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NOTES_TO THE READER

Throughout this thesis a number of abbreviations have 'beén used
regularly,these are : infra-red spectroscopy (i.r.) ; nuclear
magnetic resonance spectroscopy (n.m.r.) ; thin layer chromatography

(t.l.c.) ; tetrahydrofuran (THF) and N,N-dimethylformamide (DMF).
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ABSTRACT

/

Previously acetophenone 1,3,4,5,6,7,8-heptafluoro-2-naphthylhydrazone
and. acetophenone pentafluorophenylhydrazoné were reported to react in
tetralin at reflux temperature to give among the products 4,5,6,7,8,9-
hexafluoro§2~phenylbenz[e]indole and %4,5,6,7-tetrafluoro-2-phenylindole
respectivelyuThése are typical Fischer indole products,and yet are .
formed by the surprising loss of orfho-fluorine rather than ortho=-
hydrdgen.

The work contained in this thesis is concerned with expioring the
generality of this reaction : polyfluorocaromatic hydrazones with a
variety of subsfituents have been synthesized,and their response to
cyclization investigated.,

The thesis is divided into three main sections.Chapters one,two,
three,and four deals with the literature on the synthesis of p&rtiaily
fluorihated heterocyclic compounds.Chapter five discusses the synthesis
of some new partially fluorinated indoles,whilst chapter six contains

the experimental detail for this work.
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CHAPTER 1

THE PREPARATION OF PARTIALLY FLUORINATED

BENZO[ bIFURAN, BENZO[ b |THIOPHEN AND INDOLE

DERIVATIVES BY CONVENTIONAL METHODS




1.1 Introduction

There are three main procedures for forhing cyclic systems; all
have the benzene nucleus already formed with one or more side=-chains.
Ring closure takes place by either nucleophilic or electrophilic attack
with displacemeht of an ortho~hydrogen.Essentially they can be envisaged

as :~-

A, Ring closure between C(z) and C(B)'by a nucleophilic attack

on C(B).

B. Ring closure between 0(3)'and the benzene nucleus by an
electrophilic substitution of the hydrogen atom ortho to

the heteroatom.

Ce




Bach of the above synthetic models will be dealt with individually.

1.2 ROUTE A  Ring Closure Between C(2) and C(3) by a Nucleophilic

Attack on ¢(3)

Starting materials which are to be cyclised byAthis route require two
éide»chains in positions ortho- to each other and this is one of the most
important methods with hydrocarbon compounds.Thé applicatién of this
synthesis to fluorine containing heterocycles suffexrs from the three

step route required to secure cyclisable starting materials(Scheme 1).

Scheme 1

However,a typical starting material is (1) in which an active methylene



group reacts under base catalysis with a carbonyl group (Scheme 2).
Treatment of the cyclized material (2) in acetic acid,sulphuric acid

and water afforded the 4,5,6,?-tetrafluorobenzo[b]thiqphen (3) in low

vield (<3%). 1

F
-

1

I

(1)

S-0mt

CH—%-OEt
O

(3)(<3%)

Scheme 2  Reagents : i, NaH,TH?
11, Zn, AcOH,H,50, ,H,0

Brooke et al;z reported the,synthesis of crude N-acetyl-3-acetoxy~4,5,6,7~
tetrafluoroindole (5) in very low yield from 6~-carboxy~N-(2,3,4,5~tetra~ ‘
fluorophenyl)glycine (4) by reaction with sodium acetate in acetic

anhydride (Scheme 3).



CH,,COOH
g

H

(5)

Scheme 3 Reagents : i, n--BuLi/CO2
' ii, NaOAc/ Ac,0

Analogous oxygen compounds also underwent a similar cylization to give

the benzo[ b]furan derivatives,”

1.3 ROUTE B

an Electrophilic Substitutioﬁ of the Hydrogen Atom ortho-

+o the Heterocatom

This is another widely used method and can be schematically represented

for a partially fluorinated substrate as follows (Scheme 4) :



3

3

Scheme 4

The addition of two further carbon atoms onto the heteroatom is required.
A suitable precursor is (7),formed by the reaction of 2,3,4,5-tetra~

‘fluorothiophenol and ethyl chloroacetate in pyridine followed by hydrolysis

with 50% sulphuric acid (Scheme 5) :

Scheme 5 Reagents : i,ClGHZCO?Eipyridine,reflux'

Cyclization of the thioacetic acid (7) has been attempted: using a

number of reagents .With polyphoshoric acid ,phosphorus pentoxide,anhydrous



hydrofluoric acid,concentrated sulphuric acid,and chlorosulphonic acid;
the starting material was recovered in all cases.A successful cyclization

using polyphosphoric acid has been reported by Chapman et a1.4 (Scheme 6).

y Dyridine,reflux

3cheme 6 Reagents : i,ClCHchCH3

ii,polyphosphoric acid

Brooke et al.?'attempted a cyclization of 2.3,4,5~tetrafluoropheny1glycine
by this method,again using polyphosphoric acid,but without success.There
are no reported reactions which use precursors containing oxygen as

the heteroatom,

1.4 ROUTE C . Linkage of the Heteroatom to C(2) by a Nucleophilic

Attack

This method of synthesis requires a precursor with a twé-carbon aiom
side chain,ortho- to the heteroatom which carries the negative charge for
nucleophilic attack.

An example is the reaction between o-mércap£o~2:9h1orostyrene and

KOH/Ethanolv to give benzo[b]thiophen5 (Scheme 7).




The reaction probably occurs via an addition-elimination process at the
unsaturated carbon.No examples of this rection have been reported in

the case of partially fluorinatednfused-ring heterocycles,



CHAPTER 2

THE _PREPARATION OF PARTIALLY FLUORINATED
BENZO[ b JPURAN,BENZO[ b JTHIOPHEN AND INDOLE
DERIVATIVES VIA NUCLEOPHILIC AROMATIC

DISPLACEMENT OF ORTHO-FLUORINE



~

2.1 Introduction

In an attempt to increase the overall yields of partially fluorinated
heterocycles prevared by the conventional methods described in the
o previous. chapter (multistage reactions which essentially required
1,2,3,4—tetfafluorobenzene as the starting material ) special syntheses
have been reported,all of which invelve the nucleophilic displacemen{v

of ortho~fluorine from the aromatic nucleus of a C6F5 - derivative,

There are two synthetic pathways to fluorinated heteroéyclic
compounds depending on whether qyclization and displacement is effected

! | by a carbanion orvthe heteroatom acting as a nucleophile,

(i) This involves the linkage of the heteroatom to the benzene

ring by a nucleophilic replacement of fluorine (Scheme 8) :

Scheme 8

(11) A carbanion acts as the nucleophilic attacking species which

‘displaces fluorine from the benzene nucleus (Scheme 9).

Scheme 9



2.2 ROUTZ D Cyclisations Involving Nucleophilic Revplacement of

Fluorine by the Heteroatbm

7

A team of Russian workers headed by Vorozhstov et al.6 and Young
found that heating a mixture of ethyl acetoacetate,éodium hydride and
héxafluorobenzene in approximately equal quantities in N,N-dimethylfbrm-
anide gave a 30% yield of a 4,5,6,7~tetraflucrobenzo[ b furan derivative
(8).Scheme 10 shows a plausible mechanism for this reaction in which

the heteroatom acts the nucleophile.

F‘ ] 1‘1
F F . ?H i P CH-COOEL
(')-':O ey -] . l
P P by : A 5 /U\CH
o 2. " 3
éOOEt . -

it P - G COOEt
P ,c'
B \ o NcH
» Hd 3

B'\

Scheme 10 Reagents : i,NaH/DMF
ii, Na.OH/HzO

In 1968,Br00k88 reported two cyclization reactions leading to benzo[b]
furan compounds by hydride ion promotion in which the heteroatom definitely
acts as the nucleophile.ForAexample,treatment of the ketone (9) with

sodium hydride in N,N-dimethylformamide at reflux temperafure effected
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cyclisation to give 4,5,6,7=tetrafluoro-2-methylbenzo[ b]furan (11) ir

3% yield (Scheme 11).

Scheme 11 Reagents : i,NaH,(-HZ)
i, (-F")

Cyclisation proceeds through the enolate anion (10) by nucleophilic

displacement of fluorine,

In the light of these hydride ion promoted cyclisations to give
benzotbjfuran derivatives,there is a possibility of extending the scope
of these reactions to include the preparation of other partially fluorinated
heterocycles with sulphur and nitrogen as the heteroatom,to give
benzo[ b Jthiophen and indole derivatives respectively.This is ovtlined

in Scheme 12”?’

NaH

Scheme 12
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Further work in this direction was carried out by Brook.f:‘.9 in which
benzo[ b Jthiophen and indole derivatives weve obtained by cyclizations
involving either the sulrhur or nitrogen as the nucleophile in displacing

the ortho~fluorine as shown in schemes (13) and (14) respectively.

?H
. CHZ?CHB.
(9) —t SH ii

Scheme 13  Reagents : ,H,S/HCL at 0°C
: ii,dry pyridine,(~F )

Scheme 14  Reagents i,Aniline/[ZnClzj

Petrov and coworkersio have reported a reaction in which 4,5,6,7-tetra-~
fivoroindole (11) was formed in excellent yield by heating B-penta-
fluorophenyl-8-hydroxyethylamine (10) in refluxing N,N-dimethylformamide

(Scheme 15).

(11)
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Proton abstraction on the nitrogen produces the nucleophile which attacks
ortho-fluorine resulting in cyclization : water is then eliminated,
However,as in the cyclization reported by Brooke9 © ,an
alternative mechanism whereby water is removed before cyclization is

equally possible,

An alternative synthesis of (11) by the same Russian group in?olved
the Pd-C dehydrogenation of 4,5,6,7~tetrafluoroindoline (13),obtained by
heating B-(pentafluorophenyl)ethylamine (12) with potassium fluoride in

N,N-diethylformamide (Scheme 16).

Scheme 16 Reagents : i,DMF,KF
ii,R-C

" ina mechanistically similar reaction were also

Filler and coworkers
able to synthesize 4,5,6,7-tetrafluoroindoline derivatives from ethyl
cyano(pentafinorophenyl )acetate (15).Aromatization of 4,5,6,7-tetrafluoro-

indoline (16) gave 4,5,6,7-tetrafluoroindole (11) in 82% yield (Scheme 17).
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(11)(82%)

. o - 0
Scheme 17 Reagents 1,NCGHZCOOEt,DMb,K2CO3 at 110-120"¢
ii,aq, HOAc ,H2804 .
1ii, H,/ PtO,
iv,anhyd.KF,DMF
v,[Mn0, ]

Tatlow et a1.12 have reported the synthesis of a 4,5,6,7-tetraflunoro-
benzoEﬂthiophen‘derivative (20) from an intramolecular cyclisation of
rhodanine deriva,tives.13 Basic hydrolysis of the arylidene-rhodanine (18)
afforded the salt of a thioxo-acid which tautomerised to give the enethiol.
Proton loss of the enethiol under basic conditions gave the sulphide
(19),the sulphur atom of which acted as the nucleophile to displace the

fluoride ion (Scheme 18).
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Scheme 18

2.3 ROUTE E Cyeclisations Involving Nucleophilic Replacement of

Fluorine by a Carbanion

In an earlier section,the formation of the 4,5,6,7-tetrafluorobenzo-
[bJfuran derivative (8) by the bage catalysed reaction of hexafluorobenzene
and ethyl acetoacetate was described, It was proposéd that ring formation

7

occured via a reactive enolate (20) (see Scheme 11),Other workers,’ on
carrying out the same reaction suggested that the mechanism may involve
o~alkylation of hexafluorobenzene to give the intermediate (21) which

then cyclizes,Both mechanisms are shown in Scheme 19,



...15.«

looza:t"'

/

CH

g\

(20)

Scheme 19 Reagents ¢ i,NaH,DMF

The first reported cyclization which clearly involved a carbanion
intermediate as the nucleophile was by Brooke and coworkers.1 A scheme

was envisaged whereby partially fluorinated heterocycles in general

could be synthesized via an intermediate similar to (21).The following
general mechanistic scheme was postulated in which the intermediate

similar to (21) could be synthesized by the addition 6f a sodium or
lithium selt of pentafluorcaniline,pentafluorophenol or pentafluothiophenocl
to diethyl acetylenedicarboxylate leading fihally to the formation of

the corresponding heterocyclic compound (Scheme 20).

coust

b o .. COOEt
g A

« 2008t

(22)

Scheme 20 Reagents : 1i,Et00C~-CEC~-COOLt X = N{,0 or S
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The benzo[ bJthiophen derivative (22,X - S) was easily formed1 when
pentafluorothiophenol in dry tetrahydrofuran was treated with n~butyi-
lithium in hexane at ~70°C,followedvby slow addition of diethyl acetylen-
dicarboxylate,the temperature being maintained at less than -55°¢

(Scheme 21 ).

CO0Et

Scheme 21

An attempt was madeia‘to expand the general scope of this reaction

and so include a synthesis of partially fluorinated indoles,Pentafluoro-
aniline15 was treated with sodium hydride in tetrahydréfupan and the
resulting sodium saltié(ZB) was treated with diethyl acetylenedicarb-
oxylate,under the same conditions.Trans addition of the amine occured

across the triple bond to give an aminofumarate (24)(Scheme 22).
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Scheme 22 Reagents : i,NaH/THF
$1,E£000-C C-COOEt in THF ; H,0

No cyelization product could be detected when even more drastic reaction
conditions were employed,viz, in an autoclave at 1 50°C.Cycliza.tion of
the aminofumarate (24) was eventuallyachieved to afford the indole
derivative (25) in low yield (<3%) when treated with sodium hydride in
N,N~dimethylformamide at reflux temperature.A plausible mechanism for

the reaction is shown in Scheme 23 :

P 8t00C H
e N\

e
OCEt
H
ii
G
~C00Et
e o~
_COOEL
NCOOET Scheme 23  Reagents : i,NaH/pMF

11,807

3
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There are no reports of benzo[ b Jfuran synthesis by the possible reaction

of CéFSOm with diethylacetylene dicarboxylate.

The only precedent to these carbanion intermediate cyclisations has

been reported by Bunnett%7

whereby ring closure has been effected by the
formation of an aryne (benzyne) intermediate with a side~chain bearing
a strong nucleophile which is capable of adding intramolecularly to the

benzyne grouping (Scheme 24).

Scheme 24 X = Halogen atom ortho- or meta~ to side-chain
YH = Functional group,forms the nucleotile Y~ by

loss of a proton

For example ,the reaction of o-chlorophenylacetone (26) with sodamide

in liquid ammonia gave the 2-methylindole in 31% yield (27) (Scheme 25).

ACH 0
2
H, N//C \cﬂ3

f
q

13

Scheme 25 (27) (31%)
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The addition of nitrogen and displacement of the ortho~halogen is

contained within an overall elimination-addition type mechanism,



CHAPTER 3

THE PREPARATION OF PARTIALLY FLUORINATED

HETEROCYCLIC COMPOUNDS CONTAINING OXYG&N AND SULEPHUR

VIA REACTIONS INVOLVING [3,37~SIGMATROPIC RIARRANGEMENTS :

ELIMINATION OF ORTHO-FLUORINE
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3.1 The Claisen Rearrangement

Phenyl prop~2-enyl ether has long been known to undergo a
thermally induced [3,3]-sigmatropic rearrangement to give a cyclohexa-
dienone intermediate which rapidly isomerises to 2=(prop-2=enyl)phenol.
Overall,this reaction is known as the Claisen rea.rrangement18 (Scheme 26),

?»CH23H=CH2

Heat

.

Scheme 26

In ortho=-substituted compounds a further rearrangement viz.the Cope
rearrangement,can occur via a six-centered transition state to give the

4=(prop~2-enyl ) phenol 19 (Scheme 27).

ﬂ

Q-CH2~CHECH2

Heat

.

oH

R ‘:
i P
CH,CH=CH | K
2 2 Scheme 27 ; H CHZCI_{mcH2 ]
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Tt has been possible to isolate the 2,4~diencne interﬁediate in the
attempted Claisen rearrangement of 1-(prop-2-enyl)-2-(prop-2~enyl)
oxynaphthalene.Tautomerism to give the phenolic products was avoided
and 1@2«di(propmamenyl)oxyn&phthaléne was recovered in 5% yield |

(Scheme 28),

HZC=HG-H2C CHZCH=CH2
‘ 0
Scheme 28
3.2 Thermally-Induced Reactions of Pentafluorophemyl Prop-2-enyl lithers

An attempt was made to convert pentafluorophenyl prop-2-enyl ether
(28) into 5,6,7,8~tetraf1uoro-2g71«benzopyranzo (31) by the "one-pot"
reaction shown in scheme 29.The resulting heterocycle could then be
oxidised to 6-carboxy=2,3,4,5~tetrafluorophenoxyacetic acid 21,& precursor

that could be used in the synthesis of 4,5,6,7-tetrafluorobenzo[ bJfuran

Scheme 29),

O-~CH,,CH=CH,,




The fluorive on the ortho-positions of (28) act as blocking groups,
preventing enolisation which would give the phenolic products.Pyrolytic
dehydrofinorination of the initially formed Claisen rearrangement
product (29) to give the o-quinomethide (30) would be followed by an
electrocyclic ring closure to givé the chroman (31).

Flash vapour phase pyrolysis of (28) over silica fibre at 305°C 22
gave the stable 4=(prop-2~enyl)2,3,4,5,6-pentafluoro~2, 5=cyclohexadienone
(32) in 32% yield,together with unreacted starting materialino cyclised

product (31) was isolated (Scheme 30).

- = 0
? CHZCH CH2 i
Heat
e
r CHZCH=CH2
(32)
Scheme 30

In a further attemptzo to promote dehydrofluorination of the dienone
(32),the ether (28) was subjected to flash vapour phase pyrolysis over

silica fibre at 480°C;@ompound (33) was isolated (Scheme 31),sits formation

0
® 13
(28 ) —» (29 ) —y i
b "
I
(29a)

Scheme 31



being rationalised from the formation and isomerisation of one of the

internal Diels-Alder adducts (29a), .

3.3 Thermally-Induced Reactions of Polyfluorinated Prcp-2-enyl Sulphides:

The Formation of some Heterocyelie Compo

The attempts to synthesize polyfluorinated 2H~1-~benzopyran derivatives
(as a precursor to'benzo[b]furaﬁ compounds)zowere’extended to include the
possible synthesis of the thiopyran analogue,.Brooke et al.23 prepared.
three different polyfluorinated prop-2-enyl sulphides for thermolysis

reactions :

(1) 2,3,4,5~-tetrafluorophenyl prop;ZHenyl sulphide (34) ;
(ii)  2,3,5,6~tetrafluorophenyl prop=2-enyl éulphide (35) 3

(1ii) pentafluorophenyl prop-2-enyl éulphide (36).

When compound. (34) was heated under reflux in N,N-diethylaniline for 23 h,

the products shown in scheme 32 were obtained.

CH=CH

S~CH

2 2

(37)(30%) (38)(40%)

Scheme 32

Compound. (35) was heated under reflux in N,N-diethylaniline for 190 h to

give the three products shown in scheme 33.
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Scheme 33 (#1.)(18%)

Finally,compound (36) was heated under reflux in N,N-diethylaniline

to give a complex mixture of componembs shown in scheme W,

G-, CH=CH
2

P i, CH=0H )

+
(37)(5%)
. E “6",3 ann
43)(6%) (6%)

Scheme 34



An attempt was made to_explain the formation of other possible products
from the reaction of (36) and the solvent N,N-diethylaniline,which is both
a base and a nucleophile.As a base the possibility existed for proton
abstraction from the prop-2-enylthio- group (~—%SEH—-“CH=;:GHZ —
~§—CH==CH~—CH, ) with the terminal carbon subsequently effecting
an intramolecular nucleophilic displacement of fluorine from the aromatic
ring to give 5,6,7,8=tetrafluoro-2§~1-benzothiopyran (38).However this
product was not formed in the reaction of (36) with the powerful base
sédium hydride in refluxing THEF - over 5h : the starting material
was recovered unchanged,

N,N-Diethylaniline as a nucleophile céuld possibly displace the
4~fluorine inv(36)28 and the resulting quaternary ammonium salt could be
de~N«ethy1a€ed by fluoride ion to give 1,4mPhN(Et)06F4SCH2CH=CH2.The
attempted synthesis of this compound from (36) and PhN{EL)Li in dioxan
at reflux temperature over 5 h did not bring about any displacement of

fluorine,so it was concluded that N,N~diethylaniline would also be an

ineffective nucleophile.

A precedent exists for the formation of compounds (37) and (38)
from (34) in an analogous hydrocarbon reaction.FPhenyl prop-2-enyl sulphide,
refluxed in quinoline gave equal proportions of the non-fluorine containing
analogue of (37) and (38) via 2»(prop«2~enyl)thiophenol,This cyclization
reaction has been shown to proceed via a competing electrophilic and free~
radical mechanisﬁgBy analogy the thermolysis of (34) proceeds as shown

in scheme 35,



G-membered 5-membered
Heterocycles Heterocycles
Scheme 35

The conversion of compound (35) into (39) and (40);and compound (36) into
(37) and (38) formally require the loss of one fluorine and the gain of

one hydrogen in the produéts,while the formation of (42) from (36) requires
the overall replacement of a fluorine by a prop-2=-enyl group.These types

of reaction,as yet,have no precedent.

The mechanism put forward by BrookezB,invoIves the specific
formation of overall oxtho-fluorine substitution products.In the reactions
of (35) and (36) it would seem that the three carbon side-chain is displaced
to a carbon atom ortho to the sulphur by the expected [3,3]~sigmatropic

rearrangement as shown in scheme 36,

Scheme 36
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The absence of any para~derivative (44) suggests that a Cope rearrangement
does not occur after the initlal Claisen rearrangement.Nucleophilic
displacement of fluorine could not have occured as this would have resulted
in the para-fluorine of (36) being displacedeZuﬁexabromocyclohexaw
2,5-dienone has been shown to be an electrophilic brominating agent.25
The possibility that the sp3 ¢-F bond in (45) could be displaced as Ff
leading to electrophilic substitution of hydrogen in the solvent was
considered,However,lgF n.m.r, studies did not detect the presence of
any fluorine in the recovered N,N-diethylaniline.

Suschitzky et al°26 have demonstrated a thermal rearrangement
of prop~2-enyl 2,3,5,6-tetrachloro=t4-pyridyl ether in sulpholan at
190°C to give amongst other products 4,5,6,7~tetrachloro-2,3~dihydro-
2-methyl furc[3,2-c Jpyridine which is closely related to the structures
of (37) and (39).This was rationalized in terms of an initial [3,3]-
sigmatropic rearrangement followed by homolytic cleavage of a sp3 C-Cl
bond ;accompanied by the competing loss of prop-2-enyl radical from
the same carbon atom to give other products.An analogous mechanism
can explain the remarkable formation of ortho-fluorine displacement
products from (35) and (36) : homolytic fission of a sp3 o=F bond
from (45) gives rise to the radical (46) which can react in a number

of ways

(a) Cjclization and hydrogen abstraction from the solvent gives
(38) or ; |

(b) abstract hydrogen from the solvent to form the thiol (47)
which can then cyclise to give (37) by an electrophilically
induced r:nechanism°

Compound (42) can be formed either by an SN2° displacement of CGFqu



from (36) via the thiolate from (47),0r by the related displacement of
G6F5Sﬁ from (36) via the free radical (46)0C6F58'_can react further with
the solvent to give C6F SH, then céFﬁs“ which in turn would polymerise to

5
perfluoropoly (phenylene sulpphide)(Scheme 37).

If this mechanism is correct then homolytic fission of the sp3
C-F bond occurs at a remarkably low temperaturestZOOC.An explanation
conld be the considerable stability of the radical formed in this
homolysis,This stability,presumably due to extended conjugation,must
be adequate in the case of the cyclo-2,4-dienecthione intermediate (45),
but insufficient for the corresponding oxygen compound (the cyclohexa-
2,4=dienone Jwhere products formed via an internal Diels-Alder adduct
are obtained (see Pg.zz),The tetrafluoro- analogue of prop-2-enyl 2,3,5,6~
tetrachloro-4-pyridyl ether only gave internal Diels-Alder products
due to the C~F bond being stronger than the C-Cl bond.

Since the original propogal of a homolytic rupture of the sp3
C-F bond in (45),it has been conceded that the alternative heterolytic
displacement of fluoride ion is a piausible alternative mechanistic

27

route to all the products formed in the reaction. ' Also it is evident

s
that there is no real evidence to favour homolytic C~Cl cleavage over

heterolytic C-Cl cleavage in the case of the intermediate involved in

'Suschitzkys’26 and other authors’ work.

3aly Thermolysis Reactions of Polyfluorinated Prop=2-ynyl Ethers :

The Formation of Benzo[ b lfuran Derivatives and Related Compounds

Following the successful cyclization reactions of fluorinated

prop=2=-enyl ethers to give intermal Diels-Alder adducts,similar reactions
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were attempted on related prop-2-ynyl etherszg_: pentaflnorovhenyl (48)
and 1,3,4,5.6,7,8=heptafluoro-2-naphthyl(52) derivatives.The first internal
Diels~Alder adduct ever isolated from a Claisen rearrangement reaction

had been revorted by Schmidjo in 1968 (Scheme 38).

~C=C-H

0-CH

2

Scheme 38

Distillation of pentafluorophenyl prop-2=ynyl ether (48) through a
silica tube packed with quartz at 3?090 gave 2=~fluoromethyl-4,5,6,7-
tetrafluorobenzo[ b]furan (49) in &% yield ; no internal Diels-Alder

adduct was isolated (Scheme 39)..

QQCHZCEECH
£ g y F Heat
» Bt
P4 ) ¥
I
(48) (49) &= —F

. (50) R= ~2,5=M8206H3
Scheme 39 ‘ (51) = ‘ "C635
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When the ether (48) was heated under =eflux in p-xylene for 118 h
2=(2,5~dimthylbenzyl)=4,5,6,7-tetrafluorobenzo b Jfuran (50)(21%) and
HF were recovered,while with benzene at 140°C for 116 h Zebenzy1m4,5,6,7-
tetrafluorobenzo[ b furan (51)(28%) was obtained. ”

Similar reactions were achieved when 1,3,4,5,6,7,8-heptafluoro=~
2=naphthyl prop-2-ynyl ether (52) was reacted with benzene and with
p~xylene to give (53) and (54) respectively (Scheme 40).The yields are

given for the reactions at ca,140°C and over ca.20 h.

CH R
(53) R = ~CyHi(64%)
(54) R = =2, 5-Me,CcH3 (73%)

Scheme 40

It is evident from the results of these experiments that the behaviour
of prop-2-ynyl ethers and the corresponding prop-2-enyl ethers are quite
different,Subsequent reactions of the initial Claisen rearrangement
product can take place via two plausible mechanisms s

(1) homolytic fission of the sp3 C-F bond (Scheme 41)

(i1)  heterolytic fission of the sp3 ¢~F bond. (Scheme 42),

A precedent to this series of reactions had also been reported
by Schmid ét al,BO who investigated the thermolysis of the prop-2-ynyl
ethers of some related ortho-halogenated (chloro- and bromo-) aromatic

systems which had given similar results.They proposed a homolytic cleavage



of the Z-Halogen bond in the initially formed Claisen rearrangement
product to account for the products in their reactions.When translated
to these polyfuorocaromatic prop-2-ynyl ethers the following mechanism

rationalises the formation of the benzo[bJfuran {Scheme 41),

Y oH=c=ci,

Scheme 41

Following the formation of the Claisen rearrangement product (55),
homolytic cleavage of the sp3 G-F bond takes place.A requirement is that the
. fluorine atom is closely related to the accompanying radical during the
following cyclization stégeoThe inclusion of the solﬁenis,benzene and
p-xylene onto the furan ring can also be rationalised on the basis of a
homolytic substitution mechanism,The cyclized radical (56) attacks the
aromatic solvent followed by hydrogen abstraction from the intermediate

complex by the fluorine atom,
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Scheme 42 shows the alternative heterocyclic process which could
be applied equally to the original chloro- and bromo- compounds

investigated by Schmid,BO

)

(57)

Scheme 42

Again there is a requirement for the fluorine (as fluoride ion) and
the carbocation (57) to be closely dssociaxed in the vapour phase.In the
presence of p-xylene and benzene which give compounds (50) and (51)
respectively,the cation kj?) is simply effecting eletrdphilic substitution
of hydrogen in the aromatic substrate. '
At the moment there is insufficient evidence to assign the correct

mechanism to this series of reactions.,
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3.5 Reactions of Polyfluorinateddetercaryl Prop-2-enyl Fthers with

KEF' : The Prevaration of 2H~1-benzopyran Derivatives via an

S
e

o~Juinomethide~Type Precursor

Barlier attempts to syn*thesize31 5,6,7,8~-tetraflvoro-2H~1~
benzopyran from pentafluorophenylphenyl prop-2-enyl ether by dehydrofluorm
ination of the Claisen rearrangement intermediaté,followed by electrocyecli=-
zation were not successful (see Pg.22).However,the required dehydro~
fluorination was achieved by treating pentafluorophenyl prop-2-enyl ether
with potassium fluoride in N,N-dimethylformamide at reflux temperature
for 4 h,resulting in the formation of the 2H~1-benzopyran derivative
(58) in 48% yield (Scheme 43).

CH=CH

2 2

0-0H

Scheme 43

Similar resﬁlts were obtained from 1:3,4,5,6,7,8=heptafluoro-2-

naphthyl prop-2-enyl ether (59)32 in sulpholane at 155-162°C over 4 h
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which gave (61),via the 1-(prop-2~enyl)naphthalene~2-one derivative (40)
(Scheme 44),

o OCH CH=CH2

2

2

Scheme 44

Thermolysis of the pyridine compound (62) in a sealed tube at 18ZOC
for 4 h,resulted in the formation of the 2H-pyran isomers (64) and

(66) in 3% and 1% yields respectively (Scheme 45),
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P
™~ H’Q:“"CHZCH=CH2
. F N
(63)
B CHZCH=GH2
(65) C(66)(18)

Claisen Rearrangement

Scheme 45 Reagent : i,KF,(-HF)

An interesting feature of the reaction is the fact that the major
product (64) arises from the [3,3]-sigmatropic shift of the prop~2-enyl
group onto the adjacent carbon nearest to the nitrogenJHowever,in the

vapoﬁr phase reaction at 185°C for 112.8 h the prop~2=enyl group
migrated to the adjacent carbon furthest away from the nitrOgen,32
demonstrating the importance of the solvent during the course of the

reaction.

3.6 The Reaction of Pentafluorophenyl Prop=2~enyl Sulphide (36)

with the Formation of a Benzo[ b Jthiophen Derivative in an Attempﬁ

to_Extend the Scope of Synthesis of 2H-1-benzopyran Derivatives

In an attempt to extend the scope of synthesis of 2E~1-benzopyran



derivatives to include the corresponding sulphur heterocycles,the thermolysis
of pentafluorophenyl prop-2-enyl sulphide (36) with potassium fluoride

in sulpolane was carried out in a nickel tube at 191n19200 for 22 h.

The only product isolated from this reaction was 4,5,6,7-tetrafluoro~

2-methylbenzo blthiophen (68) (Scheme 46),

$~CHZCH=CH2

Scheme 46

The formation of (68) can be rationalized in terms of a novel (1,57
sigmatropic shift of vinylic hydrogen to the heteroatom in the thio-

Claisen intermediate (67) following dehydrofluorination (scheme 47).

(67)
1, 5=prototronric

shift

CH=C=CH,,
(68 )to-

Scheme 47



CHAPTER 4

THE FORMATION OF PARTIALLY FLUORINATED

INDOLES VIA REACTIONS INVOLVING

[3,3~SICMATROPIC REARRANGEMENTS




4.1 The Fischer Indole Synthesis

The Fischer indole synthesis is probably the most popular

method of synthesing indoles and has demonstrated almost unlimited
flexibility in the preparation of hydrocarbon indoles.Bssentially it
involves the reaction of an aryl hydrazone with either a cyclizing agent

or by athermally induced reaction (Scheme 48).

Scheme 48

The actual mechanism of the Fischer indole reaction has been best
explained by Robinson and Hobinson,33 although at least three other
mechanisms have been proposed.The remarkable feature of the Robinson and
Robinson mechanism is their realization of the close relationship of
the mechanism to both the ortho-benzidine rearrangement and the Claisen
rearrangement b (a [3,3)~sigmatropic rearrangement in modern terminology).
The mechanism can be divided into three stages,which have been emphasised

in a more recent review,35 and are shown in a mechanistic scheme (Scheme

49 afv/c).
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Stage 1 : Hydrawone~enehydrazine tautomerisn

+H+
Scheme 49a,
stage 2 :  Formation of the new C~-C bond (o-benzidene or (3,3~

sigmatropic rearrangement)

Scheme 49b
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Stege 3 Zyclization and loss of ammonie by either of the routes

(a) or (b).

Route(b)

Scheme 49¢

Tautomerism of the hydrazone to the enehydfazine would seem to constitute
the first step in the sequence of reactions.Some inconclusive spectroscoplc
evidence for the existence of the enehydrazine has been reported,36"39
and thermodynamic studies by Karabatsos et al,qo have shown the absence
~ of the enehydrazine due to the greater thermodynémic stability of the

hydrazone.A team of Russian workers headed by Suvorbv .42

have
contributel evidence of a more direct nature by isolating various
derivatives of the enehydrazine itself,

Stage 2 of the synthesis consists of a [3,3T-sigmatropic shift,
resembling the o-Claisen rearrangement.The failure to observe any para-

43,

rearrangement has led to some opposition that a [ 3,3 ~sigmatropic
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shift is involved(vide infra).Ortho-rearrangement is probably spacially
more favoured and so cycliaztion leading to indole products occurs

more easily than para~rearrangement.A para-rearrangement would lead

to p-alkylamino acids,p~aminopheylacetaldehyde ox pmaminobenzyl ketones
which are very reactive species and would form tars under such conditions.,35a
£Electron-withdrawing groups on the aromatic ring appear to retard
cyclization when Jjudged by yields of product:l,2,3,4~tetrahydrocarbazole
was obtained in 83% yield by thermal indolization,wheréas 4,5,6,7-
tetrafluoro-l,2,3,4«tétrahydrocarbazole was obtained ih 50% yield.b’5
Where strongly electron-attracting groups are present on the aromatic
nucleus, then more stringent conditions are required for indolization

to occur,usually effected by employing a Lewis acid under reflux,Bﬁa'aZ’

4651 otherwise electron donating groups only require an aprotic acid
at room temperature.By selecting carbonyl compounds such as cyclohexanone
or deoxybenzoin,where they are known to form indoles relatively easily
in hydrocarbon systems,then the ease of cyclization of arylhydrazones
containing electron-withdrawing groups can be markedly increased.The
nature of substituents on the carbonyl moiety has a much smaller effect
on the ease of cyclization.u7 |
Stage 3 (Scheme 49c) shows the possible ways by which the final
step can take place:cyclization can occur either before loss of ammonia
(Route a)(thermal reaction) or after loss of ammonia (when an aqueous
acid catalyst is present (Route b).
On.comparing the [3,3]~sigmatropic rearrangement products (69) and

the ortho-Claisen rearrangement product (70),one can visualize more

easily the analogy that Carlin first realized”? (Scheme 50a/b),
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Scheme 50g: Fischer indole,viz.[ 3,3 ]~sigmatropic shift reaction mechanism

(69)

Scheme 50b: o-Claisen rearrangement reaction mechanism

(70)

[1,5]

prototropie shift

Y OH

In spite of the very close similarity between the two mechanisnms
there remains the question : why dées para~rearrangement not occur
during Fischer indolization ? In 1948,Carlin et a1.% treated the 2,6~
dichlorophenylhydrazoné‘of acetophenone (71) with zinc chloride in
order to obtain evidence relating to this problem and obtained a rearrange-

ment product 5,7-dichloro-2-phemylindole (72)(Scheme 51).



The indolization involved the migration of an ortho-substituent of
the starting phenylhydrazone,the first report of such a phenomenon,Later,
Carlin et al.84 also observed either a 1,2~ or a 1,4-migration of an
o-methyl group when 2,6-dimethy1phenylhydrazone derivatives were indolized
under Fischer conditions.

Other unusual rearrangements have been reported involving migration
of substituents.Dappalardo et a1985 attempted the indolization of ethyl
pyruvate 2-methoxyphenylhydragzone (73) with ethanolic hydrogen chloride
and obtained an undefined indole,m.p. 168°C.(vide infra),and not the
expected 7-methoxyindole (74),m,p.117°C. which was obtained when the
same hydrazone (73) was treated with a mixture of sulphuric and acetic

acids (Scheme 52).

H2S04+HOA0
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" The hydrazone (73) was indolized under varying conditions to give a
wide variety of indoles,together with the normally expected 7;methoxy—
indole (74).These abnormal reactions can be classified into two major
caterories,ortho—cé86 or ortho—0587 abnormal Fischer indolizations,
according to whether the product is a 6—substi£uted(e,g. Scheme 53) or a

5=substituted indole.

i

EtOH/HC1

2008t

H
The unidentified indole

obteined by Pappalardo
Scheme 53

In a recent paper,IshiiSS rationalised these unexpected reactions by
an expansion of the Robinson and Robinson mechanism (Scheme.54).

C0-C bond formation by the enehydrazine intermediate takes place at
the ortho-pogition occupied by the methoxy groups,thus forming an
intermediate with the methoxy group on a tertiary carbon.This is
subsequently transformed into the key intermediate (75) by attack of the
ring imino nitrogen on the side=-chain iminium carbon and expulsion of
an ammonia molecule.The intermediate (75) can lead to three different
indole products (inclﬁding the ortho-C6 and ortho~C5 abnormal Fischer

indole products ),according to the proposed mechanism in scheme 54,

Carlins® 83.disco?ery of the formation of 5,7~dichloroindoles
from 2,6=-dichlorophenylhydrazone derivatives with zinc chloride would

fall into a pathway consistent with that of an ortho-C5 abnormal Fischer
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Eey Intermedizte
Cation

(75)

1+ Nucleophile il Migration 111 Substitution

v

Scheme g& s R = =C00Et

indolization,involving a 1,3 migration of a chlorine group (Scheme 55).
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Scheme 55

It would seem that the nature of the reagent is the factor determining

the mode of abnormal Fischer indolization (Scheme 56)

Strong Acid ortho-C5 abnormal
e

Fischer indole products

Key Intermediate (75)

ortho~C6 abnormal

Mischer indole products Scheme 56
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An interesting proton-catalysed amino-Claisen rearrangement of (76)

-
has heen Jr:epoa.ﬂ'tedj3 to give 5~fluoro derivatives of indole (Scheme 57).

S _AH,CH=CH

2 c
Heat ! 230 o/HoL
NN
5 ~CH, CH=CH,,
(76) : o~Claisen intermediate
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Pischar indolization can be initiated by thermal means alone without
B-59 . . . :
the presence of any catalyst. <7 Where thermal cyclization takes place
only with difficulty such as with cyclohexanone p-nitrorphenylhydrazone
. . : 6 ‘s

to give 6~nltro~1,2,3,Umtetrahydrocarbazole,j then the addition of
. . . 60
acid does enhance the yield,

Aryl hydrazones,the requisite starting material in the

FPischer indole synthesis,can be prepared by a wide variety of means.

(a) A conventional condensationreaction between the arylhydrazine
and the corresponding carbonyl compound;usually a ketone or
aldehyde,The arylhydrazine being prepared by the reduction of

' 61-66

N~nitrosoaxrylamines.
(b) The reduction of diazonium salts.64’6?~69
(¢) By nucleophilic attack of hydrazine monohydrate on the aromatic

nucleus,7o’71 followed by condensation with the required

carbonyl compound.

In cases where decomposition of the arylhydrazine readily occurs in
solution then cyclisation is effected in situ by addition of the carbonyl
compound. without isolating the intermediary hydrazonenéa’72 The method
was realized as an important means of synthesis when dealing with
aryiamines which contain an electron~withdrawing group such as the
nitro- group and where the indole readily decomposes on exposure to

light and heat.

4.2 Preparation of 5,6,7,8~Tetrafluoroindole Derivatives by the

Conventional Fischer Indole Synthesis

Petrova et a1.45 have effected the successful synthesis of
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partially fluorinated indole derivatives by a conventional Fischer indole
cyclisation reaction.Cyclohexanone and acetophenone ére used as the
carbonyl moieties.Preparation of a suitable hydrazine (79),viz.containing
an ortho-hydrogen,was achieved by the diazotization of 2,3,4,5~tetra~
fluoroaniline (77)(not a readily available material) to give 2,2°,3,3°,
byle, 5,5%~0ctafluorodiazaminobenzene (78),followed by reduction with

zinc in acetic acid (Scheme 58).

- dil,HC1
NaNO2

Scheme 58

Reaction of (79) with cyclohexanone and acetophenone gave the

corresponding hydrazones (80) and (81) respectively (Scheme 59).



- 50 =

cyclohexanone

(74)

acetophenone

Scheme 59

As mentioned in section 4.1,the inclusion of electron-withdrawing . -
groups in the aromatic nucleus appears to reduce the éase of indolizationi
as with the 2,4-dinitrophenylhydrazone of cyclohexanone which requires
boiling concentrated hydrochloric acid as a catalyst;éo compared to
cyclohexanone phenylhydrazone which ohly réquires boron trifluoride/
~ benzene.

The use of a strong acid catalyst was employed foﬁ the cyclisation
of (80) to give 5,6,?,8~tetraf1uor0M1.2,3.hmtetrahydrocarbazole (82)
in 50% yield.Complete aromatization of (82) was carried with 10%
palladium on carbon at 210°C to afford 1,2,3,4»tetrafluorocarbazdle

| (83)(Scheme 60).
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(80)

(82) (@)

Scheme 60  Reagents : i,conc.HCl/reflux
13,108 Pa~¢/210°C.

The attempted cyclisation of (81) under identical conditions
was not successful : other conventional cyclisation agents such as
benzene~BF

sCH,,COOH + conc,HZSOQ;BQ% HZSOQ;butanol-stou;GHBCOOH saturated

33
with HCl were also unsuccessful.Cyclisation was achieved in 15% yield
by using anhydrous zinec chloride.

The conventional Fischer indole synthetic route for the preparation
of partially fluorinated products does give a reasonable yield of
indole despite the presence of strongly electron-withdrawing substitueﬁts
on the aromatic nucleus.However,taken in perspective it is the number of
steps required to obtain the tetrafluorophenylhydrazine derivative
which is the main disadvantage with the method,Until an easier and more

efficient synthesis of fluorinated ortho-hydrogen hydrazones can be

formilated,then this synthetic route is not very practical.

4,3 - The Attempted Synthesis of Partially Fluorinated Cyclic Hydrazones

from Polyfluorocaxylhydrazones and KF,The Unexpected Formation of
Fischer Indole Products’ -

The key step in the Fischer indole synthesis from hydrocarbon
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arylhydrazones is generally accepted as involving a [3,3)-sigmatropic
shift of the tautomeric enehydrazine,7qﬂowever,in polyfluorinated systenms
it was envisaged73 that dehydrofluorination with XF would lead to the

novel cyclic hydrazone (84)(Scheme 61).

e L - _ e
- OH g o O
(-HF) W
] ] _ _

Scheme 61



...53...

Acetophenone 1,3,4,5,6,7,8nheptaf1uoro»Zmnaphthylhydrazone(85)Z3
readily prepared by the condensation reaction of acetophenone with
1,3,%4,5,6,7,8-heptafluoro-2-naphthylhydrazine (86),was heated under
reflux in dry tetralin for 24 h in the absence of KF which had been shown
ih preliminary experiments to havéﬁnO}effect on the course of the reaction.
A complex mixture of components was formed from which was isolated the
following compounds : 1,1%,2,2%,3,3",4,49=octahydro-1,1 '~bisnaphthyl (87)
(6%);1,3,4,5,6,?,8~heptafluoro~2~naphthy1amine?6(88)(2i%) and 2-thenyl-
4,5,6,7,8,9-hexafluorobenz| e Jindole (89)(3?%)73 (Schehe 62).

(86) (85)

5

(87)(6%) - (88)(21%) ‘ (89)(37%)

Scheme 62 Reagents : i,Tetralin/Reflux



The complexity of the products and the relative insolubility of the
unidentified materials necessitated the requirement of a lower molecular-
welight starting material such as acetophenone pentafluorophenylhydrazone73
(90) from which other products could be identified which would be conducive
to the elucidation of the reaction mechanism involved.

The acetophenone derivative of pentafluorophenyihydrazine (90)
was heated under reflu;Bin tetralin for 24 h.Ammonia was evalved and
the following products'isolated from the reaction mixture : 1,1%,2,2°,
3,3°%4,4~0ctahydro=~1,1 *~bisnapthyl (87)(4%);4,5,6,7~tetrafluoro=2-
phenylindole (92)(12%);pentafluoro-N-(a~nethylbenzylidene)aniline (91)
(2%) and 2,3,5,6»tetraf1uoro-4~(i,2.3,4-tetrahydro~1-naphthyl)aniline
(93)(2#)(schens 63), |

(o)) - (92)12%8) (93)(2%)

+ @) +

Scheme 63  Reagents : i,Tetralin/Reflux
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The indole (92) had been previously prepared by a group of Russian
workersq5 (see Pg.51) by a conventional Fischer indole reaction in
15% yield.,

Overall,the stoichiometry of both cyclisations [(85)=(89) &
(90)=(92)7] requires the loss of °NH

L]
2F o

It is noteworthy that two precedents,both involving cyclisations
by displacement of an ortho~halogen atom have been reported.

(1) Loss of ortho-chlorine (CI*) during the Pischer indole

reactions’’ (Scheme 64).

Loss of C1 by
some unidentified

oxidizable agent

(15%) ()

Scheme 64 Reagents : i,Cyclohexanone in benzenq/Reflux

(11) The conversionc&‘acetophenone pentachlorophenylhydrazone

(94) into 4,5,6,7~tetrach16r0~2—phenylindole (95) using
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volyphosphoric acid (Scheme 65),2 reaction which failed

1o give the corresponding tetrafluoroindole (92) when

compound. - (90) was used. /2

(94) (95)(81%)

Scheme 65 Reagents : i,Polyphosphoric acid/ZOOOC.

An analogous loss of fluorine by an oxidation process could account
for the indole formation,although the isolation of the imine (Schiffs®
base )(91 ) does suggest another more plausidle process.This involves

tautomerism of (91) to (96) (Scheme 66).

(91) F '\ﬁﬂz e > > (86)
<

(96)

Scheme 66



w 57 =

Previously,the adduct of pentafluorcaniline and diethyl acetylene-
dicarboxylate,a substrate closely related to (96),had been converted
into the corresponding indole by reaction with sodium hydride in
tetrahydrofuran under reflux,although in very low yield (<3%)14 (see

Scheme 23).Blazejewski and Wakesman?B

have had considerable success With
the conversion of other enamines with hexafluorobenzene into 4,5,6,7-
tetrafluoroindole derivatives,This hypothesis was tested experimentally
when both the imine (91) and Heptafluoro-N-(o~methylbenzylidene )=2-
naphthylamine were heated in refluxing tetralin with added anhydrous

zinc chloride (4o catalyse the tautomerism) for 24 h,The crude reaction
product éontained mainly starting material(83%),but no indole was isolated,

even under more rigorous conditions with the inclusion of potassium

fluoride,

The remaining products (87),(88),(91),(93) and ammonia could be
attributed to the thermal degradation of the arylhydrazone by an initial

homolytic fission of the N-N bond (Scheme 67) which has been reported

in a similar réaction.?g o
CH
CgF 5NH-N=C< ’ Heat 06F5f\ﬂ~1 + ﬁ=c< »3
Cets Cets
Tetralin

CH

,. /3
+ CgF +  HN=C
6"

(87) (93) (1) +

Scheme 67
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DISCUSSION OF RESULTS




5.1 Introduétion

The most obvious synthetic route to a partially fluorinated indole
derivative would employ the use of the Fischer indole reaction.A poly-
fluorinated arylhydrazine precursor is reguired which has specifically
hydrogen in the ortho-position.This conventional synthetic route has
been investigated by Russian workers45 (see section 4,2) who used
cyclohexanone and acetophenone-2,3,4,5~tetrafluorophenylhydrazones to
form the corresponding indoles with yields of 50% and 15% respectively.
less efficient reactions were expected because of the presence of ihe
electron-withdrawing fluorine substituents ‘in the aromatic nucleus;this
was reflected in reduced yields for the cyclisation of cyclohexanone
2,3,4,5-tetr&fluorophenylhydrazbne (5Q%),compared with the cyclisation

of cyclohexanone phenylhydrazone (80%).

5.2 Indolization of Partially Fluorinated Aromatic Hydrazones Bearing

an ortho-fluorine.

An alternative route was realized in a series of experiments by

Brooke,73 when attempting to synthesizenovel polyfluorinated cyclic

hydrazones (see section 4.3).

| The purpose of the work presented in this thesis was to explore
the generality of this reaction further,with farious hydrazone derivatives:
to ascertain yields and thé existence of other possible products which

may contribute to an understanding of a plausible mechanism.

The synthesis of‘5,6,7,87tetraf1uoro~1.2,3,4-tetrahydrocarbazole

(83) from cyclohexanone 2,3,4,5,6~-pentafluorovhenylhydrazone (98),
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prepared from 2,3,4,5,6-pentafluorophenylhydrazine (9?)70 and cyclo-
hexanone enabled a second direct comparison to be made of the efficiency
of this new process and the conventional Fischer indole rezaction.

Indolization was effected by thermolysis in dry tetralin for 24 b

(Scheme 68).

(-H,0)

(83)

Scheme 68  Reagents : i ,0yclohexanone/reflux
ii,tetralin/reflux

Tﬁe carbazole (83)&&5 isolated as the major product in 18% yield
from a complex mixture,whereas a 507 yield was achieved by the conventionai
Fischer indole reaction using cyclohexanone 2,3,4,5-tetrafluorophenyl-
hydrazone (80)(see Pg.50).In spite of the lower yield however,theAease
of preparation of the starting materiel should not be forgotten in
this comparison.As acetophenone 1,3,4,5,6,78heptafluoronaphthylhydrazone,

(85) reacted more efficiently than the corresponding pentafluorophenyl
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derivatives,then this justified the use of these naphthylhydrazones

in investigating further the effect of various substitﬁents attached

to the carbonyl compound precursor.In most cases the hydrazone inter=-
mediate was isolable:only those prepared from aldehydic-type carbonyl
compounds could not be obtained in a pure eﬁough state for characteris~
ation .In such cases the hydrazones [ (100)& (108)] were prepared and -
cyclized in situ,by a “one~pot" reaction.Scheme 69 shows the new hydrazones
that were prepared and Table 1 their yields, NO attempp'was madevté‘isolgte :

© (87) which had been found previously.

(86) (99) (100) B = -HE° =
(101) (102) B = —-GH3;R2 - -H
(103) (1o4) &t = ”’CH3(C6H4)‘RZ = ~H
(105) (106) B = 4=No,(CgH, )i =
(107) (108) 7 - 51 =~
(109) (110) g = ~CgHs (R =~CH,
(111) (112) &t = -Cells S =-CgH,

Scheme 69  Reagents : i,EtOH/Reflux
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Table 1 : Carbonyl Compounds Used in the Synthesis of Heptafluoronapthyl-

hydrazones With Their Respective Yields

1 2
Caxbonyl Compound. R R Hydrazone Yield
Acetaldehyde (99) ~H ~CH, © (100) feoy
Acetone{101) «GH3 mcnj : (102) 76%
p~Methylacetophenone (103) 4~CH3(C6H4) wCHB (104) 90%
p-Nitroacetophenone(105) 4—N02(G6H4) vCH3 | (106) 60%
Phenylacetaldehyde(10 ~H =CH,C/H 108 Not
ey 4 ( 7) 27675 |- ( ) isolable
Propiophenone (109) ~Cetls =CH,Cll (110) 8%
. 4
Deoxybenzoin(111) ~06H5 -cﬁzcéﬁ5' (112) 18%

¥ Deoxybenzoin = 1,2~-diphenylethanone

Each of the prepared hydrazones was indolized under the same conditions,
viz,.refluxed in dry tetralin for periods of up to 24 h (Scheme 70),the

results are recorded in Table 2.

(113) B'= -H; BP=  -H  (88)
(114) B'= -ci, P K=
(115) R'= bmGl () 3 RP= -
(116) R'= 4-Noy(Cgh,) 5 = H
- (117) R'= -H § B= ~CgH,
(118) g'= ~CgHs s R= i,
(119) gt= ~Cell RP= -yl

Scheme 70 Reagents : i,Tetralin/Reflux
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Table 2 : Yields of Indole & Heptafluoro-B-naphthylamine(38) in the

Cyclisation Step

Indole Yield of Yield of
Indole (88)
(89) L0z 16%
(113) Trace 13%
(114) 17% 21%
(115) Mz 12%
(116) - 1 Not Known
(117) W’ &%
(118) 4% 19%
(119) | u2m o%

Y : assuming 100% conversion of hydrszine(86) to hydrazone(108).

The ylelds in each case were calculated for the cyclisation step from
the hydrazone,except in the case of (117) where reaction of 1,3,4,5,6,7,8-
heptafluoro~2-napthylhydrazine (86) with phenylacetaldehyde gave an
overall yield of 24%.

It can be seen that there exists little or no correlation

. between the yields of indole obtained and the strucure of the carbonyl
moiety used.Generally speaking,it would seem that hydrazones with aromatic
substituents produce the best yields,compared to methyl or hydrogen.
An interesting cbmparison can be made between the two isomers (89) and
(117) which are produced in yields of 40% and 44% respectively ; almost
identical,

The conventional Fiséher indole synthesis is peculiar in that
it does not work using the arylhydrazone obtained from aoetaldehyde.

However,such a synthesis (albeit highly inefficient) has now been achieved
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using a polyfluorarylhydrazone by Brooke,BOAcetaldehyde 2,3,4,5,6-
pentafluorophenylhydrazone (120) was prepared from 2,3,4,5,6-pentafluoro-
phenylhydrazine (97) and acetaldehyde,Thermolysis of (120) in dry
tetralin gave 4,5,69?~tetraf1uorophenylindole (121) in 1.5% yield

(Scheme 71).

(120) o (21)(.5%)

Scheme 71  Reegents : 1i,EtOH/Reflux
ii,Tetralin/Reflux

The formation of 4,5,6,7,8,9-hexafluoro~2~(4-nitrophenyl )benz
[eJindole (116) could not be established.A yellow solid was obtained
(ca.12%) which failed to analyse correctly,the N~H strétch of the i.r.,
although in the correct region of the spectrum was too broad.Mass
spectroscopy however,did reveal a compound with the required molecular

weight for the ‘indole (116).

Thermolysis of these hydrazones not only produced the indole
as thé mejor product but,due to an undesirable side-reaction,initiated
by homolysis of the N-N bond79(see Pg.57),various other products were
found, principally 1,3,4,5,6,7,8-heptafluoro-2-napthylamine (88).
Compound (88) was produced in significant enough amounts to be recorded
alongside that of the indole(see Table 2).Together,they can be seen as

a ratio of the extent to which the two competing reactions take place,
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i.e.indolization versus N-X bond homolysis (Scheme 72),

t
Tautomerism N=-N Bond
. Homolysis

CH,R*®
+ ¢ N=C

[3,3)~sigmatropic ' Tetralin
Shif+

Scheme 72




Tt is noteworthy that no 3~fluorcindole derivatives were isolated in
any of this work.Moreover,Suschitzky75 was surprised that no 3=-chloro
indole material was formed from acetophenone pentachlorophenylhydrazone
(Scheme 65).This would imply that there is no free halogen atom or
electrophilic halogenating species present during the course of the
reactions.Ishii88 invoked the presence of a key intermediate cation

which can undergo a variety of transformations leading {o abnormal Fischer
indole products (see Pg.45).Pathway iii involves the attachement of
halide anion at the C-3 position of intermediate (75) and gives rise

to the 3~haloindole derivative.This mechanism is discounted in the

present work for that very reason:no 3-fluoroindole derivative was
isolated.,

The exact mode of loss of the ortho-fluorine in the indole forming

reactions described in this thesis is not understood at the present time.

5.3 Conelusion

The work described in this thesis has demonstrated that a variety
of 1,3,4,5,6,7,8«heptafluoronapthylhydrazones can be used as substrates in
the formation of indole derivatives by the surprising loss of an ortho-
fluorine;the preparation of ortho-hydrogen containing substrates for
the classical éischer indole reaétion is unnecessary.

The studies hé;e not coﬁtributed to.an understanding of the
mechanism of the reaction,and further work is required.Of particular
interest would be an inves%igation of the use of different high boiling-
point solvents in the reaction,especially those which lack any benzylic

hydrogens.
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EXPERIMENTAL
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6.1  Preparation of 1,3,405,6,7,8-Heptaf1uoro~2~n§pthylhydrazine71(86).

Octafluoronaphthalene (31.87g) and hydrazine monohydrate (5.9g)
were heated together under reflux in ethanol (180 ml.) for 4 h and then
poured into water and extracted with diethyl ether.The extract was dried
(MgSO4),filtered,and the solvent evaporated to leave a brown .solid (22.52g).
The unreacted octafluoronaphthalene was removed by vacuum sublimation
at 35-40°C,/0.001 mmHg. Raising the temperature to 70-?5°C./0.001mnﬁ{g
caused the 1,3,4,5,6,7,8-heptafluoro=2-naphthylhydrazine (86) to be sublimed,

ang was recrystallised from light petroleunm (bepe 100—12000.).
1ite P map- 118"']190Gt‘

6.2 Preparation of Cyclohexanone Pentafluorophenylhydrazone (98)

Pentafluorophenylhydrazine70(97)(8.92g);cyclohexanone (4.64g) and
ethanol (250 ml.) were heated together under reflﬁx for 1 h.The ethanol
was removed in vacuo leaving a wet orange solid which was dissolved in
ether and the solution dried (Mgsoq).EvaporatiOn of the solvent and
crystalliastion of the solid (13.92g) from ethanol/water required
external cooling and gave the pure phenylhydrazone (98) (9.35¢,755),
m.p. 68-69°C [Found & C,52.003H,4.113N,9.70%; M',278.C, H,  F.N, requires

11F5%
C,51.803H,3.99;N,10.07%; M,278y y_, 3230 o™t (N-H).

6.3 Attempted Preparation of Acetaldehyde 1,3,4,5,6,7,8-Heptafluoro=2=

aphthylhydrazone 100

1,3,4,5,6,7,8-Heptafluoro-2-naphthylhydrazine (86)(5.00g),acetaldehyde
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(0.77g) and ethanol (50 ml.) were heated together under reflux for 2 h,
The mixture was evaporated to give a brown tarry solid (5.34g).
Examination by t.l.c. on silica using CHC13«0014(5O=5O v/v) revealed a
multicomponent mixture with no trace of 1,3,4,5,6,7,8~heptafluoro=2«
naphthylhydrazine (86).4n attempt to separate the mixture by flash

chromatography on silica (160mm x 50mm) using the same eluant was not

Buccessful.However,a vacuum sublimation at 60~65°C,/0.001mmHg did give a

solid,although this could not be obtained pure due to continual
decomposition.The so0lid was identified as the hydrazone (100) by i,x.

spectroscopy; Vv . 3360 em™t (N-H).

6.4  Preparation of Acetone 1,3.4,5,6,7,8-Heptafluoro~2~Naphthylhydrazone (102)

1,3,4,5,6,7,8-Heptafluoro-2-naphthylhydrazine (86)(5.00g),acetone
(2.48g) and ethanol (50 ml.) were heated together under reflux for 2 h,
during which time a piﬁk solid (4.35g,76%) precipitated.fvaporation of
the liguid components of the mixture followed by recrystallisation of

the residual solid from light petroleum (b.p. 60-8000.) and vacuum

sublimation at 80»8500./0,001mmﬂg gave the pure naphthylhydrazone (102)
(2.95¢),m. p. 99.5-100,0%.[Found : 0,48,10;H,1,78;N,8.2ﬂ%.013H7F7N? requires

C,48.155H,2.18;N,8.64% M. 324]5» 3370 en™ (N-H).

6.5 Preparation of (4=Methylacetophenone)i,3,4,5,6,7,8-Heptafluoro=2-

Navhthylhydrazone (104)

1.3,4,5,6,7,8-Heptafluoro=-2-naphthylhydrazine (86)(5.01g),4~nethyl-
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acetophenone (2.72g),and ethanol (50 ml.) were heated together under
reflui for 2 h,during which time a pink-white solid was precipitated.

The mixture was filtered and the solid washed with more ethanol.Recrystal-—
lisation from toluene-light petroleum (b.p. 100-120°C.) gave the pure
naphthylhydrazone (104)(5.72g,90%),m.p. 192.0-192.5 C.[Found : 0,56.87;
¢,57.0034,2.78;N,7.00%;4, 4007;™N

 H,2.62;N,7.07%.C

19 11" 7 2 requires nax

3370 en’t (N=H).

6.6 Preparation of (4-Nitroacetophenone)l,3,4,5,6,7,8~Heptafluoro=2-

Naphthylhydrazone (106)

1,3,4,5,6,7,8-Heptafluoro~2~naphthylhydrazine (86)(3.98¢),4-nitro-
acetophenone (2,50g),and ethanol (50 ml.) were heated together under
reflux for 1.5 h,during which time a yellow-brown solid was precipitated.
The mixture was filtered and washed ﬁith ethanol. Analytical t.1l.c. on
silica using CH013-0014(5O:5O v/v) as eluant showed it to be a mixture
of the naphthylhydrazone (106) and unreacted p-nitroacetophenone.
Separation of the product was achieved by dissolving in diethyl ether
the more soluble p-nitroacetophenone.The mixture was filtered and the
undissolved material washed with more diethyl ether leaving the naphthyl-
hydrazone (106) behind (3.53g,60%).Recrystallisation from toluene-light
petroleun (b.p. 100-120°C.) and vacuum sublimation at 165-175°C. /0. 001 mlig
gave the pure naggthxlhxdrﬁzone (106)m. p. 201.5-202,0°C,[Found : C,50.11;
H,1.483X,9. 35%.Cy gHgF, N0, requlres ¢,50.13:H,1.86; .9, 4%y WL TV [,y
3360 em™t (H-H).
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6.7 Attempted Preparation of Fhenylacetaldehyde 1,3,4,5,6,7,8-Hepta=

fluoro=2=-naphthylhydrazone (108)

1,3,4,5,6,7,8~Heptafluoro-2-naphthylhydrazine (86)(1.56g),phenyl-
acetaldehyde (0.71g),and ethanol (50 ml) were heated together under reflux
for 2 h.Evaporation of the solvent in vacuo left a brown tarry residue
(2.39¢) which was separated on silica by flash chromatography (160mh X

50mm) using CHC1 -CClu (70230 v/v) as eluant.dnalytical t.l.c. revealed

3
a complex mixtqre of components which were further separated by vacuum
sublimation at 130-140°C./0.001mnHg to give a white-yellow sublimate.
Successive recryStallisainns from light petroleum (b.p. 60-800C) would
not give a constant melting-péint sample of (108) due to continual decompw

osition,but material of m.p. 85.5-86,500 was submitted for elemental

analysis [Found : C,53.36;H,2.32;N,6.7%%.C18H9F7N2 requires C,55.96;

H,2.35;N,7.25%;M, 3867].Identified by i.r. spectroscopy,\)max 3310 cm"1
(N=H).
6.8 7, 8~Heptafluoro~2-naphthyl~

hydrazone (110)

1,3,4,5,6,7,8-Heptafluoro-2-naphthylhydrazine (86)(3.79¢),propio-
-phenone (1.88g),and ethanol (80 ml.) were heated together under reflux
forlz h.On cooliﬁggpale @ink crystals of the naphthylhydrazone was deposited
and were filtered with further ethanol to give a solid (1.19g).The remaining
naphthylhydrazone wés recovered bf.evaporation in vacuo of the solvents

from the mother liquors to give the crude product (5.46g).Recrystallisation

from light, petroleum (D.p. 100-120°¢. ) gave the pure naphthylhydrazome (110)
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(4.51g,8%%),m.p. 138-139°C [Found : G, 57.031H,2. 495N, 6.65%.C, Hy , FN,
requires C,57.053H,2.785N,7.01%sM, 4001, ¥ 3370 ecn™ (N-H).

6.9 Preparation of Deoxybenzoin 1,3,4,5.6,7,8=Heptafluoro-2-napthyl-

hydrazone (112)

1,3,4,5,6,7,8-Heptafluoro-2-naphthylhydrazine (86)(1.04g),deoxybenzoin
(1 ,2-diphenylethanone )(0.76g),and ethanol (50 ml.) were heated together
under reflux for 2 h.The solid naphthylhydraZone was obtained by evaporation
in vacuo of the liguid components.Recrystaliisation of the solid from

toluene-light petroleum (b.p. 100r120°C) gave the puretnaphthylhydrazone

(112)(0.81g,48%),m. p. 173.5-175°C [Found : G,62,34;H,2.84:N,5.73%: M ,462.

Coply 57N, Tequires C,62.343H,2.84;X,6.06%M. 462]. N .. 9480 ent (N-H).

6.10 Reaction of Cyclohexanone Pentafluorophenylhydrazone (98) in Tetralin

The phenylhydrazone (98)(2.51g) was heated undér reflux in dry
tetralin (100ml.) for 24 h, during which time ammonia was detected by
its smell. and by.the effect oh moist red litﬁus paper.The solvent was
distilled under redyced pressure (0.00lmmHé) using an external water-bath
at 60°C. Analysis of the black crude residue by t.l.c. on silica using

CHC1 wCClQ (50:50 w/v)wrevealed_a complex mixture of components and total

3
conversion of the‘phenylhydrazoné.lnitial separation was effected by means
of flash chromatbgraphy}on silica (160mm 50mm),using the above as eluant.

Sixteen 50 ml, fréctions were collected.The fastest moving components were

combined (1.151g) as were the next. set of mid-range components (0.861g).
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Vacuum sublimation of both fractions (<30°¢,0.001mnHg ) gave a white
sublimate (0.023g) which was not examined further.Increasing the temperature
to 5OOC, gave a further sublimate (0.386g,18%)which was recrystallised

from light petroleum (b.p. 60~80°C.) to give 5,6,7,8~tetrafluoro~1,2,3,4-
tetrahydrocarbazole (83),m. p. 136.5-137.0°C. (lit.,§5 140~143°C.(from
methanol)) [Found : C,59.65;H,3.30;N,6.15%;M+, 243.012H9F4N requires C,59.75;
H,2.93;N,5.81%;M, 2437; ‘gp(cncl ) 155.4(1),163.7(¢),168.7(1),171.9 p.o.n.
(t),with intensities in the ratig ca, 1:1:1:21 ;5I{(CDCI ) three signals

' 375 om

at 7.80 (N-H),2.73 and 1.83 (Both methylene groups); N ax

(N-H).

6.11 Reaction of Acetaldehyde 1,3,4,5,6,7,8-Heptafluoro~2-napthyl-

hydrazone (100) in Tetralin

The tarry residue (1.06g) from the preparation of the acetaldehyde
1,3,4,5,6,7,8-heptafluoro-2-napthylhydrazone (100)(see section £.3) was
heated under reflux in dry tetralin (25 ml.) for 2 h.No ammonia could be
detected either by smell or by the effect on moist red litmus paper.The
solvent was distilled under reduced pressure (O°005mmHg) using an external
water=bath at uOOC.Analysis of the tarry residue on t.l.c. using CHC13~
CClu’(50:5O v/v) as eluant revealed a complex mixture of compounds including
%he'presenceaof a considerable amount of unreactainaphthylhydrazone.
Initial separation was carried out by means of fiash chromatography on
silica (160mm x,50mm) using the above as eluant.fourteen 50 ml. fractions
were collected;and separated into a fraction of fast components:a fraction
of mid~range components,and a fracﬁion of slow components.Analysis of

the latter two by t.l.c. on silca uging the above as eluant revealed the
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presence of both unreacted naphthylhydrazone (100) and'1,3,4,5,6,7,8-
heptafluoro~2~-naphthylamine (88).Vacuum sublimation of the mid-range

fraction (<30°C.,0.0immHg) gave a white sublimate identified by i.r. as

the 1,3,4,5,6,7,8-heptafluoro-2~naphthylamine (88),Increasing the temperature
$o 70-75%C. produced a further sublimate (0.26g) identified by i.r. and
molecular weight(mass spectroscopy) to consist of both the naphthylamine

(88)(u*, 269) and 4,5,6,7,8,9-hexafluorobenz[e Jindole (113)(M", 251).

Final separation was effected by means of thick-layer chromatography on
silica (eluant as for the analytical t.l.c.) to give indole as the slow
component (0.062¢) and naphthylamine. as the fast component (0.138g),A'

pure sample of the indole could not be obtained and its presence has only
been established with the evidence based on i.r. (N-H) and molecular weight

(mass spectroscopy).

6.12 Reaction of Acetone 1,3,%4,5,6,7,8-Heptafluoro-2-naphthylhydrazone

(102) in Tetralin

The phenylhydrazone (102)(0.50g) was heated under reflux in dry tetralin
(10 ml.) for 4 h.During the course of the reaction ammonis was evolvgd
as détébted by its smell and the effect on moist red litmus paper.The
solvent was distilled under reduced pressure (0.00immHg) from a water-bath
at 70°C, Initial separation of the crude residue was effected by means of
flash chromatograthy on silica (160mm x 50mm) using CH013~ cel, (50:50
v/v) as eluant.Twenty-eight 25 ml., fractions were removed from the column
and combined to giveg?our fractions of fast ;fast mid-range;slow mid—fange
and slow componén{s.Vacuum sublimation of the mid-range components at < 50000

/ 0.00tmmHg afforded 1,3,4,5,6,7,8-heptafluoro-2-naphthylamine (83)
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(0.07g,21%),identified by comparison with authentic sample on t.l.c.On
raising the temperature to 70°C. crude product (0,09g,17%) was obtained.
Recrystallisation of the impure product from light petfbleum (b.p. 80-10000.)
gave the pure indole (114),m.p. 193.0-193,5°C. [Found : C,53.68:H,1.32;

N,4.70% M+, 289. ¢ FgN requires C,53.93;H,1.74;N,4.84% ; M, 2897;

13"
y 145.6 (t),147.9 (doublet of m,peri-F,J, o 60Hz.),155.8 (m),

cgb[(cn )Zco)] 7,8

159.1 (ddsperi~F),161.1 (triplet of m),and 163.3 p.p.m. (t),with intensities

in the ratio 1:1:1:1:1:1 “;H(cncl y 255 (s,methyl),6.86 (s,3-H) and

8.61 (N-H) in the ratios of 3sl:l 3 %65 o™ (N-H).

max

6.13 Reaction of Acetophenone 1,3,4,5,6,7,8-Heptafluoro~2-Naphthyl
73 '

hydrazone (85) in Tetralin.

The naphthylhydrazone (85)(1.26g) was heated under reflux with dry
tetralin (25 ml.) for 24 h.Ammonia was detected by its smell and its effect
on moist red litmus paper.The solvent was distilled under reduced ﬁressure
at <65°C/0,001mmHg to leave a tarry residue and was shown to be a complex
mixture by analytical t.l.c. on silica using CHCIB—CCIQ (50:50 v/v),was
partially separated by flash chromatagraphy on silica (160mm x 50mm) using

_the same eluant as.before.Twenty-six 25 ml, fractioné were removed from

the column and combined to give three fractions of fast ; mid~range and

slow comﬁbnenté.Tbe slow components were identified as a mixture of 1,3,4,
5,6,7,8=heptafivoro-2-naphthylamine (88) and 4,5,6,7,8,9-hexafluoro~2~phenyl=
benz[eJindole (89) by analytical t.l.c. on silica using the aboveAaé
eluant,Separatioh of the primary amine (88) was effected by vacuum sublimation
at €95°C.,0.001nmHg (0.14g,16%) and the indole (89) sublimed at 160°C.

73

(0.46¢,40%)., Characterisation was achleved by comparison with available data.
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6.14 Reaction of (MA-Methylacetophenone 1,3,4,5,5,7,8-Heptafluoro=~2-

Naphthylhydrazone (104) in Tetralin

The phenylhydrazone (104)(1.00g) was heated under reflux in dry
tetralin (50 ml,) for 24 h.Ammonia was detected by its smell and by the
effect on moist red litmus paper.The solvent was distilled under reduced
pressure, 0,00l mmHg, from a water~bath at s60°C,,and the tarry residue was
shown to be a complex mixture by analytical t.).c. on silica using GH013~
ccl, (50:50 v/v) as eluant,was partially separated by flash chromatography
on silica (160mm x 50mm) using the same eluant as before. Seventeen 50 ml,
fractions were removed from the column.The mid-range components were
identified by 19 n.m;r. as the benz[elindole (six fluorine atoms were
observed ). After crystallisation from light petroleum (b.p. 100-120°C )~
toluene (50:50 v/v) the solid was vacuum sublimed at 140-150 C./0.005mmHg,
T.1l,c. analysis revealed two compounds,the faster was the naphthylamine
(88) and the slower the benz[e]indole (115)was identified by i.r. spectros-
copy .A controlled vacuum sublimation at 4000./0.005mmﬁg gave the 1,3,4,5,6,
7,8-heptafluoro~2~naphthylamine (88)(0.079,12%) and at 140~1 50°2,/0.005
mmHg gave the benz[elindole (115)(0.378g,41%).Further recrystallisation
from light petroleun (b.p. 100-120°C,) afforded the pure 4,5,6,7,8,0-hexa

’fluoro~?(4~methy1phenyl)benz[eTindole (115),m.p.216.5-217.5°¢, [ Found :

C,62.36:H,2.543:N,3.94% 3 Mt , 365.019 9F6N requires (,62,65;H,2.21;N,3.85%;
M, 3657 33, [(cn ),00] 145.4 (¢),147.9 (dovblet of m,peri-F,J, o 64 Hz. ),
155.3 (m),157.5 (ddpperlmf‘\ 160.9 (triplet of m),and 162.9 p.p.m. (t),
with intensities in the ratio 1:1:1:tsl:l ;8 K(ooc1,) 2.15 (methyl),
6.97 (phenyl),?.31 (3-H) and 8.04 (N-H) with intensities in the ratio ca.

Bebetsl § Y "”3455 omt (N-H)..
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6.15 Reaction of (4-nitroacetophenone)l,?3,4,5,6,7,8=-Heptafluoro=2-

Naphthylhydragone (106) in Tetralin

The phenylhydrazone (106)(3.611g) was heated under reflux with dry
tetralin (180 ml.) for 24 h.Ammonia was detected by its smell and by the
effect on moist red litmus paper.The solvent was distilledvunder reduced
pressure (0,00immHg) using an external water-bath at 50°G. and the tarxy
residue was shown to be a complex mixture by analytical t.l.c. on silica
using GH013~C014 (50250 v/v) as eluant.The addition of chloroform caused
a black precipitate to form (0.55g) which was removed by filtration and
shown by analytical t.l.c._on silica using the above as eluant to be a
singlé component, Purification was attempted by means of flash chromatography

on silica (160mm x 50mm) using CHC1l, as eluant.Twenty 50 ml, fractions

3
were removed from the column and the fractions containing the mid-range
components were combined to give an impure sample of the suspected

indole (116).Vacuum sublimation>of the material at 5;2000.,0;004mmHg gave
a yellow sublimate (0,391g),Mass spectrometry gave the required molecular
weight (Nﬁ, 396) for the 4,5,6,7,8,9-hexafluoro-2~(4-nitrophenyl )benz[e]
indole,but i.r. showed V _  at 3345 o™ (N-H) to be very broad and must

cast some doubt on the authenticity of this suspected indole.

6.16 Reaction of 1g3¢4,2,622g8~HeEtafluoro-z-naghthxlhydraz1ne (86) With

Phenylacetaldehyde in Tetralin

1,3,4,5,6,7,8-Heptafluoro=2-naphthylhydrazine (86)(1.10?g),
phenylacetaldehyde (0.483g),and tetralin (40 ml.) were heéted together

under reflux,The water produced in the initial condensation reaction was
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azeotropically . removed ., and the reflux continued for a total of
24 h.Ammonia was detected by its smell and by the effect on moist red
litmus paper.The solvent was distilled under reduced pressure at 50°C/
0.00immHg and the tarry residue shown to be a complex_mixture by analytical
t.1.c. on silica using CHCl3-CClu (50:50 v/v) as eluant,was partially
separated by flash chromatography on silica (160mm x 50mm) using the same
eluant as before,Eighteen 25 ml. fractions were removed from the column

and analysed by t.l.c. on silica using the above eluant.The fast mid-range
and. slow components were obtained in three fractions.The mid-range component
(0.101g) was vacuum sublimed at 40-5000./0.001mmHg to give a sublimate,
identified by i.r. as 1,3,4,5,6,7,8-heptafluoro-Z-naphthylaminev(88)(0.084g,
8%).The slow fraction (0.384g) was vacuum sublimed at 160-165°C./0.001 muHg

to give a sublimate (0.322g,24%),identified by i.r. as the 4,5,6,7,8,9~

hexafluoro=3-phenylbenz[e Jindole (117),m. 2. 253.0—253.500. [from toluene-

light petroleum (b.p. 100~120°¢.)7. [ Found : C,61.593H,1.99;N,3.83% ;
Rl requires C,61.54:H,1,99514.00 ; M, 351 D& ooy ),00]
68Hz. ),156.4 (m),157.6 (ad;peri-F),

wt, 351, ¢, git

132,2 (t),148.4 (doublet of m, peri-F,J, g

160.9 (triplet of m),and 163.0 p.p.m.(t),with intensities in the ratio

1013121 e1 1 A\HE(CD3)200] 7.6 (2-H and phenyl),12,0 (N-H) ; ¥ 3400 cm

(IN-H ).

6.17 Reaction of Propiophenone 1,3,4,5,6,7,8-Heptafluoro~2-narhthyl-~

hydrazone (110) in Tetralin

The phenylhydr@zoﬁe (110)(2.001g) was heated under reflux in dry
tetralin (80 ml.} for 24 h,Ammonia was detected by its smell and by its

effect on moist red litmus paper.The solvent was distilled under reduced

i
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pressure (0. 001mmHg) using an external water-bath at <60°C.Analysis of the
black tarry residue by t.l.c. on silica using GH013-0014 (50:50 v/v) as
eluant revealed a complex mixture of components.Initial separation was
‘effected by flash chromatography on silica (160mm x 50mm) using the above
.as elvant.Thirteen 50 ml, fractions were remo#ed from the column and analysed
on t.1.c.The mid-range fractions (1.237g) were separated b& vacuum sublimation
at 5180000,0.001mmHg into a sublimate consisting of two components when
analysed by t.l.c. on silica using the same eluant as before.The slowér
component was identified as the 1,3,4,5,6,7,8=heptafluoro-2-naphthylamine

(88) and separated by vacuum sublimation at 40—4500/0,001mmHg (0.258¢,19%)
(i.r. identical to that of én authentic sample).Raising the temperature to
120~140°C,/0.001mmHg gave the indole (O.628g,4%).cfy3tallisation from

light petroleum (b.p. 100-120°C.) afforded 4,5,6,7,8,9-hexafluoro=2=

phenyl-3-methylbenz[eJindole (118),m.p. 169.0-169.5°C [ Found : ¢,62.63;

H,2.205N,4.00% 1 M, 365.C, JHF N requires C,62.475H,2.49,N,4.84% ;

19 9
3657 3 «§FE(CD3) co] 137+0 (£),144.3 (doublet of m,peri-F,J, o 68 Ha),
152.4 (m),153.9 (dd;peri~F0,157.2 (triplet of m),and 159.5 p.p.m.(t), with
intensities in the ratio 1:1:1:1:1:1 ;é;H[(GD )ZCO] 2.50 (methyl), 7.53

(phenyl),7.53 (phenyl),and 11.50 (N~H) in the ratios 3:5:1 3N 3395 cm_1

max
(§=H).

6.18 - Reaction of Deoxybenzoin 1,3,4,5.69?,8~Heptaf1uqro-2~naphthyl

hydrazone (112) in Tetralin .

The naphthylhydrazone. (112)(2.212g) was heated under reflux with
dry tetralin (50 ml,) for 24 h,Ammonia was detected by its smell and by

the effect on moist red litmus paper.The solvent was distilled under reduced
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pressure (0.001mmHg) using an external water-bath (50-60°C) and the tarry
residue shown to be & complex nixture by analytical t.l.c. on silica using
011013---cc14 (70:30 v/v) as eluant,was partially separated by flash
chromatography on silica (160mm x 50mm) using the same eluant as before.
Thirteen 25 ml. fractions were removed, from the column and analysed by
t.1l.c. on silica using the above as eluant to show that no 1,3,4,5,6,7,8~
heptafluoro-2~naphthylamine (88) was present,Vacuum sublimation of the
solid at 160-170°¢./0.001nmHg gave a pale-yellow sublimate (0.899g) which
was identified by i.r. as the naphthylindole (presence of N-H stretch).

Crystallisation of this solid from toluene-light petroleum (b.p. 100-120°C.

afforded the purev4,5,6.7,819nhexaf1goro~2,3-diphenx;benzreﬂindole (119)»
(0.868g,42%) ,m. p. 223.5-224.0°C [ Found : C,67.583H,3.005N,2.95% ; M,
42?.024H11F6N requires C,67.583H,2.603N,3.29% 5 M, 4277 ;égF[(CD )ZCO)]
132.1 (t),148.4 (doublet of m,peri-F,J, g 68Hz. ),156.3 (m),157.3 (dd;peri-
F),161.1 (triplet of m),and 163.1 p.p.m. (t),with intensities in the ratio

wldﬂddﬂ;gﬂm%kwn733ﬁmWU@m1L%(MMinmemﬁo

. : -1 ' .
ca. 10:1 3 N 3465 cm”  (N-H).
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Appendix A Apparatus and Instrumentation

This is a summary of the instruments and apparatus used for

obtaining the resulis throughout the Experimental Section.

Infrared Spectra

Spectra were recorded on Perkin-Elmer 377,457 and 577 spectrophotometers.

Mass Spectra

A.E.I. M39 Spectrometer,

N- Mo R~ Spec.tra

Proton (1H) and.fluorine (19F) nuclear magnetic resonance spectra
were recorded either on a Varian EM:360L 5pectrémeter;operating at 60.0b
and 56.46 MHz respectively or a Bruker HX 90 E spectrometer operating at
90,0 and 84.67 MHz respectively. |
The chemical shifts have been gquoted in p.p.m. ; downfield with respect
to the reference TMS' for proton n.m.r. and CFC.‘l3 as internal reference

for fluorine n.m.r.

Thick=~ILayer T;L»C.

20g of GF 254 kieselgel (incl. 17% gypsum and 3% fluorescer) in

50 ml. wéﬁer onto 20 x20 cm. plates.

Rapid Chromatographic Technique for Preparative Separations with Moderate
Resolution %2 _(Flash Chromstogzaphy)

This is a simple absorption chromatography techhique for the routine

purification of qrgénic compounds. Long column chromatography offers -
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Separated components are conveniently detected by spotting NijL of each
fraction on an analytical 20cm x 20cm t.l.2. plate which can take up to
20 samples,and then the plate developed by the ascending method,

The optimum conditions were used throughout this experimental

section which include :-

(1) use of silica gel 60.(230-400 mesh) and an

(i1) eluant flow rate of 2,0 % 0.1 in./min.

In each case the use of a 50 mm diameter column was employed which
allowed between 1.00 and 2.50g to be loaded on the column.Samples were

collected in 50 ml, fractions unless otherwise stated.
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Appendix B Infra-red Spectra

All spectra were measured as a mull prepared with nujol in the form
of a thin-layer using NaCl plates. _
All compounds are new except 1,3,4,5,6,7,8-Heptéfluoro~2~naphthyl~
hydrazine71 (86) and 5,6,7,8—tetrafluoro~1,2,3,4~tetrahydrocarbazoleq5
(82). |

'Speotrum Number Name of Compound.

1 1,3,4,5,6,7,8-He ptafiuoro=-2-Naphthy lhydrazine
(86)

N

Cyclohexanone Pentafluorophenylhydrazone (98)

3 Acetone 1,3,4,5,6,7,8-Heptafluoro-2-naphthyl-

hydrazone (102)

4 2 (4~methylacetophenone) 1,3,4,5,6,7,8-Hepta~

fluoro~2-naphthylhydrazone (104)

5 (4-nitroacetophenone) 1,3,4,5,6,7,8-Hepta~
fluoro-2-naphthylhydrazone (106)

6 o Propiophenone 1,3,4,5,6,7,8-Heptafluoro~2~
naphthylhydrazone (110)
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Deoxybenzoin 1,3,4,5,6,7,8-Heptafluoro-2~
naphthylhydrazone (112)

5,6,?,8-Tetraf1uoro~1,2,B,Q-Tetrahydrocarbazole
(83)

4,5,6,7,8,9-Hexafluoro—2-methylbenz[e]indole
(114)

4,5,6,?,8,9-Hexafluoro~2-(4-methy1pheny1)
benz[eJindole (115)

4,5,6,7,8,9-Hexaf1uoro-3~phenylbenz[e]indole
(117)

415,6,7,8,9-Hexaf luoro~2~pheny1, 3-ne thylbenz[ e
indole (118)

4,5,6,7,8,9-Hexaf1uoro-2,3~diphenylbenz[e]
indole (119)
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