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GENERAL INTRODD CTION
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A normal solvolytic process is one in which the

solvent provides electron pairs for the incipient

cation and accepts electron pairs from the incipient

anion^. For example, ammonium chloride undergoes

solvolysis in water according to the following example;

NH^Cl + H20 ^NH^OH + HC1
X:Y A:B X:A Y:B

The same is true in non-protonic solvents, for

example tetraethylammonium chloride in dinitrogen

t e tr oxide.

( C2H5 )4NCI + N2O4_^. ( C2H5 )4NNO3 + NO CI

In these reactions the solvent provides a pair of

electrons to the incipient solute cation and accepts a

pair of electrons from the incipient solute anion.

Such a process may be termed as HETEROSOLVOLYSIS. In

order to have the corresponding HOMOSOLVOLYSIS process

a different requirement should be fulfilled. This is

simply to take a solvent system which can accept a
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single electron from a solute fragment and donate an

electron to another solute fragment.

Although in the above example the solvent has

split into two components this is not a stipulation of

2
a solvolytic process. Hammett originally defined a

solvolytic process as a kinetically first order

nucleophilic displacement reaction in which the

displacing nucleophile is a molecule of solvent or a

solvent component. The new concept of homosolvoly si s

3
was first proposed by Tedder , in the early seventies,

in St. Andrews.

X: Y A;B> ( X+ Y~ ) HETEROSOLVOLYSIS (1)
11 u
X-A Y-B

X: Y (X. Y» ) HOMOSOLVOLYSIS (2)
11 11
A-X A-Y

Stable nitroxides, which are liquid at room

temperature, were found to be suitable solvents for

homosolvolysis. As in heterosolvolysis the bond broken

will be one which already has polar character, so in
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homosolvolysis, bond fission will occur where the bond

is weak and the incipient radicals stable.

A further analogy can be drawn between the two

systems; the incipient ions in heterosolvolysis will

vary in electronic strength. If ions X+, Y: are ions

of strong electrolytes then the newly formed molecules

X-A and Y-B will exist largely in the ionised form

whereas if these ions are the ions of weak

electrolytes, compounds X-A and Y-B will exist mainly

in the undissociated co-valent form. Similarly, in a

homosolvolytic process the new molecules X-A and Y-A

may remain as stable molecules or redissociate into new

radicals.

Although homo sol voly si s is an entirely new

concept, di-t-butylnitroxide has previously been used
4

as a solvent by Kreilick in n.m.r. studies of free

radicals. The use of nitroxides as homolytic oxidising

agents has been studied in some detail by Forrester and
5 6

Thomson , who together with Hay also produced a survey

of nitroxide chemical and physical properties.
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The inorganic nitroxide, Fremy's salt, has been

known since 1845, but it was not until 1901 that Piloty

7
and Schwerin isolated a completely monomeric organic

radical, porphyrexide. The rapid development of

e.s.r. spectroscopy in recent years has stimulated

widespread interest in nitroxides. The physical

technique permits study of nitroxides of varying

persistency. A persistent radical is described as one

which is stable and does not combine with itself.

The persistency of a nitroxide may be attributed

to an inherently stable electronic configuration about

the nitrogen and oxygen atoms and to steric

influences. They can be depicted as a resonance hybrid

of the forms I,II or perhaps more accurately in the

form III where there is a three electron bond between

the nitrogen and oxygen atoms. Structure III is

supported by the small dipole moment, the bond length

and infrared spectrum.

I II III
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An important consequence of this electronic

arrangement is that nitroxides do not undergo

dimerisation at either the nitrogen or oxygen atoms.

Di-alkylnitroxides IV,in which either alkyl group is

primary or secondary are extremely short lived by

virtue of the ease with which they undergo

disproportionation to the corresponding hydroxylamine

V, and nitron VI.

2RCH2NR' RCH2NR* + RCH=NR'
0- OH 0"

IV V VI

The lack of mechanism by which

di-t-alkylnitroxides may react with themselves accounts
g

for their very persistent nature rather than steric

shielding. The fact that much less sterically shielded
q

bis(trif1uoromethy1)nitroxide is a persistent radical

supports this idea.

Tedder and Walton's group initiated the concept of
3 10

homosolvolysis by studying the homosolvolysis ' of

various R-X bonds using di-t-butylnitroxide(VII),

2,2,6,6-tetramethyl-1l-piperidone-N-oxide(VIII) and

2,2,5,5-tetramethylpyrrolidine nitroxide(IX) as



solvents and where R was alkyl, allyl, benzyl and

be nz oy1.

Or
VIII VIII IX

The fission of the carbon-halogen bond in a reactive

alkyl halide, e.g. benzyl bromide, when the alkyl

halide is dissolved in a nitroxide, must be initiated

by attack on the halogen similar to an SN1 process
where the reaction involves attack by the solvent

molecules on the halogen. Secondary and tertiary alkyl

bromides and iodides react very slowly when dissolved

in excess nitroxide at room temperature, the reaction

is considerably faster with allyl and benzyl bromides.

Many of the homosolvolytic reactions are

accompanied by the formation of crystalline

precipitates. This is particularly noticeable when the

nitroxide is the only solvent or if the co-solvent is a

non-polar organic liquid. These precipitates appear to

have considerable ionic character.



- 7 -

I?2= N- O + R2-X * R^= N-O-X + R2 (3)
> k

R2=N+=0 X"

R2 + R^= N- O* >R^= N- 0- R2 (4)

The O-allyl and O-benzyl hydroxylamines correspond

to weak electrolytes and remain undissociated at room

temperature. The nitroxides themselves can be very

susceptible to hydrogen abstraction.

R* + ( (CH3)2C)2N0- »R2H + CH2=C(CH3)2 + CH3CN0 (5)

Carbon-nitrogen bonds in phenyldiazoniurn chloride

and 4-nitrophenyldiazonium fluoroborate were

homosolvolysed by di-t-butylnitroxide and the coupling

products O-phenyl-N-di-t-butylhydroxylamine and

0-(4-nitropheny1)-NN-di-t-butylhydroxylamine (7) were

obtained while the more electrophilic 2,4-dinitropheny1

and 2,4,6-tribromophenyl radicals produced from the

appropriate diazonium salts, abstact hydrogen to yield

1,3-dinitrobenzene and 1,3,5-tribromobenzene (8).
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ArN
2 + R gN 0-; Ar. + R2N=0 + X"

—> ArONR„Ar« + R2N0*-
Ar« + RgNO*- -»ArH + R ( - H ) + RNO

(6)

(7)

(8)

Scott and Tedder^ reported the induced

homosolvolysis of bromotriphenylmethane by

di-t-butylnitroxide. The fact that the carbon-halogen

bond in triphenylmethy1 halides is sufficiently weak

made them suitable substrates in homosolvolysis. The

homolysis of chl or otriph eny lmethane by

di-t-butylnitroxide was much slower than the

corresponding bromotriphenylmethanes. It was concluded

that the homosolvoly si s of trityl halides by nitroxide

is an equilibrium reaction analogous to ionic

equilibrium reactions.

Ph3 CBr + Bu^N 0* > Pt^C- + Bu^NOBr
Ph30 + Bu^N0* Ph3CONBu2

Ph3C» + Ph3C* Dimer
Bu„N0Br, . ^2 ( solution )

=* Bu^N+= 0 Br' ( solid )

A study of the relative rates of homolysis of

substituted benzyl bromides showed that certain

substituents in the para position enhanced the rate of

homosolvolysis similar to the stabilising effect para
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substituents have on triphenylmethy 1 radicals.

Homosolvolysis reactions, in which the radical

abstracts hydrogen from the nitroxide (5), produced

2-methy1-2-nitrosopropane, and its ability as a spin

1 2
trap has been utilised . It has been shown that

stable nitroso-compounds can trap non-persistent

radicals yielding a nitroxide which is sufficiently

stable for it's e.s.r. spectrum to be studied in

detail and the stucture of the trapped radical deduced

from the hyperfine splitting.
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This present work is a study to extend the concept

of homosolvolysis.

Part 1 of the thesis deals with the effect of

substituents on the homo solvolysis of para substituted

bromodiphenylmethanes.

Part 2 is an investigation of the homosolvolysis

of acid chlorides.

Part 3 deals with the use of paraquat as a novel

solvent for homosolvolysis.

Part 4 deals with reaction of free radical

betaines with derivatives of triphenylmethane and

phenyl lithium.



INTRODUCTION
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1 3
Gomberg's discovery of triphenylmethy1 as the

first stabilised free radical prompted other workers to

try and determine the factors governing the stability

1 4
of radicals. Goldschmidt had observed an increase of

stabilisation for triphenylhydrazine radicals with

increasing strength of acceptor group X.

Figure 1.1

1 5
Walter tried to interpret the influence of different

groups R on the properties of (1.1) and related

radicals.

Dewar1^ in 1952 was the first to propose a

theoretical formulation for the stabilising effect by a

donor and an acceptor substituent when applied to

conjugated alternative odd numbered hydrocarbon

radicals.
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1 7Based on the analogy with mercyanines, Katritzky

developed the principle of merostabilisation which

governs the stability of radicals.

Viehe^'^ developed these proposals and

formulated the concept of capto-dative free radicals,

in which the carbon atom with the unpaired electron is

flanked by both an electron donor group and an electron

acceptor group. Viehe has shown that radicals of this

type are very reactive but not persistent because

unlike persistent radicals they can combine with each

other.

20
Singh and Tedder have used the capto-dative

concept to show that if an alkyl halide on

homosolvolysis yielded a capto-dative radical, the rate

of homolysis would be very rapid. From their evidence

it was shown that a bromine atom attached to a carbon

atom flanked by both electron donor and electron

acceptor groups undergoes extremely rapid homolysis. A

single donor group proved much less activating than the

combined capto-dative groups but enhanced

homosolvolysis more than two acceptor groups.
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The present work is a study of the reaction rates

of homosolvolysis of para substituted br omodipheny 1-

methanes and show that the capto-dative effect also

controls the homosolvolysing rate when a bromine atom

is attached to a carbon atom which is flanked by two

aryl groups.



EXPERIMENTAL
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2 1
Preparation of Pi-t-Buty1nitorxide

(a) Preparation of 1.1 dimethv1nitromethane.

To potassium permanganate ( 650g ) in water ( 31 )

t-butylamine ( 100g ) was added dropwise over a period

of 15 min.. The reaction mixture was allowed to stir

for 8 hours while the temperature rose to 45°C,
followed by a further 8 hours at the elevated

temperature of 55±5°C. The product was isolated by

steam distillation, washed with hydrochloric acid, then

water. The washings were extracted by petrol

( 40-60°C ) and dried over anhydrous sodium sulphate.

The dried product was distilled and collected at

127-128°C in 80$ yield and had a m.p. of 25-26°C.

(b) Preparation of di-t-butvlnitroxide

1,2-Dimethoxyethane ( "Glyme" )( 1.31 ) was dried

over calcium hydride for 48 hours, stored over

aluminium hydride until required when it was distilled

under nitrogen directly into a three necked

round-bottomed flask ( 21 ) which already contained 0.4

cm pieces of sodium metal ( 19.9g ) and 1,1

dimethylnitroethane ( 89.7g ). The reaction flask was

equipped with a nitrogen outlet and magnetic stirrer in
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order to maintain the reaction mixture at 25-30°C. The

onset of the reaction was signalled when the sodium

surface became bright gold in colour. After 24 hours

the reaction mixture consisted of a white solid and

colourless glyme solution. Most of the glyme was then

removed by evaporation under reduced pressure, leaving

a thick colourless slurry from which separated a

reddish brown organic layer on the addition of water

( 270ml ). The aqueous layer was extracted with petrol

( 40-60°C ) until the extract was colourless. The

combined organic layer and petrol extracts were cooled

to 0°C, washed rapidly with 70ml. portions of 0.25M

hydrochloric acid to remove any hyroxylamine

impurities. The petrol solution of the product was

immediately washed with 70ml. portions of cold water

followed by 70ml. portions of 0.2M sodium hyrdoxide.

Petrol ( 40-60°C ) was used to extract the aqueous

layers obtained from the acid and hydroxide washings.

The petrol was washed with water and combined with the

initial petrol extract. The petrol extracts were dried

over anhydrous sodium sulphate then distilled under

pressure. The red di-t-buty1nitroxide was distilled

and collected ( 24g, 38$ ) using a long fractionating

column at 62-63°C ( 14mm. ) and its purity checked by

g. 1.c. .



- 16 -

The benzhydrols were prepared via a Grignard method

except 4-methoxy-4'-nitrodiphenylmethanol which was prepared

via a Friedal-Craft reaction followed by reduction using

sodium borohydride in propan-2-ol. The carbinols were

purified by recrystallisation and the melting points and

elemental analysis are given :

4-Substituted Melting Points (°C) Elemental Analysis

Benzhydrols Obs. Lit. Found Calculated

C% n? C% V$ nf

h h 68-69 68-6922 84.69 6.58 84.75 6.56

h OCH3 67-68 67-6823 78.37 6.65 78.48 6.59

och3 OCH3 70-71 7224 73.83 6.58 73.75 6.60

och3 CI 59-60 6025 67.72 5.25 67.76 5.27

och3 F Oil Oil26 72.31 5.62 72.40 5.64

och3 no2 76-78 77-7827 64.97 5.04 5.32 64.86 5.05 5.40

CI CI 92-93 92-9428 61.73 3.97 61.69 3-98

ch3 (*3 70-71 7123 84.68 7.58 84.87 7.60
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N. M, R, Spectral Analysis

Benzhydrol <5 , 7.55-7.25 ( 10H, complex ), 5.80

( 1H,s ), 2.30 ( 1H,s ).

4-Methoxybenzhydrol 6 , 7.50-7.10 ( 5H, complex ), 7.08

( 4H, dd, J 17.0, 9.5Hz ), 5.76 ( 1H,s ), 4.76

( 3H,s ), 2.18 ( 1H,s ).

4,4•-Dimethoxybenzhydrol <5 , 7.15 ( 8H, dd, J 34.0,

9.0Hz ), 5.80 ( 1H,s ), 3.80 ( 6H,s ), 2.40 ( 1H,s ).

4-Chl oro-4 '-methoxybenzhy dr ol 6 , 7.30 ( 4H,s ), 7.05

( 4H, dd, J 31.0, 9.0Hz ), 5.73 ( 1H,s ), 3.78

( 3H,s ), 2.35 ( 1H,s ).

4-Fluoro-4'-methoxybenzhy drol <5 , 7.25 ( 4H, dd, J

16.0, 9.0Hz ), 6.98 ( 4H, dd, J 15.0, 8.5Hz ), 5.75

( 1H,s ), 3.78 ( 3H,s ), 2.35 ( 1H,s ).
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4-Methoxy-4'-nitrobenzhydrol 6 , 7.85 ( 4H, dd, J 25.0,

9.0Hz ), 7.05 ( 4H, dd, J 15.0, 9.0Hz ), 5.85 ( 1H,s ),

3.80 (3H,s ), 3.48 ( 1H,s ).

4,4•-Dichlorobenzhydrol 6 , 7.33 ( 8H,s ), 5.83

( 1H,s ), 2.25 ( 1H,s ).

4,4'-Dimethylbenzhydrol 6 , 7.23 ( 8H, dd, J 10.0,

8.0Hz ), 5.78 ( 1H,s ), 2.33 ( 6H,s ), 2.10 ( 1H,s ).

The benzhydrol bromides were prepared by passing

dry hydrogen bromide through a solution of carbinol in

pure benzene at 0°C containing anhydrous sodium

sulphate. The solution was decanted, then the solvent

removed under reduced pressure and the resulting

bromides used for kinetic measurement without further

purification. The identities of the bromides were

checked by n.m.r. and no OH signal was found.
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N.H,R, Spectral Analysis

Bromodiphenylmethane 6 , 7.68-7.25 ( 10H, complex ),

6.41 ( 1H,s ).

4-Methoxydiphenylbromomethane 5 , 7.50-7.10 ( 5H,

complex ), 7.08 ( 4H, dd, J 22.0, 9.0Hz ), 6.21

( 1H,s ), 3.70 ( 3H,s ).

4 , 4 '-Dimeth oxybromodi ph eny lmethane <5 > 7.18 ( 8H, dd, J

44.0, 9.0Hz ), 6.38 ( 1H,s ), 3-85 ( 6H,s ).

4-Chi oro-4'-methoxybromodiphenylmethane S ,7.35 (4H,s),

7.05 ( 4H, dd, J 33.0, 9.0Hz ), 6.21 ( 1H,s ), 3.78

( 3H,s).

4-Fluoro-4'-methoxybromodiphenylmethane 6 , 7.35 ( 4H,

dd, J 18.0, 9.0Hz ), 6.98 ( 4H, dd, J 16.0, 8.5Hz ),

6.30 ( 1H,s ), 3.78 ( 3H,s ).
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4-Methoxy-4•-nitrobromodiphenylmethane 7.88 ( 4H,

dd, J 22.5, 9.5Hz ), 7.08 ( 4H, dd, J 18.5, 9.0Hz ),

6.25 ( 1H,s ), 3.78 ( 3H,s ).

4,4'-Dichlorobromodiphenylmethane 5 , 7-36 ( 8H,s ),

6.23 ( 1H,s ).

4,4'-Dimethylbromodiphenylmethane 5 , 7.40 ( 8H, dd, J

10.0, 8.5Hz ), 6.43 ( 1H,s ), 2.45 ( 6H,s ).

Preparation of 4.4'-dinitrobromodiphenvlmethane

4,4'-Dinitrodiphenylmethane was prepared by

nitrating diphenylmethane according to the method of

29
Doer . The bromide was prepared by photobromination

of the methane according to the procedure of Eliel and

Rivard30.

4 ,4%-Dinitrobromodiphenylmethane m.p. 182-183°C;
(CDC1 ) 5 7.95 ( 8H, dd, J 25.0 and 9.5Hz ), and 6.35

( 1H,s ) (Found : C, 46.25; H, 2.60; N, 8.32.

C,j ^HgBrN^Ojj requires C, 46.32; H, 2.69; N, 8.31%) -
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Kinetic measurement of Pi-t-Butvlnitroxide with

Benzhvdrvl Bromides.

The reactants were in molar proportions of bromide

: nitroxide (50:1) and the co-solvent was dry

benzene.The reactions were performed using a vessel as

shown in figure 1.2 .

Figure 1.2

The bromide solution was placed in side arm A and

the nitroxide solution in arm B. The whole vessel was

attached to a vacuum line and the reactants thoroughly

degassed. The tap was then closed and the vessel

removed from the vacuum line, where both solutions were

mixed, run into the narrow quartz glass side arm C and

inserted into the e.s.r. spectrometer. The e.s.r.

spectra were recorded with a Bruker E.R. 200D

spectrometer. One peak from the nitroxide triplet was
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chosen and this was plotted at intervals until all the

nitroxide had reacted (Figure 1.3). Graph's of log N?N
against time were plotted and the half-lifes were

calculated (Figure 1.4).
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bef'ore
m i x i n q

Figure 1.3a O^NC^H CH(Br)C^H^OCH, + BulNO* 20:1264 643 ^

Reaction of 50:1 mixture proved too rapid to record.
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4x10

35mins
8x10 z
350mins

1-6x10 3
35 5mi ns

1-6x103
360mins
1-6X103

"365
1 6x103

"77CT

4x10
140min

4x10
307mm

330 mins

340mins

Figure 1,3b FC H CH (Br) C.H OCH. + Bu^TNO 50:1
o 4 6 4 3 z
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t
Figure 1.4(a) 0oNC,.H„CH (Br) C^H.OCH /Bu„NO Ratio 25:12 6 4 6 4 3 2

4 6 8

Time/minutes

Figure 1.4(b) CH^OC^H^CH (Br) C..IIOCH /Bu„NO' Ratio 50:13 6 4 6 4 3 2

Time/minutes



-26-

Figure 1.4(c) CH_OCrH.CH(Br)C.H^F/Bu^NO Ratio 50:1
J o 4 6 4 2

O
z

t ——r

100 200

Time/minutes

300

Figure 1.4(d) H^C^HCH (Br) CrH CH /Bu^NO- Ratio 50:13 6 4 6 4 3 2

0.8

0.0 "4»— i———i— T- r —1 1— 1

0 100 200 300 400
Time/minutes
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Figure 1.4(e) CIIOC H CH (Br) C^H Cl/Bu^NO. Ratio 50:13 6 4 6 4 2

0 20 40 60 80

Time/minutes



-28-

0 -fy 1 1 1 1 1 r ■ 1 ■ 1 ■

0 20 40 60 80 100 120
Time/hours

Figure 1.4(g)

0.4

C£C_H.CH (Br) C H CH/BuSfO' Ratio 50:1
6 4 6 4 2

100

Time/hours

Figure 1.4(h) O.NC^H CH(Br)CrH NOjBu^NO' Ratio 50:12 6 4 6 4 2 2
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Rates of Homo sol volvsls of substituted

Br omodl phenyl me thanes.

x-C6h4.
BUpNO*

C, H- Y * X-C, H'61 6 4 C6H4"Y
CH

CH30-C6H1}CH( Br)C6H4-N02
CH30-C6H4CH(Br)C6H4-0CH3
CH30-CgH4CH( Br)C6H4-Cl
CH30-C6H4CH( Br)CgH4-H

CH3-C6H4CH(Br)C6H4-F
CH3-C6H4CH(Br)C6H4-CH3

Cl-CgH^CHC BrJCgH^-Cl
H-CgH^CHC Br)C6H4-H

02N-C6H4CH(Br)C6H4-N02

t^2 ( minutes )
very short

4

33

34

35

334

very long

very long

very long
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Preparative rection of Pi-t-Butvlnitroxide

and *>. 4 ' - Dimethoxvdiphenylbromomethane .

(a) Using excess "bromide".

After careful degassing, a solution of

4,4'-dimthoxydiphenylbromomethane ( 0.5g ) in dry

benzene ( 0.5ml. ) was mixed with di-t-butylnitroxide

( 0.058g ) in benzene ( 0.5ml. ) in a tube suitable for

e.s.r. study. Completion of the reaction was

indicated by the disappearance of the nitroxide signal

observed using the e.s.r.. The volatile products were

collected in a cold finger and from coupled

g.l.c.-m.s. were identified as 2-methylprop-1-ene and

2-methy1-2-nitrosopropane. The residual reaction

mixture was transfered to a column of silica gel, where

the products were eluted with a 1 % ether/petrol

(40-60°C ) mixture. The products were found to be

nitroxide bromide ( 0.0668g ), 4,4'-dimethoxydipheny1-

methane ( 0.0697g ) and unreacted 4,4'-dimethoxy-

diphenylbromomethane. The reaction products were

identified by comparing mass spectra, n.m.r. spectra

and melting points with those of authentic material.
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(b) Using excess "nitroxide".

As before, solutions of 4,4'-dimethoxy-

diphenylbromomethane ( 0.1g ) and di-t-butylnitroxide

( 0.094g ) in dry benzene (1.0ml. ) were degassed and

mixed. The reaction mixture was left for the same time

as in (a). Using the same analytical methods as before

the products were assigned as 2-methylprop-1-ene,

2-methy1-2-nitrosopropane, nitroxide bromide (0.0705g),

4,4'-dimethoxydiphenylmethane ( 0.0286g ) and unreacted

di-t-butylnitroxide.
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The results from the preparative reactions show

that 4 , 4 '-dimethoxydiphenylmethy 1 radicals abstract

hydrogen from the nitroxide yielding

4 , 4'-dime thoxy di ph eny lme thane and also volatile

products 2-methy 1-2-nitrosopr opane and

2-methylprop-1 -ene. The nitroso compound becomes

available to combine with other

4 ,4 '-dimethoxydiphenylmethy 1 radicals yielding a

secondary nitroxide.

1 2
Singh ,Tedder and Walton have shown that during

homosolvolysis of bromodipheny lmethane, diphenylmethy 1

radicals can combine with internally produced

2-me thy 1-2-ni trosopr opane giving a secondary nitroxide,

C6"5\ /C6«5 ♦ Bu^O >C6Ha ,C6Hs
CH CH
'

it was hoped that if a secondary nitroxide was

produced, it would not significantly effect the rate of

reaction, unfortunately the results indicate that the

secondary nitroxide effects the rate determining step

causing the reaction not to be first order.
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Although no accurate rate constants can be

calculated the approximate t^/2 values clearly indicate
the effect donor and acceptor groups have on the

homolysis rate. The compound 4-methoxy-4nitrobromo

diphenylmethane which yields a "capto-dative" radical

on homolysis resulted in a very rapid reaction.The next

compound in reactivity was 4,4'-dimethoxybromo-

diphenylmethane with two donor groups. The results

from the three compounds, 4-fluoro-4'-methoxybromo-

dipheny lmethane, 4-chloro-4 •-methoxybr omo dipheny 1-

methane and 4-methoxy bromodiphenylmethane all with a

single donor group were approximately similar

indicating neither fluorine nor chlorine had a

substantial effect on the reaction rate. The compound

with two acceptor groups was, as expected, very slow

(11 /2 5 days), due to the two electron withdrawing
groups resisting the solvolysis of an electro-negative

halogen atom.

The results obtained in the series are in accord

with those found by Singh and Tedder during homolysis

of alkyl halides and expands the "capto-dative" concept

one stage further.



INTRODUCTION
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Acyl halides are extensively employed reactants in

organic synthesis due to the ease with which the

carbon-halogen bond breaks. In the past acyl halides

have been used as intermediates for the production of

solid derivatives such as anilides, p-toluides,

N-benzamides S-alkylisothiouronium salts and in many

other substitution reactions.

In all these cases the carbon-halogen bond has

been broken heterolytically, Scott and Tedder10
investigated the homosolvolysis of benzoyl chlorides

and found that on reaction with di-t-butylnitroxide

they yielded 0-benzoy1-N,N-di-t-butylhydroxylamine In

this work an investigation of the homolysis of benzoyl

chloride has been carried out to clarify the reaction

process and expand it to other acid chlorides.



EXPERIMENTAL
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Homosolvolvsis of a Carbon-Halogen Bond

LD Peaction between Senzpyi Ch3.ora.dg

and Di-t-Butvlnitroxide.

Freshly distilled benzoyl chloride ( 1.07g ) was

added to di-t-butylnitroxide ( 2.0g ) in a reaction

vessel with a nitrogen bubbler attached. The mixture

was stirred and a gentle stream of oxygen-free nitrogen

applied. As the reaction proceeded it yielded a blue

product mixture. The volatile products were collected

in a cold finger for subsequent analysis. The presence

of two components in the volatile fraction was shown by

g.l.c. analysis. From coupled g.l.c.-m.s. these

products were identified as 2-methylprop-1 -ene and

2-met hy 1-2 -nitrosopro pane.

Completion of the reaction was signalled by the

disappearance of the blue colour leaving a white

material which was treated with ether and the

undissolved solid filtered off. After

recrystallisation from ace tonitrile, an n.m.r.

spectrum ( D20 solution ) of the solid m.p. 166-167°C
showed a singlet at 1.55 p.p.m.. C, H, N, analysis: Found

C 52.74* H 9-91* N 7.10* calculated for CgH^NOCl C
53.47* H 10.10? N 7.79*. The above evidence suggested

the chloride salt of the nitroxide.
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The ether was removed under pressure from the

mother liquor and an n.m.r. spectrum obtained to check

for the presence of any benzaldehyde in the crude

material ( CDCl^ solution ). No peak was found between
9 and 11 p.p.m..

The crude material was pumped down ( oil pump ) to

remove any unreacted benzoyl chloride. The crude

product was crystallised from petrol (40-60°C) to give

N-benzoyl-N-t-butyl-O-benzoylhydroxylamine ( 0.10 g),

m.p. 84-85°C; 6 (CDClg) 8.81-8.88 (10H,m) and 1.60
(9H,s) (Found: m/z, 297.1354; C, 72.8; H, 6.65; N,

4.7. C18H19N03 requires m/z, 297.1365; C, 72.7; H,
6.4; N, 4.7*) .

In all the following reactions identical

experimental conditions and analytical methods were

employed as in (i) above. The molar ratio of nitroxide

to acid chloride was in the ratio of 2:1.
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(il) Reaction between 4-Toluoyl Chloride

and Pi-t-Butvlnitroxide.

4-Toluoyl chloride (1.18g) was treated with

di-t-butylnitroxide (2.0g) to give purified N-t-butyl-

N-4'-toluoy1-0-4"-toluoylhydroxylamine ( 0.17 g),

m.p. 110—111°C; 6 (CDClg) 7.40(4H, dd, J22.0 and
9.0Hz), 7 .2 0(4 H, dd, J18.0 and 9.0 Hz), 2.35(3H,s),

2.20(3H,s), and 1.55(9H,s) (Found: m/z, 325.1664; C,

73.6; H, 7.2; N, 4.3. C2qH23N03 requires m/z,
325.1678; C, 73.8; H, 7.1; N, 4.3*).

(iii) Reaction between 4-Methoxvbenzovl Chloride

and Di-t-Butvlnitroxide.

4-Methoxybenzoy1 chloride (1 .30g) was treated with

di-t-butyInitroxide (2.0g) and gave purified N-t-butyl-

N-4'-methoxybenzoyl-0-4w-methoxybenzoylhydroxylamine

(0.10g), m.p. 84-85°C; 6 (CDC13) 7.24(4H, dd,J40.0
and 9.0Hz), 7.15 ( 4H, dd, J35.0 and 9.0Hz), 3.85(3H,s),

3.7 3(3H,s), and 1.58(9H,s) (Found; m/z, 357. 1554;

C, 67 .00 ; H, 6.9; N, 3.9. C^H^NO,. requires m/z,
357.1576; C, 67.0; H, 6.7; N, 3-9$).
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(iv) Reaction between 4-Chl orobenz oy 1 Chloride

and Di-t-Butvlnitroxide.

4-Chlorobenzoy1 chloride (1.34g) was treated with

di-t-butylnitroxide (2.0g) and gave purified N-t-butyl-

N-4'-chlorobenzoyl-0-4"-chlorobenzoylhydroxylamine

( 0. 18g ), m.p. 87-8 8 °C; 6 (CDC13) 7.55(4H, dd,
J16.0 and 9.0Hz), 7.33(4H, dd, J11.0 and 9.0Hz), and

1.55(9H,s) (Found: m/z, 365.0550; C, 59.05; H, 4.7; N,

3.8. C1gH1^.Cl2N03 requires m/z, 365.0585; C, 59.0; H,
4.7; N, 3.8$) .

(v) Reaction between 4-tert Butvlbenzovl Chloride

Di-t-Butvlnitroxide.

4-t-Buty lbenz oy 1 chloride (1 .5 0 g ) was treated with

di-t-butylnitroxide (2.0g) and gave purified N-t-butyl-

N-4 '-t-buty lbenz oy 1-0-4 "-t-buty lbenz oylhyroxyl amine

( 0.1 8g ), m.p. 1 18-1 19°C; 5 (CDCl^ 7.53(4H, dd,
J17.0 and 9.0Hz), 7.30(4H, dd, J12.5 and 9.0Hz),

1.55(9H,s), 1.2 8(9H,s), and 1.15(9H,s) (Found: m/z,

409.2640; C, 76.0; H, 8.7; N, 3.4. C26H35N03 requires
m/z, 409.2617; C, 76.25; H, 8.6; N 3.4$).



- 39 -

(yj) Reaction between 4-TrIfluororndthylbenz;oy 1 Chloride

and Pi-t-Butvlnitroxide.

4-Trifluoromethylbenzoyl chloride (1.58g) was

treated with di-t-butylnitroxide (2.0g) and gave

purified N-t-butyl-N-4,-trifluoromethylbenzoyl-0-4n-

trif1uoromethylbenzoylhydroxylamine ( 0.19g ), m.p.

145-146°C; 6j_|(CDC13) 8.78 (4H, dd, J32.0 and 8.8Hz)
8.63(4H, dd, J14.0 and 6.4Hz), and 1.63(9H,s);

5p63.645 and 64.066 p.p.m. (Found: m/z, 433.1092.
^20^17^6^3 re9uires m/z> 433. 1 127).

(yji) Reaction between 2-Tpluoyl Chloride

and Pi-t-Butvlnitroxide.

2-Toluoyl chloride (1.18g) was treated with

di-t-butylnitroxide (2.0g) and gave purified

N-t-butyl-N-2•-toluoy1-0-2 n-toluoylhydroxylamine

( 0.17g ), m.p. 60-61°C; 6 (CDC13) 7.23(8H, complex)
2.40(3H,3), 2.30(3H,s), and 1.63(9H,s) (Found: m/z,

325.1670; C, 73-65; H, 7.2; N, 4.3. C2QH23N03 requires
m/z, 325.1679; C, 73.8; H, 7.1; N, 4.3?).
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(viii) Reaction between 2-Furovl Chloride

and Di-t-butvlnitroxide.

2-Furoyl choride (0.90g) was treated with

di-t-butylnitroxide (2.0g) which gave purified

N-t-butyl-N-2'-furoyl-0-2n-furoylhydroxylamine

( 0. 19g ), m.p. 86-88°C; 6 (CDClg) 7.71(dd, J1.6 and
0.8 Hz), 7 . 3 8(dd, J 3.2 and 1.6Hz), 7.02(dd, J 3.4 and

0.8 Hz), 6 . 6 2(dd, J 3.2 and 1.6Hz), 6.36(dd, J 3.2 and

1.6Hz), and 1.63(9H,s) (Found: m/z, 277 .0950; C, 60.5;

H, 5.5; N, 5.0. C1l;H15N05 requires m/z, 277.0953 ; C,
60.6; H, 5.45; N, 5.05?) .

(ix) Reaction between 4-Tol uenesul phonvl Chloride

and Pi-t-Butvlnitroxide.

Addition of 4-toluenesulphony1 chloride (1.46g)

and di-t-butylnitroxide (2.0g) dissolved in dry benzene

( 5ml. ) yielded volatile products 2-methylprop-1-ene,

2-methy1-2-nitrosopropane and nitroxide chloride. No

other products could be separated from unreacted

4-tol uenesul phony 1 chloride.
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(x) Reaction between Phenacvl Bromide

and Di-t-Butylnitrpyide.

Phenacyl bromide (1.52g) dissolved in dry benzene

( 5ml. ), was added to di-t-butylnitroxide (2.0g).

After two weeks no apparent reaction had taken place.

The nitroxide was pumped off ( oil pump ) and an

n.m.r. spectrum of the remaining solid showed only

phenacyl bromide present, confirming no reaction had

taken place.
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Previously Scott and Tedder reported that benzoyl

chloride on homolysis with di-t-butylnitroxide resulted

in the product formation of 0-be nz oy 1-N, N-

di-t-butylhydroxylamine.

PhCOCl + Bu^ NO* »PhC0* + Bu^NtlCl"
-»PhC00NBu,PhC0» + Bu'NO —

2 c

We have confirmed this observation ( from n.m.r.

spectrum of the crude product ) but under the

experimental conditions reported here in,a less soluble

product was isolated. This proved to be

N- be nz oy 1- N- t-buty 1- 0- be nz oy 1- hy dr oxy 1 amine.

The probable reaction pathway is ;

PhCOCl + Bu^NO >PhC0« + Bu^N^Cl"
PhCO* Bu^NO* -»PhCH0 + Bu NO + CH2=C(CH3)2

( 1)

(2)

PhCO* + Bu NO -> Ph-

Y
t

"Bu
(3)

0*

Phv. /L + PhCO*
^C BU

b

Bu

ST 0' X,•Ph
(4)
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The reaction is initiated by the homosolvolysis of

the carbon-halogen bond in the benzoyl chloride to give

the benzoyl radical and the chloride salt of the

nitroxide. The discrepancy in the C,H,N, analysis of

the nitroxide chloride is explained by the partial

replacement of the halide by a hydroxyl ion. It may be

possible to acheive better analysis if the salt was

reery stallised in the presence of halide ions.

The aroyl radical formed in step 1 reacts with

further nitroxide to yield be nz al dehy de . The nitroxide

minus a proton undergoes subsequent rearrangement

liberating both an olefinic and nitroso function,

2-methylprop-1-ene and 2-methyl-2- nitrosopropane.

Further benzoyl radicals combine with the

2-methy1-2-nitrosopropane so formed yielding a radical

addition product. ( step 3 )

The

nitoxide

N-benz oyl-

final step is

with a third

N-t-butyl-O-benz

the combination

benzoyl radical

oylhydr oxy1amine.

of the new

to yield
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It was not possible to isolate the intermediate

benzaldehyde from the reaction mixture but it was

possible to establish its presence. Degassed benzoyl

chloride and di-t-butylnitroxide were sealed in an

n.m.r. tube. After 24 hours the n.m.r. spectrum due

to the nitroxide had disappeared and a singlet (10.20

ppm) characteristic of an aldehyde appeared. The

spectrum underwent no further change when the sample

was retained for a week.

In all the reactions, the N-aroyl-N-t-butyl-

O-aroylhydroxylamines were found and characterised

except in the homolysis of 4-toluene sulphonyl chloride

and phenacyl bromide.

In the case of 4-toluene sulphonyl chloride the

fact that we observed nitroxide chloride and the

volatile products (2-methylprop-1-ene and 2-nitroso-

2-methylpropane) suggested that the tert butylamine was

formed, unfortunately we could not separate it from the

unreacted acid chloride. In the case of phenacyl

bromide the carbon-halogen bond is sufficiently strong

to resist homolysis.
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Paraquat (1,1 1-dime thy 1-4,4'-bipyridinium dichloride )

3 1
was first prepared by Michaelis , who found when

treated with zinc in water gave a blue/violet colour to

the solution . This colour was attributed to the

reduced form of the paraquat and it was found that in

an oxygen free atmosphere the solution was very

stable. The oxidation-reduction properties of the

paraquat therefore, made it a good indicator for

potentiometric titrations.

In 196 1 paraquat was developed as a

3 2 33
herbicide . The mode of action of paraquat as such,

was its ability to promote biochemical one electron

reduction of the diquaternary ion to the monoquaternary

ion radical. Reaction with molecular oxygen then

regenerates the diquaternary ion together with a

peroxide radical or with hydrogen peroxide. The

peroxide generated in the plant by repetition of the

reactions in a cyclic fashion is considered to be

responsible for the phototoxic action of paraquat.
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In nearly all other previous studies nitroxides

have been used as solvolytic reagents. One of the

problems with nitroxide is that hydrogen abstraction

from the nitroxide is particularly facile and radicals

react with unchanged nitroxide molecules instead of

undergoing other useful reactions.

R» + Bu^NO -» RH + Bu NO + CH=C(CH3)2

In the case of paraquat no reactive sites are

available in the radical-cation or diquaternary ion.

£j-ch3+ rci^r-+h3c
cr

n-ch

We hope to use the ability of the paraquat radical

ion as a powerful single electron acceptor to promote

homolysis of carbon-halogen bonds. The radicals formed

from the homolysis will then be available to take part

in further synthesis.



EXPERIMENTAL
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Crude paraquat which was supplied by I.C.I. was

purified by treating a methanolic solution with

activated charcoal. The solution was filtered and the

paraquat allowed to crystallise. This process was

repeated until the paraquat was found to be pure.

The series of halogenated compounds used in the

experiments were commercially available and were

further purified by reerystal1isation or distillation.

Purity was checked by g.l.c. or melting point.

Preparation of paraquat radical cation.

Paraquat was dissolved in dry N,N-dimethyl

formamide or acetonitrile, then treated with zinc in

the absence of oxygen to generate the radical cation.

De-oxygenation of the solution was continued for about

15 minutes after which the solution was deep blue in

colour indicating the stable radical cation. The

solution was filtered in the absence of oxygen and used

immediately.
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B. S, ft, Studies

The reactions were performed using a similar

vessel as used in part 1 of this thesis. Molar

equivalents of the halogenated compound and the

co-solvent, N,N-dimethyl formamide, were placed in side

arm A. In most cases 2-methyl-2-nitrosopropane was

also added to trap the non-persistent radicals formed

during homolysis. The vessel was attached to a vacuum

line and the solution thoroughly degassed. The radical

cation was introduced into the vessel in the absence of

oxygen and collected into arm B. Both solutions were

then mixed, run into the narrow side arm C and inserted

into the e.s.r. spectrometer.

The signal from the radical cation was observed,

figure 3.1, which was followed in time by the gradual

appearance of the trapped radical, figure 3.2, until

only trapped radical was observed. These experimental

results were compared with data from authentic spectra

and were found to be similar.
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E, S, ft, Resul ts

R-X Radical Observed Details

( CH3 )2CHBr ( CH3 )2CHv .Bu1 Triplet of doublets

aN 15.1G, aH 1 .41G

0.

( CH3 )3CBr ( CH3 ) C. .Bu1 Triplet
N aN 15.3G

0'

CgH^CH2Br CgH^CH^ /Bu^ Triplet of triplets
aN 14.3, aH 7.96GV

o.

( )2CHBr ( CgH^ )2CHv Triplet of doublets

I
0-

aN 14.5, aH 2.2G

( CgH^ )3CBr ( CgH^ ^3^* Complex

9-Bromofluorene ,But Triplet of doublets

N aN 13.7, aH 1.15G



5G

II

H

Figure3.1ParaquatRadicalCation



Figure3.2(a)Di-Phenylmethyl-t-Butylnitroxideandresidual Paraquatradicalanion.



Figure3.2(b)Benzyl-t-Butylnitroxide
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Preparative reactions using Paraquat radical cation.

Paraquat ( 5g ) and zinc ( 5g ) were placed in an

extraction thimble ( which had previously been dried in

an oven at 120°C for a few hours ) and inserted into a

soxlet extractor.

The reactant was dissolved in dry acetonitrile and

placed in the reaction flask which contained a nitrogen

bubbler and the soxlet extractor. The solution was

refluxed for 2 hours until the radical cation persisted

in the reaction flask. After cooling, the acetonitrile

was washed with water and the products extracted with

chloroform. After drying with anhydrous sodium sulphate

the solvent was evaporated and the product analysed.

The compounds used in the reactions were acid

chlorides, alkyl and aryl halides. Also attempted was the

cyclisation of N-acety1-N-chloro-2-aminobenzophenone.

It was found that the acid chlorides were hydrolysed

to the corresponding acid due to water of crystallisation

in the crystal structure of the paraquat. In an attempt

to eliminate the water of crystallisation, the paraquat
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was refluxed with alloquots of dry acetonitrile then

filtered and dried under vacuum prior to use. This,

however, did not eliminate hydrolysis of the acid

chlorides.

In the case of the alkyl and aryl halides there was

some homolysis of the carbon-halogen bond, unfortunately

the yield of dimer was very low due to the relatively low

solubility of paraquat in acetonitrile. No reaction

occured in the attempted cyclisation.
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We have shown that the paraquat radical cation is

extremely effective in promoting the homolysis of

carbon-halogen bonds. In some cases, the radical

cation has homosolvolysed compounds which either

reacted very slowly, or failed to react at all with

di-t-buty 1 ni tr oxi de or other nitroxides. Paraquat has

solved the problem, of the formed radicals abstracting

hydrogen and therefore being unavailable for further

reaction, which is encountered when using nitroxides.

The major problem encountered in the preparative

experiments is one of solubility. The ionic nature of

paraquat determines it is very soluble in aqueous

solvents and conversely, relatively insoluble in

non-polar solvents. As shown, we tried various methods

to increase the solubility and to eliminate the water

of crystallisation with very little success. If the

solubility factor could be overcome this simple method

of producing reactive radicals could encourage the use

of free radicals for synthetic purposes.
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Phenazine free radical betaines were first

3 4 3 5
synthesised by Clark-Lewis . They are easily

prepared by reacting 2-amino-N-alkyldiphenylamines with

alloxan at room temperature to give intensely green

coloured radicals. They have characteristic light

absorption, infrared and e.s.r. spectra. These

dihydro-phenazinoylbarbiturates are remarkably stable

remaining unchanged on storage and show no evidence of

spontaneous dimerisation in solution.

This work deals with the reaction of these free

radical betaines with derivatives of triphenylmethane

and phenyl lithium in an attempt to increase the depth

of understanding of their chemistry.



EXPERIMENTAL
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(i)Reaction of N-Phenv1-NN-dimethv1 free radical betaine

with Triphenylbrompm ethane,

A deoxygenated solu

dissolved in acetonitrile

e.s.r. tube containing

triphenylbromomethane (

( 0.5ml ). After mixing

recorded and the solution

there was no reaction.

ion of betaine ( 0.0011g )

( 0.5ml ) was added to an

a deoxygenated solution of

0.005g ) in acetonitrile

the betaine spectrum was

was left for one month but

(il)Reaction of Betaine with Sodium Triphenvlmethide.

After deoxygenation a solution of betaine

( 0.0011g ) dissolved in acetonitrile ( 0.5ml ) was

added to sodium triphenylmethide in acetonitrile

( 0.5ml ). After mixing the betaine spectrum was

gradually replaced by the trityl radical spectrum. In

a control experiment an e.s.r. spectrum of sodium

triphenylmethide ( 0.005g ) in acetonitrile ( 0.5ml )

showed trityl radicals ( figure 4.1 ).



- 59 -

(iii) Reaction of betaine with Phenyl Lithium.

A deoxygenated solution of betaine ( 0.0011g )

dissolved in acetonitrile ( 0.5ml ) was added to phenyl

lithium ( 0.005g ) in acetonitrile ( 0.5ml ). After

mixing the betaine spectrum gradually disappeared, no

other radical was observed.

In a series of controlled experiments, solutions

of phenyl lithium ( 0.005g ) dissolved in acetonitrile

( 0.5ml ) were added to degassed solutions of

(a) nitrosodurene (0.001g) in benzene (0.5ml )

(b) nitrosobenzene (0.001g) in benzene (0.5ml)

(c) 2-methyl-2-nitrosopropane ( 0.001g ) in benzene (0.5ml).

In each case phenyl radicals were "trapped" as shown in

figure 4.2, 4.3 and 4.4.



Figure4.1TritylRadical



,5,6-Tetramethylphenylnitroxide



 



Figure4.4t-Butylphenylnitroxide



DISCUSSION
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n

No reaction was found between trityl bromide and

the betaine (1) but the betaine reacted with sodium

triphenylmethide to yield the spectrum of the trityl

radical and the dihydrophenylazinionylbarbiturate

anion (2). It was found in controlled experiments that

before any betaine had been added the trityl radical

was present in solutions containing sodium

triphenylmethide.

The evidence suggests that the betaine does react

with sodium triphenylmethide to yield the trityl

radical and the betaine anion but there is also some

reaction of the methide independent of the betaine.
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In the reaction of the

the betaine reacted t

phenylbarbiturate anion and

experiments however, it was

were present in solutions

before any betaine was added

betaine and phenyl lithium,

o yield the dihydro-

phenyl radical. In control

found that phenyl radicals

containing phenyl lithium

It would seem,as with sodium triphenylmethide,

that the betaine does react with phenyl lithium to

yield phenyl radical and the betaine anion but there is

also some reaction of the phenyl lithium independent of

the betaine.



REFERENCES



- 66 -

REFERENCES

1. T. C. Waddington, B Non-aqueous Solvents " , Nelson ,

London , 1969

2. L.P. Hammett , " Physical Organic Chemistry ",
McGraw-Hill, Kogakusha, p. 155.

3. H. Low, I Paterson, J.M. Tedder and J.C. Walton,
J. Chem. Soc., Chem. Commun. 1977, 171.

4. W. Esperen and R.W. Kreilick, J. Phys. Chem, 1969,
73, 337.

5. A.R. Forrester and R.H. Thomson, J. Chem. Soc. (C),
1965, 1844.

6. A. R. Forrester, J.M. Hay and R.H. Thomson, "Organic
Chemistry of Stable Free Radicals", Academic Press,
London and New York, pp. 180-238.

7. 0. Piloty and B.G. Schwerin, Chem. Ber., 1901, 34,
1 870.

8. A.K. Hoffmann and A.T. Henderson, J. Am. Chem. Soc.,
1961, 83, 4671.

9. W.D. Blackley and R.R. Reinhard, J. Am. Chem. Soc.,
1965, 87, 802.

10. A. C. Scott, J.M. Tedder and J.C. Walton, J. Chem.
Soc., Perkin Trans. 2, 1980, 260.

11. A.C. Scott and J.M. Tedder, J. Chem. Soc., Chem.
Commun., 1979, 64.

12. H. Singh J.M. Tedder and J.C. Walton, J. Chem.
Soc., Perkin Trans. 2, 1980, 1259.

13. M. Gomberg, J. Am. Chem. Soc., 1900, 22, 757.

14. S. Goldschmidt, Chem. Ber., 1920, 53, 44.

15. R.I. Walter, J. Am. Chem. Soc., 1966, 88, 1923.

16. M.J.S. Dewar, J. Am. Chem. Soc., 1952, 74, 3353.

17. R.W. Baldock, P. Hudson, A. R. Katriztzky and
F.Sati, J. Chem. Soc., Perkin Trans. 1, 1974, 1422.



- 67 -

18. L. Stella, Z. Janousek, R. Merenyi and H.G. Viehe,
Angew. Chem., 1978, 90, 741.

19. L. Stella, Z. Janousek, R. Merenyi, A. Munoz, P.
Tordo and H.G. Viehe, J. Phys. Chem., 1980, 84, 304.

20. H. Singh and J. M. Tedder, J. Chem. Soc., Chem.
Commun., 1980, 1095.

21. A.K. Hoffmann, A.M. Feldman, E. Gelblum and A.
Henderson, Org. Syn., 1968, 48, 62.

22. R. Zechmeister, Liebigs Ann. Chem., 1929, 468, 117.

23- S. Nishida, J. Org. Chem., 1967, 32, 2693.

24. R.W. Hanson and H.D. Law, J. Chem. Soc., 1965,
7289.

25. M.A. Mihailesu and S. Caregea, Bull. Sect. Sci.
Acad. Roumaine., Chem. Abst., 1930, 24, 2116.

26. I.G. Ager and L. Phillips, J. Chem. Soc., 1972, 13,
1 988.

27. J. Mindl and M. Vecera, Collect. Czech. Chem.
Commun., 1972, 37, 1143.

28. J.F. Norris and C. Banta, J. Am. Chem. Soc., 1928,
50, 2489.

29. W.H. Doer, Chem. Ber., 1872, 5, 795.

30. E.L. Eliel and D.E. Rivard, J. Org. Chem., 1952,
17, 1252.

31. L. Michaelis, Biochem. Z., 1932, 250, 564.

32. R.F. Homer, G.C. Mees and T.E. Tomlinson, J. Sci.
Food Agric., 1960, 11, 309.

33. A. Calderbank, Biochem. J., 1966, 101, 2P.

34. J.W. Clark-Lewis and K. Moody, Aust. J. Chem.,
1971, 24, 2593.

35. J.W. Clark-Lewis, M.R. Talor and J. Westphalen,
Aust. J. Chem., 1979, 32, 1943.



PUBLICATIONS



- 68 -

Publications

1
1. Homosolvolysis. Part 3 The Reaction of Aromatic
Acid Chlorides with Di-t-butyINitoxide.

J. Smith and J.M. Tedder, J. Chem. Soc. Perkin Trans.
2, 1987, 895.

2. Homosolvolysis. Part 4 The Effect of Substituents on
Homosolvolytic Reactions.

J. Smith and J. Tedder, submitted for publication in J.
Chem. Soc. Perkin Trans. 2.


