oparatlon fr om t e t r a c h 1o r o b e n z o t riazole .
The chlorinated triazole (m.p. Z % 9 ° ,  iit.,1?X ) 296-260°) v/as prepared 
by refluxing benzotriazole with aqua regia. A mixture of 

anhydrous potassium fluoride (12.5 g-» "ISO mmole) in totra- 
methylene sulphone (30 g.) was dried by azeotropic
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distillation with benzene (15 nil.), then stirred at 235°,
Tetrachlorobenzotriazole (8.0 g. , 31 mmole) was nd.dod. to the 
mixture, which was then stirred a further 20 hr. with heating; 
the temperature rose to 270° overnight. The product was 
poured into water (100 ml.) and boiled, and yielded a black tar.

In a second reaction the triazole (5-0 g., 19 mmole), 
potassium fluoride (10 g», 145 mmole), and tetramethylene 
sulphon o (30 g.) were stirred at 200° for 18 hr. The product 
was diluted with benzene (50 ml.), poured into water, extracted 
with ether, washed with water, and dried (KgSO^). The ether 
was removed, and the residue was dissolved in benzene, 
charcoaled, and crystallized, to give totrachlorobensotriazole 
(0.71 g*; 14% recovery), m.p. 7 J 5 S ^ , identified by its infra-red 

spectrum. The mother liquor was evaporated and gave a tar 
(1.06 g.) .

iriazo 1 e . - Tetraf lu0robenzotriazo 1 e
(0.50 g. , 2.6 mmole) and acetic anhydride (5 ml.) wore heated 
under reflux for 10 min. The mixture v/as cooled to 0° and 

diluted with icc-watcr (50 ml.), A white precipitate (0.54 g.), 
shown by infra-red spectroscopy to be starting material and the 
1-acetyl-derivativc, was filtered off, and. dried in vacuo over 
phosphorus pentoxide. This product (m.p. 98-100 ) was 
recrystallized from light petroleum (b.p 60-80°), to give 

1~acetyltetrafluorobenzotriazole(50 mg.; 5%) (Found; C, 41.4;

H, 1.5; N, 18.2. CgE F ^ O  requires; C, 41.2; H, 1.3;
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N, 18,Of) as white noodles, m.p, 112-3°* The position of the 
acetyl group was established by the nuclear magnetic resonance 
spectrum (p. H i ) ,  which showed four fluorine atoms in different 
environments - an AGPX system - whereas the 2-acetyl isomer 
would bo expected to give an system.

This compound was very readily hydrolysed, ovon in neutral 
solution, to give acetic acid and the parent triazole,

Sil_ver_ Salt of Tetraf luorobe 11 z_otriazo 1 e . Tetrafluorobonzo-

triazole (0.30 g., 2,6 mmole) was dissolved in aqueous O.O63N 
sodium hydroxide (AO ml., 2.6 mmole) with slight warming.
Silver nitrate (O0AA3 g., 2,6 mmole) in water (10 ml.) was 
added, and a black precipitate (0,68 g.; 8770 of the presumed 
silver salt was obtained. The infra-rod spectrum (p.127), 
though somewhat similar to that of the parent triazole, had 

no H-stretching absorption, and several bands were shifted 
considerably. In a second experiment the product was pale 
violet, but had an identical infra-red spectrum; the pure 

compound is expected to be colourless.
Attemntod Nitration of Tetrafluorobensotriazole,

Tetrafluoro-
benzjHriasole Tomperature Product

0 .16 A g . Cone . IINO ,(2,5 ml.) 2 hr. 0° SM, 0.11 kg.
+ H S0^(2-?5 ml.)

0.200 g. 96?:' HNO (0.10 g.) 30 min. ^0° SH,0.193g.
+ 20;' SD7/H SO.

(Pml7) continued...
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Ifetraf luoro- * !
Jbenzotriazole Reagents 'Duration Temp.: rature Product I

. ...... _ _ i
jO o 250 g. Cone .I-INĜ  (0 «pA g.) ^ days 20° SM
] + (CF700)„C(A,0 ml.)

0.191 £* Cone. rlDÔ  (0 , A ml.) /|q nrj_ni- reflux SM + 1- !
+ Ac ̂ 0(3.6 ml. ) --ac etyl- iC ;-derivative

* QIjSM - starting material

Attempted Bro min a t ion of Tet r a f luo r o b enzotr i a z ole. - The 
triazole (0.10 g.,-0.32 mmole) was dissolved in aqueous A?' 
sodium hydroxide (3*0 ml.) and cooled to 0°. Bromine (0.10 g, , 
O .63 mmole) was added, and a. bulky precipitate appeared but 
dissolved almost instantaneously. The liquid gave, no product 
on ether extraction, so it was acidified with hydrochloric acid 
and re-extracted with ether (2 x 20 ml.). Tetrafluorobenzo- 
triazole was recovered quantitatively and identified by its 
infra-rod spectrum.

Attempted Breparation of 1-Aminotetrafluorobenzotriazole -
(a ) From the parent triazol o „ Tetrafluorobcnzotriazole
(0.20 g. , 1.03 mmole) and aqueous 10fc> potassium hydroxide (30 ml)
were stirred at 60°. Hydroxyla.mine-0-sulphonic acid (2.0 g. ,
18 mmole) in water (20 ml.) was added during 5 nin. The mixture 
was stirred at 60° for 1 hr., acidified with concentrated 
hydrochloric acid, and extracted xvith ether, to give starting
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material (0.192 g, ; 86f"), in.p. ca. 160°, identified by infra­
-red spectroscopy.

(b) From thĉ triazole si 1 ver _salt. The silver salt 
(0.30 gp , 1.0 aimole) was shaken for 5 min. with other (10 ml.) 
containing chloramine (O.O63 g-, 1.3 mmole). The suspension 
was filtered, and the filtrate yielded an intractable gum 
(0.02 g.).

Fro m ,tbe triazolol » Tetrafluorobenzotriazol-1-ol 
(0.230 g., 1.2 mmole) in dry dichloromethane (23 ml.) was mixed 
with boron trifluoride in the same solvent (13 ml.; 0 .9M solution 
iiJ:.* mmole of BF^). The mixtiire was saturated with gaseous

w- ■+*ammonia and gave a while precipitate (presumably of BF^.NH^), 

Water (30 ml.) was added, and the layers were separated.
The aqueous layer was acidified with concentrated hydrochloric 
acid and extracted with ether ( 2x 23 ml.), and yielded starting

material (0.21 g.; 84%), exploding at 144°, identified by
infra-red spectroscopy. The dichloromethane layer yielded 
traces of a yellow partly-solid. oil, which was not examined 
further.

1™n?Gntafluorophenylamino)_-t_ê trafluorobenzotriazole . - 
Decafluoroazoxybonaeno (5<>0 g„, 13*2 mmole), hydrazine hydrate 
(1,0 g., 20 mmole), and ethanol (30 ml.) were heated under 
reflux for 30 min. and the mixture was then poured into water
(100 ml.) and extracted with ether (3 x 30 ml.) to give a solid
product (4.3 g.). This was charcoaled and recrystallized from
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1,2-dichlorocthane and light petroleum (b.p. 80-100°), and the 
product was washed with a little light petroleum (b.p. 30-^0°),
1-(Pentafluorophenylanino)-1etrafluorobonzotriazole (1 . k g .;
28?o) (Found? C f 38.9; H, 0 .6 ; N, 13*3. C ^ I I F ^  requires?
C, 38.?; H, 0.3; N, 15*0%), ci.p. 138-9° (unchanged on 
recrystallization from the same solvent) was obtained; it 
formed, extremely voluminous white noodles, which appeared to be 
charged with static electricity. The compound was distinguished 
from the much less likely isomer (a dihydrotetrazine) by 
comparison of its ultraviolet spectrum with a predicted spectrum
(p . ?05a),

Reductive Cleavage of 1-(Pentafluorophenylamino)-totra- 
fluorobenz otriazolo. - The triazole (0.30 g., I.3I mmole), 
aqueous 533f hydriodic acid (3.0 ml.), and ]D-xylene (3.0 ml.; 
inert solvent) were heated under reflux for 72 hr. The mixture 
was diluted with water to 100 ml., decolourized with solid 

sodium metabisulphite, and partly neutralized (to pH 6) with 
solid sodium carbonate. The solution was extracted with 
ethor (100 + 5 x 20 ml.) and the extracts were washed with 

water (23 ml.). Benzene (23 ml.) was added and the mixture 
was distilled through a 13 cm. column packed with glass helices 
until the volume had been reduced to 23 ml. This residual 
product was extracted with concentrated hydrochloric acid 
(3 + 2 x 2.3 ml.), and these extracts were neutralized with 

solid sodium carbonate and extracted with ether (3 x 5 ml.).
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The ethereal extracts wore dried (MgSO^) and evaporated in vacuo 
to give pentafluoroaniline (0.132 g. ; 84?{> based on
unrecovered starting material), as an oil which solidified on 
standing. It v/as identified by infra-red spectroscopy.

The residual benzene solution was extracted with aqueous 
1.0N sodium hydroxide (3 x 10 ml.); these extracts were 
neutralised with concentrated hydrochloric acid and extracted 
with ether ( 3 x 3  ml.). The extracts were dried (MgSO^) and 
yielded crude tetrafluorobonzotriazole (7 mg.; 3%; based on 
starting material consumed) as an almost colourless gummy solid, 
identified by infra-red spectroscopy.

The remaining benzene layer was dried (MgSO^) and evaporated 
to dryness in vacuo to give unreacted 1-(pentafluorophcnylamino)- 
tetrafluorobenzotriazole (0.109 g« ; 22'':' recovery), identified 
by infra-red spectroscopy.

Reaction of 1j - (Pontaf 1 uorophonylamin o) -to traf luorobenzo- 
tr iazol e_ j/i t h_ 1 ead J^etrjOp a cetate . - (a.) I n_ r  e f 1 u x ing_ be nzo ne .
The triazole (1.7 g*, 4 06 mmole) and lead totra-acetate 
(3.4 g., 7*7 mmole) were heated under reflux in benzene (50 ml.) 
for 30 min. The solids were filtered off and the mixture v/as 

washed with aqueous 2N sodium hydroxide (5 x 20 ml.).
The aqueous washings wore extracted with ether (ca. 50 ml.), 
and the combined organic layers wore dried (MgSO^) and 
evaporated to dryness, to give a red oil (1.77 g»)* which was 
chromatographed (column B) on alumina. Elution with 33?"
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benzene in light petroleum (b.p. o0-80°) gave red gummy
crystals (0,95 g*)> which were shown by ultra-violet and
nuclear magnetic resonance spectroscopy to be a complex mixture
of highly fluorinated azobenzenes.

(b) At room temperature. The triazole (0,211 g, ,
0.57 mmole), lead tetra-acotate (0 .h2 g,, 0.95 mmole), and
benzene (15 ml.) wore shaken at 20° for 1 hr. The mixture
turned red, and a chromatographic work-up as above gave a
similar mixture of azo-compounds (0 .lh8 g.), m.p.

1j-( hll-Tet raf luorophenylamino) ~5.H~tr if luo r o b e n z o t r i azole . - 
»(a) From hH, k l l~ o eta flu or o a z oxy ben zone . The azoxy-compound

(0.40 g., 1.17 mmole), hydrazine hydrate (0.10 g., 2.0 mmole),
and ethanol (h.O ml.) wore heated under reflux for 15 min.,
poured into water (25 ml.), and extracted with ether
( k  x 25 ml.). The extracts wore washed with water
(2 x 10 ml.), dried (MgSO^), and evaporated to yield a partly-
-crystalline red oil ( 0 , k 0 g.), which was charcoaled and
recrystallized from light petroleura (b.p. 60~80° ; 20 ml.), to
give bulky white needles of 1-(hH-totrafluorophenylamino)-5.H-
trif luo rob on zo triazole (0.15 g . ; 3 7 % ) (Found: C , ''42.85 H , 0.8;
N, 17*0. C X O j, requires: C, h2.8; H, 0.9? N, 17i0;o),[c, 5 / h-
m.p, 162-̂ -° (decomp,). The ultraviolet spectrum (p.136) was 
similar to that of the nonafluoro-compound (p.105a).

1(b) At tempted s y n t lies is from 2 - amin o - k j l ,hH-hep t a fluo r o - 

azobenzGiie. The azo-compound (0.50 g., 1.5^ mraole), zinc
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dust (*f.O g.), ammonium chloride (0,50 g j ,  water (1,0 nl.), 
and ethanol (10 ml.) wore shaken at 20° for 5 min. The liquid, 

now colour3.ess, v/as filtered and collected in a flask containing 
aqueous 50',' acetic acid (hO ml.) at 0°. Sodium nitrite 
(0.80 g,; diasotizat.Lon and destruction of ammonium ion require 
0.752 g.) in water (2.0 ml.) was added in one portion. The 
mixture v/as heated to 80°, then cooled, diluted with water 
(50 ml.), and extracted with ether (50 4 5 x 20 ml.). The 

extracts were washed with saturated aqueous sodium bicarbonate 
(3 x 50 ml.), dried (HgoO^), and evaporated, yielding a rod oil 
(0.28 g.). The infra-red spectrum showed a strong peak at 

» presumably dis,zoniun cation. The product v/as 
recrystullized from benzene and light petroleum, but only tars 
could be obtained.

The recuction was repeated with 5u sulphuric acid instead 
of acetic acid, but a similar intractable product was obtained.

1-(2H-Totraf1uoroph^ny1amino)-7H-1rifluorobenzotriazole. -
j

2Ii,2H-0ctafluoroazoxybenzene (0.60 g., 1.75 mmolu), hydrazine 
hydrate (0.15 g. , 3 mmole) and ethanol (6,0 ml.) were heated 
under reflux for 15 min. and the product v/as worked up simile,rly 
to its isomer (above section). The first recrystallization of 
the crude product gave fairly pure 1—  (_2H-tetra fluo rpjphe nylamino) - 

7H-trifluorobonzotriazoIe (0.203 g «; 3^h), m.p. 120°, identified 
by infra-red spectroscopy; a further crystallization gave the 
pure compound (0.121 g.) (Found: C, 3.1; H, 1.2; N, 17.0.
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Ĉ pl-Î F requires: G, 4-2.8; H, 0.9; N, 16*7/0, m.p. 125-6°, 
as white needles. The ultraviolet spectrum (p.136) resembled 
that of the nonafluoro-conpound.

The Reaction of Decafluorqazoxybenzeno with Ammonia.. - 
Decafluoroazoxybenzeno (4.25 g*» 11.2 mmole) was heated under 
reflux in ethanol (30 ml.). Aqueous ammonia (s.g.0.88; 8.0 ml.) 
was added in 1 ml. portions every 30 min., and the mixture was 
refluxed for a total of 4 hr. The solution was poured into 
water (100 ml.) and extracted with other (4 x 30 ml.). The 
extracts wore dried (MgSO^) and evaporated to give a semi-solid 
yellow product (4.35 g«), which was chromatographed on alumina 
(column A), eluting with 33% benzene in light petroleum 
(b.p. 60~8>0°); three bands developed, very pale brown, yellow, 
and creoxi coloured, respectively. Band (i) gave decafluoro- 
azoxybenzenc (0.46 g.; 11?; recovery), m.p. 54°, identified by 
infra-rod spectroscopy and band (ii) gave crude 2-(pentajriuoro- 
azqxy)-tetrafluoroaniline (2.42 g .; 57/0, m .p . 70-4°, containing 
a little of the 4-isonor, identified by infra-red spectroscopy.
The pure 2-isomer (O.38 g.) was obtained by two recrystallizations 
from light petroleum (b.p. 40-60°) (Found: C, 38.6 ; H, 0.7?

N, 11.2. C ^2H2F9N2° rG(luiros“ c * 38.4; H, 0.5? N, 11.2?.'),
as yellow plates, m.p. 69*5°* Band (iii) gave 4-(jgontaf^oro- 
p h o n y 1 a z o x y ) ~ t e t r a f 1 u o r o a n i 1 i n e (1.21 g .; 29%) m .p . 93°, 
identified by infra-red spectroscopy. Recrystallization from 
light petroleum (b.p. 60-80°) gave the pure compound (O.87 g.)
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(Found: C, 38.8 ; II, 0.7; N, 11. *K C H F N 0 roquiros:1 c. d y d

C, 38.4; H, 0 .5 ? ^} 11.2/') as cream needles, m.p. 93° • The
ort^ho-para orientation in those compounds was established by 
reductive cleavage (below), and the alternative possibilities 
due to the asymmetry of the azoxy-group were eliminated by 
benzotriazole"-formation in conjunction with nuclear magnetic 
resonance data (p.116).

A minor fourth band on the column yielded a yellow 
substance (73 mg.) m.p. ecu 130° which was shown by nuclear 
magnetic resonance spectroscopy to be a mixture, and which was 
not investigated further.

Reductive Cleavage of 2-(PentafluorophGnylazoxy )-totra- 

fluoroaniline. - The azoxy-compound (0.50 1*3^ mmole) and
aqueous 55u hydriodic acid (5.0 ml.) were heated under reflux 
for 1 hr., and the mixture was then diluted with water to 

10 ml., decolourized with solid sodium metabisulphite, 
neutralized with solid sodium carbonate, and extracted with 
ether (5 x 10 ml.). The ethereal extracts were washed with 
water (5 ml.), dried (MgSO^) and evaporated in vac no , to give 
a pink solid (0.427 £'•), m.p. 60-90°, identified by infra-red 
spectroscopy as a mixture of tetrafluoro-o-phenylenediamine 
and pontafluoroaniline. The crude product was crystallized 
from light petroleum (b.p. 80-100 ; 10 ml.), and gave tetra- 

fluoro-o-phenylenodianino (0.133 g«; 55%)1 m.p. 117-20°
(lit.^ 131°), identified by infra-red spectroscopy, by
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diazotization (p. 7 3 ), and by conversion to the benzil
derivative, which was analysed (p. 86).

The petroleum filtrate from the alwe crystallization of 
the diamine was extracted with concentrated hydrochloric acid 
(7 + 3  ml.), and these extracts were neutralized with solid 
sodium carbonate and extracted with ether ( 1 0 + 5  ml.). The 
ethereal extracts were dried (MgfiO^) and evaporated to give 
crude pentafluoroaniline (O.185 g. ; 80?.'), as a semi-solid product 
containing a little of the above diamine, identified by infra.-red 
spectroscopy.

2,5-Piphenyl - 5_j_6 ,_7 , S-tetraf luoroquinoxalino . Totraf luoro-
o-phenylenedianino (90 mg., 0.50 mmole), benzil (105 mg.,
0.50 mmole), and glacial acetic acid (2.0 ml.) were heated under 
reflux for 1 hr., and the mixture was then cooled and diluted 
with wat^r (5*0 ml.). The crude product (135 mg.), which was 
fairly pure, m.p. 176-8°, was filtered off, washed thoroughly 

with water, and dried in vacuo over phosphorus pcntoxide. 
Recrystallization from ethanol (30 ml.) gave pure 2,3-diphenyl- 
"5, 6.r.7.»8 -1 e t r af 1 uor o quinoxa 1 in o , (116 mg. ; 6 6?7) ( Found: C , 67*9;

H, 2*95? h7, 8 .1. ^20^10^4^2 reclu^ros: ^ , 67.9; H, 2.8 ;
N, 7.9%) as fine white needles, m.p. 182°. This quinoxaline 
was characterized by its ultra-violet spectrum (p.135) which 

was closely similar to that of the related trifluoro-compound.
R0ductive Cleavage of 4- (Pentafluorophenylazoxy)-tetra- 

f luo roan iiine. - The azoxy-compound (0.407 g« , 1-1 nmole) and
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aqueous 55a hydriodic acid (̂ -.0 ml,) were heated under reflux 
for 90 min. The mixture was diluted to 10 ml., decolourized 
with solid sodium motabisulphite, neutralized with solid sodium 
carbonate, and extracted with ether (3 x 10 ml.). The extracts 
were washed xvith water (5 i'll.), dried (MgSO^), and evaporated 
in vacuo to give a nearly-white solid, (0.3^-2 g.), m.p. 30-110°, 
which was identified by infra-red spectroscopy as a mixture of 
pentafluoroa.nilino and tetraf luoro-jp-phenylenediamine . This 
product was recrystalliz^d from light petroleum (b.p. 80-100° \ 

ca. 10 ml.) and yielded the diamino (0,129 g* ; 66^), m.p. 137-8°, 
identical with the sample obtained previously (p.170). The 
filtrate was extracted with concentrated hydrochloric acid 
(7 + 3 ml.), and the extracts were made alkaline with solid 
sodium carbonate and extracted with ether ( 1 0 + 3  ml.). These 
extracts wore dried (FgSO^) and evaporated in vacuo, yielding 

an almost white gummy solid (0.073 g*; 3^?0 , identified by 
infra-red spectroscopy as peiitafluoroaniline, containing a 
little of the above diamine.

1̂ -Pe ntafluoro phony lam jnio-3;° amino tr if luo robenzo t r iazole . - 
^-(Pentafleiorophonylazoxy) "tetrafluoroanilino (0.^-0 g. ,

1.07 mmole), hydrazine hydrate (0,10 g. , 2.0 mmole), and 
ethanol (̂ f.O ml.) wore heated under reflux for 30 min., and 
the mixture was then ‘poured into water (23 ml.) and extracted 

with ether ( k x 23 nl.). The extracts wore washed i^ith 
water (2 x 10 ml.), dried (MgSO^), and evaporated to give a
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solid product (0.31^- g»)j which was recrystallized from benzcnej

.light petroleum (b.p, 60-80°; ca. 20 ml.), 1-Pentaflu or o -
p he r.iy 1 amin o -5_“ aninot r if luo r o b e nz o t rig z o 1 e (0.092 g. ; 23a)
(Found. C, 39-2; H, 1.1; 2\T, 19*2. C.nELFQ^v requires:1 2 3 0 3
C, 39*0; H, 0.8; N, 18,97>) was obtained as white needles, 
n.p. 132-3° (decomp,). 'The compound was identified as a 
Xohonylaminobenzo triazole by ultra-violet spectroscopy (p.lDSa) , 
and distinguished conclusively from the only possible isomer
1-(^f-aminotetrafluorophenylamino) tetrafluorobenzotriazole 

by its nuclear magnetic resonance spectrum (p.111 ).
1~Pentafluorophenylamino-7-aninotrifluorobenzotriazole. -

2-(Pentafluorophenylazoxy)-tetrafluoroaniline (0.232 g„ ,
0.62 mmole),and hydrazine hydrate (2.3m solution in ethanol;
2.3 ml., 0.63 mmole) were heated under reflux for 13 min., and 
the mixture was then poured into water (20 ml.) and extracted 
with ether (3 x 10 ml.). The extracts wore washed with water 
(3 ml.), dried (MgSO^), and evaporated to give a rod oil 
(0.233 which was charcoaled and recrystallized from
benzene/light petroleum (b.p. 60-80°) to give 1-pentafluoro- 
p h e n y1amina-7- an i n o t r if 1 u o r o b on zotr i a z o 1 o (0.021 g. ; 999, as 
white needles, n.p. 1̂ +7° (doconp.). The compound was 
charactemed similarly to its isorncr (previous section) , and 
spectra and elemental analysis (Found: G, 37*7; H, 1,2. 
C^H^FgN requires: C, 39*0; H, 0.8?() were carried out on 
13 mg, of the compound recovered from the nuclear* magnetic
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re so nance- tube. The analysis was inevitably rather 

unsatisfactory, but the nuclear magnetic resonance spectrum 
(p.111a) showed no fluorine-containing impurity.

sAttempted Cyclization of 2 H ,21-1 -Oct a flu o r o azobenzene to 
Octafluorobenzocinnolino. - (a) With aluminium chloride in

t
dichloromethane . 2H, 2H-0ctafluoroasobenzene (0.2.30 g. ,
0,77 mmole) and anhydrous aluminium chloride (2.0 g,) wore 
heated under reflux for 3 days in dichloromethane; the reaction 
mixture was protected from moisture with a calcium chloride 
tube. The solution was washed with water, dried (MgSO^), and 
evaporated to give the unchanged azo-compound (0.2^0 g.; 963'), 
n.p. 110-2^, identified by infra-red spectroscopy.

(b ) With fused aluminium chlorido. The azo-compound 
(0.230 g., 0.77 mmole), aluminium chloride (8.0 g.), sodium 
chloride (1.0 g.), and. sodium fluoride (0,123 g«) were heated 
on a steam bath at 80-90° for 90 nin. The melt was poured 
into water and extracted with ether; the extract yielded a tar, 
which was chromatographed on alumina (column C) to give starting 
material (0.18 g.; 72/0, eluted with benzene and identified by 
infra-red spectroscopy, as the only tractable product.

(c) By irradiation. The azo-compound (0.30 g,,
1.53 mmole), concentrated sulphuric acid (96 ml.) ethanol
(50 ml,), and wat^r (to 200 ml.), were irradiated by ultra-violet 
light for 2̂ f hr. - a considerable quantity of the starting 
material had precipitated out of the reaction mixture. The
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mixture was diluted with water and extracted with ether to give 

the unchanged azo-compound (0.411 g» ; 821), identified by 

infra-rod spectroscopy.

A second experiment was done in concentrated sulphuric 

acid only (50 ml.) in which the- aso-compound was soluble; 

chromatographic work-up gave only the starting material 

(0.40 go, SO?/-), identified by infra-red spectroscopy.
t

Attempted Wallach hoarrangonent of 2H,2H-0ctafluoroazoxy- 

benzene . - The azoxy-compound (0.100 g., 0,29 mmole), 

chlorosulphonic acid (1.0 ml.), and carbon tetrachloride 

(4.0 ml.) were heated under reflux for 15 min., and the mixture 

was then diluted with water (60 ml.) and extracted with 

dichloronethane (20 + 5 ml,). The extracts wore washed with 

water (50 ml,) and dried (MgSO^). Evaporation of the solvent 

gave an orange oil (0,059 g*)? with an infra-red spectrum 

somewhat different from that of the starting material; in 

particular, there was a strong band at 4.63yu - , suggesting that 

cleavage to c diazoniun salt had occurred. The oil could not 

be recrystallized.
*Attempted Photochemical hearrangomont of 2H,211-0ctafluor_o- 

azoxybon_zeno . - (a) In noutral solution. The .azoxy-compound 

(0.250 g., 0.?1 nmole) in ethanol (65 ml,) was irradiated for 
18 hr. The solution was evaporated to 5 nil. , and water 

(30 ml.) was added. Extraction with ether ( 4 x 7  ml.) yielded 

the starting material (0.20 g.; 8O7O , n.p. 61-3°i nixed
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n,p. b3™5°7 identified by infra-red spectroscopy. This product 

was a very pale- orange, suggesting that a minute proportion of 

an azo-compound was present.

(b) In acidic solution. The azoxy-compound (0.20 g.,

O.^S nmole), concentrated sulphuric acid ( 9 .6  ml.), ethanol 

(5.0 ml.), and water (Mf ml.) were irradiated for 19 hr.

Water was added and the mixture was extracted with ether; the 

unchanged azoxy-compound (ca. 0.15 g*), 60-2°, was obtained,

and was identified by infra-red spectroscopy.

Attonptod U1 lnp.on. Reaction on 2 , 2-Dibromo-oetafluoroazo- 

benzene. - (a) In d inie thy 1 f o r nan i do . The azo-compound 

(0.40 g . , O .83 nmole), copper bronze (^.0 g.), and dimethyl- 

fornamide (̂ -0 ml.) wore heated under reflux for 1 hr. and 

filtered hot. The solids were washed with hot dinethyl- 

fornanide (10 ml.) and the combined filtrates were added to 

water (100 ml.) to give a precipitate, which was chromatographed 

on alumina (column B). One trax table product was obtained 

(eluted with 509' benzene/liglit petroleum b.p, 60 - 8o ° ) ,  namely,

2H , 211-oct.afluororzobensono (0.132 g. ; 49"-) » n.p. 110-2°, 

identified by infra-rod spectroscopy.

(b) Without a solvent. The azo-compound (0.60 g.) -and 

copper bronze (1.20 g.) were sealed in vacuo in a small Pyrex 

tube, and placed in a bath of rofluxing ethylene glycol at 

200° for 2.k hr. The tube was opened and the contents were 
extracted with other-4 evaporation of the solvent aid chromatography
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on alumina, with successive elution with light petroleum

(b.p. 60-80°), benzene, and ether gave no product; elution

with acetone caused a yellow band to .move down the column.

This band yielded only a trace of brownish-yellow oil.

Totro,fluorocynthr:niiIic Acid. - Tetrafluorophth-alonitrile

was prepared in 68W yield by the procedure of Evans, which

consisted of heating tetrachlorophthalcnitrile with a fourfold

excess of dried potassitim fluoride at 250° for 24 hr. The

nitrile was hydrolysed to give tetrafluorophthalimide (72/0 by

heating in 10 parts of concentrated suphuric acid at 120° for
33.5 hr, - the procedure was again that of Evans. The

phthalimide was subjected to a Hofmann degradation, to give
43tetrafluoroanthranilic acid, m.p, 138-140° (lit.,J 141-2°),

with a satisfactory infra-red spectrum, by the procedure of
49Tatlow and his co-workers. Work on a 20 g. scale easily

raised the yield to 75m»

Diazotization of Totrafluoroanthrani1 ic Acid. - The a.cid 

(2.0 g. , 9.5 m o l e )  was dissolved in 20?( sulphuric acid (200 ml.) 

and cooled to 0°. Sodium nitrite (20 g,, 290 mmole) in water 

(100 ml.) was added in one portion. The mixture was ivarmed to 

60° for 5 min„, the blue colour of the nitrous acid giving way 

to yellow. The mixture was cooled and extracted with ether 

(5 x 100 ml,); the extracts were washed with water (2 x 40 ml.), 

dried (Mg,80^), nnd evaporated to dryness, yielding a yellow 

solid (1.7 g*), which was washed with a few ml. of ice-cold
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water and dried in vacuo. Two recystallizations from 50 parts 
of wo.tor gave tri.fluorobpnzonediazo ilium.- 2 - oxido- 6"carboxylic 
acid (0.^7 g.; 23/')(Found; C, 38.0; H, 0.2; F, 25.2; N, 12.8 . 
C J F J  0, requires; C, 38.6 ; H, 0.5; F, 26.1; N, 12.8:0,

I *5 Qas yollow crystals, exploding at 191 * The compound showed a 
strong -— fSteN absorption at k.58/A in tho infra-rod spectrum, 
and was distinguished from its isomer (tho k-oxido) by 
ultra-violet spectroscopy (pJ^Oa) p.nd by reductive replacement 

of t 10 diazonium group (p. 113) to give a hydroxy-acid, whoso 
structure was confirmed by nuclear magnetic resonance 
spectroscopy.

Photolysis o Trifluorobenzenediazoniun-2-oxide-6-carboxylic
acid» - The diazo-oxide (O.65 g. , 3*0 mmole) was deposited from

2other solution as a thin film over about 150 cm * - half the 
inside surface of a silica tube. Tho tube was evacuated and 
sealed, irradiated for 7 days, and then opened. The contents 
were extracted with diehloromothane and yielded the starting 

material (0.58 g.; 90>0 1 identified by infra-rod spectroscopy.
Pcduction of Trifluorobo n z unodiazo 11 ium-2-oxide-6-carboxylic 

acid. - The diazo-oxide (0.50 g., 2,3 mmole) was shaken for 
1 rain, with ether (50 ml.), aqueous 51- ammonium chloride (10 ml.), 
and zinc dust (1.0 g.) in an op,.n flask. Both liquid phases 
wore colourless, The ether layer was separated, and the 
aqueous layer was extracted with more ether (5 x 25 ml,). The 

combined ethereal extracts wer̂ - dried (MgSO^) and evaporated to
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dryness, to give a glassy solid (0.10 g. ; 29fv) , identified by 

infra-red spectroscopy as crude 2,3, 4-trifluoro-5-hydroxybenzoic 
acid, which was prepared bettor by the procedure below.

2 ,3 j4-lVifluoro-5~Ay dr o xyb enzoic acid, - Trifluorobonzene- 

diazoniun-2-oxide-6-carboxylic acid (0.50 g., 2.5 mmole), zinc 
dust (1.0 g.), and nothanol (25 ml.) were mixed. Aqueous 10f 
ammonium chloride (2.5 ml.) was added and effervescence occurred; 
the solution became colourless. The liquid was filtered, and
0.2N hydrochloric acid (50 ml.) was added. The resulting 
solution was heated under reflux for 30 min, and extracted with 

other (50 + 4 x 25 ml.). The extracts were dried (KgSC^) and
t

yielded a buff solid (0.45 g.), which on two recrystallizations 
from toluene gave 2,3> 4~trifluoro-5~hydroxybenzoic acid 
(0.21 g. ; 60;5) (Found: C, 43*9; H, 1.6; N, d ;  F, 30,0,

C F  Fv0 o requires; G, 43,8; H, 1.5; N, 0,0; F, 29-7?0 as
( <± j d.

a pink powder, m.p, 164,5-165°. If the rccrysta.lliza.tion
we.s done instead from 1 ,2-dichloroethane, a colourless sample,

D.p. 162-3°, was obtained (in much lower recovery) with an
identical infra-red spectrum. The structure of this compound

19 1was established by the F and H nuclear magnetic resonance 
spectra, (p.138) which show fluorine atoms in the 1,2,3-relation­
ship, with a hydrogen para to the middle fluorine atom.
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