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SUMMARY

A number of reactions of tetrahaIOgenobenzynes.have been
investigated., The reactions of tefrafluorobenzyne with 2-methyl- and
3,5-dimethylfuran gave the expected Diels-Alder adducts (dihydro-tetra-
fluorcepoxynaphthalene derivatives) which on treatment-with butadiene

‘afforded 9-me£hyl- and 9,10-dimethyltetrahydrotetrafluorcanthracenes.
Further reactions with tetrafluorobenzyne followed by dehydrogenation
 gave O-methyl- and 9,10-dimethyloctafluorotriptycenes which were used

19

to study new examples of long-range F——;H spin-spin coupling lH n.m.r,

spzctroscopy. o

.Reactions of tetrahalogenobenzynes with 6,6-dimethyl- and
6,6~d1iphenylfulvene aff@rded dihydromeihanonaphthalene derivatives
which on selective hydrogenation at low témperature gave tetrahydro-
methanonaphthalene derivatives. Flash Vacuum Pyrolysis (F.V.P.,) of
these compounds at 600°C resulted in the formation of tetrahydro-

_cyclopentindene derivatives and iSOpropenylindene derivatives.
However, the ﬁyrolysis of higher'temperatures producgd a complex
mixture of products;

Improvements in the preparation of 3,6-dimethoxyanthranilic acid
allowed the use of this precursor in reaétiogs of dimethoxybenzyne,
pérticularly with mgth0xyarenes. The reaction with veratrole allowed
the preparation of 1,5,8-trimethoxybenzobarrelencne (1,5,8-trimethoxy-
-3,4-~dihydro-1,4-ethenonaphthalen-2(1H)~one) which was used in the
synthesis of l,4—dimethoxy—5,9-dihydro;5,9—me£hanobeﬁzocyclohebten-6—one,
a model compound which was used in an investigation of the abnormal
ultravieclet spectrum of flavothebacne trimethyl ether. The acid-catalysed
reérrangements bf 1,5,8«trimethoxybenzobarrelene gave 2,4',5-trimethoxy-

biphenyl as well as the expected 5,8-dimethoxybenzobarrelencne.
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INTRODUCTION




INTRODUCTION

Although the chemistry of arynesl and their deriyatives has grown
enormously during the past two decades, the inﬁermediacy of a 106H4'
species was postulated2 as early as a hundred years ago. The species
'C6H4' the parent of the family of aryngs has never been isolated at :
normal tgmperatures but its existence in gas phase has been demonstrated

>

by time—resolved mass spectroscopy énd hasl been shown to possess a
half-life period of ca. 107% sec..

Other evidence for the existence of benzyne has been obtained
recently by Chapman and his collaborators.4 They have successfully
recorded the first-ever Infra-red spectrum of benzyne which they generéted.
by the photolysis of phthaloyl peroxide and benzocﬁclobuten—l,2~dione
ét 80K. The various bands observed in the.spectrum of benzyﬁe are at

1627, 1607, 1451, 1053, 1038, 849, 736 and 469 em ™ and favour the

structure (1) for theintermediate.
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Benzyne 1s now generally aécepted t0o be represgnted by the formula
(1) and is produced by the elimination of two ortho substituénts from
the aromatic system leaving thereby two sp2 hybridised orbitals orthogonal
to the T -system of the ring with two extra electrons distributed

between them (4). Benzyne exists in a singlet ground state (2) and the

£

Y

bond order is ca. 2.5. It behaves as a strained olefine, the aromatic
character is undisturbed and the high reactivity of the interﬁediate is
attribﬁted to the ring strain. There 1s very iittle known about the
benzyne reactions in triplet state (3).5 An alternative name for
benzyne 1s dehydrobenzene and both are common in the literature.

Ovef the years arynes have been generated in a variety of wéys.

In earlier methods arynes were usually produced by the action of very

strong bases such as potassium amide and sodamide in liquid ammonia or

lithium alkyls and lithium aryls in ether on aryl halides. The main



disadvaﬁtage of all of'these methods ié that the scope for the reaction
becomes very much limlited because some or most of the aryne formed - is
trapped by the base which 1tself is a strong nucleophile.

The procedure in which benzyne was successfully trapped by.dienes
in a Diels-Alder type reaction was first introduced by Wittigl starting

from 1,2-dihalogencbenzenes and lithium amalgam or magnesium.

-F Li/Hg (l;

> . —> @HUEM
Br ) Li | o

F Mg F !
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Br “MgBr +MaBrF

Other routes to benzyne include the pyrolysis of phthélic anhydride,

indanetrione and various other substrates;T the photolysis of phthaloyl

peroxide, o-diiodobenzens and many other compdunds8 and flash photolysis
of benzenediazonium-2-carboxylate (5) also gives rise'to_benzyne.3 The
vields of benzyne in all these cases 1s rather low.

Oxidation of l-aminobenzotriazole (6) with lead tetra-acetate or

nickel peroxide is another good source of producing benzyne in high yield9

‘and under mild conditlons.



(6)

| + 2N>

Receﬁtly, Cadogaﬂ;o has reported fhe formation of benzyne from
aniline.

Most of the aforesaid methods of generation of arynes suffer from
either a 1imited availability of aryne precursors or the low yields of
the desired products and even more due to the inconvenience in preparing
and in‘handling the startiné métefials.

The most widely used method these days eliminates the use of metal
eations, halide ions and strong bases. This Involves the diazotisation
of anthranilic acid to give benzenediazonium-2-carboxylate (5), which can
be isolated but when dry 1t detonates..® On mild pyrolysis (gg; 40-60°¢)
it decompo;es to benzyne, carbon dioxide and nitrogen. The procedure is
very simple, the réaction conditions are extremely mild and the yilelds
of benzyne-adducts are usually high. Diazotisation can also be carried
out in situ, which is very convenient and safe. The exact mechanism of

the decomposition of (5) is not yet clear. The method has been extended

b4,



to other arynes.

4- —
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Likewise, 1,2,3-benzothiadiazole~1,l~dioxide (7),which is formed
from 2-aminobenzenesulphinic acid (8) fragments readily in organiec
solvents at ca. 20°C to give benzyne in good yield, together with

sulphur dioxide and nitrpgen.12

(8) )

Arynes are highly electrophilic species and react with a large
number of compounds. OFf these nucleophilic additions and eycloaddition
reactions have bezen extenéively studied. These reactions are synihetiéally
very ;mportanf because they often produce compounds which are otherwise

inaccessible. A good example In this case is the preparation of the



spiro compound (9).13

QL

A great number of 1,2-cycloaddition and 1,3-dipolar cycioadditiOn
reactions of benzynes have been investigated during the-paSt few years.l
The most useful of all the cycioaddition reactions of benzynes is the
Diels-Alder reaction with dienes. Benzyne acts as a powerfulldienophile
and even adds to syste ormally considered to be dienes, for
instance, benzeng. Thg addition of benzyne to aromatic hydrocarbons
affords bridged iin gystemsl which are otherwise inaccessible; Diels-

Alder addition of benzyne to anthrdcene derivatives is the best-known

method for preparing various substituted triptycenes (10).




In recent years, much attention has heen devoted in these laboratories

14,23 The presence of

to the chemistry of highly halogenated arynes.
four electron withdrawlng substituents on benzyne (11) makes the inter-
mediate much more electrophilic than behzyne itself. It has been shown

that aromatic hydrocarbons form charge-transfer complexes with highly

B

(11)

fluorinated arbmatic éompounds > and such a charge-transfer in the case
of tetrahalogenobenzyne precursors could be partially responsible for
the high reactivity of halogenated arynes towards the arpmatic compoﬁnds;
Pentafluorcophenyl Grignard and lithium reagentsl6 are.more stable than
the corresponding 9;fluorophehyl Grignard and lithium reagents would
indicate a higher activation energy for tﬁe formation of tetrafluoro-
benzyne which might account for its higher reactivity.

The methods commonly employed for the geheration of tetrahalogeno—
benzynes are Onrﬁarallel lines to those already described in the case of‘

o pentachlorophenyl-

magnesium chloride,l8. pentafluorOphenyl—lithiuml6b and pentachlorophenyl-

19

lithium

benzyne. Pentafluorophenylmagnesium halides,

are all good precursors of tetrafluoro- and tetrachlorobenzynes.
Again, tetrahalogenobenzynes havé been generated in high yields

by the aprotic dlazotisation of their corresponding anthranilic acids.
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Like.benzynes, tetrahalogenoarynes underge all kinds of nucleophilie

23

additions and cycloaddition reactions but in much higher yields,
Tetrafluorobenzyne generated from pentaflucorophenyl-lithium has been

added to thiophen in the first observed Diels-Alder reaction of
thiophen.24 . o
F o F /S\ _ = S
G — 1=
F F F F
F | .
-5 £ F
—
- F
| - F

Furthermore, the high reactivity of tétrahalogenobenzynes'has

F:

also been shown in their ability to cleave aliphatic ethers in good

yield,”2*%> and to undergo addition reactions with a variety of

carbonyl compounds.2



Nevertheless, the Diel§—A1der édducts of tetrahalogenqbenzynes with
alkoxyaromatic compounds are of gteat interest. FOr.instance, tetra-
halogenchenzynes react with anisole %0 give the benzobarreiene derivative
{12) and the benzobarrelenone (13), Tne compound (12) on treatment with
acid rearranges readily to ketones (13), (14) and (iS).27 The mechanism

of formation of these products is intriguing and is being investigated in

these lahoratories,

S &~

(|2(§Me ( 13)

(13  +

Very recently, 2-amino-3,6-dimethoxybenzoie acid (16) has been
2 : ‘ ’ '
prepared 8 and like other anthranilic acids has been shown to be an

efficlent precursor for 3,6-dimethoxybenzyne (17).

OMe ' OMe , | OMe

RONO +

Hy N

—_—— 2

©co - U%— 4O
OMe OMe OMe
(16) (17)



The work described in this thesis deals mainly with the generation
of tetrafluoro- and tetrachloro- and 3,6-dimeth0xy~benzyne‘and the
utilisation of these highly reactive species in the synthesis of

various compounds.

10.



CHAPTER 1

SYNTHESIS OF Q-METHYL- AND 9,10-DIMETHYL-1,2,3.4%,5,6,7.8-

OCTAFLUCR(0-9,10-DIHYDRO=-9,10, 0~BENZENC~ANTHRACENES (9—METHYL-

AND 9,10-DIMETHYL-1,2,%,%,5,6,7,8-0CTAFLUOROTRT PTYCENES )




INTRODUCTION

Abundant data are now available on the cycloaddition reactions

1
14,23 However, the

of tetrahalogenobenzynes with conjugdted dienes.
first Diels-Alder addition of tetraflucrobenzyne with furan to give
1,4-epoxy-5,6,7,8~tetrafluoro-1,4-dihydronaphthalene (18) was accomplished

6b

in 1962.l The compound (18) can be readily converted into tetrafluoro-~l-

naphthol (19) and tetrafluoronaphthalene (20) in high yield..

oo )

- F F
_Buli - A 0O
SENTENS
X |

\

FOAF
F - F

= 0 F o)
Iy —
F | F

HBC- - . |HBr

FYgPH ¢ VAcOH

: RO
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The present work was undertaken with the view to extehd the scope

’n
=
00
g
-n

of tetrafluorobenzyne reactions to substituted furans and fb investigate

a good synthetie route to 9-alkyl~ and 9,10-dialkyl-1,2,3,4,5,6,7,8-
-octafluoro—9,lO-dihydro—9,lO-éfbenzenoanthracene529 {octafluorotriptycenes )
as outlined in Scheme 1. ;

19F———;H spin-spin coupling in the lH n.m.r. spectra has

30,328

Long range
been observed in a variety of tetrafluorobenzyne-arene adducts

praepared in these laboratories in the past few years. The furan adduct

11.



F R

— [ =
F
F g2 F g2 ~Br ‘
- pl
F R 3 @I

R] = RgMe

! - 2 |
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Scheme 1
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(18) also shows long range spin-spin coupling between the fluorine
atoms at positions 5 and 8 and the hydrogen atomslat positions 1 and
4.31 It was, therefore, of Interest to examine this effect in the
lH n.m.r, spectra of substituted furan-tetrafluorobenzyne adducts and
in various other compounds involved in the synthesis of octafluoro-

triptycenes.,

13.



DISCUSSION

The reactions of tetrafluorobenéyne generated. from pentafluorophenyl- ‘
li‘thi‘uml6b with 2-methylfuran (21) and 2,5- dimethylfura (22) pI'Oduced
the expected cycloadducts 1,4-epoxy-5,6,7,8-tetrafluoro-1,4-dihydro-1~
-methylnaphthalene (23) and 1,4-epoxy-5,6,7,8-tetrafluoro-l,4-dihydro~-
-1,4-dimethylnaphthalene (24) in high yield (Scheme 2). The structures

of the adducts (23) and (24) were confirmed from their elemental analysis

and spectral ‘data.

F F

F©Li - :@l R’@f@
\/ : _Me, RBH (21)

L R R2Me  (22)

e i I i |
i O
sl

Li
=

LIF |

g
@)

- F

(25)
-
F.‘

| R=Me , PzH (27)
Scheme 2. R H R—-—Me(28) .



Massey and his co-workers have shown that the decompositiocn of
" pentafluorophenyl-lithium in a large excess of furan leads only to

tetrafluorobenzyne-furan adduct (18).33

They have also reported the
formation of 2-lithiononafluorobiphenyl54 {25) from tetrafluorocbenzyne
and pentafluorobhenyl—lithiﬁm which then loses iithium fluoride to give
“rise to j-pentafluorophenyltriflﬁorobenzyne (26). However, the inter-
mediate formation of the aryne (26) was also indicated in tetrafluoro-
benzyne reactlons with 2-methyl- and 2,5-dimethylfuran in which oniy a-
3 molar equivalént of.the furans was present. Thus, in the case of
2~methylfufan a mixture of two poszible isomerice produefs was obtained
which was separafed by preparative 1a§er chromatography dver siliéawgel.
Elution with ether-light petroleum (1:4,v/v) ga§e 1,4-epoxy-6,7,8~
-trifluoro-1,4-dihydro-l-methyl-5-pentafluorophenylnaphthalene (28) in

' 5% &ield and l,4-epoxy-5,6,7-trifluoro-l,4—dih&dro—l—methyl-B-pentafluoroé
phenylhaphthalene (éT) in 2.5% yield (Scheme 2). The structures of the
isomers were deduced from their 1H n.m.r. spectral da£a. In compound
(28), for_instahce, the olefinic protons showed a muitiplet at T 2.8-
%.15, the bridgehead proton was observed as a multiplet at T 4.65, and
the_methyl resonance was Observed as a singlet atq 7.95 which was
identical with the chemical shift 6f the methyl group in the compound
(23). On the other hand, the’n.m.r. spectrum of the compound (27)
showed a multipletat T 2.7-3.2 for olefinic protons, a multiplet at

ﬁ* 4 .05 ascribed to a bridgehead proton and the methyl resonance was
observed as a singlet at T 8.52. This suggestsrthat the biphenyl system
in compound (27) is twisted; the upfield shift of ca. 0.6 p.p.m. in the
methyl group is attrlbuted to the diamagnetic anisotropy of the C6F

5
residue in the molecule as compared with the compound (28) in which

15.



the bridgehead methine proton is shielded and exhibits an upfield shift
of 0.6 p.p.m. Furthermore, the structures of the adducts (27)land (28)
were compatible with their analytical and other spectrél data;

Likewise, 3-pentgfluorophenyltrifluorobenzyne (26) was trapped by
2,5-dimethylfuran and éfforded the Diels-Alder adduct 1,Y-epoxy-5,6,7-
-trifluoro-l,4-dihydro-1,4-dime thyl-8-pentafluorophenylnaphthalene (29)
in 10% yield.(Scheme 2) as tﬁe only product. Its structure was supported
by 1ts elemental analysis and spectral data. In the lH n,m.r. spectrum
~ the methyl group at position 1 was observed as a singlet at T 8.55 and
the methyl group at position 4 also showed a singlet at.qf T7.95 Whi?ﬁ;
was consistent with the chemical shift of_the methyl group in compound
(24). |

Incidentally, when this work was in progress, an analogous compound
(30) derived from the aryne (26) and 6,6-dimethylfulvene was also

prepared in these laboratories. -2

(26) +

| CH3

" (30)

Earlier studies have revealed that benzyne-furan adduct behaves

as an excellent dienophile which on further Diels-Alder addition
followed by dehydration leads to higher anellated arocmatic hydrocarbons.36
Wolthuisz7 has synthesised various substituted anthracenes in this

manner. Thus, making use of the same approach, the reactions of the

16.



compounds (23) and (24%) with excess of buta-l,3-diene at 70°C for 14
"days resulted in the formation of 1,4-cyclo-adducts, 9,10-epoxy-5,6,7,8-
-tetrafluoro-l,4,4&,9,9a,lO—hexahydro—9—hethylanthracene (31) and 9,10-
-epoxy-5,6,7,8-tetrafluoro-1,4,%a,9,9a,10-hexahydro-9,10-dimethylanthracene

(32) in quantitative yield (Scheme 3). The structures (3L) and (32) were
F Fﬂ o~
N
i [
F?
FRe

R=Me , RZH (23)  R=Me, R&H (3))

Rl = R2‘—"—M€ (24 ) R’ = Rz:-_ Me (32)
. Scheme 3

consistent with their elemental analysis and spectral data. The stereo-

chemistry of (31) was assigned on the basis of a comparison of the lH

n.m.r. spectra of the adducts (31) and (33).29 In the case of (31)
the bridgehead methine proton was observed as a doublet at 7'4.94.
/gﬁ,H (endo) = 1.7 Haz. whereas the methine proton in compound (33) gave

rise to a doublet of doublets at 4.45 /gé,H (endo) and

= 1.7 Hz. .
/J/H,H (ex0) = 6.2 Hz. These observations lead Fo the conelusion that

an and H9a are endo in the compound (31).

17.



After having obtained the adducts (31) and (32) the next step was
to convert them to their corresponding anthracene defivatives. A number
of suitable routes seemed possible to obtain the required éompOunds (34)-
and (35) (Scheme 4). However, previous work38 had either failed or had
led to products which were not characterised adequately. For example, all
attempts to dehydrogenate the addducts (31} and (32) with chloranil,
dichlorodicyanofg—benzoquinone, or palladium-carbon to theif anthracene
derivatives were unsuccessful. B .

The compounds (31) and (32) apparently gave (36) and (37) when heated
under reflux with acetic anhydfide containing a small quantity of hydrq:_m 3
bromic acid.38 However, the purification of the products in these
reactions was a problem and the ylelds were alsé not good. The compounds
(36) and (37) were hydrogenated to (42) and (43) resﬁéctively. : |

In a different approach however, the adducts (31) and (32) were
' reaqted wifh bromine in carbontetrachloride at room temperature and

i
after the work-up gaﬁe the isomeric dibromides, 2,3-dibromo-9,10-epoxy-
-5,6,T,8—tetrafluoro-l,2,3,4,4&,9,9a,10-cntahydro—Q-methylaﬁthracene (38)
and 2,3-dibromo—9,lO-epoxy—5,6,7,8;tetrafluoro-1,2,3,4,4a,9,9a,10—
-octahydro~-9,10-dimethylanthracene (39) in quantitative yieid (Schenﬁ
5). The assigned structures, (38) and (39) were compatible with the
spedtral data. |

.When the compound (38) was heated under reflux in acetic acid
eontaining hydrobromic acid for 12 hours, a mixture of two compounds ﬁas
obtained which were separated by columnrchromatographyron sillca-gel.
Elution with light petroleum afforded 1,2,3,%-tetrafluoro-9-methylanthracene

(34) in 33% yield and further elution with benzene gave the expected

18.



F R ! F R F R
OO — OO~ 0
F F 5~ F 5
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"“~ — ~
R'“Me R2 H(42) R= Me R2=H(36)
R= R%=Me (43) R': R%= Me(37)

\ F l’RI - | |
a0
F ’ .
R'=Me , R2H (34) -
R .= R2=Me (35)

Scheme 4 |
1 | | - | |
o0 =
= CCl
- F Re 4 FR2
REMe , R%=H (3)) | R'_Me,Re-H (38)
R = R = Me (32) R = R%=Me(30)

Scheme S
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2,3-dibromo-5,6,7,8-tetrafluoro-1,2,3,~tetrahydro-9-methylanthracene (40)
in 65% yield (Scheme 6). The formation of anthracéne (34) is unusual but .
quite interesting as dehydraticn and dehydrobromination have oceurred in

this reaction. The structures of the compounds (34) and (40) were

l ! |
F R | F Me F R
F BrAcoki F +F Br
F gy o F F Br

F F Re

(34) B

Rl=Me , R2=H(38) RI=Me , R&H (41)
R'= R2=Me  (39) o R = R2=Me (42)

Scheme“ 6

confirmed from their spectral data. The compound (34%) had also been
38

prepéred in these laboratories by other workers and the new material
was found to be identical with the authentic sample.

Similarly, the gompound (39) under identical conditions formed the
antiecipated 2,3-dibromo~5,6,7,8-tetrafluoro-l,2,5,4—tetrahydro—9;10—
~-dimethylanthracene (41) in 84% yield (Scﬁeme 6).' The structure of
this compound was characterised by its mass spectrum. The lH n.m,r,
could not be obtalned because of 1ts very low solubilify in various
solvents,

The compounds (42) and (43) were then reacted with tetrafluorobenzyne

generated from pentafluorophenylmagnesium chloride and after the usual

20.



work-up gave rise to the expected cyclo-adduets, 1,2,3,4,5,6,7,8-
octafluoro-13,14,15,16~tetrahydro-9-methyl-triptycene (44) in 50% yield
and 1,2,3,4,5,6,7,8~0ctafluoro-13,14,15,16~tetrahydro~-9,10-dime thyl-
triptycene (45) in 58% yield (Schemé 7). The structures of these compounds

were established from thelr elemental analytical and spectral data.

F?

F R F
- |
F R

R=Me , RZH (42) | R= Me, REH (44)

R = RZ Me (43) R = R Me (45)
| Scheme 7

Likéwise, compound (41) upon reaction with tetrafluorobenzyne
“from pentafluorophenylmagnesium chloride gave the'expected.l4,l5—dibr0mo-
1,2,%,4,5,6,7,8-0ctaflucro-13,14,15,16~tetrahydro-9,10-dimethyltriptycene
(46) in 60% yield (Scheme 8)., The structure (46).was consistent with

its lH n.m.r. and mass spectra.

F
(41) -+ F@ — S F
. R =1
| F F o Me
Scheme § (46)

However, when compound (40) was allowed to react with an excess of

tetrafluorobenzyne generated from pentaflucrophenylmagnesium chloride,

al.



1,2,3,4,5,6,7,8-octafluoro-9-methyltriptycene (%#7) was the only product
isolated in 55% yield (Scheme 9). Benzyne in its reactions has been

found to dehydrogenate various substrates.la In thls particular reaction
. formal dehydrobromination has cccurred. It is possible that the initial
adduct was debrominated by the excess of magnesium present in the reaction
mixture and the dihydrbtriptycene thus produced gave rise to the product
isolated. The structure of the compound (47) was compatible with its

analytical and spectral data.

Schemé 9

The compound (4#6) was debrominated very cleanly with magnesium in
ether and after the standard work-up gave 1,2,3,4,5,6,7,8~0ctafluoro-

'-13,16-dihydro-9,10~dimethyltriptycene (48) in 85% yield (Scheme 10).

Scheme lo (48)
The compound (48) was characterised by 14 n.m.r. and mass
spectrometry.
The final step in the synthesis of dihydrobenzenoanthracene deriv-

atives, therefore, is to dehydrogenate the adducts (44}, (45) and (48)
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to tﬁe required products. Thus, (44), (45) and (48) on heating with
palladium-carbon at 240—27000 under an atmosphere éf nitrogen resulted

in the formation of (47) and 1,2,3,4,5,6,7,8-Octafluor§-9,lO—dimethyl-
triptycene (249) in high yield (Scheme 11). The structure of the compound
(49) was established from its elemental analysis and spectral data. The
compound (47) was also obtained in high yield from the reaction of tetra--

fluorobenzyne with anthracene (34). F
. E I |
F Me F
F | F ~
F

(34)
Pd/C

Rlz ME,R%-‘H (47)

Scheme 1

(48)

Long-range

19F‘——-—lH spin-spin coupling was studied from the

lH n.m.r. spectra of the various compounds described above. It was

noteworthy that all those compounds containing'an bxygen bridge showed

19

very small F“——;H spin-spin coupling. The methyl resonances in the

23.

R = RAMe (49)



compounds (23) and (24) in which a methyl group is in a peri-relationship

to a fluorine atom are slightly broadened. Thej do not show the pronounced

1 . .
long-range 9F——-1H spin-spin coupling which has been observed in the

benzobarrelene derivatives, for example, in the compound (50) \BJHF\iS

5.1 Hz.jo

F
F

F Me
(50)

191?"—~1H spin-spin coui)ling in the

The absence of appreclable
compounds (23), (24), (27), (28), (29), (31), (32), (38) and (39) may be
assoclated with the presence of the electronegétive bridging group in
these molecules. On the other hand, the compounds without the oxygén _

19

bridge gave rise to pronounced long-range F———lH spin-spin coupling.
In the compounds (44-49) for instance, the methyl resonances were observed

as triplets \BJHF‘ ca, 6 Hz. All these results are given in Table 1.

ok,



Table 1

Compound R R d

1 2 lH__l9F lH_;__l9F
'Rl R2
23 Me H Peak broadening on}.y 2Hz.
ok Me Me ' " " " |
o7 Me H " " " PHz.
28 H Me " " "
29 Me | " Me o -" "
31 - Me q woooon "
32 Me | Me i " "
-3 Me . H 6 ﬁz. -
36 | ‘ Me H 6 Hz. | -
28 Me H Peak broadening only
39 Me Me L. "
%0 Me H ' 5.1 Hz.
41 - Me .' Me lH n.m.r. spectrun was not recorded.
4y | Me H 6 Hz. : 1.6 Hz.
46 | Me Me 6.35 Hz. -
Wy Me H 5.95 Hz. , | 1.6 Hz.
48 Me Me 6 Hz. -
s : Me | Me 6 Hz. B -
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Experimental

General -

‘Mélting points were detérmined on a Kofler hot~stage épparatus and 
are uncorrected. All compounds were colourless solids unless otherwise stated.

All reactions involving orgénolithium or Grignard reagehts wefe carried
out in a.glaséware drigd overnight at lEOoC and under an atmosphere of
oxygen free nitrogen. Anhydrous magnesium sulphaﬁe was used as a drying
agent for organic solutions unless othefwise stated. The.solvents were
dried and purified by standafd_procedufes.r Light petrpleum feférs‘to the
fraction b.p. 60-80°C unless otherwise stated..

Thin layer chromatogfaphy was carried out using siliéa—gel (Merck PF254).
Colum chromatography was carried oubt with silicangei (Fisons) and-'CAMAG'
alumina (Brockmann activity 1).

Analytical g.l.c. wés carried out using a Pye 104 series chromatograph
on5ft. colums of (a) 20% 8.8, 30 on chromosorb W and (b) 10% APIEZON.Z on
chromoserb W, using a hy&roaen flame. ionisation détector. |

Infra-red spectra were deterﬁinea for potassium bfomide discs in fhe
case of solids or as thiﬁ £ilms in the case of liquids unless otherwise
stated, on a Perkin-Elmer 257 spectrometer. Ultra-violet spectra were
. @etermined with a Unicam SP 8000 spectroﬁhétbmeter. 1H N.m.r. spectra
were determined using Perkin-Elmer 60 MHz. R1O and 90 MHZ..RBQ iﬁStfuments
using tetramethylsilane as an internal standard:- lH n.m.r. spectfa at‘

220 MHz. and 100 MHz. were reéorded at the'P.C.M.U._(Harwell). Mass

spectra were recordéd on aﬁ AE,I, MS12 spectrometer and high resolution
masé measurements were carried out ét the P.C.M.U, ~ Molecular weights of
bromo~ and chloro-compounds as determined by mass spectrometry correspond

40 the major molecular ions in the isotopic clusters.
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1. Preparation of 2,5-—dimethylfuran.32

Hexane-2,5~dione (114 g.), acetic anhydride (112 g.), and zinec
chloride (1 g.) were placed in a round bottom flask and after the exo-
thermie reaction had subslded the mixtﬁre was heated under reflux for
3 hours. On cooling the reaction mixture was made alkaline with sodium
hydroxide (6N) and steam distilled. The organic phase was separated,'
driled (NaESOl}) and distillation of the crude product gave 2,5-dimethyl-

furan (22), (498., 52%), b.p. 94-96°C (11t.”" b.p. 93-94°C).

27.



2. Reaction of tetrafluorobenzyne with 2-methylfuran.

A solution of n-butyl-1ithium (25 ml., 0,06 méle) was added dropwise
to a stirred solution of bromopentafluorobenzene (12.4 g., 0,05 mole) in
ether (100 ml.) at -70°C. After a further period of 30 minutes at -70°C
2-methylfuran (12.2 g., 0.15 mole) in ether (30 ml.) was slowly introduced
into the reaction flask, The reacfion mixture was then allowed to warm
t0 room temperature and after about 12 hours was washed with diiute
hydrochloric acid, water, and dried. The solvent was removedland

distillation under reduced pressure afforded 1,4-epoxy-5,6,7,8-tetrafluoro-

1,4-dihydro-l-methylnaphthalene (23) (7 g., 61%), b.p..5O—5200 at 0.3 mm
Hg., m.p. 26-28°%¢ (from methanol),

Preparative t.l.c., of the residue left after the distillation of .
(23) gave three products.
(a) More of compound (23}, (1.1 g., 10%), thus increasing the overall
yield to Ti%. -
lH n.m.r. (CDClj) T 2.8-3.15 (m., 2 olefinic protons), 4.1 (t.,

. bridgehead proton), and T7.95 (s., 3 methyl protons).

' vfmax- 3000, 2960, 1500, 1400, 1310, 1280, 1200, lLSO, 1120, 1040, 1000,
940, 860, 835, 725 cm. -
?\'ma;c-(ethanol) 265 (log€ 2.78) nm.. .
Found : C; 57.55; H, 2.85%; M (mass spectrometry), 230. C11HeFu0

requires C; 57.4; H, 2.65%; M, 230. '

(b) 1,4~epoxy-6,7,8~trifluoro-1,4~dihydro-1~methyl-5-pentafluorophenyl -

naphthalene (28), (1 g., 5%), m.p. 130°C (from light petroleum).
1H n.m.r. (CDClj) T 2.8-3.15 (m., 2 olefimic protons), 4.65 (m.,

bridgehead proton), and 7.95 {s., 3 methyl protons).

28.



 vax, 3000, 2955, 1660, 1645, 1530, 1500, 1420, 1395, 1365, 1300,
1280, 1220, 1200, 1140, 1130, 1080, 1050, 980, 900, 840, T50, T30
and T15 em. T ‘

Found: C, 53.95; H, 2.0%; M (mass spectromztry), 378. ClTH6F80 requires
¢, 53.9; H, 1.6%: M, 378; m/e 378, 362, 352 and 335; and

(e) l,4-epoxX—B,6,T—trifluoro-l,u-dihydro-l—met@yl-B-pentafluorophenyl—

naphthalene (27), (0.5 g., 2.5%), m.p. 148-15000 (from hexane).
lH n.m.r. (CDCl3) T 2.7-3.2 (m., 2 olefinic pfotons), 4,05 (m.,
bridgehead proton) and 8.52 (s., 3 methyl protons).

1/ A 1640, 1500, 1465, 1390, 1300, 1135, 1065, 980, 860, 830 and

722 om. ™t

Found: C, 54%.1; H, 1.65%; M (mass spectrometry), 378. ClTHGFSO requires

C, 53.9; H, 1.6%; M, 378; m/e 378, 362, 352, 335.
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2. Reaction of tetrafluorobenzyne with 2,5-dimethylfuran.

The reaction was carried out as described in the case of 2-methyl-
furan and the usual work-up afforded 1,4-e¢poxy-5,6,7,8-tetrafluoro~

~1,4-dihydro-1,4-dime thylnaphthalene (24), (8.1 g., 66%), b.p. 56-58°C

at 0.2 mm Hg., m.p. 52-5400 {from methanol).
lH n.m.r. (CDClj) T 3.1 (m., 2 olefinie protons), 8.0 (s.,
6 methyl protons). |
\ max, 2990, 2960, 2920, 2860, 1500, 1405, 1390, 1310, 1270, 1160,
1140, 1030, 890, 830, 722 cm.
7\ i (ethanol) 264 (log€ 3.01) nm.
Found: C, 58.85; H, 3.45%; M (mass spectrometry), 244.
‘ 012H8F40 requires C, 59.0; H, 3.3%; M, 244; m/e 244, 229,
218 and 203.
The residue left after the distillation of (24) was placed on a
colunn of.neutral alumina. Elution with light petroleum gave

1,4~epoxy-5,6,7-trifluoro-1,4~dihydro-1,4-dimethyl-8-pentafluorophenyl-

naphthalene (29), (1.8 g., 10%), m.p. 140-141°C (from light petroleum).
i n.mor. (CDClj) T 3.1 (s.,'e‘olefinic protons ),

7.95 (s., 3 methyl protons) and

| 8.55 (s., 3 methyl protons).

v max. 2960, 2930, 2860, 1650, 1505, 1465, 1375, 1160, 1140, 1060,

990, 890, 860, 830, 735 and 725 em. ™t '
Found: C, 55.0; H, 2.1%; M (mass spectrometry), 392.

C, gHgFg0 require C, 55.1; H, 2.05%; M, 392; m/é 392, 376, 365,

349, 329, 310, 279 and 273.
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4. Reaction of 1,4-epoxy-5,6,7,8-tetrafluoro-1,4-dihydro-1-methyl-

navhthalene (23) with buta-l,3~-dlene.

A mixture of compound (23), (2g., 0.01 mole), hydroquinone (ca. 10 -
mg.) and buta-l,3-diene (1.l g., large excess) was heated in a sealed

tube for 14 days at 70°C and the work-up gave 9,10-epoxy~-5,6,7,8-

tetrafluoro-1,4,4a,9,9a,10-hexahydro-9-methylanthracene (31), (98%),

m.p. 62-63°C (from methanol). ‘

lH n.m.r. (CDClj) T 4,01-4.13 (m., 2 olefinic protons, 4.94 (d.,
bridgehead proton, I.J,= 1.7 Hz.), 7.37-8.20 {m., 6 protons), and
8.22 (é., 3 methyl protons). | _ -

V max, 3050, 3035, 2015, 2065, 2910, 2855, 1640, 1500, 1455, 1400,
1290, 1150, 1030, 855 and Ti2 cm. _ B

A max. (ethanol) 280 (log € 2.09) and 261 (2.51) nm.

Found: €, 63.1; H, 4.3%; M (mass spedtrometry), o84, 01'51-11215‘40

requires C, 63.4%; H, 4.25%; M, 284,

3.



5. Reaction of 1,4-epoxy-~5,6,7,8-tetrafluoro-1,4-dihydro-1,4-dimethyl-

navhthalene (2%) with buta-l,3-diene.

A mixture of compound (24), (2.4% g., 0.011 mole), hydroquinone
(ca. 10 mg.) and buta-l,3~diene (1.1 g.) was heated In a sealed tube as

described in the pre#ious experiment and the usual work-up yielded 9,10-

gEQEXTS,G,7,8-tetrafiuoro~l,4,4a,9,9a,lO-hexahydro—9,1O—dimethylanthracene

(32), (2.98 g., 100%), m.p. 84-85°C (from methanol ).

lH n.m.r.(CDClj) T 3.97-4.1 (m., é olefinic¢ protons), 7.55-8.20
(m., 6 protons) and 8.25 (s., 6.methy1 protons ).

V' max, 055, 2920, 2860, 1495, 1460, 1410, 1390, 1380, 1290, 1235, 1160,
1100, 1070, 1030, 900, 860 and T10 cm. ™t

?\nmx_ (ethanol)} 280 (log € 2.02) and 260 (2.44) nm.

Found: C, 64.65; H, 4.75%; M (mass spectrometry) 298. Cl6Hi4Fho

requires C, 64.45; H, 4.75%5 M, 298.
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6. Reaction of 9,10-epoxy~5,6,7,8-tetrafluoro-l,4,4a,9,9a,10-hexahydro~

~9-me thylanthracene (31 ) with bromine.

Bromine (3.0 g., 0.018 mole) was added drépwise at room femperature
to a stirred solution of (31), (5.0'g., 0,019 mole) in carbon tetrachloride
(100 ml.). After the addition of bromine the reaction mixture was kept
at room temperature for a further period of 4 hours. The solvent was
removed under reduced pressure to give an iéoﬁeric mixture of the .
dibromldes, 2,3-dibromo-9,10-epoxy-5,6,7,8-tetrafluoro-1,2,3,4,4a,9,%.,
10-octahydro-9-methylanthracene,(38), (7.7 g., . 97%), m.p. 116-121% -
(from benzene). |
4 n.m.r. (CDClj) T 4.82 (m., one proton), 5.17 (m., one proton,

5.65 (m.,.One proton), 7.85 (m., 6 protons), and 8.18 (s.,
3 protons). -
.meax.. 3100, 2980, 2930, 1500, 1405, 1295, 1155, 1110, 1050, 1010,
975, 935, 835 and 700 om.
M.W. M (mass spectrometry), 444; m/e 446, U4k and 442, clSHleBr2F4O

requires M, 444,
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7. Reaction of 9,10-epoxy-5,6,7,8-tetrafluoro-1,4,4a,9,9a ,10-hexahydro-

9,10~-dimethylanthracense (32) with bromine.

Bromine (1.1 g., 0.007 mole) was added dropwlse at room temperature'
to a well-stirred solution of (32), (2.0 g., 0.07 mole) in carbon
tetrachloride (50 ml.). The usual work-up afforded 2,3%-dibromo-
-9,10-epoxy-5,6,7,8-tetrafluoro-1,2,3,4,4a,9,%a ,10-0ctahydro-9,10-
-dimethylanthracene (39), (3.0 g., 99.5%), m.p. 120-122°C (from
benzene ). | l
lH n.m.r. (CDClj)‘T'5.2 (m., one proton), 5.75 (m., one proton),

7.8-8.1 (m., 6 protons) and 8.2 (s., 6 protons).
| ¢ e, 1500, 1460, 1410, 1390, 1380, 1300, 1290, 1240, 1150, 1105,

10%0, 910, 860 and T10 em. L o |
MW, M (mass spectrometry), 458; m/e 460, 458, and 456. Cl6quBr2F4Q

requires M, 458.
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8. Action of acid on 2,3-dibromo-~9,10-epoxy-5,6,7,8-tetrafluoro-

~l,213,4;4a;9,9a,lO~octahydro—9-methylanthracene (38).
A mixture of compound (38), (5.2 g., 0,011 m;le), acetic acid
(70 ml.) and hydrobromic acid (11 ml.) was heated under reflux for
12 hours. The standard work-up gave a mixture of two compounds which
were separated by .column chromatography (silica-gel) and yielded :
(a) 1,2,3,4-tetrafluoro-9-methylanthracene (34), (1.0 g., 33%),
m.p. 239°C (from light petroleum).

lH n.m.r. (CD013) T 1;6-3.5 (m.,.5 protons), 7.35 (4., 3 protons),

[p = 6+ Hz. ) ) -
7\' i (cyclohexane ) 386 (log € '4.01), 366 (4.10) an&_i 347 (3.93) nm.
MW, M (m-ass spectrometry), 2_64. 015H8F4 requires M, 264; and
(b) 2,3-dibromo-5,6,7,8-tetrafluoro-1,2,3,4-te trahydro~9-methylanthracene '
(30), (3.2 8., 65%), m.p. 150-15.°C (from benzene).

Y nom.r. (CD013) T 2.28 (br.s., 1 proton), 5.12 (m., 2 protons},

5.5-6.8 (m., 4 protons)}, and 7.28 (ci., 3 protons, /J/H-F = 5.1 Hz.).
Y ax.

1270, 1180, 1155, 995, 920, 890, 870, 815 and T35 cm.”

3000, 2960, 1680, 1615, 1590, 1515, 1490, 1455, 1400, 1360,

1

A max (cyclohexane ) 302 (log € 3.64), 2910(3.77), 282 (3.75) and
281 (3.75) nn. | a |

MW, M (mass spectrometry), 426; m/e 428, 426 and 424,

C15th oBroFy

requires M, 426.
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9. Action of acid on 2,3%-dibromo-9,10-epoxy-5,6,7,8-tetrafluoro-

1,2,%,4,4a,9,9,10~0ctahydro-9,10-dimethylanthracene (39).

A mixture of compound (39), (2.0 g., 0,004 mgle), acetic acid
(50 ml.) and hydrobromic acid (4 ml.) was heated under reflux for
11 hours. The usual work-up gave 2,3—dibromo—5,6,7,8;tetrafluoro-
l,2,334¥tetr'ahydr'0—9,ld-dimethylanthracene (#1), (1.6 g., 84%), m.p.
226-227°C, needles (from benzene).
{MLE%QE%&E%Ql&mlﬁ&-Bﬁ,ﬂw,ﬁﬁ,ﬂﬁ:ﬂw,

1080, 1010, 930, 900, 830 and 722 cm.”t |
7\nﬁx. (cyclohexane) 297 {log € 3.75) and 286 (3.72) nm;
MW. M (mass spectrometry), 440; m/e 44?, Ao and 438.

Cl6H12Br2F4 requires M, 440,
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10. Reaction of tetrafluorobenzyne with 5,6,7,8-tetrafluoro-1,2,3,4~

-tetrahydro-9-methylanthracene (42).

A solution of chloropentafluorobenzene (0.5 g., 0,0025 mole) in

.ether (15 ml.) and l,e—dibromoethane.(o.a g., 0,0012 mole), were added
dropwise to a suspension of magnesium (0.1 g., 0.004 mole) in ether (10

ml.) during 30 minutes at room temperature. After the additions were

complete the reaction mixture was stirred‘at this temperature for a further

period of 1 hour. A solution of compound (42}, (0.4 g., 0.0015 mole)

in cyclohexane (30 ml.) was then added.to this, and the ether was replaced
“with cyclohexane by distillation until the temperature of the distillate.

reached _80°C. The reaction mixture was then heated under reflux form

5 hours and after a further period of 12 hogrs at room temperature was

acidified with hydrochloric acid (QNj. The organic layer was separated

and the aqueous phase was extracted with ethér (2 x 50 ml.,). The combined
"organic layers were washed with water,‘dried, and the solvent‘was removed
under reduced pressure, The residue on column chromatograﬁhy overrsilica-

gel and elution with light petroleum gave 1,2,3,4,5,6,7,8~0ctafluoro-

13,14,15,l6-tetrahydro-Q—methyltriptycene (44), (0.3 g., 50%) m.p. 238~

240°C (from light petroleum).

1 .
H-n.m.r. (CDClj)'T'4.5T (t., one proton, /@ﬁ_F = 1.6 Hz.),

7.62 (t., 3 protons, /géhF = 6.0 Hz.),
7.75 (m., 4 protons), and 8.5 (m., 4 protons).

v/ max, 2950, 2900, 2875, 1500, 1480, 1060, 1000, 975, 815 and

765 cm.—1

?\ ma;é (ethanol) 258 (1086 3.09) nm.

Found: C, 60.3; H, 2.95%; M (mass spectrometry) 416. CoHyp

F8 reguires

¢, 60.6, H, 2.9%; M, ¥16.
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11. Dehydrogenation of 1,2,3,4,5,6,T,B-octafluoro—l},l4;L5,16—

tetrahydro-9-methyltriptycene (44 ).

Compound (44), (88 mg.) was heated with palladium (10% on carbon; 60
mg. ) at 25000 under nitrogen for 4 hours. The cold residue was extracted

with ether and afforded 1,2,3,4,5,6,7,8-0ctafluoro~9-methyltriptycene

(47), (48 mg., 56%), m.p. 204-205°C, needles (from light petroleum).
lH n.m.,r. (CDClj)*Q” 2.3-2.9 (m., 4 protons, 3.8 {t., 1 proton,
/J/H——F = 1.6 Hz.), and 7.25 (t., 3 protons, IJ[H_F = 5.95 Hz.).
\rmax‘f 3040, 2965, 1500, 1290, 1110, 1060, 1000, 975, 890, 815 and
765 cm.h1
Found: C, 6L.25; H, 2.0%; M (mass spectrometry), L412.
CoqHgFg requires C, 61.,15; H, 1.95%; M, 412,-“ m/e uie, 97,
378, 347.

'12. Reaction of tetrafluorobenzyne with 2,3-dibromo-5,6,7,8~

tetrafluoro-1,2,3,4-tetrahydro-9-methylanthracene (40).

Chloropentafluorobenzene (2.0 g., 0.01 mole) in ether (30 ml.) and
1,2-dibromoethane (0.94 g., 0,005 mole) were added dropwise to a sus-
;Ensién of magnesium (0.36 g., 0,015 mole) in ether (30 ml.) during
30 minutes at room temperature. The reaction mixture was then stirred
at this temperature for a further period of one hour. The compound (40),
(0.8 g., 0,0019 mole) in cyclohexane (30 ml.) was added and the ether was
replaced by cyclohexane by distillation until the temperatufe of the
distillate reached 80°C. The reactién mixture was then heafed under reflux
for 6 hours and after a further period.of 12_hours at room temperature
was acidified with hydrochloric acid (eN). .The usual work;up followed
by colum chfomatography over silica-gel and elution with light petroleum
gave 1,2,3,4.5,6,7,8-0ctafluoro~-9-methyltriptycene (47), (55%), m.p.

and mixed m.p. 204—20500; i.r. spectra identical.
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13. Reaction of tetrafluorobenzyns with 1,2,3,4-tetrafluoro-g-methyl-

anthracene (34).

A solution of compound (34), (0.8 g., 0.003 mole) in cyclohexane
(30 ml.) was added to a solution of péntafluorophénylmagnesium chloride
[from chlorOpéntafluorobenzene (2.0 g., 0,010 mole ), magnesium (0.36 g.,
0,015 mole) and 1,2-dibromoethane (0.94 g., 0,005 mole)]} in ether and fhe
ether was then replacéd with cyclohexane by distillation. The reaction
mixture was heated under reflux for 6 hours and allowed.td stand at room.
temperature for a further period of 12 hours. It was then acidified with
hydrochloric acid (QN). The standard work-up and c¢olum chromatography
ovér silica-gel yielded 1,2,3,4,5,6,7,8-octafluoreo~-9-methyltriptycene
(47), (60%), m.p. and mixed m.p. 204-205OC; i.r. spectra identical.

14, Reaction of tetrafluorobenzyne with 5,6,7.8-tetrafluoro-l,2,3,4-

tetrahydro-9,l0~dimethylanthracene (43).

A solution of the compound (43}, (0.28 g., 0,001 mole} in-cyclohexané |
(20 ml.) was added to a solution of pentafiuorophenylmagnesium chloride
[from chloropentafluorobenzene (0.2 g., 0,001 mole), magnesium (0.036 E.,
0.0015 mole )} and l,2—dibroﬁoethane.(0.0005 mole}] in ether (10 ml.) and |
the reaction was repeated in the same fashion as described under experiment
Number 1C. The usual work-up followed by.columnchromatograpnyover silica-

gel gave 1,2,3,4,5,6,7,8~o0ctafluoro-13,14,15,16-tetrahydro-9,10-dime thyl-

trigticene (45), (58%), m.p. 262-265°C (sublimes) (from hexane).
lH n.m.r. (CDClj) T 7.5547.90 (m., lO_proténs) and 8.40-8.60

(m., 4 protong). . |
V max., 2020, 2950, 2870, 1635, 1615, 1490, 1294, 1110, 1057, 890,

830 and T30 em. ™t
mmw:c,6L3;H,3A%;M(mmssmcwmmmelgm\%ghﬁ%:e¢ums

Cc, 61.%; H, 3.3%; M, 430.
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15. Dehydrogenation of 1,2,%,4,5,6,7,8-0ctafluoro-1%,14,15,16-

tetrahydro~9,10-dimethyltriptycene (45).

A mixture of compound (45}, (100 mg.) and palladium (10% on carbon;
70 mg.) was heated at 26000 for five hours under an atmosphere of N2.
The cold residue was extracted with ether and work-up then gave 1,2,3,4,-

5,6,7,8-00taf1uoro—9,lO—dimethyltriptycene (49), (72%), m.p. 225—22700,

eolourless needles (from light petroleum).

lH n.m.r. (CDClj)¢'2.38-2.95 (m., &4 protons),'and 7.30 (h., 6 protons,

| [J[H_F = 6 Hz.).

mfnmx 1620, 1480, 1385, 1330; 1105, 1055, 1040, 895, 865, 810 and

752 om. "t

Found: C, 62.1; H, 2.45%; M (mass spectrometry), 426, C requires

ooth ofg
c, 61.95; H, 2.35%; M, 426.

16. Reaction of tetrafluorobenzyne with 2,3-dibromo-5,6,7,8-tetrafluoro-

1,2,%, 4-tetrahydro-9,10-dime thylanthracene (h1).

A solution of pentafluorophenylmagnesium chloride [from chlofopenta—
fluorobenzene (1.0 g., 0.005 mole), magnesium (0.18 g., 0,0075 mole) and
1,2-dibromoethane (0.47 g., 0.0025 mole )] in ether was prepared in the.
usual manner and to this was then added a solution of compound (41),

(0.85 g., 0.002 mole) in eyclohexane (40_mi.). The reaction was repeated
in é manmer describsd under the experiment Number .10. The standard work-up
and column chromatégraphy over silica-gel afforded 14,15—dib£§m951,2,3,4,—
5,6,7,8-octafluoro~13,14,15,16-tetrahydro~g,10-dime thyltri ptycene (46), -
_(0.67 g., 60%), m.p. 201.-204°¢, colourless rods (from light petroleum).
Y n.m.r. (eDC1,) T 5.5 (br. s., 2 protons), 6.45-7.35 (m., 4 protons)
and 7.65 (t., 6 protons, IJIH_F = 6.35 Hz.).

v/ max. 2960, 3000, 2900, 1610, 1500, 1405, 1330, 1280, 1210, 1110,

1050, 990, 890, 860 and TLO emt

BreEé

M.W. M (mass spectrometry), 588; m/e 590, 588 and 586. Conlly 5

requires M, 588.
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~17. Reaction of 14,15-dibromo-1,2,%,4,5,6,7,8-octafluoro-13,14,15,1.6~

tetrahydro-9,10-dimethyltri ptycene (46) with magnesium.

A suspension of magnesium (0.1 g., 0,004 mole) in ether (10 ml.)
was activéted by the addition of l,2-dibromoethane (a trace) and a
, solution of the dibromo-compound (46), (0.105 g., 0.00017 mole) in ether
(5 ml.) was added to it. The rea;tion mixture was stirred at room
temperature for 4 hours and thenlthe ether was replaced with cyclochexane 7
(20 ml.) by distillation as usual and the reaction was cafried out for a
further periocd of 4 hours at 80°C. The standard work-up gave 1,2,3,4,5,~
 6,7,8-octafluoro-13,16~-dihydro-9,10-dime thyl triptycene (#8),_(0.065.g.,
 85%), m.p. 240-243°C (from lizht petroleum). | | o
lH n.m.r. (CDClj) T 4.32 (s., 2 protons), 7.05 (s., 4 protons) and
7.62 (t.,_6 protons, ,JIH-F = 6 Hz.).
M.W. M (mass spectrometry), 428; m/e 428, 413, 398, 374 and 351.

c Fg requires M, 428.

22Hi2
18. Dehydrogenation of 1,2,3,4,5,6,7,8-cctafluoro-13,16-d1ihydro~9,10~

dimethyltriptycens (48).

A mixture of compound (48), (60 mg.) and palladium (10% on carbon;
50 mg. ) was heated at_240—27000 for 4 hours. The cold residue was
extracted with ether and after the work-ub gave 1,2,3,4,5,6,7,8-
octafluofo—9,ld-dimethyltriptycene (%9), (40 mg . 66%), m.p. and mixed

m.p. 225-22800; i.r. spectra identical,

hi.



CHAPIER 2

FLASH VACUUM PYROLYSIS OF SOME 1,4-BRIDGED-1,2,3,4-

TETRAHYDRONAPHTHALENE DERIVATIVES




INTRODUCTION

The technique of Flash Vacuum Pyrolysis39 (F.V.P.) has intrigued
a number of ofganic chemists during the paét few years. This new teehniéue.
has enabled new compounds to be prepared which have fascinated organic
chémists for years both from a theoretié?;nd synthetic standpoint. Many
have previously been considered as transient species or were unknown.
Pyrolysis played a significant role in the early development of
organic chemistry because it was one of the main r0ut§s'of obtaining new
ofganic compounds., The majority of tﬁe earlier wbrk on pyrolytie reactions

0 Interestingly, apart from a few thermal reactions

was collated in 1929.)+
of synthetic use, this area of chemistry was not much exploited. This was’
because many of the pyrolysis products under prolonged exposure times at
high teﬁperatures underwent uncOntrolled secondary reactions, resulting_ |
in the formation of complex mixtures of products. Wittig and Pohmer6, fof
instance, ended up with a polymeric isobenzofuran when they heated the
compound (51) with copper powder at 18000. Another intefestingbexample is
the pyrélysis of the related compound (52) which gave even more complex

results.lLl

o

N 180 N - | N
\Y . \
NN —>CU 4 ' n E}N
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i [ sy ¢ HCN +F

However, uéing (F.V.P.); in which the organic substrate is only
exposed to high temperatures for a very short peried of time, many of
the more complicatedrside reactions are avolded. The procedure.is quite
straightforward and the pyrolysis ppoducts are freguently cobtained in
high yield. |

| Although certain éubsﬁituted isobenzofuran and isoindole derivatives

are étable and have been described in the literature for many years, the
parent systems were, until recently, only éhown'to exist as transient

k2,43

reaction intermediates. It is only within the past two years that
isobenzofurah (53)44 and isoindole (54)45 have been isolated and sbme
light has been thrown on their high reactivity and low stability. Thus,
the compound (55) on passing through a quartz tube at 65000 has been
found to give a quéntitative yileld of isobenzofuran (53)44 which readily

forms adducts (56) with various dienophiles.

43,



(56)

wOrkeru in these laboratorles have obtained the tetrahalogenoiso~
benzofurans (57; X = F or Cl) quantitatlvely by F.V.P., of the compounds
(58; X = F or Cl) at 600 C.}5 Spectral and other available data indicate
that the preéence of four electron withdfawing substituents in the homo-
cyolic ring of iéobenzofuran have a pronounced effect on the stability of

these compounds. Thé stability decreases in the order tetrafluoroisobenzo-

funnlﬂﬁtrachloroisobenzofurmﬁ>isobenzofuran.27b‘ 46 The compounds

(57) form endo- and exo-cycloadducts with N-phenylmaleimide.

‘Ph

VY

X
X - 6SOC X = 5
o.5mm Hg X =~
X
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Interestingly, the compound (59) on heating af 120°¢ for one week
in degassed ethanol or benzene loses‘éthylene aﬁd prodﬁces tetrafluoro-
ﬁN—méthylisoindole (60) in.a quantitative jield.46 - This compound was
found to have a much greater stability than N-methylisoindole. ‘iﬁ
reacts with N-phenylmaleimide at 120°C to glve a 1:1 mixture of endo-
and exo-cycloadducts. The remarkable stability of this'system is ascribed
to the fact that the N-substituted isoindoles exist only in the o~-quinonoid

¥7

form. Furthermore, more recent observations of Bornstein and his co-
workersnB"indicate that the greater stability of tetrafluoroisocindole
than that of the parent compound is attributed to the presence of fl_uoriné

substituents in the system. TIsoindole (54),45 an exceedingly reactive
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compound, was elegantly obtained by the pyrolysis of compound (61) at 50000
and has been shown to exist in both the o-quinonoid (54) and isoindolenine

(62) structures.45’48

H

C) —OMe
A 559 QA

c-olmm Hg _
(61) | | o (62)
INH | NPh
— “ N\,
[] "NPh s NH

(54)

Likewise;'various other retro-Diels-Alder reactions have been
carried out by flash vacuum pyrolysis and their chemistry explored.39’49
The compound (63) suffers retrogression at SOOOC to give rise to benzo-

cyclobutenedione (64) in a high yiel@.BO

| ) | o 0 o
)
| o o
(63) | |
‘p |
—O X Q}
(64)

Another useful synthetic potential of F.V.P. is illustrated in the

v
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coupling reactions. Hashimoto and his co-workers have found5%hat monchalo-
genonitriles (65) at 800-1000°C lead to the formation of compounds (66)

and (67) in good yields.

NC /H NC

2XCH,CN 8oo- '°°°C~ C==C c———-—c<

(65) H (66) \CN H/

67 N

Furthermore, the F.V.P. technique has not only been applied to

synthesise compounds, but its utility has also been realised in studies
7,50 He

of highly reactive short-lived species such as benzynes, carbenes,

and nitrenes.53
Work was therefore initiated to investigate the reactions of the

compounds [(79)-(82)] under flash vacuum pyrolysis conditions.
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DISCUSSION
The fulvenes, compounds containing the structural molety (68) have

54

been known for a long time. These compounds behave both as dlenes~ and

55

as dienophiles”™ in Diels-Alder reactions although the former type of

reactivity is more common.

(68)

6,6-Dimethylfulvene (69) undergoes 1,4-cycloaddition reactions with
56 35,57

enzyne and with tetrahalogenobenzynes. In the present investig-
ation, 6,6—dimethylfulvene (69)58 .ami6,6—diphenylfulvene (70)5? were
prepared by tﬁe standard literature procedures. Following Muneyuki and
Tanida's?C method the reaction of fulvens (69) wi.th benzyne afforded
‘l,4~dihjdro—9—isopr0pylidene—l,4—methanonaphthalene (T1) in an improved
yileld of 42% (Scheme 1%4). Similérly, fulvene (70) was reacted with
benzyne generated by the aprotic diazotisation of anthranilic acid and
after the work-up gave the adduct 134—dihydro—9-(diphenylmethylene)—
-1,4-methanonaphthalene (72) in a high yield (88%) (Scheme 14). The
structure (72) was compatible with its analytical and spectral data..

The reactions of 6,6-dimethylfulvene (69) with tetrafluorobenzyne

generated from pentafluorophenyl-lithium and wiﬁh tetrachlorobenzyne

formed by the aprotic diazotisétion of tetrachloroanthranilig aéidso
each produced the expected eyecloadducts 5,6,7,8-tetrafluoro-1,4-dihydro-
-9-isopropylidene—l,4-methanonaphthalene‘(73) in 35% yield and 5,6,7,8~
-tetrachloro-1,4-dihydro-9-isopropylidene-1,4-me thar-lona phthalene (T4) in
219 yield (Scheme 14). The structures of the compounds (73) and (74)

were consistent with their spectral data. Interestingly, in the reaction

48.



of the fulvene (69) with tetrafluorobenzyne using a 1:1 ratio of the dicne

R R

R=Me (69)
R=Ph (70)

Scheme 14

and pentafluorophenyl-lithium, two additional compounds (30) and (75) were

also isolated.35’57

Me F F F_F

The catalytic hydfogenation of compound (73) has been carefully investig;
ated.35’57 If has been shown conclusively that, in spite.of the presence of
di; and tetra-substituted double bonds in the molecgle, the hydrogenation.
in the presence of palladium-carbon at room temperature proceeds with the
rapid uptake of 2 molar equivalents of hydrogen resulting in the formatioﬁ
of compound (76). G.l.c. however, showed the formation of two intermediate

hydrogenation prodﬁcts. When the ﬁydrOgenation was carried out at OOC in

4o,



the presence of a small quantity of the catalyst, a break in the uptake

of hydrogen oceurred after exactly oné molar equlivalent of hydrogén had

been taken up, and the dihydro-derivative (8Ll) was Oﬁtained in a high yield.
Moreover, the hydrogenation of compound (8l) has been shown to proceed via

a compound (78) which on further hydrogenation gave rise to the compound (76).
(Scheme 15). The ériving force for the isomerisation of the double-hond was
attributed to the release of strain associated with the bridging spe—hybridised

carbon atom in compound (81). This presumably also explains the room

temperature hydrogenation result.

Scheme 15 F (76) .

The adducts [(71)-(T74)] were therefore selectively hydrogenated in
the presence of balladium-carbon at OOC and in each case the reaction was
terminated after'the uptake of one molar equivalent of hydrogen. The
standard work-up produced 1,2,3,4—tetrahydro—9—iSOpropyiidene-l,4—methanoe
naphthalene (79), 1,2,3,4-tetrahydro-9-(diphenylmethylene }-1,4-methano- .

naphthalene (80), %,6,7,8-tetrafluoro-1,2,3,4-tetrahydro-9-isopropylidene-

50‘



1,4-methanonaphthalene (81) and 5,6,7,8-tetrachloro-1,2,%,4-tetrahydro-
—9-is§pr0pylidene—l,4—methanonaphtha1ene (82) in high yield (Scheme 16).
The structures [{(79)-(82)] were confirmed from their spectral data.
Elemental analysis of the compound (80) was also in aecord with the
assigned molecular formula. The compound (76} was prepared by the

complete hydrOgenation of compound (73) {(Scheme 15).

R R
R R

. HlPd-C A

X | ot X
X X

3

R=Me, X =H (71) R=Me, X=H(79)
R="Ph, X=H (72) R ="Ph, X=H (80)
R=Me, X =F (73) R=Me, X =F (8L)
R=Me, X =C1 (74) R =Me, X = CL (82)

Scheme 16
Interestingly, the mass spectra of the compounds [(79)-(82)] each

showed that the loss of m/e 28 was the major mode of fragmentation of

the molecular ions. High resolution mass épectrometry for each combound
together with the observation of the apbropriate metastable peaks in the
7 mass spectra, established_that the loss was of ; molecule of ethylene
(Tables 2 and 3). This suggests that the molecular ions-of each of these
eompﬁunds are undergoing.retrb-Diels—Alder reactions iﬁ the mass Spectrou
meter resulting in the formation of MT.— 28 ions which may formally be
regarded as possessing an isobenzofulvene structure (Scheme 17). We

have already reported the loss of an ethylene molecule in the mass spectral

6

fragmentatiOnlof tha compounds (58} and (59).LL These observations,and

i
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the interest in apparent similarities between mass spectral and thermal
processes, lrled us to investigate the high temperature pyrolysié reactions
of compounds [(79)-(82)] which it was hoped could provide a potential route
for generating the so far undescribed iscbenzofulvene-derivatives. It is,

" however, worth mentioning that when this work was in progress two different
62,63 '

groups simultaneously reported the transient exlstence of 8,8-

- -dimethylisobenzofulvene (83) which dimerises instantaneously but forms

eycloadducts with a varilety of dienophiles.

R H

” |

St——

o N
-—C2H4 \‘X .
m* 7 X R
| X

'“(:22Ft4_

A
I

x _
X

X X — (:;2F122;‘ )(iiill]
X @ | X
X -- | X

Scheme 17

Results avallable so far have indiecated that isobenzofulvenes are

unstable and chemically very reactive COmpounds.62’63 The stability of

these compounds presumably should inerease with electron donating
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substituents at theendocycelic carbon atom due to the increased cyclic
conjugation with the ring-system.
Table 2

Mass speectral data

Compound m/e Relative Ion | m Transitibn
abundance
%
T3 254 100 ML -
239 70 M-CHy 224 .9 254— 239
213 33  239-C.H, '
200 63 M-Cy,H
187 33 . 213-CH,
81 256 20 Mt
24l 27 b-CH,, 226.9 256 241
228 100 M-C,Hy 203.0 . 256— 228
213 56 241~CHy
200 4 228-C H,
- 187 AL 213-C,H,, -
82 322 20 ME
307 33 M-CH | __
294 100 M-CJH, 268.3  322-— 294
279 20 . 307-CH, , .
266 27 294-02114 - 2ho.7 294— 266
257 11 292-C1 '
79 184 25 ME
' 169 - 63 M-CH, .
156 100 M-CJH, . 125.5 184— 156
15 70 .
128 43 156‘_ch4
115 30 141-C_H,
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Table 3

Precision mass measurements

54,

Compound Measured mass Formula Calculated mass
T3 o54-0721 Clquofh 254,0718
200,0248 ClOHth 200.0248
187.0165 0913'311‘1‘L 187.0171
81 256.,0878 CyuH) F), - 256.0876
| 208.0561 012H8F4 228.0562
213.03%25 CllHSF4' 213.0327
200.0243 ClOH4F4 200,0248
82 319.9713 Clqﬂiejscl4 319.9695
291.,93%67 012H835014 291.9380
79 184.1246 ¢t 184 .1252
156.0971 - Ciotlin 156.0938
80 308.1556 'céqﬂeo 308.1565
280.1255 CooH g 280.1252



Hafner and Bauer-64 were the first to isolate a stable crystalline
igsobenzofulvene [8-(dimethylamino}-~1,3-diphenyliscbenzofulvene (84)].

They also detected the intermediacy of 8-(dimethylamino }isobenzofulvene (85).

T~
N Me
R 2

R = Ph (84)
"R =H (85)

An excellent approach for the generation of isobenzofulvenes
involves the mild pyrolysis of adducts(86) whichare obtained from the
reactions of compounds (71) and (72) with 3,6-di(2'-pyridyl)-s-tetra-
zine (87) (Scheme 18). Warrener and his co—workers62 have employed
this route for the generation of the 8,8-dimethyl-compound (83) and"
8,8-diphenylisobenzdfulvene (88) whilie Tanida's g;r0up63 has used the

same route for 8 8-dimethylisobenzofulvene (83%).

Fz.

R=Me (71) Py
R=Ph (72) PY Zpyridy!

(87)

\/
| _
o
+
7 N\
\

R=Me (83) | Py
R=Ph (38)
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| N-Me

A\

| exo [endo  mixture
Scheme |8

The dimerisation of isobenzofulvene (83) was first suggested as a

single dimer by Tanida.63

However, later observations by Warrener
and his workers62 have shown the product fo be a mixture of two iso-~
meric compounds (89) which differ in stereochemistry of the hydrogen

atom at position T.

Me.
eMz

< X3

(83) . Me
| | (89)

The thermal decomposition of benzobarrelene-derivatives (90) in -
vacuo around EOOOC has been shown to form naphthalene-derivatives (91)

23a, 65

in high yield. So initially, the pyrolysis‘was carried out in

an evacuated sealed tube.
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(90) | - (9N

When the compounds (74) and (81) were heated in benzene at 30000 and
200°¢ respectively for 14-16 hours, the former pyrolysis resulted only

in the formation of an intractable polymeric material,while in the latter
case unchanged starting material was recovered. This suggested that
much higher temperatures and a flow system was needed in érder to effect
the thermal fragmentation of the compounds [{(79)-(82)].

A series of small scale trial experiments uzing a silica flow system
and temperatures in the range 300-6000 established that clean reactions
oécurred at ca. 600° and ca. Zmm Hg. At lower temperatures significant
amoﬁnts of unchanged starting materials were isolated in the pyrolysate,
while the new products were identical with those obtained at 6000. .No
cycloadducts were obfained in any examples where the pyrolysate was
condensed onto a cold trap at —195O which was coated with N—phenylmaleimide.
When preparative scale pyrolyses at 600O and 3 mm Hg were conducted using
the compounds (79), (81) and (82), each gave a mixture of products which
was collecfed in a celd trap at -1950. Gas liquid chromatography
established that two major components were present.in each case,. After
suﬁsequent igolation and identification it was estéblished that the -
combined yields of the two préducts ranged from 55 to 75%. In fhe
pyrolysis of the compound (80) only one product was obﬁained ﬁsing a

temperature of 600° (Scheme |9).
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Thus, from th.e.pyrolysis of the compound (79), 1,2,3,8-tetrahydro-
-1,1-dimethy1-cyclopent[a]indene (92) in 544 yield and 2-isopropenylindene
(96) in 2%% yield were obtalned (Scherpe 19); The structures of these
compounds were assigned on the basis of elemental analytical and spectro-
scopic evidence. In the compound (92), for instance, IR spectrﬁm (y

max.

at 1630 -and 1610 cm.-l) and the UV spectrum [ {\ma {eyclohexane ) 270

X .
(log € 14.00), 265 (4.06) and 260 (4.10) nm ] were indicative of the presence

of a double bond conjugated with the aromatic ring. In the'MESS’ "Hn.n.r.
spectrum 1t showed methyl signals at. T 8.8 and the methylene signals at
T 7.85 (t.,ld)= 7 Hz., [A), T7.45 (m., [B]) and 6.90 (t.,jJ{: 2.5 Hz., .
[C])}. Spin-spin decoupling experiments revealed that the methylene group
[B] was coupled to the other two me thylene g;r'Oui)_s. 'fhe magnitude of _
the homoallylic coupling constant is in the predicted range. The indene
(96) decomposed slowly at room temperature and did not produce correct
elemen‘tal analysis, However, its composition was determined by an
accurate mass measufement of the molecular ion in the mass spectrum.

The infrared ( Y 1650 and 1610 cm."l) and the ultraviolet

max.
[ }\max. (cyclohexane) 314 (log & 3.97), églaL (4.26) and 288 (4.23) nm. ]
spectra were compatible with the structure (96); The lH n.m.r. spectrum
displayed multiplets at®q 2.5-3.0 {aromatic protons), 3.22 .(olefinic
pr'otonl), 4.75 and 5.00 (=CH2 protons) and broad singiets at T 6.42
(methylene) and 7.93 (methyl).

Similarly, the compounds [{80)-(82)] at 600°C after the standard -
work-up procedure gave l,2,3,8-tetrahydro-l,l—diphenylgyclbpent[a]indene
(93) in 544 yield; lL,5,6,"(—te'l:,ra.fluoro-l,2,3,8-1:&tr’ahyd1"0—]7.,l--dimethyl-
cyclopent[é]indene (94) and 4,5,6,T-tetrafluoro-2fiSOprOpenylindene' (97)
in 52.5% and 13% yield; and 4,5,6,T—tetra-ohloro-l,2,3,8—tetréhydro-—l,1-
~dimethyleyclopent{a)indene (95) iﬁ 457 and 4,5,6,T-tetrachlor'o-e—iso—

propenylindene (98) in 11.5% yield (Scheme 19). The structure of these

58¢



@)
(&
Sl
g —
. o O«
o ™~ 00 W ®©
et N N N
I T wg
ac | | R Y
¢ XX X
< X o » Y
S a3
X X oyon -l

2 5 < e =5
—
TN - .~
‘ oo = Oansas Q o
....l\!l\(

" Scheme 19



compounds were established by elemental'analysis and by spectroscopic
methods (see experimental). The compound (97) also decomposed slowly
at room temperature. We did not investigaté the reactivity of the iso-
propenylindenes[(96)-(98)] but these compounds might be expected to undergo
cycloaddition reactions with reactive diencophiles.

The reaction sequence for the isomerisation of compounds [(79)-
(82)] to the compounds [(92)-(95)] can be rationalised in Séheme_l9 which
illustrates two possible pathways by the intermediacy of compounds of type
(99). The formation of the thermodynamically more stable cyclopent[a]indene~
derivativeé [(92)-(95)] is not surprising in view of the ﬁell documenpeg;
isomerisation of indenes [e.g. (100)-(102)] by a series bf_[l,5]sigmatr0pic

shifts.66 The fact that the isomerisation

R R
H | -
H @ -
(100) “pon oH P

of the compounds [(79)-(82)] can occur via intermédiates of type (99)
67

R
H

involving a thermally allowed_[l,B]sigmatropic shift seems to support

the implied view'2P» b

that stepsise retro-Diels-Alder reactions

oceur in carbon-earbon bridged systems ﬁhich do not have alternative

symmetry-allowed pathways. We cannot comment furthgr on thils point since

we do not have a stereochemical feference point in the compounds (79-82). |
The isolation of small amounts of the isopropenylindenes [(96)-(98)]

suggests that they are formed either by retro-Diels-Alder reactions which

logically give rise to the respective 8,8-dimethyl-isobenzofulvene-

derivatives or are derived from the diradical (103) as indicated (Scheme 19).
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If the 8,8-dimethylisobenzofulvene derivatives are involved in the
formation of the pr@ducts (96-98) the subsequent [1,4]hydrogen shift
is either an orbital symmeiry disallowed reaction68 or is a base-
catalyéed prototropic shift.62
It is perhaps significant that the flash vacuum pyrolysis of
compounds (73) and (76) at 600°C at 3 mm Hg each resulted in the recovery
| of unchanged starting material. No new product was obtained in each
experiment;
The fact thét the isomerisation was the major pyrolysis product in
the previous experiments led us to perform flash vacuum pyrolysis at
much higher temperature (8OOOC) but this resulted in the formation of .-
complex mixture of products. However, some of the products isolated in
these experiments- although obtained in poor yield were quite.interesting.
When the compound (80) was sublimed through the tube at 800°¢ at
1 mm Hg, a brown liquid was bbtained.r Preparative layer chromatography
afforded naphthalene (10%) which was confirmed by its mixed m.p. and -
COmbarison of ultraviolet spectra; and a second compound shown to be
1,1-diphenylethylene (105) (Scheme 20). fhe compound (105) was prepared

69

by standard literature procedure and shown to be the same by g.1.¢.

angd lH n.m.r. spectroscopy. In the case of pyrolysis of the compound (82)

R o

| -}~ >::::_CH2
| | R | |
R= Ph,X=H (80) X=H(104) R=Ph (105)

R= Me,X=Cl1(82) | X=C(106) 4+-Other Products

Scheme 20.
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at 80000, the only product isolated was tetrachloronaphthalene (106)
confirmed by its mixed m.p. measurement with authentic material (Scheme
20). No attempt to trap isobutene was made. The pyrolysis of compound
(81) under these conditions resulted in the formation of a complex
mixture of products which was not iﬁvestigated fufther. However, no
evidence for the formation of tetraflubronaphthalene could be obtained.
The pyrolysis of the compounds (93) and (95) at 800°¢c gave, éfter
the standard work-up procedure, naphthalene (104) and l,ludiphenylethyléne

(105) and tetrachloronaphthalene (106) respectively (Scheme 21). The

o X Ph |
et <eRIo VR
X Ph |
R=Ph , X=H (93) X=H(l04)  (105)
R=Me ,Xx=Cl (95) X=C1 (106)  Other products

Scheme 21

compound'(94) at 80000 géve only a complex mixture of producfs and no
tetréfluoronaphthalene was cbtained.

These results however, indicate that the cohpounds (8O)Iand (82)
at 800°C first undergo isomerisation to the appropciate cyclopent[a]-
indene derivative which‘then fragment - to the respsective naphthalenes and

other products. A tentative sequence_is set out in Scheme 22.
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Scheme 22.
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Experimental

All general methods were those as described in Chapter 1.

1. Preparation of 6,6-dimethylfulvene.

Freshly prepared cyclopentadiene (26.8 g., 0.4 mole) and dry
acetone (23.0 g., 0.4 mole) were added dropwise to a stirred solution-
of sodium methoxide [from sodium(9.2 g.) and methanol (180 ml.)] at
room temperature. When the addition was complete, cold water (500 ml.)
was added and the mixture was extracted with ether (2 x 100 ml.), washed
with water and dried (Nagsoq)f Thne solvent was evaporated carefully
leaving behind a yeliow 0il, which on distillation under reduced pressure
afforded 6,6-dimethylfulvene (69), (32.0g., Ti%), a yeilow liquid, b.p.
26% at 1 mm He. (11t.2° b.p. 77°C at 500 mm Hg.). 6,6-Dimethylfulvene
was. either used immediately for further reactions or stored in a
refrigerator.

2. Preparation of 1,4-dihydro—9—isoprdpylidene—1,h-methanonaphthalene.

A solution of‘g;fluorobromobenzene (19.7 g., 0.11 mole) and 6,6~
—dimethylfulvene {(11.8 g., 0.11 mole) in dry tetrahydrofuran (150 ml.)
was added slowly over magnesium turnings (2.7% g., 0.11 mole). When the
additioﬁ was complete, the mixture was warmed gently with stirring on a
waterbath for about 30 minutes. The solvent was removed and water (1ob
ml.) was added. The mixture was extracted witﬁ ether (3 x 50.ml.),
washed with water, dried (Naesou) and the solvent was removed. The
crﬁde reaction product was placed on a colum of silica-gel and elutlon
with light petroleum gave 1,H—dihydro—9~isopropylidene-1;4—methano—
naphthalene.(7l), (8.6 g., 42%),'m.p.'90-9200 (from methanol) (lit.56
m.p. 91°C). | |

3.  Preparation of 5,6,7,8-tetrafluoro-1,4~dihydro-9-isopropylidene-

-1 ,4-methanonaphthalene.

Bromopantafluorcbenzene (24.7 g., 0.1 mole) in ether (100 ml.) was
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stirred at -TOOC and a solution of n-butyl-lithium in pentane (47.2 ml.,
0.11 mole) was added dropwise. The mixture was stirred for a further
'period of one hour at the same temperature and 6,6-dimethylfulvene (11.0
'g., 0.1 mole) in ether (50 ml.) was added. The external cooling was then
removed and the mixture was allowed to warm to room temperature.. After
: 12 hours it was washed with aqueous hydrochloric acid {100 ml., 2N) an&
water. The organic layer was then dried and evaporated to leave.a pale
brown oil, which on distillation under reduced pressure afforded
5,6,7,8-tetrafluoro-1,4-dihydro~-9-isopropylidene~1,4-methanonaphthalene
(73),_(9.0 g.s 35%) based on bromopentaflubroﬁenzene; b.p.rllOOC at
0.2 mn. Hg., m.p. 83-85°C (from light petroleun) (1it.>! m.p. 80-82°C).
lH n.m.r. (CDClB) T 3.15-3.65 (m., 2 protons), 5.18-5.40 (m., 2 protons),
and 8.66 (s., 6 protons).

/ max 30505 3035, 2990, 2950, 2930, 2880, 2870, 1505, 1480,

1302, 1283, 1176, 1121, 1060, 1048, 955, 825 and 758 cm.

4, Preparation of tetrachlorcanthranilic acid.

Ammonia solution (80 ml., 0.880) was added to tetrachlorophthalic
anhydride (114 g., 0.4 mole) and stirred vigorously with a élass.rod.for
exactly 30 seconds. The suspension was poured into an ice cold-sulphufic
acid solution (80 ml., cone H, S0y in one litre of crushed ice) and the
buiky'tetrachlorophthalamic acid formed was filtered, washed with water
until free from acid and while still wet added'£o an alkaline solution
~ of sodium hypobromite [from bromine (32 ml.) and sodium hydroxide (120 g.)
iﬁ one litre iced water]. The mixture was heated on a water bath at‘ggg
SOOC for one hour and filtered to remove ény suspended solid. After
cooiing the red solution was acidified with conc. hydrochloric acid and
the precipitated acid extracted into ether. The ethereal layer was dfied
and the solvent removed t give tetrachloroanthranilic acid (70-85 g.,
64~T7%), m.p. 184°¢ from aqueous methanol ) (lit.60 m.D. 18400).

V max 220 3400 (NH,), 1690 (C=0).
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5. Preparation of 5,6,7,8-tetrachloro-1,4-dihydro-9-isopropylidene-1,4-~

-methanonaphthalene.

Tetrachloroanthranilic acid (22.0 g., 0.08 mole ) in 1,2-dichloroethane
(100 ml.) and ether (30 ml.) and iscamyl nitrite (18 ml.) in 1,2-dichloro~
ethane (100 ml.) were added concurrently to a stirred solution of 6,6-di-
methylfulvene {(17.0 g., 0.16 mole) in l,e-dichloroethane (100 ml.) at,50°C.
Affer the addition was complete the mixture was sfirred at the same
temperature for a further pericd of 2 hours. The solvents wére removed
to glve a dark brown viscous 1iquid which was placed on a column of
neutral alumina and elufion with éther-light petroleum (1:1) gavé
5,6,7,8-tetrachloro-l,M;dihydro—9—isoprobylidene—l,#—meﬁhanonaphthalene
(), (5.5 g., 21%), m.p. 129-131°C (from methanol) (1it.2' m.p. 129-131°C).

nf'm;k 2020, 2990, 2945, 2915, 2870, 1403, 1378, 1268, 129%, 1207,
1168, 1136, 796, 758, TLl, TO4 and 699 cm.

6. Preparation of 6,6-diphenylfulvene.,

Freshly prepared cyclopentadiene (11.0 g., 0.17 mole) was added -
slowly to a stirred solution of sodium ethoxide [from sodium (4.0‘2.)
and ethanocl (120 ml.)] and benzophenone (28.8‘g., 0.16 mole) ét room
temperéture. After the addition was over the resultiﬁg red sclution was;
heatéd (ca. 5000) gently on a water bath for about 10 minutes and cooled.
All operétions were carried out under.nitrogen, Orange'crystals started
seﬁarating out and the mixture was allowed to.sténd overnight in a
refrigerator. The orange crystals were filtered and after recrystallisation
from ethanol yielded 6,6-diphenylfulvene (70), (21.0 g., 54%), m.p. 82-

59

83°c (1it. 27 m.p. 8°C).

7. Preparation of 1,%-dihydro-9-(diphenylmethylene )-1,4-methanonaphthalene.

Anthranilic acid (13.0 g., 0.09 mole) in acetonitrile (60 ml.) and
isoamyl nitrite (13 ml.) in acetonitrile (60 ml.) were added concurrently

to a stirred solution of 6,6-diphenylfulvene (10.8 g., 0,047 mole) in
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acetonitrile (70 ml.) during one hour at 60-70°C. The reaction mixture'
was further stirred at this temperature for one more hour and the wdrk—up
in the usuval way afforded a dark brown viscous liquild which was then
chromatographed over neutral alumina and elution with ether—iight
petroleun (1:1) gave 1,4-dihydro-9-(diphenylmethylene )-1,%-methano- .
naphthaiene (72), (12.8 g., 88%), m.p. 135—13600 (from methanol) (lit.TO
m.p. 131-132.5°C). | |
lH n.m.r. (CDClj) T 2.65-3.16 (m., 16 protonsj,
5.62 (m., 2 protons).

o o 3060, 3030, 1675, 1600, 1495, 1445, 1300, 1155, 1072
1030, 1010, 920, 840, 788, 765, ThS, 700 cm. t
Found: C, 94.1; H, 6.0%; M (mass spectrometry), 306.
Calculated for C, 94.1; H, 5.9%; M, 306.

8. Preparation of 1,2,3,4~tetrahydro-9-isopropylidene-1,4-methano-

naphthalene.
| The compound (71), (2.0 g., 0.011 mole) in ethanol (%00 ml.) was

hydregenated at atmospheric pressure over prereduced palladium-carbbn
(80 mg., 5%) at 0°C. The reaction was monitored by g.l.c. and termlnated
after the uptake of one mole equivalent of hydrogen. The work-up followed
by recrystallisation from methanol yielded l,2,3,M—tetrahydro~9—150propyl—
idene-1,4-methanonaphthalene ( 79), (1.4 g., 704), m.p. 9000 (1it. 56 m.p.
90.5-91.5°C). | |
1H Nn.m.r. (CDClj) 7 2.74-3.0 (m., % protons),

6.15-6.3 (m., 2 protons), 8.0-8.85.(m., 4 protons) and

8.38 (s., 6 protons).

wf '~ 2080, 3030, 2970, 2940, 2875, 1470, 1450, 1370, 1280,

max.

1250, 1110, 1010, 925, 840, 750, 730 and 690'cm.“jL
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High resolution mass spectrometry:

Measured mass Calculated mass Formila

. ‘

M. 184.12%6 184.1252 014H16
+ . ,

M.-28 156.0931 156.0938 012H12

g, Preparation of 5,6,7,8-tetrafluoro-1,2,3,4-tetrahydro~-9-isopropylidene-

1,4~methanonaphthalene.

The compound {73), (8.2 g., 0.032 mole) in ethanol (500 ml.) on

hydrogenation over prereduced palladium-carbon'(BSO ﬁg., 10%) under
- identical reaction conditions and the work-up preceduré as described.in
experiment 7 afforded 5,6,T,8—tetrafluoro~l,2,3,4—tetfahydro—9~150pr0pyl-
idene-1,4-methanonaphthalene (81), (8.3 g., 100%), m.p. 102°C (from light
petroleum) (Lit.2! m.p. 101-102°C).
lH n.m.r. (CDClj) T 5.79-5.95 (m., 2 protons), 7.85-8.80 (m., 4 protons}),

and 8.36 (s., 6 protons).
High resolutionrmass spectrometry:

Measured mass Calculated mass Formula

+ . : '

M. | 256.0878 256.0876 | Cy yHy oF),
+ :

M. -28 228,0561 - 228.0562 C, oHgFy

10, Preparation of 5,6,7,8-tetrachloro-1,2,%,4~-tetrahydro-9-isopropyl-

idene-1,4-methanonaphthalene.

Compound (T74), (3.0 g., 0.01 mole) in ethanol (300 ml.) on hydrogenation
over prereduced palladium-carbon (120 mg., 5%).under identical conditions
described previously in experiment No. 8 gavé 5,6,7,8~tetrachloro-1,2,3,4-

, -tetrahydro—9-isépr0pylidéne—l,4—methanonaphtha1ene (82), (2.7 ., 90%),
m.p. 154-155°C (from methanol) (1it. 2! m.p. 154-15500). |
Y onomer. (CDClB) T 5.92 (M., 2 protoné), 7.82-8.2 {m., 2 protons),’
8.36 (s., 6 protons) and 8.56-8.90 (m., 2 protons)._ -
V' max. 2020, 2980, 2955, 2920, 2885, 1450, 1365, 1300, 1285, 1240,

1240, 1205, 1170, 1150, 1115, 1040, 970, 800, 755, T40 and 680 emt
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High resolution mass spectrometry:

Measured mass Calculated mass Formula .
+ 7 - 35
M. . 319.9713 319.9695 014H12 014
+ 25
M.-28 291.9367 . 291.9380 A Cy HHg 7CLy,

11. Preparation of 1,2,3,4~tetrahydro-9-(diphenylmethylene )-1,4-

~-me thanonaphthalene.

Compound (72), (%.15 g., 0,013 mole) in ethyl acetate (500 ml.)
was hydrogenated over prereduced palladium~carbon‘(l60 mg., 5%) at 0%
in the usual way and the standard work-up afforded l,2,3,4—tetrahydro-9-
-(diphenylmethylene)-1,4-methan§na§htha1ene (80), (3.98 g., 96%), m.p.
1%7-137.5°C (from methanol ) (1it.'70 m.p. 135.5-1%6.5°C).
1H n.m.r. (CDClB) T 2.65-3.1 (m., 14 protons), 6.15 (m., 2 protons),
7.8-8.05 (m., 2 protons), and_8.5—8;75 (m;, 2 protons).
' max. 3080, 3060, 3030, 3010, 2975, 29#5, 2875, 1670, 1600, 1490,
1470, 1440, 1170, 1150, 1110, 1072, 1030, 920, 770, 760, TLO .
and_TOO cm."l
Found: C, 93.3; H, 6.7%; M (mass spectrometry), 308.
Calculated for Coyag é, 93.5; H, 6.5%; M, 308.

High resolution mass spectrometry:

- Measured mass Calculated mass Formula
+ : ' -
M. 308.1556 308.1565 024H20
+ : )
M.-28 280.1255 280.1252 Cootly g

12, Preparation of 5,6,7,8-tetrafluoro-1,2,3%,4-tetrahydro-9-isopropyl ~

-l,ﬂ—methanonaphthalene}

Compound (73), (1.0 g., 0,004 molé) in ethanol {150 ml.) was hydrogenated
at atmospheric pressure over palladium-carbon (50 mg., B%) at room
temperature and the reaction was terminated after the;up£ake of 2 mole
equivélent of hydrogen. The usual work-up then gave 5,6,7,8-tetrafluoro-

-1,2,3,4-tetrahydro-9-isopropyl~1,4-me thanonaphthalene (76), (0.9 g., 90%),

69.



m.p. 5900 (from light petroleum) (1it.57 m.p. 58—5900).
lH n.m.r. (CDClj) T 6.25-6.58 (m., 2 protons), 7.78-9.93 (m., 6 protons)
and 9,16 (s., 6 protons).

13. Pyrolysis of 5,6,7,8-tetrafluoro-1,2,3,4~tetrahydro-9-isopropylidene -

-1,4-methanonaphthalene (81).

The compound (8L), (0.1 g.) in benzene (2 ml.) was placed in a
pyrolysis tube and the tube was evacuated (0.5 mm. Hg.); It was flushed
ﬁith oxygen-free nitrogen, re-evacuated, sealed ahd heated at 20000 for
16 hours. The cold tube was opened-and the product extracted with ether.
Thin layer chromatography showed a single spot identical with the starting
material. AColumn chromatography over silica-gel and elution with ligh£.-
petroleum gave only recovered starting material (81), (90 mg.), m.p.,
miied m.p. and n.m.r. identical. |

14. Pyrolysis of 5,6,7.8-tetrachloro-l,4-dihydro-9-isopropylidene-1,4-

methanonaphthalene (T4}.

Compound (T4), (0.2 g.) in benzene (1 ml.) was heated at 30000 for
14 hours in a manner described already in the previous experiment. The
work~-up resulted only in an intractable polymeric material,

Mash vacuum pyrolysis.

ieneral procedure:

The pyrolysis was carried out in an apparqtu339 (gg. 90 cm. tube).
The tube was flushed with nitrogen and heated at the pyrolysis temperature.
The.compound was then submitted slowly into the tube under a constant flow
of nitrogen at 3 mm. Hg. pressure. The products formed were ccllected on
a cold finger cooled under liquid nitrogen. The heating was then switched
of f and the cold finger was allowed to warm to room temperature. The
products were washed With ether.or chloroform and were purified by column

chromatography and recrystallisation.
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15. Pyrolysis of 1,2,3,4-tetrahydro-9-isopropylidenc-1,4-methanonaphthalene

(79).
The compound (79), (0.5 g., 0.003 mole) at ca. 600°C gave an oil

(0.37 g.) which was placed on a column of neutral alumina (250 g.,
activity 1) and elution with light petroleum afforded two fractions :

(i) 1,2,3,8-tetrahydro-l,l-dimethyleyclopent[a]indene (92), (0.28 g.,

54%), b.p. 110°C at 0.5 mn. Hg. H n.m.r. (CDCL., 220 MHz.) T 2.60~

32
2.97 {m., 4% protons), 6.90 (t., 2 protens, /J/ = 2.5 Hz.), 7.45 (m., 2
protons), 7.83 (t., 2 protons, /J/ = T Hz.) and 8.8 (s., 6 protons)

+f max. 3060, 2960, 2870, 1630, 1610, .1470, 1400, 1360, 1200, 1105, 1020,

750" and 720 cm.”t |

\ max, (oyclohexane) 270 (log € 4.00), 265 (4.06), 260 (%.10), 225
 (%00), 217 (4.15) and 210 (4.22) nm.

Found: C, 90.5; H, 8. 87. M (High resolution mass spectrometry), 184 1257.

14H16 requires C, 91.3; H, 8.7%; M, 184.1252,

And (ii) 2-isopropenylindene (96}, (0.1 g., 23%), m.p. 88—9000 (from

methanol)

lH n.m.r. (CDCl T 2.5-3.0 (m., 4 protons), 3.22 (m., one proton),
4.75 {m., one proton), 5.10 (m., one proton), 6;42 (br.s., |
2 protons), and 7.93 (br. 3 protons).

',{\;nax 3080, 3040, 2940, 2860, 1650, 1610, 1500, 1490, 1460, 1380,
1305, 1260, 1090, 1005, 940, 830, T70, T45 and 725 em. ™

X max. (cyclohexane) 314 (log € 3.97), 204 (4.26), 288 (4.23),
201 (B.08), 293 (4.15), 226 (4.12) and 212 (4.1%4) nm.

Found: C, 89.65; H, 6.4%; M (High resoiution mass spectrometr§),

156.0925. C requires C, 92.3; H, 7.7%; M, 156.0939.

12to

This compound decomposed slowly at room temperature

16. Pyrolysis of 5,6,7,8-tetrafluoro-1,2,3,4-tetrahydro-9-isopropyl-

idene-~1,4-methanonaphthalens (81).

‘Compound (8L), (0.4 g., 0.0016 mole) at ca., 600°C afforded a dark
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brown oil (0.29 g.) which on column chromatography over neutral alumina
(200 g.) and elution with light petroleum gave two. fractions :

(i) 4,5,6,7-tetrafluoro-1,2,3,8~tetrahydro-1,1~dimethyleyeclopent(a]-

indene (94), (0.21 g., 52.5%), m.p. 102-103°C (from methanol).

lH n.m.r. (CDClj)'T'G.SO (m;, 2 protons), 7.26 (t.xt., 2 protons,

/3/ = 7 and 2 Hz.), 7.78 (t., 2 protons, /J/ = 7 Hz.)and 8.77 (s., 6

protons).

o max. 2970, 2870, 1650, 1630, 1505, 1490, 1460, 1400, 1365, 1312,

1110, 1050, 960 and 790 cm.”t

A max. (eyclohexane) 296 (log € 3.23), 280 (3.46), 266 (4.00), 257
(4.06), 217 (4.18) abd 209 (4.20) nm.

Found: C, 65.72; H, 4.72%; M (mass spectrometry), 256, C, yHy oF), requires

¢, 65.60; H, 4.70%; M, 256. | '

m/e 256, 241, 213, 200 and 187.

And (ii) 4,5,6,T-tetrafluoro-2-isopropeﬁylindenﬁ (97), (0.05 g.,

13%), m:p..76—7800 (from methanol). ' |

lH n.m.r. (CDClj) T 3.30 (m., one proton), 4,74 (m., one proton),
4.90 (m., one proton), 6.36 {br.s., 2 protons), and 7.95 (br., .
3 protons).

Vmay, 2930, 2860, 1655, 1625, 1495, 1400, 1300, 1220, 1130, 1105,

980, 950, 900, 855 and 780 cm.

Found: M (High resolution mass spectrometry), 228.0558.
Cl2H8F4 requires M, 228.0562.
This compound decomposed slowly gt room temperature.

17. Pyrolysis of 5,6,7,8-tetrachloro-l,2,%,4-tetrahydro-9-

isopropylidene-1,4-methanonaphthalene (82).

Compound (82), (1.5 g., 0.005 mole) at ca. 600°¢ gave a dark brown

viscous oil {0.90 g.) which on column chromatography as usual yielded
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two fractions :

(i) 4,5,6,7~tetrachloro-1,2,3,8~tetrahydro-1,l-dimethyleyclopent[a]-

indene (95), (0.67 g., 45%), m.p. 153°C (from ethanol). |

1H n.m.r. (CDClj) T 6.85 tm., 2 protons), 7.20 (m., 2 protons),
7.82 (m., 2 protons) and 8.78 (s., 6 protons). |

W oy, 2965, 2870, 1618, 1590, 1460, 1390, 1340, 1310, 1185,
1085, 785 and 700 em.

A mag, (cvelohexane) 287 (log € 4.20), 277 (4.22), 243 (4.28), 235

(4.35), 228 (4.33), 221 (4.28) and 209 (4.22) nm.

Found: ¢, 52.5;.H, 3.8%; M (mass spectrometry), 322. 014H12014

requires C, 52.5; H, 3.7%; M, 322.

m/e 322, 307, 266 and 200.

And (ii) 4,5,6,7-tetrachloro—2~isopropenylindene (98), (0.16 g.,
11.5%), m.p. 145-146°C (from ethanol). |
lH n.m.r. (CDClj) T 3.29 (m., one proton), 4.70 (m., one proton),
4,90 {m., one proton), 6.38 (br., 2 protons), 7.95 (br., :
3 protans).
Viax, 2940, 162k, 1565, 1390, 1300, 1225, 1170, 895, 850
and T70 em. "t _
\ max, (cvolonexane) 719 (log € .18), 307 (4.37), 299 (4.34),
255 (4.13), 246 (4.25), 238 (4.21) and 230 (4.19) nm.
Found; C, 48.6; 4, 2;7%; M (mass spectPOmetry),.294. C, HgCl, requires
C, 48.98; H, 2.7%; M, é94.
w/e 294, 279, 259, 207.

18. Pyrolysis of 5,6,7,8-tetrafluoro-1,4-dihydro-9-isopropylidene~-

~1,4-methanonaphthalene (73).

Compound (73), (0.4 g.) was pyrolysed at 600°C as usual and gave a
white crystalline solid (0.262 g.) which was shown to be an unchanged

starting material (73) by its g.l.c., comparison thin layer chromatography,

Hn.m.r. spectrum and m.p.
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19. Pyrolysis of 5,6,7,8-tetrafluoro-1,2,3, -tetrahydro-9-isopropyl-

-1,4-methanonavhthalene (76)}.

Compound (76), (0.343 g.) at ca. 600°¢ yielded only a recovered
starting material (76), (0.257 g.). Thin layer chromatograrhy,
lH n.m.r, spectrum and m.p. identical to that of an authentic sample.

20. Pyrolysis of 1,2,3,4-tetrahydro-9-(diphenylmethylene }-1,4-

methanonaphthalene (80).

Compound (80), (2.2 g., 0,007 mole) at 600°C as usual gave a
dark brown oil (2.0 g.) which solidified at room temperature and on
recrystallisation from light petroleum gave 1,2,3,8-tetrahydro-1,1-

diphenyleyelopent[alindene (93), (1.2 g:, 54%), m.p. 120-122°C.
1

H n.m.r. (CDClj) T 2.55-3.0 {m., 14 protoné), 6.5-6.72 (m.,
2 protons), 6.88-7.05 (m., 2 protons), and 7.13-7.35
{(m., 2 protons).

Vmax. 2070 2045, 2965, 2930, 2895, 2862, 1622, 1602, 1580, 1495,
1470, 1460, 1445, 1395, 1315, 1302, 1268, 1246, 1222, 1210,
1190, 1180, 1155, 1032, 1024, 1019, 940, 910, 888, 854, 763,
758, 738, 720 and 700 cm. Y

Found: C, ;95.5; H, 6.4%; M (mass spectrometry), 308. C oyt Tequires

C, 93.5; H, 6.5%; M, 308.

Flash Vacuum Pyrolysis at 800°c.

This was carried out in a much shortef tube (44 x 2 em.) and
exactly in a manner as describéd in the case of 6OOOC. The flow of
‘nitrogen during the pyrolysis was also stopped and therefore, fhe
pyrolysis was done at 0.5-1.0 mm., Hg. pressuré. Work-ﬁp procedura

was the same as already mentioned.

21. Pyrolysis of 5,6,7,8—tetrafluoro—l,2,3,4—tetrahydro-9-isabropylidene—

~1,l4~methanonaphthalens (8L).

Compound (8L), (2.55 g., 0.01L mole) on pyrolysis at 800°¢C afforded
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a dark brown oil (2.2 g.) which was placed on a column of silica-gel
(300 g.) and elution with light petroleum yielded a complex mixture as
indicated by g.l.c. and lH n.m.r, spectroscopy. This was not investigated

further.

22, Pyrolysis of 4,5,6,7-tetrafluoro-1,2,3,8-tetrahydro~1,1-dimethyleyclio~

pentf{alindene (94).

Compound (94), (0.8 g., 0,003 mole) at 800°% resulted only in a
complex mixture (0.65 g.) as shown by g.l.c. and lH n.m.r. spectroscopy.
This mixture was not investigated further.

23. Pyrolysis of 5,6,7,8-tetréchloro—l,2,3,4—tetrahydro-9-isopropylidene-

-1,l4~-methanonaphthalene (82).

Compound (82), (0.2 g., 0.0606 mole ) at 800°¢ gave a dark solid

.(0.1 g.). Preparative layer chromatography (1 x 1 m. x 20 cm., Q.75 mm. thlck-~
ness; eluant benzene) yielded tetrachloronaphthalene (106}, (ca. 20 mg.),
m.p., mixed m.p., i.r., M nm.r. 2nd w.v. spectra iﬁentical to an authentis C

sample.

24, Pyrolysis of 4,5,6,7-tetrachloro-1,2,%,8~tetrahydro-1,1-dimethyl~

cyclopent[alindene (95).

Compound (95), (0.1 g., 0.0003 mole) at 800°¢ gave a solid (ca. 38
mg. ) which on preparative layer chromatography as usual afforded tetra-
chloronaphthalene (106), (17 mg.), m.p., lH n.n.r. and u.v. spectra

identical to an authentic sample.

25. Pyrolysis of 1,2,3%,4-tetrahydro-9-(diphenylmethylene )-1,4-me thano-

naphthalene (80). | |
Compound (80), (0.32 g., 0.001 mole)'at 800°¢C gave a brown liquid

(0.2 g.). Preparative layer chromatography [2 x 1 m. x 20 em., 0.75

thickness; eluant ether-light petroleum (1:5)] afforded :

(1) naphthalene (104%), (ca. 30 mg.), m.p. and mixed m.p. 80° and u.v.

spectrum identical to that of an authentic sample.
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And (ii) 1,l-diphenylethylene {(105), (40 mg.), i.r. and lH n.m.r.
69

spectra, and g.l.c., identical to those of an authentic sample ,

26. Pyrolysis of 1,2,%,8-tetrahydro-1,l-diphenyleyclopentialindene (93).

Compound (93), (0.1 g.) on pyrolysis at 800°C as usual gave an oil
(ca. 76 mg.) which on preparative layer chromatography yielded :
(1) naphthalene (104), (ca. 18 mg.), m.p. and mixed m.p. 80° and
w.v. spectrum identical with an authentic sample,
And (ii) 1,1-diphenylethylene (105), (ca. 21 mg.), i.r. spectrum and

g.l.c. identical to an authentic material.
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CHAPTER 3

THE SYNTHESIS AND REARRANGEMENT OF SOME

EENZOBARREILENE DERIVATIVES




INTRODUCTION

The ultraviolet spectrum of flavothebaone (107)71 shows an
unexpected maximum at 346 nm (log £ 3.50) and which is also observed
in the case of its trimethyl ether (108) at 337 nm (logg 3.49).
However, i1t has been suggested that the enone chromorhore interacts with
thé non-con jugated hydroquinone system as indicated in structure (107)

Tla

and that this interaction is fesponsible for the abnormal spsctrum.

Me-O

R=H(107)
R-O | R =Me(108)

In order to rationalise this anomaly an approprlate model compound
for flavothebaone molecule is necessary although earlier attempts to
ohtain such a system have been unsuccessful.72 |
IIn view of these observations it was decided to synthesise a suitable

model compound particularly for the u.v. spectral studies., It has already

been established that 5,6,7,8-tetrafluoro—l—methoxyfz-exofg—tolylsulphonyloxy-
27a

-1,4-ethenotetralin (109) rearranges exclusively to compound (110} and

it was anticipated that with the appropriate substituents in the aryl

residue this approéch could provide a route to the required model system.

O

,0Ts

v
M

o (110)




DISCUSSION

It is well documentedl’l4

that the mode of addition of dlenes to arynes
in the Diels-Alder reactions is controlled largely by the inductive effects
of the substituents, particularly in the 3- and 6-positions in arynes. 1In
the present study, the synthesis of a previously unreported 2-amino-3,6-
-dimethoxybenzoic acld (16)28 was undertaken, in view of the fact that,

like other anthranilic acids, it would alsc be a suitable precursor for

reactions of 3,6-dimethoxybenzyne (17) with arenes.

OMe
NH5

COOH
OMe

(16)

OMe

QD

0O Me

(17)

The aryne (17), however, is not unfamiliar. Gustav Ehrhart (~
generated it from compound (111) as illustirated in Scheme 23. In a more

recent report, Rees and West'_{4 have shown the formation of

O Me

[:::::](:I PhNa >
"(: }*CS

O Me

OMe

[:::::](:l "“I\JCJ(:I N\
Jhd(] ] 4

0O Me

OMe' [’Nj
N 1 R
A
O Me |

78. Scheme 23
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3,6-dimethoxybenzyne by the oxidation of l-amino-4,7-dimethoxybenzo-

triazole (112) in the presence of furan and obtained the adduct (113)
in 63% yield.

(H3)

First of all, the methylation of 2,5-dihydroxybenzoic acid with

dimethyl sulphate in concentrated aguesous potassium hydroxide following

the standard literature procedure gave methyl 2,5-dimethoxybenzoate

(114) in a high yield (88.5%) (Scheme 24). A small amownt of 2,5-

dimethoxybenzole acid (115) was also produced.

OH . OMe  OMe

@cooH MeysOg @coow @COOH
KOH

OH OMe OMe

(114) C(115)
Scheme 24

The ester (L14) was stirred with an excess of concentrated ammonia
solution at room temperature for T2 hours and gave white necedles of

2,5~dimethoxybenzamide (116) in a quantitative yield (Scheme 25).
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OMe NH OMe
COOMe 3 | CONH2

vV

OMe | | OMe

(14 (o)
Scheme 25

Rees and‘West74 have reported that the amide (116) on treatﬁent
wiﬁh conecentrated nitric acid at low temperature forms an isomeric
mixture of 3,6—dimeth0xy;2—nitrobenzamide (117),.obtained as the major
component; and 2,5-dimethoxy-l4-nitrobenzamide (118). The latter
compound however, dissolves readily in hot benzene thereby enébliné anmwd

mixture.

easy separation of both the isomers from the reaction/ In this manner,

the compound (117) was prepared in 69% yield (Scheme 26).

OMe OMe  OMe

CONH, AN E:jCONH E:jCONH
N02 O.N

OMe 2" OMe

(116) (117) (118)
Scheme 26
After having obtained the nitroamide (117)‘tw0 synthetic pathways
to 2-amino-3,6-dimethoxybenzoic acid (16) as outlined in Scheme 27
seemed possible. One approach involved the reduction of nitro-group
to form the compound (119) which on hydfolysis of the amide function
could lead to the required acid (16). Nevertheless, this route proved

[

The alternative procedure was to hydrolyse the hindered

the
amide (117) first to / previously unreported 3,6-dimethoxy-2-nitrobenzoic

inadequate.
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acid (120). However, after several initial unsuccessful attempts fhe.
nitroamide (117) was converted to nitroacid (120) in.88% yield by the -
treatment of the amide solution in céncentrated sulphuric acid at low
temperature with an excesé of sodium ﬁitrite.76 The structure (120)

was established by its elemental analysis and from spectral data. The

OMe | - OMe
CONH,, S ©CONH2
OMNO2 | OMNH2
e - ¢ _
(117) | | (119)
leso.4 | l o

OMe NHy'NH, OMe
COQOH COOH
NO Pd [ C NH

OMe 2 / OMe ?

Vv

(120)
| | | (16)
Scheme 27

nitro-group in compound (120) was reduced quantitatively by the method

T7

of Dewar and Mole ﬁsing hydrazine hydrate in the presence of palladium-
carbon in ethanol. The structure (16) was compatible with its elemental
analysis and spectral data. |

As anticipated 2-amino~3,6-diﬁethoxybenzoic acid (16) was found to

be an efficient precursor for 3,6-dimethoxybenzyne (17). The aprotic

diazotisation in the presence of furan produced the 1,4-cycloadduct (113)

in B0% yield.28

The reactions of tetrahalogenchenzynes with methoxyarenes have revealed

8L.



that in the formation of the Diels-Alder adducts there is a marked
preference for the methoxy-group to be retained at the bridgehead

65 Tne dlazotisation of the anthranilic acid (16) afforded

position.
a dark-red crystalline 3,6-dimethoxybenzene-diazonium-2-carboxylate (121).
When this compound was decomposed in an excess of o-dimethoxy- and
m;dimethoxybenzene, each reaction mixtufe, after hydrolysis and the
standard work-up procedure, gave the expebted 1,4-cycloadducts, 1,5,8-
~-trimethoxy-1,4~etheno-2-tetralone (122) in 47% yield and 1,5,8-trimethoxy~
-1,4~etheno-3-tetralone (123) in 39% yield. Likewise, in thé reaction

lof anisole with the diazonium carbéxylate (121) two broducts, 1,4-dihydro-
-1,5,8-trimethoxy-1,4~ethenonaphthalene (124) in 17% yield and 5,8-
-dimethoxy-1,4~-etheno~2~tetralone (125) in 5% yield were isolated (Scheme
28). The structures of these compounds were estabiished by elemental

analyses and by spectroscoplic methods. The 1.r. spectra of the compounds

(122), (123) and (125) showed carbonyl stretching frequencies at

OMe

OMe oMe  Xime OMe
COOH > COO———-—’
NH Nz
OMe 2 (121) OMQ |

4
&y (122)

(186) OMe OMe t
Me OMe OM |

A
Scheme 28 (124) (125)




OMe ﬂ
COOH >
NH
2
OMe

(16)
Scheme 293
1745, l73b.and 1740 cmm1 respectively. Thé 1H n.m.,r. spectrum of the
adduct (122) for instance, exhibited multiplets at T 3.25 (aromatic
and olefinic protons) and 5.35 (bridgehead methine proton), singlets
at' T 6.2, 6.22 and'6.25 {ne thoxy-groups ) and the methyiene protons

appeared as an AB guartet at q° 7.92, I = 18 Hz. However, in

| nm
compound (123) the bridgehead methine proton and the me thylene -group

were observed as doublet.of doublets at T 5.12, ,J’ = 6 and 2 Hz and -

a singlet at T 7.61 respectively., In the case of the adduct (124) the
bridgehead methine proton gave rise to a triplet of triblets centred at

T 472, |J] =5.8 and 1.8 Hz.

Interestingly, the reactions of benzyne generated from benzenediazonium-
~2=-carboxylate (5) with o-dimethoxy- and m-dimethoxybenzene produced the
expected 1,4-cycloadducts, (126) and (127) but in poor yield (Scheme é9).
This is not surprising in view of the fact that benzyne reacts with

27a

anisole to form the adduct (128) in only 1.5% yield. The formation

of the compounds (126} and (127) was evident from their infra-red and
lH n.m.r. data, No further attempts were made to isolate these compounds
in pure form, Nevertheless, the significance of these results lies in

the fact that 3,6-dimethoxybenzyne is, as expected, far more reactive and

electrophilic in character than the parént henzyne.
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OMe
Orte OMe

CO0 OMe

OMe | (126)

(7

OMe
(128)

Scheme 29

The ketone (122) on treatment with lithium aluminium hjdride in
ether resulted in the formation of an epimerie mixture of aleohols (129).
The separation of the mixture was however, achieved with considerable
difficulty by multiple-elution preparative layer chromatOgrapﬁy over -
silica-gel and l,2,3,4~tetrahydro-1,5,8—trimethoxyni,4-ethenonaphthalen—
~2-exo~ol (130) and 1,2,3,4-tetrahydro-1,5,8-trimethoxy-1,4-ethenonaphthalen-
-2-endo-ol (131) were obtained (Scheme 30). The structures of the
individual alcohols were confirmed by elemental analysis and by spectro-
Scopic techniques. The stereochemistry ef each compound was assigned
on the basis of lH n.m.r. speetra. For instance, the methine proton at
position 2 in the case of exo-alcohol (130) was observed ét higher
field than that of.the endo-isomer (121). Likewise, the compound (123)

was reduced to a mixture of aleohols (13%2) in high yileld.
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NO REACTION

 TsCl
PYRIDINE
6 DAYS

OMe

OMe

(123) < cheme 30 (132)

" In view of the difficulty of separating the mixture (129} it was
decided to convert it into an epimerie mixture of p-tolylsulphonyl
derivatives which-cogld enable an easy separation of the endo- and exo-

.compounds. Surprisingly, the alecohols (129) did not undefgo any reaction
with tosyl chloride in pyridine and only the stérting material was
recovered in this reaction. It may be possible that the interactions
of fhe methoxy-groups present in the éryl system hinder the formation
of the tosylates.

Acid-catalysed rearrangement reactions of bicyblic molecules have
been investigated extensively during the past few years.Ts Workers

in these laboratories have established that compounds of the type
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l-methéxybenzobarrelenes (12, X=H, F or Cl) in the presence of strong
‘mineral aclds rearrange readily to an isomeric mixture of ketoneé [(13)-
(15)] and that the formation of the minor components (14) and (15) depends
largely on the reaction conditions used;27a
Treatment of the epimeric alecohols (129) with a mixture of trifluoro-
acetic and sulphuriec acids at room temperature after the standard work-up
procedure produced a mixture of two products (t.l.c.). Preparative layer
chromatography as usual afforded 5,8-dimethoxy—2;4—etheno-1—tetrélone (133)
in 50% yield and the model compound, 5,9-dihydro~l,4—dimethoxy—5,9—
-methanobenzoeyclohepten-6-one (134) in 28% yield (Scheme 31). Furthermore,
the alcohols (130) and (131) underwent the-expected stereospecific
reérrangements to the compounds (134) and (133) respectively. This was
shown by carrying out small-scale rearrangements of the individual algohols

using analytical t.l.c¢c. and 1.r. spectroscopy to identify the products formed.

oMe A AH2504

@‘ CELOy |

OMe
Ohmz ay

(129)

Scheme 34




The structures of the compounds (133) and (134) were established largely
by analysis and by spectroscopic methods.,

As 1l1lustrated in Scheme 32, a number of derivatives of the model
compound (134) were also prepared parficularly for the ultraviolet .
spectroscoplc studies., Thus, the reduction of (134) with lithium aluminium
hydride following the standard procedure produced 6,9-dihydro-1,%-
-dimethoxy-5,9-methano~5H-benzoeyclohepten-6-0l (135). The catalytic
hydrogenation of ketone (134) in the presence of palladium-carbon at
room temperature resulted in the formation of 5,7,8,9-tetrahydro-1,4-
~dimethoxy-5,9-me thanobenzocyclohe pten-b6-one (136) which on further
treatment with lithium aluminium hydride in the usual way formed
6,7,8,9-tetrahydro-l,4-dimethoxy—5,9~methano~5H;benzocyclohepten—6-ol
(137). Finally, the reaction of the compound (134) with hydroxylamine
in pyridine after the work-up gave 5,9~dihydro-1,4-dimethoxy-5,9- |
methanobenzocyclohe pten-6-oxime (138). It is interesting that the
yields of the products obtained in all these reactioﬁs were reasonably
high (75-100%). The structures of the compounds [(13%5)-(138)] were

established on the basis of their analytical and spectral data (experimental).

Scheme 32



The ultraviolet spectra of the compounds [(134)-(138)] are recorded
in Table 4 and in Figures 1 and 2. The close similarity between the
spectra of the compournds (134%) and (138) (Figure 2) and flavothebacne
trimethyl ether (108) and the correspbnding oxime7lb (Figure 3) reveals
that the original aromatic riné of the alkaloid makes an_insignificanf
contribution to the abnormal spectrum. The spectra of the-saturated
ketone (136), the unsaturated alcohol (135), and the saturated alcohol
(137) (Figure 1) are very similar and are typlcal of simple 2,3~

~dialkylquinol dimethyl ethers. =’ 12
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Compound

1%k

135

126

137

138

Table 4

U.v. spectra of compounds (134)-(138)

Solvent

Ethanol

cyclohexane

cyclohexane

cyclohexane

Ethanol

Ethanol

A\ max./nm (log € )

330
520
290
250

380
350
315
270

and-

210
290
250

321
300
270
230

205
290
260
oo

225
. 305
283
250

(2.75),
(3.25),
(3.00),
(3.28),

(2.29),
(2.63),
(3.45),

(2.84), 260 (2.96),

360 (3.10),
320 (3.37),
280 (3.00),

240 (3.63),

272 (2.51),
340 (2.98),
300 (3.26),

230 (4.12).

(2.39),
(3.52),
(2.28),

(2.50),
(3.53),
(2.86),
(3.91),
(2.36),
(3.44),

(2.59),
(3.9%),

(3.18),

300 (3.45),
280 (3.29),

240 (3.33),

320 (2.50),
295 (3.54),
260 (2.42),

350
310
270
230

366

220
290
250

(3.19),
(3.20),
(3.16),
(3.91),

(2.47),
(3.29),
(2.98),
(3.01),

298 (3.50),
270 (2.90),
230 (3.88),

315 (2.62),
292 (3.56),
250 (2.62),

and 220 (4.13).

300 (3.06), 295 (3.41),
286 (3.47), 280 (3.36),
250 (2.36), 240 (3.00),
and 220 (3.97).

320 (3.37),

315 (3.48),

340
300
260

and

(3.28),
(3.13),
(3.19),

(2.69),
(3.43),
(2.69),
(3.37),

356
320
280
240

295
260

and

(3.51),
(2.48),

310
280
240

(3.04),
(3.29),
(3.40),

293 (3.43),
270 (5.03),
230 (3.86),

310 (3.56),

(3.58) 303 (3.60), 300 (3.58), 290 (3.50),
(3.43), 275 (3.52), 265 (3.68), 260 (3.79),
(3.92), 245 (3.95), 240 (3.94), 235 (3.95),
225 (4.07), and 215 (4.15).
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The u.v. spectra of other analogues of the compound {13%4), for instance
(15, X=F or H), show only'véry low intensity maxima_in the region 225~
250 nm (log € ca. 2.3). The high extinction coefficient in the case
of the compound (134), as compared with those observed for the cémpounds
(15, X=F or H) 1s attributed to the presence of the methoxy-groups.

It therefore seems reasonable that the abnormal spectrum of
flavothebaone trimethyl ether is, as originally predicted?la due to
the homoconjugation of the.alkoxybenzene ring with the o,f-~unsaturated
ketone chromophore.,

Interestingly, the compound (124) on treatment with perchloric acid
(60%) for 1.5 hours at room temperature or when heatéd under reflux in -
trifluorcacetic acld for two hours afforded in each case a mixture of
four products shown by analytical t.l.c. Preparativé layer chromatography
ovef silicanel gave two of the four components, which by 1l.r., lH n.m.r.,
u.v. spectral data, mass spectrometry and by elemental analysis shown to
be 2,4,5-trimethoxybiphenyl (139) in 21% yield and the kétone (125) in
hog yield; The remalning products in tﬁe mixture were not isolated in
pure form. However, further work is in prbgress in these laboratories.
| The formation of ketone (125) is illustrated in Scheme 33 aé fhis
type of mechanism has already.been established in analogous systems.27a
Howéver, the rearrangement of the benzobarrelene (124) to the trimethoxy-
~ biphenyl (139) is quite unusual and has never beeﬁ observed hefore.
Presumably the high electron denéity in the aryl residue allows ready
protonation, Addition of a proton at position-8a could afford a

6 -complex (an arenonium ion) which could undergo a retro-Friedel-
Crafts alkylation to give a new ion which, by loss of a proton, would
result in the formation of 2,4 ,5-trimethoxybiphenyl (139), as shown

in Scheme 34.
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EXPERIMENTAL

All general procedures used were those as deseribed in Chapter 1.

1. Preparation of methyl 2,5-dimethoxybenzoate

Dimethyl sulphate (375 ml.) and aqueous potassium hydroxide (375 ml.,
50%) were added in small portlons to a stirred solution of 2,5-dihydroxy-
beﬁzoic acid (75 g.) in ethanol (150 ml.) and potassium hydroxide (75 ml.,
50%). After the addition was complete the mixture_was heated on a water-
bath (ca. SOOC) for about 2 hours, cooled and a brown oil'was separated
from the aqueous layer. The agueous phasé was extracted.with chioroform
(2 x 100 ml.). The combined organic layer was washed successively with
sodium hydroxide (2 x 50 ml., 2N} and water and dried (Na2804)' The
solvent was evaporated and distillation of the crude product under reduced
pféssure gave methyl 2,5-dimethoxybenzoate (114), (84.6 g., 88.5%), b.p.

80

90-95°C at 0.5 mm. Hg. (1it.°° b.p. 95-98°C at 1 mm. Hg.).

V* max, J000» 2955, 2840, 1737, 1620, 1590, 1470, 1320, 1290, 1250,
1220, 1180, 812 and 735 cm:™

2. Preparation of 2,5-dimethoxybenzanmide

Methyl 2,5-dimethoxybenzoate (84.6 g.) was stirred with ammonia
solution (500 ml.) at room temperature for T2 hours. The white cfystalline
solid obtained was filtered, washed thoroughly with cold watef. Reecrystallisatic
. from hot water gave white needles of 2,5-dimethoxybenzamide (116), (78-.5 &.,

81

100%), m.p. 140-141°C (11it.%" m.p. 140°C).

3.  Preparation of 3,6-dimethoxy-2-nitrobenzamide

Concentrated nifric acid (800 ml.) was cooled in an ice-salt mixture
and stirred whilst 2,5~dimethoxybenzamide (78.0 g.) was added to it‘in
small portions. After the addition was complete the mixture was stirred
for a further period of 1 hour at O-BOC and then poured onto ice (LOOO g.).

The yellow crystalline solid was filtered, washed well with water and dried.
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Tt was then treated with hot benzens (3 x 500 hl.) and filtered. The
yellow crystalline solid thus cobtained was recrysta;lised from acetone
and afforded 3,6-dimethoxy-2-nitrobenzamide (117), (67.0 g., 68.7%),
mp. 231% (1187 m.p. 225-226%).
A max. 3400, 3185, 2850, 1665, 1630, 1585, 1535, 1495, 1372, 1297,
1272, 1195, 1120, 1055, 935, 815, 800 and 720 em. T

4, Preparation of 3,6~dimethoxy-2-nitrobenzoic acid

. 3,6-Dimethoxy-2-nitrobenzamide (25.0 g., 0.11 mole)} was dissolved
in sulphuric acid (750 g., 90%) and cooled in ice-salt mixture (ca. —500)
and stirred. Sodium nitrite (8.0 g., 0.11 mole) in water (12 ml. )} was
slowly and carefully added below the surface of the acid and the mixture -
was stirred for a period of about 30 minutes. It was then allowed to
come to room temperature and heated (ca. 6000) on a water-bath until gas
evolution ceased. The whole process wés repeated twice (total sodium
nitrite added 24.0 g.) and the cold mixture was then added to ice (ca.
2 kg.). The precipitate obtained was filtered, washed with water, dried

and recrystallisation from aqueous ethanol gave 3,6-dimethoxy-2-nitrobenzoic

acid (120), (22.0 g., 88%), m.p. 192-194°C.
+/ max. 3000 (br.), 2855, 1745, 1710, 1620, 1580, 1540, 1495, 1465;
1452, 1435, 1370, 1290, 1250 (br.), 1190, 1140, 1055, 935, 810,
| 860, 790, 760, 720 and 690 P
Found: C, 47.7; H, 4.1; N, 6.4%.
09H9NO6 rgqui?es C, 47.6; H, 4.0; N, 6.2%.

5. Preparation of 2-amino-3,6-dimethoxybenzoic acid

3,6-Dimethoxy-2-nitrobenzoic acid'(22.0 g., 0.1 mole) was dissolved
in hot ethanol (300 ml.) and palladium-carbon (300 mg., 10%) was added.
Hydrazine hydrate (31 ml.) was added to it during 30 minutes. After the

addition was complete, more palladium~carbon {100 mg.) was added and the
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mixture was heated under reflux for 3 hours, cooled and filtered., The
filtrate was evaporated to a small volume and cooled and gave 2-amino-

~3,6-dimethoxybenzoic acid (16), (l9 0 g., 100%), m.p. 96~ 97 ¢ (from

ethanol).
+ max. 3480, 3705, 3100 (br.), 2940, 2850, 1700, 1625, 1600, 1550,
| 1480, 1365, 1270, 1222, 1160, 1115, 1055, 960, 800 and 720 cm.'l
FPound: C, 55.0; H, 5.7; N, 7.0%.
CnglNO4 requires C, 54.8; H, 5.6; N, 7.1%.
6. Preparation of 1,5,8-trimethoxy-1,4-etheno-2-tetralone

2-Amino-3,6~dimethoxybenzoic acid (5.4 g., 0.027 mole) was dissolved
in tetrahydrofuran (30 ml.) and diethylether (30 ml.) and trichloroacetic
acld (50 mg.) was added. Pentyl nitrite (7.5 ml.) was then added and
the mixture was stirred at room tempzrature for 2 hours. The supernatant
liquid was poured off and the dark red solid was washed with 1,2-dichloro-
ethane (3 x 10 mdl.), slurried in 1,2-dichloroethane (10 ml.) and was added
to preheated veratrole (250 g.) at 6000 and kept at this temperature for
three hours. Ether (300 ml.) was added to the cooled solution which was
then washed with hydrochlorie acid‘(l50 ml., 2N), sodium hydroxide (4 x
100 ml., 2N) and water (2 x lOO.ml.), dried, the solvent and the excess of‘
veratrole were removed undgr reduced bressure to afford a dark oil.
Preparative layer chromatography [14 % 1lm. x 20 em., 0.75 mm. thickness;
eluant ether-light petroleum (b.p.‘40-6000), 10:1]) gave 1,5,8-trimethoxy-

A,4-etheno-2-tetralone (122), (3.2 g., 47%), m.p. 64-66°C (from light

petroleum).
lH n.m.r. (CDClB) T 3.25 (m., 4 protons), 5.35 (m., oné protoﬁ), 6.2
(s., 3 protons), 6.22 (s., 3 protons), 6.25 (s., 3 protons), and T7.92
(ABq., I l = 18 Hz., 2 protons).

\r — 3015, 2845, 1745, 1600, 1495, 1465, 1390, 1345, 1260, 1067,

1020, 975, 900, 840, 800, 755, 720 .and 695 cm. -1
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A\ max (Ethanol) 305 (log € 3.51), 297 (3.56), 296 (3.56) and .
210 (4.28) nm. |

Found: C, 69.7; H, 6.4%4; M (mass spectrometry), 260. C

15Hl604 requires

¢, 69.2; H, 6.15%; M, 260.
High resolution mass spectrometry:

Measured mass Calculated mass Formula

+

M. 269.1045 260.1049 Cl5Hl604
+=
M.-42 218.0938 218.9943 013H1403

7. Reduction of 1,5,8-trimethoxy-1,4-etheno-2-tetralone (122).

The ketone (122) (0.5 g., 0.002 mole) in ether (10 ml.) was added
to a suspension of lithium aluminium hydride (250 mg.) in ether (15 ml;)
and the mixture was stirréd at room temperature for 20 minutes. Sulphuric acid
(25 ml., QN) was then added slowly and the ether layer was sepérated and
washed with water (2 x 10 ml.); The agueous acid layer was extracted
with chloroform {2 x 10 ml.) and the combined organic layers were'driéd
and evaporated to afford an epimeric mixture of aleohols (129), (472 mg. ,
k).

A portion of the mixture (100 mg.) was separated by brépafative .
layer chromatography (L x 1 m. x 20 cm. x Q.75 mm. thickness) by elution

(x 6) with benzene :chloroform (1:4) and gave an upper band of 1,2,3%,4-

-tetrahydro-1,5,8-trimethoxy~1,%~ethanonaphthalen-2-exo-0l (130), (31
mg.), m.p. 191—192?0 (from methaﬁol).
lH n.m.r. (CDClB) T 3.25-3.45 (m., %4 protons), 5.6-5.8 |
(m., one proton), 6.06 (d.x 4., orie proton, ]JI__: ca. 12 and
3 Hz.), 6;18 (s., 3 protons), 6.24% (s., 3 protons), 6.25 (s.,
3 protons), 7.3 tm., one proton, exchangeable}, 8.1 (m., one
proton) and 8.7 (d. x t., one proton, /J, = ca. 12 and 3 Hz.).

o max. 920, 3060, 2990, 2970, 29%0, 2905, 2840, 1625, 1592, 1495,
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14.65, 1360, 1262, 1200, 1100, 1080, 1015, 957, 860, 800,
720 and T10 om. ™t |
N max, (EtOH) 300 (log€ 3.44), 290 (3.54), 225 (3.89) and
207 (4.15)nm.
| Found: C, 68.8; H, 7.0%; M (mass spectrometry), 262. 015H1804
requires C, 68.7; H, 6.9%; M, 262.

A lower band contained 1,2,3,4-tetrahydro-1,5,8-trimethoxy-1,4~

~ethenonaphthalen-2-endo-ol (131}, (44 mg.), m.p. 186°¢ (from methanol);_
% n.mr. (CDClj)'-‘“'r‘ 3.28 (s., 2 protons), 3.44 (m., 2 protons), |
5.68.(m., one proton), 5.95 (d.x 4., one proton, IJ’ = ca. 12
and 3 Hz.), 6.18 (s., 3 protons), 6.22 (s., 3 protons), 6.30
(s., 3 protons), 7.72 (m., one proton, exchangeable), 7.9-(oétet,
1 proton) and 8.96 (d. x t., one proton }Jl = ca. 12 and 3 Hz.).
V pax. 25205 3060, 29042, 2890, 2840, 1625, 1592, 1495, '1460, 1440,
1350, 1315, 1260, 1190, 1080,.1060, 950, 805; T15, 700 Omtl
A max. (EtOH) 300 (log€ 3.36), 290 (3.52), 225 (3.9%) and 209
(4.13) nm.
‘Found: C, 68.8; H, 6.9%; M (mass spectrometry), 262.

8. Rearrangement of an epimeric mixture of the aleohols (130) and (131)

A mixture of aleohols (129), (0.3 g., 0.0011 mole)} was dissolved in
a miiture of trifiuoroacetic acid (2 ml.) and sulphuric acid (2 ml.) and
stirred at room temperature for 30 minutes. ihe mixture was then a&ded
to ice (25 g.) and the products were extracted with ether (5 x 10 ml,).
- The ether extract was washed with sodium hydrogen carbonatg and wafer
and dried. The solvent evaporation afforded an oll (269 mg.), which was
separated by preparative layerlchromatography [eluant ether-light
petroleum (b.p. 40—6000), 4:1] and gave an upper band of 5,8-dimethoxy-

42,4—etheno-l—tetralone (133), (130 mg., 50%), m.p. 83-84°% {from

ether).
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4 nomer. (ooeL,) T 3.15.(q., 2 protons, ,Jl = 9.5 Hz.),
3.64 (oétet, 2 protons, AS = 48 Hz.), 5.78 (m., one proton,
6.18 (s., 3 protons), 6.21 (s., 3 protons), 6.62 (m., one |
proton) and 7.48 (m., 2 protOns). |
N 'max. 2970; 2045, 2845, 1695, 1585, 1485, 1440, 1265, 1235,
1198, 1143, 1105, 1087; 1045, 1010, 985, 965, 945, 900, 890,
817, 770, 730 and 722 emit ,
N max. (cyclohexane ) 350 (logg 3.56), 340 (3.62), 263 (3.35)
and 216 (4.27) nm.
Found: C, T73.l; H, 6.4%; M (mass spectrometry), 230. 014H140}
requires C, T73.05; H, 6.1%; M, 230.

The lower band contained 5,9-dihydro-l,4-dimethoxy-5,9-

me thanobenzocyclohepten-6-one (134), (74 mg., 28%), m.p. 140-141°C

(from methanol).

4 n.m.r. (CDCJ.})TE.SlL (q., one proton, IJI = ca. 10 énd 6 Hz.),
3.38 (s., 2 protons), 4.55 (q., one proton, IJ} = ca. 10 and 2
Hz.), 5.94% {(m., one proton), 6.15 (m., one proton), 6;22 (s.,

6 protons) and T7.32 (m., 2 pr:otoné).
v max. 2000 2065, 2945, 2845, 1680, 1615, 1495, 1470, 1442,
1380, 1330, 1305, 1288, 1260, 1235, 1200, 1160, 1100, 1080, 1062,

970, 920, 830, 800, 750 and 708 —

N max, (Et0H) 380 (108€ 2.75), 360 (3.10), 350 (3.19), 340 (3.28),

330 (3.35), 320 (3.37), 310 (3.30), 300 (3.13), 290 (3.00),

280 (3.00), 270 (3.16), 260 (3.19), 250 (3.28), 240 (3.63),

230 (3.91) and 220 (4.11 ) nm. | '

(eyelohexane ) 380 (log€ 2.29), 372 (2.51), 366 (2.47),

356 (2.69), 350 (2.63), 240 (2.98), 330 (3.29), 220 (3.43),
315 (3.45), 200 (3.26), 290 (2.98), 280 (2.69), 270 (2.84),

260 (2.96), 250 (3.01), 240 (3.37) and 230 (4.12) nm.
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Found: C, 73.2; H, 6.2%; M (mass spectrometry), 230.

A sample (5 mg.) of the endo-alcohol (l}i) was shown to give
only the tetralone (133) on rearrangement; similarly the.exo—alcohol
gave only the dB—unsaturated ketone (134),

9. Reduction of 5,9-dihydro-1,4-dimethoxy-5,9-methanobenzocyelohe pten-

-6-one (134) with lithium aluminium hydride.
The ketone (134), (50 mg.) in ether (10 ml.) was added to a suspension
of lithium aluminium hydride (30 mg.) in ether (10 ml.) and the mixture
was stirred at room temperature for 20 minutes. Sulphuriec acid (6 ml,,
2N) was then slowlj added and the ether layer was separated. The usual

work-up gave 6,9-dihydro-1,4-dimethoxy-5,9~methano-5H-benzocyclohepten-6-0l

(135), (42 mg., 84%), m.p. 103-104°C (from light petroleum).

| lH n.m.r. (CDClj) T 3.36 (m., 2 protons), 3.70 (m., one proton),
4.78 (4. x t., one proton, [J[ = ca. 10 and 2 Hz.), 5.45 (m.,
one proton}, 6.15 (m., one proton), 6.22 (s., 3 protons), 6.24
(s.l, 3 protons), 6.58 (m., one proton), 7.75 (m., 2 protons)
and 8.20 (m., one proton exchangeable).

o o, 460, 295, 2840, 1608, 1498, 1470, 1440, 1255, 1205, 1165,
1090, 1067, 1005, 965, 927, 792, T38, and 710 om.™ |

A\ max, (Cyolohexane) 310 (log€ 2.39), 200 (3.45), 298 (3.50),

295 (3.51), 290 (3.52), 280 (3.29), 270 (2.90), 260 (2.48),
250 (2.48), 240 (3.3}), 230 (3.88) and 220 (4.12) nm.

Found: C, 72.6; H, T.1%; M (mass spectrometry), 232. clliHlGo'3 requires

C, 72.4; H, 6.9%; M, 232.

10. Catalytic hydrogenation of 5,9-dihydro-1,4-dimethoxy-5,9-methano-

benzocyclohepten-6-one (134),

The compound (13%4), (94 mg.) in ethanol (50 ml.) was hydrogenated

at atmospheric pressure over prereduced palladium-carbon (10 mg., 5%)
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at room temperature. The normal work-up gave 5,7,8,9-tetrahydro-1,4-

dimethoxy-5,9-methanobenzocyclohepten-6-one (136), (95 mg., 100%), m.p.

103-103.5°C (from methanol).
14 n.m.r. (opcl,) T 3.32 (q., 2 protons, /J/ ca. 9 Hz.), 6.16 (m.,
one proton), 6.20 (s., 3 protons), 6.26 (s., 3 protons), 6.45
(m., one proton), T7.40 (m., one proton), and 7.90 (m., 5 protons).
vV max. 2945, 2870, 2840, 1720, 1500, 1465, 1440, 1300, 1260, 1218,
1180, 1085, 1060, 990, 962, 797 and 710 cm. T |
A max.' (cyelohexane) 321 (Log€ 2.50), 320 (2.50), 315 (2.62),
210 (3.04), 200 (3.53), 295 (3.5%), 292 (3.56), 280 (3.29), 270 (2.86),
260 (2.42), 250 (2.62), 240 (3.40), 230 (3.91), 220 (4.13) nm.
Found: C, 72.6; H, 7.1%; M (mass spectrometry), 232. 0141{1603 requires
C, T2.4; H, 6.9%; M, 232.

11. Reduction of 5,7,8,9-tetrahydro-1,4-dimethoxy~5,9-methanobenzocyclo=

he pten-6-one (136) with }ithium aluminium hydride.

The compound (136), (75 .mg.) in ether (15 ml.) was stirred with é
suspension of lithium aluminium hydride (40 mg.) in ether (15 ml.) at
.room temperature for 30 minutes. Sulphuric acid (10 ml,, 2N) was then
added and the work-up in the usual manner afforded 6,7,8,9—té£fahzdro-.

1, 4~dime thoxy-5,9-me thano~-5H-benzoeyelohe pten-6-ol (137), (74 mg.,

99%), m.p. 87-88°C (from light petroleum).

4 nom.r. (CDC1,) T 3.34 (m., 2 protons), 6.22 (s., 3 protons),
6.23 (s., 3 protons), 6.55 (m., one proton), 6.70 (m., one proton),
7.80 (m., one proton), 8.24 (m., one proton, exchangeable) and
8.45 (m., 6 protons). |

V' max. 2460, 3005, 2950, 2870, 2840, 1610, 1595, 1500, 1465, 1440,
1255, 1180, 1090, 1065, 1025, 970, 790 and 710 cm.

N max, (EXOH) 305 (log € 2.36), 300 (3.06), 295 (3. 41), 295 (3.43),
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290 (3.44), 286 (3.47), 280 (3.36), 270 (3.03), 260 (2.59), 250
(2.36), 240 (3.00), 230 (3.86), 224 (3.94) and 220 (3.97) ﬁm.

Found: C, 72.4; H, 7.9%; M (high resolution mass spectrometry), o3l 1056,
Cyyfyg0y requires C, TL.8; K, 7.7%; M, 234. 1256.

12, Reaction of 5,9-dihydro-l,4-dimethoxy-5,9-methanobenzocyclohe pten~6-~one

(134) with hydroxylamine.

The compound (134%), (100 mg.) was taken in pyridine (10 ml.) and
hydroxyammoniun chloride (97 mg,) was added. The mixture was then heated
(ca. 60—7000) on a ﬁater bath for about an hour and kept overnight at room
.temperature. Water (50 ml.) was added and it was extracted with ether
(2 x 25 ml.), washed well with water and dried. The solvent.was remoQéé

under reduced pressure and gave 5,9—dihydrofl,4—dimethoxy—5,9-methanobenzo—

eyclohepten-6-oxime (138), (80 mg., 75%). m.p..188—l90°C {from light
petroleum).
lH n.m.r. (CDClj) T 3.36 (&., 2 protons), 3.45 (m., one protoﬂ),
4,28 (m., one proton), 5.00 (m., one proton), 5.90 {m., one
proton),é.eo (s., 3 protons), 6.22 (s., 3 protons}, 6.30 (m.,
one proton), and 7.65 (m., 2 protons).
N max. 5220, 29%0, 2840, 1595, 1485, 1495, 1440, 1255, 1080,
1060, 1030, 972, 950, 790, 745 and 700 cm.”t |
\ max, (BtOH) 325 (log€ 3.18), 320 (3.37), 315 (3.48), 310 (3.56),
305 (3.58), 303 (3.60), 300 (3.58)}, 290 (3.50), 285 (3.43), 275
(3.52), 265 (3.68), 260 (3.79), 250 (3.93), 245 (3.95), 240 (3.94),
2%5 (3;95), 225 (4.07) and 215 (4.15) nm,

Found: C, 68.8; H, 6.4; N, 5.7%; M (mass spectrometry), 245, 014H15NO3

requires C, 68.6; H, 6.1; N, 5.7%; M, 245,
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13. Preparation of 1,5,8-trimethoxy-1,4-etheno=3-tetralone.,

The reaction was carried out exactly in a fashion described under
the experiment number 6. The dark red solid [frém 2-amino-3,6-dime thoxy-
benzoic acid (5.4 g., 0;027 mole )] was added to preheated m-dimethoxy-
benzene (200 g.) at 60°C and kept at this temperature for 3 hours. The
standard work-up and column chromatography over silica-gel using ether:
light petroleum (1:1) as eluant, gave 1,5,8-trimethoxy-1,4-etheno-~3-
tetralone (123), (2.65 g., 39%), m.p. 9300 (from methanpl).
%nmm.WW%)lemuﬁpmmmLSAQ@.x&,mem%m,

IJI =6 and 2 Hz.), 6.17 (s., 3 protons), 6.22 (é., 3 protons),
6.31L (s., 3 protons) and 7.6l (s., 2 protons).
V' max, 2990 2830, 1730, 1620, 1590, 1490, 1460, 1437, 1408,

1340, 1322, 1310, 1260 (br.), 1175, 1067, L040, 1018, 955,

842, 790, 760, Ti5 and 685 em. ™
Found: €, 69.2; H, 6.1%; H (mass spectrometry), 260. ClSHl6O4 requires-

C, 69.2; H, 6.2%3 M, 260.

‘14, Reduction of 1,5,8-trimethoxy-1,l-etheno~3-tetralone (123).

The compound (123%), (2:@8 g., 0,008 mole) in ether (50 ml.)
was added to a'sﬁspension of lithium aluminium hydride (1.0 g.) in ether
(60 ml.) and the mixture was stirred at room temperature for 70 minutes.
Sulphuric acid (80 ml., 2N) was slowly added and the work-up in the |
usual way afforded an eplmeric mixture of alcohols (132), (1L.76 g..,
84%), m.p. 100-111°C (from methanol).
V' wax, 2410, 3065, 3000, 2940, 2880, 2840, 1625, 1597, 1495, 1465,
1847, 1350, 1325, 1290, 1260, 1160, 1100, 1080, 1055, 1020, 980,
960, 800, 790, 730, 718 and 700 cm. ™t

MW, M (mass spectrometry), 262.
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15. Reaction of 3,6-dimethoxybenzyne with anisole,

2-Amino-3,6-dimethoxybenzoic acid (8.1 g., 0,04 mole) was dissolved
in tetrahydrofuran (40 ml,) and ether (40 ml.) and trichloroacetic acid
(80 mg.) was added. Pentyl nitrite (10 ml.) was added and the mixture
was stirred at room temperature for two hours. The dark red solid so
obtained was filtered carefully, washed with ether (10 ml;) and was taken
in 1,2-dichlorocethane (50 ml.) and then added to‘preheated anisole (250
g.) at 60°C. It was maintained at this temperature for a further periéd
of four hours. The solvents and the excess of anisole wére rémoved
under reduced pressure. The dark brown oil obtained was placed on a
column of neutral alumina and elution with ether-light petrbleum (l:éB-

afforded l,4~dihxdro~l,5,8-trimethoxy—l,H—ethenonaphthalehe (12h), (1.7 g,

17%), m.p. 78-79°C (from methanol).
4 numr. (CDClj)'T'B.l (m., 4 protons), 3.49 (s., 2 protons),
'4.72 (t.x t., one proton, ltIl = 5.8 and 1.8 Hz.), 6.18
(s., 3 protons), 6.2 (s., 3 protens) and 6.24 (s., 3 protons).
¥ max. 2985, 3000, 3965, 2940, 2915, 2840, 1640, 1590, 1500,
1460, 1445, 1345, 1315, 1260, 1240, 1195, 1180, 1150, 1108,
1080, 1065, 1042, 1025,'985, 955, 848, 808, 798, T22, T10
and 678 cm.'—l o
Found: c; T4.0; H, 6.6%; M (mass spectrometry), 24, .015H1603
requires C, 73.8; H, 6.6%; M, 244., =~ :

Elution with ether-light petroleum (5:1) gave 5,8¥dimethoxx—l,4-

etheno~2-tetralone (125),Jk0.46 g., 5%), ﬁ.p. 104-106°C (from
methanol). - '

lH n.m.r. (CDClj)’r'3.2 {(m., 4 protons), 5.13 (d. x d., one proton,
,Jl = 6 and é Hz.}, 5.35 {m., one proton}, 6.18 (5., 3 protons),.

6.22 (s., 3 protons) and 7.96 (ABg., 2 protons, [JABI = 17 Hz.).
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N ma#' 3080, 3010, 2950, 2840, 1740, 1600, 1500, 1%70, 1445, 1337,
1292, 1260, 1150, 1130, 1090, 1010, 970, 770, T15 and 690 cm.-l
MW, M, 230 (mass spectrometry).
m/e, 230, 188, 173, 145
Caution: Dry 3,6-dimethoxybenzenediazonium-2~carboxylate could be
e'xplosive. Therefore, sultable precautions should be taken during its

filtration and handling.

16. Reaction of 1,4-dihydro-1,5,8-trimethoxy-1,4-ethenonaphthalene (124)

with acids.

(a) Perchloric acid.

The compound (124), (0.6 g.) ﬁas stirred with perchloric acid (50
ml., 60%) at room temperature for 1.5 hours. The mixture was then
added to ice (200 g.), extracted with chloroform (3 x 50 ml.}, washed
with water.and.dried. The solvent removal gave.an oil (0.62 g.), which
was shown to be.a mixture of four compounds by thin layer chromatography.
Preparatife layer chromatography [4 x 1 m. x 20 em.; 0.75 mm. thlckness;

eluant ether—lig,ht'pe-troleum (1:1)] afforded.a fast running top band of

2,4 5-trime thoxybiphenyl (139), (127 mg., 21%), m.p. 49-50°C (from
light petroleum). '

1

H n.m.r. (CDCL.) 2.50 (AA' of AA'EB', J,_ = 9 Hz, 2 protons)

5 AB
2.95 - 3,20 (m., 5 protons), 6.18 (s., 3 pr’otpns),

6.23 (s., 3 protons )‘ and 6.28 (s., 3 pr'c;tons). _

vV max. 3000, 2945, 2915, 2840, ;618, 1595, 1580, 1520, 1500,
1465, 1445, 1405, 1300, 1265, 1250, 1220, 1180, 1055, 1027,
882, 835, 798, T45, 720, 692 and 682 cm.”t

?\ - (cyclohexane) 325 (log€ 3.11), 3.10 (3.77),
302 (3.83), 290 (3.72), 255 (4.11), 222 (4.22) and
© 211 (%.33) nm.

Found: C, 7%.9; H, 6.7%; M (mass speotrometry),_244.

' 0151{1603 requires C, 7%.8; H, 6.6%; M, 244,
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A lower band contained 5,8-dimethoxy—l,4—etheno-2—tetraione (125),
(225 mg., 42%), m.p., mixed m.p., i.r., and lH n.m;r. spectra identical
to that of éﬁ authentic sample (isolated in experiment No. 15).

Two other compounds in the mixture were not investigatéd further.

{b) Perchloric acid using dioxane as solvent.

The compound (124), (45 mg.) was dissolved in dioxane (5 ml.) and
perchloric acid (5 ml., 60%) was added. The reaction was carried out
exactly in a manner as described under (a) and the usual work~up procedure
gave only an unchanged étarting material (40 mg.)} shown by f.l.c., Mm.p.,
i.r. and lH n.m.r., spectra.

(¢) Trifluorcacetic acld at room temperature.

The compound (124), (70 mg.)} in triflucrocacetic acid (5 ml.) was
stirred for 4.5 hours and the usual work-up afforded only an unchanged
starting material, m.p., t.l.c. and i.r. spectra identical.

(d) Trifluorcacetic acid.

The compound (124), (160 mg.) in trifluorcacetic acid (5 ml.) was

. ) : ‘

heated under reflux for 2 hours apd the standard work-up procedure gave
an 0il (151 mg.) which by comparison t.l.c. and 1.r. spectroscopy was

shown to be identical with the mixture obtained in experiment (a).

17. Attempted tosylation of an epimeric mixture of the alcochols (130)
and (1%1). 7 |

A mixture of the alcoholg (130) and (131), (O.iEIg.) iﬁ dry pyridine
(4 ml.).was cooled to ca. —500 and tos&l chloride (95 mg.) in pyridine
(2 ml.) was added slowly maintaiﬁing the same témperature. The mixture
| was then stirred atrroom temperaturé for 6 days and the standard work-
‘up gave an unchanged starting material (129), (95 m‘g.),\ Mm.P., compé,rison

thin layer chromatography and i.r. spsctra identical,
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