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(1)
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 42-48%); the latter

procedure yielded fluorinated phenazines (18-28%) as by~products.

The azo-compounds are oxidized quantitatively to azoxy-compounds by

peroxytrifluoroacetic acid; the phenazincs 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 blpositions; the L4H, 4H-compound reacts in the 2-position.

Hydroxide lon and ammonia give only mono-substituted products, and

there is some evidence that o little 2-substitution occurs also in

the reaction between decafluoroazobenzene and ammonia. Decafluorom-

azobenzene reacts with methoxide and ethoxide ions to give both

mono- and di-substituted products, which cen be separated easily

by chromstography 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,




(i1)
and no products have been characterized from these complex reactions.

The substituted azo-compounds are cleaved more readily by
hydriodic acid than is the parent decafluorcazobenzene; the dialkoxy-
~derivatives give almost quantitative yields of alkyl lodide and
beaminotetrafluorophenol . this amino-phenol is produced also, along
with pentafluoroaniline, on reduction of the monohydroxy-azo-compound,
hoAminononafluoroazobenzene may be reduced to pentafluoroaniline _
and tetrafluoro-p-~phenylenediamine. This dieamine, and the afore-
mentioned amino-phenol, are oxidized by warm nitric acid to give good
yields of tetrafluorobenzoquinone.

49MlDithiophenoxyoctafluoro&z@benzene, in contrast with the
alkoxy-azo-compounds, 1s cleaved by hydriodic acid to give falr
vyields 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 1is ortho-para; in the reaction with ethanolic ammonia the
ortho/para ratio is 2. The azoxy~compounds give l-(phenylamino)-
bengotriazoles with hydrazine in yields of 9m37%? and this reaction
has been used to establish the position of the oxygen atom in the
asymmetric azoxy--compounds., Perfluoro—1~(phenylaminq)benzotriazole
reacts with lead tetra-ccetate to give an unresolved mixture of
azo~-compounds, and ig cleaved slowly by hydriodic acid to give

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




(11i1)

This last compound may also be obtained by diazotization of the
o-dlamine, end (quantitatively) by hydriodic acid reduction of
tetrafluorobenzotrinzol~l-0l, which has been made (L4% yield)
by the reaction of pentafluoronitrobenzene with hydrazine. Tetra~
fluorobenzotriazole may be acetylated in the l-position, but is
otherwise resistant to electrophilic substitution.

Diazotization of tetrafluoroanthrenilic acid leads to loss
of fluorine to give trifluorobenzenediazonium~2~oxide~6ncarboxylio
acid, which on reduction gives 2,3, 4~trifluoro-5-hydroxybenzoic
acid.

Thirty three new polyfluoroaromatic compounds have been fully

characteriged.
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INTRODUCTION

The general chenmistry of azo-compounds has not proved to
be very relevant to the work described in this thesis =nd will
not be discussed in this introduction, which is concerned solely
with the chenmistry 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 polyfluorc-aromatic
conpounds 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 inmportant to
hexafluorobenzene as electrophilic reacticns 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 neaterials for the research
described in this thesis) are available commercially, a

satisfactory background to this work nced not include an account
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of their preparation. Scveral reviews are available, and the
preparation of polyfluoroarometic compounds hes been sunmarigzed

. . . 1=
in several recent theses produced in this Department.

The Physical Properties of Polyfluoroaromntic Compounds.

Perfluoroaronatic compounds have moleculnr weights and
specific gravitics of cbout twicc those of their hydrocarbon
analogues, yet in sone of their physicel properties they resenble
closely the corresponding hydrocarbons. For exanple, they often
have closely similar boiling points ~ the higher molecular weights
being offset by extremely low van der Wanls interactions.

However the partially flucrinated benzenes arc all less volatile,
presunably owing to the relatively strong interactions between
hydrogen and the strongly electronegative fluorine. Bengene
and hexafluorobenzene are compared in Table 1.

The Reactions of Highly Fluorinsted Aronatic Compounds with

Electrophiles.

A . + .
No-~one has yet succeceded in displacing an F cation from

. +
hexafluorobenzene. The displocenent of H  fron penteafluoro-

7

. . . o}
benzene can be ~chieved by sulphonation’ in oleun ot 157, and

, .8 s . 8, 0 o . .
by brominntion or iodination” in oleun at 60 . The nitration
of pentafluorobenzene takes place only in the most recctive
mediun known, nitric acid in anhydrous hydrogen fluoride, and

9 . .

proceeds at room temperature”. Nitrotion of 1,2,3,4~tetra-
fluorobenzene followed by reduction provides the best route to

2H~tetrafluorooniline and related compounds.qo

(to p.bh)




Coriparison of

Trble 1

RO S

Bengene ond Hexafluorobenzene.

Property

Benzene, C6H6 06F6

—

Molucular weight

Boiling point, ~C.

Melting point, C.

Specific gravity

Refroctive index6,
Susceptibility to

Flonmebility

Therinal

stobility

. . o . .
Viscosity at 25 din C.P.
Surface tension, dyne/cn.
Dielectric constant

Ultra-violet spectrum6,

Radiation stability

7841 186 .1
30,10 80,26

2«01 5.2

0.879 1.613
0.608 0.903
28.88 22.6

2.28 2.07

%M/EtOH Ahax23055770

;\max255’516o %inf250"255
18 20

ny 1,504 (ns") 1.3746

substitution Electrophiles Nucleophiles
Yes No
Good Good

° 8
Tys Co 600 > 650, <850




F 161 HNO,; 7 i
Fz > FFENI0, ey BN,
- /! 36N H,50, - | Su/HC1 e I
> 30° ‘\@ F//

Bronmination and nitrotion of the tetrafluorconilincs is achicved

pore ensily (see nlso p. 47 )

Lho THEneTIons o HIgnTy FIuorinaccd Aroiatic Conpounds with

Nucleophiles.

Aronatic nucleophilic substitution reactions nay procced
via ~ay of three mechanisms: o few nre unimolecular and show
first-order kinetics, the best-known cexnmples being the
deconpositions of diazonium ilons, and sorne (again, relatively
- ‘o . . . N =
few) nucleophilic rcacticns proceed via o benzyne interncdicte.
The greant mojority, however, show sccond order kinetics, and only
these reactiovans, which nre bimolecular, ore discussed here, for

ther

9]

is nc recnson to beliceve that any other niechanisms were
involved in ~ny of the nuclcophilic recctions described herein.
These binelecular recctins arce gencrally belicved to proceed by
the addition of the nuclcophile across a W-bond toe form an

internecdinte of the following type.

T Nuc
F
BN P
Pl ‘F + Nuc ey or Fl




B

Fluorine as o substituent on the benzene ring is claossified
as a =1 + M group, which neans that it withdraws electrons
inductively, but donates them nosonerically. The two effects
are superimposed, and the cxpectation (based partly on sinmple
electronic theory, partly by enalogy with chlorine, and,
increcsingly, on experimental evidence) is that in nucleophilic
substitution reanctions, fluorine has little effect on the rate
of diéplncement of n substituent para to it, is moderately
activating from the ortho position, andis relatively highly
activating from the nets position (where the +M cffect does
not Operate).15

The cctivation pottern in highly fluorinated benzencs can
be predicted by ossuiring that the electreonic effects of
successive replocement of hydrogen by fluorine are additive,

and the justification for this assunption is provided by the

accuracy of the predictions that follow. Consider
pentaflucrobenzenc. Each fluorine ctom is potentially capable

of being displacecd ns the anion, and each fluorince atorn will

have an activating effect on cvery other fluorine atom in the

molecule - the extent of this cctivation depending on the
particular ortho, rneta, or para rclationship. These effects

may be shown as follows:

Activation by: neta~F ortho-F para-F
¥ F 5> 2 1 1
7 \\\:///JF > 1 2 1l
¥ > 2 2




Assuning that activation is in the expected order meta %

>ortho > para, it is scen that the fluorine atom para to the

hydrogen atom is not only the nost labile onc in the nolecule,
but is highly activated conpared to that in fluorobenzene.

The ortho positicn will be only slightly less activoted, and
sonle ortho substitution is obscrved in most of the nucleophilic

. 1
reactions of pentafluorobenzenc, for exanple:

CelgH + H (i.c. Lialdg )=_€> P[::::]
- O

cf ZC
70 D7

A similar pattern is observed for wost pentafluorophenyl
compounds, and is altered only by those substitucnts
(g;g. NH2)15 whose deactivating effect is sufficiently strong
to overcome the activating effect of 2 meta + 2 ortho fluorine
atons, or by those substituents (e.g. N02)16 which cxert a

powerful activating effect on o position other than the para

position:
~M . .L ?i
9-Me0.C F) .NH, (57%)
r ony Salie 1-Me
C6f5.NH2 —> 4 1-MeOQ.C F) N (79 )
E-MeO.C6F4.NH (16%)
NeOMe :
i - D ~Mo . I . \l 8
CgF5- O, bt15~a 0-Me0.C F, .NO, (50%) + p-MeO.C F) .NO,(50%)

Substituent cffects on oricntation in fluorocaromatic
compounds arc illustrated in the table below; the discussion
section includes also severnl references to resction rates and

solvent effects.




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

13

the above pages, and includes riuch kinctic data on all the
inportent pentafluorophenyl derivnatives except the very
interesting nitro~compound. A slightly enrlicr paper by

17
Burdon on reactivity and orientotion in pentafluorophenyl
conpounds is somcowhat unorthodox, but is inportant in nmcking a
clear distinction between effects due to varistions in ground

state stabilities and those in the tresnsition states of

nucleophilic reactions.

Table 2.

Nuclcophilic Substition in Aroxntic Fluorccarbons.

‘Substrut Nuclecphile o n P Refercncg
C6F6 3,NLNH MeNH2 moncsubstitution 18, 19
i « NHNe. l
C6F5 VHN 20, 21
i i, . ]
Naﬂh HEO 22
n NaOMe 1 19, 33
' 1 NH, OH " 23
f 1 NaSH/py " 2k, 25
n C6F5.SK polyrer ok
| l n-Bulii,MeLi nonosubstitution 26
" CHBOCH:CHLi n 27
* Reactions in which disubstitution occurs readily are listed
under C6F6; where forcing conditions are regquired, under
C6F_°Nuc.
2




(continued)

Substrrte

Substa Nuclecophilc o h »p  Reference
C6F6 EtOK ;KOH/t-BuOH monosubstitution 28
m LiAlﬂq(replaces T by H): " 19
C6F50K
i C,H..CH,.ONa/t-BuOH;
&5 2 1 19
C6H5.0Na/DMF
" KOH a2q.; RLi; Alkenyl Li 1 19
i HO.CHE.CHE.ONa; " then
29
T, n \ ~ /T
;IO.Chz.CHE.NH2 Kab(‘)3 Dgf
I
n Y . I . 1: .;_T‘
H,N.CH,.CH, . NI, — g 29
L HO.CH,.CH,.8Na 1,4-disubstitution 29
" HO.CHE.CHz.ONa o 30
nono - n-di p-di
it NEHLF anhydrous/dioxan. 24 12.5 12.5 31
" " /THF 32 0 35 31
F B
- ¥z COE.t
i CH,.CO.CHNn.CO_ EL | d 32
> 2 Fla A 0 ANie
° = B
. . + 18
C6F5H NHB? N2H4 H2O
A LiAlH), 7 3 90 1k
" NaSH + 24, 25
n NaOMe + 7
Y : - 3 L{.
t C6F5.SK5 P HC6FQSK + 2




(continued)

substrate Nucleophile ° 2 Referencel
C6F5X
X = C, Br, I XOH/t-BuOH; KOH/py. + 19, 34

Br, I NalH, + 19

I N EH L HZO + 25

vl LiALH; NHB; N HyHO ~25 a5 ~70 36

Cl CsF/sulfolan replacenent of Cl by ¥ 37

Br CuCli; CuCl; CuﬁQ6F5/DMF "o by nucleophile 38

2 8} B

'06F5.NH2 NH3 + 39

f N, H, H0 + 1

i NHB; MeNHE; Me ,NH ~Q ~83 ~12 15

" NaOMe 5 79 16 15
C6F5,NHMe NH3 0 Lo 60 15

L MeNH, 0 60 Lo 15

" Me2NH 0 52 L8 15

i NaOMe 5 L3 52 15
C6F5.NNe2 NHB 0 7 93 15

i Mo, 0 6 ok 15

i Me NI 3 5 92 15

L NaOMe 1 2 97 15
C6F5.0Me NoOMe ;3 NaNHMe 4o Lo 10 17




(continued)

-10 =

Substrate Nucleophile ] o} el Reference
C6F5.OH KOH ag., autoclave + 4o
; N NoOMe ¢+ Na g ,
06F5COEH NaOMe 5 NaSMe + L1
L MeNH, * o) 60 L1
i MeENH* 57 L3 41
. 20Mae /M
C6F5 N02 NoOMe/MeOH 8 92 16
" "t /MeOH,3.8% +
Etao, 96, 2% 50 50 16
b NH_/Et_0 70 20 Lo
3 2
z MeNH 65 35 b3
[
b MeZNH 19 81 k3
"t A
C6F5.Mg3r 9 91 L
2
C . F_.N X  NaOMe + b
6"5""\_/ 7
(X = CH2 or O)MeaNH(E equivalents) + (both positions) 45
F_. o0 ar C B
06 5 NEHB (sce under 6F6)
C6F5.C6H5 C6HBL1;N2H4;NH5;NC_SH + L&
i KOH/+t~BuOH ; NaOMe + 35
C6F5Me KOH/%-BuOH + 19
u Meld + L
" nl 1 « Mo 1 e ¥ ° - .‘7.]
CGES.CB3 L1A1H4,HLL1,Nﬂ40H,NmOLt + L8
It Ny ° I

*Conpetitive dec~rboxylation reduces yields: ratios are thus

approxinate.
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n-CgFy, (CF,), N

"

NaSH

N ;

MeCH:CHLL ;Me \NH

1, ;NeOH; I H, s LiALH,

2

L,6-disubstitution 54

L 4+ trnoce 2

arrowed position 17, 55

Tt

L, 2.disubstituticn 56

(continued)
Substrate Nucleophile o o P Reference
F5 .C F5 N HL,Nh sMeld s LlAlHq, + 50
NaOMe
C6F5'C6F5 NHE;NZHq;EeaNH;KOH;NnOMe (both pos.)+ 51
C6F5.Hg.C6F5 KOH;NaOMe;NEHq 1 -+ 52
o &
6F5 .CH:CHMe MeCH:CHLi + 27
6F5 «Ske NHB,V<OM0 + 1
6F5 .30 Me NHB,Na01e + 1
C6F5.NHCOMG NasSH + 1
+ ey .
C6F5.N2§804 NaOH + 1
g-C6F4(CF3)2 N, H0; NHBVN asSH L_position 5%
R—C6F4(CF5)2 NH5 2-position 53
n NaOMe 2,5~disubstitution 53

sk

17, 55

17, 55

56




(continued)

-12=

Substrate Nucleophile [<} m P Reference
. Fo NaOlMe 4,2,6-trisubs. 56
i H
Fly g UF aq.bOYNa0H at 80° Jh2 di-(20%)+ 56
1 -~ —~
kNHB;CO3 s F
i FBC.CF:CF2 + KF/sulfolan,
120°  4(90%)+k,2 ai-(5Y)57
(i.e.(F7c)2CF“; nucleophilic equiv., of Friedel-Crafts
- reaction)
™ Noe . No, 71T II IIT IV
. FEENF 7 \Nve
F /N OIF . F-@F Y
| NH, /Bt .0 No, No, 127 48 25 tr
F \N 3/ 2 F /\!‘O\T:: .,..v, Nye# ‘L;:. o 58
" NaOMe/EtGH 70 7 25 - 38

NaONe/EtzO, 909 +

EtOH, 107 70 12 18 -~ 58

Other Reactions of Polyfluorobenzenes.

The reactions of hexafluorobenzene with free radicals and

the reactions of the pentafluorophenyl radical hawve little

relevance to the present work and have been reviewed in a recent

thesis prepared in this Department.3

Very recently reported reactions include the oxidation of

hexafluorobenzene and of chloropolyfluorobenzenes to

benzoquinones

? with nitric acid at 800, and the photoisomerization

of hexafluorobenzene and of octafluorotoluene to perfluoro-

-Dewar-benzenes.

60,61
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Substituted Polyfluorobenzenes.

(a) Halogenopolyfluorobenzenes.,

Jodopentafluorobenzene is prepared from pentafluorobenzene
by treatment with iodine in oleum‘8 (p.2 ). The bromo-compound

3

may be prepared analogously,” or by halogen exchange from

hexabromobenzene.62 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

63

hexafluorobenzene.

B ; Lo
CcCl, 4500, Cle =+ C6ClF5 + CeCLF) (Chiefly meta)
(21% (20%) (149%)

The ortho and para dihalogenotetraflucrobenzenes,which are not

avallable from the halogen exchange reactions, are prepared by

645

the halogenation of the appropriate tetrafluorobenzencs.

51,66
1

A1l three halogenopentafluorobenzenes (chloro

67 46,68

bromo ', iodo } yield Grignard reagents and undergo Ullmann

reactions on heating with copper to yield decafluorobiphenyl.

65,69

Ullmann reactions on the p-dibromo and di-iodo compounds,

70

and on the readily available m-dichloro-compcund, have becn
used to obtain polymers.

(b) Organometallic Compounds of Polyfluorobenzenes.

The Grignard compounds and lithium derivatives of

polyfluorcaromatic 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.
Selvent effects are often important (one example is given in the
chart on p.15).

Much work has been done on polyfluorocaromatic derivatives
of other metals, but these compounds will not be discussed here.

(¢) Alkyl- and Alkenyl-polyfluorobenzencs.

Compounds of the type C6F5 .C H are prepared by the reaction

of alkyl- or alkenylwlithiums with hexafluorobenzene (p. T ) or
by the reaction of pentafluorophenyl Grignard rcagents with
alkyl halides., The simplest of these compounds, pentafluoro-
toluene, reacts typically; it can be oxidized (albeit in low
yield) to pentafluorobenzoic acid with chromium trioxide,2

and one, two,or three chlorine atoms may be introduced into the
26,47

side-~chain by free-radical chlorination. Compounds with

fluorinated side chains are best prepared by the defluorination

fals

of aliphatic compounds, for example:

\}C6F5 JOF: CF2

(13%)

cyelo-CeF, .CF,.CF, %%g) CGF 5 OF . CF, (15%

65 I5oe

This last compound, octafluorostyrene, can be polymerized only

78

at high pressures under Blray irradiation.

(d) Highly Fluorinated Aromatic Compounds with Functional

Groups derived from Oxygen.

Pentafluoro- phenol, -anisole, and ~phenetole are prepared

by nucleophilic replaccmen®t reactions (p.7 ):

(to p.16)




Polyfluoro-aryl Grignard and Lithium Heagents

-15.

1413
CH (OH) Me
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=

GgFg + "OR -—=> C.F..OR (R = H, Fe, Et gto.)

The ethers are cleaved to pentaflucrophenol by anhydrous
aluninium chloride,Bj hydriodic acid (scc discussion, p.50 ),
hydrobromic acid, and, surprisingly, by acids and alkalis; in

these hydrolytic reactions the ethers show similarity to esters.

The phenol is alsc obtained by oxidative cleavage of

pentafluorophenylboronic acid (or its esters):79
AlCl3
T ) 7 AN
GGF5.OCH3 > C6F5.oh (60%)
H20 HEOo
" F— ———a ] 1 0{:
06*5.13012 e C6F5.B(OH)2 - 113503 + C6P5.OH (974

Pentafluorophenol (Kq = 3 X 10_6) is much morc acidic than

8
phenol.2L
. . 29 R Lo .
Tetrafluoro-derivatives of catechol™, resorcinol ~, and
hydroquinone O, are preparcd thus:
B o 1
T A1C1, F 22 0H
F l (p. 8 ) “ﬂ\ﬂ‘h'ﬂlﬂlumuﬂ} F ﬂ .
> 0 NP
¥ F
F
= 0H F CH
J autoclave
| + KOH > P
A B K
H
OH
H Tz F
Ni .
Ni or PtO2 ~ F
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Pentafluorobenzyl alcoholq? is prepared by the reduction of
pentafluorobenzaldehyde, which in turn is prepared by a Grignard

synthesis:

Ph,NMe ,CHO
. ———— . N Y
CgFgeBr = =mr—3 CcFg . MgBr 3+ CgFg.CHO

EEhyl'formafe can recact further with the pentafluorophenyl-

magnesium halide, giving bispentafluorophenylmethanol, which can

b7

be oxidized to decafluorobenzopﬁenone:

CrO
2 AcOH

Pentafluorobenzaldehyde undergoes the usual transformations of

206F5.MgI + HCO_Et =——3 (CGFBDECH.OH NN (C F )aco

an aromatic aldehyde, and in addition undergoes a haloform-type

cleavage in alkali to form pentafluorcbengzene and formic acid:

OH
6F5 .CHO > c6r H + uCOaH

The carbonyl group in decafluorobenzophcenone is very inert,

and will not condense with thce usual reagents.
Pentafluorobenzoic acid and the tetrafluorophthalic acids

have been prepared by some cor all of the followng routes:*

co, -
(i) ArLi or ArMgX =3 ArCO_H
[ag

(i1)  APCN —B i) ArCOH

CgFig- COLH, method (i) 71, (iii)27, (iv)82;

ortho-C I, (COH) ,, (1), (iv)* ; meta-C F, (COH),

1)8

(iv)83; para-C F, (COH),, (11)21°°, (41d) =, (iv)
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1
(1ii) ArR or ArCH=CHR Lod = ArCO_H

H,50,,
(iv) ArCT 5 wri2memid ArCOH

As expected, the acids arc stronger than their hydrocarbon

analogues. Some reactions of compounds derived from

27,84

pentafluorobenzoic acid are shown below:

I
C FeeCOLAg B> CeFsT + Agl

5
C,F_.CO_Ag + NOCL s> C_F_,CO omo-uéé—arc F_.NC + CO
6757276 R - 675" 2
(C,F_.CO,) Hg-u~4£i~m~> (C,F_)_ Hg + 2C0
65772727 6752 2

Tetrafluorobenzogquinone (fluoranil) is made by halogen

exchange:

> (4034) + chlorofluoroquinones
r

(e) Aromatic Fluorine Compounds containing Sulphur.

Pentafluorethiophenol and L4H-tetrafluorothiophencl are
made by nucleophilic elimination of fluorine by the
hydrosulphide aniosn (p. 7 )

XCPy + “SE =e—--m3> p-XC F) L SH (X = F or H)
Tetrafluorobenzene-1,k-dithiol cannot be made similarly, for
the -8~ group (necessarily anionic in thc reaction medium)
is deactivating towards further attack; the compound is

85

made thus:
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g i’ 5
T w Hh F
r nBuliy Z | =
g " ¥ In
§j/,f l. \ .
STt -

Thio~ethers (p. 7 ) can be made either from hexafluorobenzene
and the RS~ anion, or by the specific revlacement of bronine
(rather than fluorine) by the action of the copper derivatives

of thiols on bromopclyfluorobenzencs:

F ¥

C6F6 + 2110.CH2.CH2.SN8. "'—'."% HO-CII2.CH2:S< >SoCH20CH2-OH
P
Ui
C6F5BI‘ -+ CUS5C6F5/DI.{~ m"_% (CGFB)ES
BN 1 B e et 1 o 3 m

[S.-.;.‘.. C6F5-SK ) C6F6 ’> C61—\55U(C6F495)nc615]
The fluorinated thiophenols have been converted by standard
procedures into disulphides, sulphonic acids, and sulphonyl
bk, 25

chlerides, and the sulphides into sulphones,2 and a sulphur

heterocycle has been reported recently (p. 15 )976

(f) Aromatic Fluorine Compounds containing Nitrogen.

19

The preparations of pentafluorocaniline and the

hydrazinejS arc simple nucleophilic substitution rcactions
(p.7 )
235"
T e e . J e "
CoFe + Nﬂs aq. =3 hr;» chB.NH2(86ﬁ) + NH, I
11— \ oL
+ m-C Fy (NH,),  (10%)

Dioxan ot
IV ombyeindetotntih. J =0
CcFg + NLH, reflux>- C6F5.NH.LH2 (95%)
Tetrafluoro-o-phenylene diamine is made by reduction of the
ha, 43

ortho-nitroamine:




T
F NN wm/me 0
‘ nﬂ_é>“ij9
I ™ ¥ w% hr.
I

Good routes to the

by Wilks:4

~20

* i F
T+ & P
5/ 2 5 2

*major product: sthor amines also formed

other two diamines have been provided recontly

N, NTs NPTS JHa
Fooo ST FZ N NLH, r 5,80,
| Dsol_ o2k 22t .
F \\./ﬂF pyridine” F Qh//k1 dlnan’
= i '\71{ (Bhss) I\TJ
qu Nﬂﬁ YH
T /‘/’I/ ""‘F N_H ) i /
) /\\TL ~*~ém£;> (/ B (548)
5 ACO" ﬁq. IU
e 1\1?{3‘?—
7 2
Pe ntafluoroanillno owing to the inductlvb effect of the
fluorine atous, is a weaker base than aniline, though it can

still be extracted

concentrated hydrochloric acid.

is not oxidized on

indefinitely.

from solution in light petrcleun by
This amine, unlike aniline,

exposure to air, and remains cclourless

Oxidation cf pentaflucrecaniline with performic

acid gives pentafluoronitrosobenzene, wnich is green and

N <
nmonomeric:

H.CO

F_.NE

H/CH. C1

2 2 2 >,

Cgly-NE,

C6F5.NO
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Oxidation with peroxytrifluorcacetic acid gives the nitro-

L3
~conpound: -

CF,.CO. ¥

T =, Y hry i
O6F50N1I2 CE{ Cl - 06L50J.]-O

\ N

2

he nitroso-compounds have been studicd by Castellano and
. E . o
his co-workors, who report Dicls-Alder additions of

cyclohexadiene to the aitresc-group:

_ N - T N -
p-X CgFy O + | ~w~-£%¢fi1\ y Tyg_ (X=F,Br,CO_H)
-

Pentafluorophenylhydrazine reacts scrncewhat differently to the
unfluorinated compounds; the nost importent diffcercences (its
reactions with basce and with hydriodic ncid) arc discussed in

the main scction of this thesis,

The purposc of this project was to investigate the
chernistry of decafluorongobenzene, Sorne releted hetorocycles

were also investigated, and the fclliowing nonenclature is used:

Ring systems.- Stendard nuiberings are used, thus:

- . - - .
3 2 2 3 ; T ¥
u 1

azobenzenc phenazine benzotriazole

The prefix H-. Unvil recuently, this prefix has becn uscd

to indicate the pesition of hydregen in either partially

hydrogenated compounds or in tautomcric conpounds
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(¢.g. benzotriazole). This latter usage is extended to indicate
the placing of hydrogen in polyfluoro-compounds; partially
hydrogenated derivatives are indicated by writing out the prefix

in full, thus:

¥ F

F%\ N\/ X Fr:'ﬁ “”\T\/\F
Ny F Pl /J\

\\//\\\~I \,’\\T \%;
F H ‘

2H,7H~hexafluorophenazine. 5,10-dihydro-octafluorophenazine.

Azoxy-compounds. - Symuctrically substituted compounds,

and asymmetric compounds whose isoimerism is not known, are

named sinilarly to the related azo-compounds. Specific isonmcrs
of unsymmetrical azoxy-compounds are named by the following
procedure ( Handbook for Chemical Scciety Authors, 1961,195 ):

The corpound ﬁﬁ is regarded as the parcent, into which the

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

Foor F_F

. b\

qd

}

}
o
=

H g FoF

‘Ia ER
2-(pentafluorophenylazoxy) - (2~aminotetrafluorophenylazoxy)-
tetrafluoroaniline, pentafluorobengene.

In view of the inter-relation of all parts of this work,
the discussion is divided not into sections dealing with classcs
of compounds, but into twc sections only, the first describing
the reactions, and the second section consisting of the detailed

argurients psrtaining to the identification of new compounds.




SECTION T, THE REACTIONS.

ey mecamicRata At wE Kaieassmom

The Oxidation of Highly Fluorinated Anilings with Lead Tetra-

a L A L

e ¢ R AR O

aCLt te.

The usc of lead tetro-acetate for the preparation of symmetrical
87

azo-ccmpeounds frou aviines was first rceportcd by Bacr and Tosoni, who
used the lead salt in benzence at roow tenperzture as oxidont for
several uono~ and di- halogenated amincs, and cbtaincd azo~-compounds
in yields approaching 50%. The preparation of decafluorocazobenzene

. . i s : : 88
by this procedurc was first achicved by Wilkinson in this Depertnent;
his work was rcpecated and extended by the present author, and deca-
fluoroazcbenzene and octafluerophenazine werce obtainecd in

yiclds of 50% and 2%, respectively, The letter cozpound had not

been ide¢ntified by Wilkinson.

decafluoroazobenzene octafluorophenazine
F/A\\Nﬂ“/ F F L
N\ / <--_. > N r
FE F F F MePo 2390
orangoe=-red, I.P. 1430 yellow, with bluc~green fluorcscence

The reaction was repeated at reflux tenpercture in an otteupt
to dmprove the yield of the awo-compcund, for lead tetra-acetaote
is nuch more soluble in benzenc at 80 thon at 200, and a rore
concentroted solution could be uscd, The yield of azo~cumpound
(h8%) was alnost unchonged, but the yield of phenazine rose to 28%
and the coount of tarry residuc was rcduced; thus three~quartcrs of
the pentafluoroaniline had becen converted into tractable products

in this rceaction compared with only half at room te raturce.
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The reaction involving the tetra-acetate in refluxing benzene
was opplicd to two other anilines, enabling new azo-conyounds
and phenazines to be prepared. The choracterization of these
preducts, in which ultra~violet spectroscopy was c¢f considerable
importance, is described on ppel00,102 , ond the recctions and

products arc sunuerigzed boelow,

¥ N 13
NH, F F F F PN X
F F n=n¢ \ |
¥ -3 + NN ZF
F e— F -
H O ¥
(42%) (23%)

4H,ﬁHnoctafluoroazobenzene 2H, 7H-hexafluorophenazine

NHo F_F F F F
F A~ oz ,,N T
~>» F N=N F +
F 3 PN X N B
F F
(43%) (18%)
2H, 2H~octafluorocazobenzena 1H, 6H-hexafluorophenazine

The S- (as opposed to M- ) syrmetry of the two hexafluorophenazines
follows fro:x their node of production.

Several facts have to be explained by any pronosed echanisn
for these reacticns: (i) the foruetion of the ago-compound, (ii)
the formetion of the phenazine - in low yicld at 20° but fair yield
at 80%, (iii) in the oxidation of 2H-tetrafluoroeniline, the
forretion of cnly that phenazinc produced by climinetion of the

Tl D R e s e

Boer and Tosoni - suggest thot the oxdidetion of onilines by

lead tetra-acetate vrocecds by a free-radical mechanismg however,

although lead tetra-acctate does deconpose honolytically on heating,
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it is stable at room tempcrcture, and Baer and Tosoni do not
explain the cccurrence of o reaction at roon temnceraturce. It
may be thot the oxddotion is aided by commlex forietion, in which

case deconposition of the cowplex is likely tc generate two
arylamino radicals in close proxiumity: gp  opc

: OAc 0
! Ik_\\\z';f i
2aTNH, + Pb(0Ac), >  Ar N —— By N Ar
}L // xl
OAc J/OAC 1
QAc T
P - C
2 ArNH" Pb(0Ac) T L
Ar + (OCAc - o e AT Yy 3 .
A Ohc

In reactions carried out in refluxing benzenc the nornal mode of
duconpeosition will also occurs

A
Pb((ﬂxc)L+ a2 Pb(ofm)2 + 24c0

acO + A:CI\IH;D ~mmeeme3ACOH + ArNH With pentafluoroaniline;
- R&

2C¢F, B R L o JH NH oC T ey

1

» NH o o
CgPg NH N C T
t 4

Rcaction o

e 3C, Ty NeNaC. T
>06 5 N=N 061“5

he ortho position on one of the pentaflucro~

——

phenylanino radicals would explain the production of the vhcnazined

F 7
i //\4 N F
F F

Loss of hydrogen fluoride from quinenoid internediatcs has been

89

pestulated before in the polyfluorc-arcuetic field:
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F_F F T Naomt

3 F F F 7
—— =
H NN /' N\, T i, Q@ NN,
L ¥ FTF
_ H =

J}NaOEt;_HF;nNE

r F FF

w/ N/ \y

v
So——

The phenylamino radical nay also react at the pera positicn, but
the resulting intermediate can elininate only one smiclecule of

hydrogen fluoride:

F F =
e = e
F H

This last coupound would rlizost certeinly be destroyed in the
reaction mixture, since quinones are very susceptible to homolytic
reactions, ond fluorincted gquinones arc alsc extremely susceptible
to nucleephilic attack, cven by unionized cthanol; reaction with
pentafluorocaniline is clearly possible.

The reaction of 4H~tetrafluoroasniline with lead tetra-acetete
to yield the azo-counpound nnd the phenazine cells for no special
éomment; it can bc explained by o mechanisii cxactly compareble to

that given for the oxidation of pcentafluoroaniline, Furthernore
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it is scen that in this reaction too, only cne possible phenazine

can be formed, since there nust be a hydrogen atom para to each
of the nitrogen atoils, However, from the oxidatiocn of Z2H-tetra-
fluorcaniline cne night expect a uixture of three phenazines,

depending on whether F or H is clinincted from the ortho positicns:

P i
N o F . ¥
F = o " N \F e /N x
F[ \
XN P '\N:ji::;JF PR Xy B
B

(2 ¢rtho F's clininated) (1F & 1H clinincted) (2 ortho HM's eliiinated)
The phenazine fraction obtaincd by chromatographic separation
of the rcaction mixture consisted of the pure hexafluoro-compound,
formed by the elimineation of two crtho fluorine atoms, and the
possibllity that cther vhenazincs werce scporatced and lost during the
chrometography scuns renotc,; octafluorophenazine (and clso the
2H, 7H-conmpound) has chromatographic charcctceristics which are almost
icdentical with those of 1H,6H-hexafluorophenazine, and onc would
expeet the 1lH-heptafluoro-compound alseo to be siniler.
The twe ortho positions in 2H-tcetrafluoroaniline ere not
equivalent. attock at the ortho position bearing e fluorine aton
will give the hexafluorophenazinc in thoe ncrmal way by clindinetion

of two molecules of hydrogen flucride:

)
NH I{¢KM\)
F F F y T <
F P F F
.
F F E F QL[

=2HE

(D
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The other dinternedinte compound can climdinete only once nolecule

of aydrogen fluoride: 7

r ) V£ T
&;N—ﬂﬁffgw ;

i .
F N e
F N e ¥ |
= i) F H H AV F

=

F B = 72N y

The resulting coupound could, of course, be oxidiscd to & pheneszine,

and it con only be assuned thot if it is forited at 211, it reacts

in othor ways.

Une aidght surmsise thot the production of & single vhenazine

& Lechanisn involving nuclceophilic c¢lininatien of fluorine,

ecause pentaifluorocniline i uvth o very wealk noclecphile
because pentefluoroocniline is both Ve k nuclecphil

3

boc

[
~

subsequent nuclecophilic attock) were assuaed,

following route wiuld aprcar

AL

hindreance (p.9L): P Ho
P F . LF N2 w2 HT

.. s PN 2F Pl

F

—

: frow the oxidetion of 2H-tetraflucrooniline could be explained by

However, attennts to formulate such a fiechanisn fodiled, firstly,
oo

is deactivated townrds nucleophilic cttack itsclf, and secondly,
wse 1t was net prssible to account for the cyclization stage

if jnditicl oxidetion of the aninc-greun (which would facilitato

Finclly, the non-foruatisn of benzocinneolincs (for which the

“essible) con be attributced to steric
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Powder.

83

Willkinscn - oxidized wentafluorophenylhydrazine with
bleaching powder in refluxing carbon tetrechloride:

Ca(0oCgm) .
2 s vk ) 2 6 6F5H ( 9/’)

filthough in this rcaction foramation of the azo-conpound is unlikely

C6F5.NH NH - oN=N .C6F (20%) + C

to proceed via pentafluoroeniline (reaction via species such as

CEFS.N=N'is more probable), it seemed rcascnable to attempt the
oxidation <¢f the aniline with blcaching powder during the present
worlk, The reacticn was successful, ond furthernmore, the product
(decafluoroazobenzene) was imuch cosier to isolate from the reaction
nixture than wes the case with the oxdidation involving lecad tetra-
acctate. Octailucrcphenazine was not formed - quite a snall
amount would have beon Jdetected becouse of its low sclubility in
the solvcnt, carbon tetrachloride. This rcvaction too was
cxtended tc other anilines, and the results are suntarized below,

the solvent in each cosce being refluxing corbon tetrachloride,

F ¥
} Ca(0C1), F(/ \> /i \>F )
T FOf

rF F
] Ca (0C1)
/ \ NH, 2 N BRI ©> 2.5-~3 hr.
— - reflux
! B °F F
F F FOF FrF
Ca{0C1) ™ i"“
T NHzii*___é;}? 7 Q\N*N 7 Q&};
A
. 52% o

" 1 F F
. </ \> N, Ca(0C1), @ </ \> F (6 nr.reflux)
F‘— r—_ F

Be
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The initial stage in the oxidation of pentafluoroaniline

can be assunicd to be chlorinction:

Cal0C1)

2 : NE
5+ NI, cenBy CETouNECL

Arylchlorauines are unstable ot roon tempernture and abeve, and

C6F

the dcconpositicn will give a nitrene internicdiate:

N e 0 1
C6F5.1H01 > C6F5.h° + HC1

o

‘., } Ca(0C1)
)
C6F5.1§I_ + C6F5.I\H2 N C6F5.NH.NH.C6F5 . 23
. -HC1
oT . . Rttt o e s Sann s NN o ¢
C6F5 NC1.NH C6F5 > C6F5 N=N C6P5

The non-fermatisn of phenazines in these reacticons imay be
duc t2 the difference in the neturce of the interiiedintes (nitrene
rather than free radical) in the oxidaticn with bleaching powder,
The oxidations of the cther anilines probably prcceed by sinilor
ruutes. Furtheriiore, it is easier to cxplain the varictions in
yiceld for the coxidations with bleaching powder than for those
with lecad tetra-acetate.

LH~Tetrafluorcaniline gove a :iuch poorer yield (17%) of
azc-conpound then did pentaflucroaniline (5157), The former amine
is Just as sterically hindcred in the two ortho positions as is
pentafluoroceniline, cnd the hydrogen ot the para pesition will
imeke it tuch nore susceptible to oxidaticn to quinoncid products,
which cannot yield the azc-compound, The higher yield from: the
2li-isciter can be cxplained by the positicn of the nuclear hydrogen
ator; in the 2-position it provides less steric hindrzncce than
does flucrince, The low yicld of azo-compound froi the 2-bromo-

aniline con be attributed to steric hindrance by bronine,
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The Oxddation of Mixtures of Highly Fluorinated Anilines.

Two such oxidaticns werce corried sut, cnce with lead tetra-
—acetaete, and the cther with bleaching powder. To o first
avproxination, an cquinolecular wmixture of two =snilines w uld be

expected to give the two symnetricol azeo-cormounds and the un-

sytnietrical compound in the roatiec 1:1:2, respoectivily. slternatively,

the use of a large excess of cnoe aniline should lead te o uixture

consisting largcly of twoe compounds, with only o ninute proportion

of the symactrical cuukpeund derived fromr the adacr componcent - this
£

latter procedure was uscd for the preparcticn of 4H-nonafluoro-

azobenzene:

F R FOF rr FF
~ Pb(O&C)L
F NHy  +  HoN _MMNJMNQ 7 N =N + symnetrical
ceapounds
FF F F FF F F

An ettempt to prepare the 2H-isomer froun the oxidatiosn (with
bleaching pewder) of o nearly equimclccular nidxtvre of the
2H-oniline and pentaflucrconiline failed because the aixture of

azgo-compeunds could net be separated,

Exploratory FExperiucnts on the Oxidation of 4Anilines.

Althcugh the lead tetra-acotate ond bleaching powder vproccedures
were avaeilable early in the churse of this project, o nuiber of
explorotory experiments were cerricd out with readily available
oxidants, with the intention of finding o precedure which would

give better yiclds of the azo~conpounds,. Oxidants uscd were

Br,, KMnC,, Ce(qu)a,ICl, chloremine-T,C hh(CO) NBr,

[P T R L e N camacen.

e s

* Lepd tetra-acetoete was uscd as oxident, because of the low ylbld of
4H,4H-octaflucoroazcbenzenc obtained by the usc of the bleaching powder
procedure
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32202, Oa/CuCl/pyridine, and MnOz. A11 experivents were more or
less unsuccessful in that only a small yield -4 with sSone recgents
s O W1ITH E

none at 2ll, of the azo-compound was produced,

The Attempted Preporcotion of cis-Desaflucrcazobenzene.,

s e s PR i pt

. . 1
cis-Azobenzene was reperted first by Hartley, E who prepercd
it by irradition of the ordinary (trans)iscuer. The product was

isolated by extraction into water and rcecrystellizaticn at low

92
temperaturce to constant n.p. Recently Badger and his co-werkers
have described a siuple procedure in which they repeatedly
irradicted azobenzene in 20% benzene/light petroleun, and removed
the cis-isomer between irradistions by passing this solution thrcough
alumiina., Théir procecurce was applicd to decafluoroazcbenzone by
the present author, but the fraction rencved last from the chronato-
graphy colunn showed no increasc in the intensity of the -Nz=N-

) 93

. . - -1 .
abscrption bend (presuned to be in the 1400-1630 cnn’ — region
oh -1 .
. nor the appearance c¢f a band in the 720-760 c¢cn region = beth
ffects characteristic c¢f cis-azo~conpounds.
BEven cis-azobenzene,with four hydrogen atons crtho to the
1 95 . . . )
azo=-group, nas been shown (by Xeray diffracticn) to be nuch
distorted fron plenarity. The reason is cleger if one draws the
cis=isomcr in a hypothetical planar form; the disgran overleaf is
.96 . : .
from Pauling. cis~Decafluorocazobenzene, owing to the larger size of
fluorine, would be even more distorted than c¢is-azobenzene. In view of

the above considerations, no further attempts were made to prepare

¢is~decafluoroazobenzene,

(! _




Hypothetical planar form of cis-azobenzenc, =55

A Re-examination of Other Authors' Work on Decafluoroazoxy-

benzene.

[EPERURPIEE

Shortly after this project was begun, a report appeared from

19

Wall, Pummer, Fearn, and Antonucci of the preparation of
decafluorocazoxybenzene, and its subscquent reduction to deca-
fluoroazobenzenec. The former reaction was repeated and confirmed
during the present work, but 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 al., 22%) by the oxidation of pentafluoroaniline
with peracetic 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 colleagucs

as supporting the following mechanisn:

0
FooA F
r F F 7 P
F o2 NJE, F 20 P =N 5 \F .tll-l NN
F‘\ b F! i " Fl‘-\ '}* E’/\\/l‘FM c_o_>;4 F’}\\/‘ Fl Pz
T MeCoy iGN, S AN eCo, 0 .

B

However, peutafluoronitrosobenzene and pentafiuoroaniline cannot

59

be condensed to give the azo-coumpound; the classical condensation

would appear to be more probable (though this still leaves the




colour changes unexplained):

0]
~-H_C p
RanPITT L VET ’ 2 ' A 1\ T
ArNH.CE + LrNO e ApN=Nir,

The prcesent cuthor attenpted the ceondensation of pentafluoronitro-
benzene tnd pentafluoroaniline, but the reacticn did not occur

under the cenditions used for the preparaticn of decaflucroazobenzene,
The reaction occurs in the hydrocrrbon series only in the prescnce

97

of sosdiunm:

Na & 2.0 %
PhNH, + O,NPh =~~=%3 PhN=—---NPh enmiee> PRN=NPh

2 - | >
Na 07 Na

The rceéuction of the azoxy-compound was slso carricd out by the
procedurc of Wall and his colleaguos}g Decafluoroazoxybenzene
was reduced with zine and couvioniun chloride te give decafluocro-
hydrazobenzene, .p. 62~5G; in 33% yield (cf. Wnll: “decafluoroazo-
benzene', m.Dp. 57—90,41% ° The cherccteorization of this coupound
is describcd on p.101; of great significonce also is the experinent
discusscd on p. 239 ,in which decaflucroazobenzonce was shown to be
unstceble in the above reaction mixture, chonging instantancously
on dissolution into the hydrazo-coripound,

The reduction of decafluorovazoxybenzene to the hydrazo-conpound
parallels closcly the rcduction of nitrobenzenc to phenylhydroxyl-
amime, and cther exomplus of the very close sindilority between
nitro-compounds and azoxy-compounds are doscribed in this thesis,

(pr.79,84):
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Zn/l\THll_Cl
C ~H WNi- O mnm.»-m.mlu._n:..é C T‘i N
675y 60-65% 67511
O T OH

Zn/NH) C1
FN=NG, F_ =g O, F NI
C6‘5§ NOgPe —gmpo-d  CcT %C6F5

-

0 BT

The Oxidotion of Hiohly Tluorincted ifzo-coipounds,

1on e e a cm— DY S

e 8 | . -

Burden, Morton, and Thoncs ? describe the prepeoration of
decafluoroagoxybenzene by thre. methods: (i) it was isoleted
in 17% yield fron the high-boiling rosiduc from the preparation of

- : 86 e .
pentaflucrenitroscbenzene . by the oxidrtion of pentefluorceniline

. o . . T . . o

with perfornic acid, (ii) in 53% yilld by the pyrolysis at 60

of the nitroso~coumpound, and (iii) in 80% yicld by the action of

. . . . o)
triethyl phesphite on the nitroso~coumpound in benzcne at 607,

L6F5,VO + P(om)3 sy 661?5.1:1° + Po(om)3
ColselO 4 CPsl, S C6F5.%mN.C6r5

Burdon et al. attcupted to »repore decaflucroazoxybenzene

o}

by the oxidation of decafluorcazcbenzence with peroxytrifluoroacetic
acid in dichloroncthane, but the czo-conpound wos recovered in 90%
yield even aftcr refluxing for 72 hr. They also obtoined storting
naterial in high recovery cn attenpting to cxidize ducaflucroazo-

benzene with perforauic, peracetic, and funing nitric acids.

AT
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*  This papoer appearcd oftor the present author's re-~investigation
of Wall's work (p.33 ), but before the experincnts discusscd below
on the oxidation of highly fluorincted azc~coiipounds were cerried

out,
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Other azo-compounds were oxidigoed, however, by peroxytriflucroacetic
acid, and since a saiplc of 4H,4ﬁ»octafluoroazoxybenzene Was
required fer the reaction described on p.80 it was decided to
attenpt te find an iiwnroved route to this coupound by following
up the preparation given by Burden and his co-workers.

Burdon end his co-workers neode 4H,gﬂ_octafluoroazoxybenzene

in 57% yield by trceting the azo-compound with aquecus 90% hydrogen

-

peroxide and trifluorvacetic anhydride in refluxing dichlorcncthanc
for 50 hr, They also isoleted startin. aaterial in 32% recovery.
With this in mind their procedure was nodified by the present
author; further portions of peroxide and anhydride were added
during the reflux,. The azoxy-compound was isolated chromato-
graphicelly in 441 yield, end no sterting naterial was recovered.
The literoaturc nethod was then rencated alnost exactly, the chief
difference in the procedure being thot thue reaction was stopped
after only 1 hr., sincc it was noticed thot the orange colour
due to tiae azo-compound had discyppcarcd by this tine. The azoxy-
~conpound was isolated in 983 yield, and nc sterting uzterial was
¥
recoverad, 2H,2H-~-0ctafluorcazobenzene was then oxidized to the

(new) azoxy-ccnpound by a sinilar procedure, cnd the yicld was

quantitative. These twe reactions noy boe formulated thus:
CFB'COBH
=NG 8y %o‘ elV:iN o o + . H
H.C6F4.N_N C6P4 H CH2012; T hrgH C6F_ N=N C6F4 H CF3 CO2

After these successes, the oxidation of decafluorocazobenzenc

to the azoxy-conmpound was alsc achieved by the use of peoroxytri-
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fluorceacetic ccid in dichloronethano.

CFB.COTH 9,\
™o m -SSR -, T 1 Ny ((f,
C6F5.1¢_N°C6r5 CHEC 2;4 _111'06?5.1\_&.063“5 (ohLel)

The chief differcence in the proecciure uscd, coupered with the

8
unsuccessful attenpt by other werkoers, 7 was thoat the present
author uscd an excess of trifluorcacetic cnhydride, sufficient to

rcact with oll the hydroxylic spccics (i.e. H,0 and HEOZ) prescnt
in the reaction wixturc,. The peroxide/anhydride ratio used

enrlicr wes such that sufficicnt wotor was introducced into tre

reaction mixturc to hydrolysc oll the trifluoroacetic anhydride.

Since in both cxperinents, the peroxide/water ratio. was high

(85-90% peroxide was used), it must be assuncd thoat the anhydride

is solvolysed preferenticlly by watcer, The following reactions
could occur%f,“:OHé //*:%—WWOH
1) Y CF _.CO.H
i SOOI o JNN O 'y 2CF_.GOH CF..C—Q—— C.CF,—> CF_.
I 0 +CF. COLH
~210H_ l
3} L/ el 14,) \g'.o — OH
CFB.C—--0~—~OH-f> CFB’COZH CFB.E-*izgjm--OHM% CF3.COBH
o\ +HIO, o B
~ +l1202

Yater is probably a stronger nucleophile then is hydrogen
peroxide, ond reactions (1) mnd (3) will be favourcd relotive to
reactions (2) and (4); in any case, the last reaction is trivial,
and has no net ¢ffect on the systonl.

The strong oxidizing power of peroxytrifluorocacetic acid is
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due to the inductive «ffoct of the trifluoromcthyl group, which
renders the termincl oxygen aternl more susceptible to nucleophilic
attack; the resistonce to oxideoticn shown by the fluerincted

ago-coapounds is also due O the inductive cffect of fluorine:
I

+ F F F T
F C =9 13
—g— b C e W=l 3 F

F

The Oxidetion of Highly Flucrincted Phenazines.

s

since 1t has not been found possible to preparce the N-oxidde
of pentefluoropyridine, 79 it was decided tc use peroxytrifluoro-
acetic acid, alrcedy shown to be a strong oxidant, in zn attenpt
to oxidize the fluorinoated phenazincs.

An initiel expericent was cecrricd ocut on the readily aveilcoble

2H, /H-hexafluorophenazinc, The vhenazine was heocted under reflux

fer 50 hr, with hydrogen peroxide ond cn exccess of trifluorocacetic

anhycdride in dichloromcthane. Pork-up yiclded a palc brewn gui,
froan which sone stoerting neterial (13%) wos ruccverced; no cthoer

product could be roeroved from tihe chrovatography colunn,
O

Attontion wes now turned to the oxidation of cctafluoro-

phicnazine. Hydrogen ocraoxide in a large excess of trifluoro-
acetic anhydride was used with no adcitionsl solvent. The

. . o
recctions were carried out at reflux tenpercture (ca. 407);
the first one (30 min. durction) gove o 60% yicld of an

intractable breown sun. In o scecond cxperiment, storting neterial
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was obtcined guantitotively after 1 min., and o third experincnt
(5 min, reflux) gave a prceduct (338%) similer to thot fron the
first reaction, cxcupt thet it weos ycllow and probebly contoincd
sone gtorting meotericl,

These recctions werce not fellowed up further, so nothing
can be soid yet cbout their coursc,. It mey be significant,
nowever, that helf the fluerine oteiis in the noncexide and all
cight in the hypothetical dioxide of cctaflucrophenazine ore
situated orthe or pore to positive nitrogen, ond will be hishly
activated tewards nuclecophilic attock,

Decafluorohydrazobonzenc.

It was shown carlier (p.34 ) thot decafluoroaczoxybunzenc is
rcauced by zinc and comoeniun chloride to the hydrazo-cceipound,
and not (as provicusly reportcd) tc the azo-conpcund; it was
clearly cf intercst tc investigete the rcocticon of authentic
decafluoroazobinzene with the scive reductant. A mixture of
zinc dust, oammonium chloride, water, and ethanol was prceparcd in
the szwe propertions os were uscd carlicr (p.34 ) for the
reduction of decafluorcazoxybenzenc. Decaflucrcazoboenzone waes
odded ond dissolved repidly to give 2 colourless solution; it

was thercfore pointicss to heat the ndxture uwader reflux os had

been donce with the azoxy-conpound, & sinple work-up goave pure
decafluorchydrazcbenzenc in 80% yicld.

A second cfficient reductant, sodiw: hydrosulphite (dithicnite)
was clso found; five cquivalents gave the hydrazo-compound in 85%

.




Zn/NHQCl/aq.EtOH

Cglip s N=N.C e . s memin e Dee G F_NH,NE.C,F
675 6 5op Na98204/aq.1ﬂeOH 6”5 675

The relative stability of the hydrozs-compound to further
reduction is discussed later (p.d2 ).

Reductive Cleavage of Decofluoro-azc, ~azoxy=, ond=hydrazo-

s - PPN T e

benzencs.

e e R
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In 1962, Birchall, Haszmeldine, and Parkinson reported an
ettenpt to prepare pentafluoroiodcbenzenc from pentafluorcphenyl-

hydraginc by the reacticn of the hydrazine with iodince in refluxing

aqueous hydriocdic acid, In the hydrocarbon scries, the following
sequence CCcours: 00
~3HT .
CgHg NHNH, + 21, wmmmerd C6H5.N;I o> CHAT + I

However, with thc pentaflucoro-coupound, rcducticn to pentafluoro-

aniline cccurred with the generation of further iodine:

+ Nd#I + I

2 2

C,F..NH,NH + 3L w—-> C, F_,NH
675 6°5
It sgeimed proboble that ducafluorohydrazobenzence could be
reduced similerly to pentafluoroaniline by refluxing hydriodic
acid, This was achicved, =nd the rcaction was later extended
to the reducticn of both the azo- cnd the czoxy-coipound; penta-
fluorcaniline was obtaincd clso in both those reacticns, The

reactions ore swiworized below: the roducing ogunt wes refluxing
? o &5 =

agucous 55% hydriodic acid in each cases
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Table 3

FLisa ) e Lk kAR

Pentalfluorcaniline from the Reaction c¢f Related Compeounds

with Hydricdic Acid,

Conpound T Yiclad ofJCé?B.NHE
. 29 .
C6F5.NH.NHB(Blrchall et al. ") 7 5%
NI i s
C6F5°NH.1\H‘C6I‘5 63/0
\ — o4
Two points arise from the cbove teoble. Firstly, the isolation

of the aniline in yields of groecter than 50% from the azo- and
) T

22

hydrazo-compounds supports the sug,vstion thet the terminal

nitrogen atom frowm pentafiuorophenylhydrazine is converted into
ermonia (which wos not isolated) by the cleovage rcaction,
Secondly, the lower yield of puntafluorseniline obtaincd from the
azoxy-compound may bo¢ duc in port to incemplete reacticn, for
in an early exporiucnt on the cleavege of the agoxy-compound, in
which half the guantity of hydriodic ccid was used, storting
naterial (74%) wes recaverced after a reoaction period of 2.5 hr.
Farlicr attempts to clcave decafluorcazobunzone gave the
hydrazc-conpeund (tin ~nd hydrochloric scid) or o tor (triethanol-
cmine); the product in both cases had an odeur of pentafluorosniline,
Decafluorocazobenzcene did not recct with zinc and elkali; this

reagent usually ,ives hydrazo-~cornipounds.
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Discussion: The Reducticn of azo-~ hzoxy- and Hydrepo-coupounds.

e AT e D R S PN B .

Two contrasting ocbscrvaticns can be mode in relotiosn to the
above uxporinents on the roducticn .f docafluorsazcbinzonc.
Firstly, reducticn to ducafluorohydrazobenzcne is accomplished
guickly and easilys; to the resgents doscribed sc for (Zn/Hﬂqu;
Na,8,0,; £n/HCl) cen be cdded hydrezine (p.62 ) and hydresulphide
ion (p.6l ), though it is preobeble that in the lotter twe cascs,
the reduction stage occurrcd cn products foroied cduring initial
substituticn reactions. seeondly, it is oxtroenely @ifficult to
clecve decafluorohydrazobenzoene to pentafluorconiline - the only

really seatisfectory recgent (HI) boing an uvnorthodox onc. Botl

<

[

the ebove obscrvetions arc in z2ccord with recent investi_.ations by

other workers on substituent effects in the reducticn of (non-
101

~fluorinated) azo-cceripounds, hus, the results of Khalifa
102
(on the products of rcducticn) end of Warwick . (on the ratos of

reduction) con be sumiarized as follows (both workers uscd a wide
variety of ogo-comnpounds end roducing cgents). The relsveant

varicble in 211 the rcaction serices is the clectron density on the

QAZO=-Zroun. Cowpounds containing clcctron-withdrawing substitucnts
ere roduced faster than the parent azobenzene to the hydrazce-
cuapound, but are not recdily clceaved to aminces. Ccaversely,

compounds conteining substituents which increase the clectron

4
L

density on the azo~group ore reduced :cre slowly than the porent
compound, but the resuvlting hydrozo~culpocunds are rcadily reduced

further, In polysubstitut.d ccupounds, substitucnt effccts arc
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cenproxim tely additive. ho collcective e¢ffect of ten flucrine

atous will be powerfully clectron-withdrewing (the C6F5~grcup

103
breuine ctow) 7, and

4]

hes cbout the same cloctroncgativity as
decafluorcazobenzenc is clecrly in the former cotegory.
The reiuction of dicofluoronzobenzene by hydriodic acid

could proceod thus: H

s T B ,
. H el f '
F_.N=N, C, B wmmenm 20 F .IQ—:-...I\L ] F - ) o 1N = To £ s
0615 N=N b6f5 ,-66 5V 06 5 > 6”5 1;1 N C6T‘5
H - 1
N I
- [ . T I
C6F5.§ ?’C6F5 %>C6F5.NI2 + C6F5.u}2
I or
T . NH F_UNE
‘ C6J5.I\ILI -+ C6f5|l\, I
C F .ﬁli\;;i ey G F_ G NI + I
6" 5" 6 55 2 N +
T @ UNE : N B
0615.BMI (or via C6F5._ILI2 gj}C6F5.NhZI)
H

w J . 7 I o LA - -
C6J.5.\’HI g C61—'551'q I I >C6]:‘501\‘}12 -+ IE
H

Reduction ¢f the hydrazo-conpcocund nrobabl rocceds via a couperable
P D JLE i

riecheaniss

H
| i{f*“\h“\

+ =
Nolmd . ¢ — NI FolNHT
H o

-

Reduction of czoxy~compounds includes two distinet types of

reaction, The first, deoxygenetion, occurs with strong Lewis
bases, c.iz5. P(OEL) _:
A EY 3

Lr N2 O~ + tBase ¥ Ar N + 0O&-—~Basc
272" 22
The cbeve reaction will not be discusscd. Sccondly, ilore

conventiocnel reducing cgents coan give the azo- or the hydrazo-

compound, or cleavage to emines can cccur, It is to be notca
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that the initial stage is not neccessarily reduction to the azo-

]
coupound, for 4 ,h-dicthoxyoazoxybenzone is reduced to the hydrazo-
compound twice as fast as is the azo-compound under ideantical

104
conditions (Zn/KCH/Et0H) .,

Very few reports of the use of hydriodic acid as a reducing

agent for coupounds cent.ining N~N bonds have cppeorcd,

Presutichbly this is becousc both azoxy- and hydrozo-compounds usually

rearrange undoer strongly acidic conditions. There is, howover,
one report of the reduction of azoxybenzence with hydricdic acid;
benzidine was produccd, presuncbly by recrrangonicnt of the

105
hydrazo-conpound:

+
HI -1 H: :
Ph.N(0)=N,Ph -————-3> |Ph.NH.NH,Ph a3} HEI\TNH2
The nechanisia of this reaction can be inforred from the work of
M crralcd M o ; 106 it et : )
Shenyakin, Moimind, and Agadzhonyan,, who were interested prinarily
in the Wallach rearrangemn.nt (the acid-catalysed rearrangeient

of azoxybenzune to L-hydroxyazobenzenc). These werkers found

that azoxybenzene rceorrenzed in c¢zld chlerosulphonic acid under
o P

conuitiecns in which sulphuric acid was incffcective:

Cls0_H
/ \ "N:N;‘ / \ 2o —N=N / \ on

R .
I\
Q. - . . s
Furthermore, if the reaction wes dene in the prescnce of dcdide

X

ion, azobenzene was produced:

KT I ,
Ph(0)=NPh G/C150,1 s PhNz==1Ph  + I,

Azoxybenzcene was not reduced by potassium iodide in sulphuric acid,

These observetions were interpreted thus. In chlorosulphonic

acid a cyclic intermediate is formed; this cen react cither with




weter, or with iodide ican, end the following oochenisa for thc

Wellech rexrrongen.nt niey opoly:

+ /2R A
?ZN/‘\ N ( %N**N¢?WAeﬁﬁ%
N - H
OO 55 Oyl
— 2 =/Gly " \==/

It can be inforred frow the cbove work that the following

nechonisit for the reducticon of dicafluorvazoxybenzene would be

accepteble: //ﬁj; I Z{;;
it ' < - v
CF .N=NQC6F —> C,F N*~N C F Céf N N'CﬁF
657 5 6 5° ;? [ 5 5
on O / i
i\ & (as above) _
20gF -1, CeF N C6F + 0+ I,

Finally, it nay be ncted that o benzidine rearresngonent (p.44 )
is not possible with decaflucrohydrazobenzenc, for thore are nc
protens in any nuclear poesition in the :aolecule.

Fluorinated Dihydrophenazines.

Ry

Octafluorophenazine was iinzedictely reiuced by aqueous

hydriodic acid ot reuii temperature:
iy 1)
W ! Iy
F TNy P ~H F
R N Z ~ T E B . 7
F F I H

F F

Sinmiler dihydro-derivatives were made frow the twe hexafluoro-
phenazines,. None of the coupeunds was obtained purce, but thcir
identitics arce not in doubt (the spectroscopic charescterizations

arc given on p.lO3). On cxposure to eir, oll tho coupounds
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(nomentorily coleourless when first isol-ted) werc spontaneously
oxidized, giving a scries of grecn, blue, or viclet melecular
camaplexes (i'phenazhydrins:), The octafluoros-ccmapound wa

agrated in other for 10 min., and wes coapletcly and quantitetively

oxidized bock to the starting moterial:

7N\ ’ N p 0o/ ether iy :
~ N .
I - > ) (100%)

¥ \F NH P” ¥ 20°; 10 min. ¥ N F

Dihydrophenazince itself is clsc readily oxidizcd at roon
teimperature, and gives sindlar coloured conplexes with its

107

oxidetion product.
i .
The azine group «N=C=C=N- can be considered to be a

vinylogue of the azo-group =N=N-, cnd thc fcllowing sechanign

fer the roduction is postulotod:
F\—/F‘

If P70 \©F
r , B Il o
ﬂ‘
P I‘?\ F%ﬁ\ﬁ, N/FP
i l[@ |
NN N ZF N‘/ i) I WL
F ’ B

/‘
\\ /’F
r%x/f& E

ﬁfﬁk;ﬁt}@MP?}PmFﬂt}on of a Dbcgfluorﬁnzobunaknb - Boron

o

Triflucride Complex

-am-..m

agobenzene is o Lewls basce, and coilbines with boren trichloride
to form a complex; this reaction is uscd for the renovel of the
latter from silicon tetrachloride, for most other bascs (c.g.

108

aniline) react with the silicon compound alsc?
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-..m._,_..‘} :pl- . %&:N L P]_]
BC1
3

thN:N.Ph + BCl5

In the wresent work beron trifluoride was usced in on sttonpt

to moke a sindler complex fron decaflucroazobenzonc. No rcaction
ocecurrcde. This is probobly becouse of the same electronic

foetors wvhich nzke oxidotion to the azoxy-ccipound difficult
(p. 37)s together with steric hindrance involving the ortho

fluorine ctoms and the beron trifluoride molecula,
]
2y2=Dibrono-octafluoroazcbenzonc.

o AR S akAatd A Lats . L

Two «ttuipts to brominate 2H,Ehuoctafluoroazobonzene failced,
In the first coxporineant, broewine in olclUm was used under conditions
which have been used before in the polyfluorcercmatic ficld,
and in the sccond, bromine in refluxing acetic acid was uscd,
Starting moterial was recoverced cliot quentitatively in both

experinents, The 2-position in the octafluorcazo-coilpound is

4

ceactivated towerds clectrophilic substitution by onc crtho and

two meta fluorinc ctoms, but the ortho phenylazc-_reup skould

o some

have little net electronic offect on the cloctrephilic replaccient

of hydrcgen, The hydrogen etoeus will be very stericcolly hinderced,
anc. this nay cxplain the leck of success of the resction,

The dibrouo-azo-coupound was prepered by the oxidation of
2~bromotetrafluorcaniline (p.29 ), znd an irproved route to this

aniline was found. The first rcport of the cumpound gave the

10

follewing route:

P Br,/HOAc F 7 (8 ) T
P N S @ ydrolysig
e 7 NHAc > B
F F Br F Br

NH2
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Castellano and his co-workers "~ reported a direct synthesis of the

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

.
P 2 Br.,/HOAC f F

NH o) > Br \ NH
/72 2 hr.; 20 — 2
PR r R

An icdenticel preoccdure was applicd to 2H-tutrafluorocniline by

the prescnt cuthir, and gove the 2-bronv-compound in 653 yield

I, o
74 \NH2 + Br, . S ol g (65%)
— 20 — 2
P I Br

The reccticn of Decafluorocazobenzenc with Bthoxide I.E

Decafluorzascbenzene roencted with two noles of c¢thexide ion

in refluxing cthanol to give a quantitative yicld of crude

]
hyb-dicthoxyoctafluoroczobenzene; one reerystallizetion gesve the

purce so.ple in 596, FwCOVLrY, Decafluorocazchenzene reacted with
cne mole of ethexide ion to give recovercd starting

aoterial and

monc~ and di-substituted products:

;‘ }i l/E" F (13%) (56%) w R
P NF 08 (G P ) N, +C F_ =N
T — -+ A N OEt
<:;:> <:;:> (1 mole) 6757272 675"
FF F P

B R
r

+ EtO@TwN@OEt (22%)

The products were scporated chrouatogrephically and identificd

by their nielting points and infro-red spectra. The noncethoxy-

conpeund was characterized by its elorentol enclysis and by

i
conversion to thc 4,4hdicthoxy~conpound by reaction with a furthcr

nole of c¢thoxide ion. The recrystallized compounds were shown

to be single isoizers by thioir n.il.r. spectrz and by the gquantitative
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yield cf 4—&minotetrafluorophéﬂnl obtained on reductive cleavage

(p.50 ).

The reaction of Duccflucruhabbbn renc with Methoxide ITon.

LV e T N v R e A e Ve e s ym s

An early reoction of ¢ne third the durcticn of the cbove
recctions with cthoxide ion gove only o low cenversion of the
decafluoroczrbenzonc, The reccticon was thercefore repeated over

an extendoed period of reflux, ond gove the noethoxy-onalegues of

F W

F
(G6F5)2N2-§@E§ PEeO \BT < > M0
F

he activatizn pattern of the polyfluoruvphenylazo-groun 5
The activatizn pattern of the p lyfl cruphenyl sroup is

the two ethoxy-compounds: (”” 155) (67%) \\\
N“u

discussed lator (.60 ).

The reection of Decafluorcazobenzure with Thisphenoxids lono

Decafluorcazabenzene reccted gquiclkly with two moles cof
sodiua thiophencxide in ncthencl, cnd - qU“ﬁblT tive yicld of
alnost pure &, h—dltnloahuﬂ sxyoctafluoroazobenzene wos obtrined.
Unc¢ recrystellization gove the purce coupound (815 recovery),
which wos cherccterized by reductive cleavage (p.gy ).

Less thiopheuncoxide (0.7 iole) roncted with decaflusrconc-
benzenoe to give o cdxturce consisting

largely of unreacted

”
C.J

starting woteriel cnd disuvbstituted product, but the soncsubsioluien

product could alsc be isolcted dn 6% yield,

The success of the first exporinent con boe ascribed te the
high nucleophilicity of the thiophenoxide ion, and to the
relatively high ecicity of thiephencl, which would ensurce that

the fellowing cquilibriun weuld lie far to the right:

-
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McONa  + PhSH  ~-eeemm» MeOH 4+ PhSNa

<«
The high iscncric purity of the crude disubstituted product
cen be ascribed to steric hindraonce to substiteben in the 2-~positicn,
and the low yicld of nonesubstitutod product in the second reascticn
is duc to the cctiviting influcnce of the first thiophenoxy-
substitucnt,. This influcnce will be transiitted throuvgh the
azo~linkage te the second ring, since ultra-viclet spectroscopy
showed that decafluorcazobenzene is (like azobenzene) planar,
Lccordingly, stebilizaticn of the intermedicte should occur as
follows: i F R PR

N N = SPh
PhS

L) R R
The neon.rs spectrun of the wmonothiophenoxy-conpound was
exceptionally well resclved, :nd confirmcd the orientation and
iscucric purity of the compuund. Lh-Thiophenexynonaflucroazo-

N
benzene clso gove the 4, 4-disubstituted compound on rcacticn with

a Turther mole of tlhiophenoxide ion.

Ry

The Reductive Clezvage bf the Dialkexy—and Dithiophenoxy-

i Lo - paras miEate v

~doeriva \tives of chnfluoroa chenzenc,

AT A R Mt 1o ke Mns e

. ! » ~ -
The reaction of L,4zdicthexyoctafluorcazcbenzene with
hydrlodlc acid gove good yiclds of cleovols products:

& F

AL v o BeT(959%) + 210 NH, (98%)
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\
The 4, 4edivcthoxy-coipound reectod sinil-rly to give the arnino-
3 i o

phonol in 1005 yicld, but no attcupt wos oede to isolote iodomethenc.

The cnminophenol wos charactorized by cxideotion to fluoranil:

FT . r_r
t0Y/A N, 3 s o:<_ \,—:o (87%)
P TR

The 4,4%-dithiophenoxy-c. pound reacted diffcrently with hydvriodic

acid:

W

L
) 4
Phs<_"\ I\T:N\:m\ seh LS b gpn(ogs) + o HE \1\THZ (584)
TP F T =

These dogrnaldrticns invelve tws contributory recctions which
b

are orobably quite dindewncndent: (4) the reductive cleevasgse at

the azo-group, ond (ii) the Zeiscl cleavage of the ether group.
The order in which these reactions occur - or mere accurately,

the proportion of cach occurring first -~ cennot be determined in

the abscnce of any definitive nechanisu for thoe roducticon of the

3}

OZC=ETOUD o The czo=-compound, in s2lution, will exlst larjgel
& 2 H O

as the conjugate acid, which will be a mdxturc cf twoe tauteoncric

formsst

(a) 2_T ff T
g— 0~ Sewv=w— N _o_ 54 —3
BOF ST

ning reaction with hydriodic -~cid,

PRSI




since decafluoroazobenzenc, which hes only the azo site of
protonaticn, can be reduccd (unless, of coursce, the reduction
proce@ds only via the ncutral molecule in both coses), and by =n
analggous arpguacnt, foruw (b) nust be capable of Zeiscl cleavage.
Eowever, both forms can prcobably undergo both rcoctions, thus

with forr (a)°

F_¥ P_F F_F
SEST 4|0 ‘“1\f‘-m{</ Vot [~>Ho¢ Nw=w’  Noss
N P T F F F F
Repetition of the clervese cnd reducticn reccticns would

give the products observed, and cleavage of the dinethoxy-compound
uadoubtedly takes o sindilar course. An ctteipted de-ethylotion
of the diethoxy-cuipound with hydrobroaic acid was unsuccessful,
perhaps because the acid wos not sufficiently streag.
t . »
The path token during the rucction of. 4,4-dithiophenoxyocta-
. . . . . . 109 .

fluorcazobenzene requires further discussiin. Thiocanisocole is
steble to cuncitions (HI; 2 hr.; 230°) under whick anisole is
clezved quantitatively; the thio-couwpound is, however, cleaved

by other stendard recgents (s1Cl,; Na/pyridine; Na/liquid NHB),

33

but much more slowly thean is anis~le. The fedilure of thiocanisole
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to react with hydricdic ocid can be ascribed in port to the low
bagicity of the thiocether, and clecvage of the 2zo-cullpound
discussed here is probobly duc to activation by formstion of the
K-conjugete acid. & roecction =nalegous to the clecvage of the
alkeoxy-czo-coip  unds would give icdebenzene and the fluorinated

auidno-thiol:

PR q - BR_R
PhS / \ N=N SPh  e————> 2PhI + 2HS f/ > NHZ
4 ¥ » R

Hewever, fron the products observed it is seen that in the Zeisel
cleavage it is the C-8 bend to the fluoroarcunnatic ring which is
cccurs before the rcecducticn stage, but this order is not essenticl

to the srgument:

- g N B or i
¥ B ¥\ E_F
L | Ph_.§) s |
Ph —§ \A WY oyl — /\/*" AR S—
.fj F T o =
I
Np
S

dhz

. i by
< \> o é{/’”fgzgilar cleavage of
I/m“ TNTER L other end &f melecale)

TR B R




The following reaction is well known, and accounts for the
diphenyl disulvphide obtained:

FPhSH + HSPh + I2 s> PhS.8Ph + 2HI

To account for the different positions of cleavage found
in the ethers and the thio-ethers is not as difficult as might
be expected. 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 aiisole:

<€: \DOMe mmﬁzmﬁa </ \)OH + MeT
=/ =

The dithiophenoxy-compound is a diaryl ether, and the relative
susceptibilities of the two aryl groups to nucleophilic attack
have to be considered. Bach 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-8 bonds of the terminal phenyl groups are unactivated,
and the production of thiophenol in the cleavage reaction is
thus rationalized; the probable mechanism is given above,

The production of 4H- (rather than 4-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:
HNO3

PhH + I, ~-—> Phl + HI ( I,)

2 s &

There is some evidence that =2lectron-withdrawing substituents

7

favour the reduction of aryl iodides, thus Newboldqqo reduced
1
the 2- and 4-iodonitrobenzenes and also 2,2-~di-iodoazoxybenzene

to azobengzene:

/_m_\ 1o, 70/ NaOH 0

\\ﬁhﬂh‘ﬁk Zn/NaOH q

T e e by
h“} I

I </ >N02 /ﬁ(ﬂ

But:

P matrar

Q/ \9 NO,, Zn/WaOH N <§::j§>N:N<<::::>
T — T

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
4,ﬁudithiophenoxyoctafluoroazobenzene with hydriodic acid, the
thiophenoxy-~groups are rcplaced by iodinc. The removal of
these iodine atoms could occur in either the azmo~compound, or

in the hydrazo-compound, or in the aniline, for each of those




56

specics will be activated in the strongly acidic medium used,
owing tc formation of their conjugate acids. The nmechanism
(given only for the azo-compound) reguires either protonation

at carbon or the climination of a carbanion:

H

r_T | TNy EF
I‘</~\ N ' Ar & > O = Ny
— - H —
F F F F

W

F T
He/ N\ y=p — s
\_:....,

r F

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

atom (p.43 ),103

and in the present case the polarity of the
C-I bond will be further enhanced by the protonation of the

azo-group.
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Incidentally, both the above mechanisms appcar 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 takc place:

e 7 IO /= "
12%2[1"'1; " . <_:>—§' H> \,>+ — ¢ \

———

w—

The Recaction of Decafluoroagobenzenc with Ammonina

The reaction of decafluoroagobenzene with ammonin in

refluxing aqueous cthanol gave the following products:

PR r F NH F P P F
F @:N / A\ __3_§ F</ \/z\\Tzl\I @NHE + Starting material (24%
= \o——
PP F F ror PP

(68%)

R r F

+ 9 F</ \>N=N @F

?oOP HN F

2
(o~ 550)

The UY-amino-compound was shown tc be isomerically pure
by n.m.r. spectroscopy, and was cleaved by hydriodic acid to

tetrafluoro-p-pheaylenediamine and pentafluorocaniline:
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(71%) (63%)
PR F F FF FF
Er“% P OB équ FF

The diamine was, like the aminophenol (p.51 ), oxidized
to fluoranil by nitric acid:
F T PR
H2N<z:::>NH2(50m§LE?EE“%§ 0= ah-_~—*0 (29,5 mg.; 5%5)
rF F_jé
The suspccted 2-amino-~compound could not be isolated, owing
to the smell yield and the similarity of its chromatographic
characteristics to those of decafluoroazcbenzene. Its low
polarity suggests thet the compound is a monosubstituted
derivative, and the 2-isomcer can be inferred from its colour,
and from the nosition of the N-H absorptions in the infra-red
spectrum - indentical with those of 2-amino~4H,iHéheptafluoroazobenzene.
The absence of a disubstituted product is presumably due
to the decactivating influence of the first amino-group.

4-Hydroxynonafluoroazobenzenac.

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

(509) :




PP P ¥
F</ \>N=N @ + KOH s, T
FOE Fo

~58
. o . <0 .
The proccdurc was adapted from Birchall's preparation

of pentalluorophenocl, =and the work-up was by chrom=tography.
The najor product was recrystallized with very littlce 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:

FF F_F P OF FOR
"I
Ol = Ol
FoF FoF FoT F
(L79) (80%)

A small quantity of a more polar product,m.p. 208—2100, was
obtained, but could not be purified. It was presumably a

disubstituted compound, (a) or (b)

a HO @:’N ®OH HO@ Nl @ P b
F T F P P

¥ OH
- depending on whether the O group partially or coumpletely
destroys the activating influence of the ArN2 group. The

fact that further reaction occurred ot all suggests that

compound (a) is the more likely product.
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H
2-Amino-4H,4H-heptafluoroazobenzene,

LH,4B-Cctafluoroazobengene, treated with refluxing agueous

cthanolic ammonia as for the reaction with decafluorocazobenzene,

i
gave, after an extended rcaction time, 2-amino-4H,4H-hepta-

fluorcagobenzene in 78% yield:

£> HQ AN M @

¥ NF

The crude product (isolated by chromatography) was of high

vuritys; recrystallization raised the m.p. slightly, and the

resulting product was shown to be pure by its n.m.r. spectrum

and by celemental analysis.

Reductive cleavage gave the expected mixture of amines:

(48%)
PR P 7o PR
"y : HI ( £
N=W// \ m_m> : :; no
F o, F F F M, ¥

The diamine wrs charccterized as its benzil derivati

The initial nucleophilic substitution reactiocn was carried

out to obtain some indication of the activating paettern of the

fluorinated phenylazo-group. In the octafluoro-azo-compound,

the 2« and 3-positions arc activated thus:
PR
N=Nir cme for both positions

5]
F T« activated by o-ArN,, 2-F, m-F, p-F

1 |

H i Q—ArNa, o-F, n-¥F, p-F




]
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The experiment shows that the Aerngroup is much more
activating in the ortho than 15 the meta position and this
implies thet the polyfluorophenylazo-group is (as expected)
activating in nuclceophilic substitution, since deactivating
groups arce generally meta-dirccting.

The Reactions of Decafluoroazobcenzene with Other Nucleophiles.

The reaction of decafluorcazobenzene with sodiuwm hydrosulphide
in refluxing methanol yiclded an intractable gummy solid showing

N-H but no S-H in the infra-red spectrum. The following
N ¥ F

sequence appcears likoely: <::::>
F T=lV </ \> S
w ™ o h—
p— — — I B Fr
FQN=N©F — \/\ ¥=N/  N\gu
PO F F FF

T
EA

\ FrRF
Ft ~JF
polymer; thenreduction TP F_F '
of N=i' bonds to NH-NH X FO < DV_N
by H28° F P I

Methyl-lithium in other rcacted with decafluorcazobenzene
o . . . . .
at 0-5" to give o tar. Pelysubstitution is likcly to heave
occurrcd, nnd rcaction at the azo-group is also possiblce, since

LT
. 111
Grignard reagents ere known to add to azo-conpounds:

O £y B

MeLl

Pz

(polymeric?)tar
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A similar experiment with phenyl-lithium gave an equally
intractable product.

Several experirments were carried out on the reaction of
decafluoronzobenzence 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 colcurless or pale browng

suggesting that reduction of the ago~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 obscervation of the basc-catalysed defluorinaticn
of the polyfluorophenylhydrazinces; onc example is illustrated
on p,26 o The defluorinetion reguires the abstraction of a
proton from the hydrazine group z2s the initial step in the
reaction, and this normally requires hydroxide cr cthoxide ion.
The hydrogen atoms in decaflucrchydrazobenzene r~re likely to
be more acidic than those in the phenylhydrazine, owing to the
inductive c¢ifect of the additional ventafluoropicnyl group.

It is therefore pessible that comparable defluorinations could
occur also in decafluocrohydrazobenzene, instigated by the
weaker base, hydrezine, This would add to the multiplicity of
products cbserved.

Recent Work of Other Authcrs on Decafluoroazobenzene.

The paper by Burdon, Mcrton, and Thomas,gg which has already

been mentioned in connection with the ezzoxy-compounds (».35 ),




also describes the preporation of decaflucroazmocbenzenc and two
other highly fluorinated azo-compounds by the oxidation of the
anilines with aqueocus sodium hypochlorite at room temyeraturc.

The yield of decafluoroazobenzene was only 25%, but the yields

of the QH,QH— and MMe,dﬁem octafluoroazobenzencs were slightly
over 50, Burden and his co-workers repcrt that decaflucro-
azobenzene reacts with methoxide ion din cthoer at room tenpersture
to give mono- and di-substitutcd products identical with those
obtained by the present author, and that further reaction gives

also the following conpounds:

F_F F_F
Me()@ H__N__< \> Obe Meo</ >~N:N,© OMe
MeO r P OMe MeO ®

The reaction of decafluoroczobenzene with lithiunm aluminium
hydride gave tnc octafluorohydrazo-compound in very low yield,
and it wes shown that in this reection, the substitution

preceded the reductions

¥ F roR ' F F R
LiAl®
F@ N:N<~ / \> R B 1< H ’
o ¥R ~ i

Tars were obtained from decafluorcazobengene and wmoethyl-lithiun
or hydrazine in cther, and also from the reactions with
hydroxide ion and ammonia (both in ether), from which the present

author obtained tractablc products by using different solvents.
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If tar-formation is taken to imply a high rate of rcaction, then

a comparison of Burdon's work with that of the author demonstrates
a well known phenonenon: that resctions in which a dispersel

of elcctric charge in the transition state occurs are inmpeded

or slowed by an increase in the dielectric constant (or polarity)

of the medium,112

5- .

- : : : TN\~
Nuc + ﬁi“;\-——NE::N -<fi—§ —_ ﬂUpmwig;;:>ﬁ N-wdﬂ_\£::>

&

,\--

Furthermore, Burdon'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 anmonia with
decafluoroazobenzene: here one would prediczst that the rate
will be faster in ethanol then in ether, for the transition
state will involve chargo-separation, which is favoured by a

polar medium:

. .
.0 §
PR 1; iy HBN W ~ F T
7N - 0
H N: + i ¢/ N ’ —_— -
5 P NN(_%\F - \j Moo I — rd
F T F ¥ L “7é T

& $
The probable explanation is that if the ether were quite

dry, and gaseous ammonia werc dissolved in it (Burdon usecd these

conditions for the rcactions of C6F5°N02 with NHB),the apmonia
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would be a much stronger nucleophile in the absence of any
hydrogen bonding (to water or ethenol), which would if present
decrease the availability of the lone pair electrons on the
nitrogen. Another nmatter which requires comnent is the slowness
of the reaction of decafluoroazobenzene with methoxide ion
conpared with that with cthoxide iong the latter is a stronger
nucleophile than methoxide, but the diffcrence in recction rates
is actually fully cxzplicable by solvent and temperabturc cffects.
The reactions were carried out under reflux, and methanol boils
14° lower than does ethancl, ond is also the more polar of the
two solvents. Thesc solvent effects are of a sinilar nagnitude
to those observed on transferring from methonol to dioxan/methanol
(a comparable system to ether/methanol) as the following table

(calculated fronm data of Ho and Miller13) shows:

Table 4

A T et A VAL

Temperature and Solvent effects on the Rate of the

QGF:Br/NaOMe Reaction.
s 2ac]

PRI . e L nrima + it e e cme]

Temperatggﬁ‘(oC) Roon tenp. b,p.McOH b.p.EtOH
. O
(20%) (64.7°) (78.3")
Rate constant (107k) 0.008 6.6 20.5

in nmethanol

1925 5 pts. dioxan/ 3.6 220 650
1 pt. MeOH.
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It is seen that - disccocunting effects due to polarity differences -
reactions in refluxing methanol will cccur at less than one third
the rate observed in refluxing ethanol, and that on transferring
to an cthereal solvent (dioxan or ether) the same reactions will
occur at o comparable rate at room tenperature. Tar formation
from the rcacticns of decafluorcazobenzene with hydroxide ion
and with arnmonia is preobably duce to an additional factor - the
increased nucleophilicity of the unsolvated reagents.

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

¢
The Attenpted Cyclizaticn of 2-Amino-4H,4H-heptafluoroazo-

benzene.
Two exploratory experimnents were carried out in an attempt

to achieve the following cyclization:

. N-.-....—-—...N\ 7 /N___:N .
-HR P
v/ \\F
Oy
H I R o H —
H F F H

Firstly, the aminoago~compound in the vapour state was

passed over anhydrous potassiwa fluoride ot 2‘70D ~ tho reagent
has becen used before to abstract hydrogen fluoride from partially
fluorinated aliphatic compounds (with the formation of a

C=C doublc bond). The reaction gave the starting nmaterial

guantitatively, and was not investigated furthcr.
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In the second experiment, the aminocazo~ccnpound was heated
in an atmospherc of nitrcgen under reflux with sodiunm hydride

in toluenc, in the expectation that the anion

PP
/ ___\ NN T H
FooNH Na’

would eliminate flucrine intramolecularly (polymerizaticn
would be expected not to occur, for this anion will be highly
deactivated to nucleosphilic attack). No reaction occurred.

¥
Attempted Formation of Metal Complexcs from 2-Amino-4H,4H-

Attempted Formation of Metal Conplexcs from 2-Amino-4H,L4H-
~heptalTUCroaZODEIZENC,

The formation of ccmplexes from ortho amino- and ortho

hydroxy-azo-conpounds is well known, and attenpts were made to
nmake mercury, copper, and nickel cemplexes of the 2-amino-
heptafluocrc-compound, The agzo-compound was heated with mercuric
oxide in refluxing ethanosl for 30 min., but no reaction occurred,
With cupric or nickel salts in methanol soluticn containing a

13

little agqucous ammonie, darkening occurred as the azo-conpound
dissolved, but the presumed complex broke up on renoval of the
golvent. The instability of the complexes was probably due to
inductive withdrawal of the amino-group electrons by the
fluorinated arcnatic ring. In addition, it is known that

conplexcs derived from benzenoid azo-compounds arc less stable

than thosc obtained frem polynuclear nrcnes.
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oxploretory Reactions of Variocus Fluoroaromatic Compounds

with Nucleophiles.

Pentafluoronitrosobengene with Hydrazine Hydrate. The

0 .
; was treated with

nit*oso—oompound§6stirred in cthanol at -15
1.5 mole of hydragine in order to determine whether the reactiun
would aid the investigation of the rceactions of the fluorinnted
az0- and nitro-compounds with the same nucleophile; an

intractable tar was obtained.

Decafluorohydrazobenzene and Hydrazminc Hydratc. Decafluoro-

hydrazobenzene (91%) was recoverecd 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 azc-~group, and
secondly, that the hydrazo-compound is greatly decactivated
towards nucleophilic attack; in this it rescmbles both
pentafluorcaniline and pentafluorophenylhydrazine (p. 6 ).

¥or this laotter reason, together with the ready
autoxidation and thermel instability of the hydrazo-compounds,
the reactions of decafluorohydrazobenzene with nuclcophiles
were not investigated (they could provide a route to neta-
- substituted azo-conpcunds, but these would be wmere conveniently
obtained by oxidation of the anilines).

Pentafluoronitrobenzene with Toluene-p-sulphonylhydrazide.

0

Bguinolar guantities of the nitro-compound (p. 21) and the

hydragzide were heated for 1 hr. in refluxing cthanol;
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precipitation of the product with weter gave unchanged
rentafluoronitrcbeonzene. The reaction at room temperature
(the hydrazide is somowhat unstrnble to heating) clso gave
starting naterial., The dintention had been to achieve the

following serics of rcactions (the recsons for requiring the

aninotriazole are given on ».75 ): NO
F NH.S0,_.C
N02 2 7H7
F ‘ 7H7 802 NQHB .
}_T\ -
(i) reduce NO2
(i1) HNO,,
F F
F N —N
7 \§N S ' Q%
N~ P N’/
F !
NH,S30,_ .01

The failure cof the first stage of this series is alnost
certainly due to the poor nucleophilicity of the acid hydraszide
compared with that of hydrazine.

Th

)]

Reaction of Pentaflucronitrobenzenc with Hydragzine

The reaction of decafluoroazoxybenzene with hydrazinc gave
a T1-{(phenylaminc)benzotriazole, the identification of which
presented certain difficulties (».107). It wes thercfore
decided to investigate the reaction of pentafluoronitrobenzene
with hydrazine with the intention of obtaining a 'model™

comnpound for =a proof of structure involving u.v. and n.zi.r.

| BANCHESTER |
BRIVERgry |
LIBRARY f
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spectroscopy. The fellowing is the anticipated reaction:
NO F z ;
F~EF NG o HuxN
+NH, N [ ot I
P 274 I [ S Bl A
RN " ¥
¥ { We.C ¥
o 65

from the azoxy compound

Prelinminary experimcents with hydrazine and pentafluorc-
nitrobenzence are tobulrted in the experinental scction (p.d79).
Reactions were carried osut using 1.5-2.5 nole of hydrazine/ncle
of nitro-comnpound, at roon temnperaturc or reflux in the
following solvents: c¢thansl, e¢ther, dioxan, propan-2-o0l,
ag. 907 methanol, and benzenc. Failurecs and difficulties were
due to two phenomena: (i) in the less polar suwlvents
(E;E' ether), the product was intractable, probably duc to
polysubstitutions (ii) in solvents of high polarity,

(e.g. ethancl) the reactions wore (at first) irreproducible.

A sriall yield cof on oxplosive substance was sconctines obtained,
and later work showed that this was, in fact, the desired
triazolol.

It was ceventually obscrved that the required product was
generally isolated when the crude product was heated after
remnoval of the solvent was cbmplete. After this observation,
a proccdurce was developed whereby the replacemoent of the
extraction solvent by the recrystallization solvent was
combincd with this heating stage, cnabling highly reproducible

results to be obtained. An cxtensive purific~tion led to
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isolation of the product in 14% yield.

The reaction of pentafluoronitrobenzene with hydrazine to
give tetrafluworobenzotriazol-1-o0l can be represcnted thus, aad
is rother siniler to the roaction of 2-chloronitrobenzene with

10

hydrazine:q

F F
P AANE
, F NN
N I .
S o * Wy — J\\\v (1k5)
S 2 N~
B
OH
N N
- 2
N o, oy —> Xy (88%)
N/’

da

Similar reactions occur with dihalogonated nitre-~coupcunds

N . . - ‘]
(with lower yiclds), and Muller and hoffnann1 2 have repcrted
the preparaticn cof a triazcle frow o nitro-compound containing

O=-, =, and p-chlcrine atons; the yiceld was not stated:

¢l cl €L~ N
+ o, — |
Al N02 N &
I
OH

This last reaction is nn examnle of the (ore or less)

specific activaticen in the orthe pesition that hns been observed

. . . . 116
before in the recactions of nitro-conpounds. Two cxarnples

involving wnentaflucronitrobenzene have already becn

h2, 43, 16

reported, and the sccond ¢f these at leecst is

solvent-—depondonta1




TP

NO NO NO . .
2 + di~ and tri-
FEF Ny B8 w, ¥ po ¢
7 — He 7 I -substituted
Et,0 ™
¥ b ]Hz products)
Ratio 7 : 3
NO

2

&% B@% 3% NallMe o p 4o
0 R R
¢ P_.N0 NaOlie ﬂ ¥ . D

gF5+H0, — ¥ F t oy MeCH/B%,,0
927% F

The reaction of pentaflucronitrobenzene with armonia was

originally explained in terns of hydrogen bonding betweon 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 cffcet provides a clue to the probable
explanation, and this is discussed later (p.87 ) in connection

with the pentafluorophenylazoxy-group.
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Tetrafluorobenzotriazole

Tetrafluorobenzotriazol-1-0l was reduced quantitatively to
tetrafluorobenzotrinzole by refluxing aqueous hydriodic acid;

the similar reduction of the unfluorinested compound has been

known since 1900:117
P T
F(/ | i\!\\N ag. 55¢ HI ¥ N\\ ”
PR 5w~ reflux 50 min, K N,AT (1005)
’ éﬂ R

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

benzotriazole from 3—pheny1enediamine:118

P NaN0, P i
¥ ?\imz aq. 7% 1,80, | TN _>F/ ] Ny
PR A, 1 RS INH2 Py /
F N 7 4 0 F H
o (84%)
The sczle of this experimeﬁf was small and the product was
identified by infra-red spectroscopy. The rzaction 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
pentafluoronitrobenzenc and the triazolol, ~nd the overall

yield from pentafluoroaniline mesy be higher,




Tetrafluorobenzotriazole wos chrracterized (p. 105 ) by
elemental analysis, uv.v., 2nd n.m.r. SpPectroscopy.
An attempt wns rinde to fluorinnte tetrnchlorobenzotriazole

by o proccdure =2nalogous to that used for the fluorination of

octachloronaphthalonc:119
cl1  ¢1 A
Cl= cL P
| K¥/tetramethylenc
cala L >
N sulphone ~ F

. 120 . .
Tetroachlorobenzotriazole wos prepared by the chlorination of

benzotria2016118 with refluxing ~qun regin, and two attempts

to fluworinantc the chloro-compound were mode; the reaction with
anhydrous potassium fluoride in tetramecthylene sulphone at 2700
for 20 hr. gave a tar, and the same reagents, heated at 200°
for 18 hr., gave starting meterial (14)) together with tor.

d-Acetyltetrafluorobenzotriazole.

e b ——

Tetrafluorobenzotriazole was azcetylnted in the 1-position

by refluxing acetic anhydride:

r r
F N :
\ (C Ly N
N i, CC ) 20 Z N ,
\N/ reflux: 10 i > Pl ‘ /N (5%) + sterting
r H eliuxy min. . N naterisl
CO.CH,

2
The product was rather difficult to isolnte, sincc it was

very rendily hydrolyscd; both in the position of acylation and

in the rendy hydrolysis of the product tetrafluorobenzotriazole

s
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. . 121
resembles its unfluorinnted analogue. The compound was

characterized by clementol annlysis, i.r. spectroscopy, ond n.m.r,.
spectroscopy - this last estoblished the position of the acetyl

group (p.114 ).

The Attempted Synthesis of 1-Aminotetrafluorobenzotriazole.

Shortly after tetrafluorobenzotriazole hnd been preparcd, the

following synthesis of biphcenylene was reported by Campbell and
122

Rees.

. N
H,N.0.505H . f/ | I\\N PR(08D. I 1I\N
cq. KOH < N N >~ N

| |
NH M
2 .o
b
= -

(8335) |

N
A}

Several unsuccessful attempts to preparce 1-aminotetrafluoro-~
benzotriazole were made, with the intention of preparing
octafluorobiphenylene by a comparable synthesis. Aminection of
tetrafluorobenzotrinzole with hydroxylamine~O-~sulphonic acid
could not be achievaed, so ~mination of the silver salt
recipitated by the addition of silver nitrate to an agueous

solution of the sodium salt) wns attempted, but wns unsuccessful.
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¥ F
F N p
// £t .0 F N
Ny 4+ NECL 2y - Yo+ s
A I\ . N £i U'Cl
F[;;iIE:N/' e & A N/}I o
roo] oo
Ag NHp
cf. the preparation of 1umuthylbeﬁ%atriazole:123
N
Ny ' N\\
, . + M '\.:

Threc attempts to nitrate* tetrafluorobonzotriazole, with
the intention of reducing the nitro~trinzole to the amino-
~triczole, gave only starting material, The lack of success
of these elcecctrophilic reactions is in eccord with the
difficulty of preparation of the 1-acetyl-trinzolc,

Attention was now turned to the prepnration of compounds

which could undergo nucleophilic amin-~tion:

/ F_/£1 N A r
! \\\I F T /N\ NHB . r N
! > I \N ‘"“%5 \N =
| Fﬁ\} T/ E N N/ F E . + Nuc
| - -4 '
H Nuc HHE

Chlorinnation of the trismsols and bromin~tion of the

trinzole were each unsuccessful:

-

* Reagents nnd conditions: (i) HNOB/HPSOA;OO; (ii) HNOB/

(CF.CO).0; 20%; (44i) HNO_/Ac.0Oj; reflux.
2 3 ¥ 3 2

3
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N ,/ tolu
F N

@
wf \

F F
Fos— N Na0B F A~ N\
X~ | >\\I —% F(IN/\N
¥ Foo iy

Tosylation ond benzoyletion of tetrafluorobenzotriazol-1-ol
were achicved by SHchotten-Bnumnnn procedures with aqueous sodiun
bicarbonate and the acid chlorides, e.g:

F . O 7

¥ e : . :
§N . Cl % / oy aquaﬂCOBF‘J/ _,rN\\
F W N\ — >0 Y
0 =™

F | - '
OH 7 Nyt

ﬁ

The products were choaracterized by the ammonclysis renctlons

(422%)

described bolow. The tosyloxy-triczele wos 2lso acnnlysed, but
the benzoyloxy-triazole (prepared similarly in 80Y yield) wes
not purified.

The following sequence might be expected to occur, in
view of the probnble incronsc in susceptibility of the triazole
ring to nucleophilic attack owing to the presence c¢f the

fluorince atoms:
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F
™ P
et ‘ NQ\ n N<> )
¥ - ~,)N 3* N + Acyl-0
rad N F ~ V4
F 77 ¥
2 l
0 — scyl N 5
N:
B

In fact, the rerctions of the acyloxy-triczoles with
refluxing aqueous ethrnolic rmmonia took the more usual coursec,
viz,

r o 0

LY — LDy =D
F !) s B ' 0
b M/ \\ e |

(] OH
- N,Jﬁ y (100¢%) (1005%)
SN

The benzoyloxy-compound reacted similorlys; ~ll the amnonolysis
products were identified by i.r. spectroscopy.

The prepar~tion of MT-ominotetrafluorobenzotriazolce wos
attempted by one morc route, A large cxcess of boron
trifluoride wns added to the tricmolol in dichloromethane, and
the mixture wos thon saturated with onhydrous ~mmonico, Once

more, the reaction took the usunl coursc, i.o:

iy F F
Fz ' 1 Nyt B> . \}r \N — ~ | \\I\l (845)
NG X il P A~y /
: L o P
H iy V35 OH

H M~ —~ 7 S
2 (presumed)  + BE;-ﬁH3

resuned
- roather than -—me—> C6F4N3.NH + BF5 + H.GC (p ed)

2 2
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Decafluoroczoxybenzene and hydrazine hydrate (1.5 mole)
werc hented under reflux for 30 min., in ethanols it was
anticipated that either rcduction or substitution (possibly both)
would occur. fowever, & simple work-up gnve 1-(pentafluocro-

phenylamino)tetrafluorobengotrinzole in 28¢% yield:

- — —
| o p 0
F I’\ TN, - /Ny
7/ \ 5| F 7 \\yeg o |->T ...N{-_“&H.CGFS
_— —/ & 165
F T F r O FI

The identificntion of this compound prosented some difficuliy,
and is discusscd on p. 107 .

The reaction is close¢ly nnanlogous to those of 2-chloro-
nitrobenzene and pentafluoronitrobenzene with hydrazine, but,
ns 1t hoopens, the prepoarnticn of 1n(pha@lamino)benzotrinzoles
from hrlogenated azoxy-compounds appecrs never to have been

ed before - it is probably guite general, nnd

purk
[

reported or attem;

i

four more examples nre rcevported in this thesis. Thesce are
included in the teble below. S~tisfactory analyses were

obtained on -~11 except the lest compound (for which insufficient

sample was ~vailable), and the spcctroscopic charncterizations

of all five compounds arc gilven on ».107 ff,

£
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The experimentsl procedures for these reactions were !
comparable (the major variation was in the duration of reflux -
15 or 30U min,., but since the reaction awvpeared to be fast, this
factor mey not be significsnt) and it is therefore possible to
comment on the relative yields of the products. The highest
| yield was obtained from AH,4haoctnfluoroazoxybonzene, in which
the only positions nctivoted to nucleophilic attack ~re those
ortho to the azoxy-grovp, and the lewest yield wos obtained
from 2-{(pentafluorophenylezoxy)tetrafluoroaniline, which is
deactivnted to nucleophilic attack by the amino-group, and which
has only one ortho-~position avallable in the ring next to the
N~ bond. The high yicld of trinzole from the EH,éH—octa-
fluoroazoxy-compound may be due to the plenarity of this

compound (p. 121 ), which shovld incrense the difference in

activation between the two rings, and favour substitution in

the ring adjacent to the N——3» 0 groups:

77
F P J‘O“/\"h F O.._
2N v AN 7 /\‘ ——
/ F‘/éjf\h__N Ti:{i;F 51/5#\‘~—-ﬁ{f F
FF Bl \\N 7¢-~\r
"

decafluorcazoxybenzene:

non-plaonarity limits

deactivation of ring

further from Ne-—-3»0 group.

i
2H,2H~octafluorcazoxybenzene:
ring further from N—-=-30 group

deanctivated by resonance.
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The mother liquors from the crystalligcotions of each of the
triazoles yiclded tors, which werce not further investigated;
products due to polysubstitution, substitution in the 4-position,
reduction, or defluorination (p.26 ) could hnve been present.

Since 2~aminom4H,Hhmheptafluoroazobenzene was available, it
was decided to attempt an independent synthesis of one of the

triazoles:

}1"‘*1{15 7\ 7n/NH,C1 Ir_F
< I \ 4

o -/ m

PR F ¥ 4

2 I/N\}
F \P Ej/ P F n_ -E P
. . ;
i < —NH —TH < __\
F P FOR ¥

Thy hydrazo-compound was prepercd similarly to decafluoro-
hydrazobenzene, but it was found to be difficult to handle,
since it is very readily asutoxidized; accordingly, it was
diagotized in situ. Sufficient sodium nitrite was used to
destroy the ammonium ion present. The resulting product was
intractable, but showed absorption at Q.ZM_ in the infra-red

spectrumn. This band was probebly duce to a dinzonium cation,

possibly either
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The Oxidation of 1~(Pentafluorophenyl&mino)tetrafluoro—

bengotriazole with Lead Tetra-acetote.,

This reaction was carried out before the nature or identity
of the triazole was known., Since the compound had been
prepared from an azoxy-compound cnd a reducing ~rent (hydrazine)
it scemed possible that to treat the (then unknown) product with
an oxidant might aid its charocterization.

Oxidation of the tringzole with lead tetra-~accetate in benszene,
both at room tempcreoture and under reflux, gave foir yields of o
orange product melting over a wide range, and shown by n.m.r.
spectroscopy to be a mixture of several compounds; its u.v.
spectrunm (A 305-7 my, & = 15800 and>\_ h59..9 mu,Eﬁ: 708 in

nex } max ,
BtOH, cf. decafluoroczobenzene, p.l30 ) suggested that the
constituents were nzo-compounds. This would dinvolve the
destruction of the triaszole ring - this has been recently
observed also in the oxidation of 1-nminobenzotriazole by the
same oxidant (p.75 ).

Reductive Cleavage of 1-(Pentafluorophenylamino)tetra-

FTluorobenzotriazole,

This rcaction was corricd out in order to provide a chemical

proof of the structure of the triazole,
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The triazole in an inert solvent (p-xylene) was heated
under reflux for 3 days with aqueous hydriodic acid, =nd gavc

the following products:

(3%)
/F ' (%2%%i //E!
r N\ starting W
P [ Ny :‘"%ma‘terial*‘ r J\L \1\? (54%)
2 T AN L
ra{_Dr B _
P I F T

It is conceivable that the low-yield of tetrafluorobengotriaczole
was due to further reduction to tetrafluoro-o-phenylencdiesmine
during the prolonged reaction time nccessary to cleave the
phenylaminotyriazclec. If s0o, the diamine could heve becn
distributed through the various aqueous phases during the work-up,
~nd consequently escaped detection,

The cleavage has similaritics to both the reduction of the
trinzol-1-0l (p.73 ) cnd the reduction of decafluorohydrazo-
benzene (p. 43 ), and the mechanism will not be discussed
further.

The Reaction of Decafluorocazoxybenzene with Ammonia.

The reaction of decafluoroazoxybenzene with nqueous
ethanolic ammonia at reflux tempernture gave the following

products, wiich were isolated by chromatogrophy:

PE P E
NH ;

F
i \\p 3 starting (57%) + TN\
F<i:j>% <:;;>E‘ > material + EL}EQ _FEbN .~j\§_N \
F F F T (11%) F</ \N=J$F ¥ g g
F‘fF B F

+ mixture of unidentified products (25
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The products were characterized by clemental analysis, reductive
cleavage, and by conversion into triazoles; thesc reactions,
together with spectral data, are discussed on p. 116 .

The paper of Burdon, Morton, and Thomas,98 which appeared
before the above reaction was carried out, described the reaction
of decafluoroazoxybenzene with methoxide; the authors avoided
the problem of isomerism (which would have been difficult to
investigate in ignorance of the recctions with hydrazine) by

using two egquivalents of the nucleophile:

7R B P
7 / \\N=N // \ p 2NallMe

F§ Oy MeOH/Et,8;200

-

Vo=

F_
N o/ \1\' /' No %
e )O0Me (75%)
FRPO pp

The above reaction with ammonis was intended to complement
Burdon's work, since by use of a deactivating nucleophile, the
relative reactivities of the two rings [which will, of coursec,
be diffuerent, for they have different substitucnts: :ArN=N(0)-
~nd ArN(0)=N-] cculd be investigated. The ortho/para ratio
of 2 in the reaction with ammonia (¢f. the inferred ratio of
£0.25 in the reaction with methoxide) once again cmphosizes
the similarity of the arylazoxy-group to the nitro-group,

and supports the early su.'gestion (p.72 ) that hydrogen bonding

is in part responsible for the high ortho/ypara ratio in the

reaction of pentafluoronitrobenzene with ammonia.
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Burdon's reaction presumebly took the following course:

7 T PP /E---
I \N:N(/ N wend” N—w / \ lv‘TeO =1’ e
—— '&( [ __,% \'/
F FO @p .

! rr

Since the methoxy-~group is a woeakly deactivating g;roupl3
one would deduce that the CSFgNsN(O)u group is only slightly
nore activating than the CGFEN(O)an group, in view of the
fact that the second: substituent goes into this other ring.
It is thereforc somewhat surprising that in the azoxy-compounds
containing the strongly deactivating amino-group, a considerable
proportion, at lcast, 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 thesc reactions,
and this substentiates their use to prove the structure of the
amino~compounds (p.116). For example, if the azoxy-compounds
could equilibrate:
(2) B N.CoF) N(0)=N.CoFy 2(b) H,N.CLF, .N=N(0).CcFy,y 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 ncext to the N——>0 group is
precisely what one would expect in visw of the similarity eof

this end of the molecule to the highly activating nitro-group,
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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:
p~]

E~_F g F F_ 3 R B
/N /N 4 -
E‘/;~ = __)F > 7 _;\%%*_"ﬂ-/;_\ 0
PR l PP ™R l B R
g 0

'Thus, either the methoxide reaction can be considered as
the typical one, and the course of the reactions with ammonia
and hydrazince ascribed to hydrogen bonding, or the rcactions
with the amines can be considered as normal, in which case the
cour;e of the reaction with mcthoxide must be assumcd to be due
to the larger size of the solvated methoxide ion(meahopyﬂél

The Reductive Cleavage of the Amino-azoxy~Compounds.

These reactions were carricd out to assist in the

characterization of the azoxy-compounds:

r P g‘z .E:“___F E‘**'F |
FC >N=N<___>F Bl 1«< e, « mn( _&F
FOWH, ¥OF F"':imz F R

NH g

(55%) (80%)
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The prthoudiamine was converted into the benzil derivative

(2 new compound), which gave the correct analysis:

E_ xr '
Ff/ ' ﬂ'/ e O‘jl:'h e /\/[ ]
! N, 0P orive N
Further proof of the structure of this diomine was provided by
its diazotization, which gave tetrafluorobenzotriazole (p.73 ).
The other three products of these cloavage rcactions were
identified by infra-red spectroscopy.

Attenmpted Preparations of Octafluorobenzocinnoline.

A number of attempts were made to prepare octafluorobenzo-

s st

=N
7 - N B octafluoro-
=+ S
— —_— benzocinnoline
»r R P

These cxpceriments were bascd on five reactions known in the

hydrocarbon serics:

124

(a) The vhotolytic cyclization of azobengzene:

=N

_ sunlight;H 804/FtOH 7z j 7\
N O
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(b) The cyclization of azobenzene with aluminium chloride: =7
=N
Al1C CH,C I
—— -
or /eutectic melt
(¢) The Wallach rearrangement, followed by dehydration:126 This

usually tekes the following course (p.44 ):

< \gw<w> 1,80, or </ \>N=}_</ \>OH

GlSO3H

¥
But 4,4~disubstituted azoxy-compounds give the ortho-hydroxy-zzo-

~compounds, and it was intendcd to dghiydrate  +the . ~ rearrangement product

of the octafluoro-compounds -

i o
7 (=H,0)
¥ <_m\>N=1\T ’ N :

127

(d) The photolytic rearrangenent of azoxybenzene:

4 //I\ Q—*@ /I / )
-85 \@«q < > Ol

(e) The Ullmann reaction: The abstraction of bromine from

1
2,2=-dibromo~octafluoroazobenzene was atbempted:
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None of thesc experiments (tabulated below) was successful.
Table 6
Attempted Preparations of Octafluorobenmocinnoline
Reaction Reagent Solvent Temp. Time Product
(a) U.V. + aq.BEtOH 20° 24 hr. Starting meterial
¢/
H,80,, (82%)
1 ] ] H2SOLI- 11 2% hr, i it (80¢5
(b) AlCl3 CH,Cl, reflux 3 days t t (969%)
u A1C1,/NaCl/Na¥ 90° 90 min., M no(725)
eutectic
(c) Cls0o.u Cqu reflux 15 min. intract. oil with
- band in I.R. at
L"o 6,72/\1 .
(a) U.V. EtOH 20° 18 hr., starting material
(¢) with (QU.V. + aq.mtOH o 19 hr. " "
HZSO4
(e) Cu-bronze HCO.NMe, reflux 1 hr. reduction
to E_F F_F
F<::2FN=N§::>F
" i none 200° 24 hr., tar F ¥

M H

The failure of the cyclization reactions can be attributed

to steric hindreance in the required product.

work was completed, octafluorobiphenylene was reported;

Soon after this

it

|
was preparcd by an Ullmann reaction on 2,2-di-iodoc--octafluoro-

biphenyl, 20

hindrance is non-existant:

but it can be seen that in this case, steric
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octafluorobenzocinnoline octafluorobiphenylene
This suggestion is supported by the reported difficulty129 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 hindrence to biaryl formation, as there

is in this case: 20~

T - ﬁUVfIQF /4 _ <ij~§> .
(OO r{ pa e o

F Br

H F

(identified by m.p. & i.r. spectrum)
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op. 131
WO
Cu/DME /) \ 2
150° @ (617)
No,

The reduction may also be assisted by electronic factors

The Wallgeh rearrangement is known to be impedced by
substituents crtho to the point of entry of the hydroxyl group,132
and in the octafluoro-azoxy~compound, these are in c¢f”ect two

such substituents, F and Ar(NEO)-

B ¥r_P
w/ m\//‘*“ \1!\;’::1\7 @ 1
presumed point of entry of hyd;;;;;#;;;;;>
Its non-occumrence is therefore not surprising.
The photolytic rearrangement of azoxy-compounds is
believed to be dntramolecular, and should be impeded less, but
it is in any cese slow and the above experiments were not

exhaustive.

The Diazotization of Tetrafluorcanthranilic Acid.

This reaction was carried out in an attempt to prepare

octafluorobiphenylene by a sequence similar to a recently

reported synthesis of the unfluorinated analogue:137
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I\H |
T G SR ’/l
K CO,H Ly o0, \

Tetrafluorocenthranilic acid was prepared by the following

3, b
previously reported sequenoe:)' 7

CLr? NW
1@ W“ g u it
(/ Aoy 7N I"\\ ‘\Gd A 2 00,1
il 120° 7 7

Tetrafluoroanthranilic scid was diagctized in agueous

: . o} . . .
sulphuric acid at O, and gave trifluorobenzenediazonium-2-
~oxide~b-carboxylic acid, nucleophilic replacement of the ortho

fluorine atomu. having occurred (the charscterization of this

product is given on p.123 ):

r

g @ NH, HNO, F/;O 1\15

T > y kﬁ 2936’

PO IOOQH aq. H,S0, LN (23%)
) ™ 2

The relatively low yieléd wos duc to a low rccovery on
recrystallization; the i.r. spectrun of the crude »nroduct was
very similer to thot of the recrystallized sample, showing that
the amount of substitution para to the dizczonium group must

have been small,




A simple but tentative explanation for the position of
substitution can be given. In the peoentafluorobenzenediczgonium
ion, substitution by water occurs in the para positian:q’ 134

wt *
i 8 o N2
- W H,0 P | ﬁ P
N — Fis, | F
Ak

It can bc seen that in both the diazonium salt and in the
diazonium-carboxylic acid (or the zwitterion) there are two

possible positions of attack:

T\T“é‘
. TN
e l‘,F
.

1%
3 //ﬁ CO,H
F g-/ ’F

¥ w
di T )

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

In chenging from the pentafluoro-compound to the carboxylic
acid or the zwitterion, the activation of cach of the potentially
labile fluorine ntoms has been changed, in each casc by the
replacemcnt of a meta fluorine atom by a less activating meta
COEH or COE group; the relative activation of the two sites is
unchanged, but the absolute activation is lower. It is

therefore quitz: possible that the diazonium-carboxylate is

stable in aqueous solution, and reacts with water only in ether
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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-

~carboxylic Acid.

This reaction woas carricd out before.it wns discovered that

the diazonium compound was not the tetrafluoro-carboxylate:

" ~ \T+

1] ‘ 12

1IN 0.7
Z

P

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

one week.

2,3 H=Trifluoro-5-hydroxybenzoic Acid.

The sequence described below was carried out inan attempt to

synthesize an indazole derivate (cf. the synthesis of

indazolonquB):
R ;
ﬁﬁ’ l vy [@7 {S\N
¥ |
OH

Trifluorobenzenediazonium-2-oxide~b~carboxylic acid was
reduced with zinc and anmonium chloride in agueous methanol;
some efiervescencewas observed. The liquid phase was heated
with ailute hydrochloric acid® and gave 2,3,4-trifluoro-5-

~hydroxybenzoic acid in 60% yield:
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e ;
~2 Zn/NH, C1
1{020[/ 0 s Ho0 (7 joH
PN T 7 \\/E
i F

It wes clecar from the cevolution of gas #n the addition of
ammonium chloride that the product was formed before the refluxing
with hydrochloric acid wes 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 appcars 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

136

developed a general procedure for the process:

(1) HNO2

> ArNY | ¢, H S O-I"
2 {(ii) naphthalene-1,5- 2 L_1O 77276
disulphonic acid

ArNH

Zn/TEOH
20°

[ -
ArNg L§10H73206 ArH (5900%) + N,

Hodgson and Marsden stated that the ethenol wes 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 mechenism -

the acid being the ammonium ion; the overall reaction would

be:
ArN) 4 NH; + Zn ———> [ArN=NH] + NE o+ g’
= ArH + W,

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
. C o .. 137 .
tetrachloroanthranilic ecid. The chlorine atoms were not
displaced on diazotization of the acid in concentrated sulphuric
acid, nor by the subsequent dilution and steam distilliation of

the product, which gave a tetrachlorophenol:

T -t

Cl
o 77 el
1™y - N
N Ci | o1

A comparison of the above work137 with that of the author
illustrates the susceptibility of fluorine to nucleophilic

replacement in fluoroaromatic systcns.
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SECTION 2

THE_CHARACTERIZATION OF NEW COMPOUNDS

Introduction: The Interpretation of Spectra.

Infra~red, ultra-violet and nuclear magnetic resonance svectra
were each recorded for nearly all of the new compounds. These
spe ctraare 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~§“ , since no useful correl-
ations (e.g. C-F stretching bands) could be made in the "finger-
print® region (6"15ﬁb)-

(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
sinilarity, and a few interesting exceptions, are presented in this

section.

19
(¢) Nuclear magnetic resonance 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; p-FF: 7-15;

p-HF: 2-3 c./sec.
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 trifluorocacetic acid). After a few
preliminary assignments had been made, the reliability of this
procedure was increased by using as reference compounds decafluoro-
azobenzene (I), the triazole (II), and the guinoxaline (III) (for
comparison with the phenazines). the spectrum of each of these

compounds was unambiguously analysed.
F

F_TF F_F T\
v/ \>N=N</ \>E\ F[l\ f\ v "Iqijph

— — J \N/ Ph
*F PP }H“m< )
I III

The following table, provided by howthorpe, 138 was used as a source

of substituent conlributions to chemical shifts:

Table 7

Fluorine Chemical Shifts relative to Hexafluorobenzene.

Compound Substituent ortho-F  meta-F para-F
C6F5H H ~23%.55ppm ~0,55ppm  ~9.05ppm
CgF-Br Br ~21.05 ~1.45 ~6.55
CgFi-COLH COH -25 ~1 -15
CglgaN=N.C/Ty N=N.CF -13.75 -0,55 ~13.75
C6P5 NO2 =15.55 ~-2.95 «13.95
CoFyeNH, NH,, ~3,05 +0,425 +5.15
C6F5.0Me OMe -4,25 +1.75 +1.75
CgFygeOH OH +1.15 +2.65 +7+95
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The use of table 7 is best explained by reference to particular
examples, and the reader is referred to p.ll4, where the spectra of
the benzotriazoles are discussed in detail.

Azo-compounds.

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

7
which resembled that of azobenzenéksg very closely (p.100a). The

nuclear magnetic resonance spectrum of decafluorocazobenzene shewed
fluorine atoms in three environments, and was a typical ANPXX!
system (p.1l39). 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 decafluorocazobenzene,
Substituted azo-compounds prepared by nucleophilic reactions on
other azo-compounds were characterized chemically by reductive
¢cleavage to amines, and decafluorocazobenzene was also cleaved
(to pentafluoroaniline). These reactions have been discussed
earlier and are summarized in Table 8 (p. 100bh).

Satisfactory nuclear magnetic resonance spectra (p.l3%9 ) were
obtained for all but one of the azo-compounds (the dithiophenoxy-

~compound was insufficiently soluble); no anomalies were observed
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Ultra-violet Spectra

Azo- Hydrazo- and Uiazo- Compounds

M -A
MsW

On

. IN W/* »
(maxima: X J

II

St~Unle”s otherwise indicated, air“soeotra”are in”“ethanolD%



-100b-
Table 8

The Characterization of Azo- end Azoxy-compounds,

Reference

Compound Compound

Cleavage Product(s)

pl» ft H P P

'"'"The azoxy- eand the
F?/~X=N<~~\)F F</ known) hydrazo-compounds are
Vliso cleaved to CgF~FHg,

? P FF P
L? F F
EtO ~) ~A=N~)0£t- Etl(known) + HO /r*H, (new) O o
p“P P P FA P PP

3imethoxy-azo-compound: characterized similar;y

PV £y P p P
HO
<0>KH2
P P P F Z 8 PE
P P P P
Pv /A + H2N NH2 =0
PP FF F~J'P Pp ? P
PP PP PP
?h3 v 3 N=1® >SPh PhS *SPh ¢ H< £ W (known)
PF PP f P P
P F P PF
* AfATT uPh
¢ >m2 € (known) 1~iivNtJph
F P 7 r F NH2 P
F FO P P fF c T oW N
P [V, Pkj~12
PFH FF p (new)
P
FA-y'N
?J?0 P P Y
A f W + h 21 IT
H Nq'3 NQ }I P r P H

2 2?'p BB PF * s



-101-
in either chemical shifts or coupling constants, and these spectra
are not discussed,

Decafluorohydrazobenzenc.

It was this compound which Wall and his co-workers (p.33 )
identified incorrectly as decafluoroazobenzenc. The hydrazo-
compound was colourless when pure, and its ultra-violet spectrum
(shown on p. 1008 was similar to that of hydrazobenzene5139
The infra-red spectrum of decafluorohydrazobenzene (p.125) shewed
a strong sharp singlet at 2-9§}A (N-I) which was absent (as
expected) from the spectrum of the azo-compound. The erronecous
characterization of this compound as decafluoroazobenzene was based
entirely on its mass spectrum, which shewed a parent ion at m/c =

362(012F10N;)= The mass spectrum of authentic decafluorohydrazo-

benzene (measured at 1600) gave the same parent ion, but also a

140

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:

. &
NH., N N N=F
206F5..&.RH°C6F5 > 206F .IH2 + C6F .LEN.C6F

5

5 5

98

Burdon and his co-workers reported independently the dis~
proportionation of decafluorohydrazobenzene at l}Oo,but did not
comment on the mass spectrum of the compound. ' J

L-Awminotetrafluorophenol.

This compound was characterized as a tetrafluoroaminophenol by
its elemental analysis and its infra-red spectrum (p.126), which

shewed several absorptions in the O~H and N-H stretching region
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(2=5—4ﬁi)° The para relationship of the substituents was
established by the nuclear magnetic resonance spectrum (p.138),
an ABBE 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:

PR

nof N\p M5y =\
off S, o =0

hepminotetrafluorophenol was reported independently by
Brooke, Forbes, Richardson and Tatlow;l34 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 (IV)

and benzocinnoline (V) structures:

N =N
A S Y
| 7N __ 7\
N NN N2 . L
Iv v
The phenazine structures were indicated for all the compounds by
their ultra-violet spectra (p.131), and the spectra of octafluoro-
. L )
vhenazine and phenazine are compared graphically on p.l02a .
Further evidence (not in itself absolutely conclusive) was given

by the nuclear magnetic resonance spectrum (p.141) of octafluoro-

phaenazine, waich shewed only two regions of egbsorption, of equal

intensity, suggesting an AZXZ system (probably with no inter-ring
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Ultra-violet Spectra - II

Asoxy-compounds and Phenazines

~Jooooc
/T
izooo
O r ~ 1
P (0] F
F PO F P
\4
*000
cig-azox.v-
benzene
(max,only)
goccc
60000 21
JQ

<+0o
2.000c

M theor.
IT predicted wval/
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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.l141),
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-Diphenyltetrafluoroquinoxaline.

This compound was characterized by elemental analysis, its
ultra-violet spectrum (very similar to that of the trifluoro-
~compound) (p.l135), and its nuclear magnetic resonance spectrum,
whose chemical shifts were close to those predicted from the
spectra of related compounds (p.141).

Dihydrophenazines.

None of the three dihydrophenazines was completely character~
ized. Getafluoro~5,10-dihydrophenazine was prepared in

hexane solution, and ar 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.l(P2), 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
(ps 46) of the presumed dihydrophenazine back to the starting
compound.,

No spectrum of a simple dihydrophenazine has been published,
but there has been one theoretical predictionl42 of the position
of the longest wavelength absorption maximum; this predicted
value is included on the graph on p. 1022,

The nuclear magnetic resonance spectrum of 2H,7H~hexafluoro-

-5,10-dihydrophenazine (VI) was obtained and analysed completely

r H B
. \\T N //f§§}F
FK/[N ! =
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

B -
er\F
R ~ N \\\r’
i H 7

VIT
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

welghted 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 2.8%M
1H,6H~hexafluoro~5,10~dihydrophenazine: i€ " 2.82u
2H, 7H-hexafluoro-5,10-dihydrophenazine: ™ it i 2.8%@

Tetrafluorobenzotriazol~l-o0l.

Bearing in mind its mode of preparation, no structure can be
assigned to the formula C6HF4N30 except the triazole structure (VIII).
Further evidence is provided by its ultra-violet spectrum, which was

143
compared with the spectra of some related compounds (pJOSal

F
F T§%
F \ﬂﬂ/
Foo
VIITI - OH

The nuclear magnetic resonance spectrum consisted of an AGPX
system (p.142) which shows also an acidic proton at é;:-12.62.
This proton gives a strong very broad peak at %}L 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-1-0l each gave the triazolol an ammonolysis (p.78 ), and
gave satisfactory infra-red spectra.

Tetrafluorobengotriazole.

This compound was prepared by the reduction of tetrafluoro-




-105a-

Ultra-violet Spectra - III
Benzotriazoles
OH
Me
30co
m
nr
T \
loooc If.occ
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P HN- \ J
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.80
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benzotriazol-l-0l, and charascteriged conclusively by its alternative

preparation by the diazotization of tetrafluoro»gmphenyiﬂénediamine

(».73 ).
F F
F AN NE HNO, ¥ Ny
T Ty
F F H

The nuclear magnetic resonance spectrum of this triazole shows
a (poorly resolved) A2X? system, indicating that the hydrogen atom
is labile:

F F i
/
® ,/N\ ;“ F, ,/N\\f
F ¥

The low g 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 wmuch better resolved, and

shews the following coupling constants (c./sec.):

)
e
EFﬂ/,ﬂ \/_.:-N
T efoon
lJ!:i., ( 0,4 =|lg] -JN
{2 ~ ///
5 ;E\\ ET/,///L\\\\N///
15,0~

3

2l

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

[
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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 (1l4.4 c¢./sec. in tetrafluoro-

benzene~l,4—diazo—oxide4 ). Secondly, J), and J are of the
L, L5

ortho _
FF -

-22.0 c./sec. in hexafluorobenzene:LBI) this means a change of

same sign.,  Assuming that J45 is still negative (cf.J

para
rE

constants are sufficiently unusual as to raise doubts about the

about 20 c¢./sec. from the usuval value for J These coupling

ortho., gpara Jmeta)

validity of assigning them in the usual way (JFF T 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 oy 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.105a, together with the spectrum
of benzotriazolé&44

The silver salt (p.75) and the l-acetyl-derivative (p.75)
of tetrafluorcbenzotriazole have been discussed briefly already,

and the n.m.r. spectrum of the latter is described on p.7190.

(Phenylamino)benzotriazoles.,

1-(Pentafluorophenylamino)tetrafluorobenzotriazole (IX) was

obtained from the reaction of decafluoroazoxybenzene with hydrazine:
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F
F 7 O F F AN )
0 Il
7\
F N =N F o4+ N.H —_— N
27k N n %
— e ’
FOF FF
NH— F
F T

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.1421) 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.7136) 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-0l was synthesized (p. 69 ), and its ultra-violet spectrum
(p.105%0) was added arithmetically to half the spectrum of deca~
fluorohydrazobenzene (p.100a), to give a predicted spectrum of the

(phenylamino)benzotriazole:

i r
I N ) F
188 ,

NN
; Uy 44
FAy AN F T FA AN Z F F

R * N/@
L \=/

H F T H p r

AmimmraT—
. ta
B itianed
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The result was eminently satisfactory, and is illustrated on p.105a.
The success of the procedure can be ascribed to the fact that in
both decafluorohydrazobenzene, and in the triazole, the ring systems
are sceparated by at least two single bonds ( :>N—NH~C<% ); the
chromophores are not in conjugotion and therefore act separately.
This spectroscopic work incidentally eliminates the alternative
dihydrotetrazine structure (I¥a), which contains different
chromophores; this structurc is also rendered highly improbable by

the reductive cleavage of compound (IX) to tetrafluorcbenzotriazole

and pentafluorocaniline (p.83):

F
F 2N Ny
. ﬂ rF TXa
X N <~/ \ T
F H

e

rF

Similar preparations of triazoles (X) and (II) from the two octa-

fluorocazoxybenzenes were achieved.

F F
N F 2 NN
§\' r NNy
I N S ~ v TF F
Foo | )
F P 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
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the constancy of the secondary‘NnH vibrations in the di.r,
spectra - in every case a singlet close to B.l}L . The amino-
-compounds, of course, shewed extra N-H absorption in the infra-
»red;‘ they also shewed an extra absorption at ca. BEOnui y, of
relatively low intensity, in the ultra-violet. This latter can
be ascribed to the extension of the conjugated benzotriazole
chromophore to include the f-electrons of the amino group.
Decafluorocazoxybenzene reacted with ammonia to give two
isomeric monosubstituted products, which were partially charact-

erized (as ortho and para isomers) by reductive cleavage (p.100b):

NH /'
1 J -
061‘5(1\20)06}?5 3 S C6F5(N20)06F4.NH24 X1
EtOH
C6F5(N20)06F4.NH2~2 XIT
Bach of these amino-azoxy compounds reacted with hydrazine to

give a benzotriazole, and there are two possible structures in

T
cach case:
1) FOR F F HEN %&
7 N\ B N/ F_F
— NE — FOXIII (i)
F T F T F
F F F F ¥ N FoF
NH h
N\ 7\ 2 4 ¥ r r
P (v 0) NI > | XIITa (ii)
= — : " —~ N
P OF F F F — 2
F Ny ¥OF
F T F F |
B — NHE, | :
F (,0) 2 NH - F o OXIV (L)
F
F NHE F F F ~N F F
—\ - F N,N FF
L s
F</ >(N20)©F = ¥ 1{IH-~/ 3 FoAVa (1)
FF HN F N

2 2
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The amino-{(phenylamino)benzotriazoles were characterized by
their n.m.r. spectra. The first spectrum on p.llla is that of the
product from reaction (1l). Four bands are shewn, corresponding
to one, one, two, and four fluorinec atoms, respectively.

Whichever structure (XIII or XIIIa) were correct, at lcast one

of the bands due to only one fluorine astom must be duc to one of
the atoms on the benzotriazole ring. Both bands were doublets of
doublets, suggesting that structure (XIII) wss correct, and the
rest of the spectrum was fully compatible with this structure.
There is a possibility - admittedly rem&te -~ that the compound
(XIITa) could give rise to a similar spectrum; this would occur
if the fluorine atoms producing bands I and IT 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 consztant 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 (XIIIa);
tais cannot be so, for the phenyl group must give an A2X2 or AaB2
system, and this is ruled ocut by the lack of symmetry in the band
envelepe IV, Thus, if the n.m.r. spectrus were due to compound
(XITIa), these absorptions due to the benzo-ring would have to be

assigned as follows:

(*o p-112)
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Compound 19F absorption due to benzotriazole ring (increasing p.p.m.)

(XIIT) analysed as if it were (XIIIa)

v r T
N - B NH 75.1 76.6 88 88
FLQL/1“~N5’/#/ \\~"* :
TP
P F
Q \\N N{ \>F (IX) 75.7 78.0 84,0 85.3
,f —
F T
=N OH
k (VITI) 76,9 80.1 84,0 85,6

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

The rest of the argument will be given in less detail. It is
seen from the spectra on pp-l1lla,l1h, thet 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 triaszole
(XIII), and this also is a powerful argument against the assumptions

necessary (e.gt coupling constants of zero) in order to analyse the

spectrum of (XIII) as if it were that of (XIIIa). TFinally, 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 {ts nem.r. spectrum, The spectrum (p.111a) was poorly
resolved, and though there can be no reasonable doubt zbout thne
assignments, an additional proof of the structure was available.
This is convenicntly considered later (p.19).

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

and (X) prepared from the two octafluoroazoxybenzenes.

=
I1 l N X ( Eﬁ
Fla Iy’ B Pl N FE

The triazole (II) was prepared specifically to aid the assignments
in the nem.r. spectra of the other triazoles, since, owing toc the
asymmnetry of both ring systems, and the relative constancy of H-F
coupling constants (gioF—F), the spectrum could be completely
assigned with high certainty. The rest of the spectra were
assigned by the use of Mowthorpe's 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 Q@ ; coupling constents
are also tabulated, on p.l41) increases the reliability of the
individual analysces of these spectra. Table 9 serves also as an
illustration of the procedure used in analysing many of the other

n.m.r. spgectra reported in this thesis,
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Table 9

Predicted and Observed Chemical Shifts in Benzotriazoles.

Standard notation (p. 142 ) S; 85 5% 8% gé 8% 84 gs 5%
Notation used on pp. 111a,11b 4 b c d e £ g
Substituents Predicted BENZOTRIAZOLE~RING FHENY LAMINO~-RING
or
Bengo PhiVH Obgerved
TH oH Observed 69.6 87.5 51.5 (#H) (#E) 62.2 90.2 79.8 81.9
Perfluoro-comp.; (Predicted: 78.65 88.05 975.05 - - 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) =25,55 -0.55 -0.55-23.55 (H) -23.55 ~0.55
" 50 4K (Predicted: 54,45 (H)  51.15 83.45 79.35 63.65 (H) 63.65 79.35
" " (Observed: 58.2 (H)  49.0 87.6 71.1 63.1 (H) 63.1 71.1
Perfluoro-comp. 78.0 8.3 75.7 84.0 79.9 87.2 87.2 87.2 79.9
5NH2 to replace F: ~-3%.05 (NHZ) -3,05 40,25
SNH, - (Predicted:  74.95 (NH2) 72.65 84,25 " n " n "

o - (Observed: 75.1 (NH2) 76.6 87.8 80.1 87.8 88 87.8 80.1

Perfluoro~§omp. 78.0 85.3 75.7 84.0 79.9 87.2 87.2 87.2 79.9
THH,bo replace F: +5.15 40,25 -3.05 (NH,)
TNH, - (Predicted: 83.15 85.55 78.75 (WH,) n L u n

" - (Observed: 90.2 87.7 82.1 (NHZ) 78.6 86.6 86.6 86.6 T8.6
Perfluoro-comp. 8.0 85.7 T5.7 84.0 —NHC6F5
Tetrafluorobenzotriazol-i-ol 80.1 85.6 T7.9 84.0 =~0H replacing above
1-Acetyl~ 75.1 83.0 T4.5 62.1 -COMe " " wpredictions

tetrafluorobenzotriazole orf4d.5 or T5.1 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:

. 7 B »
A N . ) r T
H2N<7‘i Ny HI Heriﬁ\TéN\ Z j%
P N = pil SN 4+ HWN P
\// T/ FK% ”L\'N/ 2 ___mj/
1R
o
FF
F . T
N BB
R = H B NN A\
i N "“Ié-' L NN 4 H2N</ VE
N B N
. I\l[H( A\
F P

These reactions may occur more readily than the cleavage of the
per fluoro-compound (gﬁ. 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 tetrafluorcanilines:

NS T /N
j N SEN : N TGN

F \%1 T/\’\N F”QQ/lL\N;>N v T2 \\§£>2\\
]%H<f%;1§ o L NH
T:—xlm

2

2
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Agzoxy - compounds.

The previously reported decafluorocazoxybenzene, and the
symnetrically-substituted azoxy-compounds prepared by the oxidation
of azo-~compounds, presented no problem of constitution; they were
characterized by elemental analyses and by their n.m.r. spectra
(p.139). The n.m.r. 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(O)- groups, for the votentially useful compounds for
comparison, C6F5.N(O):O and C6F5,N:N.C6F5, respectively, shew
similar chemical shifts (p.99). Definite assignment became possible
only when the structures of the amino-compounds (XI) and (XII) were

fully elucidated.

roF 13

0 F F F O F F
[ 7 N\ D
XTI H N == ¥ ¥ M= N F XIT
: T T
FNH,
F 0 F T
F@N-_N(/ \>F XITa
F W, i3

| =

/\
@Q

XIa

The orientation ri.e. ortho, meta or para relationship

between the amino~- and (NZO)-groupél of these aminoazoxy~compounds
was established by reductive cleavage; these experiments are
tabulated on p.100h. The position of the amino-group relative to

the N-2>0 bond in these compounds is of intercst and importance,
Both aminocazoxy-compounds reacted with hydrazine to give triazoles

of known structure, but this reaction, which completes their
3 1 P
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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 rmust thercfore be

F F
i N~
/ \ \ P/\N
H.N N . +NH—7Z—5 A\ /
5 Q-H f: A\ AT N F F
/N“"<“___> T

r r

assumed to take a path comparable to the reaction of pentafluoro-
nitrobenzene with hydrazine, and to involve compound (XI) rather than

(XIa): -
il

H
F ‘/N‘“wsNH

F F 0~ N
/ NoHy o~
HEN/ \MT F F —> HaN@—\ﬁj/ F F —
oo FOF F F
3 N"“/N _ AR
0 —
"'.'}HZN A{ \ N’_}_/ FOTR ("H_a_q_)_} HQN <_—§-—N r T
— l .
L0 LR,
rF i
cfs~
§—in
F F Ov- ¥ M;.l i N\\I
7\ / \FJ/O (~H50) /
F N ﬁ*ﬁfﬁ} F N T N
=/ || T I |
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The most surprising observation to be made on the above reaction

is that the hydrazine molecule - or species derived therefrom -
rcacts wath the ring already bearing the strongly deactivating
amino-group, whereas in the reaction of decafluorocazoxybenzenc

with methoxide, the 4,42ndisubstituted compound is formed,

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

Vi¢ / v N= /
Clg(N,0)CpF g —> CpFo(N,0)CcF), . OMe-b —>1ic0 /B N=N (7 ) Ole

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 N—>0 group. The resulting amino~substituent
is not sufficiently deactivating to overcome the powerful activating
effect of the N—0O group, and the second nucleophile (hydrazine)
therefore reacts at the same ring. The 4,i—-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 don 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
h-methoxy-group, for the same reason.

Alternatively, it is possible that ortho substitution with

ammonia and with hydrazine are due to hydrogen bonding between the
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incoming nucleophile and the N-30 bond. It must be assumed also
that in the reaction of the aminoazoxy~compounds with hydrazine,
this hydrogen bonding is sufficiently powerful as to cause the
nucleophile to enter the ring already deactivated by the amino-
~group. The different course of the reaction with methoxide don
(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 sawmple size) of the spectrun. However, the pentafluoro-
phenyl groups in the two awminoazoxy-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-30 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:

F T 0 r N
A AN
7N\ / — NoHy, i
XIT F ﬁ\f —> 7 —N F T XTIV

FFE FOF
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The n.m.r. spectrum of decafluorocazoxybenzene was

assigned by conparison with the spectra of the two aminoazoxy-

~compounds:
0
T PR
& }N“"N@ H,3N</ >Nr1< \>F F©w-w<>
For F F N,

T T ’i\

rings in comparable chemical environments and™
shewing similar n.m.r, characteristics.
N ¥
The spectrum of L4H,4H-octafluorcazoxybenzene (XV) was assigned

rro

R0 G

by the use of Mowthorpe's table (¢f. p.114), and the spectrum of
the ZH,Eh—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 c¢lear on the examination of the ultra-violet
spectra of these compounds.,

The 2H,Ehmoctafluoro»compound was the only one of the series
vhich did not (taking the spectrum of the unfluorinated ccmpound

as the norm) have an anomalous ultra-violet spectrum (p.10Ra),
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It can be seen from the diagram below that steric hindrance in

N

\

»

2H,ZH-Octafluoroazoxybenzence and Decafluoroagzoxybenzene

Continuous circles: fluorine; dotted circles: hydrogen;
dashed circle: oxygen.

the 2H,ZH~compound need be no greater than in azoxybenzene; hence
this fluorinated compound will adopt the same configuration - more

or less planar ~ as azoxybeuzene. However, in the 4H,LH-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

933145

two bulky ortho-substitueants (gégé 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(O)=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-

and skew=-Ar N=N(0)~, and would be expected to huve different

n.m.r. characteristics from the planar substituents. It is not
possible to predict the precise effect of this difference on the
n.u.r. spectra, and there must remain some uncertainty about the
assignments in the spectrum of the 2H,2H-compound. A definite
aséignment could probably be made as a result of the synthesis of,

for example, compound (XVII):

F O
£ =N T
F T F

¥
XVIT

; Anthranilic Acid Derivatives.

The diazo-oxide (XVIII) shewed -N=N at 4.5%M, in its infra-red
spectrum, and was distinguished from its isomer (XVIITIa) by
ultra-violet spectroscopy; the spectrum was compared with those
of the diazo-oxides (XIV) and XIXa)],‘46 and with that of

147

benzenediazonium-2~carboxylate. These spectra are shown on
p.1004a,
The nuclear nmagnetic resonance spectrum of compound (XVIII)

was equally conmpatible with that predicted for structure (XVIIIa)

t ...




and did not assist the characterization,

~123-

The diazo-~oxide was

reduced to the hydroxy-acid (¥X) whose n.m.r. spectrum was

compatible with the structure given, and quite incompatible with

that expected for the isomeric compound (XXa) which would have been

produced by reduction of the alternative diazo~oxide (XVIIa).

The decisive feature of the spectrum of the hydroxy-acid was the

H-F coupling of 2.3 c¢./sec., which can only reasonably be assigned

to a para H-F group, since H~F coupling constants vary much less

than do F-F couplings.

+
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INFRA-RED SPECTRA

Mulls in Nujol (paraffin) and HCB(hexachlg;obuﬁadiggg);

wavelengths are given in microns.

Decafluoroazobenzenc: 6.11s, 6,66n, 6.99w, 7.19w, 7.25s, 7.62n,

7.89w, 8.35s, 8.73s, 9.83w, 10.03s, 10.27w, 10.,%94m, 12,13w,

12.53w, 13%.86mn,

7,321, 7.84w, 8.48s, 9.67s, 10.50s, 11.6711, 11.7%m, 13.43w,
13.96s, 14,30,

2H,2H-0ctaflvoronnobenzene: 3.23n, 5.7kw, 6.13w, 6.2, 6,64,
6,701, 7.33n, 7.84:, 3.5M1, 8.911, 9.19w, 9.41s, 10.55s,
1.45s, 13.70m, 13.83n, 14.15w.

]
2,2-Dibromo-octafluoroazobenzenc: 6,16, 6.64s, 6,772, 7.33u,

=y

8.55w, &.72s, 9.33s, 10.29s, 11.24w, 11.62w, 12.03s, 12.98w,

13.37w, 18.85w.

B v

7130, 7.272, 7.52w, 7.86n, 8.50s, 8.69w, 8.84w, 9.55w,
9.941, 10.19s, 10.47m, 10.73s, 11.75-11.81s, 13.L2w, 13.92m,
14 ,00m.

Octafluorophenazine: 5.95m, 6.35n, 6.61s, 6.75s, 7.36s, 7.49w,

TS A kiite AT O 1wk

8.72s, 8.90w, 9.15w, 9.31s, 9.47s, 11.87s, 13%.90w.

2B, 7H-Hexafluorophenagine: 3.26w, 5.82w, 6.0%s, 6.62s, 7.06s,

Y-

7.35m, 7.53s, 7.97w, 8.20s, 8.57n, 8.65s, 8.74s, 8.88s, 9.92s,

11,558, 11.64s, 11.86w, 13.12w, 13.41s.
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1H,6H-Hexafluorophenagine: 3,27w, 5.72w, 5.99s, 6.02s, 6.27w,

6.41s, 6.64s, 6.69s, 6.81s, 7.25w, 7.35w, 7.60w, 8.16s,
8.24w, 8.52r, 8.71w, 8.92w, 9.17s, 9.59s, 9.811, 9.88w,
10.00s, 10.05w, 11.41s, 11.85w, 12.09w, 13%.32w, 13.80w,
15.00s.

Decafluoroazoxybenzcne: 6.06m, 6,.50w, 6,54m, 5.61n, 6.75w,

7.00m, 7.%8a, 7.56a, 7.78w, 7.87w, 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, 13,941, 14.60w.

4
Lu,4H-Octafluoroazoxybenzene: 3.24n, 6.10w, 6.4, 6.53s,

6.61s, 6.76w, 6.91w, 7.15s, 7.45s, 7.83s, 8.06w, 8.43s,
8.50s, 8.70w, 8.78w, 9.431, 9.59s, 9.99s, 10.4hs, 10.74s,
10 46m, 11.651:, 11.757, 11.90z, 13.46w, 13%3.86m, 14.10s,
14,185, 14.66w, 13.50%.

i
2H,2H-Cctafluoronzoxybenzene:  3.19w, 3.24w, 6.16s, 6.61s,

6.76s, 6.85n, 7.30s, 7.42n, 7.66w, 7.90-7.96m, 8.42n, 8.84w,
9.,56s, 9.301, 9.75s, 10.50s, 11.58s, 12.08s, 13.86s, 13.96w,
1017, 15.18w.

Decafluorohydrazobenzene: 2.93s, 6.52s, 6.60s, 6,94s, 7.38n,

?.59a, 7.760, 8.54w, 8.73w, 86.87s, 9.03s, 9.86s, 9.96s,
10.28s, 10.45s, 12.10s, 12.78s, 13.86s, 14.40s, 14.88n,

L[]
4, b-Dicthoxyoctafluoroazobengzene: 3,35w, 6.13s, 6.28w, 6.71s,

6.78s, 6.92w, 7.11w, 7.25s, 7.35s, 7.64w, 8.66s, 9.08s,

10.00-10,11s, 11.73s, 13.38w.

t




~126~

L.ithoxynoncfluoroazobengenc: 3.34w, 6.08s, 6.63s, 6,70s, &6.79w,

6.91w, 7.12s, 7.2%s, 7.31s, 7.58w, 8.55s, 8.74w, 9.02s, 9.52s,
9.97s, 10,12w, 10.41s, 11.45w, 12.33w, 12.61s, 13.48w, 14,.3Lw,

' o s
b,b-Dinmethoxyoctafluoronzobengenc: 3.41w, 6.10s, 6.30w, 6.66s,

6.951, 7.16s, 7.60z, 8.351, 8.70s, 9.84s, 10.04s, 10.95w,
12.52w, 13,.085s.,

heMcthoxynonafluoronzobenzene: 3.41w, 6.12s, 6.35w, 6.67s,

7.00m, 7.14%2, 7.25s, 7.650, 7.89w, 8.39s, 8.69s, 8.75s,

10.033’:’ 1O¢LI-’]W, 12-15W, 12.59‘”, 13!908'

t
4, h-Dithiophcnoxyoctafluoroazobenzencs 6.14m, 6.35w, 6.76s,

6.94m, 7.26s, 7.752, 8.65w, 9.78w, 10.03w, 10.16s, 11.70n,
13.38n, 13.46s, 13.85n, 14.35w, 14.56m, 15.26w.

4~Thiophenoxynonafluoroazobengenc: 6,131, 6.31w, 6.60s, 6.73s,
6.931, 7.13s, 7.251, 6.61n, 7.82w, 7.88w, 8.66w, 8.81w,
9.35w, 9.40w, 9.75w, 9.385n, 10.07s, 10.491, 11.49s, 13.40w,
13.50s, 13.82s, 14.29:, 14.57s,

b-Aminotetrafluorophenol: 2.95s, 3.04s, 3.39m, 3.69w, 3.8nm,

A

5.72w, 5,04w, 6.25s, 6.54n, 6.62s, 6.8%w, 7.26s, 7.76s,
8.32s, 8.71s, 9.09m, 9.50w, 9.79n, 9.98s, 10,48s, 11.07s,
12,201, 13.20w, 13.98s, 15.4%n.

L-pninononaflucoroagobengence: 2.03w, 2.93w, 6.03s, 6.12m, 6.25w,

65.39w, 6.62s, 6.94n, 7.13n, 7.27s, 7.532, 7.7%w, 8.57s, 9.0,
9.19m, 10.25s, 10.7811, 13.7-13.9m,

h-Hydroxynonafluorogzzobengene: 2.92m, 3.13m, 6.07m, 6.40m,

6.63s, 7.09w, 7.23w, 7.40w, 7.58w, 7.93w, 8.47w, 8.66n, 9.81w,

10.03s, 10.16s, 10.55w, 12.55w, 13.88s,
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1
2-Anino=41, bi-heptafluoroczobenzene: 2.851, 2.99w, 3.23w, 6.29w,

5.4, 6.67s, 7.10w, 7.19s8, 7.2hs, 7.77s, 7.97s, 8.51s, 8.96n,
9.03n, 9.84a, 10.68s, 11.55m, 11.73n, 13.3%8w, 13.87a, 14.0.w,
14,465,

5,6,8=Trifluoro-2,3-diphenylquinoxalinc: 3.29w, 6.172, 6.55w,

6.78m, 6.86n, 6.97n, 7.15w, 7.321, 7.50n, 7.64w, 8.26w,
8.512, 8.82w, 8.953, 9.50m, 9.80w, 9.99w, 10.75w, 10.99w,
11.85w, 11.98w, 12.20w, 12.90:, 13.39w, 13%.80s, 14.39s, 15.19w.

Tetrafluorcbenzotriazol-1-cl: 3.8-b.hs, 6.41s, 6.70s, 7.08s,

7340, 7.73s, 6.03s, 8.12n, 8.32s, 8.48n, 8.96s, 9.04n, 9.42w,
9.57s, 9.72s, 10.02s, 10.16s, 10.25s, 10.68w, 11.82n, 12.00x,
12.051, 12,67, 13.7a, 13.85n.

Tetrafluorobenzotricgole:s 3.6s, 6.39s, 6.73s, 7.26s, 7.50u,

8.15s, 8.40m, 9.12w, 9.50m, 9.73s, 10.32s, 10.41s, 12.28s,
1% . 40w.

Silver salt of tctrefluorcbenzotriazole. &.00w, 6.47a, & 70

?.2hw, 7.3, 7.39w, 7.93w, 8.54s, 8.64ks, 9.50w, 9.74s,
10.02s, 10.133, 12.20s, 13.86s,

1-Loctyltetreflusrobengotringole:  5.30w, 5.60s, 6.01w, 6.4bs,

£.71s, 6.99m, 7.24s, 7.3%w, 7.46w, 7.65w, 7.75s3, 7.86s, &.45w,
8.5211, $6.68s, 9.07s, 9.37s, 9.61s, 9.85s, 10.11w, 10.26n,
10.51, 10.65a, 12.26s, 13.36w, 1b4.16s,

1-(Pentefluorophenylonino) tetrafluorobenzotriazole: 3.11s,

3,40, 6.031, 6.1%w, 6.38s, 6.58s, 8.73s, 8.86w, 7.13m, 7.23s,

5.5713, 7.85s, 7.92w, 3.01n, 8.70s, 8.83s, 3.45w, 9.00w, 9.37w,

_—
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9,71, 9:83s, 10.13s; 10i27s; 10.9ks; 12.19s, 12:99:; 13.23x,
13.32w, 13.60s; 13.:84a, 14020, 14.54n, 1477w

1-(4H-Totrafluorophenylmiine) «5H-trifluorobenzotriszole: 3:11s;

2.23m, 3.31w, 5.9%w, 6:04s; 6;08n, 6.15w, 6.41s, 6.5%s; 6.71s,
6.80s, 7.04m, 7.15s, 7.24xu, 7.89n, 7.96n, 8.03%2, 8.26w, 8.42n,
8,512, 8.70m:, 8.61w, 9.02s, 9.38a, 9.60s, 10.33s, 11.50s,

11.86s, 11.94s, 13.1%1, 13.39s, 13.94w, 14.15s, 14.59um.

1~(EH-Tutrnfluorophcnylaﬁ%gq)—THMtrifluorobunzotriazole: 3.08s,
6.05m, 6,182, 6.47s, 6.53s5; 6i61s, 6.77s, 6.98n, 7.12w, 7.26m,
7,77, 7.83w, 7.95s, 817w, 8.33m, S.46n, 8.73s, 8.87:, 9.25s,
9.39s, 10.41s, 10.,68s, 11.40m, 11.91s, 12.0ks, 12.522, 13.74w,
134905, 14.25%, 14,55w, 14:82w; 15.27w.

ﬂ—(PontafluorOphenylﬂnino)~5maninptri£;qprobenzoiriazolg:

2.90m, 3.0Mh1, 3.13s, 5.98m; 65.11n, 6,40s, 6,598, 6,77s, 7.13s,

7370, 7.5%, 7.83s5, 7.97w, 8.06w, 8.,34k1, 8.62s, 8,712, 8.82s,
9.72s, 9.96s, 10.16s, 10.42s, 10.89s, 12.58s, 12.972; 13,58s,
14,650,

1=(Pentafluorophunylonine)~7~aninotrifluorcbenzotriazole:

2.95m, 3,17m, 6.10a, S5.k4b4s, €.55, 6.80w, 7.06w, 7.60w, 7.75w,
7.90m, 7.97w, 9.29w, 8.65w, 8.76w, 8.913, 9.171, 9.79s, 10.15s,
10.608, 11.12w, 12.3w, 12.75w, 13.18w, 13.85u, 14.87w.

L..(Pentafluorophenylezoxy)tetrafluorcaniline: 2.8211, 2.92n,

6.01s, 6.10u, 6.54s, 6.60s, 6.811, 6.93w, 7.02w, 7.30w,
7.8, 7.53m, 7.78w, S.47n, 8.64n, 8.89nm, 9.48w, 9.70w, 9.91n,

10,08m, 10.50s, 11.99s, 13.01w, 13.67n1, 13.9%4m, 14.53m, 15.49m,




o BYrm

g;(Pcnt&fluorophenylazoxy)tctra{&gquigi;iagz 2.83s, 2.91s,

5.99:, 6.20s, 6.53s, 6.59s3, 6.83w, 7.011, 7.40u, 7.59w, 7.69s,
7.80m, 8.54%u, 8.81s, 9.54w, 9.75s, 9.91s, 10.05s, 10.25s,
10,568, 12.08s, 12.94w, 13.57a, 13.94n, 14.65w,

2,3=-Diphenyltetrafluoroquinoxaline: 6,052, 6.50n, 6.68s, 6.9%4w,

7.620, 7.40m, 7.51w, 7.61w, 8.01w, 8,28w, 8.50w, 8.62w, 9.19m,
9.32w, 9.58s, 9.78s, 10.21a, 10.591, 12.21m, 12.65w, 12.91n,
12,99, 13.64m, 13.8-13.9w, 14.13n, 14.32w, 14.42n, 15,20,

Trifluorobengenediazoniun-2-oxide~b-corboxylic ~cid: 3.06s,

4.0s, 4.58s, 5.25s, 5.86n, 6.08a, 6.41s, 6.55s, 6.84s, 7.03w,
7 3hw, 7. 40w, 7.63n, 7.87w, 8.29s, &.61s, 9.71s, 10.21s, 11.02s,
13.658, 14.13s.

3-Hydroxy=-4,5,6-trifluorobenzoic ncid: 3.05s, 3.76w, 5.89s,

6.13s, 6,460, 6.23s, 7.00m, 7.22n, 7.53n, 7.87s, 8.17s, &.45s,
9.10m, 9.60s, 11.03m, 11.36nm, 12.60s, 13.15-13.25w, 13.73s,

13,851, 14.64s.




~130--

ULTRA-VIOLET SPECTRA

For wnost compounds, two spectra ~re given: the first, in
ethanol, and the second, in hexenc. Where only once solvoent
was used, this is shown by E (cothrnol), H (hexcne), or

W (woter).  Extinction coefficicnts (€ ) for cbsorption
below 215ap (cthnnol) or 205au (hexene) arc sonewhat

inaccurate (high) cwing to solvent absorption.

Compound Mex. £ Min. £ Inflex. £
Decaflucro~ 2031 8800 211 6800
nzobenzone 218 6840 253 3410
312 16100 377 155
453 745
197 15000 212 6750
218-221 6900 253 375
%08 14800 370 90
51 715
e . o . e
2H,2H-0cto- 200 13900 221 7600
fluoroszo- 225.6 7750 251-2 1790
benzene 333.5 18100 391-3 278
4ho-3 548
198 16000 2212 7750 2322-330 17100~
226 8050 255 1790 17700
334 16200 2385~390 2473 4.8 16500~
Lz 52k 15800
354,363 11900~
8500
2,£~Dibromo~ 2078 26200 2645 hz00  224-233  8460-7950
octafluoro- %19 12300 391 170
azobenzone L5k 515
208 26100  262-3 4iho  226-233%  8200-7960
%18 12300 %36 118

465..9 458

- - - . . S
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Conpound Mox. £ Kin. g  Inflex. g
LH-Nonafluoro-202 12,300  247-9 5000 221-231 7L00-6450
nzobenzene 302-4 17,400  331-4 196
(%) Ls0o.-4 71k
Octafluoro- 20F 12500  215-6 9300 353-6 5580-5720
phenazine 22% 10800 230 9400 387-.394 29802550
257 95000 2934 640 40oL-413  2110-1820
370 7740
200 14700 2173 9L0o0 351-4 Lg50-5140
221 9650 232 6900 359-362 9110-5390
258 122000  291-2 274 287.393  L400.4380
369 12350 4Log 2870
Lq7 3010
-+ 5,10-Dihydrc- 199~200 13200 212-3 9900 256-8 7200-6320
octafluoro- 237-8 39500 279-2861 1000
phenazine (H) 317-8 2030
2H,7H-Hexn~ 2067 12000 227-8 5050 216-220 86008100
fluoro~ 259 91500 2934 290 345.350 3220-3420
phenezine 363 Lih6o  388-393 2100 3557 3960-4100
2440 Loz 430  2090-1980
195-6 13500 201-2 11800 215-9 79007200
204 12200 227 3660 2567 9550C
259 112000  292.4 340 98500
Zhl 2620 347 2540 327-3322 14001570
360 36680 3746 1960 353%.-6 %200-3280
2356 2120 395 2020 ho2-3 2380-2400
Lo 2600  L20 1750  Li1-L 2400-.2380
Lhow 1930 L29 1850 4372440 1540-1510
Lzo 2030
1H,6H~Hexa--  205-6 18800  225-6 10400 215-221 12050
flucro- 248 89000  286-7 302 11200
pheneozine 366 10200 350-4 8200--9000
359.352 10100
386-39% 3280-2430




Compound

AR matem

————

FENR Y

. e i emimma

....... & ;0. g  Inflex. =
205 19700 2267 9650 215.22 12900~
249 116500 2867 262 1120
357 10200 252 10100 349-352  8300-8680
2614 10200 332.-8 3510-2580
Decnfluorow 201 13000 212 9100 228-237 10150
agoxybenzone 224 11100 2656 L300 9240
29114 5960
198 -9 14500 213 3850
226-7 10600 261 3590
291-3 5300
' - . et et et et et 2+ s
Ly, bH-Ceta~ 2034 13400  220-2 5200
fluoroazoxy- 233 8950  260-2 4050
benzenc 284-290 5550
203-4 14700 220-1 8590
229-231 10000 258-9 L200
2834 5200
2H,2H-Octa- 205 10750  220-2 7190
fluoroazoxy- 227-230 7400 2h9-3 6560
benzene 249-.252 6800 2669 6120
29%.0 11200
203 12000 2192 6940
229.23%1 7420 2u1-2 6540
253% 2050 269-271 6110
319-321 12550
Decnfluorom- 204 10000 208 9200
hydrezo- 233 13100
benzone
201--2 7450 206 6700 243-5 6150-4120
2279 13900

N masan A dans




] BB
Conpound Hex. g Min. al Inflex. £
] B p
4 hoDiethoxy- 204-5 9250  208-9 9200 231-8 74507050
octanfluoro-~ 213 9250 265 2780
azobenzena 3L0-3 21600 399 970
Llhq-7 1700
202-3% 9750  259-260 2800 210-4 9100
231-5 23300 390 LEO 229-234L  7250-7050
4515 1500
L.Ethoxy- 2045 8300 210-1 8000 234.9 65605720
nonafluoro- 214 8100 2569 3300
azobenzene 329 19900 39% 470
Lo 1110
202~3 9050  257-9 3760  210-7 8250
323 19800 85 2ko  234-9 6600-5950
LLE 451 1100
f - e s
4, 4Dimethoxy~ 213-5 9000 263 26Lko  205-8 8750=8850
octafluoro~  3%8-341 22L00 399 805 231-5 7300~7050
azobenzenc hug 1350
20%--6 9650 211 9250 229-236& 78007200
2134 9450 261 3380
335.6 24500 389 L&
LLB.L52 1560
LoMethoxy~ 202 9050  210-1 7950 227-237 7250~-6450
nonafluoro- 2145 3100 260-1 3360
azobenzene 328~3%1 19800 294 L7
hho L5191 1170
200 10900 2578 %2600 210-6 8100~7950
z22-4 19600 381 220
hs52.5 1050
' -
LyheDithio~ 205 - 233-5 -
phenoxyocta~ 2458 - 312-6 -
fluoroazoben- 367-3 -
zene (§)




~1 54
Corpound Hex. £ Min. < Inflex. &
L~Thiophenoxy- 206 21600 2837 9000 230-241 11800
nonatluoro- 305.-9 14200 11700
azobenzenae 322.346 13000-
12800
LL2.460 1650-1600
204 21700 256263 9050 2139 17300
303-4 14400 330 1%200 15000
343.-5 13400  430-3 1300 23%1-9 10800~
459 1400 10600
Le.amino- 22%.4 14150 2h7 725
tetrafluoro- 278 1320
phenol ()
hetiino- 2134 8800 295-.7 2960 203-7 8350
nonafluoro~  377~380 24400 226-2L0  7700-7550
czobenzene 243.250 74L00-7000
L29.457  8000--4950
202 8900  206-7 8500 228-233% 7550--7600
213-5 9000  277~9 3250
352 23500  4ok-6 1940
hzs.hlp 2340
hoHydroxy-~ 2023 7350  208-9 6700 232-241 5100-6000
nonaflucro-- 2146 5950 2679 %150
azobonzene 3435 16000 3937 6950
Lo3 7050
2023 3630 256 2840 209-212 8000~7950
319323 19500 381 330 217-222 76307000
449.452 4100 345.259 11700~
6750
2-Anino- 208-.9 16300 2667 2900 221-234 12700~
~LH hH- 316=9 12500 376 1410 9700
~heptafluoro- 463 6100
~zobenzenco




Coipound Max . £ Min. e  Inflex. &
206 26200 265 2560 197-201 22000-
318321 12650 371 1450 23200
hhz.m 5180 222-234  12100-
9550
5,6,8-~Tri- 2056 30400  230-1 16200 222-6 17300
fluoro-2,3- 246 30400 263 16800 16800
diphenylquin- 274-5 17400  313-5 4620 268-272 17200~
oxaline (E) 351 7800 17300
- 280-6 17000
2,3-Diphenyl- 205-6 36000 2301 21600 219-227 23000-
tetrafluoro- 245 36000 260-2 19000 22300
quinoxaline 266-270 19700  313%-4 L780 278-285 19000~
353 9530 17000
206 37600 217-9 2L8oo 279-284 21700
225 25800 232 22800 21400
245 36400 259 21400
267-27L 22800 314
352 9400
Tetrafluoro- 206-7 14700  213-4 13800 256-8 %030-3070
bengzotriazol~ 218-9 14300  240-1 2180 319-%27  390-290
-1-0l 363 3170 2701 2820
283 3300
205 - 221 - 252-5 -
22k - 237 -
259 - 269 -
282 v
Tetrafluoro- 203 26800  219-221 3020
benzotrianzole 223-4 3120 2334 2620
(E) 2579 L1ho  263-4 %980
270-2 L4020
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Conpound Mex. £ Min. g€  Inflex. =5
1={Pentafluoro-207-8 19300 272 3220 213.8 18500~

phenyleominoe)- 280-2 3310
tetrafluoro-
bengzotrinzecle
208-210 22100 238-240 6090

17700
240-9 61106070

255-9 5380-4930

249 6300 269 2550
286 2140
1-(4H-tetra~- 211 28800 252 5710 225-230 16100~
fluorophenyl- 254 5810 15450
anino)-5H- 272-281 L4220-363%0
=triflucro-
benzo- 212 27600  224-5 5180 223-8 16500~
trinzole 2534 5550 13900
2603 5060-4930
1-(2H~tctra~- 203-4 24400  238-9 7090
fluorophenyl~ 249 7800  269-272 5360
arino)~7H- 2746 5410
~trifiuoro-
benzo-— 203-4  2L.600 233 5390 3%20-330 2Lk3-.234
triazole 2247 7100 266-7 3970 3506 127-106
2745 k120

1-(Pentafluoro~ 200 29400 205-6 24700
phenylamino) - 225 43100 290 085
T wBeaminotri- 3267 2590
fluorobenzotriazole (E)

256-262 6820-5960

1-{Pentafluoro-220-1 27650 282 2340
phenylanino)- 312-5 3940
~7=aninotrifluorobenzotriazole (E)

262-27% 273%0-2580

Lo(Pentofluoro~ 203 26000 211 18300
phenylazoxy)- 227-6 26400 265 6180
tetrafluoro- 263 77400 287 2440
~niline 353 8950

225 17100 256 6000

288-291 9300

275-280 7170-7340
200-3%21 7860

2038 12700~
13500
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Gompound Max. £ Min. g  Inflex. £
2-(Tentafluoro-223 19100 266-8 5890 207-211 14350~
phenylnrzoxy)- 277-281 €150  344.5 3110 14900
tetrafluore- %66-9 3300 238 8950
aniline
219~220 17850 286-9 5500 207-212 15400~
29%-.9 5650 16000
235-.241  8300-8060
263273 5900
336-355 4160
Trifluorobenz-207-8 17300 311 hoz  226-231 7230-6200
encdingonium- 390-405 5450 2oh-252  L4360-4100
-2woxide~6- 267-276 3260-2940
crarboxylic
acid  (B) 199 18400 265-6 2890 205-9 15800~
(W) 277-9 3230 313 569 15000
29L..7 5550 223~6 8900~8070
2416 5780-5150
2,3, b-Triflu- 205 17900 259 500 225-231 6600--6200
0ro~5-hydroxy~291 2400

benzoic acid (&)




NUCLEAR MAGNETIC RESONANCE SPECTRA

19? at 56.46 Mc./sec. Solvent: THF; Reference : Cﬁécozﬂ - ext.
"4 at 60,00 M. /sec. " i L lle, 81 ~ int.

A Pertin~Flmer R.10 permanent magnet instrument operating at
- 0 . . . . g

14 kG and 35 was used, Fluorine chemical shifts (0 ) are

measured in parts per million to high field of triflucroncetic

C
(1J

acid F), and proton shifts are relative to tetramethylsilane.
Figures in parentheses ( ) refer to proton shifts and H~F coupling
constants; all others to F ~ shifts and F~F coupling constants.

(a) Miscellaneous compounds

4-Aminotetrafluorophenol. In ethanol, a poorly-resolved AQBQ

system: &gB = 87.6; }AB = 45-50 c./ssc.

2,9, 4~-Trifluoro-h-hydroxybenzoic acid. In water; first order.

= T2.1; 5 = 86,63 5 = 76,6 D.p.n, éHﬁ: 0.36 p.p.m. to low field

g2 3 4
of benzene interchange. /J,u/= 6.5; [T/~ 2.8 /3= 9:2i [Tps/= 20.03
/J24 = 6.3 /J34/= 18.9 c./sec.

Trifluorobenzenediazonium-2~oxide~b-carboxylic acid. In N-methyl-

~
pyrrolidone. Eﬁa = 72.2; igb;'68.9; {gc= 62.8 PPl

/Jab/ = 14.7; /Jac/ = 3.4; /ch/ = 20.0 c./?eo.; (see also p.120)

a

H Yo

Hoacl/’"‘\\s CH HO ,C l,/"%o“
o ]

I L al_z°

~ \\"
5 b




(b) Azo-

Lmoxy—

)

Hydrazo- g compounds
)
)

Chemical shifts of ring nuclei
. ? N C
Substituents 3@ é@_ §é_ _§£ ,ig %1 .§£
Ago~compounds (parent compound : decafluoroazobenzene)
None 72.5 '86.4 86,4 72.5 86.4 86.4 72.5
41, 41 T1.4 62,1 (=7.76) 62.1
°H, (~7.66) 61.7 79.0
2Br, 2Br (Br) 53.5 78.9
41 72.7 62,5 62.5 73.9 86.4 86,7 75.9
4E+0,4E£0 75.7 83.4 83.4
48t0 3.4  82.1 82.1 73.6 87.9 87.9 73.6
or or or

736 T34 3.4
4¥e0 , 4Me0 74,1 82,8 82.8
41'180 73-6 82;9 8209 73-5 8701 87-1 73-5
4PnS 72,8 5648 56.8 72,3 86,4 86.4 72.3
4NH2(in Rt0H) 73,0 88,6 88.6 74.9 87,9 87.9 74.9
400 ' T4.6 87,1 87.1 T4.4 87,2 87.2 T4.4}
2NH., ,4H, 4H (-7.82) 61.5 78,0 T4.5 62,9 (~7.44)62.9 T4.5
Decafluorohydrazobenzene 88,7
Azoxy-compounds
None 1.7  83.7 83.7 T1.7 65.2 86,5 T8.5 86.5 65,2
4H 47 72,3 60.8 60.8 72.3 66.1 62.5 (~7.26)62.5 66.1
OH, 2H (-7.99) 59.8 73,4 66.4%(~8,33) 62.2 80.0 75.7 64.0
4T, 74,6 86.2 86.2 T4.6 65.4 86.6 86.6 65,4
2NH., (NH2) 84,2 99,4 72,35 65.1 86.9 7T79.6 86.9 65.1

* ge is anomalous; alternatively the

interchanged, in which case gc and

is discussed on p. 120,

assignment of the rings could be

c would be anomslous,

This compound
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Coupling Constants (noduli: Qi/SGC.)

d e fw“__'.gé
P X
o N\ = T// A
Azo~-compounds \\ ,f \ qm_j’
v A k3
ituc: y J J .
Subgtituents Jab Jaa Jac ch J oo de ch Jce Jbe Jde
"Ai‘i ¢ -+ 34 3* n:';,: '3('1_
* Nonq 20.3 7.3 3.6 20.7 9.0 4.0 20.7 3.6 7.3 20.3
* 4H,4H 20.8 13.1 (7.5)(10.4) 5.7 0.7 (10.4)(7.5)13.1  20.8
2, 24 (11.2)(2.5)(8.2) 20.6 (6.2) 2.2 19.7 6,0 11.5 18.2
2Br, 2Br 21.8 2.4  19.2 5.2 9.6 19.2
* 40 20.8 13.1 (7.5)(10.5) 5.7 0.8 (10.5)(7.5)13.1 20.8
*  4Bt0,4Et0 20,3 7.1 ~T7.9 -0 ~Te1 20,3
* 4Bt coupling constants not measurable
% 4MeQ,42.00 w20.8 ~T.6 ~6 1 ~T.6 ~20,8
*  4¥e0 coupling constants not measurable
*  4PhS 21.7 1.3 5.7 3.0 1.3 21,7
* 4IH, ~ 21 B 2 20,8 <4 ~ 20,8 20 ~T.5 ar2d
* 4OHL coupling constants not mersurable
2NH, ,; 48, 41 (11.3) 4,5 (10.3)(6.8)13.7 20.6
*  Decafluoronydrazobenzenc: coupling constants not measurable
Jfg Jfj Jdfh Jgh Jfk  Jgj Jhj Jhk Jgk  Jjk
* 4H 20.9 7-4 4—00 2141 ~12 <2 21.1 4‘-0 7.4' 20-9
* 4RO ~344 ~20.8 220.8 ~3.4
* 4MOO 4\,5 . 2 '\'201 6 et 20. 6 ""'3 ® 2
% APhS 20.6 7.2 4.1 20.6 7.1 2.2 20.6 4.1 7.2 20.6
#* 4NH 20.6 20,6
* AOH 20.6 20,6
*2H,,4H, an 20.1 12,1 (7.3)(10.2)44.0 0,7 (10.2)(7.3)12.1 20,1
% AAXX and AAPYX systons: Jae/Jb g DOt distinguished; J_. and J,
0] i €] i > ..l i (0 1 iy .
of opposite sien to Jad and Jbe e Similarly, for Jfk ete




Coupling; Constants

Az oxy-cQLipounds

(moduli;

c./sec.)

O~r<3

-141.

Substituents  Jp  Jug Jac Ho Jae fpa Ted Tee  be e
* ¢ * |p * *
* NonetJl,\,*,l.l 21,5 6.3 3.6 20.3 6.7 21 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
2M 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 fc ‘z+ g1 bk gk gy
d NonefJbsX:pl.O 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
* 4M2 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
ii II
* AAXX and AAPXX systems: Jaéhjbd not distinguished; J:b and
Jae of opposite sign to and JEe - similarly for fk:etc.
(c) Bienazines (?)
and >-jPh
Quinoxalines (Q) A Ph
Substituents sa &b sc 3nb N ~ad Abe J4
None (P) 75.6 73.5 73.5 75.6 coupling constants not measurable
"Q) 76.5 78.9 78.9  76.5 « 1 *
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)
TH(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: <I%Hr -6.74 .Ja (NHr JA@JH) ~ s c/s.
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(d) Benzotriazoles (1) Ar = C6E‘.5—.NE— (ii)

y or h.cé6p4 .kh-

(i) Substituents

-1 £ c £ S3 J J - J J J
Benzo- g gL 3 _7 _’ﬁg 45, _ii £L 96 57
Mone H 76.1 35.8 (-13.25)1331 (poorly--resolved AAXX)

£  Na 77.4 88.5 (in agq. 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

or74.5 or75.1 lesL

M OH 80.1 85.6 76.9 84.0 (-12.62)18.1 1.5 18.1 18.1 2.8

£ aAr 78.0 85.3 75.7 84.0 18.5 2.4 18.5 18.5 2.4
5H Ar 58.2 (-7.32) 49.0 87.6 (10.7) 3.7 19.7 (9.6) (4.6)
TH Ar 69.6 87.5 51.5 (-7.57) 18.3 6.6 (2.1) 18.7 (6.0)
5M2 Ar 75.1 (wH2) 76.6 87.8 11.1 18.8
7NE2 Ar 90.2 87.7 82.1 (NH2) ~21 ~6 .~18
(ii) Substituents

r c
Benzo- Ar 2 p £ Su J23 J25 J24 J26 J35
- * * 4o *

*None None 79.9787.2 '-'87.2%87.2 79.9 not analysabie
*5NHp T 80.1 ~87.8 ~88 v 87.8 80.1 t it

*JHH2 T 78.6~86.6 ~ 86+6* 866 78.6 it ti

*5H 4H 71.1 63.1 (-7.17) 63.1 T71.1 21.5 10.7 (7.35) 1.46
TH 2H (-6.16)62.2 90.2 79.8 81.9 (11.5) (2.6) (7.2) (7.8)

J56 J36 Jae
TH 2H 19.0 10.4 3.2

*AAPXX systems: J 2 /j* not distinguished; and of

opposite sign to J0* and J'*

1i1

lob )
18.4

20.4

20.3
22.8

(8.7)
20.5

J34

20.6
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EXPERIMENTAL

Ceneral Techniques: = In many experiments; the crude product
was chromatographed on alumina (Iight's type "A", 100-200 mesh).
Three columns were used (4,60 x 30 cm.; B, 30 x 2.5 cm.; and
C;20 x 1.5 em.). In all but one of the chromatographic séparations,
the products were sufficlently coloured for the separation to be
monitored visually.

In photolytic experiments, the reaction vessel was placed
¢a.30 cm. from a 500 w "Hanovia' mercury vapour lawmp.

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 Unicam S.P.700 spectrophoto-
meter; for routine infra-red spectra, an Infracord 137 instrument
was used, and the infrawred 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 undgrlined 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 Octafluorophenazine. - (a) From

pentafluoroaniline and lead tetra-acetate at room temperature.

Lead tetra-acetate (3.25 g., 7.2 mmole) in benzene (100 ml.) was

added to pentafluoroaniline (1.00 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 dricd (MgS0,). 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.3; 51%), m.p. 135-8°,

88

shown by infra-red spectroscopy to be decafluoroazobenzene.

Recrystallization from carbon tetrachloride gave a pure sample

(Found: C, 40,0; H, 0.2; N, 7.5. 012F10N2 requires C, 39.8;

H, 0.0; N, 7.7%), m.p. 143° (1it.?8142m1u3°).

(b) 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 successgively with agueous 50% acetic acid, saturated aqueous
sodium bicarbonate, and woter, then dried MgSOy).  The solvent was
evaporated and the residue was dissolved in 2 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, =nd yielded yellow gctafluorophenazine
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(.23 g.; 28%), m.p. 230~209 on evaporation of the solvent. The
infra-red spectrum was identical with that of a pure sample, m.p. 2390,
which was obtained by recrystallization from benzene/light petroleum
(b.p.80-100°) (Found: C, 44.5; H, 0.2; N, 8.9, CioFgl, requires:

C, 44.5; H, 0.0; N, 8.6%). The compound was distinguished from the
isomeric octafluorobenzocinnoline by its nuclear magnetic resonance
spectrum, an AﬁXXxsystem (p.141) and by its ultra-~violet spectrum
(p.102a)9'which was almost identicel with that of phenazine.

In a second experiment, pentafluoroaniline (0.145 g., 0.80 mmole),
lead tetra-acetate (0.60 g., 13.2 mmole), and benzene (3.0 ml.) yielded
the azo-compound (0,061 g., 42%) and the phenagine (0.017 g.; 13%),
both identified by infra-red spectroscopy.

(¢) 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%), m.,p. 1BSO, by
infra-red spectroscopy.

Bxploratory Oxidations of Pentafluorosniline. - (a) Test-tube

experiments. Qualitative experiments on the oxidation of penta-

fluoroaniline with bromine, potassium permanganate, ceric sulphate,
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iodine monochloride, chloramine-T, and other oxidmnts were performed.
Those in which promising colour changes occurred were repeated on

a larger scale and worked up chromatographicalliy. The reactions
were done at reflux temperature, for one hour, except where

otherwise shown.

Pentafluoroaniline  Oxidant Selvent (CGFE)ZNé *
0.50 g., 2.7 mmole Pb(OAc)4(2.O g) 0014(25 ml. ) Ly
0.50 mmole C 1, (C0), NBr (2 mmole) 03013(10 ml.)(5 min.) trace
5,0 mmole 35202(10 mmole ) MEZCO(5O ml.) trace
20.0 mmole 0,bubbled/CuCl(0.25 g.)c5H5N(4.o ml.)(25°C.) 5%
20,0 mmole MMOZ(ZOO mmnole ) petrol (100 ml.)(7 hr,) none

(b.p.100-120°)

# Decafluoroazobenzene was identified by infra-red
spectroscopy, or presumed to be present (trace
amounts) because of its chromatogrophic behaviour.

Oxidation of Pentafluorophenylhyvdrazine with bleaching powder. =-

The hydrazine (0.37 g., 1.92 mmole) end bleaching powder (0.92 g.)
were kept in ether (7.4 ml.) for one day. Bvolution 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),
eluting with light petroleum, gave an orange semi~solid product 0

(0.08 g.), shown by infra-red spectroscopy to contain decafluoroazo-

benzene.
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MH,Mﬁ_Octafluoroazobenzene and 2H, 7H-Hexafluorovhenazine, - (a)

From 4H-tetrafluoroaniline and lead tetra-acetate. The =niline
(6.53 g., 40 mmole) and lead tetra~ncetate (30.0 g., 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.; 42%),

m.p. 119-120° (liiu998 118%), unchanged on recrystallization from
light petroleum (b.p. 60-80°) (Found: C, U44.4; H, 0.8; N, 8.8
Calc, for Cy M Foll 3 C, 4h.2; H, 0.6; N, 8.6%) and 2H,7H-hexafluoro~
phenazine (1.32 g., 23%), m,p. 205°, os 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. 20809
obtained by recrystallization (recovery 67%) from benzene/light
petroleum (b.p. 60-80°) (Found: C, 50.1; H, 0.9; N, 9.4; F, 39.3.
C12H2F6N2 requires: C, 50.0; Hy 0.7; N, 9.7; F, 39.6%); the
compound was further characterized by its ulira~violet spectrum

(p.131),

(b) From 4H-tetrafluoroaniline and bleaching powder. The

aniline (0.50 g., 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 evapofated to dryness and chromatographed

(colunm C) gs above, to give the azo-compound (0.085 g.; 17%)
M.P. 113~609 identified by infra-red spectroscopy.  No phenazine

was lsolated.
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hH-Nonafluoroazobenzene. - 4H-~Tetrafluorcaniline (5.0 g.,

30 mmole), pentafluoroaniline (1.0 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 chromatogrephic
work-up gave a fraction which was probably a mixture of azc-

~ compounds (1.9%4 g.), and a phenagine 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 nonafluornazobenzene (0.243 g.),
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 orenge 4H-nonafluorcazobenzene (0.053 g.)

(Found: C, 42.5; H, 0.8. Cq, HF N, requires: C, 41.9; H, 0.3%),
m.p. 118.5-119°.  The analysis was done on only 7 mg. of sample,

and the fesult is within the experimental error for a sample of

this size. This compound was characterized by its nuclear

magnetic resonance spectrum (p.139) and by its infra-red spectrum

(p.124), 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 ( 6F5) Ny, CgFs.M,.CqF,H
and <HC6F4)2N29 respectively] in intensity ratio 0.45 : 98.5: 1.05%;

1f it 1s assumed that these figures correspond closely with the

composition of the sample, the nonafluoro-compound was 98. 5% pure.
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t
2H, 2H.Octafluoroazobenzene and 1H, 6H-Hexafluorophenazine., -~ (a)

From 2H-tetrafluoroaniline and lead tetra-ocetate. The aniline

(0.653 g., 4.0 mmole) and lead tetra-acetate (3.0 g., 6.6 nmole)
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—800)9 2H, 2H-o0ctafluoroazobenzene

(0.28 g.; 43%), m.p. 108~1100, with an infra-red spectrum identical
with that of a recrystallized sample (Found: C, 43.9; H, 0.8; N, 8.9.
G$2H2F8N2 requires: C, 44,2; H, 0.6; N, 8.6%), obtained as orange
needles, m.p. 111-2° (from light petroleunm, b.p.60~800)5 Continued

elution with ether gave 1H 6H.hexafluorophenazine (0.10 g., 18%)

(Found: C, 50.1; H, 0.9; N, 9.9. ClZHzFéNz requires: C, 50.0; H, 0.7;
N, 9.7%), m.p. 18609 as pale yellow plates with a blue-green
fluorescence in solution. This compound was unchonged on
recrystallization from benzene/light petroleum; it was characterized

as a phenazine by its ultra-violet spectrum (p.131).

(b) From 2H.tetrafluoroaniline snd bleaching powder. The

aniline (5.0 g., 30 mmole) and bleaching powder (12.5 g.), 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 an
orange solid. This was filtered off and washed first with carbon
tetrachloride and then with light petroleum (b.p. 30_400), to give
the azo-compound (2.55 g., 52%), m.p. 110°, identified by infra-red

spectroscopy.
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Atempted synthesis of 2H-Nonafluoroazobenzene. -~ Pentafluoro-

aniline (4.35 g., 24 mmole), 2H-tetrafluoroaniline (4.35 g., 26 mmole),
and bleaching powder (24 g.) were heated under reflux in carbon
tetrachloride (100 ml.) for 3 hr. The solids were removed as above,
and the filtrates were token to dryness and chromatographed on alumina
(column A), eluting with light petroleum (b.p. 60-80°), to give an
orange solid (5.5 g.), presumably a mixture of azo-compounds; this
could not be resolved by further chromatography.

2-Bromotetrafluorocaniline. - Bromine (&4 ml., 75 mmole ) acetic

acid (70 ml.), and 2H-tetrafluoroaniline (10.0 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 vacuo, giving presumed 2-bromotetrafluoroaniline

10
(9.6 g.; 66%) as a cream solid, m.p. 50-1°(1it.,” 52°). This
product was used without further purification.

1 N .
2. 2=Dibromo=-octafluorocazobenzene., -2-Bromotetrafluoroaniline

(9.0 g.y 35 mmole ) and bleaching powder (L0 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. 6Ou800; 20 ml.) and evaporated again to
5 ml. On cooling, the solution deposited an orange solid (1.8 g.)9
which was chromatographed on alumina (column B)9 eluting with 50%
benzene in light petroleum (b.p. 60-80°)., One band (orange)

developed; this gave 2,2-dibromo-octafluoroazobenzene (1.6 g.: 18%)
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as an orange solid, m.p. 112-47, with a satisfcotory infra-red
spectrum, This product was recrystalliized (6 % vecovery) from
benzene/light petroleum (b.p.60~80") to give a pure samole (Found:
¢, 30.1; H, 0.2y N, 6.0. C 23r2 8N 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 (1.0 g., 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 thot 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 &11. 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 (0.65 g.; 65‘,‘5)9 m.p. 138-1&00,
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. Swindicated a hydrocarbon impurity,
and the presence of the cis-isomer is made highly improbable by

the absence of absorption in the 13-Muregion. This impure

product was sublimed in a test-tube over a bunsen burner; it then

melted at 1350, and its infra-red spectrum showed it to be considerably




~153-

more pure.

Decafluoroazoxybenzene, - (o) From pentafluoroaniline. The

procedure was essentinlly that of Wall and his co-workers.
Pentafluoroaniline (5.0 g., 27.5 mmole) in glacial acetic acid

(50 ml.,) and aqueous 80% hydrogen peroxide (5.0 wl.) were kept

for four days at room temperature. The brown solution was diluted
with water (150 ml.), and the organic layer (ca. 3 ml.) was separated.
The agueous layer was extracted with carbon tetrachloride (3 x 10 ml1.)
and the combined organic layers were evaporated to dryness. The
semi-solid product was distilled twice in vacuo at 50, and the
distillate was collected as o sublimate, shown by infra-red
spectroscopy to be decafluoroazoxybenzene (1.18 g.; 23%).  The

m.p., M7-9O, showed the product to be somewhat impure: a convenient
preparation of the pure comprund is given below.

(b) From decafluoroszobenzene. The azo-compound (5.0 g.,

13.8 mmole), ajueous 85% hydrogen peroxide (2.5 ml.), trifluoroacetic
anhydride (25 ml.)9 and dichloromethane (100 ml., dried by distillation
from phosphorus pentoxide) were heated under reflux for 4 hr., during
which time further trifluoronrcetic anhydride (20 wl.) 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
(MgSOQ); on evaporation it yilelded decafluoroazoxybenzene (4.9 g.;

94%) as a cream solid, m.p. 549, The infra-red spectrum was
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satisfactory. Recrystallization from light petroleum (b.p. 30_400)
gave a white solid (Found: C, 38.1; H, 0.1, Calc. for Cy Py o1, O
C; 38.1; H, 0.0%), m.p. 54&°, (Lit.,~” 53-4°).

(¢) Attempted condensation of pentafluoronitrobenzene with

pentafluoroaniline. The nitro-compound (0.426 g., 2.0 mmole) and

the aniline (0.366 g., 2.0 mmole ) were kept in glacial acetic acid

(10 m1.) for 4 days. The mixture was heated under reflux for 5 min.,
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
0il, and the mixture was extracted with ether (10 ml,). The extract
was dried (MgSOM) énd evaporated to give a pale brown oil which was
shown to be pentafluoronitrobenzene (0,221 g.; 52%) by infra-red
spectroscopy.

QH.Jﬂ~00tafluoroazoxybenzene. ~ (a) With a high hydrogen

%,

peroxide/trifluoroacetic anhydride ratic. (of. Burdon gt al.

! 4
4H, bH-Octafluoroazoxybenzene (3.16 g., 9.7 mmole), aqueous 85%
hydrogen peroxide (15 ml.), trifluoroacetic anhydride (36 ml.),
and dichloromethane (30 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 ml.); the extracts were washed with water (2 x 5 ml.), dried
(M’gSOL!’)9 filtered, and evaporated, wo 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
QHS@H-octafluoroazoxybenzene (L.46 g.; 44%), m.p. 88.50°, identified
by infra-red spectroscopy. The pure compound m.p. 55—55.50

98

(1it.,” 52°), was obtained as white needles on recrystallization

from methanol (Found: C, 42.2; H, 0.6; N, 8.2. Calc. for C12H2F8N20;

C, 42.1; H, 0.6; N, 8.2%. The ultraviolet spectrum of this compound
ﬁh101® 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.

LH, #H-Octafluoroazobenzene (0.158 g., 0.485 mmole), aqueous 85%
hydrogen peroxide (0.52 ml.), trifluoroacetic anhydride (1.58 ml.),
and dichloromethane (1.58 ml.) were heated under reflux for 1 hr.
The mixture had become yellow after 40 min. The yellow solution
was washed with water (5.2 ml.), the washings were extracted with
dichloromethane (2 x 1 ml.), and the combined organic layer was
washed with water (2 ml.) and dried (4gSOy). Filtration and

evaporation of the solvent yielded the azoxy~compound (0,162 g.; 98%)

as a pale brown solid; m.p. 53—50, identified by infra-red spectroscopy.

' t
ZHQﬁH-Octaflubroazoxybenzene. - 2H, 2H~Octafluoroazobenzene

(1.5 g., 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 wl.). The organic layer was
washed again with water (20 ml,), dried (Mg504)9 and evaporated, to

!
give ZH,2H~octafluoroazoxybenzene (1..59 g3 100%), m.p. 59—6ZO,

identified by infra-red spectroscopy. Recrystallization from acqueous
methanol gave the pure compound (Found: C, 42.2; H, 0.8; N, 8.4
ClQHZFBNgo requires: C, 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.1%0).

Oxidation of Octafluorophenazine. - The phenazine (0.50 gy

1.54 mmole), trifluoroacetic anhydride (15 ml.) and aqueous 85%
hydrogen peroxide (1.0 ml.) were heated under reflux for 10 min.;
further peroxide (1.0 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 ml). The ethereal solution was dried
(MESOM) and the solvent was removed; the resulting brown gum (0.30 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 2H,7H-hexafluorophenazine. - The phenazine

(1.0 g.y 3.6 mmole)9 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 (MgSOQ)
and evaporated to dfyness9 yielding a pale brown gum (1.27 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.
FElution 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 (L g.) presumably
containing aluminium salts. This product ylelded ne tractable
fractions on subsequent chromatography on silica.

Decafluorohydrazobenzene. - (a) From decafluoroazoxybenzene.

This procedure is that of Wall et gl.,lg 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.),

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 filiered 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. Ci,H,F N,
requires: C, 39.6; H, 0.55%), m.p. 62~3 (1itff357o). This
compound showed a sharp singlet (N-H) at?&qgﬁn its infra-red
spectrum, and was further characterized by its ultra-violet

spectrum (p.100a),

(b) From decafluoroazobenzene with zinc and ammonium chloride.

The azo~compound (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. 61n309 with an infra-red spectrum identical with that of the
above sample.

(¢) From decafluorcazobenzene 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 win. The mixturc 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.), mip. 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 agzo-compound (1.0 g., 2.75 mmole)9 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
(Ca0), and on evaporation yielded a pale orange solid (0.60 g.),
m.p. 40~500, shown by infra-red spectroscopy to be impure deca-
fluorohydrazobenzene.

Unsuccessful reductions of decafluoroazobenzene. ~ (a) With

triethanolamine JDecafluoroazobenzene (1.0 8.y 2.75 mmole) and

triethanolamine (6.0 g.) were heated for 2 hr. at 950, 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 pentafluorosniline.

(b) With zing and alkali. The azo-compound (2.0 g., 5.5 mmole),

zinc dust (0.38 g.), sodium hydroxide (0.45 g.), =nd 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. Pentafluorcaniline (1.15 g.; 57%), m.p.

29-31° (1it.,'® 35.5.55%), vas filterved from the distillate and icentified
by infra-red spectroscopy.

Reductive cleavage of decafluoroazoxybenzene. - The azoxy-

compound (1.0 g., 2.65 mmole) and aqueous 55% hydriodic acid (10 wl.)
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—30, which was filtered off from the first 10 ml. of
distillate and dried over phosphorus pentoxide.

In an earlier ecxperiment, the starting material wes recovered
in 74% yield after 2.5 hr. in half the above quantity of refluxing
hydriodic acid.

Reductive_cleavege of decafluorohydrazobenzene. - Deca-

fluorohydrazobenzene (2.0 .y 55 mnole ) and agueous 55% hydriodic
acid (10 ml.) were heated under reflux for 3 hr., and worked up as
for the above reaction to give pentafluoroaniline (1.28 g.3 63%),
W.p. 3309 identified by infra~red spectroscopy.

Octafluoro-5,1.0-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 wixture was then decolourized with solid sodium metabisulphite,
and the organic layer was separated and dried (MgSOa). An
ultra-violet spectrum (p.102a) was run on this solution; unfortunately
neither the spectrum of 5,10-.dihydrophenazine nor that of any closely
related compound has been reported in the literature, but the
observed spectrum was in reasonable agreement with a theoreticeally
predicted spectrum. Evaporation of the solvent left a white solid
(10 m.g.; 99%), m.p. 189°, the presumed dihydrophenazine. The
infre-red spectrum of this product showed a sharp N.H singlet at
2;88}4. The substance was too sensitive towards autoxidation for
further work to be convenienti 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 (MgSOu) and filtered, and the
filtrate was evaporated, yielding octafluorophenazine (0.47 g4 9?%),

o)
m,p. 232 , identified by infra-red spectroscopy.

2H, 7H-Hexafluoro=5,10-dihydrophenazine. - 2H,7H-Hexafluoro.
phenazine (0.50 g., 1.74 mmole) was shaken in toluene (10 ml.) for
30 min. with aqueous 55% hydriodic acid (10 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 (ga, 50 ml.). The extract was dried (MgSO,) and yielded on
evaporation a green solid (0.515 g.). Recrystallization of this
product Irom ethanol, and again from light petroleum (b.p. 80-100),

gave green needles (0,170 g.), m.p. 224m6o, shown by nuclear magnetic
resonance spectroscopy (p.104) to consist of presumed 2H,7H-hexafluoro-5,
10-dihydrophenazine (90%) and starting material (10%) (Found: C, 49.8;

H, 1.2; N, 9.5. Crol) F N, requires: C, 49.65 H, 1.4; N, 9.7%), showing
an N-H singlet at 2.8%1in the infra-red spectrum.

Attempted preparation of a complex between Decafluoroazobenzene

and Boron Trifluoride. - The azo-compound (1.00 .y 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 BFB)' The
solution was stirred at room temperature for 1 min. (no colour change
occurred) and evaporated to dryness in vacuo. Starting material
(1.00 g.), m.p. 138°, was obtained and was identified by infra-red
spectroscopy.

Mqw;Diethoxydctafluoroazgpenzene. - 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 wl.). The reaction was stopped
after a further 2% hr. reflux by the addition of water (250 ml.).
Ether extraction (100 + 50 ml.) yielded 2.8 g. of crude product,
m.p. gg.lO?o, which on recrystallization from cyclohexane gave orangc

4, b-diethoxyoctafluoroazobenzene (1.68 g.: 59%), m.p. 110-112°,

identified by infra-red spectroscopy. The melting point was raised
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to 113.5~114.50 by further recrystallization (Found: C, b6, 5;
H, 1.3. Gl Fghl,0, requirest C, 46.5; H, 1.1%), m.p. 113.5-114.5°,

L.Ethoxynonafluoroazobenzene. - Decafluoroazobenzene (2.0 g.,

5.5 mmole) was heated under reflux for 2 hr. in ethanol (40 mwl.).
During the first hour a solution of potassium cthoxide (5.5 mmole)
[}rom potassium (0.22 g.) and ethanol (22 ml.j] was added dropwise.
The mixture was poured into water (400 ml.) and extracted with
ether (3 x 50 ml,). The extracts were dried (Mgsoq) and yielded
an orenge 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

(1) decafluorocazobenzene (0.26 g.), identified by infra-red
spectroscopy, (ii) an orange solid (1.20 g.), m.p. 74~60, shown

by infra-red spectroscopy to be U4-ethoxynonafluoroazobenzene
containing some decafluoroazobenzene and diethoxyoctafluoroazobenzene,
and (iii) (elution with ether) crude diethoxyoctafluoroazobenzene
(0.51 g.), m.D. 101=BO, identified by infra-red spectroscopy. The
product from band (ii) was twice recrystallized from cyclohexane

to give orange 4=cthoxynonafluoroagobenzene (Found: C, 43.1; H, 1.6;

N, 7.6. 014H5F9N20 requires: C, 43.3; H, 1.3; N, 7.29, m.p. 82-82.50-

Reaction of U-ethoxynonafluoroazobenzene with ethoxide ion. -

The monoethoxy~compound (0.50 g., 1.25 mmole) was heated under
reflux in ethanol (20 ml.). Potassium ethoxide (1.37 mmole; an
excess of 10%) in ethenol (11 ml.) was added dropwise during 30

min., and heating was continued for another 30 min,  The mixture
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was poured into water (100 ml.) and extracted with ether. The
egtracts were dried (MgSO4) and evaporated to give 4,k diethoxy-
octafluoroazobenzene (0.55 g.; quantitative}, m.p. 98-100°, mixed
m.p. with a pure sample, 98~10409 identified also by its infra-red
spectrum.

This reaction, the nuclear magnetic resonsnce spectra (p.139),
and the reductive cleavage (below) to foaminotetrafluorophenol,
prove the structures of these two ethoxy-compounds.

Reductive Cleavage of 4,ikdiethoxyoctafluoroazobenzene. -~ The

azo-compound (2.0 g, 4,8 mmole) and aqueous 55% hydriodic acid
(10 m1.) 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, dricd (MgSOu) and
identificd as iodoethane (1.43 g., celc. from volume of crude
product, 9.2 mmole; 95%) by infra-red spectroscopy.

The residue in the rceaction flask was diluted with water to
100 ml., decolourized with solid sodium metabisulphite, 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); 98%) 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. CAH*F”NO requires: C, 39.8;

H, 1.7; N, 7.7%), m.p. 180-1° (decomp.) (lit., 177.5.178°).
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Oxidation of 4-aminotetrafluorophenol to fluoranil. - The

amino-phenol (1.2 g., 6.6 mmole) was heated on a steam bath with
nitric acid (10 ml.; 4.71) in a flask fitted with & reflux conden.cr.
The solution (initially purple) turned yellow suddenly after a fow
mimites, and the guinone sublimed into the condenscr. After a

total of 10 min. heating, the reaction mixture was cooled and
extracted with ether (20 + 6 x 5 ml.) , and the combined extracts
were washed with water (5 x 5 mi.). \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 (MgSOu) and evaporated
in vacuo at room temperature to give fluoranil (1.0 g., 5.8 mmole; 87%) .,
m.p. (sealed tube) 163.6° (1'1'1;.80 17¢°%), idrntifie” by ivfra-red
spectroscopy, its colour, and its characteristic odour.

Attempted de-ethylation of diethoxyoctafluoroazobenzene .-
4,MLDiethoxyoctafluoroazobenzeae (1.5 g., 3.6 mmole) was heated under
reflux for 2 hr., with bromine-~free acueous 30% hydrobremic acid
(15 ml.). Starting matorial -identified ty infr i~red spectrcscopy
was recovered quantitatively.

39§9§i0ﬁ_Qi_DﬁgéilBQTQQ&QQQE&QFGwﬁiﬁh.ﬂ@ﬁ@%&i@ﬁ- - Sodium
methoxide (17.4 mmole) preparcd from sodium (0.40 g.) and methanol
(80 ml.) was added dropwise during 1 hr. %o decafluoroazobenzene
(4.0 g., 11 mmole) in refluxing methanol (100 ml.).  Heating was

continued a further 18 hr., and the mixture was poured into water

(180 wl.) and extracted with ether (200 + 100 + 2 x 25 ml.).
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The ethereal extract was dried (MgSOa) and evaporated to give an
orange solid (4.07 g.), m.p. 118-1BSO, which was chromatographed

on alumina (column A) and eluted with hot light pctroleum (b.p.
60_800) to give two orange solids, m.p. 89.5-920(1.3 g.) and m.p.
160-2° (2.5 g.): The former, on two recrystallizations from light

petroleun (b.p.60-~800)9 gave the red 4-methoxynonafluoroazobenzene

(Found: C, 42.0; H, 0.9; N, 7.6, C, _H F9N20 requires C, 41.7; H, 0.8;

o 98 23
N, 7.5%, m.p. 98 (1it., 94.6°),  The other fraction was
recrystallized twice from light petroleum (b.p. 100-120°), end gave

L, hrdimethoxyoctafluoroazobenzene (Found: C, 43.7; H, 1.7; N, 7.2

Cl”H6F8N202 requires C, 43.5; H, 1.6; N, 7.3%), as brick red
9

needles, m.p. 164" (1it., ® 16u.%).

Reactlion of 4-methoxynonafluoroazobenzene with methoxide ion.

The azo-compound (0.20 g., 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 (MﬁgSOLII)9 and
evaporated to give an orange product (0.21 g.), m.p. 140—15009

shown by infra~-red spectroscopy to be Iy, hldimethoxyoctafluoroazo-

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.
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. ! »
Reductive cleavage of &4,4~dimethoxyoctafluorocazobenzene, -

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 decolourigzed
with saturated aqueous sodium metebisulphite, then neutralized with
saturated agueous sodium carbonete, The solution (now ca. 70 ml.)

was extracted with ether (15 + 4 x 10 ml.)9 and the extracts were

dried (MgSOQ) and evaporated to give 4~aminotetrafluorophenol

(0.29 g.; quantitative), m.p. 175»70 (decomp. ), shown by infra-red
spectroscopy to be identical with the sample prepared earlier (p£’54).

~Aminononafluoroazobenzene (perfluorc-aniline yellow). -
L Am £1 b f1 1 1low)

Decafluoroazobenzenc (2.0 g., 5.5 mmole), ethanol (75 ml.), and
aqueous ammonia (m.,g. 0.88; 10 ml.) were heated under reflux for

3 hr. The mixture was poured into satu;ated aqueous ammonium
chloride (250 ml.) and extracted with ether (50 + 2 x 25 wl.).

The extracts were washed with water, dried (MgSOLL)9 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--4009 identified by infra-red

spectroscopy, and crude 4-sminononafluoroazobenzene (1.34 g.; 67%;

99% based on unrecovered starting material), m.p. ca. 1330 , identified
by infra-red spectroscopy. Three recrystallizations of the latter
from cyclohexane gave a pure product (0,91 g.; 68% based on starting

material consumed) (Found C, 40.5; H, 0.8; N, 11.7. ClZHgFgNg requires:
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C, 40.2; H, 0.6; N, 11.7%), m.p. 139.50. An N.H doublet was observed
in the infra.red spectrum at 2.8annd 2,9M¢1, and the product was
further cnaracterized by reductive cleavage (p.100b) and nuclear
magnetic resonance spectroscopy (p.139 ).

In a second experiment, the crude product was shown by nuclear
magnetic resonance spectroscopy to contain 4-aminommfluoroazobenzene
(68%), decafluorcazobenzene (24%), end other fluorine-containing
substances (8%).  Chromatography of this product on a longer column
gave a crimson product (79), m.p. ca. 100."11009 just preceding the
decafluoroazobenzene fraction, but this substance could not be
satisfactorily recrystallized. From its colour (very similar to
that of ZwaminORQH,deheptafluoroazobenzene9 p.b0), chromatographic
behaviour, and position of N.H absorptions in the infra-red spectrunm,
again very similar to those of the 2-aminoheptafluoro-~compound, this
product may be tentatively identified as Z2-aminononafluoroazobenzene,
probably containing some decafluorcazobenzene. There was insufficient
sample for nuclear magnetic resonsnce spectroscopy.

Traces of two more polar products were also obtailned.

Reductive cleavage of H-aminononafluoroazobenzene. - The

amino-azo-compound (1.0 g., 2.8 mmole) was heated under reflux with
aqueous 55% hydriodic acid (10 ml.) for 2 hr. Iodine was removed
with solid sodium 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 ethercal solution was

dried (MgSOQ) and the solvent was removed by distillation through a
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15 em. column packed with glass helices, leaving an almost colourless
gummy vesidue (1.14 g.)9 shown by infra-red spectroscopy to be a

mixture of pentafluoroaniline and tetrafluoro~-p-phenylenediamine.

This mixture was recrystallized from cyclohexane (25 ml.)9 to give
tetrafluorofg-phenylenediamine (0.32 g.; 63%) as colourless needles,

m.p. and mixed ® m.p. 137° (lit.,23 143.5-144°) identified also by infra~red
spectroscopy.  The mother liquor was distilled through a fractionating
column (as used above) to give a residue of pentafluoroaniline (0.36 g.;
71%), m.p. 34~60 (lit.18 35.5—350) shown by infra-red spectroscopy to
contain a little of the above diamine.

Oxidation of tetrafluoro-p-phenylenediamine to fluoranil. -

The diamine (50 mg., 0.28 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 werc
dried (Mgsoq) and evaporated to give fluoranil (29.5 mg.: 59%),

m.p. 1’72-—509 shown by infra-red spectroscopy to be identical with the
sample prepared from 4-aminotetrafluorophenol (p. 57).

2-Amino-4H.Mhnheptafluoroazobenzene. - MH,MH-.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).

% With an authentic sample kindly supplied by E.S.Wilks,




Elution with 50% benzene in light petroleum coused two bands to
develop, yielding respectively starting material (0,10 g.; 3%)

and 2uamino-#H,ﬁHmheptafluoroazobGDZGHe (3.1 g.3 78%), m.p. 163-5%
Both products were identified by infra.red spectroscopy; the latter
was purified by recrystallization from 200 ml., of light petroleum

(b.pﬂ 80-1000) to give pure 2-amino_@HqMh«heptafluoroazobenzene

(2.4 g; 78% recovery) (Found: C, 44.8; H, 1.4; N, 13.1. 012H4F2N3 |
requires: C, 44.6; H, 1.2; N, 13.0%), as scarlet crystals, m.p.168-9°.
This compound was characterized by reductive cleavage (below) and

by its nuclear magnetic resonance spectrum (p.139).

Reductive clcavage of Z-Amino1Qﬂ;dH-heptafluoroazobenzene. -

The azo-compound (0.40 g., 1l.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 k25 + 2 x 10 ml.). The extracts were dried (MgSOq) and
on evaporation yielded a nearly colourless solid (0.36 g.) with an
odour of 4Hutetrafluoroaniline. This product was dissolved in hot
light petrolcum (b.p. 30-40°; 10 ml.), and on cooling to room

temderature the solution deposited 3,4,6«trifluoro-o~phenylencdismine

148
(0.099 g.: 48%)9 mn.p. 70-2° (1it.,'2§§, which was Gharacterized

by the preparation of the benzil derivative, 2,3-diphenyl-5,6,8-tri~
Lo
fluoroguinoxaline, by the method of Bost and Towell; this compound

(Found: C, 71.l4; H, 3.4. Cale. for Caoty Pt ©, 71.4¢ H, 3.33)

o
was obtained as colourless needles m,p. 167-8 (from ethanol)
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(lit}fS n.p. 169.5-170°).

4-Hydroxynonafluoroszobenzene. - Potassium hydroxide (0.41 g.,
7.3 mmole) was dissolved in hot t-butanol (35 ml.) and ddded to 2
hot solution of decafluoroazobenzene (2.0 g., 5.5 mmole) in the
same solvent (25 ml.) The mixture wes heated under reflux for
30 min. and then poured into water (200 ml.Q, 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 chroﬁatographed
(column A) on silica (B.D.H. reagent grade precipitated silica;
neither alumina nor chromatographic silica gave a good separation).
Elution with benzene geve (i) decafluoroazobenzene (1.0 g.; 50%
recovery), m.p. 131--809 identified by infra~red spectroscopy,
(ii). a brown-purple solid (0.08 g.; 40%, or 80% based on deca-
fluoroazobenzene consumed), m.p. 156-905 shown by infra-red
spectroscopy to be L-hydroxynonafluoroazobenzenc, snd (1i1) a
dark-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. 612HF9N20 requires: C, 40.0;
o .
H, 0.3; F, 47.5%) as a pale yellow powder, m.p, 164 .  The infra-
~-red spectrum (p,126) confirmed the presence of an O-H group, which

absorbed at 2.92}4. The colour of this compound. was due to its

state of fine subdivision; solutions were red, and its ultra-violet




=173

and visible spcctrum is given on p.134.  The position of the
hydroxyl group was confirmed by nuclear magnetic resoncnce
spectroscopy (p.139) and by reductive cleavege (below).

Reductive cleavage of H.hydroxynonafluorocasmobenzene.  The

hydroxy-agzo-compound (0.60 g., 1.67 mmole) was heated under reflux
with agqueous 55% hydriodic scid (6.0 ml.) for 1 hr.,  The mixture
was diluted with water (50 ml.), decolourigzed 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 (MgSOu). Removal of the ether iﬁ vacuo yielded o cream
solid (0.54 g.) with a strong odour of pentafluoroaniline.  The
infra-red spectrum showed that this product was a mixture of
Leaminotetrafluorophenol and pentafluorosniline; it was recrystallized
from trichloroethylene (20 ml.), to give the aminophenol (0.24 g.;
80%), m.p. 1??u80 (decomp. ) (ILit.,w4 177,5-175") ghows My indra-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 +3x13 ml.), and

the extracts were washed with saturated agueous potassium chloride
(3 x 3 ml.), dried (Mg804)9 and evaporated in iégggg to give
pentafluoroaniline (0.14 g.: 47%), m.p. 30-31.5°, mixed m.p. with

¥ o0 18 Q
an authentic sample 32 (1lit. 335.35), identified also by infra-red

% Imperial Smelting Corporation.
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spectroscopy.

Reaction of decafluoroazobenzene with thiophenoxide ion., -

(a) With two equivalents of thiophenoxide. Thiophcnoxide ion

(17 mmole) was obtained by the addition of sodium (0.40 g.) to

a solution of thiophenol (1.97 g.) in methanol (40 ml.).  The
resulting solution was added dropwise during 30 min. to deca-
fluoroazobenzene (3.07 g., 8.7 mmole) in refluxing methanol (100 ml.).
Heating was continued for a further 2.5 min%lihe mixture was poured

into water (150 ml,) and filtered. The precipitate was washed with

: .
water and dried in vacug, to give 4,4-dithiophenoxynctafluoroazobenzene

(4.73 g.; quantitative), m.p. 202-609 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.; 81%

as orange-brown needles (Found: C, 53.1; H, 1.8; N, 5.4, 024H10F8N282
requires: C, 53.1; H, 1.8; N, 5.2%)9 m.p. 208.5—2100.

(b) With 0.7 equivalents of thiophenoxide ion. Thiophenol

a
r—.

(0.75 g.) and sodium (0.18 g.) were dissolved in methanol (250 ml.),
and the resulting solution (containing 6.8 mmole thiophenoxide ion)
was added dropwise during 18 hr. to decafluorcazobenzene (3.5 By
9.7 mmole) in refluxing methanol (100 ml.). On cooling, the
reaction mixture deposition 1.0 g. of the above di-thiophenoxy-
compound (m.p. 190~=50)9 which was filtercd 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 ml1.). The extracts were washed with water (3 x 50 ml.)

and dried (MgSOu). The product from these extracts (4l g.) was
chromatographed on alumina (column B), eluting with hot 33% benze:.s

in light petroleum (b.p. 6On809)9 to give decafluoroazobenzene

(0.87 g.; 25% recovery) m.p. 135"809 identified by infro.-red
spectroscopy, and an orange solid, m.»n. 83.,-92O (0.86 g.). Tlution
with ether gave a trace of the dithiophenoxy~compound (0,003 g.),
most of which presumebly remained on the column. The orange product,

o
m.p. 83-92 , was recrystallized three times from light petroleum

6% based on decafluoroazobenzene consumed) (Found: C, 47.8; H, 1.3;

N, 6.5. C18H5FONZS requires: C, 47.8; H, 1.1; N, 6.2%) as brick-red
o}

necdles, m.p. 111-2 . The compound gave o well-resolved nuclear

mognetic resonance spectrum (p.139) and was further charactorized

by the reactions described below.
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Reaction of 4~thiophenoxynonafluoroazobenzene with

thiophenoxide ion. - A solution oi thiophenoxide (2.0 mmole) in

methanol (50 ml.) was added dropwise during 20 min. to the
azo-compound (0.0914 5., 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. 180m50,
was obtained, and identified as a mixture of 4,41dithiophenoxyu
octafluoroazobenzene containing a little starting material,

Cne crystallization from light petroleum (b.p. 100-12OO) gave

a product (0.059 g.; 5&7), m.p. 204—80, with a satisfactory

infra~red svectrum.

§
Reductive cleayage of U4 ,4-dithiophenoxyoctafluoroazobenzene.,-

The azo-compound (0,50 g., 0.92 mmole) was heated under reflux
for 30 min. with agueous 55. haydriodic acid (5.0 ml.). The
mixture was diluted with water (10 ml.), decolourized with
solid sodium metabisulvhite, and extracted with dichloromethane
(1C + 2 ml.); the aqueous layer was neutralized with solid
sodium carbonate and re~extracted with dichloromethane

(5 + 2 ml.). The extracts were combined and dried (MgSLh)
and yielded a yellow oil (0.45 g.), which was chromatographed
on alumina (column C), eluting with light petroleum b,p.30~4oo.
A white solid appeared at the bottom of the column waere the
eluent was evaporating, and eluticn was continued until this
solid had completely dissolved in the eluent. This first

product proved to be diphenyl disulphide (0.20 g., 98%7)
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m,p. 5174 (llt.,*15o .p. 617), and was identified by infra-red

spectroscopy. The column was then eluted with ether;

evaporation of the first few ml. of ethereal eluent gave

4H-tetrafluoroaniline (0.18 g., 58¥), m.p. just above room

.18.7._‘0\. . e .
temperature (lit. 23,5-26.5"), identified by infra-red

spectroscopy.

Reactions of decafluorocazobenzene with other nucleophiles. -

(a) Reaction with sodium hydrosulphide. £ 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 nl.), and the mixture was
heated for a further 2.5 hr., by which time it had become deep

red. The scolution was neutralized with concentrated hycdrochloric

acid and extracted with ether (200 + &4 x 50 wml.) and the extracts

were dried (HgSOq). svapcration of the extracts yielded a grey
; gunmy solid (1.78 z.), showing multinle N-H absorption in the
infra-red specctrum, but no 5-H. Dissolution in ether (10 ml.)

o

o . o .
left a residue of sulvhur (0.22 g.), w.p. 117-124", identified
by combustion to sulphur dioxide; the ethereal extract yielded

a gumay solid (1.62 e.), which resisted attempts at
() Lwe) 3

recrystallization and which could not be chromatozraphed,
O

" S . . =1, Q .
* J.BE. Waller (this Department) gives m.p. 54 , raised
to the quoted figure only on prolonged storame in a desiccntor,

L..-lIlIIIIIlIIlI---------------------—-l
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(b) Reaction with methyl-lithium.  Methyl-lithium
(6.5 zmole), in ether (40 ml.), was sdded dropwise during

25 min. to decafluorcazobenzene (30 g., 8.3 mmole) in dry

, -0 . .
ether (700 ml.), stirred at 0-5 wunder nitrogen. After 2 hr,

. 0 . .
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 were separated. The ethereal layer wes washed with
dilute hydrochloric acid and then with water, and dried (MgSO4)°
The ether was removed, leaving a brown gum (2.4 g.), which gave
many poorly separated products when it was chromatographed on

aluiina.

(¢) Reaction with phenyl-lithiuwm.  Phenyl-lithium

-

(13 mmole) in ether (30 ml.), was added dropwise with stirring
during 15 min. to decafluoroazobenzene (3.0 Ea,y &.3 muole) 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 (MgSOq), Gvaporation yielded a brown tar (4.0 z.),
which on chromatogravhy on silica gave a poorly-resolved
mixture of gummy products.

A second reaction in THF at — 20° gave an equally
intractable product. !
(d) Reasction with hydrazine.  The ecxperiments tabulated

below all gave intractable tars stouing rnultiple N-H absorption

in the infra-red; a little decafluoroazobenzene (DFAB) was
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sometimes recovared, The products were often pale brown,
suggesting that recduction of the szo-group had occurred,

Hork-up was by chromatogranhy.

- aam

Ak LU W ke LA Mt AT R oA G KA TR BRe AE 5B o g A A8 8 e § o “Ba e e+ E e R 4L MR AL L s M HE- WY OM 4k doRnh B

i . - . . . :
DFAB Hydrazine Temp, DIAB No. of Major t

= e e ro e s .
i(mmole) (mmole)  Solvent:ml. (TC) Time recov. products product |

. T . ;
L 1.k 1.4 bieCH; 4O reflux <+ hr. 359 6+ 2055 |
i intract. |
; solid &

m.p.53~8§
. . e 0 - . !
4,1 L,5 1e0H; 275 20 3 days 27% ? el ;
intract. @
guin §
AL ONTT L Y e : c’ : i
2.7 5.5 BLOH; 32 reflux 10 win, 207 6+ 30 .
(impure) intract.
Iuw ;
i
5.5% 20.6 dioxan:25 reflux 4 hr. none ? tar j
H
!
2.7 5.5 %%,0350 reflux 15 min. none large 1003 gum |
' }
- s a1 0 - 1
2.7 20.6 pyridine ;50 20 6 ar. none - trace g
| solid :
| M.P. Ca !
' 1709 i
1 < - — — i
i
* This procedure was repeated with azobenzene itself: no
reaction occurred. l
| ;
. i
Attempted bromination of 2H,2H~octafluoroazobenzenc. ~ (a)
With bromine in oleui. The azo-compound (1.65 g., 5.1 mmole),

bromine (6.0 g., 37.5 mmole), and 205 sulphur trioxide in
sulphuric acid (15 ml.) were stirred for 4 hr. at 6OO, cooled,

and poured onto ice. The product was filtered, washed, and

t ... N
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dried in vacuo over phosphorus pentoxide; it was shown by

- s

b}

infra-red spectroscopy to be starting material (1.60g.; 97¢
recovery) .

(b) ¥ith bromine in acetic mcid. The ago-compound
(1.60 g., 4.9 mmole), bromine (4.8 g., 30 wmole), and glacial
acetic acid (32 ml.) werc heated under reflux for 1 hr., poured
into water, and filtered. The solid was washed and dried and
shown by infra-red spectroscopy to be starting masterial (1.30 g.;

81¢ recovery).

ST CNE o

i
Attempted cyclization of 2~amino-4H,4H-heptafluoroazobenzene. -

(a) With votassium fluoride. A4 Pyrex tube (40 x 1.5 cm.) was

packed with powdcered dried potassium fluoride and placed in a
horizontal fFurnace. The azo-compound (0.50 g., 1.55 mmole)
was placed in a small flask wound with hcating tape, and the
flask was connected to the Pyrex tube, the other end oi wiich
led to a trap cooled in liguid nitrogen. The furnace was
heated to 2700, the cold trap was connected to a ""Hivact pump,
and the heating tape was adjusted so that all the azo-compound
had beoen vapourized through the potassium fluoride tube during
30 nin. The azo-~compound (0.50 g., 100%) was roccovered in the
tube leading to the cold trap, and identified by infra-red
spectroscopy. Nothing had condensed in the cold trap.

(b) With sodium hydride.  The azo-compound (0.50 g.,

1.55 mmole) and sodiuvm hydride (0.045 ., 1.96 mmole, in 0.2 g.

of paraffin) in toluene (20 ml.), under nitrogen, wWurv
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heated under reflux for 30 min. The solution was washed with
water, evaporated to dryness, snd chnromatographed on alumina;
elution with 50 benzene in light petroleum (b.p. 60-80°) gave
the starting wmaterial (0.50 g.; 100%), identified by infra-red
spactroscopy. An earlicr reaction at room temvcerature also
gave startiang amaterial.

?
Attempted complex formation from 2w-amino-4H,4H-heptafluoro-

azohengzene. ~ (a) Reaction with mercuric oxide. The azo-

it At

compound (0.50 g., 1.55 mueole) was heated under reflux for

30 min. with mercuric oxide (5.0 g.) in cthanol (25 ml.).

The suspension was filtered hoty; the residuce was washed with
hot ethanol, and the azd-compound (0.50 g., 100,%; identified
by infra-red spcctroscopy) was precipitated from the combined
filtrates by the additicon of water.

(b) Reaction with cupric ion. The azo~compound (0.250 3

Sy

0.78 nmmole) was shaken with cupric chloride (0,78 :amole in
0,5 ml. of ag. am.onia s.g. 0.88) in methanol (25 ml.).
Darkening occurrcd at once, but the complex decomposed on
removal of the solvent in vecuo, and the azo~compound was
recovered quantitatively from the residuc by chrometography

and identified by infra-red specltroscopy.

(c) Reaction with nickel ion. The above procedurc was

repeated, the copver salt being replaced by an equimolar
guantity of nickel chloride. Darkening was again obeserved,

and again the azo-compound was recovered guantitatively.
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Reactions of hydragincs with fluorocaromatic compounds. -

(a) Hydrazine and pentafluoronitrosobenzenc. The nitroso-

compound (1.0 g., 5.1 mmole) was stirrcd in ethanol (100 ml.)

at -15°, Aydrazine hydrate (0.38 g., 7.6 mmole) in ethanol
(20 ml.) was added dropwisce during 30 min. The esddition of

water precipitated a tar (extracted with cother) which had a
complicated infra-red spectrum showing many peaks in the N-H
region. The spectrum did not resemble that of tetrafluoro-
benzotriazole.

(b) Hydrazine and decafluorohydrazobenzene. The hydrazo-

compound {1.0g., 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 (Mgsoq), and evaporated,
giving decafluorohydrazobenzene (0.91 g.; 91" recovery),
identified by infra-red spectroscony.

(c) Tosylhydrazide and pentafluoronitrobenzene.  Ponta-

fluoronitrobenzeneg(see also p.183)(1.0 ., 4.7 amole),
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 coxtracts were dried

(MgSOM) and on evaporation yielded a pale brown oil (1.0 g.),

identified by infra~red spcctroscopy as pentafluoronitrobenzene

containing a little esthanol. The reaction was repeated at
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room temperature, but no recaction occurrced when the mixture
was kept overnight.

Tetrafluorobenzotriazol-l-ol, - (a) Preliminary experiments

At M eh e b oA s oo et

., . 43 ; :
(tabulated). Poitafluoronitrobensend- was prepared in 86%

yield by the oxidation of pentafluoroanilineg with
peroxytrifluorcacetic acid (from trifluoroacetic anhydride and

agq. 857 hydrogcn peroxide) in refluxing dichloromethane.
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ﬁtOH 0.33 g. 7.5 ml., 0.18 g. 7.5ml. 2 30 win.65 min.refhx tar
(i)

|
it 0.22 5 0.13 2.5 mixed 10 20 30" iniract.
1

solid,
[P
£r_ L0
s ca.i3-5"
E 0. 14 g,g
1 1.8% Lo 0.15% then - ca.’ 30 20 30" tar '
i morc —>pHY
|
l

.5 wmixed 15 20 30%brown
solid, -
Ma®Ds |
ca.d0

P
\Ji

Q.59

M

5,0 1.00

TLOH 1.00 25 0.59 2.5 mived 15 20 30°3itto:

O
[E)Y
\Jt
0s]

" 2.13 20 61i/Tt0H, added 1.74% ca.5 ca.5 20 35 crude,
i (2.8 ml.) pH? 1.6g.
{ fairly
pure,
é 0.2g. i
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continued. ..
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Notes: (i) Reactions donc at room temperaturs showed a spontancous
teupereture rise. (iil) This procedure proved not to be
reproducible (hence subscquent experiments). In one experiment,
when the crude product was left on the steam bath for 15 wmin.
after evaporation of solvent, suddon frothing followed by

soliaification of the product occurred; a reasonable yield was

obtained from this exverinent. However, if the crude product
was heated for too long, it was liabloe to explode. These

observations led to the developrnont of the definitive procedure.
(iii) In turn, experiments werce donc using ether, dioxan,
isopropanol, ag. 90% mcthanol, and benzence as solvents.

N . . . G
(b) Definitive proccdure. Sentafluoronitrobenzene T

(6.0 g., 28.2 mmole) was stirred in cthanol (50 ml.) on a water
o " . 1 A A Y TR . ol e
bath at 60 . Hydrazine hydrate (2.2 g., 4.4 mmole) in ethanol

(50 ml.) was added dropwisc during 10 min.: the temveraturc
X <O 9 i
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rosec to 65 and the reaction mixturc turncd brown, and a

G

precipitate of hydragzinium fluoride appeared. Stirring was
continucd at 60° for a further 30 min., then thc mixture was
poured into water (100 ml.) and cxtracted with ether (5 x 40 ml.).
The extracts were washod with saturatcd aqucous calcium chloride
(10 ml.) to remove cthanol, and cvaporated to dryness.

1, 2-Dichlersetinne (50 ml,) was added, and the mixturc was
carcfully boilcd down to about 10 wml. (An experiment on five.
times this scale cxploded rather feebly at this stage, but no
explosions were encountered on this scole of vpreparation).

Light petroleum (b.p. 60-807; 5 wl.) was added, and the mixture
was allowed to cool. A brown powder (2.2 g.), shown by
infra-red spvectroscopy to consist largely of tetrafluorohenzo-
triazol-1-0l, was obtained.

The product from five such experiments (10.5 g.) was
recrystallized from a wixturc of 1,2-dichlorocthane (200 ml.)
and light petroleum (b.n. 60-80°; 100 ml.), to give = somewhat
purcr product (7.1 g.); this was boiled with water (100 ml.)

and largely dissolved, leaving a black tarry residue. The

aqueous laycer was decanted, charcoaled, filtered, and ecxtracted

with cetiaer (5 x 40 wml.). The extrects were dried (#zS0,) end
g5,
the solvent was renoved. The residuc was crystallized from

50% 1,2~dichloroethance in light petroleum (b.p. 60-800), to

°

give pure tetrafluorobenzoiriszol-1-ol (4.0 g.; 14), as a

bulky white poewer (Found: C, 34.7: &, 0.5; N, 20.5. C,HT, N0
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requires: G, 34.8; H, 0.5; N, 20.3%), exploding at 144° The
triazolol showed O-H stretching vibrations at 4.0p (stroung,
very broad) in its infra-red spectrum (p.l127), and was furthor
characterized by its ultra-violct spectrum (p.l0%a) and its
nuclear magnetic resonance spectrum (»n.11b). Rcduction of
this compound gave tetrafluorobenzotriazmole (p.73 ), which was

also completely characterized.

Tosyl and Benzoyl dcrivatives of Tetrafluorobengotriazol-1-

ol. - (a) Preparation. The triazolol (0.20 g., 0.97 mmole),

sodium bicarbonate (1.0 g.), and tolucnc-p-sulpionyl chloride
(1.0 g.), were shaken in water (20 ml.) for 30 min. The
mixture was then boiled for 5 min., cooled, and Ffiltercd. The
solid product was charcoaled in and recrystallized twice from
light potroleum (b.v. 60-80°) and gave tetrafluorobenzotriazol-
~1=3l toluene~p-sulphonat. (0.146 g; 42%) (Found: C, 43.4;

H, 1.95; N, 11.9. 0,13:171?41\?3035 requires: C, 43.2:5 E, 1.9

N, 11.6%), as colourleuss granular crystals, m.D. 95-6°. The
infra-red svcctrum was rather similar to that of tetrafluoro-~
beanzotriazol-1-0cl, but conteincd extra peaks duc to the tosyl
group.

A similar reaction, using benzoyl chloride (0.80 g.) instcad
of tosyl chloride, gave (presumed) teotrafluorobenzotriazol-i-yl
benzoate (crude product: 0.24 g.; 807), m.n. 48-50°, again with
a satisfactory infra-red spectrun. The product was not

characterized furthor, except by the ammonolysis rcaction

L ...




described bclow.

L

(b) Ammonolysis of the acyl derivatives. The tosyl

derivative (0.20 g., 0.55 mwmole) was heated under reflux for

5 min. with agueous ammonia (s.g. 0.88; 2.0 wl.) and ethanol

(8.0 ml.); the mixture was then diluted with water (20 ml.) and

cxtracted with ether (4 x 10 ml.). The extracts were washed

with water and dricd (Mgsoq), and evaporation of the solvent

gave toluene-p-sulphonamide (0.103 g.; 10051 ; acidi;ation of

the aqucous phase, followed by cther extraction (& x 10 ml.)

gave tetrafluorobenzotriazol-1~ol (0.127 g.; 100) -~ both

products were identified by inffa—red‘spectroscopy,
1-Bengoyloxytetrafluorobenzotriazole, when trcated similarly

to the tosyloxy-compound, gave benzamide and the same triazolol.

Attenmpted Preparation of 1-Chlorotctrafluorobenzotriazole. -

The triazolel (0.25 g., 1.2 mmole) and phosphorus pentachloride
(0.30 g., 1.4 mmole) were heated under reflux for 1 hr. in dry
toluene (10 wl.) then cvaporated to dryness. The resulting oil
(0.40 g.) was shown by infra-rcd spectroscopy to consist largely

of the triazolol.

Tetrafluorobenzotriazole. - (a) From the triazolol.

7

Totrafluyorobenzotriazole (0.250 g., 1.2 amole) and aqueous 559
hydriodic cecid (2.5 ml.) were heated under reflux for 30 min.
The solution was decolourizcd with solid sodium metablsulphite

and partly neutralized (pHO) with saturatcd aqucous sodium

carbonate. The solution was extracted with ether (5 x 10 ml.)
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and the extracts were dried (MgSOQ) and cvaporated to give

almost purc tetrafluorobenzotriazole (0.241 g.; 1001), as a

..... [« |

white solid, m.p. 16O~20, identified by infra-red spectroscovy.
Recrystallization of this product frowm benzensg yielded the pure
compound (Found: C, 37.8; H, 0.6; N, 21.9. C6HF4N3 rcquires:

C, 37.7; H, 0.5; N, 22.0%"), as colourless glistening plates with
a pleasant cdour (0.100 g.; 427 recovery), m.p. 162.5°. The
compound was furthcr characterized by its ultre-violet spectruam
systen,

2

p.106) of its anion, and by the indepondent synthesis described

(p.1052), the nuclcar magnetic resonance spetrum (an APX

beclow,

(b) From tetrafluoro-o~phenylenediamine. The diamine

i e e . Ve A 4 MR LA RN, T f L I 8 - A LNAaEn e A akom

(p.87 ), (21.0 mg., 0.117 mmole), sodium nitrite (10.5 ng.,
0.15 mmole), and ag. 70;° sulphuric acid (1.0 g.) were heated to
o

75" in a water bath; the colour changed frowm green to brown.

The mixture was diluted to 50 ml., oartly neutralized

'~

(pH 5.5) with sodium carbonate, and cxtracted with ether
(3 x 10 ml.). The extracts were dried (HgSOQ) and evaporated
to give tetraflwrobenzotrizzole (18.7 mg.; 84%) as a somewhat
summy solid, identificd by infra-rod spectroscopy.

(c) Attempted preparation from totrachlorobenzotriazole.

2
The chlorinated triazole (m.p.254-9°, 1it.. 0 256-260°) was prepared

by refluxing benzotriazole with aqua regia. A mixture of
anhydrous potassium fluoride (12.5 5., 180 mmole) in tetra-

[

methylene sulphone (30 g.) was dried by azcotropic
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distillation with benzene (15 wl.), then stirred at 235,

etrachlorobenzotriazolie (8.0 g., 31 mmole) was added to the

L)

kY

mixtare, which was then stirred a further 20 hr., with heating;

o}
the tempersture rose to 2707 overaight. The product was
poured into water (100 ml.) and boiled, and yiclded & black tar.

In a sccond reaction the trieszole (5.0 z., 19 mmolc),

potassiwe fluoridc (10 g., 145 wmole), and tetramethylenc
sulnhone (30 g.) were stirred at 200° for 18 hr. Thz product
was diluted with benzene (50 ml.), poured into water, extracted
with cther, washed with water, and dried (NgSOL:_)° The ether
was rewmoved, and thce residuc wos dissolved in benzene,
charcoaled, and crystallized, to give totrachloroheunzotriazole
(0.71 g.; 14 recovery), w.p.2559, iderntificd by its infra-red
spoctrum, The mother liquor was cvaporated and gave a tar
(1.06 g.).

1-Acetyltetrafivsrobenotriea z0le, - Teotrafluosrobenzotrinzole

e e,

(0.50 g, 2.5 mmole) and acotic anhydride (5 wl.) were heated
? .

. . , o
under roeflux for 10 win, Tue mixturce was coolcd to O and
diluted with icc-water (50 ml.). A white precivpitate (0.54 g.),
shown by infra-rcd spectroscopy to be starting material and the

{wacetyl~derivative, was filtered off, and dricd in vacuo over
phosphorus pentoxide. This product (m.p. 99-100 \ was

1 . o ] ' - g O
recrystallized from light petroleum (b.p 60~307), to give

1~acotyltetrafluorobenzotriazcle (30 mg.; 59) (Found: C, 41.4;

H, 1.5: N, 18.2. C 0 reqguires: C, 41.2:; =, 1.3;

8H3F4N3
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N, 18.0%) as white ncedles, m.p. 112-3". The position of the
acetyl group was cstablished by the nuclcar magnetic resoncnce
spectrum (p.142,), which showcd four fluorine atoms in different
environments - an AGPX system - whorecas the 2-accetyl isomer
would be cxpected to give an A2X2 systom.

This compound was very rcadily hydrolysed, cven in neutral

solution, to give acetic acid and the pareant triszoloe.

Silver Salt of Tetraflucrobenzotriazole. Tetrafluorobenzo-

e < M A AL TR A 138 L8

triazole (0.50 g., 2.6 mmole) was dissolved in aqueous 0.0865N
sodium hydroxide (40 ml., 2.6 wmmole) with slight warming.
Silver nitrate (0.445 g., 2.6 mmole) in water (10 ml.) was
added, and a black precinitate (0.68 g.; 87%) of the presumed
silver salt was obtained. The infra-rcd spectrum {(p.127),
though somewhat sinilar to that of the parent triazole, had
no H-stretching absorption, and scveral bands were shifted
considerably. In a sccond exporinent the product was palce
violet, but had an identical infra-red spectrum; the pure
compound is oxpected to be colourless.

Attemotod Hitration of Tetrafluorobenzotriazole.

o - n— e . o L |

Tetraflucro-

+ 20 563/32304
(4"m1.)

continucde..

%k
benzotriazole  Reagents Duration Temperature Product
0.164 g. Conc. IO (2.5 ml.) 2 hr. 0° 51,0, 114 g.

- 1 S-\ - L °
4 q2 uq(z 5 ml )
0.200 g. 967 HNO., (0.10 g.) 30 min. 40° 8M,0.1933.
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Tetrafluoro- .l
benzotriazole Reagents Duration Temp:rature Product |
e - - }
%
09250 go COI}.C UII.N\,J}(OeBLl' g. ) 3 d?}_:\[s 200 SE\-"! l
+ (CF%OO)DG(4.O ml,) [
- i
0.191 g Conc . .HNO, (0.4 ml.) ; E
. & M S ' 10 ain. reflux  SM + 1- !
+ Ac 00376 ml.) ~acetyle |
& . . .
ndcrlvatlvp
e e e e —- S . N e
N . : l
* SM ~ starting matcrial i

- - " e w [l

Attempted Brominstion of Tetrafluorobenzotriazole. ~ The

triazole (0.10 g., 0.52 mmole) was dissolved in aqueous 4%
sodium hydroxide (5.0 ml.) and cooled to o°. Bromine (0.10 g.,
0.63 mmolc) was added, and a bulky precipitate appearesd but
dissolved alnost instantancously. The liquid gave. no product
on ether extraction, so it was acidified with hydrochloric acid
and rc-extracted with cther (2 x 20 ml.). Tetrafluorobenzo—‘
triazole was rocovercd quantitatively and identified by its
infra~rcd specirum.

Attempted Preparation of 1-Aminotetrafluorobenzotriazocle -

(a) From the parent triazolec.  Toetrafluorobenzotriazole

(0.20 g., 1.05 mmole) and agqueous 10% potassium hydroxide (30 ml)

were stirred at 60°, Hydroxylamine-O-sulphonic acid (2.0 g.,
18 mmole) in watcr (20 ml.) was added during 5 min. The mixture

was stirred at 60° for 1 hr., acidificd with concentrated

hydrochloric acid, and cxtracted with ether, to give starting
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material (0.192 g.; 867), m.p. ca. 160°, idontified by infra-
~red spectroscopy.

(b) From the triazole silver salt. The silver salt

(0.30 g., 1.0 smole) was shaken for 5 min. with cether (10 ml,)
containing chloramine (0.065 g., 1.3 mmole). The suspension
was filtercd, and the filtrate yielded an intractable gun
(0.02 g.).

(c) Prom the triazolel, Tetrafluorobenzotriazol-1-ol

(0.250 ge, 1.2 mmole) in dry dichloromethane (25 ml.) was mixed
with boron trifluoride in the samc solvent (15 ml.; 0.9M solutionjg
i.e. 15 mmole of BF3)° The mixture wassaturated with gaseous
amnonia and gave a white prccipitate (presumably of EFB.EHB).
Water (30 ml.) was added, and the layers were separated.

The agueous layer was acidificd with concentrated hydrochloric
acid and extracted with ether ( 2x 25 ml.), and yiclded starting
material (0.21 g.; 84%), exploding at 144°, identified by
infra-red specctroscopy. The dichloromethanc layer yielded
traces cf a yellow partly-solid oil, which was not cxamined

furthaer.,

1-(Pentafluorophenylamino)-tetrafluorobenzotriazole, -

Decafluoroazoxybenzence (5.0 g., 13.2 mmole), hydrazine hydratc
(1.0 g., 20 mmole), and cthancl (50 ml.) were heated under
reflux for 30 win. and the mixture was then poured into water
(100 ml.) and extracted with ether (3 x 50 ml.) to give a solid

product (4.5 g.). This was charcoaled and recrystallized from

e —— e
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1,2-dichlorocthanc and light petroleum (b.p. 80—1000), and the

product was washed with a little light poetroloum (b.p. 30-407),

28%) (Found: C, 38.9; H, 0.63; N, 15.3. CqQHFg*4 requires:

¢, 38.7; H, 0.3; N, 15.0%), m.p. 158-9° (unchanged on
recrystallization from the same solvent) was obtaincd; it

formed e¢xtremely voluminous white nccdles, which appeared to be
charged with static c¢lectricity. The compound was distinguished
from the much less likely isomer (a dihydrotetrazine) by
comparison of its ultraviolet specctrum with & predicted spcectrum

(p .105&) .

Reductive Cleavagze of 1—(Pentafluoyophonylamino)~totra-

0]

fluorobenzotriazole. - The triazole (0.50 g., 1.34 mmole),

aqueous 555 hydriodic acid (5.0 ml.), and p~-xylene (5.0 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 neutralizcd (to pH 6) with
solid sodium carbonate. The solution was extractced with
ether (100 + 5 x 20 ml.) and the cxtracts were washod with
water (25 mi.). Benzene (25 nl.) was added and the mixture
was distilled through a 15 cm. column packed with glass helices
until thoe volume had becn reduced to 25 nl. This residual
product was cxtracted with concentrated hydrochloric acid
(5 + 2 x 2.5 ul.), and thesc extracts werc neutralized with

solid sodium carbonate and extracted with ether (5 x 5 ml.).
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The ethereal ecxtracts were driced (Mgsoq) and evaporated in vacuo
to give pontafluorocaniline (0,132 g.; 54%; 849 based on
unrecovered starting material), as an oil which solidified on
standing. It was identified by infra-red spectroscooy.

The residual benzene solution was extracted with aqueous
1,0N sodium hydroxide (3 x 10 ml.); thesc extracts were
neutralized with concentrated hydrochloric acid and extracted
with cther (5 x 5 ml.). The extracts were dried (MgSOq) and
vielded crude tetrafluorobenzotriazole (7 mg.; 3%; 4% based on
starting matcerial consumed) as an alwmost colourless gummy sclid,
idéntified by infra-red spcectroscopy.

The remaining benzence layer was dricd (MgSOQ) and evaporated
to dryness in vacuo to give unreacted 1= (pentafluorophenylamino )-
tetrafluorobenzotriazole (0.109 g.3 227 recovery), identified
by infra-red spectroscopy.

Reaction of 1-(Pentafluorophenylemino) ~tetrafluorobenzo-

i triszole with lecad tetra-acutate. - (a) In refluxing benzcne.

The triazole (1.7 g., 4.6 mmole) and lead tetra-acetate

3.4 g, 7.7 mmole) were hecotod under reflux in benzene (50 ml.)
for 30 min. The solids were filtercd off and the mixture was
washed with aqueous 2N sodium hydroxide (5 x 20 ml.).

The agueous washings were cxtracted with ether (ca. 50 m%f),

and the combined organic laycrs were dried (Mgsoq) and
evaporated to dryness, to give a red oil (1.77 g.), which was

chromatographed (column B) on alumina. Elution with 333

(. _
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benzene in light petroleum (b.p. 60-80°) gave rcd gummy
crystals (0.95 g.), which were shown by ultra-violet and
nuclear magnctic resonance spectroscopy to be a complex mixture
of highly fluorinated azobenzenes.

(b) At room temperature. The triazole (0.211 g

LI ]

0.57 mmole), lead tetra-acctate (0.42 g., 0.95 wmole), and
, ; ) .
benzence (15 ml,.) were sheken at 20 for 1 hr. The mixture
turned red, and a caromatographic work-up as above gave a
- . 0
similar mixturc of azo-compounds (0.148 g.), m.p. 36~60",

1=-(4H-Tetrafluorophenylanino)-5H-trifluorobenzotriazole., -

, .
(a) Fron 4i,4H-octafluorcazoxybenzenc. The azoxy-compound

(0.40 g., 1.17 mwmole), hydrazine hydrate (0.10 g., 2.0 mmole),
and e¢thanol (4.0 ml.) were heated under reflux for 15 nin.,
poured into water (25 ml.), and extracted with ether

(4 % 25 nl.). The cextracts were washed with water

(2 x 10 ml.), dried (MgSOq), and cvaporated to yicld a partly-
~crystalline red oil (0.40 g.), which was charcoaled and
rcorystallized from light petrolewn (b.p. 60-807; 20 ml.), to

give bulky white needles of 1-(4iH-tetrafluorophenylamino)-5H-

trifluorobengotriazole (0.15 g.; 37%) (Found: C, 42.8; H, 0.8;

N, 17.0. LF N, rcquires: C, 42.8; H, 0.9; N, 17.0#%),

C1oMste!
m.p. 162-4°% (decomp.). The ultraviolet spectrum (p.136) was

similar to that of the nonafluoro-compound (p.105a),

1]
(b) Attempted synthesis from 2-amino-4H,4H-heptafluoro-

azobenzene.  The azo-compound (0.50 g., 1.54% mmole), zinc

S
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dust (4.0 g.), ammonium chloride (0.50 g.), water (1.0 ml.),
and cthanol (10 ml.) werc shaken at 20° for 5 nin, The liquid,
now colourless, was filtered and collucted in a flask containing
agqueous 50¢! acetic acid (40 ml.) =at 0°. Sodium nitrite
(0.80 g.; diazotization and dustruction of ammonium ion reguire
0.752 g.) in water (2.0 ml.) was addcd in one portion. The
mixture was heated to 800, then cooled, diluted with wator
(50 ml.), and cxtrocted with ether (50 + 5 x 20 ml.). The
extracts werce washed with saturated agueous sodium bicarbonate
(3 x 50 ml.), dricd (Ngsoq), and evaporatcd, yielding a rcd oil
(0.28 g.). The infra-red spcectrum showed a strong poak at
Q.ZM , bresumably diszoniwm cation, The product was
recrystnllized from benzene and light petroleum, but only tars
could be obtained.

The reaction was repeated with 5% sulphuric acid instead

of acetic acid, but a similar intractable product was obtaincd.

1-(g@—Tctrafluorophunylamino)~”Hwtriflggyobenzotriagg&g. -
ZH,éHmOctafluoroazoxybcnzene (0.60 g., 1.75 mmole), hydrszine
hydratce (0.15 g., 3 mmole) and ethanol (5.0 ml.) were heated
under rceflux for 15 min. and tle product was worked up similarly
to its isoner (above scction). The first recrystallization of
1

the crude product gave fairly pure 1-(2H-tetrafluorophenylamino)-

7H-trifluorobengotriazole (0.203 g.; 34%7), m.p. 1200, identified

by infra~rvd spectroscopy; & further crystallization gave the

pure compound (0.121 g.) (Found: €, 43.1; H, 1.2; N, 17.0.

'
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C 85T, roquires: C, 42.8; H, 0.9; N, 16.7), a.p. 125-6°,
as whitce nccdles. The ultraviolet spectrum (p.136) rescmbled

that of the nonafluoro-conpound.

The Reaction of Decafluoroazoxybenzene with Ammonia, -

Decafluoroazoxybenzene (4.25 g., 11.2 mmole) was heated under

reflux in ethanol (30 ml.). Aqucous armonia (s.g£.0.88; 8.0 ml.)

was added in 1 ml. portiocns cvvery 30 wmin., and the mixturce was
refluxed for a total of 4 hr. The solution was poured into

watcr (100 ml.) and extracted with cther (&4 x 30 ml.). The
extracts were dricd (Mgsoq) and cvaporated to give a semi-solid
yellow product (4.35 g.), which wes chromatographed on alumina
(column A), eluting with 33% benzene in light petroleum
o

(bep. 60~807); three bands developed, very palce brown, yellow,
and crean coloured, respoctively. Band (i) gave decafluoro-

. . }_I_f’ of - . =00 s 3. 2P
azoxybenzene (0.46 g.; 11 rccovery), m.p. 54, identified by

infra-red spoctroscopy and bend (ii) gave crude 2-(pentafluoro-

azoxy) =tetrafluoroaniline (2.42 g.; 57%), m.p. 70-4°, containing

a little of the 4-isoncr, identificd by infra-red spectroscopny.
The pure 2-isomer (0.38 g.) was obtained by two recrystallizations
frow light pctroleum (b.p. 40-50°) (Found: G, 38.6:; H, 0.7;

%, 1.2. €, HF.N_.C requires: ¢C, 38.hks; H, 0.5; N, 11.27),

127279 2
- y ro n a ] n .
as yellow plates, m.p. 69.5 . Bard (iii) geve 4-(pentafluoro-

phenylszoxy) ~tetrafluoroaniline (1.21 g.; 29Y) a.p. 937,

identified by infra-rcd specitroscopy. Recrystallization from

light petroleum (b.p. 60-80°) gave the purc conpeund (0.87 g.)
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(Found: C, 38.8; H, 0.7; N, 11.h4. C O requircs:

q I3

9 2

8 Ll- ~ - “~t O m

C, 338.%; H, 0.5; N, 11.2¢") =5 creamn nccdles, m.p. 93 . The
ortho-para orientation in those compounds was established by
reductive clezevaze (bolow), and the alternative possibilitics
due to the asymmzetry of the azoxy-group werce c¢lininated by
benzotrianzole~formaticn in conjunction with nuclear magnetic
resonance data (p.116),

A nminor fourth band on the column yielded a yellow

substance (73 mg.) n.p. ca. 1300 which was shown by nuclear

magnetic resonance spectroscopy to be a mixture, and which was
net invcestigated further.

Reductive Cleavage of 2-(Pentafluorophenylarzoxy)-tetra-

fluoroanilinc. ~ The azoxy-compound (0.50 g., 1.34 mmole)

agqueous 55, hydriodic acid (5.0 ml.) wore heated under reflux
for 1 hr., and the mixture was then diluted with water to

10 ml., decolourized with solid sodium metabisulnhite,
neutralizced with solid sodiun carbonate, and cextr=acted with
ether (5 x 10 ml.). The ethereal oxtracts were washed with
water (5 ml.), dricd (MgSOQ) and evaporated in vacuo, to give
a pink solid (0.427 g.), n.p. 60»900, identificd by infra-rcd
spectroscopy as a wixture of tetrafluoro-o-phenylencdiamine
and pentafluoroaniline. The crude product was crystallizcd
from light pctroleunm (b.p. 80-100°; 10 ml.), and gave totra-
fluoro=~o~phenylencdianine (0,133 g.; 55%), m.p. 117w200

(lit.4§1jlo) identificd by infra-rcd spectroscony, by




-199~

diazotization (p.73 ), and by conversion to the benzil
derivaetive, which was analysced (p.88).

The petrolcum filtrate from the abeve crystallization of
the diamine was cxtrected with concentrated hydrochloric acid
(7 + 3 ml.), and these extracts were neutralized with solid
sodium carbonate and cxtracted with ether (10 + 5 wl.), The
ethercal cxtracts were dricd (Mgsoq) and cvaporated to give
crude pentafluorocaniline (0.185 g.; 30%), as a scmi-solid product
containing a littlce of the above diamine, identified by infra-red
spectroscopy.

ZLB_Diphenyl~536,7,Sntetrafluoroquinoxal}nc. Tetrafluoro-

o-phenylenediamine (90 mg., 0,50 mmole), benzil (105 nmg.,

0.50 mmole), and glacial acctic acid (2.0 ml.) were heated under
reflux for 1 hr., and the nixture was then cooled and diluted
with water (5.0 wml.). The crude product (135 ag.), which was
fairly pure, m.p. 176=80, was filtercd off, washed thoroughly
with watcer, and dried in vacuo over phosphorus pentoxide.

Recrystallization fror othanol (30 wl.) gave pure 2,3-diphenyl-

-5,6,7,8=tetrafluoroguinoxaline, (116 ng.; 6467) (Found: C, 67.9;

H, 2.95; N, 8.1, CoolligFyY, requires: C, 67.9; H, 2.8;
N, 7.9%) as fine white nccdles, m.p. 182°, This quinoxaline

was characturized by its ultra-violet spuectrum (p.135) which
was clogely similer to that of the related trifluoro-compound.

Reductive Cleavage of h-(Pentafluorophenylazoxy)-tetra-

fluoroaniline, - The azoxyw-compound (0.407 g., 1.1 nmole) and
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aqueous 55 hydriodic acid (4.0 ml,) were hceatcd under reflux
for 90 nin. The mdixture was diluted to 10 ml., docolourized
with solid sodium nctabisulphite, ncutralized with solid sodium
carbonate, and cxtractcd with ether (5 x 10 =ml.). The extracts
werc weshed with water (5 ml.), dried (MgSOq), and cvaporated
in vacuo to give a nearly-whitce solid, (0.342 g.), m.p. 30-1107,
which was identified by infra-red socctroscopy as a mixture of
peatafluoroaniline and tetrafluoro-p~phenylencdiamine. This
product wes recrystallized frow light petroleum (b.p. 80-100°;
ca. 10 ml.) and yicldcd the diamine (0.129 g.; 66%), n.p. 137-80,
identical with the sample obtained previously (p.170). The
filtrate was extracted with concentrated hydrochloric acid

(7 + 3 nl.), and the extracts werc madealkaline with solid
sodium carbonate end cxtracted with c¢thor (10 + 5 nl.). Thesc
extracts were dried (FgSOq) and cvaporated in vacuo, yiclding
an almost whitc gumny solid (0.075 g.; 38Y), identificd by
infra-red spuectroscopy as pentafluoroaniline, containing a
little of thoe above diamine.

1-Pentafluorophenylamino=-5S5-aninotrifluorobenzotriagzolise. -

L (Pentafluorophenylazoxy)-tetrafluorcaniline (C.40 g.,

1.07 mnole), hydrazine hydrate (0.10 g., 2.0 mwmole), and
ethanol (4.0 ml.) werc heated under reflux for 30 ain., and
the mixture was then »oured into water (25 nl.) and cxtracted

with cther ( 4 x 25 nl.). Tho oxtracts were washed with

water (2 x 10 ml.), dricd (Egsoq), and evaporated to give a
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solid product (0.314 g.), which was recrystallizced from benzene/

light potroleum (b.p. 60-807; ca. mil.). 1~Pentafluoro-

phenylamino=5-aminotrifluorcbenzotriszole (0.092 g.; 23Y)

(Found: C, 39.2; H, 1.1; N, 19.2. C12 3“8X5 regquires:

C, 39.0; H, 0.8; ¥, 18.9%%) was obtaincd as whitc neecdle

e 152-3° (dccomp. )« The compound was identifivd as a

phenylaminobenzotriazole by ultra-violet spectroscopy (p.105a),

and distinguishced conclusively from the only possible isomer
1=(b-aminotetrafluorophenylanino) tetrafluorobenzotriazole

by its nuclear magnctic resonance spectrum (p.111 ).

1-Pentafluorophenylenino-7-aminctrifluorcbenzotriczole. -

2-(Pentafluorophenylazoxy)~-tetrafluorcaniline (0.232 g.,
0.62 mnole),and hydrazine hydrate (2.5% solution in cthanolj

2.5 zm1., 0.63 mmole) were heated under reflux for 15 wmin., and

the nixturc was then pourced into water (20 ml.) and extracted
with ether (5 x 10 ml.). The cextracts were washed with water

(5 ml.), dricd (Mgs0,), and ecvaporsted to give a red oil
? &g N
(0.235 g.), which was charcoaled and recrystallized fronm

benzene/light petréleum (b.p. 60-80°) to give 1-pentafluoro-

phenylanino-7-aminotrifluorobenzotriazole (0.021 g.; 9%), as

yat

. o .

white needles, zi.p. 147 (decoup.). The compound was
characterized similarly to its isowmcr (previous scction), and
spectra and clemental analysis (Found: C, 37.7; H, 1.2.

C requircs: C, 39.0; H, 0.8?)) were carried out on

TN
12934 8% s

13 ng. of the compound recovered from the nuclear magnetic
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resonacnce tube, The analysis was incevitably rather
unsatisfactory, but the nuclear magnctic resonance sypectrum
(p.”1a) showed no fluerinc-containing inpurity.

g
Attenpted Cyclimation of 2H,2H~Octafluoroazobenzene to

Octafluorobenzocinnolinc. - (a) With aluminium chloride in

L
dichloromethanc. 2H, 2H-Cctafluoroazobenzene (0.250 g.,

0.77 mnole) and anhydrous aluminium chloride (2.0 g.) were
heated under reflux for 3 days in dichloromcthane; the reaction
nixture was protected from moisture with o calcium chloride
tube, The solution was washed with wnter, dried (MgSOq), and
evaporated to give the unchanged azo-compound (0,240 g.; 96%),
1.0 1?0«20, identified by dinfra-rcd spectroscopy.

(b) With fuscd aluninium chloridc. The azo-conpound

(0.250 g., 0.77 mmole), aluminium chloride (8.0 g.), sodium
chloride (1.0 g.), and sodium fluoride (0.125 g.) were heated

on a stean bath at 80—90O for 90 nmin. The nelt was poured

into water and extracted with ether; the oxtract yieldcd a tar,
which was chrometographed on clumina (column C) to give starting
naterial (0.18 g.; 72%), c¢lutcd with benzene and identified by
infra-rced spectroscopy, as the only trectable product.

(¢) By irradiation. The azo-~compound (0.50 g.,

1.53 mmole), concentrated sulvhuric acid (96 nl.) c¢thanol
(50 ml,), and water (to 200 =l.), werc irrediated by ultra-violet
light for 24 hr. - a censidernble guantity of the starting

naterial had proecipitoted out of the reaction nmixture. The
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nixture was diluted with wotor and extracted with ether to give
the unchanged szo-compound (0.411 g.; 827), identificd by
infra-rcd spoctroscopy.

A sccond experinent was donc in concentrated sulphuric

acid only (50 wl.) in which thc agzo-compound was solublc;g
chromatographic work-up gave only the starting material
(0.40 g., 80%), identificd by infra-recd spoectroscopy.

t
Attenpted Wallach Rearrangceitent of 2H,2H-Octafluoroazoxy-

benzenc. - The azoxy-coumpound (0.100 g., 0.29 mmole),
chlorosulphonic acid (1.0 nl.), and carbon tetrachloride
(4.0 ml.) were heated under reflux for 15 min., and the nmixture
was then diluted with water (60 nl.) and extracted with
dichloromethane (20 + 5 nl.). The extracts werce washed with
water (50 ml.) aond dried (MgSOM). Zvaporation of the solvent
gave an orange oil (0.059 g.), with an infra-rcd spectrun
somewhat different from that of the starting moterial; in
i particular, therce was 2 strong band ot 4,63N ., suggesting that
cleavage to ¢ diszoniun salt had occurrcd. The oil could not
be recrystallized.

1
Attenpted Fhotochenidcal Rearrangement of 2H,2H-QOctafluoro-
> ; [ ]

azoxybcnzenc. - (a) In ncutral solution. The ~zoxy-conpound

(0.250 g., 0.71 rmocle) in c¢thanol (65 ml,) was irradiatced for

18 hr. The solutien wes cvaporated to 5 ml., end weter
(30 ml.) was added. Sxtraction with ether (4 x 7 nl.) yiclded

the starting material (0.20 g.; 8077), @.p. 61w50, rixed
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- o . ‘e . s
m,pe. ©3-5", identificd by infra-red spoctroscoony. This product
was o very pale orange, suggesting that a minvte proportion of
an azo-conpound was pruescnt.

(b) In ecidic solution. The azoxy-compound (0.20 g.,

0.58 rmole), concontrated sulphuric acid (9.6 ml.), cthanol

(5.0 ml.), and water (44 ml,) were irredinted for 19 hr.

Water was added and the aixture wns oxtracted with ether; the
unchanged azoxy-compound (ca. 0.15 g.), k.. 6Om20, was obtained,
and was didentified by infra-red spuctroscopy.

4
Attempted Ullngat Reeaction on 2, 2-Dibromo-octafluoronzo-

benzene, - (a) In dimethylfornanide. The azo-conpound

J R e

(0.0 g., 0.83 nmole), copper bronze (4.0 g.), and dinethyl-
fornanide (40 ml.) were hented under reflux for 1 hr, and
filterod hot. The solids were washed with hot dimethyl-
formanide (10 ml.) and the combined filtrates were added to
water (100 =m3.) to give a precipitate, which was chromatographed
on alumina (column B).  One tractable product was obtainced
s fald LI, on~0

(eluted with 507 benzens/light o troleur b.p. 60-607), nancly,

T l- - ~t o
2H, 2ll-octalluoror~zobenzene (0.1%2 g.; 497), n.p. 110-2",
identificd by infra-rod spectroscopy.

(b) Vithout a solvent. The nzo-compound (0.60 g.) ~nd

- ——LCnea

copper bronze (1.20 g.) werc sealed in vacuo in o small Pyrex
tube, and placcd in a bath of refluxing cthylene glycol at

200° for 24 hr. The tube was openud and the contents were

cxuaacted with cthery cvaoosration of the sulvant ud chrov:natograph
-} w <
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on alumina, with successive elution with light petroleun

o L
(b.p. 60-80"), benzene, and ether gave no product; elution
with acctone caused a yellow band to nove down the colunn.

This band yiclded only a trace of brownish-ycllow oil.

Tetrafluoroanthranilic Acid. - Tetrafluorophthalonitrile
. or s . - > .
was preoparcd in 68Y yicld by the procedurce of Evans; which

consisted of hecating tetrachlorophthalcunitrile with a fourfold
excess of dried potassium fluoride ot 2500 for 24 hr. The
nitrile was hydrolysed to give tetrafluorophthalimide (72%) by
heating in 10 parts of concentrated suphuric acid at 120° for
3,5 hr. - the procedure was again that of Evans.3 The
phthalinide was subjccted to o Hofmenn degradation, to give
tetrafluoroanthranilic acid, m.p. 138-140° (lit.?9141—20),
with a satisfactory infra-red spectrum, by the procedurc of
Tatlow and his co-workersu49 Work on =& 20 g. scale casily
raiscd the yield to 757,

Diazotization of Totrafluorcanthrsnilic Acid. - The acid

(2.0 g., 9.5 mnole) was dissolved in 20% sulphuric ecid (200 ml.)

0 . ot .
and cooled to O, Sodium nitrite (20 g., 290 mmole) in watoer
(100 nl,) wes added in one portion. The nixture was warned to

60° for 5 nin., the bluc colour of the nitrous ccid giving way
to yellow. he mixture was cooled and cxtreacted with ether

(5 x 100 nl.); the oxtracts were washed with water (2 x 40 =l.),
dried (Mgsoh), and e¢vaporated to dryness, yiclding a ycllow

solid (1.7 g.), which was washed with a few al. of ice~cold
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ater and dricd in vacuo. Two rccystallizetions from 50 parts

of woter gave trifluorobynzencdisgoniun-2~oxide-b-carboxylic

AL R At T L W L T R

P

C7HF3N203 requires: C, 38.6; H, 0.5; F, 26.13 N, 12.8%),
as yellow crystals, c¢xploding at 1910. The compound showed o

strong —U=N absorption =t b.58m  din the infra-red spectrus,
and wns distinguished fron its isoncer (the L-oxide) by
ultra-violet spectroscopy Qpﬁooa) and by rcductive replaccient
of tic diegoniun group (p.113) to give a hydroxy-acid, whose
structure was confirmed by nuclear magnetic resonance
spectroscopy.

Photolysis of Trifluorobenzencdiazoniun-2-oxide-b-carboxylic

acid. - The diazo-oxide (0.65 g., 3.0 imole) was duposited from

cther soluticon as o thin filn cver about 150 cmE, - half tho

inside surfece of a silica tube. 'he tube was cvacuated ond
sealed, irradiatced for 7 days, end then opcncd. Thz contents

were extracted with dichloromethane snd yiclded the starting

noterial (0.58 g.; 903%), identified by infra-rcd spectroscopy.

acid., = The diazo-oxide (0.50 g., 2.3 mmiole) was shoken for

1 min., with ether (50 ml.), aqucous 5 sumenium chloride (10 nml.),

and zinc dust (1.0 g.) in an opun flask. Both liquid phascs
were colourless, The c¢ther layer wos sceporated, and the

equeous laycr wes cxtracted with nore cther (5 x 25 nl.). The

contbincd cthercal cxtracts were dricd (Mgsoq) and cvoporated to
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dryness, to give o glassy solid (0.10 g.:; 297%), identified by
infra-red spoctroscopy as crude 2,3,k-trifluoro-S-hydroxyboenzoic

acid, which was preparced better by the procedure below.

ar s e

diagoniun-2-oxide~b-carboxylic acid (0.50 g., 2.3 imole), =zinc
dust (1.0 g.), and methanol (25 ml.) werc nixed, Agueous 105

ammoniun chloride (2.5 ml.) was added and cffervescoence occurred;

the solution became colourless. The liguid was filtered, and
0.24 hydrochloric acid (50 nl.) wes added,. The resulting

Al

solution was heated uader reflux for 30 nin. and extracted with

rn.
¢

cther (50 + 4 x 25 ml.,). The oxtracts were dried (1‘*£g‘304) and
yiclded a buff solid (0.45 g.), which on two recrystallizations
from tolucne gave 2,3,4-trifluoro-5-hydroxybenzoic acid

(0.21 g.; 60%) (Found: €, 43.9: H, 1.6; W, <1; F, 30.0.

C7HEF302 requires: €, 43.8; H, 1.5; N, 0.0; F, 29.79 as
: - o . . . .
a pink powder, n.p. 164.5-165", If the reerystallization

was donc instcad from 1,2-dichlorocthanc, a colourless sanmple,

o . . :
n.p. 162-3", wes obtnined (in much lower recovery) with an

identical infrea-red spoctrum, The structurce of this compound
. o 190 g . _
was cstablished by tlhe F and H nuclear nagnetic resonance

spectra, (p.138) which show fluorinc atons in the 1,2,3-relation-

1

ship, with a hydrogen para to the niddle fluorine atom.
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