W Durham
University

AR

Durham E-Theses

An investigation into the thermolysts reactions of
polyfluoroaromatic prop-2-ynyl ethers and thioethers

Cooperwaite, John Robert

How to cite:

Cooperwaite, John Robert (1985) An investigation into the thermolysts reactions of polyfluoroaromatic
prop-2-ynyl ethers and thioethers, Durham theses, Durham University. Available at Durham E-Theses
Online: http://etheses.dur.ac.uk/7239/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a link is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk


http://www.dur.ac.uk
http://etheses.dur.ac.uk/7239/
 http://etheses.dur.ac.uk/7239/ 
http://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk

AN, TNVESTIGATTON TNTO THE
THERMOLYSTS REACTTONS .OF
POLYFLUOROAROMATTC PROP-2-YNYL
ETHERS AND THTOETHERS.

| BY

JOHN ROBERT COOPERWAITE, B.Sc.
(St, Cutherts Society)

The copyright of this thesis rests with the author.
No quotation from it should be published without
his prior written consent and information derived

from it should be acknowledged.

Submitted to the University of Durham
to obtain an M.Sc. Degree.

14 24V 1507






Dedicated to my parents for
their endless support and

encouragement.



Acknowledgements

I would like to express my indebtedness to Dr. G.M. Brooke for his
considerable and unfailing assistance throughout the supervision of this
work. I would also like to thank Dr. I. Sadler Br his co-operation and
access to the N.m.r. analysis facilities of Edinburgh University.

I am grateful to the technical staff, particularly to ir. Ray Hart
and Mr Gordon Haswell for their expertise and co-operation. I'inally T
wish to extend my gratitude to Mrs. C. liope for the presentiution of the
typescript. : ‘



- ABSTRACT

This work ihvestigates-the thermal behaviour of polyfluoroaryl prop-Z-ynyl
ethers and thioethers in the vapour phase and solution phase. Tt also reports
the: thermolyses of 2- fluoromethyl -4 5,6 7,8,9-hexafluoronaphtho (2,1-b) furan
(151) in the presence of 2,3- dlnethylbut 2 -ene and 3,3- dlmethylbut ~-l-ene
respectively. ,

Chapter 1 discusses the hlstory. mechanism and stereochemistry of the
Clalsen and thlo Clalsen rearrangements of aromatic prop-2-enyl and prop-Z2-ynyl
systems. While Chapter 2, reports on the various cyclisation reactions that
may follow an initial ula;sen rearrangement. Chapter 3 deals with the literature
‘on the Claisen and thio-Claisen rearrangements of polyfluoroaryl systems which
are directly related to those under study in this thesis. '

Chapters 4 and 5 describe the isomerisation reecﬁions of pentafluorophenyl

_prop-2-ynyl thioether (167) and 1,3,4,5,6,7,8-heptafluoro-2-naphthyl prop-2-ynyl
thioether (171). Chapter 4 is concerned with the reaction of compound (167) with
p-xylene and benzene at 180°C and -in the presence of BFB-etherate, at 2500.

A r‘hap'ter 5 reports upon the reactions of the thioether (171) with benzene and

p-xylene at 140°¢ and 160°C. At 160°C, in nickel apparatus the isomerisation
product 2-;1uoromethyl—4 5,6,7,8,9—heraf1uoronaphtho (2,1-%) thiophen (173) is

- shown to be an intermediate in the conversion'of the thioether (171) to the
substitution product, 2-(2,5-diﬁethylbenzy1)—4,5,6,7,8,9-hexaf1uoronaphtho (2,1-b)
thiophen (177) with p-xylene. This chapter also highlights the differing courses of

reactions of the thioether (]71) in glass and nickel apparatus.

' Chapter 6 reports the isomerisation reactions of 1,3,4,5,6,7,8-heptafluoro-
2-naphthyl prop-2-ynyl ether (156) in both the 1iquid phase and vapour phase. The
glass surface of the reaction vessel was shown to act as a lewis-acid catalyst
at elevated temperatures, in the reaction of the naphthyl ether (156) with p-xylene
end isopropylbenzene - t&: give - the aromatic substitution products (159) and (160)
respectirely Whereas in nickel apparatus. the 2-fluoromethyl compound (161) was
the main product in both reactions.

Chapter 7 discusses the mechanism of the isomerisation reactions of the
polyfluoroaryl prop-2-ynyl ethers and thioethers studied in this thesis. It also
incorporates a critical experiment in which compound (161) is reacted with
§,N-diethylaniline at 14000 ohly fo be recovered unchangeﬁ {The thermolysis of
(161) in p-xylene at the same temperature gives the substitution product (159)
exclusively). The Gharge- separated species (197 and (19%) are proposed as
intermediafes in the reactlons of the ether (156) and thioether (171) via the
heterdytic fission of the sp3 C-F bond in the Claisen rearrangement intermediates (157)
and (172) respectively.'~1t-is concluded that the isomerisation reactions of (156)

- and (171), which require a 1,4-fluorine shift, proceed via an ionic mechanisnm.



The final chapter describes the thefmolysis reactions of the naphthyl ether

(156) and the 2-fluoromethyl compound'(lél) with 2,3-dimethylbut-2-ene and
3,3—dimethylbut41—ene;"Compounds (156) and (161) react with 2,3-dimethylbut-2-ene
at 150°C to give 2-(2,2,3-trimethylbut-3-enyl)-4, 5,6,7,8,9-hexafluoronaphtho (2,1-b)
furan (186) and a small amount of 2-(2,3,3-trimethylbut-l-enyl)-4,5,6,7,8,9-hexafluoro-
nadih&&;}%%ﬁ}SdﬁiéﬁHSdnpoﬁx(161) reacts with 3,3-dimethylbut-l-ene at 25°C in the
presence of BF.,-etherate to give the Makavnikov addition-elinination product,
v 2—(3,4—dime£hy1pent-3-enyl)-4,5,6,7,8,9-hexafluoro-naphtho (2,1-b) furan (194)

~and a small amount of (186). Thermolysis of both (156) and (161) with 3,3-dimethylbut
~14ene gave (186) as the major product accompanied by smaller amounts of (187) and
(194). Tt is proposed that compounds (186) and (187) arise via reaction with
2,3-dimethylbuﬁ—2-ene formed by.isomerisation of. the terminal alkene. 2-Chloromethyl
—4,5;6,7,8,9-hexaf1uoroﬁaphtho-(2,1-b)~fUran Cléi@ has been prepared; il reacts with
3,3—dimethy1but-14epe in the presence of “nCl, to give (186), (194).and (196).
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Memorandum

Notes to the Reader

Throughout this thesis a number of abbreviations have been used
regularly, these are:-

n.m.r. : Nuclear magnetic_resonénce speciroscopy
I.R. : Infra-Red sﬁectroscppy
T.L.C, :_Thin layer Ghromatogfaphy

rgiliﬁ. : Gas-liquid<3hromatography
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Chapter 1 The Aromatic Claisen and Thio—Claisen'Rearrangement

1. Introdnétion

‘ The'CIaisen Rearrangement‘is one of the best known examples of a signatropic
A'S, rearrangement in which a o-bond migrates three positions along two unsaturated
;:lsystems.‘ Its scope and ut111ty have led to a large number of reviws in the
';chemical 11terature. In the following sections, the more important aspects of
‘i the Claisen rearrangement reaction and also the closely related Cope rearrangements

"_<'~of aromatic prop-z-enyl and prop-2-ynyl systems are reviewed.

/§1.2. Development of the Claisen Rearrangement.

R . The original‘rearrangement'reaotion‘associated with the discoverer's name
: involved the thermally induced conversion of the prop—2-eny1 vinyl ether (1)
to the ethyl acetoacetate derivative (2) in the presence of ammonium chloride;1

later this rearrangement was shown to occur in absence of a Lewis-acid at

- 150-200°C.’ although at a signlficantly reduced rate®. Scheme (1)

" OCHyCH=CH, .. O CH,~CH=CH
Qeh; H, IYNH,CI/RT o2 2
CH;~C=CH-CO,C,H, S CH;5C~CH-CO,C,H¢
(1> )150—-200°C . (2)
| Scheme (1) '
This first report led to an extensive study of the thermal rearrangements of
‘open -chain vinyl allyl etheréa. Howevexr, it is the rearrangement of aryl allyl
‘ethers with which the Claisen rearrangement is more oommonly associated. Claisen
~ found that the allyl ethers of phenols rearranged smoothly at 200°C in the absence
: of a Lewis acld catalystu. From these initial discoverles there evolved the

" recognition of a general rearrangement which can be applied to numerous systems

‘_which have an arrangement of six atoms, with unsaturated terminal linkages; Scheme (2),

S IR " r——

PRV
) 7:/ ‘\7‘ _ A |

“Scheme (2)



‘Cope, later identified the analogous bond reorganisation in a series

of substituted 1,5-hexadienes”. Scheme (3)

o

o Scheme (3) .

The Orthb-Cla.isen Rearrangement.

Distillation of an aryl prop-z-ensrl ether (3)6 with an unsubstituted ortho-
position ga.\ie.a_.n-orthb—(prop-z-enyl) deriative (4) as the product. Using ¢-and ¥~
substituted prop-2feny1 phenyl ethers it was found that these groups become
attached to the 6rtho-position mlgtive to the oiygen and the carbon atom which
bec‘omeé bonded io tbe .a.romatic nuclels is not the same as the one attached to

the oxygen atom of the ether. but rather the one in the 5 -position7. Scheme (4)

CHC CH=CHR € "
?H H-CH2
R

Scheme (4)

The Para-Clalisen Reari’ange‘men_t

| Thermal studies of'o‘rtha ;disubsfituted phenyl prop-2-enyl ethers gave the
para-prop-2-enyl -pheholic compoundss.. As was observed in the ortho-rearrangement,
placing spec;ific groups in the rea.ri:anging group led to further elucidation of
the reéction processg. Thus in the thermal rearrangement of the ethex(5) Scheme ( 5),
‘it was noted that the allyl group in thé para-position was not inverteat?™11,

CH,CH=CHPh
) CO2CH3 @‘r

CH,CH=CHPh
(5) (6)
» Scheme (5)



‘m“d As the scope of the Clalsen rearrangment reaction was extended, examples

were found where migratlons to: both ortho- and para—p031tions occured. Several
detailed investigatlons have confirmed the competitive nature of such rearrangements
12'14.' The resulting ortho/para ratlo was shown to depend on the bulk of the
‘;substituents in the migratng allyl group and the number size and location of the

i other ring substituents15 17. More importantly these studles confirmed the
'conclueione drenﬁ very early in the deve;opment of the Claisen rearrangement,
namely that the products are dependent-upon the-experimental conditions adopted.

A solvent effect was demonstrated in the rearrangement of (7) by using solvents

of different polarity ~ Scheme (6)

Products
Solvent _4’ Crtho ' Fara
Decalin B s | Y
Diethylaniline o9 21

Dimethylformamide .91 1.5

Scheme (6)



lye

The‘moré,bolar solvents were’thdught»to facilitate the enolisation and
restore thé,preference to the ortho rearrangement whén steric effects in the
initial ortho-dienone (10) prévented the usual rapid enolisation. |

It is possible to summarize the thermal behaviour of allylic phenyl ethers
~ (41) in the general scheme(7), which;shows the ¥ -carbon atom of the allyl group
first bonding fo the ortho-carb§n~at0m of the aromatic ring io give the ortho
dienone (12),_uhich results in an inversion of the migrating group. The ortho-
'dienoﬁe (12)‘méy then undergo enoliéation, if the ortho-substitutent R. is
hydrogen, to givé the o?tho.alljl phéﬁol (13), to complete the ortho-Claisen
' xearrangeﬁent.v Alternatively thevortho-dienone (12) may, after realignment of
the allyl group,»undergo a Cope rearrangement'(Sec 1.2). With this second
inversion of.the allyl group, the X-carbon becomes attached to the para-position
- on the a:omatig ring, restoring the original structure of the allylic. side chain.
When the para,substituehf, R', is hydrogen, fhen rapid enolisation occﬁrs, to

give (15), and so completes thé para-Claiseh rearrangement.

o o
C
- \ﬁﬁ o:\ ¢
.R' R'
(11) (13).
OH
RH R i
C
Nt
g
(15)

Sheme (7)
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1.3. The Claisen Rearrangement .of Aryl Prop-2-ynyl Ethers

' While fhe Claisen rearrangmeht is mﬁre commonly associated with a prop-2-enyl
J;'earra.nging gfoup, many analogous reactons have been observed with prop-2-ynyl
ether compounds. The prop-2-ynyl ethers (16) and (20) have been shown to
reafrange smoothly in boiling diethylaniline to either 2H-chromenes (8B) or
‘tricyclic':kﬁtones 09)18:2g0th of which}aré“derived-from an intermediate o-

propa-1,2-dienyl derivative, Scheme (8).

L HR' | R’
'OCHR-C=CH o) g :
o | o)
. . R “H I
— R ————
. (17) (18)
o
R R

I
R (29)
Scheme (&)

There a.ppéa.rs to be only ohé' recorded exé.mple of a para-Claisen rearrangement
involving a prop-2-ynyl derivative. But-z-ynyl“vz,6-dimethy1»phenyl ether (20)
rearranged'tovgive the interhal Diels-Alder adduct (23) as the major product ‘

. but was accompanied by le-(butFnynji'):Z.6-dimethy1‘ phenol @4) in small quantities

Scheme (9)19 .



;6- N
OCHQCEC_:—CH3 : o . - :
Me Me ' M Me :
= g—@CHQ =
‘ . H3 ¢ .
. ' o , CH,C=CCI
(20§ - : R (21) ' (;;; 2L=CCH,
OH
Me Me
(23) (24)

Scheme (9)

1.4. The Thio-Claisen Rearrangement of Aryl Prop-2-enyl and

'Per-Z-ynyl Thioethers

"The majority of thé work reported on the Claisen rearrangement is
concentrated on aryl prop-2-enyl ethers, .However, replacement of the O-ether
linkége with an S-ether linkage results in a reduced but still observable
tendenc& to rearrangezi. Generally, the tbermal behaviour of the phenyl prop-
2-enyl thioethers ha§; been sﬁown}to départ from that pattern observed ih analogous
oxygen systems.(Sec 1;2). Attémpts to promote a thié-Claisen rearrangement of .
prbp;z-enyl'thioethers, under the same reaction cénditiohsvwhich brought about
. rearrangement of the bdrfesponding prop-2-enyl ethers, failed to produce any
cyélisation productszz. A |

The sulphur analoguesAexhibit a highér thermal stability but undergo cleavage
when heaied to ca300°C23. However;as ethers and thioethers of high boiling point

frequently-undergo'undesirable'side reactions at such temperatures, the thermolyses



o
vwere conducted in a high boiling ami#e solvent which accelerated the. rate of re-
arrangement of the fhioethers but had a negligible'influepce upon the
corresponding etlr_lers?'3 The solvents most commonly used were dimethylaniline
(bp 193°C) and diethylaniline (b.p. _215°c)_2”. Heating the prop-2-enyl
thioether (25)1fqr 6h in boiling . .:". quinocline gave an equal ratio of thiachroman

(26) and 2H, 3H-2-methylbenzo (b) thiophen (27)25. Scheme (10).

l 6h
—> +
. 217 - 241°C
fninoline (27) (bose) 26(37%)

- (25) : ..‘ ocheme (10)

Desplte earlier conflicting data } the furmatlon of the ortho-prop-2-enyl
thiophenol (28) was established as the initial product of the rearrangement,26
but under the rearrangement conditions adopted, it cyclizes rapidly to the
dbSerVed froductsz7. The intefmediacy of (28) was confirmed with the aid of
trapping experlments using potassium hydr0x1de and methyl iodide .26 The base was
added prior to reactlon being completed and the thiol was converted to the
thiophenate (‘2_9) .. Methyl iodide was then added and the methyl thioether (30)
wés isolafed. Moreover, reflﬁxing Fhe authentic thiophenol (28) in quinoline

gave the same pfbduct distribution of cyclised pfoducts (26) and (27). Scheme (11).

SCH,CH=CH, . oH

. | L (26 + (2p)
(25/ : ' (28) '
o ' KOH -
SFk&>
CH,CH=CH, . CH,CH=CH,
MeI
- (29) (30)

deheme (11)



In'an attempt to observe a para?CIaisen rearrangement, 2,6fdimethy1phenyl
prop-2-enyl thioether (31) was refluxed in quinoiineza; The réaction failed
to yield‘the'expectéd para~substituted thiophenol: the bicyclic products.
(33)(34)(35) and (36) were isolated which could only arise via an initial (3,3)

signatropic shift. Scheme (12).

| ' CH,
SCH,CH=CH, S 4 CH,
—_— CH—> +
| , CH, ,
{31) | (32) (33) (17%) (o}

Scheme {12) -
The rearrangements of allyl thioethers of heterocyclic compounds (Scheme 13)
proceeded more readily and with fewer complications than the corresponding

carbocyclic systems.

PhVEL

200°¢
. &h

(39) CICT

Schenme (13)



. Although the thione (42) was not detected in the above reactions, the
thermolysis of (37) in the presence of butyric anhydide yielded the corresponding
ester (43)29¢ (Scheme 14)

FOCaH,

'

(42) Schemé (14) . (43)

The (laisen rearrangementsof 2-allylthio derivatives of imidazoles and indoles

" demonstrate the efficient rearrangements of prop-2-enyl thibether?o. ome examples

Toluene > / %&
Reflux \ I ~

are shown in scheme (15)

(44) o _ 3
. | CH, Tetralin CH,
s “Reflux .

€ L&
(.6) :::“/J Scheme(15) (47)

CH; (45) CH
N S

Reports on the thermal behaviour of the prop-2-ynyl phenyl thioethers
are limited to (48) and (49). Schenme (16)31.

S
i S
» R 250'0 >
[ —— +
Quinoline A
. | R
R=H (48) - (50) - (51)

R=CH,(49)
'- Scheme (16)
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The rearmrgementsof prop-2-ynyl thicethers of heterocylic nuclei are more
common and proceed more readily. The study of 2- and 3- thienyl sulphides
once again revealed a dependance of the product distribution on the reaction

31 .

conditions”". Scheme (17).

v

[ 1 Sj” . 0

(52)

(54
A )50 )(92%)

(53 3 (54) |

Scheme (1'7)
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f

AThe fact thatltﬁe Cléisen rearrangement is less facile for thioethers
than fof‘ether compmhds can be attributed to either the.cyclic trand tion
stﬁte having higher relative energy or the overall A G associated with the
transformation being less favourable, or acombination of both these effects 2,
The suggestion that thé oxy-Claisen réarrangements could be thermodynamically
more favourable islbased on the energy change associated with the C - X

being transformed to C = X; the transformation for X = O compared with X = S is

more exothermic to the extent of 23k cal mof32.

Mechanism and Stereschemistry of the Claisen Rearrangement

‘The Claisen rearrangement was for manj years cdnspicuous by virtue of the
absence of evidénce relating to reactive intermediates, as the rearrangement
is mainly ihsensitive toibnic and free radical * probes. The intramolecular
nature, exact sfereospecificity and failure to respond to catalysts other
than heat and 1light led to a proposal of a.neutral cyclic transition state
in which a concerted band reorganisation was depicted by a cyclic movement
of electrons33. Schmid et al demonstrated the inversion of the simplest
possible rearranging group, the ﬁropsz-enyl groupB? in a series of experiments
by labelling the ¥ -carbon withlqc and 510cking the para position on the aromatic ring
In explaining the formation of (57) Schmidjﬂ)(Scheme 18) proposed the

intermediacy of an ortho-dienone (56).

' .14 .
OCHCH=CH, -~ o gt H
=gy T 14‘:&? _ YCH,CH = CH
¥ P x
- O -
 CH, " CH; CH,
(55) - (56) ~ (57)

Scheme (18)
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Repeating the experiment using a eystem in which both ortho-positions.are
blocked gave a product resulting ffom a ﬁara—Claisen rearrangement and the
’rea.rrangmg group was shown to have reta.med its original stemhemlstryj 2
The para-Clalsen rearrangement was thought to proceed in a s1m11ar fashion
to the ortho-Claisen rea.n:angement but with two migrations of the prop-2-enyl
group. However, the second mlgratlon, identified as a Cope rearrangement also
fell into what at the time was ca.lled a 'no-mechanism' mechanism. (Scheme (19).

: 1
CHCHtH,
R R CH-CH
l N inversion ﬁc 2 . |n\:/’erSlOn
CLATSTY
/ uOP‘L
| CH,CHECH,
S (£0) ,

(58)

. Scheme (19) | , CH CH:CH (C1)

Tt was not until 40 years after the observatlon of the Claisen rearrangement
that its mechanism was defined. This followed a publication of a series of
rules by‘Woodward and'Hoffmann36-3? which could predict the ease and the
steric course of all such conce;ted reeetions known thereafter as
sigmatropi¢ shifts.

Woodward and Hoffmanh defined the migration of a o-bond flanked by one
or morexbonds to a new positieh in the molecule. as an (i, j] sigmatropic
rearrangement, where i‘end J refer to the number of the atoms to which each end
of the migrating o-bond becomes attached. In both the Claisen and Cope
rearrangements_(Scheme C&» ), the o-bond migrates from position 1,12 to

position 3,5 and is termed a (3,3) sigmatropic shift.

lx s 'XC;; 3

o > : o

YO TANN 3

3,3]s16 |
xR AN x = C - COPS
o > o = 0O- N
"k\ S x = O~ CLAISEN
[y v (3cheme 20)
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For the,reactiﬁn té be concerted, the rearrangement requires a cyclic transition-
" state in which an drbitallobggs)ofthe migrating group overlap(s) in a bonding mode
- with both ends of the X -system to which the group migrates. If in the re—
arrangement the migrating group is associated at all times with the séme face
of the X -framework the migration is termed suprafacial. However, if the
migrating group crosses ihe nodal plane of the N -system, the shift is defined
as antarafacial. Both types of migration can result in retention or inversion of
the migrating group, which allows four possible modes of signatropic shift.
. ‘A simple way of anéWéing these sigmmrépic shifts is provided by Dewar's
Perturbafional Molecular Orbital (PMD) method wﬁich approximates the transition
staﬁe energies by regarding the transition State as being constructed from two
‘alternant radicals. It is the non-bgiing molecular orbitals (which always

-have the phase-alternating form —_C_~ ° ¥ © =) that form the basis of the

r—— g \ g L ——

PMO,techniQué,as the dominant attractive interactim between the two alternant
hradicals'is that befween the singly occupied ©Non Bonding Molecular Orbitals
(NBMO). The transition state stability of the Claisen and Cope rearrangements
can bé assessed by breaking down tﬁe transition statés into a pair of component
odd alternant radicals and then combining them, taking careful note of matching
and non-métching wave functions. The Claisen rearrangement tr%nsition state

can be represented by a phemoxy radical and an allyl radica138 (by associating one
electron of-the O—CH2 baﬂlﬁith'the allyl group) which have single electrons

occupying NBMO's. Whereas, the Cope rearrangement transition state can be

represented by combining two 6dd altemant allyl radicals (Scheme 21).

a) Cope T.S.




k-

b) OrtheClaisen T.S. ‘ Para-Claisen T.S.

n )
A Scheme (21)
Inspéction of the orbitals shows why the migration of the allyl group is to
the ortho-position and why a further migration té the para-position may take
place, for there will again be overlap of like orbitals. Inspection also predicts
a duplicate reaction involving an -ynyl gréup as its corresponding N.M.B.O. has
tﬁe same éymmetry aé the Singly occupied allyi N.B.M.O.. Because the Claisen and
. Cope ?earrangements for sferig reasons must proceed via suprafacial-
éuprafacial (3,3) simmatropic processes, the resultant G-membered cyclic transition

states have a number of possible geometries related to a) the chair arrangement

(62) or b) the b-centred boat arrangement (63). Scheme (22).

Ny . Xooooenns
- (b2) ’ (63) ' X=0orC

~ Scheme (22)

A.seriés of experiments-éonsidering the stereochemical relationship between
the reactant and préduct, using E- and Z- phenyl l-methylbut-z-enylether39
and erythro and threo-2-(l-methyl prop-zeenyl)-2;6-dimethylcyclohexa-3,5-
dienone“o_demonstrated thé preferenéé té proceed'via a chair geémetryl(éu)
(which" minimiées the pseudo-1,3-diaxial interactions) as opposed to (65) and the

" energetically least f&vdurabie boat - form (66). Scheme (23).



V Scheme (23)
While the chair transition state geometry is preferred, there are many

examples in the ¢hemical literature for certain sterically consained

L1-44

molecules in which the boat arrangement represents the only available pathway
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Chapter 2 Reactions following an Initial Claisen Rearrangement Reaction

2.1. Introduction

‘This chapter reviews sdme of'the reactions of the respective Claisen
rearranged intermediates, derived from prop-2-enyl and prop-2-ynyl systenms,

~ when enolisation to the 2- and 4~ phenol derivatives ..is. not possible.

2.2. - Internal Diels-Alder Reactions

" The (2+2) cyéioadditioh feactiqn of an ortho-Claisen intermediate has
beeﬁ recorded’in'mény frop-z-enyl énd prop-2-ynyl systemsu5-Hb:J It was first
postulated by Schmid et al in trying.to account for the-observed distribution of
radioactivity, when luC-labélled 2,4,6-trimethylphenyl prop-2-enyl ether was

. heated at 168°C for 24 hrs. in diethylanilineﬁy. (Scheme 24).

OCHZCH=EHZ. = _EH2CH=CH2
Meg 2 ”/Me 168°C e Me
N ’ ENCH, |
Me Me
(67) Scheme (24) 71)

: Séhmid accoﬁnted for the observed radioactive distribution by invoking the
intermediacy of an intramolecular Diels-Alder adduct (69) which undergoes pref-
erential cleavage of the strained 4-membered ring} to give the ortho-dienone (70),

in which the 1L}C-la.helled atom is no 1ongér attached to the aromatic ring (Scheme 25).

. K, * -
OCH,CH=CH, OCH,CH=CH,

Me-~ Me
—
—
Me (71)
* 9
: Me
= Me

Me (70
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- An analogous intramolecular Diels-Alder addition reaction intermediate was

also invoked to account for the products formed in the thermolyses of pentafluoro-

phenyl prop-2-enyl ether (72)48-50, in particular the formation of the(l-

fluorovinyl)Z, 3, 4~trifluorophenyl ketone (75). (Scheme 26).

OCHALH=CH,
F F
F F
F
(72) F
i
cleavage F C~c=CH2
“Schene (26) & F H o s
| .

Moreover, the internal Diels-Alder adduct (74), was isolated when the ether
'(72) was heated under milder conditions (See sec 3.2 ). Interestingly, the study
with pentafluorophenyl prop-2-enyl ether' ‘gave a product (77) whose formation

was rationalized on the basis of the alternative possible internal Diels-Alder

49
adduct (76). (Slcheme 27).

@
- : F F
C(F:OCH,CH=CH CHZH=CH,
657" 2 2
- Fooo
o

(72)

|

._Scheme (27) F o (7s)

Internal Diels-Alder adducts and their derivatives have also been observed in the

_thermolyses of tetrafluorcpyrigl prop-2-enyl ethers51. Heating 2,3,5,6-

‘tetrafluoro-4- pyridgl prop-2-enyl ether in the vapour phase at 138°C for 10d gave

15% of 3-aza-2,4,5,7-tetrafluoro-tricyclo (3.3,1,02’7) non-3-cn-0O-oné{80fand Y;. ot
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s fydrated hydrolysis proéuct’(Bl) (Scheme 28),which arises because of the
susceptibility of the N=CF bond in the intramolecular Diels-Alder adduct to

reaction with water.

 OCH,CH=CH,
ﬁ ﬁCHCH“CH

(79,

Scheme (28) (80\ i

by

g The intervention of an 1ntramolecular D1els-A1der addition in a prop-2-ynyl

*system was proposed in- the flash vacuum pyroly81s at 480°C of 4-methyl prop-2-
ynyl ether (82) which gave a mixture of the ‘indan-2-one (88) and 1,2-dihydro-

benzocyclobutene - (87) . (Sdeme 29)52;9

OCH:,C CH H |
- || =C=CH
: 2
CH; (3,3)81G o H
82 CH; (a9

(85) - | 4 CH, . CHs (&)
~ l (84) l
o - -~ l ‘}:_1)
S CHY

O >

(87) o Scheme (29)
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Schmid et al demonstiated that 2,6-dimethylphenyl pfop-z-ynyl ether and
its derivative519 rearrenged_thermally to give 1;S-dimethyl-é-methylenetricyclo
(3;2.1;02’7) oetfjfeﬁ-B-one and related compounds.This. requires, an internal
cycloaddition of the respectiQeordwn;allenyldienones. (Scheme 8). On further
examination of these prop-2-ynyl systems it became clear that an internal Diels-
Alder addition reaction of the Claisen intermediate was dependant upon the ortho
substituent ‘to the O-prop-z-ynyl group. If the ortﬁo-substituent was hydrogen
then the ether was shown not to undergo'a cycleaddition‘but a preferential
cyclisation to the 2H-chiomene derivative.

These observations clearly demonstrate the viability of an internal Diels-
Alder addltlon reactlon of . the Clalsen rearranged 1ntermed1ates derived from
phenyl prop-2-enyl and prop-2-ynyl ether systems. The 1ntramplecu1ar Diels-
© Alder addition reactions have been invoked only as transitionary intermediates
in some naphthalene compoﬁnds as these involve unfavourable loss of aromaticity
during the reaetion. To date there have been no reports of intramolecular Diels-
Alder.addition reactiors involving aryl prop-2-enyl or prop-2-ynyl thioethers.

In all the thermolyses reported the thioethers have shown a preference to

undergo alternative cyclisation reactions.

2.3. Alternative Cyclisation Reactions

The c&ciisations of Claisen rearrangement intermediates other than via
a Diels Aldef reactiog have been known to take place with numerous prop-2-enyl and
prop-z-ynyl systems. While. H. Schmid was first to propose that the thermal
cycllsatlon to the chromene derivative 1nvolved a prellmlnary (3,3) sigmatropic
rearrangement, many other workers established and conflrmed his proposals in
later years. - An investigation of phenyl prop-2-ynyl derivatives had shown that

blocking of the ortho-position prevents cyclisation to the 2H-chromene. Although
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Schmid predicted that a hydrogen atom in the ortho postion would lead to

"enolisation of the dienone (90) followed by a 1,5-sigmtropic shift to give .

r—- 0 | //CH:
H o | H
Hy Ny
B |
o
C
OH .
L |
S l 1,5 shift I SN
Scheme (30) 2 (91) ky (92)

(92 ),f‘ﬁe formation of a42H-Chromene on heating the phenyl and naphthyl prop-2-
g yn};l ethers was also pOStuléted by Iwai and Ide. However, they presumed that
" the chromene resulted from a direct cyclisationzo.

The thermal behaviour of 2,6-dihalophenyl prop-2-ynyl ethers has been
investigated. Both the chloro and bromo-derivatives thermolysed to give cycli-
sation prod.uc'ts. (Scheﬁie 31). Heating 2,6-dichlorophenyl prop-2-ynyl ether
(93) in vacuo at 2300-2600(1 in n-decane gé.ve L-67 _.698 dichloro-2H-chromen -~

(94) and 33 7-chloro-2-chloromethylbenzofuran (95) as the main products
‘accompanied by (96) and ©7)in much smaller qua.rx’nitiesy+ . Thermolysis of the
dibromg analogue '(98) at 235°C gave only 21% 7-bromo-2,5-dimethyl . -benzoi(b)furan
(100), whereas the 2,4,6-tribromophenyl prop-2-ynyl ether (99) gave both the
benzofuran dAeriya.tives'(J‘._Ol) ‘and (102) containing one bromine atom less per
mole_culejl+ . (Scheme .31). The corresponding naphthyl prop-2-ynyl ethers (103)

and (104) as expected rearranged more efficiently and at a lower temperature (180°)

o give the naphtho furans (105),(107) and (106)5l+ .
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OCH, CER:ri
U T
“> .
C) CH,C
(93) ' (95) (97;
~ .
. : » _ Cl
OCH,C=CH (96) {9l
; : :O CH,Br
R = i, (1f.,@) R = r (1C1)
R = pr’(102) :
l ~N
2
CFB,
R=c1 (103) k= el (105 (106)
R = 3r (10) ko= fr (107)

Schehe (31) .
SChmid_proposed an initial (3,3) sigmatropic rearrangement to the 6-
allenyl-6-halogeno cyclohexa-2,4-dienones followed by a series of radical path-

ﬁays to account for the observed products as illustrated for 2,6-dichlorophenyl

prop-2-ynyl ether in Scheme (32).
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% X X CHC=CH,
. (35‘)5) . x

-- .

hmnoyﬂs

of C—X

Scheme (32)

cyclisation

cyclisation
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The thermolyses of prop-z-enyl and prop—z—ynyl thioethrs have been shown

to give only cycllsdlon products (not 1nterna1 Diels-Alder adducts) {Secl .4 )23‘3'
and it is in the study of these compounds alone that the nature of the solvent
has been shown to have a very important'role. While a Claisen intermediate
has not been isolated, the similarities of the product with those formed in the
oxygen series hés led to simple analogy. Indeed, it is thought that the
spécial facility for cyclisation in the sdbhuh'sedp55 prevents the isolation of
the initial thib-Claisen intermediate.

Kwart and Evans proposed an interelation between the thiacoumacan (29)

X - . N\ ogh ' . s 0 : 5 57
and thiachroman(lé)ZS. (Scheme 33). However, this is [ur from undlsputedec'JA5b

O — 0 — O
{25> | / (28) \\ / (108)
@O - QO

(26) A (27)
Schene (33)

The fofmation of the cyclised products was rationalised in terms of
competitive ionic - and radical additions of the thiol function to the
double bqnd.in the 2-prop-2-enyl group56. Ordinarily the thio-Claisen re-
arrapgement does not occur without the aid of a high boiling amine solvent,
which may be.taken as an indication of the greater need for charge transfer
in a thio-Claisen activated complex.

The cyclisation of a prop-2-enyl derivatiwsﬁas shown to occur in the

" absence of a solvent by substituting a methyl group for H at C-Z. The 2~
?methyl gfoup was thought to lower the energy of activation of the cyclic
| transition state by a) heiping to maintain a 6-membered arrangement by imposing

brestraints on the free rotations of the bonds and b) stabilizing the developing

+ve charge on the developing 3 position in the transition state (109)57.
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(109)

The cyclisation of Claisen intermediates was aleo observed in various
~ pyridyl prop-2-enyl 58 a.nﬁ prop-2-ynyl ethers§8 . Schmid investigated the
thermolysis of prop-2-ynyl (3-pyrdyl) ether (110) at 208°C in DMF which gave
_the furanopyridines (111) and (112). Changing the solvent to n-decane
gave an additional prodﬁct, the pyranopyridine (113) (Scheme 34). The same
" reactions took place using (2-methyl-3-pyridyl) prop-2-ynyl ether (114). In
DMF, only (115), and in decane. (116) as well as (115) were formed (Scheme ).

] /\j,ocgzccH ‘

l ecane (j: H+ N ( N
SNZ 2oa°c >{ | AN
(110) BM\ (111) (112) (113)

(111) + (112)

l/w’o ”2@%%

/\
SNTNCH, 208°C
(114)

 . Scheme (34)

(116)
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To extend the study an investigafioh into the thermolysis of the prop-2-enyl
(3-pyridyl) ethers (117) and (119) was carried out 3:; As expected they gave .the
different furano pyridines (118) and (120),» . The prop-2-ynyl (3-pyridyl)
ether thermdiyses also illustrated that blockingof C-2 results in a (3,3) sigmatropic

rearrangement to the alternative adjacent carbon at position 4.

R=H (117)._.A____, l N (118)
7,
CH,C~CH, N 07 CH,
ke |
A | Ck,'s
R = oiy(119) (120)
NAAR

o . Scheme (35) '
A thorough study into the thermal behaviour of some polychloropyridines was

(121) R = OCHQH=!

Lh="iil,
(122) R = OCH,(=CH

(123) R =5 HZ¢H={,‘)-.'2
(124) R = SG'!Z_(XECH ‘

rebﬁrted by iddén'and-go-workers59} The report confirmed the ability of the
propéz-enyl-gther grouﬁing to rearrange with displacement of the ortho-chlorine,_
which, from the pdeuct study, was shown to be either be lost or to migrate to
another position. Heating the brop-z-enyl ether(121) at 190°C for 90min in
sulpholan gave 10.5% 4,5;?ftrichloro-z,3,-dihydxo-2-methylfﬁro (3,2-)pyridine

(127) &z, 4,6,7-trichlo;o?Z-chiqrémethyl-Z,3—dihydr6furo (3,2=)pyridine (128) 26%
3;allyl-2;5,6-trichloro;b-hydroxypyridine.(129) and 6% tetrachloro-4-hydroxypyridine
'(130). This was the first report of the formati§n of a chloromethyl derivative
during Claisen rearrangemgnté of allyl heterocaryl ethers. Iddon rationalised

tﬁe fo:mation of the prodﬁcts (Scheme 36) in terms of an initial Claisen
rearrangement to. the iptermediate (125) followed by homolytic cleavage at the Sp3
éarbqn_to lose either a chlorine radical or an allyl radical. The cyclised products

,ﬁeré:thought to arise from the intermediate radical (126) followed by either
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hydrogen abstraction or chlorine atom combination. (Scheme 36).

OCH,CH=CH, o
CIn""Cl A C CH,CH=CH, |
P > Cl - CH1CH—CH',‘_’ Hg’ (130)
Cli N Cl c | '
(125)
(121) o

OH
Ny CHCHCH,

CKS NN
(129

Scheme (36)
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The attempts to rearrange the correspond1ng prop-z—enyl (123) and prop-2-
ynyl thloethers (124) thermally gave only 1ntractable products. However,
work by Brooke and Wallis on the thermal behav1ou:of polyfluoroaromatlc
-prop-z-enyl and prop-2-ynyl systems proved much more successful and is

reported in chapter 3.
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. Chapter 3: The Claisen Rearrangement and Reactions of Polyfluoroaromatic

Prop-2-enyl and Prop-2-ynyl Systems.

3.1. Introduction.

This chapter surveys recent work carried out with polyfluorocaryl prop-2-
enyl and prop-2-ynyl ethers and prop-2-enyl thioethers in which the ortho or

para-positions do not bear hydrogen atoms.

3.2. The Claisen Réarranggment and Reactions of Pentafluorophenyl Prop-2-

enyl Ether (72).

An early investigation of pentafluoro-phenyl prop-2-enyl ether (72) showed
that pyrolysis at 365°CQ8 in the vapour phase gave as the major product, 32%,
4-allyl-2, 3,4, 5, 6spentafluoro-2-, 5-cyclohexadienone (131) (Scheme 37). When the

reaction termperature

CH,CH<H, Q | F
F F F F F F
CLAISEN CH, | COPE
F . F p §H F F
. F CHJ F”CH,CHCH,
(72) () (131)

Schehe(37)

was raised to 480°,2,5p,6,7,74p pentafluoro -3a B,b4,5,7a-tetranydroinden-1-
one (7?) (33%) and 2,3,4-trifluo£ophenyl 1-fluorovinyl ketoﬁe (75) (40%) are
formed as shown previouély in Schemes (26) and (27) respectively.

The . prolonged heatlng of the ether (72) in the vapour at 137-141° gave

o aﬂbther product the hydrated compound (132) which was shown later to arise from

st
1Y
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| | | | uer
a stepwise (1,3) rearrangement of the internal Diels-Alder adduct (74) (Scheme 38).

o)

| | HO POH

1 . F F

F C 1.9 skt F
; ife ' HO  F
. —> F ———2————+>F 0.5H,0
F Co I N
F_F
(71 | o)

Scheme (38)

A similar series of pyrolyses on péntafluorophenyl'2-methy1-prop-2-eny1 ether at
310°C and 410°¢ reflected‘the observations made with pentafluorophenyl prop-2-
ynyl ether (72) and supported the formation gndvdecomposition of Diels-Alder

- adducts following an initial Claisen rea.rrangement';' Brooke'.';;L also investigated
the thermal behaviour of polyfluoro-2-,-3-, and -4-pyridyl prop-2-enyl ethers
which ﬁroduced a variety of products, all derived from an initial (3,3)
sigmatropic shift, This study showed the formation of intramolécﬁlar Diels-
Alder adducts and derived products from the reactions'of 2,3,5,6-tetrafluoro-4-
pyridyl prop-2-enyl ether (78) ( Scheme 28) and.of 2,4, 5,6-tetrafluoro-3-pyridyl

prop-2-enyl ether (133), Scheme (39). However,

F F
c OcHeHer, ¢ K o :
| . —— I7] ——
. ~,
FFSN-F L EASNNE . — R
. o o F
(133). - . o (A34) (135)

Scheme (39)
with 4-bromo-2,3, 5-trifluoro-6-pyridyl prop-2-enyl ether (136), the only product

which was isolated was the cyclic imide (137) Scheme (40). -
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Scheme (40)

Interestingly, the polyfluoropyridyl systems showed ho tendency to form
the cyclisation pibduéts“observed in the thermal rearrangements of the
polychloropyridineS'(seechheme-(jé); ) bufﬂ showed a closer resemblance to
the behaviour of the pentafluorophenyl ether (72). The formation of an ortho
Claisen rearrangement intermediate was inferred from all'the reactions with the
polyfluoro compounds studied, However only one example of the isolation of
such an intermediate has been discovered: the thermally induced reaction of
1;3,4,5,6,7,8-heptafluoro-2—naphthy1 prop-2-enyl ether (138), gave the stable

dienone (139)60. Scheme (41). .

(139)

(138) \
~Scheme (41)

The first dienore ever to be isolated in an ortho Claisen rearrangement

reaction had been reported previously by Greenél; 1,1-di(prop-2-enyl)naphthalen

- -2-one was obtained frqm l-prop-2-enyl-2-napthyl prop-2-enyl ether.
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‘ 3 3 The Clalsen Hearrangement and Reactions of Pentafluorophenx;

Prop-2-eny1 Thioether (140)

The inveetigation into the ihermally induced reactions of pentafluorophenyl

prop-é-enyl thioether63ﬁﬂillu3trated the outstanding influence of the heteroatom
on the reactiviiy of the moleoule. Thue while pentafluorophenyl prop-2-enyl

ether (72), 2,3,4,6-tefrafluoro-4—pyridy1 prop-2-enyl ether (78) and 2,4,5,6-
tetrafluoro-j4pyridyl prop-é-enyl ether (133) gave a variety of products all derived
from the corresponding 2, h-dienone intermediate, pentafluorophenyl prop-2-enyl
thioether (140) was Trecovered unchanged under corresponding condlt10ns63262
However, as has been noted earlier (sec 1.4) N,N-diethylaniline was found to
promote tne initial rearrangement reaction. Thus, when the prop-2-enyl thioether
6!K» was heatedﬁunder reflux in ooiling N,N-diethylaniline for 23h a complex |
proouct'nas obtained which contained at least fourteen compounds. Four compounds
V_;;efe:idenfified in this miiturez 4,5,6,7-tetrafluoro-2, 3-dihydro-2-methyl-1=

‘benéothiophen (142) (j%),5;6,7,B-tetrafluorothiachroman (143) (2, ethylpentafluoro
4pnenyi sulphide (6%) and propez-enyl 3,4,5,6-tetrafluoro-2-(prop-Z-enyi) phenyl
sulphide. The theimolyeis of pentafluorophenyl prop-2-enyl thioether (140) did
- noi yield derivatives of the internal Diels-Alder adoucts (145) or (146) which

_had been the only products observed in the corresponding ether (72).(Scheme 42.)

SCH,CH=CH,

V.

(143)

SCH,CH=CH,
~CH,CHCH,
N\
F

' SCheme (42) .
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(142) +  (143)
A
ALTPHATTC
C-F BOiD
CLEAVAGE

CH,CH=CH, i
F F i
(L —
F F el i
CLATSHH F” CH,CH=CH
(ILEO) 2 2
. : (24

<Iiﬂ'am=f;x1.
DTRLS-AT.DER
ADDTETON

R J

Scheme (42)



, -33-
A homolytlc cleavage of the sp30 -F bond in the presumed ortho thio-Claisen
rearrangement 1ntermed1ate was originally proposed to account for the
formatlon of all the 1dent1f1ed products, though later it was realised that

63"

a heterolytic cleavage was also possible

3.4. The Claisen Rearrangement and Reactions of Polyfluorocaromatic

. Prqp:?-ynyl Ethers.

The,formeiien of the tricylie derivative (19) from the thermqusis of

2,6-dimethylphenjl prbp-z-ynyl ether (16) had been rationalised on. the basis of

an intr&moleculef'Diels-Alder reaction of the Claisen rearrangement intermediate
(17) (Scheme 8p 5 ) and it was expected that an analogous product weuld'be

formed. when the pentafluorophenyl contalnlng starting material was used. However,

the static phase thermolyses of pentafluorophenyl prop-2-ynyl ether were

unsuccessful under the conditions used: a)'148°C for 17.5h and b) 138-140°C for

95h both gave'unchanged starting material and a complex blackAresidue respectively.
- However, flow pyroljsis at 370°C through a silica tube packed with quartz wool gave

8%,2~f1uoromethyl-4 5,6 7=tetrafluorobenzo (b) furan (150) but no tricyclic ketone

(149) (Scheme 43).

ALTPHATTC (150)

C-F BOKD
CLEAVAGE
CH=C=CH,
F
| (w8 ¥ o)
g (47 ' THTLRNAL £
DINS-ALDER
- ADDITION -
NS F

Scheme (43) . » Fo(149)
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In aﬁ attempt to induce the isomerisation of the pentafluorophenyl prop-2-
ynyl ether (147) to the benzofuran derivati&e (150) at lower temperatures, the
ether (147) was heated in the presence of benzene in a sealed glass tube at
140°C for 116h. The reaction yielded 287, 2-benzyl-k, 5,6, 7-tetrafluorobenzo
(b) furan (151) and no 2-fluoromethyl-4,5,6,7-tetrafluorobenzo (b) furan (150).
Repeating the thermoi&sis using p-xylene, again in glass apparatus, for 118h
also gavé the substitutionﬁprodﬁét, 2-(2, 5-dimethylbenzyl)-4, 5,6, 7-tetrafluoro-

benzo (b) furan (152) (21%) (Scheme 44).

| - ¥
| e
OCHZ’CEC% i o\, cng (59

| F
¢ F

P ArH/GLASS
‘ \ F
(147)

-Scheme (44)

=
al
|

—-cénj (151)
Ar = (cn3)266n3 (152)

The first‘mechanism proposed to account for these products vas based, by
analogy upon the homolytic procespreviously put forward to explain the behaviour
of 2,4,6-tribromophenyl prop-z-ynyl ether (99) in decane at 230°C54, which had
given 2-methyl-5,7-dibromobenzo(b) furan (102 )(18%), 2—bromomethy1-5,?-dibromo

‘benzo (b) furan (101) (1-2%) and 2,4,6-tribromophenol (153) (7%) (Scheme 45)

O" CH,Br
Br
(101)

Scheme (45) ‘ _ (153)
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With the fluorine containing cqmpounds it was suggested that a homolytic cleavage
of the sp3CrF bondof the intermediate ortho-propa-1,2-dienone (148) is followed
by cyclisation to give the heterocyclic radical (154), which it was maintained,
would only recombine with a fluorine atom in the absence of a hydrocarbon

solveht. In the presence of an aromatic solvent, the radical (154) brought

about homolytic substitution of hydrogen. (Scheme 46)}

OCH,C=CH o)
F
F F o F
E e GLASS .
- _ 148
L. : f (148)
(147) N l_F_
o , o)
F CH=C=CH, CH=C=CH,
-
F F F
F ’ F
CYCLISATTON
F
k- CHye
F .
ArH (154 ) RECOMETHATION YWITH F. OBLY
) TN TEZ ABSENC.E OR ArH
F
F
F 07 “CH,F
: F
AE = CH. (151) |
6°5 | - (1)
- Ar %

( i)yt (152) Scheme (46)
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An alteihative - heterolytic process was later propxsed by a referee to account
for the formation of the produéts in the reactions already described.In this
mechanism the aliphatic C-F bond of the Claisen intermediate (148) is cleaved
heterolytically with concurrent cyclisation. The resulting carbo-cation (155),
mast maintain a close éssbciation with the departing fluoride ion in the vapour
phase to recombine with it to give the 2- fluoromethyl compound (150), while in

an aromatic solvent electrophilic substitution of hydrogen takes place,

(Scheme 47), , CH,

Scheme (47)

(151) or (152) (150)

The cyclisafion reactions of the prop-2-ynyl ether (147) were ﬁlso
investigated using 1,3,4,5,6,7,8-heptafluoro-2-naphthyl prop-2-ynyl ether (156),
as it was expected to react more effiiently. Suprisingly, the vapour phase thermoly-
éis was never attempted evenlfhough the 1,3,4,5,6,7,8—heptaf1uoro-2-naphthy1 prop-
2-yﬁyl ether (156) reactéd4in a manner analogous to the peniafluorophenyl
compound (147) when therﬁolysed in benzene and p-xylene at 140°C in glass
‘apparatus, When the heptafluoro-z?napthyl prop-Z-ynyi ether (156) was reacted
with boiling isopropylbenzene, in additibn to the formaﬁion of 2-CH2Ar products,
the Claisen intermediate 13,4,5,6,7, 8-beptaf1uoro-l—(propa—l 2-d1eny1)-naphthalen-
2-one (157) was 1solated in 10% yield. This observation warranted a Tfe-
examination of the reactions of the ether (156) with benzene and p-xylene at
140°C in glass apparatus. The haphthalenoné (157), in addition to the

substitution Products described'earlier, was detected in 26% yield in the reaction
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’ with<benzéne;.Surprisingly,-howeyer, (157) was not deteéted -in the reagfion

with p-xylene.. (Scheme 48).

£ P 20h = Cglls (158)
(156) = (CHy), Cliy (159)
‘ = (CéHq)CHHez (160)
Scheme(#%)f

Théfthermolyses of (156) in éromatié sblvents has failed to produce any
observable iSOmerisaiion product (161). Consequently;»theiexperiment was rep;
. eated in a hbn-hydrogenfcontaining soivent.CFz.Cl’CFCI2 in a glass CariusAtube.
Under strictly,ianhydrous cnnditions no 2-fluoromethyl compound (161) Has.
obtéined;'the major products weie fhe dimethyl ether derivati&é (162) (29%) -and

the bis-methane derivative (163) (Scheme 49).

Scheme (49)



Tt was concluded that water was generated during the eiperiment due to
the reaction of;HF with the glass walls of the reaction vessel and this

provided the oxygen in compound (162). (Scheme 50).

Scheme (50)

Experimental support for this proposal involving water was provided by performing
~ hydrolysis reactioné of'thé 2-fluoromethyl derivative (161) under various

‘experimenfal_conditions. (Scheme 51).

(1(2)(Z ) 72

- AN B S
PR i g o 9 by, ()
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As will bé seen 1ater, the loss of fluoride ian at the surface of the glass .

';can provide both HF and a carboucatlon capable of undergoing further reactlons

":to g1ve elther the d1methy1 ether (162) (v1a the furan-2-yl methyl alcohol) or

. the bls—methane derivatlve (163) by electrophlllc substitution of formaldehyde

_ with the furan-2-yl methyl alcohol.
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In order to avoid any intervention of watef, the.naphthyl ether (156)
was thermolysed in 1.1,2-trichlofo-1,2,2,-trifluoroethane in a sealed nickel
| tube at 15000 for 18h. The prodﬁcts were 2-fluoromethyl-4,5,6,7,8,9-hexafluoro-
naphtho (2,1-b) furan (161) (42%), ai-(%,5,6,7,8,9-hexafluoronaphtho (2,1-b)
furan-2-yl methyl) ether (162) (&%) and bis-(4,5,6,7,8,9-hexafluoronaphtho

(2;1-b) furan-z-yl) methane (163)(3%)64. (Scheme 52).

Ci‘plZCﬂ c1

2

Scheme - (52)

| ,1Dé;pite taking every precaution to exclude moisture from the system the bis:

" ether (162) and bis-methane derivative (163) were prominent in the reaction
product. ‘ ,

The thermoiysis.of pentafluoroPhenyl prop-z—ynyl ether (147) was later
‘repeated in CF,CICFCL, in a nickel tube at 150°C for 120h and gave the isomeri-
sation prdduct (150)(19%) and diT(4,5,6,7—tetraf1uorobenzo (b) furan-2-yl methyl)
ether'iigi)xzo%); this~ compound . resulted from not having strictly anhydrous cond-

“ itions.

.
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--fdh;pﬁer Q:f §ynthesis and Reactions,of Pentafluorophenyl Propfg:ynyl Thioether

" 4,1, Introduction

| The diversity in the Claisen rearrangement of eher and thioether derivatives
"invclving pentafluorophenyl systens was highlighted in Chapter 3. Thus the prop-
‘. 2- .enyl ether (72) gave the internal Diels-Alder edduct (74) via the corresponding
‘ortho-dienone (73) , whereas the pentafluorophenyl prop-2-enyl thioether (140)
“(in d1ethy1aniline) gave the cycllsatlon product (142) via cleavage of the Sp3
'carbon-fluorlne bond of the orthodiene thlone (141). These observations
| indlcated that the hemroatom was playing a s1gn1f1cant roie in determining the
course of the reaction. Simiiarly, changing the prop-2-enyl ether to a prop-
. 2-yny1 ether grouplng once- agaln rendered the corresponding Claisen intermediate
’vwf(148) (Scheme 46),susceptable to a thermolytlc cleavage . of the allphatlc C-F
. bond, in preference to an internal Diels-Alder addltlon. |
The work described in thls chapter is the 1nvest1gat10n of the combined
'effect of both a prop-2-ynyl llnkage and a sulphur atom in the rearranging group

-~

-_'hy'studylng'the thermal behaviour of pentafluorophenyl prop-2-ynyl thioether (167).

4.2, Synthesis of Pentafluorophenyl Prcpézzynyl'Thioether-(167)

~ The prop-z-ynyl thloether (167) was prepared in 71% yield by reacting
'pentafluorothlophenol (165) with n-butyllithlum in tetrahydrofuran at-70°¢,
',followed by reactlon of the 11th1um sulphlde derivatlve with prop-Z-ynyl
'bromlde at the same tenperature (Scheme 53).
| uli | _=10°C ®

+ . nBuli =~ 5 C S Li

(165) ¢ SCH,C=CH

. ' : C_3n0
cFsPu® 4 monccn s

(166)

Scheme (53) . : -.. o n
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The low temperature was chosen so as to minimize the possiblity of
polymerisation of the intermediate CéFSSeaspecies which may occur by successive

nucleophilic substitutions of fluorine to give perfluoro (polyphenylene sulphide)65

(- CéFus_ }n, :

4.3, Thermolysis of Pentafluorophenyl Prop-2-ynyl Thioether (167 in

1,1,2-Trichloro-1,2,2-Trifluoroethane

The prop-2-ynyl thioether (167) was sealed in a nickel Carius tube with

1,1,2-trichloro-1,2,2+trifluoroethane and heated at 180°¢ for 91lh to yield a
19 '

dark brown tar. The crude product was initiallyanalysed by ~“F n.m.r., which

revealed a high field triplet charateristic ofafluoromethyl compound (There

was no evidenée to suggest the presence of a Diels-Alder adduct.),.;,f Attempts
were then made to optmize the degree of isomerisation by adjusting the
teAperature and reaction time. However, this resulted in either a smaller
degree of conversion of the starting ﬁaterial (167) or a more complex product
mixture,a]:chmacteristic of the prbp-z-enyl thioether63. Distillation and
flash chromatography of the crude product gave unchanged starting material (6%)

and the isomerisation product, 2-fluoromethyl -4,5,6,7-tetrafluorobenzo (b)

thiophen (168) (13%) (Scheme 54).

SCH,C=CH
F F
180° -
F e 9h
F
(167)

4Séﬁeﬁé (4)

L4, Reaction of Pentafluorophenyl Prop-2-ynyl Thioether (167) with p-Xylene

and with Benzene.

The thermolysis of pentafluorophenyl prop-2-ynyl thioether (167) was

investigated in two solvents - benzene and p-xylene,the intention being to
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assess whether the beh;viouf was analogous to the oxygen-containing compounds.
However, unlike previoﬁs\experiments‘uéing the prop-2-ynyl ether (147) in

:which glaés apparatus was:used, in this work nickel Carius tubes were used,
primarily in an effort to .prevent the intervention of any water in the reaction
and also to be able té‘conduct the experiments at temperatures even higher than

~the boiling point of p-xylene. A |

Pentafluorophenyl prop-2-ynyl thidether (167) and benzene were sealed in
a nickel Carius tube and heated at 180° for 96h. A black tar was.formed
whichyon exhaustive distillation,gave a distillate containing a least six
compounds ;A“.(TLC)Iand no attempt was made to isolate 2-benzyl-4,5,6,7-
tetrafluorobenzo (b) thiophen (170) from the mixtures although its presence
could be inferre& from TLC daﬁa (using material prepared by another method
(See page 43 )) |

‘The thermolysis of the thioether (167) in p-xylene proved more successful.

Heating these components in a sealed nickel Carius tube at 180°C for 96 h
‘préducéd a black 611, which on distillation in vacuo yielded 2-(2,5-dimethylbenzyl)
44,5,6,?-tetrafluorobenzo (b) thiophen (169) (7%).

A number of experiments were undertaken in order tooptimize the yield of
the 2-(2,5-dimethylbenzyl) derivative (169) using various experimental conditions.

Under.milder reation conditions (150—1?000) theAisomeriéation compound, 2-

- fluoromethyl-4, 5,6,7-tetrafluorobenzo (b) thiophen (168) was observed bylgF’n.m.r.
spectroscopy in fhe crude reaction products. In generél the proportion of the
fluoromethyl derivative (168)4decreased<1n increasing the severityof the conditions.
Indeed under the optimum conditions adopted to méximise the yield of 2-(2,5
dimethylbenzyl) derivative (169) the fluoromethyl compound (168) was not

observed in the reaction producf.'(Scheme 55.)
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4.5. The FriedelCrafts Reaction of 2-Fluoromethyl-k,5,6,7-Tetrafluorobenzo (b)

‘Thiophenol (168) with p-¥ylene and with Benzene in the presence of

Boron Trifluoride.

The fluoromethyl compound (168)was dissolved in ether and mixed with the
aromatic sblvent; The Lewis acid, boron trifluoride etherate, was then added
and the'homogenéous solution was stirred at 25°C for 150 mins. Sucéessive
reactions.with p-xylene4and benzene gave oﬁly one reaction product.

The reaction with p—xylene;gave 2—(2,5—dimethy1benzy1-h,5,6;7—tetra-
fluorobenzo (b) fhipphen (169)(947) which confirmed that the carbocation had
substituted into the aromatic species essentially quantitatively. The 2-benzyl
derivgtive,(l?O) had not been isolated in the reaction with boenzene, owing
to the compléxity.of the reaction product. However, reacting the fluoromethyl
compound.(l68)lwith benzene‘in the presence of BF, gave. ' 2-benzyl-4,5,6,7-
tetrafluoro benzo (b). thiophen (170) in 9% yield. |

‘Both of the Friedei-Cfafts reactions involving-the‘2—f1uoromethyl-4.5,6,7-
tetraflubrobenzo (b) thiophen (168) demonstrated that once the carbocation
(1682 was generaied it would quantitatively substitute into the aiomatic ring

of the aromatic species present.



(168a) ' hr = H (170)
Scheme (56} A = (Clig)Ceky (169)

h.é. Summary

The reactions of’the'pentafluérophenyl prop-2-ynyl thioether (167) in both
fhe 1,1,2-trichlorotrifluoroethane and aromatic solvent is less efficient than
those observed with the pentafluorophenyl prop-2-ynyl ether (147). However,

the iSomeféation product'é-fluoromethyl-h,j,é,7—tetrafluorobenzo(b) thiophen
(168) was observed in an aromatjc solvent .- by adépting milder reéction'conditions in
the thermolysis of the prop-2-ynyl thioether (16?) in p-xylene.

The Friedel Crafts reaction (sec 4.5) also demonstrated the viability of a
heterolytic fissionof the aliphatic C-F bond and subsequent electrophilic
substitution into ﬁhe aromatic species to give the substitution products (169)
and (170), once the fluoromethyl compound is formed. Both'observations were
considered significanf to the intérpretation of the reaction pathway iﬁ the
thermolysis of the thioether (1673 in an aromatic. solvent.

'These~obsérvations and the apparent significance of the reaction
environment adopted. were investigated in greater detail using 1,3,4,5,6,7,8-
heptafiuoronaphthyl prop-2-ynyl thioether (1?1), which was expected to react

more efficiently.
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Chapter 5: Syhthesis and Reactions of 1,345,6,7,8-heptafluoro-2-naphthyl

' Prop-2-ynyl Thioether (171).

5.1. Synthesis

1,3,4,5,6,7,8-heptafluoro~-2-naphthyl prop-2-ynyl thioether (171) was
synthesised by reacting octafluoronaphthalene with sodium hydrosulphide in N,
Nfdimethylformanﬁde and éthylene glycol, followed by reaction with prop-2-ynyl

bromide in situ. (G.M. Brooke personal communication) (Scheme 563.

+ NaSH Gof, SN2
Ethylene -,
glycol
, FF
o ® SCH,C=CH
‘GoF5°N +BrCH,C.CCH —> |
+E _
< (in situ) - F
F(Onf

Scheme (5 ¢a)

5.2. Thermolysis of 1,3,4,5,6,7,8-Heptafluoro-2-Naphthyl Prop-2-ynyl Thioether

“ ~ (271) in 1,1,2-Trichloro-1,2,2-Trifluoroethane.

The prop-Z-ynyl'thioetﬁer (171) was thermolped in'anhydrous 1,1,2-trichloro
-1,2,2-trifluoroethane at 16030 for 24h in a sealed nickel Carius tube. The
2-fluoromethyl derivative (173) was isolated from the reaction product in 41%
yield: theJQF n.m.r. spectrum of the cyclisation product identified its strudwmre
as the presence of one large peri Jop coupling constant, (66 Hz), was
consistent only wifh the structure.(iYB) and showed that the initial 3,3-sigmatropic
éhift was to the C-1 atom and ﬂgt the C-3 étom. Migration to C-3 would have

given structure (17%0 which would have had two large peri JF-F coupling constzants,



F
(174) 4
‘ T X
S~ CHyF F S” CH,F
F : F f
(173) (175)

Scheme (56b)

Thé significant factor in maximizing the yield of the fluoromethyl derivative
(173) appeared to be the precautions taken to exclude moisture from the system
Noticesbly, when no effort was made to prevent water from the atomosphere being
contained in the reaction vessel the yield of the fluoromethyl compound (173)
was consistantly reduced to between 24 and 30%.. An attempt was made to identify
the Claisen rearranged intermediate (172) from (171) in reactions carried out
under milder conditions. However, thermolysis of the thioether (171) in CFZCLCFC1é
in a nickel tube at 125QC for 21h yielded only unreacted thioether (171) and the
expected fluoromethyl gompound (173). No trace of the thione (172) was ever

observed in any of the. experiments in this study.

5.3. The Vapour Phase Isomerisation of 1,3,4,5,6,7,8-Heptafluoro-2-Naphthyl Prop-

2-ynyl Thioether (171).

a') Static Phase Thermolysis

As an initial investigation into the isomerisation in the vapour phase, the

thioether (171) was sealed in a 1 litre glass bulb in vacuo and heated under
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variqﬁs conditions. The reacfion products, observed by 1 F n.m.r. spectroscopy,
'showed_only unreacted starting‘ﬁaterial or, under more severe conditions (p.82),
black tars containing ho fluoromethyl derivative (173) or the Claisen rearranged
intermediate (172). Because of the unpromising nature of thié approach the static

phase thermolyses were abandoned and a flow pyrolysis system was examined.

b ) Vapour Phase Pyrolysis

The thioether (171) waé distilled through a quartz tube packed with silica
fibre maintained at temperatures ranging from 330 to'390°C / 0.005 mmHg. On
each occasion the pyrlysis gave éne ma jor coﬁpound, identified as the isomerisation
product 2-f1uoromethyl-4,5,6;7.8,9-hexafluoronaphtho (2,1-b) thiopheﬁ (173).
Uhder‘dptimum' c§nditions.(360°C) the 2-fluoromethyl derivative (173) was

" formed in 81% yield.

i

5.4 Reaction of 1,3,4,5,6,7,8-Heptafluoro-2-Naphthyl Prop-2-ynyl Thioether (171)

with P-Xylene and Benzene.

The thioether (171) was‘sealed: with thg aromatic solvent in a nickel Carius
fube and heated at 160°C. The reaction in the benzene solvent produced a dark
brown oil containing at leést Six.compounds (TLGj.‘ The presence of the 2-
;fluoromethyi defivati#e (173) waé inferred by the characteristic high field
triplet (CHZE) in the *7F n.m.r. spectrum of the crude reaction product. However,
in optimising the yield of the benzyl derivative (176) (id%), by extending the
reaction time to 25hs, no 2-f1uoromethy1—4,5,6;7,8,9-hexafluoro naﬁhtho (2,1-1p)
tﬁiophen (173) could be detected in.theAcrude reaction product. The thermolysis
of the thioefherA(l7i) in p-xylene in a sealed nickel Cariué tube at 160°C
for 24h proved_to‘be-more efficient, yielding a single major compound which was
identified as the substitution product, 2-(2,5-dimethylbenzyl)-4,5,6,7,8,9-

hexafluoronaphtho (2,1-b) thiophen (177) (51%) (Scheme 57).
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' 5.5. A Semi-Kinetic Sfudy of the Reaction between 1,3,4,5,6,7,8-Heptafluoro

. =2-naphthyl Prop-2-ynyl Thioether (171) and p-Xylene at 160°C in a

Nickel Tube.

. If fhé fluoromethyl compound (173) was an intermediate in the reaction between
the ihioether (171) and aromatic solvent then the ratio (2-fluoromethyl compound)/
(subétitutiqn product) as.a function of time would decrease. A product study was
conducted on-incomplete réactions; in an effoit_to record this ratio and identify any
significant trend. The reactants, 1,3,4,5,6,7,8-heptafluoro-2-naphthyl prop-é-
ynyl ether (171) and'p—xylene,were éealed in a nickel Carius tube and heated at
160° in separate experiments over 6, 12, 18 and 24h, The reaction products were

’analysed using 19F n.n.r. spectroscopy and the results are tabulated below.

B

(Table 1.)
TIME (hs) | (173) (177)
6 N N TR CT5) 25 (212
12 | . L
L . A
2l o | 0 | <100 (5085

*are actual yields.

. The ‘results clearly demonstrate a decrease in the fluoromethyl compound (173)
as a function of time, with a concurrent build up of the substitution product (177).

In the original work, using 1,3,4,5,5,7,S-heptafluoro-Z-naphthyl prob-z-ynyl
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'éther.(ljé) on refluxing ih.glass apparatﬁs at 140°C‘lith p-xyléne for 20h§40n1y‘
A only one 1dent1f1able product, namely the substltutlon compound 2-(2, 5-d1methylbay
'-Qé;A%_Zﬂ)derwauve(159),was obtalned The absence of any 2-fluoromethyl compound (161)
-seems very unusual ;n view of the observations made using a sealed nickel tube
with the‘ddrresponding thioéther (171). The thioether .(171) was therefore
thermqiysed using identical éxperiﬁental conditions (140°c, 24h) in nickel
and‘gléss environménts. The reaction product from the nickel tube contained 61%
2-fluoroﬁethy144,5,6,7,8,9-hexéf1uoronaphtho (2,1-b) thiophen (173) and 4%

2-(2,5 dimethyl benzyl)-4,5,6,7,89-hexafluoronaphtho (2,1-b) thiophen (177),
Whereas in glass there was only unreacted starting material (171) (15%) and the
2-(2 5-d1methy1benzy1) compound (177) (8%%) but no 2-fluoromethyl compound (173),
Scheme (58) Two conclusions can be drawh from these experiments: (i) the ability
of the thloether (171) to be isomerised to the 2-fluoromethyl compound (173) at
rélaiively low temperatures even in an aromatic solvent, provided nickel apparatus
is used, and (1) the pfofound effect which the nature of the reaction vessel-

nickel or . glass-has on the course of the reaction.

- Nickel

g jor - #inor
g SCH,C=CH _ e -
F ArH /140° (61%)(173) () 1772}
F | :
F F Glas

CHzAr

(&5%(17?)

Scheme (54)
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The results suggest that the glass has a destallizing effect on the C-F bond either
in the Claisen rearrangement intermediate (172) or in the fluoromethyl compound

(173), which promotes substitution into the aromatic ring of the solvent. From

, thesé observations it is possible to speculate that the failure to observe the

P T e
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isomeriéatien'reaction of the oxygen compound 1,3,4,5,6,7,8-heptafluoro~-2-naphthyl

prop-2-ynyl ether (156, to the 2-fluoromethyl compound (161) in an aromatic

solvent was because the experiment had been performed in glass apparatus.

5. 6. The Friedel-Crafts Reaction of 2-Fluoromethyl-4,5,6,7,8,9-Hexafluoro

Naphtho (2,1-b) Thiophen (173) with p-Xylene and with Benzene in the

presence of boron..trifluoride.

The fluorométhyl compound (173) was dissolved in the aromatic solvent (p-
xylene, benzene) mixed with boron-trifluoride etherate and stirred at room temp-
erature for 15 mins. The reactions with benzene and p-xylene proceeded

quantitatively to give the corresponding substitution derivatives (176) and (177)

(Scheme 59).

(176)° ~ Scheme (59) -(177)
. To complete the mechanistic study of the thermal prop-2-ynyl rearrangement,
‘a series of experiments uéing l,3}4,5,6,7,84heptafluoro naphthyl prop-2-ynyl ether

(156) were conducted and are reported4in the following chapter.
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Chapter»S: Reactions and Thermolyses of 1,3,4,5,6,7,8-Heptafluoro-2-naphthyl

ProR—Z-Ynyl Ether (156_ )

- 6.1. Introduction

Previous work on the thermolyses of the naphthyl prop-2—ynyi ether (156) using
various afomatic sOlventséé, in glass apparatus, had been shown to give the aromatic
substitution derivatives as the only reaction product. However, in Chapter (5)
the thioether (171) wa.sdrm 4n corresponding reactions to give the aromatic
Substifution froduct in glass, and the isomeric 2-fluoromethyl-4,5,6,7,8,9-
hexafluoro naphthd (2,1-5)th6phen(]73) when the experiment was conducted in a

nickel Carius tube. .

In this Chapter, the course of the reactions of 1,3,4,5,6,7,8~heptafluoro-2-
naphthyl prop-2-enyl ether (156) in aromatic solvents in nickel apparatus is

examined.

" 6.2. Comparison of The Reaction of the Ether (156) with p-Xylene, in Nickel

4

and in Glass'Apparatus at 140°C.

The reaction of the ether (156) in refluxing p-xylene (140°C)in glass apparatus
gave the substitﬁtion deri?ative (159) (62%) and no isomerisation product (161).
However, when the same reaction waé conducted under identical conditions in a
'sealéd nickel tube the reactioﬁ yielded 487 2-fluoromethyl-4,5,6,7,8,9-hexa~
_fiﬁnronaphtho (2,1-b)'fﬁran (161) and only 5% of the 2-(2,5-dimethylbenzyl)
derivative (15?)'(8C§éme 60); These observations are in total agreement with
previous observations ﬁade using glass apparaﬁus and also show that the oxygen
compound behaves in a mannér similar to the sulphur compound (171) giving products

which deperd on whether the reactions'are performed in glass or in nickel apparatus.
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F (158) or (159)
FooF '
(156) Glass F
. A
rH (only)
_ CH,Ar
Scheme (60) (1553 or (159}

63. A Comparlson between the Reactions of 1,3,k4,5,6,7,8-Heptafluoro-2-Naphthyl

Prop-zsynyl Ether (156) and of 2- Fluoromethyl -4,5,6,7,8,9-hexafluoronaphtho

(2,1-b) furan (161) with p-Xylene in Glass Apparatus.

The thermolysis of the ether (156) in p-xylene under reflux at 140°C for 20h
in glass .apparatus has been shown in the current work (sec 6.2) to giQe 2-
(2, 5-dimethylbenzyl)-4,5,6,7,8,9-hexafluoronaphtho { 2,1-b) furan (159) in 62%
yield; no Z-fluoremethyi eompeund (161) was present in the crude reaction
. product. |
In Chapter 5, section 5.6.,.it was suggested that the glass of the reaction
-vessel has a profound influence.on the course of the thermoiysis reaction of
the thioether (171) in aromatic solvents, and in the previous section (6.2.)
it is clear that the oxygeh-containing compound (156) is influenced in a similar
manner. It was of interest to discover whether or not the Z-fluoromethyl compound
-(igi)‘was stable when heated with aromatic solvents in gless apparatus. This
experiment bgg beentried;greviously6#5nd had_beén shown to give 75% of the 22, 5-dim~
ethyibenzyl) subetitution product (159) but someuuhaged 2-fluoromethyl compound
(161) (17%) remained in the product.
The fluoromethyl derivative (161) and p-xylene wefe heated under reflux,
in glass,under identical experimental conditions to those used in the thermolysis
of the parent ether (156). The single reaction product was identified as the
substitution compound 2- (2 5—dimethylbenzy1) L,s5,6,7,8,9-hexafluoronaphtho (2 1-b)

furan (IS9) (7&% after one recrystaﬂlsatlon from ethanol) (Scheme 61); moreover,
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9F and lH n.m.r. spectroscopy to be

"the crude- reaction product was shown by
completely free from unreacted 2-fluoromethy1 compound (161) unlike the
T . ‘ B} : 64
experiment performed previously. This result clearly demonstrates the catalytic

effcct which glass has in promoting the substitution in the aromatic ring.

OCHg=CH
GLASS
CH,F
' (159) CH,

‘ Scheme (61)
6.4, The Reaction of 1,3,4,5,6,ZLQ-Heptafluoro-Z-Naphigyl Prop-2-ynyl Ether (156)

with Isopropylbenzene in a Nickel Tube at 140°C.

This reaction was originall& attempted in an effort to differentiate
bétwceﬂ the two piauéitie mechaniéms (radical and ionic) proposed for the
reaction between the propfé-ynyl ethcr (156) and an aromatic solventéé. The
_‘éfhér-(ljéj-was heated in iscpropylbenzene under reflux, in glass apparatus, for
2lhs to yleld 10% 1 3,4,5,6,7,8-heptafluoro-1 “(propa-1,2-dienyjnaphthalen-2-one
(157) and a 42% mixture contalnlng at 1east two 1sopropy1benzene substitution

derlvatlves(léo) (Scheme 62).

OCHEG-C cHM
. Me,
GLASS
152°¢ EE
1spropyl- (157)

benzene

Scheme'(ﬁi)'
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The reaction failed to yield any 2-fluoromethyl compound (161),whi¢h is entirely
consistent with what would be expected now for a reaction performed in an
aromatic sclvent in glass apparatus. Howevér, when the ether (156) was heated
in the presence of isopropyl benzene in a sealed . nickel tube at 142°C for 24h,
three major identifiable products were observed : 2-fluoromethyl-4,5,6,7,8,9-

- hexafluoronaphtho (2,1-b) furan (161) (18%), di?zb,5,é,zsgéﬁmafluorobenzoCLE@
fﬁran-z-ylmethyl) ether (162) (6%) and isomeric 2-(isopropylbenzyl)-4,5,6,7,8,9-
hexafluoronaphtho (2,1-b) furans (160) (5%). Under more rigarously controlled
anhydrous conditions thé saﬁe reaction gave 6% of the isomerisation product

(161), 7% of the bis-ether (162) and - ca.: 2% of the bis methane (163) (Scheme 63).

NICKEL

Isopropy |-
(156) ' benzene _

Scheme (€3)

6.5. The Vapour Phase Pyrolysis of 1,3,4,5,6,7,8-Heptafluoro-2-Haphthyl Prop-2-ynyl

Ether (156)

Cne attempt was‘made tb effect the isomerisation reaction of the ether (156)
in tﬁe abséncerf a solvent cage by distilling it through a quartz tube packed with
silica fibre maintained at 360°C /AO.005 mmHg.. The experiment yielded a crude
Agreen pfoduc#.the'sublimatibn of which gave 43% of the isomerisation product

_ 2-f1uoromethy1-4o5,6,?,8,9—hexaf1uoronaphtho (2,1-b) furan.

6.6. The Friedel-Crafts Reaction of 2-Fluoromethyl-4,5,6,7,8, 9-hexafluoronaphtho

(2,1-b) furan (161) with p-Xylene and with Benzene in the presence of

Boron Trifluoride

" The fluoromethyl compound (161)-was diséqlved in a mixture of diethyl ether and
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the aromatic solvent (p—xyiene; and'bénzene). The Lewis acid, boron trifluoride
etherate was then added ‘at room temperature. After stirring for 150min each

individual mixture yielded a single product: the respective substitution products

(158) and (159) both in essentially quantitative yields. (Scheme 64).

06“5 (168)

(179)
rro= (Ol )2 Ch 5 (159)

Scheme (64)
6.7. Reaction of 1,3,4,5,6,7,8-Heptafluoro-l«(propa-1,2-dienyl)-napkthalen-2-one

(157) with p-Xyleneand Borontrifluoride

The previous section demonstrated the Friedel-Crafts reactiop of the 2-
fludr&methyl compound (161) with aromatic solvents, in the presence of a Lewis-
acid, under very mild conditions. Using the naphthalen-2-one (157), which is the
intérmediate in all thg reactions ﬁith 1,3,4,5,6,7,8-heptafluoro-2-naphthyl prop-
2-ynyl ether (156) the possibility of removing the fluorine at C-1 in (157) with
bomm.trifiﬁnride, and thereby promoting £he cyclisation reaction, was investigated
in p-xylene. |

The reaction of the naphthalen—z-one (157) with p-xylene in the presence of
Bomm;trlfluorlde etherate was attempted at room temperature and at 100°¢ (5h)
but both seté of conditions failed to induce any re#ction. (Owing to the small
quantities of 1,3,4,5,6,7,8-heptafluoro-1- (propa-1l,2-dienyl)-naphthalen-2-one (157)
available, the reaction products were analysed'uéing 1H n.m.r. spectroscopy, without
isolation.) However, when the reactants were heated at 120°C for 180 min, unreacted
starting material-and ca 12% of 2-(2,5-dimethylbenzyl)-4,5,6,7,8,9-hexafluoro
napththo (2 1- b) furan (159) were shown to be present in the mixture. (Scheme 65).

The experlment succeeded in demonstrating that the cycllsatlon can occur via

an ionic mechanism.



a6

¢
F
F
F
o) ‘ CH) L E. = (1
0 CHAM  are (CH5) a0l = (159)
:‘Séheme (65)
i\
!4

-



v | | - -57+

Chapter 7: Concluding Remarks Concerning the Claisen Rearrangement of

Po;xfluofoarohatic Prop-2-ynyl Lthers and Thioethers

(1) The Claisen rearrangement of an aromatic prép-z-ynyl ether is a well
established réaction . Indeed it is the formatioﬁ of a reactive ortho-
propa-1,2-dienyl derivative (Scheme 66) that gives the parent compound such

an interesting and varied thermal chemistry. ‘The actual isolation of the

Claisen intermediate.does require an additional stablising factor, which can
be redlised-by.using a polynuclear aromatic compound. 1,3,4,5,6,7,8-
Hepﬁafluorb—i—(propa-l,2-dieny1) naphthalen-2-one (157) was isolated from the
thermolyses of>1,3,4,5,6,7,8-heptaf1uoronaphthyl prop-Z-ynyl ether (156) in

the preseﬁce'of both isopropylbenzene (9) and benzene‘(26%)66. Tn experiments
with the ahalogoqs thioether'(171) it was expected that 1,3,&,5,6,7,8-
ﬁeptafludro-i—(propa-l,2-dienyl)‘naphthalen-Z—%hioneﬁ : (172) would be observed, llowever
- thermolyses in both the liquid and vapour phaseé féiled to reveal any of this
§ompoun&. This cap‘only be due to the effect of the heteroatom, which clearly
facilitates the subsequent cyclisation reaction. Although no Claisen intermediate
was isolatedrrationalisation‘of the obsérved products in the thermolyses of prop-
.Z-ynyl thiocether compounds (167) & (l?l).pre—supposes an initial and efficient

ortho-Claisen rearrangement. to give the thiones  (167) & (1?2) respectively.

| XCH,C=CH X f o
. ‘ iF F (3,3)810 | F © X =0 (147),(48)
¥y : — 5 f X =5 (167),06T)
_ . F F
P | | : F
. ‘ P ol '
F _ ( FoF CX‘CT
: A xcrgon . X X = 0 (156),0157)
; . lll!!!l X =5 (71) (")
~
L F F(3,3) 81 F P '
F F ' ' B Fo-F _
‘Scheme (66)

s
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(ii) Two'possible reaction mechanisms have been proposed to account. for the
theihol&sfs'reaetions df pentafluorophenyl prop-2-ynyl ether .(147) (and'by
analogy, of l,3;4,5,6;7,8—heptafluoro—2-naphthy1 prop-2-ynyl ether (156)): (a) A
homolytic prqeess (¢h3,p35) and (bj a neheolytic process (Ch6,p56) In this section
allltHe'date given in Chapters 4,5 and 6 afe considered together in conjuntion
with one crucial experiment (which has not yet been reported in this thesis) in
an attempt to define a general mechanlsm for the cylisation react1ons of propa
-1, 2 dleneones and propa-l 2-d1eneth10nes.
Thevexperlments descrlbed in Chapters 5 & 6 demonstrated the profound
_ effect which the reaction‘vessel (glass or nickel) had in determining the
'prbdﬁcts»formed from the thermolyses of 1,3,4;5.6,7,8-heptaf1uoro—2—naphthy1
prop-Z-ynyl ether (156) end‘thioether (171) The conversion of 2-fluoromethyl-
4,5,6,7,8 9-hexaf1uoronaphtho (2,1- b) furan (161) in p-xylene in glass apparatus.
to 2-(2, 5-dimethylbenzyl)-4 5,6, 7 8 9—hexaf1uoronaphtho (2,1-b) furan (159) clearly
illmplles the surfaceé of the glass is behaving as a Lew1s—a01d catalyst, promoting
the formation of a carbocation of considerable inherent stablility. Scheme (67).

The same reaction has been shown to take place at room temperature in the presence

of BFB-etherate, a much_more effective lewis-acid.

F
‘O)GLASS(IQOQQ_ ,
@ BF, (25°c)

(179)

Fo p-xylene

' 'j Scheme (67)
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When the ether (156) is reacted with p-xylene in nickel apparétus, the

méjor product is thé 2-fluoromethyl compound (161). From this it can be

concluded tﬁat ih'the intervening period between conersion of the 1,3,4,5,6,7,8-
heptafluoro-l—(propa—l,2—diényl)-naphthélen—Z-one (157) to (161) (the process which,
from the méchaniétic point of view is the most interesting factqr in éll the
studies undertaken with propynyl ethers (and thioethers))there is insufficient
‘cationic character of'the type represented by (179) (Scheme 67) present for
electrophilic‘substitution to take place in p-xylene., Consequently, the reaction

‘ in»niékelﬁerminateé with the formation of the 2-fluoromethyl compound (161).

In Chaptef 6, sec. 6.7 it was noted that the naphthalenone (157) with

BFB-etﬁe?ate and p-xylene is not converted into the substitution product (159)
until aﬁ.least-IZOOC, clearly the Lewis acid is exercising someAcat&ytic effect.
The glass surface alone could aléo act as a Lewis acid in this process, albeit

at a higher working'temperatufe, so in gl§§§ apparatus it is not possible to say
categorically that the 2-fluoro-methyl compound (161) is a definite intermediate in
the conversion of the ether (156) in p-xylene to the substituted xylene derivative
(159). |

(iii) There is one experiment in the literature and 6ne recent obsarvation

which really does shed llght on the process involved in the conversion of the

' ?ilntermedlate naphthdlenone (157) into a naphtho (2,1-b) furanyl derivative. Tn
1982 the results of the thermolysis of the ether (156) in N,N-diethylaniline in
6>

glass were‘publlshed ~+ The experlment,has been repeated in a glass Carius tube,

- under carefully controlled conditions (140°c, 24n) (Scheme 68) and the original

‘finaings have been‘confirmed. .

Scheme (68)

CH _NEt

(156)
140°¢

h
GLASS

217 L-vmt,. (182)
e, (182, NEt,

25 2= Wit (183) 1w (181) (R =
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The presence of the 2-fluoromethyl .compound (161) (2:) is particularly
important since it has been shown that this material is recovered unchanged (97%)
when heated with N;N-diethylaniline in a glass Carius tube at 140°¢C for 24h; no
semblance of any substitution products was. . detected67 ) (scheme.69),(It is this

observation that is the crucial factor referred to in Sec. 7.2).

Scheme (69)

C.H,NEt, 140°C, 24h
> NO REACTION
GLASS |

CH,F

(97% )(161) recovered)

Tﬁe Lewis-acid catalysiﬁg efféct of the glass walls must have been

| effectively neutralised.by the solvent acting as a base. (Similarly, 2-
A'fluorométhy1—4,5,6,7-tetraf1uorobenzo(b)'furan is recovered (98%) from a
reaction attempted in N,N-diethylaniline at 15000 - 154°C for 1l4hs in glass
apﬁaratu567 .) There.remains, however, the rationalisation for the formation

- of the substituted diethylaniline derivatives (182) and((183) starting from the

ether (156).

CI@)' There is'a problem regarding the mechanism of substitution of aromafic
hydrogen in N,N-diethylaniline; neither Homolytic nor Friedel-Crafts substitution
reactions have ever been reported. However, in the absence of a Lewis acid which
- would otherﬁise have converted a highly activéting Eté N-group into a highly
deacti?ating quaternary ammonium substitutent, an electrophilic substitution reaction
provides a éatisfactory rationalisatidn for the formation of the substituted
N.N-diethylaniline derivatives. During the transformation of. the mphthalenone
(lﬁfjltovthe 2-f1uorométhyl'compound (161) (2 is formed in the reacfion),
sufficient .cationic charéctef must develop on>the 2-CH2 substitutent of the furan
ring during cyclisation for it to -be captured to a_major extent by the
‘nucleophilic N,N-digthylanmhe . With Xylene as solvent in nickel apparatus, the

fluoride ion is the more effective nucleophile which accounts for the high pro-
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proportion (48%) of 2-fIUOromethyi c&mpound (161) comparé& to the substituted
p-xylene derivative (159) (5%) iﬁ the product . Using the freon solvent (CF2
CBCFC;Z), the 2-fluoro methyl compound (161) can be obtained in yields as high
as 81%. 4 | .

It.is clear from these considerations that a heteolytic rather than homolytic
process is being invoked to account for the chemistry of the propa-1,2--
dienones dq?ived from pentafluorophenyl and 1,3,4,5,6,7,8-heptafluoro-2-naphthyl
pr&p-é-ynyl “ethers (147) and (156) respectively. This process also provides a
very satisfactory explanation for tﬁe vapour phase isomerisations of (156) and (171)
where a pre-condition for the overall 1,4-fluorine shift is that the fluorine should
not depart very far from the organiC»moiety:4the presence of charged species and

their electrostatic attraction provides the necessary intimacy.

7.5. The sémi-kinetic study of the'thermoiysis4of 13,4,5,6,7,8-heptafluoro-2-
naphthyl prop-2-ynyl thioether (171) with p-xylene in nickel apparatus at 160°C
ndoes show that ihe Z-iluoromethyl derivative (173) is a definite intermediate

prior to the formation of the substituted p-xylene derivative (177) (Scheme 70).

When the same

——-—-———->
F FNICKEL CHs
F P 160°%c  F
(171) = (173) (177)
‘ - CH,
Scheme (70

reactlon was carrled out in glass apparatus at 140° C, only the substituted p-xylene
derivative (177)(85%) was formed. The glass was clearly acting as a Lewis-acid
catalyst, as in the reactions with the ethers (i.é. oxygen analogues), but it

is not possible to say categorically whéther thé 2-fluoromethyl compound (61) is

an intermediate. The higher temperature (160°C) presumabiy is sufficient to cause
the heterolysis of the CHZ-P bond in (173) in nickel apparatus in the absence of

ha Lew1s-a01d catalyst though 1t has to be admltted that the homolytic cleavage of
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vthé-CHZ%F]bond in (173) cdpid lead to'the p-iylene substitution product (177).
_ The facile isomerisation of the thioether (171) in the vapour phase at
| 360°C to give the 2-fluoromethyl compound (173) (81%) is best explained in terms
of a hetaolyticfiésion of the aiiphatic C~F bond in the intermediate propa-1,2-
dienethione (172) for the same reason as has been given for the isomerisation of
the ether compound (156). Schemes(71) and (72) pfovide the mechanistic overview of

all the major reactions invoiving the naphthalene derivatives.

(1) IN NICKEL
. . F F
Solvents - XCH,C=CH
1) ArH : .
53 CFCLCR,C OO Foo
T F N

. F O
F ! X
. F N " F

Scheme (71)



(2) IN GLASS

Scheme (72)

NO REACTION

NEt,
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Chapter 8: The Reaction of 2-Fluoromethyl-4,5,€,7,8,9-hexafluoronaphtho

'(2,1-b) furan @(61) with 3,3-Dimethylbut-l-ene in the presence

of a Lewis-Acid

8.1. TIntroduction

The thermolysis of 1,3,4,5,6,7,8-heptafluoro-naphthyl prop-2-ynyl ether
(156) in. -3,}dimethylbut—1-ene was originally undertaken in an attempt to

determine whether radical or ionic species were involved during the course of
cyclisation reacfions of the initially formed 1,3,4,5,6,7,8~heptafluoro-1-
(propa-1, 2—dierwl)naphthé.lene-2-one (157).1t was hoped that the orientation of the
addition across the double bond would reveal the nature of the attacking species.

N %. Hemlxtlc Cléava,ge

RfCH@ S}
(1s7) ——m ™ + Intercept > (C : f
) : ions , ( H3)3SE CHLCHz.R
: (CH:,):,CV_CH:CHI b
2. Homolytic. Cleavage
il '
. .
A RCH,- F-
(|57) _ - > | Intercept Rf H,
(CH3)3C CH=CH,
= Rf

Scheme (73)

.Prel;minary exﬁeriments carried out with tﬁe ether (156) in the presence of excess
2, 3-dimethy1but-2-ene in a sealed nickel Carius tube at 150 C over 20hs failed
jto yleld a simple a.dduct Two substltutlon products (54%) were isolated
2-'-(2,3,3,-.trimethylﬁufc.-l—enyl)—ﬂﬂ, 5,6,A7,8,9-hexa,fluoronaphtho (2,1-b) furan (187)

and an isomer 2-(2,2,3-trifnethy1but—3-eny1)-4,5,6,7,8,9—hexaf1uorona.phtho (2,1-b)
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furan (186) (Scheme 74).

Scheme (7h)
Ybstitution products (186) and (187) (5% overall) , 1in the ratio of
92 parté to 8 parts respectively, were obtained when the 2-fluoromethyl compound

(161) was heated with excess 2,3~-dimethylbut-2-ene at 1%0°for 72h.

The Ihérm&lysis of 1,3,4,5,6,?,8-heptaf1uoronaphthyl prop-2-ynyl ether
%156) in 3,3-dimethylbut-l-ené at 150°C for 20h _gave acomplex mixture of alkene
substitution products (43%), in which suprisingly the two compounds which had been
prepared in the reaction with 2,3‘-dimethylbut-l-ene((186) and (187)) were
present in the ratio 93 parts to 7 parts respectively with 41 parts unaccounted
for; a small proportion of 2=f1uoromethy1—4,5,6,7,8,9-hexaf1uoronaphtho (2,1-b)
furan (161) (3.5%) was also isolated from the reaction product. When the 2-
fluoromethyl derivative (161) was heated with 3,3-dimethylbut-1-ene at 150°¢C
for 68h in a:nickel tube, a complex mixture of products was again obtained. The
aikéné'substitution components (20%) contained (186) and (187) in the ratio 80
parts't§ 20 parts respéctively with 65 parts unaccounted for. Significantly the

reaction products contained 55% of unreacted 2-fluoromethyl compound (161)

(Scheme 75),
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r F A
F O OCH,G=CH
) R F

150°¢C -
(CHB)BC CH = CH,

Scheme (75) (185%)

In rationalising the formation of the 2.-(2,3,3-trimethylbut-1zenyl)
derivative (187) in the reactions of either the ether (156) or the 2-
fluoromethyl compound (161) with 2,3,-dimethy1but-2-ehe it is necessary to in-
_voge a (1,2) methyl shift. This réarrangement excludes a reaction mechanism
invélving a radical species, as 1,2=shifts of alkyl radicals (and hydrogen atonms)
;r?)unknown. However as (1,2) migrations are a feature of carbocation chemistry,
the reaction mechanism proposed involves the carbocation (188) as the source of
both substitution products of the rearranged and unaltered C6¢alkene{ skeleton.

(Scheme 76).

(156) or (161) o ¢ gHs H, (':'H3

. — R'-CH;C—C® R'CH,C—C(CH,),

: | CH, CH, ®

V(CHB)Bu = C(CH3)2 (182) - (192)
-H -H+
Scheme (76 H, CHs A

) (186) RfCH% —chs RCH=C/ (187)
H, CH, C(CH,),

, , <
Tt was observed that the cation (188) could have arisen either by an initial attack
by ‘the carbocation R£¥CH§, or alternatively by an initial attack by either RFUHZ.

~or F-to'give an adduct which then lost fluoride iom.

.
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._' The supr181ng formation of the same alkene substitution products in the
"r‘thermolysis reactlons of the ether (156) or the Z-fluoromethyl coumpound (161)
fv?:in 3,3-dimethy1but-1-ene led the a.utho:r:éLP to offer two suggestlons to rationalise
h] these data: (a) one 1nvolving -an in1t1al Anti Markovnikov addition to the terminal
i: double bond by the attacking species; and (b) one 1nvolving the acid catalysed

.f isomerlsation of the 3 3-dimeth1but-1-ene to 2 3-dimethy1but-2-ene and

| i.subsequently undergoing reaction v1a (188)
L The essence of the Anti—4arkovnikov reactlon requires the intermediacy

.of the catlon (189) (Scheme 77) ‘The proposed

RCH® + (CH)CCH=CH,

SONE -
»A | , Anti—M ' CHQ

RCHQCH ? (192) (188
R o S “ceny o
o+ 5 FCH2CHC(CH3)3A o -3 .
) ‘RE\\ | (187) (186
(CHaCCH=CH, FCHEHCCH), |
h | s |

> RfCHzcltHCHz-
- CeHy,

"Scherri.ez (77)



. Antl-Ma.rkovnlkov rea{c;tiorl; wa.s-b.a,s_ed 6n 'Aa'p.ﬁbl'i.cé,tion by the Russian workers
~A.Z. Shikkuna.mecibekova and F.M. Akhmeda.ra,ﬁ8 , Who claimed to have identified
both Markovnikov and a.nti-Markovnikbv addition products from the reaction of
"ctibroxﬁef.hyl me_thyl efher with 3,3—di1ﬁethy1b1_1t-l-ene, when refluxed in diethyl

ether, in the presence of ZnCi » (Scheme 77

' I CH,OCH,
i ;H3COCH2CI —_— (CH3)3C gH‘gHQ —_—— (CH3)3CCH=CHCH20CH:
: ZnCl,
* ether : KOH
o : reflux . HQOCH‘:, ' . /CH2
_ (CH:§CH =CH, —mm> (CH3)3C HCHQC!’ L —— (CH3)3C-C\

CH,OCH,

Scheme (7'A)

These results could be explained in terms of a partially bridged (and
therefore stabilized) cationic species (193), being formed during the reaction,
since molecular models reveal some unfavourable steric effects if such an inter-

action is invoked in the ion leading to the Markovnikov adduct.

H &
H3

" H,COCH,CI
- (193)

(CH,),CCH=CH,

\; (CH3)3C—$-|—C H,
Lot

3
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‘Tt had been suggested that this argument could be extended to the
particular system under investigation, which would produce a primary

carbocation (189) of a more favourable geometry (Scheme 78).

H,

| c

F é '-.- .

H,C(CH,), CH;-C CCH)
-

(CH3)CCH=CH,

(189)
Scheme (£8)
The second suggestion to account for the presence of the substituted alkenes
(186) and (187) in reactions of the ether (156) and the 2-fluoromethyl compound

¢ (161)'with 3,3-d1methy1but—l-ene requlred the isomerisation of this alkene to

2, 3—dimethylbut-2-éne. This reactlon, which in principle could be brought about

i by just one H ion, is well known (Scheme 79).

| - | o
(CHELCH=CH, + H* ——'—*(CHa)z(i:—fCH CH,

. _ + : R
(CH:;):C:C(CHj)z - H . "“"*"@HQ);}_‘C—C(CH:;)z

Scheme (79)
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The work described in the following sections examines these two suggestions,
presupposing the formation df the carbocatioh(179),'by reacting the 2-fluoromethyl
conpound (161) with-3,3fdimefhylbut-l;ehe in the presence of a Lewis-acid.

The study élso pays particular attention to the possible isomerisation of 3,3
-dimethylbut-~l-ene to 2,3-dime£hylbut-2-ene under the various experimental

conditions adopted in the reactions already described; this possibility .is reported

first.

8.2 Isomerisation of 3,3-Dimethylbut-l-ene

In order to assess'whéther the isomerisation ofnthe 3,3-dimethylbut-1-
Aeﬁe to 2,3-dimethylbut-2-ene occurred under the reaction conditions used for the
thermolysis'of the .2-fipromethd compound (161) in 3,3-dimethylbut-l-ene, it is
necessary to estimate the maximum amount of HF which would be produced in a
typiéal reaction. The use of 2g of 1,3,4,5,6,7,8-heptafluoronaphthyl’ prop-2-
ynyl ether (156) (in 3,3-dimethylbut-l-ene, 12ml) would produce ca. 0.13g HF.
When liquid HF‘(O;Bg) and 3,3-dimethylbut-l-ene (10mls) were heated at 150°C
. for 20hs, the I .intsgrated 1H n.m.r. of the hydrocarbon product revealed a 24%
isonerisation to,2,3-dimethy1but-2-ene, correspoﬁding to 1.57g. A simple
calculatioﬁ_shows that the thermolysis of the prop-2-ynyl ether (156) (2g) in Z,3-
dimethylbut-l-eﬁe at7150°C for 20h would produce ca 0.68g of 2,3-dimethy.‘but-2-ene.
1,3,4,5,6,7,8-Heptafluoronaphthyl prop-2-ynyl ether (156) (2g) requires only 0.55g
ofé,B—dimethylbut-Z-ene.for complete reaction, while the amount_réquired to yield
the substitution products (186) and (187) in Table (2) requires only 0,17g. The
exéerimental.@aia)evidence shows that pre-isomerisation of 3,3-dimethylbut-1-
ene to 2,3-dimethylbut-2-ene followed by direct reaction with the 2-fluoromethyl
‘derivative (161) can comfortably account for the formation of 2-(2,3,3-
trimethylﬁut-Z-enyl)4,5,6,?,8,9-hexaf1uoronaphtho (2,1-b) furan (187) and 2-(2,2,3-
trimethylbut-3-enyl)-4,5,6,7,8,9-hexafluoronaphtho (2,1-b) furan'(186) without
having to invoke an initial anti-Markovnikov reaction with the terminal alkene.
It is expected that the rate of electrophilic addition to the but-2-ene derivative
‘(giving.a tertiary carbocétion) wouid be very much faster than the rate of

addition to the but-l-ene derivative (which would produce a secondary carbocation),
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8.3. Reaction of 2-Fluoromethyl-4, ,6,7,8,9-hexafluoronaphtho (2,1-b) furan

(161) with 3,3-Dimethylbut-l-ene in the presence of .DBorontrifluoride

Having observed the isomerisation of 3,3-dimethylbut-l-ene to 2,3-dimethylbut

-2-ene at 150°C, it wés‘necessary to find a system which would render possible the

reaction of the thﬂg>Spectes~with the terminal alkene under conditions which

would minimise the degree of isomerisation of the 3,3-dimethylbut-l-ene. In this
way'tﬁe true orienfation of the initial electrophilic attack could be determined.
In-order to ¢leave the CHZ-F bond of the 2-fluoromethyl compound (161)
heterolytically at room temperature, a Lewis-acid,{boron trifluoride-etherate.

was used. The éystem was tested first by adding the éromatic species, benzene or.
p-xylene,to a R{CHZF/BFB/(CZH5)20 mixture at room temperature (sec 6.6). The
Hfszﬁ)cation (179) substituted into the aromatic ring quantitatiely to give

(158) and (159) respectively.

.2-F1uoromethy144,5,6,7,8.9-hexafluoronaphtho (2,1—b) furan (161) and 3,3
@iméthylbut-lfege wéfe stirred in the presence. of BFj(CZHS)ZO at room temperature
for 180miﬁS» and at —50°C for 30 mins, Both reactions gave, as the major product
2-(3,4-dinethylpent-3-enyl) -k, 5,6,7, 8, 9-hexafluoronaphtho (2,1-b) furan (194)
Cac00mpaniéd,by a small proportion of 2-(2,2,3-trimethylbut-3-enyl)-4,5,6,7,8,9-
hexafluoronaphtho (2,1-b) furan (186). (Table 2). The subsitution products
were accompanied by the coupling derivative di-(4,5,6,7,8,9-hexafluoronaphtho

Qz,l-b) furan-2-yl methyl) ether-(162) (c.a. 40%) (Scheme 80).

Rf'CHZF/BFB(czHS)Z‘o YIELD (194) (186) . UNKNOWN
. (CH-B) BCCH-:CHZA
- 25% 2677 ol 6 27
-50% e 92 8 47

TABLE (2)
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CHe—7 °

éH \CH3

(CH,):CH=CH,

(186)

Scheme (80)

'Theselexperiments were the first ones to give a substitution product derived
ffomfan initial Markovnikov addition to 3,3-dimethylbut-l-ene. Nevertheless,
compound (186) was again present in the reaction product so it was necessary to
investigate whether the'3,3—dimethylbut-1-ene had isomerised to 2,3-dimethylbut-2-
ene in the present‘iewis-acid eystem.

{

8.4: Smmi—Quahtitative Estimation of the Degree of TIsomerisation of 3,3-Dimethylbut-

l—ene ton,B-Dimethylbut-Z-ene in the presence of Borontrifluoride.

" A series of control experiments with BF (C H5)20 and 3,3-dimethylbut-l-ene
at room temperature in the absence of the 2-fluoromethyl compound RFCHzf( 161)
revealed that no isomerisation took place. However the addition of HF (0.008g -
0.62g) to the reaction mixture in a second series of control experiments brought
about a small but significant degree of isomerisation to 2,3-dimethylbut-2-ene
cofresponding to a 012 - 2% coneersioh. In a typical experiment described in Sec
8;3. a simple calculation shows that 0.5g of R?CHZF (161) if cempletely converted
_ would generate 0.0323m of HF which would produce 0.0068g of 2,3-dimethylbut-2-ene.
The bresence of this amount of'internal alkene is more fhan sufficient to give
the 6 parts of (186) present in the 267 yield of R’ C7H3 compounds reported in
'the prev1ous sectlon.
" The experlment between RfCH F (161), 3,3—d1methylbut-1—ene (7x10” - mole)

and BF -etherate was repeated the mixture treated with water and the volatile
;, L
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componepts in the organlc phase (ether and. hydrocarbon) were d1st111ed in vacuo
”to separate them from involatile materlals. GLC analysis of this mixture showed
that 1t-conta1ned (2,99 X 10,” mole)‘of 2,3-dimethylbut-l-ene which again is
"far_mOre than is necessary to account for the amount of the substitution product
¢<186)'formed, This experiment implies that the alkene isomerisation takes place

»during and continues after the consumption of all_of the 2-fluoromethyl compound (161).

8.5 Reaction of 2-Chloromethyl-k,5,6,7,8,9-hexafluoronaphtho (2,1-b) furan (1t}

':with'3,34Dimethy1but—1-ene in the presence.of'Zinc Chloride.

Sﬁikmamedbekotéﬁhad reported the formation of anti-Markovnikov adducts
?1n the reactlon of CHBCDCH CLwith (CH ) CH= CH2 (bnsequently'in an attempt to
'produce an alkene adduct, 2-chloromethy1-4 5,6, 7,8 9-hexaf1uoronaphtho (2,1-b)
».fuman-(lﬁiﬂ was “prepared from the 2—fluoromethyl compound (161) by a halogen
'exchaege.reaction using aluminium trichloride dissolved in acetonitrile. The
g%chloromethyl compound'(1§§9 was dissolved in diethyl ether and refluxed under
nttrogen with 3, 3~dimethylbut-l-ene in the presence ofanhydrous zinc chloride
fOr 22 hs, The reaction failed to y1e1d an alkene adduct but produced - the
sabstltuted alkene compounds already identified in previous work (secE3 .3).

The 'H n.m;ranaly51s of the separated alkenes’ is shown in the Table (3)

RfCHzcr/(cHB)ch = CHé YIELD 186 ) (1% (196 )  UNKNOWN
ZiCL, - Reflix ] - |
C22hs . sy - 6Bparts 17parts 15parts Joparts.
TABLE (3)

It is noteworthy that the 2-(2 3, 3,-tr1methylbut-l-eny1) - 4,5,6,7,8,9-hexafluoro-
naphtho (2 1-b) furan (196) had a different geometrial conflguratlon to the
materlal prepared prev1ously (187) (sec 8 2). This was clearly shown by the
1H n.m.r,- 51gnal of 1ts protons at p051t10n 3 1n ‘the furan ring and position 1 in
»the 51de chaln, whlch were centred at 3 7.042 and §. 368 respectively whereas
-_before the correspondlng 51gnals were centred at 5 7 118 and 6. 382 in (187);

-
: the remalnlng lH shlfts vwere unaltered
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As the major product was.(186) it was necessary to once again consider the

isomerisation of the43,3—dimethylbut-l—ene to 2,3-dimethy1but—2-ene under the

same reaction conditions. Refluxing excess ZnClz and diethylether with 3,3~ )

dimethylbut-l-ene for 21h did not promote any isomerisation of the alkene.
However, undei-the same experimental conditions in the presence of ﬁfCH201 (1619
(3.5x10-4mole) an examination of the ether-hydrocarbon component at the end of
the éxﬁeriment (using GLC) revealed the presence of 2,9x10-4m01e of 2,3~
dimethylbut~2-éne. |

The course of the reaction of the 2-cHoromethyl compound (1¢lay with 3,3-
dimethylbut;l—ene in the presence of the lLewis acid- ZnCl2 is very similar to that

of the Z-fluoromethyl compound (161) with the same alkene at 150°C, in that the

‘main reaction products arise primarily from reaction with 2,3-dimethylbut-2-

ene; formed by pre-isomerisation of the 3,3-dimethylbut-l-ene. Clearly the
jonisation (or, it must be admitted the homolytic fission) of the CHZ—F bor.d in
(161) in the absence of a Lewis-acid and the ionisation of;thé CH2601 bond in
(lfg@ in the presence of ZnCI2 musﬁ be slow cdmpared with the rate of
isomerisation of the terminal alkene to the internal alkene under the

prevailing reaction conditions.

' 8.6; Concluding Remarks

(i) The thermolysis of 1,3,%,5,6,7,8-heptafluoro-2-naphthyl prop-2-ynyl

ether (156) éhdfof 2-f1uoromethy1-4,5,6,7,8,9—hexafluoro:(2,1-b)_furan (161) in

‘3;3-dimethylbutb1-ene at 150° in a nickel tube has been shown to give 2-(2,2,3-
4;frimethylbutv3-enyl)-4,5,6,7,8,9-hexaf1uoronaphtho (1,2-b) furan (186) and ’

"2-(2,3,3—trime&wlbut-l-enyl)-4,5,6,7,8,9-hexaf1uoronaphtho (2,1-b) furan (187)

not as a result of reaction with the terminal alkené, but rather by reaction withg
2,3-dinethylbut-2-ene which is formed from it by acid catalysis.

(ii)AThe 2-fluoromethyl compound (161) has been shoﬁn to react with 3,3~
dimgthylbﬁt;l-ene at rqom temperature under the influence of the Lewis-acid BF3-
etherate to give 2-(3,4-dimethylpent-3-enyl)-4,5,6,7,8,9~hexafluoronaphtho (2,1-b)
furan (194) by an initial Markovnikov cationic attack.

| The isolation of (194) has enabled its presence to be sought in the productg

obtained from the feactionsof both (156) and (161) with_3,3;dimethy1bﬁt-l-ene at

¢
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150° in a nickel tube. It is indeed present, aﬁd Table (4) gives the new analysis
of ‘the products obtalned in the earlier workéu - Clearly some reaction has cccurred

w1th unlsomerlsed 3,3—d1methylbut-1—ene.

‘ Exﬁeriment ‘ Jorker ° .Yield - (186)  (187) (194)  Unknown

aGE by | 77 6 17 16

(CH3)BCCH.- CH, | ‘
AGH 20 - 65 Y 19 e
(68h)
AGH '_, _ 55 v 7 30
CH,F e
+ ,
_ , GHB 215, 57 - 2 19 5.
(CHB)BLCH H2. ‘

(111) The rPactlon of the 2-f1uoromethy1 compound (161) with 3,3-dimethylbut-

;*1-ene in nlckel at 150 c showed that the fissdn of the CHZ-F bond is slow at this

' 'ftemperature.» However, in the reactlon of the ether (156) with 3, 3—d1methylbut-l-

| ene at 150° Q.only 3 5 of the 2-fluoromethyl compound (161) is isolated in the

‘ Tproduqt; the ma jor componentsAare.the.substltuted alkenes (186) and-(l94).

| -Cohééduently. ihé alkone ﬁhiChvhas roaoted -2 3-diméthy1but-2-eneAv1n pfe—

:C“;isomerisation of 3,3—dimethylbut-l-ene-must have 1argely intercepted the
1transformat10n ofﬁhe naphthalen-z-one (157) to the 2- fluoromethyl compound (161)

'before the CH -F had" formed (1n‘exaotly the same way as N,N-diethylanlllne'dld
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in Section 7.3) Thié can be taken as further evidence for the development of

cationic character on the 2-CH

5 substituent of the furan ring during the

cyclisation reaction.
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EXPERIMENTAL
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Synthesis of Pentafluorophenyl Prbp-Z-ynyl Thioether (167)

PentafluoréfhiOphenol-(50.05)'ahd dry ietrahydrofuran (400 ml) were cooled
to -70°C iiider nitrogen and n-butyllithium solution (156 ml, 1.6 M) was added
_ovef.a period of Zh, maintaining a teﬁperature T - ?0°C. The last traces of
n<butyllithium were introduced to the reaction mixture by washing with further
dry tetrahydrofuran (50 ml). Prop-2-ynyl bromideA(37 gn, 80% w/w in toluene)
‘was then added err 50 min at 470°C. The mixture was allowéd to warm to room
- temperature over 3h, diluted with water (800m1), acidified with hydrochloric
acid (50m1,11M) and extracted with diethyl ether (2 x 300ml). Unreacted
péntafluorothiophehol present in the reaction mixture was removed by shaking
witﬁ sodium carbonate solution (IOOml, 1M). The organic extracts were dried
. (Mg 504), the solvents evaporated and the product distilled in vacuo to give

Pentafluorophenyl prop-2-ynyl thioether (167) (42.21g; 71%)bp. 93°C at 18mmHg

(Found : C, 45.1; H, 1.0%. Cg H3 5 ¢ S requires C, 45.4; H, 1.3%) Of (CDCI iZfLZL
133.8,.153.8 and 163.2 ppm upfield from external CFClB{ 5H (CDCIB) 2.25‘(t,-CEQ§)

© and 3.73 (d,-CHy-)-

Isomerisation of Pentaflhiaophenyl: Prop-2-ynyl Thioether (167) In 1,1,2,-

Trichloro-1,2,2,-trifloroethane.

| " The thloether (167) (3.35¢) and dry 1,1,2-trichloro-1,2, 2-trifluoroethane
(BOmD, were sealed in a nickel Carrus tube and heated at 180°C for 9lh. The

resultlng brown 911 was'washed from the tube using diethyl ether, and the

solvénts remb&ed by distillation through a 600m Vigreaux éolumn. The residue

- was distilled in vacupiand onefraction (Q.643g) bp. 80°C at 0.0lmmHg, was collected.

Analytical TLC of the distillate (on silica using light petroleum (bp 30-40°C) ;

as elutant) showed two components, one of which was unreacted thioether (167) and
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19F n.ﬁ;r.vindicated the presence §f 2-f1uoromethy1-4,5,6,7-tetr§flxmobenzo
(b) thiophen (168) (0.43g; 13%) in the mixture. The distillafe was separated by
chromatography on silica- (6" x 2.5") using 1light petroleum (bp. 30-40°C) as

elutant. The slower component, a solid, was sublimed at NOOC, 0.05mmHg and re-

crystallised from light petroleum (bp. 40-60°C) to give pure 2-fluoromethyl - 4,5,
617-tetrafluorobenzo (b) thiophen (;68) M.P. 49,5 - 50°c. (Found : C, 45.66; H,

0.90%.09 H3 F5 S requires C, 45.4; H, 1.%). 5f (cnc13) 141.4 (t), 144.5 (1),
159.1 (t), 160.0 (t) and 201.9 ppm (t, CH,F) in the ratio 1:1:1:1:1 respectively;

J gem - F,H 47Hz ; &y (CDC15), 7.38 (3-H) and 5.56 (d,CH,).

Reaction of Pentafluorophenyl Prop~2-yny1 Thioether (167) with p-Xylene.

The thioether (167) (2.0g) and dry p-xylene (10ml) were sealed in a nickel
Carius tube and heated at 180°C for 96h. The contents of the tube were removed
uging diethyl ether, the solvent was evaporated and excess p-xylene removed by
distillation in vacuo at 40°C/b.005mmHg using a 60 cm Vigreaux column. The
reéidue, a black oil. which was shown to contain 4 components by TLC on silica
(1ight petroleum.(bpt - 40-60°C) as elutant) was exhaustively distilled at
0.065 nmHg using an oil bath maintained at 19o°c. The distillate (0.5% gn) was
analysed by 19F n.m.r. and it was estimated that 2- (2,5 - dimethylbenzyl) -
4,5,6,7-tetraiﬂuonmenzo (b) thiophen (169) was present to the extent of 39 by

weight, representing an overall yield of (0.189gm,7%).

From a number of identical experiments a combination of distillation, flash
chromatography, sublimation and crystallisation from light petroleum (bp. (40 -
60°C)) gave pure 2-(2,5- dimethylbenzyl - 4,5,6,7~ tetrafluorobenzo (b) thiophen

(169), mp.83.5 - 84°¢. (Foundx C,63.3;:H, 4.0%. C 17 12 Fj, S requires C, 63.0; H,
3.7%); 6 (cocl,) 2.k (1), W6.0 (t), 161 4 (t) and 162.2 (t) upfield from

internal CFC13, in the ratio " :1s1lsl:l: 5 (CDC13) 2.25 (CHB), 4,127 (- _2).

and 7.02 (overlapping 3H and - c6 _3).
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Reaction of Pentafluorophen;;rProp-Z-ynyl Thioether (167) with Benzene.

The thioether (167) (2.0g) and dry benzene (10ml) were sealed in a nickel
Carius tube and heated at 180°C-for 96h. The reaction product was washed from
the tube with acetone and the solvents were evaporated from the mixture. - The

crude residue was distilled at 0.005 mmHg with an external temperature of 200°c.

The distillate (0.9g) was shown by analytical T.L.C. analyses to be an extremely

complex mixture (at least six compcrents) and no attempt was made to isolate the

benzyl derivative (170).

Reaction of 2-Fluoromethyl - 4, 5,6,7 - Tetrafluorobenzo (b) Thiophen (168)

with p-Xylene in Boron trifluoride Etherate.

'The fluoromethyl compound (168)(0.07g), dissolved in anhydrous ether (1m1),

was mixed with dry p-xylene (1ml), boron trifluoride etherate (0.5ml) was added |

- and the selutibn stirred at 25°C for 150min. The mxture was diluted with water,

and the reaction products extracted'with diethyl ether. The extracts ‘were

dried (MgSOu). the ether was. evaporated and the excess p-xylene removed by

distillation at 25 C and 0.005 mmHg. The reaction’‘product, shown to be a

single component by analytical T.L.C. (on silica using CHC1, /0014 50 ; 50
solution as solvent), was sublimed at 20°C / 0.005 mmHg to give 2- (2,5~

dimethylbensyl) - 4,5,6,7 - tetrafluorobenzo (b) thiophen (169) (0.090g) (94%)

"~ mp. 83.5—8#00., which was identified~by direct comparison of its I.R, 19F and

1H n.m.r. spectre with those of authentic material.

Reaction of 2-Fluoromethyl - 4,5,6,7-Tetrafluorobenzo (b) Thiophen (168)

With Benzene in Boron Trifluoride -~ Etherate.

‘The 2-f1uoromethy1-compound (168) (0.056g), dissolved in anhydrous diethyl

. ether (1ml), was mixed with dry benzene (1m1). Boron trifluoride etherate (0.5ml)
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was added éﬁd the miiture stirred at rbpm temperature fof 150 min. The mixture’
ﬁas‘diluted wiﬁh water and extrécted with'ether. The extracts were dried (Mgsou),
thg soivents were evaporated and the reaction product, a single component by
analytical T.L.C. (on silica using light petroleum bp. 40-60°C as the solvent)
waé sublimed at 70°C / 0.005 mmHg to give 2-benzyl - 4,5,6,7-tetrafluorobenzo (b)
thiophen (170) (0.065g, 9%) mp. 91.5 - 92°C (Found: C, 60.78; H, 2.48% C)5 Hg Fy S
requires c, §o.8; H, 277) 8¢ (cnc13) 142.77 (), 146.4 (t), 161.7 (t) and 162.4p.p.m.

(t) in the ratio ;_.1:1:1}1. oy (cnc13) k.19 (s, CHy)» 7.09 (3 - H) and 7.30 (s, -

Cg He).

1,3,4,5,6,7,8 - Heptafluoro - 2 - naphthyl Prop-2-ynyl Thicether (171)

5,
¥

This material was prepared by the reaction of octafluoronaphthalene with
sodium hydrosulphide in NN-dimethyl formaride / ethlene glycol followed by the

reaction with prop-2-ynyl bromide in situ (G.M. Brooke personal communication).

Tsomerisation of 1,3,4,5,6,7,8-Heptafluoro - 2-naphthyl Prop-2-ynyl Thioether

(171) in 1,1,2 - Trichloro - 1,2,2,=-trifluoroethane

ﬁ. The thioether (171) (0 880g) and dry 1,1,2 -trichloro - 1,2,2 =~
trlfluoroethane (20ml) were sealed, under nitrogen, in a nickel Carius tube

and heated at 160°C for 24h. The orange reaction product was washed from the
tubénusipg fréshly distilled acetone. The solvents were evaporated and the crude
product was fractionally sublimed at 50-60°C and 0,005 mmHg and the sublimate
.(0.3646g, 41%)4was recrystallised from light petroleum (b.p. 80-100°C) to give

pure 2- fluoromethyl - 4,5,6,7,8,9 hexafluoronaphtho (2,1-b) thiophen (173) m.p.

"78'-79°c.' (Founds C, 48.4; H, 0.6%; 13 3 , S requires C, 48.2; H, 0.9%,

M, 324): Op (CD013) 139.7 (a), 142.5 (t), 145 4 (dof t, peri - F Jn.8 66Hz),
A149 7 (d of d, peri-F), 156 7 (m) and 198 1 p.p.m. (t) in the ratio of 1:1:1:1:2:1
: 5}1 (cnc13) 5.75 (4, CH CHyFy  J gem - F,H 49Hz) and 8.2 (m) with intensities in the

- ratio 2:1 respectively.
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Attempted Static Phase Isomerisation of 1,3,4,5,6,7,8 - Heptafluoro -2-

naphthyl Prop-2-ynyl Thioether 1171).1

The thioether (ca.0.2g) was sealed in a glass bulb (1 litre) in vacuo and
heated at various temperatures and time periods (140°C for 23h and 5h, 126°¢
for 21h) in an attempt to induce ~‘isomerisation to the 2-fluoromethyl derivative
| 19

(173). The reaction products (brown/black oils) were analysed by ~’F n.m.r.

which indicated the presence of unreacted starting material, but no thione (172)

or 2 - fluoromethyl compound (173) was observed.

The Vapour Phase Pyrolysis of 1,3,4,5,6,7,8 - Heptafluoro - 2 - naphthyl

Prop-2-ynyl Thicether (171).

The thioether (171) (0.215g) was distilled through a silica tube (60cm x
1.5cm diam.)packed with silica fibre, (20cm x 1.5cm diam.) and heated to 360°C"
~ into a trap cooled with liquid air, connected to a high vacuum system (0.005 mmHg).
The}produ9£vﬁas collected and sublimed at 50-60°C and 0.005 mmHg to yield
Z;flﬁoromethyl - 4,5,6,7,8,9-hex;fluoronaphtho (2,1-b) thiophen (173) (0.1740g)

1

(819, which was identified by direct compaison of its 1.R, 19 and M n.n.r.

spectra with those of authentic material, previously prepared.

Reaction of 1,3,4,5,6;7,8 - Heptafluoro - 2 - naphthyl Prop-2-ynyl Thioether (171)

with p-xylene at 160°C in a Nickel Tube.

The thioether (171) (0.8554g) and dry p-xylene (10ml) were sealed in a nickel
Carius tube and heated at 160°C for 24h. The Ted reaction product was washed from
the tube using aceténe, the solvent was then evaporated and the excess p-xylene
removed by freéze drying at 0.005 mmHg., The c:ude product was sublimed at 100°¢C /
0.005 mmHg and tbe sublimate chromatographed on silica (20cm x 6cm diam.) (using
a 70330 v/v mixture of carbon tétrachloride and chloroform respectively as the

elutant.) The major cbmponeht (0.557g; 51%) was crystallised from light petroleum

| (vp. 80-100°C) to give 2-(2,5—dimethy1beh2y1)_4,5,6,ZL§,9-hexafluoronaphtho (2,1-)b)

thiophen (177) mp 110-111°C. (Found: C, 61.2; H,3.%. Cpy Hy, F S requires
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‘-c,61.5; H,3.0%) 6F (CDc13) 139.6(d), 142.0 (t), 145.9(d of m, peri-F J 8 64Hz),
152.3(d of d, peri-F) and 157.7 ppm (bd) in the ratio 1:1:1:1:2 §y (coe1,) 2.31(CHy

"2}28(q53), 4.25(S,Q§2), 7.03(m, Cy §3> and 7.70 (H at ring position 3).

Reaction of 1,3,4,5,6,7,8 - Heptafluoro -2-naphthyl Prop-2-ynyl Thoether (171)

. With Benzene at 160°C in a Nickel Tube.

The thioetﬁer (271) (0.4516g) and dry benzene (10ml) were sealed in nickel
Carius tube and heated at 160°C for 25h. The crude product (a dark brown o0il)
was washed from the tube with acetone and an analytical T.L.C. of this solution
showed there were at least 4 compounds present in the product ﬁixture. Fractional
sublimation of the crude product at 60, 80, 100°¢ / 0.005 mmHg, followed by flash
vchromatography of the sublimate (using 70:30 solution of carbon tetrachloride and

chloroform as elutant) gave 2-benzyl- 4,5,6,7,8,9-hexafluoronaptho (2,1-b)

thiophen (176) (0.083g).(1&%). Crystallisation from light petroleum (bp. 60-8@°C)

gave the pure compound (176) m.p. 95-96°C, ideritified by comparing its I.R. and

19 n.m.r. spectra_ﬁith those of authentic material (see page ¥4 ).

Reaction of 2-Fluoromethyl-k&,5,6,7,8,9-hexafluoronaphtho (2,1-b) Thiophen (173)

With p=-xylene in Boron Trifluoride etherate.

The fluoromethyl compound (173) (0.117g) was dissolved in dry p-xylene (2m1)
and boron trifluoride etherate (iml) was added to the mixture. The solution was
stirred for 15 miﬂ. at 25°C,»generating a dark blue colour which disappearéd on
' diiution with water. The reagtion product was extracted with ether, the éxtracts
driéd (Mg 304)‘and the solvent was evaporated; the excess p-xylene was distilled
at 25°C /0.005 mmHg. The single reaction product (shown by analytical TLC on
siliea using a 70:3O mixture of carbon'tetrachloride and chloroform as the solvent)
ﬁas‘sublimed af 80°¢c / 0.00j'mmHg'to give the 2-(2,5 dimethylbenzyl) derivative (177)
¢ ;(6;1294g; 87%) which was identified by-comparing its I.R. spectrum with that of an

- " authentic sample.
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With Benzeﬁe in Boron Trifluoride Etheraté.

The 2-fluoromethyl derivative (173) (0.116g) was dissolved in dry benzene
(1iml) and boron trifluoiide etherate (1ml) was added to the mixture. The solution
was stirred at roomiemperature'fof 15min, generating a deep purple colour which
disappeared on dilution with water. The product was extracted with ether, the
extracts dried (Mg SQu)'and the solvents evaporated. The single reaction product
(Shown by analytical T.L.C. on silica, using 70:30 mixture of carban tetrachloride
- and chloroform as solvent) was sublimed at 70°C and the sublimate (0.122g; 89%)

was recrystallised from light petroleum (bp. 60-80°C) to give the pure 2-benzyl-

W4,5;6,7,8,9—hexaf1uoronapgpho-(2,119)7thiophen (176) m.p. 95-96°C (Found: C,59.4;
H, 2.0%. -019 Hg F¢ S requires C,59.7; H,2.1% 6F (cnc13) 140.9(a), 143.6(t),
146.8(d of m, peri- F, J7 8.64Hz), 152.7 (d of d, peri~F) and 158.4 p.p.m. (bd)

in the ratio of 1:1:1:1:2; '6H (CDClB) 4.3(s, Cﬂg). 7.3(s, Y 5) and 7.8 p.p.m.

(m,3-H) .

A Semi-Kinetice Study of the Reaction Between 1,3,4,5,6,7,8-Heptafluoro-2-

naphthyl Prop-2-ynyl Thioether (171) and p-Xylene at 160°C In a Nickel Tube.

The thioether (171) and dry p-xylene (20ml). were sealed in a nickel Carius
tube and heated at 160°C for #h. (x = 6,12,18, and 24). The products were washed
from the tube with acetone, which was then removed by'evaporation. The excess
p—iylene was removed by distillation in vacuo at 25°C and 6.005 mmHg, via a cold
finger to ensure no loss of the relatively volatile fluoromethyl compound (173).

The inte ‘grated Ly and *oF n.m.r. spectra were recorded (Qee table) and the crude

products wére fractiohally sublimed at 60 énd (90-100)00. (in an attempt to record ~
| absolute yields). The reaction products were identified as: 2-fluoromethyl-

4,5,6,7,8,9-hexafluoronaphtho (2,1-b) thiophen (173) and 2-(2,5 dimethylbenzyl)

0 ) .
'{34,5,6,7.8,9—hexaf1uorpnaphtho (2,1-b) thiophen (177) by comparison of I.R. and
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19F n.m.r. spectra with thosé of authentic sanples.

TIME (173) (177)

6 75 (64) 25 (21%)
12 ' 61 39

18 o b7 A 53

24 0 100 (50%)

¥ Are actual yields.

Reaction of 1,73,4,5,6,7,8-Heptafluoro-2-naphthyl Prop-2-ynyl Thioether (171)

With p-Xylene at 140°C in a Nickel Tube.

The'fhioether'(0.265g) and dry p-xylene (20ml) were sealed in a nickel Carius
tube and heated at 140°C for 24h. The érﬁde yellow product was washed from the
tube with acetone, which was then removed by,evaporaiiqn. The excess p-xylene
was removed at 25°C and 0.005»mmHg via a cold finger to prevent possible loss of
the relatiQely volatile fluoromethyl compound (173). The crude product was sublimed
at 60°C to give 2-f1uoromethyl-4,5,6,7,8,9-hexafluoronaphtho (2,1-b) thiophen (173)
(0.1628, 61%) which was identified by comparing its I.R. spectrum with that of an
authentic sample; The(presenge-of 2-(2, 5- dimethyl benzyl) - 4,5,6,7,8,9
-hexafluoronaphtho (2,1-b) thiophen (177) in the residue which did not sublime
waé:infemed from 1Hn.m.r. data, and its yield was estimated, by using 2-fluoromethyl

-4,5,6,7,8,9-hexafluoronaphtho (2, 1-b) furan (173) as an internal standrd, as 4%.

Reaction of 1,354)5L§,?,8-ngtaf1uoro-2-naphthyl Prop-2-ynyl Thioether (171)

With p-Xylene at 140°C in Glass Apparatus.

The thioether (171) (0.57%g) and dry p-xylene (30ml) were heated under reflux

at'140°C for 24h. The excess p;xylene was evaporated at 25°C / 0..005 mnHg via a
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cold fihger to ensure no possible iqss of the relatively volatile fluofomethyl
' 19

compound (733). The crude reaction product was examined by ~“F n.m.r. spectroscopy

| which showed that the 2-fluoromethyl comppund (173) was not present. The crude
proau;t was fractionally sublimed at 80°¢ causing rapid sublimation of unchanged
Staﬁing material (0.089g, 19%) (identified by 19F n.m.r.), followed more slowly .
by the 2-(2,5 - dimethylbenzyl) derivative (177) (0.6236g, 8%%) (identified by

comparison of its I.R. spectrum with that of the authentic material).

Attempted Reaction of %3,4,5,6,7,8—Héptafluoro-2-naphthyl Prop-2-ynyl Thioether

(171) with Benzene in Glass Apparatus.

, The thioefher (171)-(0.2087g) and dry benzene (15ml) were heated under reflux
52'7800. Smi solutions were withdrawn.from the reaction mixture at 24 and 48h, and
'.analysed by'lgF n.m.r. spectroscopy. The 19F n.m.r. spectra showed only unchanged
stafting material, and consequently the reaction was terminated, as the conditions

were considered too mild to induce a reaction.

_ The Vapour Phase Pyrolysis Of 1,3,4,5,6,7,8-Heptafluoro-2-naphthyl Prop-2-ynyl Ether (15¢

- The ether.(156) (0.175g) was distilled by gentle warming through a silica
tube (60cm x 1.5 cm diam., the central section (20cm) being packed with silica
f}bre) and heated to 360°C.ihto a trap cooled by liquid air, connected to a high
Véguﬁm system (6.095 mmHg) . The yellow/green product was shown by 19 n.m.r. and
 analytical T.L.C. data to contain the 2-fluoromethyl compound (161) as the majo;
.cdhpbnént as well as severalAunidehtified compounds. Preparative thick léyer
chromatography of the crude product on silica (50:50 v/v mixture carbon
tetrachloride and chiordform) followed b& sﬁblimation of the enriched product
at 50°C / 0.005 mnig gave the pure 2-fluoromethyl compound (161) (0.076g, 43%)

uhich was confirmed by analysis of its 19F n.m.r. and I.R. spectrum.

o

W
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" Reaction of 1,3;4}5,6,?,8 Heptafluoro-z-naphthyi Prop-zsynyl.Ether'!ijé)

With p-Xylene at 140°C in-a Nickel Tube.

\ ."The'ether (156) (o.éshg) and dry p-xylene (20m1) were sealed in a nickel

' Carius tube_and»heated at,140°C for 20h. The contente-of the tube were removed

by uashing.with acetone, and the solvents were distilled at 12 mulg (to remove '
the acetone). and then at 0. 005mmHg / 25 c to remove the p-xylene via a cold flnéer
to ensure no loss of the relatively volatile fluoromethyl compound (161) The
"crude product was sublimed'at 80 c / 0.005 mmHg and the sublimate (0. 157g) was.
analysed by lH n.m. r.,2-f1uoromethy1-4 5 6,7,8, 9-hexaf1uoronaphtho (2,1-b) furan
(161) and 2-(2, 5-d1methy1benzyl)-4 5,6,8 »9-hexafluoronaphtho (2, l-b) furan (159)

' were present to the extent of 90 parts and 10 parts respectively (representing

yields of 4% and F respectively.);

Reaction of 1,3,4;5,6,7,8-Heptafluoro-2-naphthyl Prop-2-ynyl Ether (156)

With p-Xylene at 140°C In Glass Apparatus.

'T.The ethérf(156)1(0.25?g);and d;y p-xylene (Zin,:distilled from ons)
were neated together under reflux at 140°C in a glass reaction vessel for 20h.
Thelexcees-p-xylene was remoued by distillation at 25°C./ 0.005 mmHg. via a
cold finger to;ensure no loss of the relatively volatile Z-fiuoromethyl compound
(161), and the crude product‘uaetsublimed at 80°C / 0.005 nnHg. Examination of
':tne sublimate by 19F and ;H.n.m.r. failed to reveai the presence of any fluoromethyl
compound (161); only one product was present, identified by I.R. spectroscopy as
2—(2, 5-dimetnibenzy1)-u 5 6, 7,8 9-hexafluoronaphtho (2 1-b) furan (159) (0.2046g 63%

‘ Reaction of Z—Fluoromethyi-h,j,é 7L8 9—hexafluoronaphtho (2 l-b) furan (161)

Hith p-xylene at 140 c In Glass.'v' .

The fluoromethyl derivative (161) (0 28143) and dry p-xylene (20ml) were

heated under reflux in a glass reaction vessel for 20h at 140°C. The excess



-88-"

p-xylene was removed by distillation at 25°C / 0.005 mmHg via a cold finger to ensure
no possible loss. of the relatively volatile starting material. Examination of the
1

crude reaction product by 19F and "H n.m.r. spectroscopy confirmed the absence of

any unreacted'sfarting material. The reaction product was crystallised from
ethanol to give '2-(2, 5-dimethylbenzyl)-4,5,6,7,8,9-hexafluoronaphtho (2, 1-b)

furan (159) (0.2802g, 78%) uhiéh'uﬁs jdentified by I.R. spectroscopy.

Reaction of 1,3,4,5,6,7,8-Heptafluoro-1-(propa-1,2~dienyl) - Naphthalen - 2 - one

(157) With p-Xylene In Boron Trifluoride Etherate.

The propa-l,Z-diené (157) (0,029g) was dissolved in dry p-xylene (iml) and
boron triflucride etherate (0.5m1) vas added to ﬁhe mixture. Preliminary
experiments at 25°C (lhdmin) and 100°C (300min) gave only unreacted staring
material, so the solution was heated under reflux at 120°C witﬁ an external bath
temperature of 140°C for 180 min. The reaction mixture was diluted with water,
extracted with ether and the extracis dried (MgSOu). The ether was evaporated and the
excess p-xylene distilled at 25°C / 0.005 mmHg via a cold finger to prevent possible
,lossAof the relatively volatile 2-fluoromethyl compound (161). The reaction product
was analysed uéing 1H n.m.r. and it was found that 2-fluoromethyl-4,5,6,7,8,9~
hexafluoronaﬁhtho (2,1-b) furan (lgl) was not present and that the ratio of 2-

(2, 5-dimethylbéﬁzyl) - 4,5,6,?,8,9-hexaf1uoronaphtho (2,1-b) furan (159) to the

unreacted propa-l,z-diene was 15;85 respectively.

Reaction of 1,3,4,5,6,7,8-Heptafluoro-2-naphthyl Prop-2-ynyl Ether (156)

And Isopropylbenzene At 142%C In A Nickel Tube.

Thevéther (156) (0.5547g) and isopropylbenzene (10ml) were sealed in a
nickel Carius tube and heated at 142°C for 24h. The maction product was washed
from the tube using acetone and the solvent was distilled using a rotary
evaporator. The exce#s isopropylbenzene was removed by distillation at 4o°c /
0.0bj'mmﬂg via a cold finger to prevent possible loss of the relatively volatile

.fluorbmethyl compound_(lél), Analytical TLC (on silica using a 50:50 v/v solution
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of carbon tétrachlofide and chloroform as the solvent) of the crude product
indicated the presence of three majdr compounds, which were fractionally sublimed
and idgntified by 19F n.m.r. analysis as : 2-fluoromethyl-4,5,6,7,8,9 hexafluoronaph
(2,1-b) furan (161) (0.102g; 18%), di-(%,5,6,7,8,9-hexafluoronaphtho (2, 1-b)-
~ furan-2-yl methyl) ether (162) (0.062g; &%) and isomeric 2-(isopropyibenzy1)

4;5,6,?,8,9-hexaflﬁoronaphthd (2, 1-b) furans (160) (0.035g; 5%).

Isomerisation Of 3, 3-Dimethylbut-l-ene With HF.

3,3-Dimethylbut-l=ene (10ml, 6.505g) was placed in a nickel Carius tube
(vol. 80ml) at 0°c, ihich vas then weighed. Liquid hydrogen fluoride from a
' cylinder was then dropped into the tube which was rapid?y reweighed sealed and
héated‘at 15060 for 20h. The contents of the tube were diluted with water and the
organic layer was separated and dried (Mg 504); The H n.m.r. spectrum of the
h&drocarbon.was recorded and- the degree of isomerisation.calculated from the
integrated spectrum. It was found that 0.3g HF induced 24 isomerisation, i.e.
l.ﬁ?g,?CH3)20=C(CH3)2 was produced in the experiment. In a typical reaction of
13,4,5,6,7,8—heptaf1ﬁor6;2-naphthyl'prop-z—ynjl ether (156) (2g) and 3,3-
dimethylbut-2-ene (12ml) théAmaximnm amount of HF which could be produced iS»ﬁa
0.13g. Assuming that the amount of 2,37dimethylbut-2-ene formed in the isomerisation
reaction is difectly proportioml to the amount of HF present (and ignoring the
diffefence in volume of the terminal alkene used in the control experiment and
in a typical expefiment with (156)) the maximum amount of (CH3)20=C(CH3)2 which would
.be produced by 0.13gHF ipducing isomerisation of 3,3—diﬁethy1but-l-éne is 0.68g,
and‘only 0.55¢ would be required for a complete reaction with 2g of éther (156).
(Ta pfoduce a mixture of (186) and (187) in the amoun£ given in Table (1) would

_rgquire_on1y 0.17g (CH,),C=C(CH,),.)
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Reaction of 2-Fluoromethyl-4,5,6,7-tetrafluorobenzo (b) Furan (150) with

p;Xylene in Boron Trifluoride -~ Etherate.

The furan derivative (150) (0.053g) was dissolved in dry p-xylene (1iml)

and boron trifluoride etherate (0. 5ml) was added to the mixture. The

hdmbgeneous solution was stirred for 150min. at room temperature, diluted with
water, and then extracted-witheiher. The extracts were dried (MgSOu). the ether
removed by rotary evaporation and the excess p-xylene removed by distillation

in vacuo at 40°C and 0.005 mmHg._ Analytical TLC of the residue (on silica using
1ight petroleun (bp30-40°C) as the elutant), showed there was only one component
present, which was identified as 2-(2,5-dimethylbenzyl)-4,5,6,7-tetrafluorobenzo
(v) furan (152) (0.672g) (98%) by direct comparison of its I.R. spectrum with that

of an authentic sample.

Reaction of 2-Fluoromethyl-4,5,6,7,8,9-Hexafluoronaphtho (2,1-b) Furan (161)

With p-Xylene in Boron Trifluoride - Etherate.

The furan derivativé (1565'(0.071g) was dissolved in diethyl ether (iml)
and added to dry p-xylene (iml). Boron trifluoride-etherate (0.5ml) was added to

the mixture and the homogeneous solution stirred at room temperature for 150min.

. The mixture was diluted with water, extracted with ether and the extracts dried

(Mg sou). -The solvent ether was evaporated and the excess p-xylene was removed

A by evaporation in vacuo at room temperature at 0.005 mmHg. Analytical TLC of

the residue (on silica using light petroleum b.p. 30-4000 as the solvent) showed

that only one component was present which was identifiéd as, 2-(2,5-dimethylbenzyl)

- -4,5,6,7,8,9-hexafluoronaphtho (2, 1-5) furan (159) (0.089g) (98%) by direct

comparieon of its I.R. and N.m.r, spectra . with those of an authentic sample.
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ﬁ to be di-(#4,5,6,7,8,9-hexafluoronaphtho (2, 15b) *furan-zaylmethyl) ether (162). .

P
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Reaction of 2-Fluoromethyl-4,5,6,7,8,9-hexafluoronaphtho (2, 1-b) Furan (156)

With 3,3 - Dimethylbut-1-ene in Boron Trifluoride Etherate.

(a) Isolation of Major Component 2-(3,4-dimethylpent-3-enyl)-4,5,6,7,8,9-

Hexafluoronaphtho (2, 1-b) furan (194) _ A

The 2-fluoromethyl compound (161) (0.498g) dissolved in diethyl ether
(5m1) was mixed with 3,3-dimethylbut-l-ene (5m1). Boron trifluoride etherate
(2.5ml.) was added te the mixture which was stirred at 25°C for 180 min.
The solution was diluted with water, extracted with ether and the extracts
dried (Mg SOu). Anélytical TLC (on silica using light petroleum b.p. 30-40°C ¢
as the solvent) of the ether extracts showed there to be a fad moving fraction, |
containing at least three coﬁponents and‘a'single slower moving component. The
fast moving compoﬁents were separated from the major slower moving compound by
subliming the crude product at 76-80°C / 0.005 mmHg. Flash chromatography of
the sublimate'(0.132g.;22%)4(on silica using light petroleum b.p. 30-4000 as
elutant) #nd recrystallisation from light petroleum b.p. 40-60°C gave pure

2-(3;4 ~dimethylpent-3-enyl)-4, 5,6,7,8,9-hexafluoronaphtho (2, 1-b) furan (194)

m.p. 87.5-88.5°C. Found: C,61.5; H,b.0%; M',372. Cyg Hyy Fg O requires C,61.3;
H,3.8%; M,372); 5F(cnc13) 145.3f146.8 (broad m), 151.9 (d ¢f d, peri- F I 8 62Hz),
157.8-159.4 p.p.m. (broad m), with intensities in the ratio 2:1:3 respectively;
5H(cnc13) 1.643 (m, 2 x'CQB),.1.697(m.1 x.cga), 2.52(t, CH,), 2.92(t, cgz) and-

6.96 (overlapping d- of d, H at ring position 3.).

The slower moving component was shown by 1H n.m.r. and i.r. spectroscopy ~

4
L
1
§
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(b) Determination of the Product Ratios

(1) Aj;jiso. The experiment described in (a) was repeated at 25° with the
fluoromethyl compound (161) (0.512g) diethylether (5ml),3-3dimethylbut-l-ene
(5m1) and boron trifluoride etherate (2.5ml). The mixture of fast moving
components (by TLC) was first separated from the slower moving component by
flash chrommpgraphy on silica using light petroleum (bpk0-50 ), then sublimed at
20-80° / 0005mmHg. and the sublimate (0.160g, 2¢%) analysed by M amr spectroscopy.

The ratio of identifiable components (186) : (19%4): unidentified material was

6;94=2

A simple calculation shows that the amount of compound (186) in the sublimate
(0,16x6/127g) requires_ 0.0017g (CH,),C=C(CH;), for its formation; for an
experiment on 1/5 scale (i.e. using 0.1g (156))O.QOOBL&g(CHB)ZC:C(CHB)2 would
be required (see C later).

(11) At-50°. The 2-fluromethyl compound (161) (0.222g) dissolved in
diethyleiher(Bml) was added over»5 min. to a mixture of 3,3-dimethylbut-l-ene
(3ml) and boron‘trifluoride etherate (1.5ml) pre-cooled to -70°. The mixture was
stirred for 30min at -300 and then allowed to warm to room femperature over lh.
The work up procedure described in (a) was rgeated and the crude reaction product

was sublimed at 20-80° / 0.005 mmHg. The sublimate (0;098g, 37%) was analysed by
M n.m.r. The ratio of identifiable compounds (186): (194): Unidentified material

was B:92:47. The non-sublimable residue was compound (162.)

(c) Demonstration of the formation of 2,3-dimethylbut-2-ene during the reaction

(experiment done on 2/5 scale of experiment (b)).

A solution of the 2-fluoromethyl compound (161) (0.217g; 7x10-4 mole) in
‘diethylether (2ml) and 3,3-dimethylbut-l-ene (2ml) was'stirred with boron
trifluoride efheréte (in1) at 25°C for 186min. The volatile components were
distilled at room temperature / 0.005 mmHg and collected using a vacuum line
technique. The gﬂalyéis of this distillate by G.L.C..(column 0, 10% SE 30 at 53°),

showed qualitatiyely; that 2,3-dimethyl but-2-ene was present in the mixture.
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CQuantitatiQe_estimation of this alkené was made using é standard injection
procedure . (by comparing the result with those obtained from standard solutions
made from known volumes of 2,3—dimethylbut-2-ene added to diethylether (2vol)

3,3-dimethlbut-l-ene (2vol) and BFB-etherate (1vol) and which had been worked

up from water as before)

- The analysis showed that 2;3-dimethylbut-2-ene (2.1x10-4 mole ) was present
in the reaction mixture after the reaction of the 2-fluoromethyl compound (161)
(7x10'4 mole) with 3,3-dimethylbut-l-ene had taken place. Asswing that the same
proportion of compound (186) is formed in this experiment as is found in experiment
(b) the amourt of'(CHB)zc;-c(cHB).2 required for its production is 0.00068g (0.0017 x
2/5g, 8x10-6mole). This clearly démonstrates that far more internal alkene
than is necessaﬁy is preduced.

The isomerisation of the termin;l alkene to the internal alkene had presumably
océured due to the release of HF during the reaction. This hypothesis was tested
by‘adding_known amounts of HF (instead of compound (161)) to a mixture of
diethylether (2vol),3,3—dimethylbut-1-ene (2vol) -and BFB-etherate (1vol),
stirring the mixtures at 250 for 150min, and finally adding water and using the
iqjection procedure as was used with the standard solutions of 2,3-dimethibut-2-ene
prepéred for the calibrationf

(1) Five standard'soiutions. containing 3,3-dimethylbut-l-ene (1ml),
boron trifluoride-etherate (0.5ml), diethyl ether (iml, used to homogenize the
: mixture) and .x *’of 2,3—dimethylbut-2-ene (where x = a) 2ul b) 4yl c) 8yl d)
16pl and e) 32ul) were prepared at room temperature diluted with water and
tﬁe Qrgaﬁic layer dried over MgSOu and analysed using G.L.C. on Column O (10%

SE 30) at 46°C.

| (ii) A further five solutions containing 3.3;dimethy1but-l~ene (1ml1), boron
trifluorde etherate (0.5ml) and diethyl ether (1m1) (i.e. the.same amounts as in
the contwlled experiments in (i))'and'x drops of hydrogen fluoride (where x = a)
0: b) 1: d) 4 and 9)8:)_111}>wore prepared, stirred at room temperature for 150min.

" and then diluted with water. The surface layer was pipetted off, dried over MgSO#

and analysed by GLC.



e reactlon of 0. lg of the 2-fluoromethy1 compound (ISL»would produce 1.20x10 “g

=Qlp-

(The HF was introduced dropwise into the reaction vessels using a constant
flow rate in an attempt to keep each drop a constant weight. The weight of one
. drop of HF in this experiment was estimated to be 0.0077g, determined by dropping

10 drops of the HF into an ice-cooled preweighed flask).
- ReéuitS-

~ Standard Solutions of Me, C = C Me, (X pl) In CHBG(CHB)ZCH = CHZ(Inﬂ)

’Efé 0 (iml) And BﬁB (, 5522 0(0.5m1)

(Corresponding) Area

Me2 C=20C Me2
( X pl) : for a 5u1 injection
_cm%-
2 0.0525
b ‘ | 0.1
8 . 0.1925
16 ‘ 0.375 - 0.40
./32 o 0.75 - 0.80
Drops of HF Wt. of HF  Area of Equivalent  Equivalent - %
(g) Me,C=Cle,, Volume of Wgt. of Isomerisation
Afor a Spl Me,C=Cle, Me,C=CMe,
Mgctlon
1 0.0077 . 0.0525 2 0.0014 0.2%
2 0.015%4 0.1275 .5 0.0035 0.5%
4 0.0308 0.225 | 9 '0.0064 1%
'8 0.0616 043 17 0.0121 1.%

'”It is estimated that 0. 0065g of HF (whlch would be released by the complete
-3
(cH

C=C(CH 27 whieh is more than dﬂ@e times the amount required (3.4x 10 g) to

3)20=C(Ct5)
produce the small proportlon of compound (186) formed in experiment (b)(i).
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The Preparation of 2-Chloromethyl-4,5,6,7,8,9-hexafluoronaphtho (2,1-b) furan.

The 2-f1uqromethyl-compound (161) (0.1755¢) dissolved in 1,1,2-trichloro-
1,2;2-triflu6roethahe (5m1}&asnﬂkxiwith aluminium trichloride in acetonitrile (iml,
0.87M). The solution was heated under reflux for 3h, diluted with water, and
extracted with ether. The extracts were dried (Mg sou) and the ether evaporated.
. The single reaction product (indicated by analytical TLC on silica using a 50:50
"mixture of carbon teirachloride and chloroform as solvent)-was sublimed at 60°C /
0.005 mmHg énd the 'sublimate (0.1289g: 70%)was crystallised from light petroleum
(b.p. 40-60°C) to give 2-chloromethyl-4,5,6,7,8,9-hexafluoronaphtho (2,1-b) furan

(1613 m.p. 73. 5-74°C, (Found: C, 48.4; H, 1.3%. c113 M, Cl FO requires C, 48.1;
H, 0.9%) 5 .(cnc1 ) 144,5-146.5 (broad m), 148.8 (d of d, peri- F J? 8 67Hz), 154.9-
158.1 (broad m) in the ratio 2:1:3 respectively; 6H (CDClB) 4.82 (s, _2) and 7.37

(t, H at ring p051tlon 3.)

Reaction of 2-Chloromethyl-4,5,6,7,8,9-hexafloronaphtho (2, 1-b) furan (1673

With 3,3-Dimethylbut-l-ene in the .. presence of Zinc Chloride

Thé chloromethyl compound (16X (0.1133g; 3.5x10‘“ mole) in diethyl ether (1ml)
was added to anhydrous cZnﬁf%;; (0.091g) stirred. and kept under a nitrogen atmosphere
throughout the:expefiment, 3,3—Dimetﬁylbut-1-ene (1ml) was added and the mixture

;ﬁas'heaied under reflux (42°C under N,) for 22h. The reaction mixture was diluted
with water, the ether layer seperatéd and the volatile components were distilled

at room temperature / 0005 mmHg using a vacuum line techniqwe. G.L.C analysis of the
distillate (Column O, 10% SE 30 at 529 showed the presénce of 2,3-dimethylbut-2-ene
which was estimated to be present to the extent of 2.9x10-4mol- using the analytical

‘ method described previously. The reéidue-from the distillation was sublimed at
70<80°C/ -005mm Hg and the sublimate (0.1031g) was chromatographed (on silica using
freshly distilled 11ght petroleum b.p. 40 60°C’ as elutant)to isolate a mixture of
faster moving components of similar Rf values} lH n.m.r, spectroscopic analysis

" of this material showed that it contained compounds (196),(186), (194),and unidentified
material in the ratio 15:68:17:30 respectively (0.672g; 5%%). It seems that in

this product, compound(Q% ) has a differert geometrical configuration about the



e
double bond compared to the material isolated previously, in that the hydrogen
at C-3 in the furan ring has §H7.04 compared to $H7.12 before; the shifts of

other 'pr-oicons' are essentially unchanged.

Attempted Isomerisation of 3,3-Dimethylbut-l-ene in the presence of Zinc Chloride

And Diethyl Ether.

Excess zinc chloride (0.8736g), diethyl ether (iml) and 3,3-dimethylbut-l
-ene (1ml) were mixed together and heated under reflux at 42°C for Zh. The
solution was analysed using G.L.C. on Column, 0.10% SE 30 at 52°C. The G.L.C.
data showed no trace of 2,3-dimethylbut-Z-ene. (_By passing standard solutions
through the column it was possible to demonstrate the presence of 2ul.

of 2,3-dimethylbut-2-ene in 2 ml of diethyl ether).
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Appendix | : Analytical Instrumentation

I.R. : Perkin-Elmer 597 infra-red spectometer (4000 ~ 200 cm-l)

N.mr : The majority of 1H and 19F n. h r. spectra reported in this thesis
were recorded using either a Varian zZif 360 spectrometer ( H at 6OMHz
19 at 56.46 MHZ) or a Bruker WX 90F spectrometer ( H at 9OMA,L 19 at
84.68 MH )

However, in the experiments involving the reaction of 2-fluoronaphtho
(2,1¥b) furan (161) and 2—chlor6methyl-4,5,6,7.8,9;hexaf1uoronaphtho
(2,1-b) furan (1612) with 3,3-dimethylbut-l-ene in boron trifluoride
etherate, the Bruker WH 360 spectrometer (1H at 360 MHZ) was utilized.
) Chemical shifts BF are upfield from internal CFCl3 (except where

stated); 8, are downfield from internal THS.

G.L.C. :PYE 104 Chromatograph, Column O, packed with 10% silicone elastomer (SE-

10) on chromosorb P.
Wlemental Analysis: Perkin-Elmer 240-C,H,N elemental analyser.



_98-.

Appendix (11) : Infra-red Spectra

SPECTRUM I : Pentaflumrophenyl prop-2-ynyl thiofher(I67)
(1iquid film)

SPECTRUM 2 : 2-fluoromethyl-4,5,6,7-tetrafluorobenzo(b)thiophen(168)
(nujol mull)

(spgggnuwaES: 2-benzyl-4,5,6,7~tetraf luorobenzo(b )thiophen(170)
nujol mu _

SPECTRUM 4 : 2-(2,5-dimethyl)-4,5,6,7-tetrafluorobenzo(b)thiophen(169)
(nujol mull)

., SPECTRUM 5 : 2-f1u6romethyl—4,5,6,7,8,9—hexaf1uoronaphtho(2, 1-b)thiophen(173)
(nujol mull) _

SPECTRUM & : 2-benzyl-4,5,6,7,8,9~hexafluoronaphtho(2,1~b)thiophen(176)
(mjol mull

SPECTRUM 7 : 2-(2,5-dimethylbenzyl)-4,5,6,7,8,%=hexafluoronaphtho(2,1-b)
(mujol mu1l) thiophen(177)

SPECTRUM 8 : 2~chloromethyl-4,5,6,7,8,9-hexafluoronaphtho(2,1-b)furanf 1513
(mujol mull)

SPECTRUM 9 : 2-(3,4-dimethylpent-3-enyl)-4,5,6,7,8,9-hexafluoro~
(nujol mull)  napntno(2,1-b)furan(194)
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Appéndix(lll) : Proton N.m.r. Analyses

SPECTRUM 10

SPECTRUM 11

SPECTRUM 12

2-(3,4-dimethylpent~3-enyl)=4,5,6,7,8,9-hexaf luoro~
naphtho(2,1-b)furan(194)

Reaction of 2-fluoromethyl-4,5,6,7,8,9-hexafluoronaphtho~
(2,1~b)furan(161) with 3,3-dimethylbut-l-ene in the presence
of BFB.(02H5)20 at 25 C.

Reaction of 2-chloromethyl—4,5,6,7,8,9-hexafluoronaphtho-
(2,1-b)furan(161ad with 3,3-dimethylbut-l~ene in the

presence of 2nCl,.
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