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SUMMARY

The rearrangement reactions of‘l-methoxybenzobicyclo-ﬁ§.2.2_7*
~octatriene derivatives in strong acid-have'been studied. In particular
1-pethoxytetrafluoro~, l-methoxytetrachloro-, and lmmethoxybeﬁzobarrelene
have been prepared labelled with 140 at C-l. Rearrangement of these
.compounds, in strong acid, leads in each case, to three isomeric ketones.
The majér product in each rearrangement was the corresponding benzow-

140

barrelenone, formed, in each case, by two distinet pathways. The
label in eaéh benzobarrelenone was scrambled between C~4 and (=5
és a resﬁlt of the twoe different mechanisms. A suitable degradation
procedure has been devised which allows the llFC activiﬁy in C~4 and |

-5 of each ketone %o be determined, and hence, en evaluation.of the
percentage rearrangement which proceeds by the two mechanistic pathweys-
‘previously suggested.,

A high yield route to benzobarrelene and certain substituted
derivativés wés required in order to/invéstigate some of the above pro-
cesses. The route developea'involves"dechlo;ipation of the tetrachloro-
benzobi@ycloﬂZE.Z02;7~octafriene éeniﬁafiveéi fThe use of sodium~
~tetrahydrofuran-t-butancl as a self indidatiﬂg reducing medium allows the
removal of chlorine in high yield.

The acid catalysed rearrangement of 1,5,8-trimethoxybenzobarrelene
has also been investigatedo' The two majof products are 2,4',5~trimethoxy-~

biphenyl and 5,8-dimethoxybenzobarrelencne. ZT2H;7Labelling studies have

been used to investigate the rearrangement further,
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- INTRODUCT TON

Over the past thirty years the chemistry of orthodehydrobehzene
(1, benzyne) has been studied extensively. Although the structure of
benzyne has been the subject of much controversy it is now generally
_.accepted that it is a neutral éinglet specles, derived by the ;emoval
of two Qrthb sub;tituents ffom the benzehe aroratic systém. The re=-
moval of the two substituents leaves two carbon spznorbitals with
two electrons distributed between them, the orbitals.being orthogonal
to the molecular orbitels of the arcmatic ring. The two carbon
syz-orbitals can interact to give a singlet (2) or a triplet (3)
sféte, Calculationsz end its reactions show that benzyme exdsts in a

symietric singlet ground state.

(X

. + XY
Y
(1)
(1) NG,
290
(2) | {3)

Although benzyne has never been isolated at normal temperatures,
the existence of the intermediate has been justified by time - resolved

'  ha
ness spectrometry.3 More recently Chapmen and his co-workers# have



recorded the infre-red spectrum of benzyne generéted by the photolysis
of phthaloyl peroxide and benzocyclobutenw1,24 dione at 8°K. The
various bands observed in the spectrum of benzyne are at 1627,1607,
1451, 1053, 1038, 849, 736 end 469 cm™! and favour the structure

(1) for the intermediate.

/‘ 20
.

2 /51)
T
|k
8 K

Matrix photolysis of the diazolactone (4) results in the formation
of benzyne with sufficient efficiency for the C=C stretch (20850m-1)
- to be cbserved 'for the first timv:s.hb Laing and Berryhc have interprete& 
the infra-red vibration spectrum of benzyne as reported by Chapman.ha
thir results show that thé infra~red spectrum of benzyne implies that
beﬁzyne has alternating bond lengths consistent with the aryne~like
structure (1). The analysis predicted a frequency band at 2083cm |
which coincided very‘well with Chapman's later results 4o (20850m"1).
Although benzyne has been isolated as a stable entity in rigid matrices

at very low 4&:empea-ra.tt:lJ:'es,_,l'L its lifetime in solution and in the gas

2



&)

phase is limited by dimerization to form biphenylene, The process cccurs
at a rate approaching diffusion c:ont:c‘ol.jlo Recently Mazur5 has
investigated the effect of polymer immobilisation on the generation
of benzyne.

The chemistry of this species is that of a highly electrophilic
intermediate, Ité half life at room temperature is ca. 10"4 SE€Ce s

Barly methods for the generation of arynes invelved the action

of very strong bases, such as potassivm amide and sodanide in liquid

aumonis or lithium alkyls and lithium aryls in ether on aryl halides.

A |
" NaNH, ~NH2
—_——)

liq.NH3

("I'-) —_——

The disadvantage with this procedure is that the sirong bases are
also strong nucleophiles which will react readily with the benzyne.
Wittig6 was first to introduce the procedure of trapping benzyne

with a diene in a Diels-Alder type reaction, The benzyne was generated



from 4,2-dibalogenobenzenes with lithium amalgan or magnesium;

“~F LirHg ‘P o
-9, o ——— (11eLiF
Br | Li

A method of preparing benzyne under mild conditions involves

the oxidation of 1-aminobenzotriazole (5) using lead tetra-acetate

or nickel peroxide.

(51

7

N
\  PbloAc), ) Q\N

({)+2N2

4



Other reacticns, which result in variable yields of benzyne,
include the pyrolysis of phthalic anhydride and indanetrione;o the
photolysis of phthaloyl peroxide and Qudiiodobenzene;g and flash
photolysis of benzenediazonium-Z-carboxylate"(?).3

A more widely used and generally higher yiéld route to benzyne,
involves the diazotisation of anthranilic acid (6) to (7) which can,

10

with care, be isolated, On mild pyrolysis (92.500) ¢7) dedomposes

to benzyne, nitrogen and carbon dioxide.

CO2H CO@ |
*—*—ﬂb H)+N2+COZ
NHoy . _

© o

Likewise, 1,2,3-benzothisdiazole~1,1-dioxide (9) formed from

_ o-amincbenzenesulphinic acid (8) fragments readily in organic solvents

at 23.200 to give (1), sulphur dioxide and nitrogen. | |
Tetrahalogenated benzynes have been the principzl area of study

within these laboratories., It had been'reasoned12 th&f fhe effect

of the four electron withdrawing halogens would cause a significant

increase in the electrophilicity of the intermediate, over that of

benzyne, and hence affect the reactivity.




AN
g\

ANH,, AN | L
— . N (1)+50,+N, .
8) W

The methods bomﬁonly employed for the generation of tetrahalogeno~
benzynes are similar %o those already described for benzyne.

Pentafluorophenyl magnesium halides,13a pentachiorophenyl magnesium

chloride,15b pentaflucrophenyl lithium,?jc and pentaéhlorophenyl
¥, lithium13d are all good'frecursors of tetrafluoro- and tetrachloro-
benzynes.,

Tetrahalogenobenzynes have also been generated in high yields

by the aprotic diazotisation of their corresponding anthranilic acids.

x=F%35% Xx=Br“® 67%

x=cl4P 550 x=1149 259

G



More recently,15 2~-amino~-3,6~dimethoxybenzoic acid (10) ﬁas been
prepared end like other anthranilic acids has heen shovn to be an

efficient precursor for 3,6~-dimethoxybenzyne (11).

OCH OCH, OCH,
cO co.2 '
éﬁ —_— _ Z—————-b
NH., o No*
OCHj 0CH, OCH,
10o) | | (11)

Cycloaadition reactions of benzynes have been extensively studied.1
A large number of 1,2-cycloadditions and {,3-dipolar additions have
been reported, but the most useful of all the cycloadditions of arymes
are the 1,4~cycloadditions. These are the Diels-Alder itype reactions,
involving the aryne acting as a powerful dienophile in reactions with
a wide variety of dienes,’

The addition of benzyne to aromatic hydrocarbons affords bridged
ring systems, which are otherwise inaccessible; for example Diels-Alder
cycloaddition of benzyne to anthracene derivatives is the best known
method for preparing various substitutéd triptycenes, Clearly the
aryne must be highly reactive in order to overcome the large resonance

energy of many arenes,



Intramolecular nucleophilic addition to the 'dehydro' bond has
proved a fruitful source of heterocyclic compounds and similar reactions
have been demonstrated for hetarynes, for example {13) from (42) in

16

the presence of lithium azide,

NH,

| |
SHy HN
H |

2 LiNH,

[\12) | . (1'.3)-

The high yielding synthesis of phenanthridines, e.g. (15) from '
g-halogenoanils, involves a fast addition of anide ion to the anil -

to give the anion (14) which is now sterically capable of cyclisation

on to the subseguently formed aryme to give (15).17.

7~

Cl 'N[4é3 Cl AN
e
Npn N®  p14)
NH >
ZEY




Ethers are known to be cleaved by the highly electrophilic
tetrahalogenobenzynes'and this reaction has now beeh observed for
benzyne itself,l8 giving phenetole in up to LO% yield, but only when

the reaction is carried out in a solvent other than the ether itselfs

» PhOEt + CH,—CH-

Although benzyne will add to a simple arene,lo the yield of the

1,4~adduct is usually low. Tetrahalogencbenzynes undergo 1,4-cyclo-

. ) . 1
sddition reactions with simple arenes readily and in good yields.lB’ b

The products of these reactions are the tetrahalogenobenzobarrelene

derivatives (16).

9.




It has been ghown that aromatic hydrocarbons form charge-

19

“ransfer complexeg, with highly fluorinated aromatic compounds and
such a charge transfer in the case of tetrahalogenobenzyne precursors
could be partially responsible for the high reactivity of halogenated
arynes towards the aromatic compounds. |

Over the past ten years work in these laboratories has been
directed at the preparation and reactionﬁ of tetrahalﬁbenzobarrelenes.20‘
Particular intéfest has béen showﬁ in the forﬁation of the l-methoxy-
tetrahalobenzobarreleneé (l9j'obtainea in good yield from the reaction
between a tetrahalobenzyne (17) and anisole (18). This interest |
came about as a result of studies involving the preparation and re-

arrangement of l-dimethylaminobenzobarrelenes.20b,21

o OCHy
Cox 3
N ,
X
X . | CHB_

(17) (18) | - (19)
X:F. or Cl | |

The rearrangeﬁent of bieyeclic molecules has been studied in some
detailo22 Among these, acid catalysed reactions have become a wide
area of study, as a result of the large nuﬁber of skeletal changes that

are possible. Although the rearrangement of benzo~ and dibenéoﬁicyclic

- 10.



systems had been studied in depth,23 no results had been published
in which a group was used as an internal nucléoyhile.

The results from the rearrangement of 1-dimethylaminobenzo-
barrelenes led to the consideration that the anzlogous methoxy
compounds (19) would prove interesting in their scid catalysed

rearrangenents, since the methoxy group could exert a directing

" influence,

Tt was found’®

that the rearrangement of the {-methoxybenzo-
barrelenes (20-22) only occurred in the presénce of strong acids.
$he rearrangement of (20—22), in concentrated sulphurié acid, gavé
three isomeric ketones, in each case,

The major product in each rearrangement was the benzobarrelenoné
(23-25), isolated in yields railging from 50-~70%, The minor products
were the aryl ketones (26-26) and the off -msaturated ketones (29-31)
isolated in 3-8% and 4.5-5.5% yields respectively.

A'rewafding invéstigationzod involving deuterium labelled
1-methoxybenzobarrelenes, deuterated solvents, specifically substi~
tuted methyl derivatives And solvolytic reactions of tosylates gave a
deép insight into the mechanistic pathways involved in these acid
catalysed rearranéements. The results suggested that the aryl ketones
(26-28) and the O{Eg—unsaturated ketones (29-31) were formed from the
same carbonium icn (32) obtained by protonation at C~3. This ioh
could then undergo either aryl- or vipyl-migration to give the

o(fg—unsaturated and aryl-ketones respectively.



(26 X
(27) X
(28) X

29) X = F
{3.0) X = Ct
(31) X = H

Acid Strength %e.

¢.H,S0, at RT. 80 20

80% H,S0,at 80" 55 45

la) b}

12.



aryl
N Qb T (20-3n
Ny

(32) oyl

26-28
(b] ({26-~28)

The benzcbarrelencnes (23-25) were poétﬁl&ted as being formed by
two distinet pathways, boﬁh involving protonation at C-2 to give the
carbonium ion (33). Deuterium labelling resﬁltsgod indicated that
the formatioq of the benzcharrelenones by thege fwo pathways varied
according toxthe concentration of acid used,

Other mechanisms which could account for the formation of the

2L

benzobarrelenone have been proposed by Barkhash, They involve

enti-Bredt intermediates and hydride shifts and can be readily excluded

. by the deuteriunm lébelling results.zod Further results obtained in

this 1abora¢oryzoe also exclude Barkhash's mechanisw. It has been

shown that in the rearrangement‘ofzs-—1LQL7;4-methoxytetrachlorobenzo-

‘barrelene to the benzobarrelenone the carbon attached originally to.

the methoxyl group becores the carbonyl carbon in the produét. The
140 labelling result also eliminates any mechanism which involves a -
1,2-methoxy migration. Sinilar 1,2-hydroxy shifts are known,ZZb
although the strain in the benzbbarrelene system is likely to prohibit

such rearrangeuments,

1,3-




h In recent years a nuzber of groups have been interested in the
ca e . e N ' ~ (1125
_ acid catalysed isomerisations of - -unsaturated ketones., Cargill

has investigated isomerisations such as:-

950/0 50/0

100%.

10%

90%

1}4- [



t

The percentages indicate the.concentrations at equilibrium,
The most stable isomer iz congsidered to be the cone with the lowest
enthalpy, due in cases (a) and {c¢) to the methyl subsfitution on the
double bond.

26 . .
Hart and Love  have discovered a more complex series of

_isomerisations of E%X’-unsaturated ketones contained in bicyeclo

ZE.E.ZL?L and bicyoclo 13.2.LJ7 systems., An eguilibrium mixtufe
of ketones (34-37) was obtained when any one of the four was heated

in trifluorcacetic acid.

—(34] s
-
(34) s
3
' (350 55y
+ +
(37)
6%




| When the sfartipg material was (3%4), (35) was formed first and’
then (36) and (37) froml(js). These results were particularly disturb- |
. ing‘in the light of attempts to eqpilibrate compounds obtained in this
- .1aboratory.206 'Extensiye studies involving the three isomeric ketones
robtained from the rearrangement of thell—methoxybenzdbarfelenes_(20;22)
have shown ﬁo eduilibrétion.

However a study of the.acid-datalySed rearrangements of substituted
l-metﬁoxyhalogenobenzobarrelenes‘has produced a number of interesting
broductstOd .

As expected, the rearrangement of l-methoxy~4-methyl-tetra-

- fluorobenzobarrelene gave the three isomeric ketones (38-&0)(15 1%, -

L% and-j%.yields respectively, in conc. sulphﬁric.acid. The 3,5-di~
methyl~ and 2,6~dimathyl;lnmethoxybenzobérrelenes, (31) and (L2), gave
only the ketones indicated. In the rearrangement of (41) the.correspond-
_ing‘Xj%-unsaturated- and aryl—kétones were not present ang in.the cas§

of  (42) no benzobarrelenone was indicated.

. Interestingly the rearrangeﬁent of {(41) in trifluoroacetic acid
gave the bengzobarrelenone (43), while (41), in cone. sulphufic aciad,
réarfanged rapidly to.affqrd the lactone (k6). When the rearrangement
was carried out in & mixture of conc. suiphuric acid and water (7:3v/v)
at 0° the compounds (43), (46), and the ketone (47) were obtained
in 14%, 39%, and 40% yield respectivelj. The compound (47) was not
formed from (43). A mechanism accounting for these results has been

proposed.zOb’a

16.







CELOH, o 43)

e HS0,  (43)

Dil.
1H250, (43] + (46) +

-

7). 0

Rear::'a.::lgemer‘ﬁ:20‘g of (48) in trifluorcacetic acid affords the .
isomeric ketones (49-52). However, (48) undergoes furtl?er rearrange=
rent in the presence of sulphuric acid (98%) or fluorosulphonic acid
to the isomer (53) in 70% and 34% yields respectively. In the presence
of aqueous sulphuric acid (90%) the ketone (42) was converted into
the isomer (54), while in aqueous sulphuric acid (95%) thé ketone (53)
geve rise to a mixture of (51) and (54) in 5.50 and L3% yields

respectively.




Cl

Ct.

ct
(48)

OCH3

(51) -

R2
Ct Ry

CF-CO»H ¢
3-V2 ’ c

Cl .
ct Ry

(50) Ry=Ry=CHy Ry =H

15.



Evidently the precise location of methyl groups affeets the
eventual outcome of these multi—sfep rearrangenent reactions, in
ways which are not thoroughly understood.

The work described in this thesis deals mainly with the
extension of studieé into the mechanistic pathways involved in the
acid catalysed rearrangement of l-methoxybenzobarrelenes and their

substituted derivatives.

20.



CHAPTER 1

A HIGH YIRLD ROUTE TO BENZOBARRELENE

AND SUBSTITUTED DERIVATIVES




INTRODUGT ION

"A major disincentive to studies using benzobarrelenes and its
simple derivatives is connected with their relative inaccesiblility.
queve;, because of our interest in the acid catalysed.rearraﬁgements
of 1—méthoxyb¢nzobarrélenes it was important to f£ind a high yield route

to the parent compound (1.1) and its methyl substituted derivatives.

0CH4

(lfx)\

The .reactions of tetrahalogenobenzynes'with anisole afford
tetrahalovenobenzobarrelene derivatives in good ylelds,zoc frequently
in the range of 55-7Q%. However, the reautlon between benzyne (1 2)
and“anisole-gave 1-methoxyhenzobarrelene (1.1) in only 1.5% yield,

together with biphenylene (1.3) in approximately 407 yield;2°°

OCHB_ | :
0 I (T O Q
\ .

112 (1,3)

21,



Obviously this procedure was not suitable for the preparation
of l-methoxybenzobarrelenes in the‘qﬁantities required for re-~
arrangement studies, The high yields for the analogous tetrahalo-
genobenzyne reactions are assumed to_be due td the presence of thg_
four electron withdrawing substituents which result in a signifiganﬁ-'

" increase in the electrophilicity ceompared with that of benzyné;l2

X = ForCl

Hence it_was-evident that one should seek an alternative
route to produce a high yield of l-methoxybenzobarrelene (1.1)
from a.tetrahalogeno-species. The establishment of such a
procedure would enable another piece of the complicated picture,
surrcﬁnding the aciﬁ catalysed rearrangenents of the le-methoxy-
benzobarrelénes, to be fitted. The scope of these rearrangeménts
has already been illustrated in the general introduction to this
_thesis. However, one question surrounding the-rearfangément
studies is to whaf extent do the four ¢lectron withdrawing substit-

uents affect the rearrangement mechanisms and the products isolated.

22.




The preparation of l-methoxybenzobarrelene and its methyl substituted
derivatives followed by rearrangement studies should facilitate the

answering of this question.

ﬁISCUSSION.

As improvement in the yieid of 1Qmefh§xybénzobarrelene (1.1)
from the reaction_between benzyne (1.2) aﬁd aniSQle'did not seem
feasible. 1l-Methoxytetrachlorobenzobarrelene (1.4) was formed in
high y'ield and it was reésqned tha,f this would be a sui‘cablé |
precursor for the l-methoxybenzobarrelene (1.1}, if an efficient
procedure for removing the-ﬁalogens from the aroﬁatic ring could

‘be established ..

oY
Cl '
M@=
ol OCHy

(1.4]

27a,b

various reducing agents. Among these are:. PhBSnH, HI, Sn and

HBr, Pth,27°’d 27e,f

hydrazine and PdC, catalytic hydrogenblysis,

and LiAth.QYg

25,

|
|
|
|
|
\
Removal of halogens from aromatic rings can be accomplished by . l



Unfortunately there were a number of preblems surrounding the
successful dechlorination of the compound {1.4) %o 1~methoxybeﬁzoj
barrelene (1.1):~ (i) the possibility of only partial dechlorinafioﬁ,
(ii) dechlorination and reduction of the double bonds, and (iii) forma-

“tion of unwanted side productso. Consideration of these poihts eliminated
‘the Eajofity of the akbove methods. -

, The use of radical anions for the production of halide ions fronm
alkyl halides, as a part of the quantitative determination gf halégen,
has been developed by sevefal workers. Benton and Hami1128 described

9

the use of sodium naphthalene, and later Liggett2 developed the use

of sodium biphenyl in glyme {1,2-dimethoxyethane) for the quantitative
' 9

gstimation of haloggn atoms, For example, Liggett,2 using the sodium_
biphenyl reagent; dechlorinated hexachlorobenzene in a quantitative
yield, based on halogen analysis. Unfortunately these workers did

not concern themselves with the fate of the organic fragments. Warhurst

and Mathiusan studied the reactivities of various alkyl and aryl halides

with a variety of radical anions. Their data led them to conclude that

radicals were involved as reaction intermediates from the organic halides,

but once again very little was done to learn the fate of the organic

30

radicals., Cristol b has used a solution of sodiun biphenyl in glyme
to remove chlorine from organic molecules and has shown that the organic
product was the one in which the chlorine atom had been replaced by a

'hydrogen atom.
In the light of these results, a solution of sodium biphenyl in

glyme was prepared, accofding to the procsdure of Liggett,29 and

used in accordance with a method described by Cristol,30c in an attempt

24.




to dechlorinate l-methoxytetrachlorobenzobarrelene (1.4). The latter
was pr‘epared. in the normal way by the reaction of g—bgtyl«-lithiumwith
hexachlorobenzene in ether at ga. —?OO, to form ‘_{:he tetrachlorobenzyne
“precursor, folj..owed by reaq’tion with anisole to yield the required
adduct as illustrated in Scheme l.l.

SICheme 1.1
Cl
cl nBuli- ¢ cl -Lict_, CI=”
ETHER cl _
cl

OCHs

a0 N
cl \

25.



On completion of the dechlorination reaction the agueous fraction

was analysed for the released chleride ion by the addifion of nitric
acid and silver nitrate. A white precipitate of silver chloride was
obtained immediately.

| Héwever, attempts to isolate or identify thg requireé I-methoxy-
bénz&barrelene (1.1) from the lérge excess of biphenyl present proved
impossible. Cristol,aoc.in his procedure, had been able to steam
distil. - the biphenyl, leaving the dechlorinated product as the residue.
In the case of lQmethoxybenzobarrelene the low melting point (650)31-
and high volatility prevented its separation from biphenyl by steam
distillation. Analysis of the reaction mixture by lH.n.m.r., telecs,
and g.l.c. indicated only biphenyl and no starting material (1o4) or
dechlorinated product (1.1). |

An alternative procedure uses alkali metals in tetrahydrofuran‘l

containing E-bufanol. Griffin and Heep32 had dechlorinated compounds
of the type (1.5) using sodium as shown in Scheme 1.2, This method

55 These

was adapted from a procedure established by Gassman,
conditions were used in an attempt to dechlorinate l-methoxytetra-
chlorobenzobarrelene (1.4)., On work=up only starting material was obtainéd,
confirmed by lH.n.m.r., t.lscsyand gelecs analysis., The earlier

34-37

literature showed that the use of a refluxing solution, as opposed

to a solution tempefature of 0—50, was freguently useful,

35

Gassman”” successfully dechlorinated 7,7-dimethoxy-1,2,3,4-tetra-
chlorobicyelo - /2,2,1_/-hept-2-ene (1.6) to the product (1.7).
Other similar dehalogenations have beeh reportedojs’B? 0f particular

interest was the comparison between (1.6) and the compound we wished

26,



Scheme 1.2.

{CHgl4COH | .
Na - -
' | THF |
O 0 5 OO
Cl Ci . | .
{1.5)

to dechlorinate (15#). It can be seen that there are a number of

similarities in the two structures.

CH3 : OCH3
(CH4),, COH-
3
ol OCH3  Na OCH;
cl - THF
| A38hr. .
Ny

Cl Cl

(1.6) (1.7)

'01
Cl
@21

o] GCH34

(1.4)

‘7.



The fact fhat,the doublé bond remained unreduced in the conversion
of.(1.6) to (1.7) was particularly éignificanf. Similar invesfigations
by Bruck56 have shown that tetréohlorobenzonorborgne (1.8) can be
" dechlorinated to benzono}bornene (1.9), in 4% yield, using lithium as .

opposed to sodium.

Li

THF
—_—
t Bu OH
[
[18) S ey

™

One apﬁarent disadvantage of'this procedure was that both Bruck36

end Ranken’

Y'have shown that under the reaction condifions used,
partial reduction of double bonds also océurs.'-For exanmple, Bruck36
found that the dechlorination of tetrachlorobenzonorbornadiene (1.10)

gave & mixture of benzonorbornene (1.9) and benzonorbornadlene (1. ll)

in a ratio of 18. 82,

(18) (149
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Similarly, Ranken®! has dechlorinated (1,12) to give a mixture

of (1.13) and .(1.14).'

{113)

Further investigafions b;y-Berl«:j6 ﬁave indicated that the ratio
of the over-reduced product (1.9) to {(1.11) was dependent on how much
excess of lithium or sodium was usea in the reaction, For example, -
with a 100%'excess of lithium in the dechlorination of (1.10), 76%
of (1.,9) was obtained in the mixture.

From thesé'results it seemed a reasonable assumpiion that
.1-methoxytetrach1orobenzcbarrelene (1.4) could be dgchlorinated to
l-methoxybenzobarrelene (1.1), together, if we were unfortunate,
with producfs from reduction Qf the double bondé, as illustrated in
Scheme 1.3, *

A series of trial experiments, on a small scale, indicated
that the.dechlorination of the benzobarrelene (1.h), using the illustra-

ted procedure, was successful and that the best weight ratio of
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Scheme 1.3

o © [CH3)5COH
SN Na

Cl THF

Cl ' No
g OCH3 A

(1.4)

OCH3 OCHs

(1.15) - {1.16)

\

THT : E:BUOH : Na : Substrate was 40: 3: 1: 1.
| 0f major significance was the fact that the only product

in these trial experiments, and'in all subsequent experiments;
involving dechlorination of lﬂmethoxytetrachlorobenzobarrelené and
its substituted derivatives were the dechlorinated products corres-

ponding to (1.1). No compounds corresponding to (1.15) and (1.16)

have been detected. These results although completely satisfactory

for our investigations were still perplexing considering the results '

3Q.
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of Bruck 51

Further investigations have also indicated

that, unlike Bruck's results,36

and Ranken.
an excesé of the metal does not

_ affect the yield of the required product. Other investigations are
being carried oud, involving dechlorination of varicus ether

38

substrates in order to throw further light on this problem.

Using the.above mentioned ratio, reacfions carried out on a
small scale (1g.), geve an almost quentitative yield of crude
1-metho£ybehzobarrelene (1.1). The ecrude product was isolated as
-a pale yellow oil, which was found to be pure by g.l.c. and lH.n.m;r.
spectrospcpy. Crystallisation of the oil from light petroleum
(40:60) gave a white crystalline material, in 86% yield, which was

identical Y%

in all respects with l-methoxybenzobarrelene (1.1)
prepared by the reaction of benzyne with anisole,

The scale of thé dechlorination of (l.4) to (1.1) was
grédually increased from lg. to 20g. of (l.4) with no reduction in
the yield of the required_produ&t (1.1).

The dechlofination procedure finally adopted involved the
addition of sodium wire to dry tetrahydrofuran, which was stirred
and heated to reflux temperature uﬁder an atmosphere of nitrogen.
t-Butyl alcohol and then a solution of substrate in tetrahydrofurgn
were carefully added to the refluxing mixture. The completion of
the reaction was normzlly indicated by the formation of a deep purple
precipitate of sodium chloride. The mixture was then.fiitered |
thrdﬁgh glass wool (to remove excess of sodium) into methanol. Water

was then added and the combined solution extracted with ether. The

combined ethereal fractions were washed with saturated sodium chloride,
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dried (MgSOh) and evaporatéd to yield an oily selid. This was placed
on a column of alumina and eluted with light petroleum to yield the
required compound o

In order to check the general application of this procedu}e and
also to obtain pbtentially useful'cohpounds the adducts (1;1?) and
(1.18) were prepared and dechlorinated to yield (1.19) anad (1.20)

respectively, in yields of isolated products around 90%

—
—

(117) Ry =Rz =CHg Ry=H (149) Ry =R3=CHy Ry=H

il

(118} Ry=Ry=R3=CHj3 (1.20) Rq =Ry=R3 =CH3

The l-methoxytetrachlorobenzobarrelenes (1.17) and (1.18) were
prepared by the normal procedure reacting hexachlorobenzehe with
n~butyl-lithium to give pentachlorophenyl-lithium, which in the
presence of the required methyl substituted anisole gave tetrachloro- .
benzyne and hence the products indicated. The methyl substituted

anisoles were formed by nethylation of the correéponding phenols



using dimethylsulphate, in the presence of base., Scheme l.4
illustrates the completé procedure.

_ 1~Methoxy—2,S—dimethyltetrachlorobeﬂzobarreiene (2.17) was
identified by comparison of its analytical data with that of a
sample previously prepared in thiS'laboratoryezoh The products
(1.18), (1.19) and(IQZO) were identified by lH.nem.r. and I.R.
spectroscopy, mass spectrometry and eleméntal aﬁalysis.

In considering the success df the dechlorination procedure
for the preparation, in high yiela,rof l-methoxybenzobarrelene
our attention was drawn to thé difficulty of preparing the parent
compound, benzobarrelene (1.26), The best available published routé3l
fo benzobarreleng uses the Diels-Alder reaction of E& -~naphthel
with maleie anhydride, whiéh affords a mixture of cycloadducts, of
which the endo isomer, the required material, is the minor product.39'
Thus, an anhydride function and a ketone function have both to be
converted info olefinic functions., The overall published yielad,
starting with the-dicarboxylio acid (1.27) was 2.7%. Scheme 1.5
illustrates the overall route. In ﬁhis procedure thé dicarboxylic
acid (1.27) was converted into ’;)enzobarrelex;c;x;e'(i.ZB) in 11% yield, by
oxidative decarboxylation using a mixture of lead (IV) acetate and -
copper (II) acetate. The Kolbé electrolytic method achieves a 51%
yield on this step using the mixed dicarboxylie acids.ho Unfortunately
this procedure is restricted to very small scale reactions énd only

increases the overall yield from Eg-naphthol to benzobarrelene (1.26)

to 6.5%.
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Scheme 1.)

DMS . QCH3
KOH - O R1
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R3 RZ
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Minor improvements in the conversion of benzobarrelencne
(1.28) to benzobarrelene are ava:‘ﬂ_able.g*l A potential variation
of this approach would involve the Diels-Alder reaction of maleic
anhydride with naphﬁhalene, which proceeds in 78% yield at 100° .

and 10,000 atmospheres.42

The removal of the anhydride function
from this product has not been reported, although it is not an |
unreasonable step, _

As’ illustrated in Scheme 1.5 the published method for the
_preparation of benzobarrelene (1.26) from henzobarrelenone (1.28)
‘involves the redustion of (1.28) with sodium borohydride to afford
‘a mixture of the epimeric 1,4-dihydro-9-hydroxy-l,4~ethenonaphthalenes
(1.29). This mixture was converted to the xanthate esters (1.30)
by treatment with sodium hydride, foilo%ed by reaction with carbon
disulphide and finally methyl iodide. The xanthate esters (1.30),
on pyrolysis, yield a mixture of naphthalene (1.31) and the required
benéobarfelene (1.26), whicﬁ can be separated b& chromatography.

Benzobarrelene'(l.26) has alsé been prepared by the reaction.
of-benzyne with-benzéne, but the pfoceaure was restricted to small
scale preparations owing to fhe low yield (~ 2%) of the desired

L3

product. In an_ﬁnpublished report it was found that in the de-
coﬁpésition of'benzenediazonium-2-carboxylate (1032) ZFrom anthranillic
acid (12g) 7 in benzene (121.), Scheme 1.6, the yield of the required
product was increased to 114»%.'!"1F |

| A1l the above routes to benzobarrelene have the disadvantage of

low yields and in some instances a long and involved experimental

procedure,
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Scheme 1.6

J—
QG O

(1.32)

{1.26}

The reaction of tetrachlorcbenzyne with benzene to yield
tetrachlorobenzobarrelene (1.33) had previously been carried

1Lb

out in this laboratory, ané it was reasonable to assume that
(1.33) would dechlorinate to yield (1.25). If this assumption
proved correct fheh it would be feasible to prepare benzobarrelene |
from hexachlorobenzene in a matter of days, and hopgfully in
high yield. -

A small scale reaction, according to Scheme 1.7, justified

the above assumptions, yielding benzobarrelene (1.26) in LO% yield

in approximately four days.
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Scheme 1,

i

cl Cl . Cl 3

Cl Cl p-Buli Cl o o

—y
Cl Cl Cl ‘ Cl

Cl : Cl ' Cl
| (1.33)

'

(i) CcH,
676 _4CL

{1.28)

Further investigations into the dechlorination of (1.33) improved

the yield of (1.26) to around 90%. This yield was not decreased by

" inereasing the scale of the reaction (g - 20g) of (1.33). The

crude product was obtained as a pale yellow cily crystalline solid,

in almost quantitative yield. Analysis by lH.n.m.ro spectroécopy,
gelec., and t.l.c. indicated that the crude product was virtually pure.
.Recrystallisation from light petroleun (40:60) gave a white crystalline
s0lid, yield 98% (mp. 64~65°, lit,or 65.5-66°)¢ Spectroscopic data
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were identical to those previously reported,

i

The main obgectlve of this particular ‘study was to obtain the

highest yield possible of benzobarrelene (1.26) in a quick and stralght

forward procedure. It was not possible to increase the yield of the de-

chlorination step, but it was possible to increase the yield of tetrachloro-

benzobarrelene (1.33). The major difficulty in the reaction leading to
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(1.33) was that tetrachlorobenzyne and benzene react in a Diels-Alder
l,4=cycloaddition, Since benzene is not a parficularly good diene,

it was nécessary to devise a procedure in which %etrachlbfobenzyne was
formed from its precursér slowly and in the presence of a large
volume‘of benzene to facilitate a maximum yield of the fequired adduct,

The preparation of tetrachlorobenszyne and its subsequent reactions

hag been investigated, in some detail by two groups, Rauschl+5 and
previous workers in this labératory}2’lhb’20h Both groups prepared

the tetrachlorobenzyne by reacting hexachlorobenzene in ether with
n-butyl-lithium as shown in Schemé l.7s The major difference in the
two procedures was in the subsequent reaction conditions for the
genération of the bénzyne intermediate. Rausch,ks in his study of
the reaction with furan, éllowed the solutiop to warm slowly to room
temﬁerétura and then stirred at room temperature until the completion
of the reaction. This was.necessary, since it is known that penta-
‘chlorophenyl-lithium abstracts a proton from furan at ca. 550.
The procedure in this laboratory was to add the diene and then allow
. the solution fo rise quickly to room.tempefature, Followed by a peribd
of refluxing (4—6ihr.)e The disadvantage of fhis latter route was that,
although yields of ca. 60% had beén‘obtained, the yields were variable
"and could, in inexperienced hands, be as low as ca. 20%.

-In order to resolve these‘problems a defailea investigation of
the preparation of the tetrachlorobenzyne precursdr and its subsequenf
reactlion was carried ouf.

Table I, at the end of this section, indicates some of the

conditions investigated. The major points which became apparent



during the investigation are summarised below:~

a)

a)

Hexachlorobenzene recrystallised twice from benzene mp.2270

n

(1it. 6 227°) was used. When technical grade was used, some
insoluble material remained after the reaétien with n-butyl-
lithium. This only reduced the yield by a small amount.
It was important to completely exclude moisture from the
reaction. All of the apparatus was drisd overmight in an oven .
Eéo 200° zna dry, oxygen-free, nitrogen was passed through the
apparatus while it was cooling and during the subsequent stepse.
Reagent grade diethyl ether was dried first by standing over
caleium chloride (to remove water and ethanol) for 1 to 2 days.
Filtration and'distillétion fromﬁfresh calciun chloridé followed
by the addition of sodium wire to the distillate afforded ether
which was.essenﬁially dry .
Analar benzene was dried by the direct addition of small amounts
of sodium wire until fresh wire remained clean.
Pailure to use absolutely dry apparatus and solvents resulted in

low yields of the required product. A low yield was ffeqﬁently

. indicated by a coloured solution which normally appeared after

addition of the benzene. The colour varied from red to'blue‘ﬁith‘
different reactions. It was assumed that these colours appeared
due to impuri%ies in the solvents used, since reastions in which

the solvents had been carefully purified gave only a pale yellow

solution after addition of the benzene. A small scale experiment

indicated that the addition of acetone (1 drop) to the penta-

chlorophenyl~lithium/benzene solution resulted in instant formation



&)

g)

of a deep biue colour.

It was found advantageous {o use.a large volume of ether (Qa.

600 ml.) in order to facilitate the formation of pentachlorophenyl-
-lithium and also to prevent the solidification of the benzene
during its addition at a later stage.

E-Bﬁtyl—iithium solution in hexane was transferred to a

pressure equalised dropping funnei, using 2 syringe (50 ml.) which

had been carefully dried and flushed with dry, oxygen-free,

‘nitrogen. - During the addition of n~butyl~lithium the solution

was stirred vigorously to avoid local coverheating. It was also
important to ensure that the drops of n-butyl-lithium fell directly
into the hexachlorobenzenq/eﬁher'solution. The temperature of

the sclution wﬁs not allowéd to éxceed.~700 during the sddition.

It was advisable fo use an additional 0.1 molé equivalent of
n-butyl-lithium to remove adventitous proton sources, Additionﬁl
amounté of n-butyl-lithium appear to result in the formation of

significant amounts of tetrachlorophenylenedi-lithium species. The

 temperature of the solution after the addition was allowed to rise

to ca. ~60°,

The complete formation of pentachlorophenyi—lithium was indicatea
by the cloudy suspension becoming clear. Confirmation.was

cbtained by carefully removing an aliguot (ca. 0.5 - 1.0 ml.) of
the solution using a dried syringe. The solution, after.hydrolysis,
was'analysed_by gas liquid chromatography. Normally it was impos-
sible to obtain a solution of pentachlorophenyl-lithium which was
completely free of hexachlorobenzene, although i1t was not always

detected at this stage.
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_h) The benzene mﬁst be added slowly. TFast addition results in
localised heating end formation of some tetrachlorobenszyne, which
reacts with the precursor rather than with the benzene. Fast
addition also.resulted in the solution becoming coloured, Since

"~ the temperature'of fhe solution was ca. -60° at.the.beginning of
the addition, the benzene tended to solidify. Hence it was import-
_ant-to.maintain vigorous stirring.duriﬁg the additién and to ensure
that the benzene dropped directly into the solﬁtion. If the Lenzene
. was allowed to run down the side of the flask, a large lump of soiiq
benzene.formed, and again'localised heating wés a possibility-.
The large volumg of ether, mentioned earlier, helped to keep the
benzéne as a fine suspension. The temperature of the solutiop on
compietion'cf the addition was ca. -10%, At this stage 2 clear
yellow solution was indicative that a high yield of the required
product was likely to be obtained,
. The usé of a large excess of benzene results in high yields of
the desired product, presumably due to the increaéed oppertunity for-
the aryﬁe to react with benzene rather than with its precﬁrsor.

-i) On completion of the addition of benzene the solution was allowed
to rise slowly to room temperature and then stirred at room tem-
peratufe until completion of the reaction. Too fast_a rise in-
temperature resulted in lower yields and sgmetimés highly coloured
solutions, again indicative of the arjne reactiﬁg preferentially

- with its precursor. At room temperature the solution should still

be clear and.pale yellow in colour.
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j) Completion of the reaction was checked by g.l.c.. The precise
time for the completion qf the reaction depended on the ambient
temperature, If the laboratory temperature was ca. 18-20° this
was as léng as ca. 40 hr., while when the laboratory temperature
Was ca. 29-530 then the time was much shorter,

In the analysis by ge.l.c. it was found more convenient toluse the
ratio of the penﬁachlorobenzene;hexachlorobenzene peaks, rather than to
use the ratio of the peaks due to pentachlorobenzene and tétrachloro-
benzobarrelenc. The effect of the excess of heiachlorobenzene was to
act as an internal standard,

k) Tetrachldrobenzobarrelene could be isolated in a pure crystalline
form by column chromatography using alunmina and light petroleum
(40-60°) as the &luant. A crude product, satisfactory for
déchlorination, could Be obteined by using a short 'plug! of _
alumina, again with light petroleun as the eluent., The major
impurities in the crude product were pentachloro- and hexachlero-
benzene, which on dechlorination give benzene, This can be re-
moved from the benzobarrelene by rotary evaporation.

1) A high yield for the dechlorination step also required the observance
of the following points:-

Dry tetrahydrofurén was obtained by refluxing tetrahydrofuran with

calcium hydride, followed by distillatien uﬁder nitrogeﬁ onte lithium

eluminium hydride, from which it was distilled immediately prior to
use, t-Butanol was freshly distilled befqre use. All apparatus was
dried in an oven at 200° overnight, and the reaction was carried out
under dry, oxygen-free, nitrogen.

The presence of small amounts of water lowered the yields obtained

in the resctions,
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m) Tﬁe procedufe devised by Gassman’~ recommended the use of small.
pieées of sodium. It was discovered that ﬁhe use of sodium wire,
0f5 mme diameter reduced the reaction time from ca. 40 hr. to
ca. 6 hr.. The increase in surface area would explain this
observation.

n) Once again, the completion of the resction could be determined

by gelec.. However, an efficient iﬁdicator was the appearance of

a ceep purple colour in the precipitated sodium chloride., This

was assumed to be due fto the presence of free‘electrons (sodium

atoms) in the crystal lattice.

It was also found38 that the 'purple sodium chloride' was itself
an efficient dehalogenating agent, and hence lends support to the
'hypotheéis that it contains free electrons. |

The most efficient conditions found for the conversion of hexa-
chlorobenzene to tetrachlorobenzobarrelene are_illustrated in Table II
‘at thé end of this section. Using these conditions in conjunction with
points (a) to (k) (above) it was found possible to prepare tetrachloro-

benzobarrelene in a consistent yield of ca. 658, This material was
suitable for dechlorination to benzobarrélene which was obtained in

A9o-95% yieldso
A typical procedure enabling the preparation of 10g. batches of

benzobarrelene, in an overall yield of ca. 50%, in approximately

4 days from hexachlorobenzene has been presented in a short communication.hy




Since this communication we have received a number of reqguests,
from various parts of the world, for further experimental details
of the above reaction., It was therefore considered sensible.to
present in the experimental section of this chapter a ﬁrecise and

detailed procsdure for the above reaction.
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TABLE I

Hexachlorobenzene | Benzene | Ether | n-Buli Temp., | %hdduet
() : (m1) (n1) | Tequiv.) °c
25 250 100 1,0 80 3k
28,5 1000 100 10 | o 3k
28,5 1000 350 1.1 8 31
28,5 | 1000 350 1.0 80 45
W25 | 1000 B0 | 1.1 20 51
7.13 1000 | 200 1.1 20 60
28,5 4000 500 1.3 20, 35
28.5 4,000 | 600 1.1 20 69
28,5 - LOCO. | 600 1.& | 20 L8
28,5 14000 600 1,0 20 63

NOTE:= Temp. °C refers to the temperature that the reaction solution
~ - was allowed to reach after addition of the benzene,

TABLE II -

Hexachlorobanzene Benzene. Ether | n-Buli Temp, | FAdduct
(&) (m1) (m1) | Tequiv.) | °c
28,5 1,000 600 141 20 25.65.0
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EXPERIMENTAL

| . GENERAL

All reactions involving organclithium reagents were carefully
catriéd cut in glassware dried overnight at 2007 ﬁnd under an atmos-
phere‘of'dry,-"white spof" nitrogen. All soiVEﬁts were distilied and
dried by conventional methods prior to usage. Organic sblutibns.of
products were dried over anhydfous magnesium sulphate.

Analytical thin layer chromatography was carried out using

-gilica gel (GF according to Stahl) for layers of 0.25.mn. thicknessa.

25k
Preparative thiq layer chromatography was carried out using siiica“gel
(PF25# according to Stahl) for layers 0,75 mm. thick,
Analytical gas chrometography was carried out using a Fye 104
seriés gaé chrométograph with hydrogen fléme ionisation detection.
The 5ft. eolumns used were:-—
a) 10% 8.E.30 on firebrick,
b) 3% S.E.30 on.firebrick.
¢} 10% Carbowax on Chromosorb W.
'd) 10% Diethylene Glycol Succinate on Chromosorb W.
. Iﬁfra-red spectra ﬁere determined for potassium bromide discs
in the case of solids, or for thin films in the case of‘liquids, unless
otherwise stated, with a Perkin-Elmer 257 s@ectropﬁotometer. Ultra-
Violet spectra were determined for solutions with a Unicam SP-BOOO.
1H.nuclear magnetic resonance spectra were determined at 90¥.Hz. for
approximately 20% ﬂ/v solutions uéing tetramethylsilane as an internal
standard. The n.n.r., spectra were recorded with a Perkin-Elmer R32

spectrometer.
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Mass Spectra were determined on an A.B.I. M.5.12 mass spectro-
“meter. High_reéplution mass spectrometry was carried out on an
AE.I K.8.9 at P.C.M. U, by courtesy of 5.R.C.

Melting points weré determined on a‘Koflér block and are un-

corrected. All compounds were eolourless unless stated otherwise.
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1. Preparation.of 5,6,7,8-tetrachloro~l,t~3dihydro-1,4~ctheno-

naphthalene (1.33) (tetrachlorobenzobarrlene)

A carefully dried 5-litre 3~necked flask conteining hexachloro-
benzene_(28.5g,'0.l mole) Zﬁote LJ7 and a magnetic st@rrer bar, was
fitted with a low temperatﬁre thermometer, a liquia paraffin bubbler,
and a % litre.pressure equalised dropping funnel Zﬁote 2;7 fitted
with a T~ piece adaptor, topped with a fubber serunm cap and acting as
a gas inlet tube /Note 3/ in the éentre'neck. Diethyl ether (600ml.)
éﬁpte L;7 was then addeé to the flask and the sUspensién stirred and |
cooled to ca. ~78° /Wote 5 4 A solution of n-butyl-lithium (1.1
equivalents) Zﬁote 6;7 wes added over a period of ca. Thr. [ﬁote ?;Z
After an additional'gg;,l-l.5hrf an aliquot was removed by means of a
syringe /Note 8_/, added to water and tﬁe organic phéée was analysed by
gas chromatography /Tote 9 /. Benzene (41.) /Note 10 7 was then added at
a rate such that the feactidn mixture did not soligdify Lﬁot; 11/ and.
afforded a sﬁspension of benzene in the solution. The stirred reactiop
mixture'was allowed to warm to room temperature sloﬁly and'aftér a further
ca. lhhr.“[ﬁote 12_7 an aliquot was femoved, treated with water and analyseq
by gas.chromatography Zﬁote 13_71 When the amount of pentachlorobenzene
(efter hydrolysis) was no longer decreasing, as shown by gas chromatographic
comparison with the relative height of the peak due to hexachlorobenzene
[Note 13 7/ solid amdonium chloride (10g.) was added., After ca. 15min, the
solid materials are removed by filtration through a small quantity of celite
QEE- 20g.) and the volume of the solvents was reduced %o ca. 75ml. [ﬁote 14;7
using a 250ml. flask. Alumina (100g.) /Note 157 was then added and

the mixture swirled at 300 for thr., under reduced pressure Zﬁote 1447.
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The freely running product was finally evacuvated and pumped at room -
témperature at low pressure Zﬁote 16ﬂ7 until no more solvent remained
Zﬁote l7d7. The alumina and product.were then placed on top of a
column ¢f alumina (1Kg.) Zﬁote 15;7 and eluted with light petroleum
Zﬁote 13J7 taking fractions of ca. 250ml. Zﬁofe 1?;7. The.fraétions 
were evaporated and assayed by gas chromatogfaphy éﬁotesjg_ahd 11;7.
Fractions 3-11 usﬁally contained essentially pure tetrachlorobenzo-

bb

barrelene (18-19,5¢.,55-67%), mp. 127-131° (from ethanol) (Lit. " mp. 125°).

N oy, 3060, 2995, 2930, 2850, 1585, 1400, 1370, 1330, 1135,
730, 700, 690 and 675 cn k. |
Honomar. (CDClj) 'FT. 3,08 (44, m) and 4-55 (2, m).
NOTES: -
1) Hexachlorobenzene (from B.D.H. technical grade) vecrystallised twice

46 mp. 227°) was used. VWhen technical grade

from benzene mp. 227° (Lit,
" was used some insoluble material remained after the reaction with
n-butyl-lithium. This only reduced the yield by a small amount,

2) The dropping funnel was fitted with a B34 cone and the dropping tube
extended just beyond the bottom of the cone (see Note 6).

3) Dry, oxygen-free, nitrogen ﬁas paessed through the apparatus while it
was cooling and during fhe subsequent steps. The flow rate could be
reduced after the flask had cooled.

L) Reageﬁt prade diethyl ether was.dried first by standing the solﬁent-'
over calcium chloride (to remove water ang ethanol) for 1 or 2 days.
Filtration and distillation from fresh calcium chloride, followed by

the addition of sodium wire to the distillate, afforded ether which was

sufficiently dry. In some experiments it was found to be advantageous
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5)'

6)

7)

8)

to indrease the volume of ether to ca. 800mkl. in order to prévent the
solidification of thé.benzehe at a-later stage (see Note 10).

An acetone - solid carbon dioxide cooling bath allowed an inﬁernal
temperature of ca. 4780 to be obtained.

n-Butyl-lithium solution (2.0-3.0 molar) in hexane obtained from
Pfizer (Sanﬂwich).or Alfe (Ventron) was transferred to the pressure
equalised dropping funnel using a syringe (50ml.) which had been
carefully dried and flushed with dry, oxygen free, nitrogen. The

additional 0.1 mole equivalent.of EQbutyl-lithium was used to re-

move adventitious proton sources. Additional amounts of n-butyl-

~lithium appear to result in the formation of significant amounts

of tetrachlorophenylenedi-lithium species.

Vigoroﬁs stirring of the suspensioﬁ was maintained in order to avoid
local overheating. The temperature was not alloﬁed to exceed -700
during the addition. The suspended hexachlorobenzene slowly went into
solutioniafter the addition. The drop-gize and rate of addiﬁion.
were adjusted fb ensure that the soluticn of n-butyl lithium fell
directly into the ethereal suspension of hexachlorobenzene. The
temperature of the mixture was then allowed to rise to -60°.

A carefully dried syringe(5ml) was flushed with dry, oxygen ffee,
nitrogen and ca. 0.5-1.0ml. of the solution was taken. A clear
yelldw solution'may not always be obtained at this stage, some
suspended material may be present pafticularly when using technical

grade hexachlorobenzene,
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9) Gas chromatography (column b) at lSOq gave a satisfactory separa-
tion of pentachlorobenzene from hexachlorobenzene. With nitrogen
(carrier gas) at 10 p.s.i. (flow rate ABmi. minfl), the retention
times of pentachlorobenzene ang heiachlorobenzene are ca. 2 and
‘L‘minutes-reSPectively. Normsily:it was impossibie to obtain a
aolution of pentachlorophenyl-lithium which was completely free
from traces‘of hexachlorobenzene, alfhough it may not be defected
at this stage. The addition of & further excess of n-butyl-lithium
appears to be disadvantageous (see note 6). o

10} Analar benzene (Fisons) was dried by {he direct addition of small

|  amounts of sodium wire until fresh wire remained slean. Ifa
reagent grade of benzene was used, it waslchecked for the absence
of thiophene before drying, first with calcium chloride and then with
sodium wire. Technical grade benzene was purified by the standard
procsdure.48 The rste of addition of the benzene ﬁas adjusted so
that the'drsps fell directly into the solution of pentachlorophenyl-
lithium. Aﬁy benzene faliing onto the sides of the flask solidified..

11) The solution of pentachlorophenyl-lithium was at ca. -60°
(no solid carbon dioxide was present in the cooling bath at this
stage) and the benzene was aéded slowly at first. The flrst 11tre
of benzene was added over about 1l5mins., affer which time the
temperature in.the reaction flask had risen to ca; -20°. The tem-
perature after the second 3 lltre of benzene had been added (at the
same rate) was ca. ~-12°, The remaining benzene (31.) was then;added

more Pdpldly @\zzhr.) and the final temperature was ca. +10°, The

reaction mixture was stirred vigorously during the whole of this stage.
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12) The precise time for the completion of the reactioﬁ depends on the -
anbient temperétureo. If the laboratory. temperature was E%; 18~20°
this could be as long as ca. 4Ohr,, If the laboratory temperature
was ca. 29-33? then the %ine falls considerably,

13) A carefully dried syringe (5ml) was flushed ﬁith dry, oxygen free,.
‘ﬁitrogen and ca. 1-2ml, of the solution was taken. Gas chromato-
grapny.was carried out using the same column as used before Zﬁote 9_2
The retention 4ime of the tetrachlorobenzobarrelene was ca. 18min..
I{ was more convenient to use the ratio of the pentachlofobénzene-
hexachlorobenzene peaks rather than to use the ratio-of the peaks
dué to peﬁtachlorobenzene ang tetrabhlorobenzobarrelene. The
gffect of the excess of hexachlorobenzene was to act as an internzl
standard. | | |

14) A Buchi rotary evaporator (water pump) and water bath at ca., z0°
were used.

15) Camag aiumina (supplied by Hopkin and Williams) (Brockmgnn Activity‘I)
was used. ‘

16) A rotary oil.pump giving a vacuum of ca. O.2mm. was used.

17) The mixture was pumped at room temperature until the weight re-
mained constant. |

18) Light petroleum (boiling range 40-60°) was dried by allowing the
solvent to stand over calcium chloride prior to distillation from
fresh calcium chloride. | |

19) The'soivent was removed using a Buchi rotary evaporator (water
pump) and a water bath temperature of ca. 35°, The majority of

the distillate was collected and recycled.
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2. Preparation of 1,4-dihydro~1,L~ethenonavhthalene (1.265'(Benzobarrelene)

| A carefully dried 1-litre 3-necked flask was equipped with a
magnetic stirrer bar, combined gas inlet tube and a rubber serum cap
Zﬁote 3;7, a % litre pressure equalised dropping fumnel and a reflux
condenser fitted with a liquid paréffin bubbler. The flask was charged |
with dry tetrahydrofuran (600ml.) /Note 20 7 and sodium wire (20g)
éﬁote 2%;7 and the mixture was then heated under gentle reflux before

t-butanol (60ml.) /Note 22 /was added rapidly. As soon as the

operation was completed, a solution of tetrachlorobenzobarrelené (18.5g.)
in dry tetrehydrofuran (200ml.) /Note 20_/ was added over ca. l5min..

The mixture was stirred and heated under reflux and after ca. Lhr. an
aliquot was removed, washed with water and aésayed by gas chromatography;‘
-Zﬁote 2§JZ The reaction was complete ﬁhen the precipitate of sodium
chloride became deep purple. The reection mixture was then sllowed to
" ¢cool fto room temperature and was filtered through glass wool Zﬁote 24:7 '
into methanoi (50m1.), contained in a 3-litre beaker. After any small
pieces of sodium had reacted with the methanol, water (500ml.) was
added /Note 2541' The mixtufe was then placed in a separatory funnel
- and extracted with ether (6 x 200ml.). The combined ether layers were
 washed with a saturated aqueous solution of sodium chloride (2 x 250ml.),
dried Zﬁote 2§J7 and evaporated Zﬁote 14 / to yield a semi-crystalline
product {9-10g, 92-100%) to which alunina (50g.) /[Note 15_/ vas added.
The mixture was swirled at room temperature under reduced pressure
Zﬁote lb;7 until a freelj running product was obtained. This product was
placed on a column of alumina (lKg.) Zﬁote 15;7 and eluted with light—

petroleum.éﬁote 18;7. Fractions of ca. 250ml. were collected
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and evaporated Zﬁote 27_7and assayed by gas chromatography Zﬁote 21;7

to afford benzobarrelene (8.3-8.8g, 85-90%), mp. 64--65° (lit.almp; 65.5-66°),
'\Jmax. 3070, 3028, 2990, 1612, 1330, 789, 747, 650 and 655 om .

Hon.mer. (CDClB)_ T, 2.75-3.22 (8H, m) and 5.10-5.38 (2H, m).

Notes * (contd.)i=

20)l Dry tetrahydrofuran dee'ﬁarning iﬁ Org. Synth. Coll. Vol. V,.p.976;7
was heated under reflux with calcium hydride and distilled under
nitfogen onto lithium aluminium hydride from which it was distilled

‘ immediately prior to use.

21) Soldium wire 0.5 mm. diameter was used.

22) t-Butanol was freshly distilled before use.

23) .Gas chromatography using the cdlumn and conditions as in Note 9
but at 104° gave a retention time for benzobarrelene of ca. Smin..

24,) Glass wool efficiently removed the 1argé knots of sodium wire and
& large amount of the "purple sodium chloride".

25) Care Waé taken tb ensure that no pieces of sodium remained before
the addition of water.

26) Anhydrous magnesium sulphate was used.

27) A Buchi rotary evaporator (water pump) was used at room temperature.

- 3, Preparation of 5,6,7,8~tetrachloro-l,4-dihydro~1l-methoxy=-1,4~

ethenonaphthalene (1.4) (1-methoxytetrachlorobenzobarrelene).

l-Methoxytetrachlorobenzobarrelene (1.4) was prepared in the same
manner as tetrachlorobenzobarrelene (1.33) in expt. 1, except anisole
(500g.) wes added to the pentachlorophenyl-lithium solution instead of
benzene. The product was isolated by column chromatography (alumina)
using light-petroleun to remove any hexachlorobenzene and pentachloro-

benzene remaining, and ether-light petroleum (1:20 - 1:10 V/y) to isolate




1-methoxytetrachlorobenzobarrelene (1.4) (22.5g, 70%) mp. 121-122°
(from ethanol) Ziit.lhb mp. 122?;7.

'Qmax 3080, 3060, 3000, 2930, 2840, 1630, 158O, 1450, 1360, 1225,
1175, 1030, 735, 710 and 695 cm . -

MHonam.r. (co1,) Y. 2.8«3.4 (LH, n), &.5-4.9 (1H, m),

and 6.27 (3H, s).

L+ Preparation of the Sodium Biphenyl Reagent29
| In a-dry 500ml, 3-necked flask eéuipped with 2 sealed stirrer

of adjustable speed, an inlet for nii{rogen gaé and a reflux condenser,
was placed toluene (60ml.) and metallic sodium (5.6g). With the
stirrer off, and a slow stream of nitrogen passing, fhe flask was
heated until the toluene began to reflux and the sodium was melted.
_The.stirrer was started gnd the mixture vigorously agitated until

the sodiuﬁ was finei& dispersed as small globuies. However, on cool=-
.'ing the solution globules tended to coagulate, and re-heating and
cooling had to be repeated before a cooled solution was obtained with
the sodium still in small globules.

The-mixture was cooled to below 10° using a methanol and dry ice
‘cooling bath; Anhydrous ethylene glycol dimethyl ether (125m1.) was
‘added with the stirrer operating at a moderate speed. Biphenyl‘(39é.)
was then carefully added to the solution.

On additicn o% the biphenyl the solution turned blue-green and
then darkened as the reaction procceeded.

Keeping the temperature below 30o the solution was Stirred for lhr.

After this period the solution was transferred to a brown bottle éﬁSOmlA?,
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- stoppered with & rubber serum cap and stored in a refrigerator at

below 50..

5. Attempted dechlorination of 1—mefhoxytetrachlorobenzobarrelene

(1.4} using the Sodium Diphenyl Reagent

| i*Methoxytetrachlorobenzobarrelene (Q.32g, 1m.mol.) was dissolved
in dry toiuene (SOmi.) and placed in a 3-necked flask (500ml.), including -
& sealed stirrer,'nitrcgen inlet and dropping funnel (50ml.). Sodium
biphenyl reagent (20ml.) was placed in the dropping funnel and added
carefully to the stirred solution, whilsf a flow of nitrogen was maintained.

After completion of the addition the reaction was stirred for 5Smin,

end then poured into cold water (100ml.) contained-in a separating fun-
nel. The solution was extracted with ether (3 X 50ml.) and the.combined

ethereal solutions dried over MgSO Yvaporation of the solvent gave

4
an oily so0lid with a characteristic odour of biphenyl.
Attempts to identify the dechlorinated product l-methoxybenzo-
barrelene_(i.l) by gas chromatography;-ﬁhin layer chromatography and
1ﬁ nuclear magnetic reesonance spectroscopy all met with failure, thé
large excess of biphenyl masking fhe idenfification of the required product.
That the dechlorination héd occurred, was shown by analysis of
" the aqueous fraction from the reaction. Treatment of an aliquot of
the aqueous fraction with conce. nitric acid and silver nitrate gave & °

precipitate of silver chloride. The'precipitate darkened on standing.

6, Attempted dechlorination of l-methoxytetrachlorobenzobarrelene (l.h).

Sodium (0.8z.) wes added to a solution of l-methoxytetrachloro~
benzobarrelene (200mg, 0.62m.mol,) in tetrahydrofuran (12ml.) containing

t-butyl alcohol (3ml.) at 0°, The mixture wes stirred for 50hr. at
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0-5° under nitrogen. Additional soldium metal (0.1g.) and t-butyl
alcohol (lml.)‘were tﬁen addedé the resulting mixture was theh allowed
fo warm to room temperature. Thé reaction mixture, éfter removal of exe
cess of sodium by filtration, was poured onto ice, the agueous phase
extracted repeatedly witﬁ ether, and the combined brganic;phases dried
IOVér aﬁmydrous MgSOh; ‘Distillation of the gther gave an dilyrsolid,
which from_analysis by gas chromatography, thin layer chromatography
and lH.nuclear maghetic.reasonance, indiceted the presence of starting

material (1.4} and no dechlorinated products

7. Preparation of 1l,h-dihydro-l-methoxy-1,4k-ethenonaphthalene (1.1)

(1-Methoxybenzobarrelene)

1-Meth0xybenzobarrelene (1.1) was prepared by the aechlorinationl
of l-methoxytetrachlorobenzobarrelene él.h) using the same procedure
as described in explt. 2. l-Methoxyben;obarrelene was isolatéé by column
chromatography (alumina) eluting witﬁ light petroleum to give a pale
yellow oily éolid. Recrystallisation from light petroleum gave |
1-methoxybenzobarrelene (90%) as white crystals, mp. 36-37° (1it.20637—380).
\Dnmx. 3070, 2990, 2940, 2840, 1630, 1580, 1495, 1465, 1335, 1290,
1230, 1160, 1135, 1095, 1085, 1030, 1020, 995, 980, 925,
860, 755, 700, 690 and 650 cm-l.
1H.n.m.r.-(¢D013) T. 2.9-3.5 (8H, n), 5.2~5.5 (1H, m) and 6.28 (3H, s).

8. Preparation of ?,5-Dimethylanisole (1.23).

Dimethyl sulphate (300ml.) and concentrated aqueous potassium
" hydroxide (50%, 250ml.) were added alternately in small portions to a

solution of 2,5-dimethylphenol (50g, 0.41M.) in ethyl slcohol (100ml.)
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and aqueous potassium hydroxide (50%, 50ml.}. A4fter coﬁpletion of the
addition the solution was héated to 90;-95O and mainteined at this
temperature for ca. 6hr..
After this periocd of timg thelsolution was éooled, and the cloudy

solution filtered, The filtrate was extracted with ether (4 x 200ml1,)
and the combined ethereal solution washed with sodiunm hydroxide
(2N, 250ml.). The gthereal solution was dried (MgSQh), filtered and the
‘ether removed by distillation to yield 2,5-dimethylanisole (1.23)
(55g, 99%),Aas a pale yellow liquid, bp. 188-192° (lit.h9l940).

\ymax. 3050 - 2850, 1625; 1595, 1520, 1&70,'1A20, 1290, 1270, 1160,
1340, 1050, 995, 930, 850, 810, and 720 cm-l.

9., Preparation of 2,3,5-trimethylanisole (1.24).

The preparation was as described in expt. 8 but using 2,3,5-
~trimethylphenol (50g, 0.37M.). 2,3,5-Trimethylanisole (1.24)
(52, 94%) was obtained es a pale yellow liquid, bp. 213-215°
(11t.%7216%).

\]max. 3005, 2940, 2870, 2842, 1608, 1593, 1498, 1470, 1320
1285, 1150, 1120, and 840lcm-1. |
Honomer. (CDClj) T . 3.4-3.5 (21, a), 6.25 (34, s), 7.73 (34, s),
7.81 (3H, s), and 7.90 (3H, 8)e

10. Preparation of 5,6,7,8-tetrachloro-l,l~dihviro~l-methoxy-2,9-

~dimethyl-1,h-ethenonaphthalene (1.17) (l~-methoxy~2,5-dimethyltetrachloro-

benzobarrelene).

1-Methoxy-2,5-dimethyltetrachlorobenzobarrelene (1,17) was pre-
pared by the procedure described in expt. 3, but using 2,5-dimethyl-
anisole (50g.). The product (1.17)was isolated, after removal of the excess

of 2,5-6imethylani$ole by distillation, by column chromatography (alunina)



" using light petroleum as the eluant to give a crystalline product
(18.0g, 51%), mp. 151a152°'(methanol) (1it,20h mp. 150-153°),
\)max. 3000 - 2900, 1450, 1380, 1350, 1300, 1250, 1215, 1185, 1122,
1080, 1030, 1000, 940, 810, 770, 700, and 650 em L, ,
1 ' 'F)T.."fl 65 . /.. .
Hen.m.r. (€201, e 3u34 (1, m), 3.65 (1M, dg, [3[25.5 and 2.0Hz.),
5,10 (1H, a4, /J/:5,5 and 2,0Hz.), 6.28 (34, s),

8.04 (3H, 4, /J/=200Hz,), and 8,14 (3H, 4, /J}=2.0Hz.),

11, Prevaration of 5;6,?,B«tetrachloro—l,h-dihydro~1~methoxyw2,5,9~

~trimethyl-l,4-ethenonavhthalene (1.18) (l-methoxy-2,3,5-trimethyl—

.tetrachlorobenzobarrelene'

| l-Methoxy-Z,3,5-trimethyltetrachlqrobenzobarrelene (1.18) was
prepared by.the procedure described in expt. %, but using 2,3,5-
-trimethylanisole CSOgo)o Excess of 2,3,5—trimethylanisole was remqved
by distillation, and tﬁe residue separated by column chromatography

(alumina), eluting with 5% ether~light petroleum. '5,6,7,8-Tetrachloro-

~1,4-dihydro-l-methoxy-2,3, 9-trimethyl~1,L~ethenonephthalene (1.18)

(21.8g, 60%), mp. 130-131° (ethanol), was isolated.

\]maxn 3000 - 2840, 1435, 1365, 1345, 1250, 1115, 1095, 785, and 745 om T,

lH,h.m.ré (CD013) T. 3.3-3.4 (14, o), 5.28-5,30 (1H, d, ]J[=2.0ﬁz),
6,28 (3H, 5), B8.0-8.05 (3H, 4, [J[72.0Hz.) and 8.15-8.30 (6K, m).
Found: €, 52.7, H, 3.8%, M (mass spectrometry), 36k4.
C14H7,,01,0 requires C, 52.8, H, 3.85¢%, M; 6.
12. Preparation of l,h—diﬁydrd-l—methoxy—z,9-6imethyl—l,h—ethenonaphthalene

(1.19) (1-methoxy=2,5-dimethylbenzobarrelene).

1-Methoxy-2,5~dimethylbenzobarrelene (1.19) was prepared by the
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dechlorination of l-methoxy-2,5-dimethyl-tetrachlorobenzobarrelene
(1.17) using the procedure deseribed in expt. 2. The required benzo-.

barrelene (1.19) was isolated by columm chromatography {alumina)

eluting with light petroleum to yield a pale yellow oil. 1,4~-Dihvdro-

;l-metﬁoxyhz,9-dimethy1~l,h—ethenonaphthalene_(1.19) (90%0 was obtained

by distilletion under reduced pressure, bp. 90° (0.5-0.4 mm, Hg).

gz, 3060, 2960, 2940, 2910, 2840, 1450, 1370, 1300, 1250, 1230,
1160, 1100, 1080, 1020, 990, 910, 885, 850, 755, 720, €40,
and 620 cm_l. |

Yom.r. (CDClB) T 2.6-2.72 (14, m), 2.8-3.3 (3H, m), 3.4=3.5
(18, m), 3.6-3.75 (1H, dq, [J] = 6.0Hz. and 2.0Hz.), 5.65-5.5.
(14, a4, /J] = 6.0Hz, and 2.0Hz.), 6.23 (3H, s), and 8.0-8.2

- (61, m).
Found: €, 84.9, H, 8.1%, M (mass spectfometry) 212,

C 5Hy 60 requires C, 84.85, H, 7.6%, M, 212,

13. Preperation of l,4-dihydro=-i-methoxy-~2,3,9=-trinethyl=1,/=-

~ethenonaphthalene (1,20) (1-Methoxy—2,3,5~trimethylbenzobarreléne).

| 1-Methoxy=2,3,5~trimethylbenzobarrelene (1,20) wes prepared by
the dechlorihatioh of l;methoxy-z,3,5-trimethy1tetrachlorobenzo~
" barrelene (1.18) using the procedure described in expt, 2. The crude
benzobarrelene (1,20) was isolated by eolumn chromatography (alumina)
elutihg with light petroleum to &ield a yellow oil. Recrystellisation -

gave 1,4-dihydro-l-methoxy-2,3,9-trimethyl-1,k~ethenonaphthalene (1.:20)

(85%) (light petroleum). mp. 65-67° (softens at 62°),

Vg, 3000 = 2900, 1450, 1290, 125k, 1162, 1090, 990, 930, 823,

758, 745, 720, and 650 on”T.
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YHonoo.r. (CDClE) T. 2.6-3.2 '(AH, m), 3.42«3.52 (1E, m), 5.9-6,0
. (1, 8, [I[z2.00z.), 6.22 (34, s),A 8.0-8.1 (3H, 4, [if=2.0Hz.)
and 8.,15-8.30 (6H, m),
Found: C, 85.0, H, B8.1%, M (mass spectrometry), 226, C

. C16H18b requires C, B84.9, H, 8.0%, M, 226,
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CHAPTER 2

MECHANISTIC STUDIES OF THE ACID CATALYSED

REARRANGEMENT _OF 1-METHOXYBENZOBARRELENE DERIVATIVES.




INTRODUCTION

Earlier WOrkZOd’c in this;iaboratory had established that the
l;methoxybenzobarrelenes (2.1) =~ (2.3) rearranged in concentrated
sulphuric acig (98%), at room temperature, to the three corresponding
isomeric ketones (2.#) - (2.12). The major produc£ from each re-
arrangement was the corréSponding'benzobarrelenone.(2.4).- (2.6)
isolated in yields varying from 50 to 76%. The minor products were
the aryl ketones (2.7)-~ (2.9) and the o{E&- unsaturated ketones
(2.10) to ('2.12) isolated in 3.0-8.0%and 4.5-5.5% yields respectively.

Investigationsmd’c’e

involving deuterium labelling, specifically
gubstituted methyl derivatives, solvolytic reactions of certain
tosyletes, éttempted equilibration expefiments,ané 140 labelling
experiments suggested the following mechanisms, illustrated in
Scheme 2,1 for the formation of the ketones {2.4) - (2.12). The
l-methoxybenzobarrelenes (2.1} - (2.3) could be protonated at either
C-2 or C-3, Protonation at -3 led to the carbonium ien {2.13) from
~ which the aryl ketones (2.7) - (2.9) and the eg‘{— unsaturated ketones
(2.10) - (2.12) were formed by vinyl and aryl migration respectively.
Protonatioh at C-2 gave the carbonium ion (2.14), which rearranged
to give the benzobarrelenones (2.4) - (2.6) as illustrated. The
deuterium labelling experiments.indicéted that the formation of tetra-

- fluorobenzobarrelenone {2.4) occurred by two pathways, (a) and (b),

the ratio of which varied depending on the concentration of acid used.
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In conoenﬁrdted sulphuric acid (98%), at room temperature, Eg.lSO%
of {2.4) was derived by pathway (a) and ca. 20% by pathwaj (b). In
sulphuric acid - water (L:IY/V), at 800, the valgeé obtained were
ca. 55% for pathway (a) and ca. b5% for pafhway (v).

The above results were'based.on a number of assumptions made

20d, e These assumptions

in the interpretation of the data 6b£ained.
were malnly concerned with possible isotope effects. Thus it was

assumed that the addition of a deuteron was aseasy as that of a

proton. leo_it was assumed that the orientatibn of protonation of
a double bond Qas not significantly affected by the présence of
deuteriu@ atoms.

Ve were iﬁterested in verifying the accuracy of the deuterium
results and a}so in exténéing our knowledge.of the rearrangement
mechanisms. _

It ﬁas ;easoned that the preparation of £H~14Q47-1-methoky—
—tetrafluorobenzobarfelene (2.1), folidwed by rearrangement in sulphuric .

146

acid, would yieid_fetrafluorobenzobarrelenone (2.4) with the
“label scrambled between C-4 and C-5. The extent of this scerambling
~would be dependent on the conditions used for the rearrangement.
Degradation of the benzobarrelenone {2.4) in such a way as to
isoiate the C~4 and C-5 in separate productﬁ would enable an accuréfe
determination of the ratio of the two pathways, (a) and (b), involved

in the formation of the ketone {2.4). This method of determination would

not be limited by the assumptions made in the deuterium studies.
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We therefore decided to investigate possible reutes for pre-
1 -
paring éﬁ—l+Q;7«1mmethoxy-tetrafluorobenzobarrelene and then to -

eateblish a suiltable degradation procedure for tetrafluorobenzo-

barrelenone.

Discussion
A1l the investigations discussed in this chapter were carried out
 with unlabelled material until suitable procedures -had been established.
The first probiem in this investigation was to devise a method
of introducingzz%hQ:7 into C~k of.l-methoxy-tetrafluofobeﬁzobarrelene
(2.1). The normal method of preparation is to react pentafluorophenyl
magnesium bromide (2.16), formed By the reaction of pentafluorobrﬁmo-
benzene {2.15) with magnesium in éry ether, with anisole (2.18). The
Grignard reagent (2.16) breeks down to form tetrafluorobenzyne (2.17)
which reacts with the anisole in a Diels-Alder 1,4-cycloaddifion

reaction, as illustrated in Scheme 2.2, to give the required product (2.1).
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The C=k in tﬁis prqduct originates from the C-4 in the enisocle.
Hence it was necessary to prepare Zﬁ#lhqz7—an1301@ (2.18). The
reaction between tetrafluorcbenzyne and_énisole is nﬁrmally 50
carried out using a la:ge excess of anisole, which facilitates the

1,4=cyclcaddition, However, it wes not praétical to attempt to

) i . 4 ' :
prepere large guentities of ZK—l'QJ?—enisole (2.18), and therefore

Scheme 2,2
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it wag decided to prepare a small volume of high activity arnisole
which could then be diluted to a suitable volume.

. I .
Preparation of /——lkcj7~Anisole (2.18)° _ g A

No difficultiés were foreseen in the synthesis of the labelled
anisole (2.18), since a procedure had. been published.by Kratzl and
Vierhapper,sl whioﬂ gave a high yielq of Zm-lhc;7-phenol.(2.3l);
as‘éhoﬁn i@ Scheme 2.3, Methxlation'of the phenol (2.31) wauld give
‘the required anisole (2,18). Vierhapper's results indicate that the
phenol (2.31) can be isolated in an overall yield of ca. L7%.

This ﬁrocédure was cerefully investigatéé; : | ’

Sodium nitromalondisldehyde monchydrate (2.21) was preparQ652

by the reaction of furfural (2.19) with bromine to yield mucobromic
acid (2.20), which upon reaction with sodium nitrite, prodﬁced the
required dialdehyde (2.21). The foliowiﬁg step involved a double
aldol condensation between (2.21) and acetone {2.22) to form thel
aromatic coﬁpqund; P—nitrophenol (2.23), presumably by a mechanism
similar to that shown in Scheme 2.l |

_ In the reduction of the nitfo compound (2.23) to P-aminophenol
(2.24) Kratzel and VierhapperB;rused Raney—Nickel and hydreazine
hydrafe as their reducing medium. .However, in these laboratories we
" have found‘tﬁat the alternative probedure,53 using Pac (5 or 10%) and
hydrazing hydra%e in ethyl alcohol heated under reflux, provides a more

convenient method for the reduction of aromatic nitro compounds. Thus

p-aminophenol (2.24) was prepared in 97% yield.




Scheme. 2.3 .

NO~»
: | | | | 2NCI+
" BrC——CHO : ®
Br NaNO- C
= BrC—CO-H H-0 N
CHO r 2 7 OHC CHO
(2.20) (2.21)
DI""N
R= |
N—N
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. Scheme 2.4

_ S O
. 0\4/0
oOH B
CHs - Giz/’ / CHO,
. NI
{(222) - 0,/ H

NO7
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It was interesting to note at this stage that the p-nitrophenol
(2.23) is a potential intermediate for both Zﬁ—lhq;7-anisole (2.18)
and [ﬁ;lhc_7Lanisole (2.32). Formation of the anisole (2.18) involves
6onversibn of a nitro group to a methoxy group via a hydroijl group and -
the reblacement of a hydroxyl group by a hydrogen-atom. Schemg 2.5
{1lustrates the'procédure, recegt}y established in this laborétony,2oe
for the synthesis of[i-—u*CJ-anisole (2.32). It is considered that
the'ovefall yielﬁ of over 50% 6oﬁbined with the simplicity and con-
venience of the procedure makes this synthesis of éiLth~7Lanisole
the mést ét£ractive‘one currently available.

The removal of the hydroxyl group from the aminophen61 (2.24) to
‘ Tg&ﬁe aﬁiline“(Z.BO) was - the most'imﬁqrtant step in Vierh&pper'ssl pro-~
cedure. A suitable lea#ing group, which would facilitate the breaking
of the.aromatic carbon to oxygeﬁ 5ond, héd to be attached thréﬁgh the
hydroxyi grdgp. The use of 1-pheny1;5-chlorotetrazole (2525) for this
54

purpose has been well established. 1-Pheny1—5~chlorotetrazole was

prepare accordlng to the procedure shown in Scheme 2, 6. This,involfed
the reaction of aniline with carbon. dlsulphlde and ammonium hydroxide to
give the compound (2.33) which on treatment with 1ead'n1trate forms
" phenyl isothiocyanate (2.3&)._ The required tetrazole (2.25) was obtained
by allowing the compound_(2o3h) to react with chlorine to produce
phenylcarbonimidoyl dichioride (2.35) which on treatment with activated
sodium a;ide in glyme forms the tétfazole (2.25). | |

The reaction of p-sminophenol (2.24) with the tetrazole (2.25),

in a solution of.potasaium carbonate in acetone, yielded l-phenyl-5-
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Schere 2.5

o “oH - PCH3  pgc OCH 5
- CH NH,
b ! —_—

: DMSO EtOH

NOo _ N02 : ‘ NH?
(2.23)

{a) :
o . (2.32)

(b} '

CSHQONO/CF3COZH then urea, then hydroqumone

(b) NCINOZ/CII [. HCL, then 30% H4PO,

--(ﬁ—aﬁind—phenoxy)—tetrazole (2.26). Before reduc;ing the compound |
(2.26) the emino gronp was protected by converting (2.26) to the aéetyl
éerivative (2.27). Reduction of the acetyl derivative using PAC
(10%) and hydrogen gas at atmospheric pressure gave a mixture of

. yZ)
acetanilide(2,28) ang tetrs:.\lone (2.29), The two products could be
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Scheme : 2.6.

NH

(233)+ Pb{NOgl,  ———>

(234) Cl2

(a] Activated

NCCio

(2.35)

NaNg/ GLYME

NCS

(2.34)

7141

 NHCSNH,

+ Hzo

(233!

+ NH;NO 3+ HNO3 + PbS

a
\ |

e .
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‘ éepﬁrated by subiimatioﬁ. Acid hydrolysis of the acetonilide, using
dilute sulphurie &cid(ga. 15%)at.reflux temperatﬁre for ca. bhr.,
gave aniline (2,30). Phenol (2.31) wes prepered in 67% yield by
diézoﬁisatien qf'(2.30), using sodium nitrite end sulphuric acid.

The procedure by Kratzl and Vierhappersl

was investigatea in
soue detail; since a number of difficulties were encountered. In
gome of the steps‘it was not possible to repeat the authoré‘yields.
For instance, the diazotisation of aniline to phenol, according to
the authors proceedea‘in a yield of 95%, and yet the best yiéld

‘we could obtain was 67%. DifferenceS'of this magnitude would alter
the authors' overall yield of 47%-ccnsiderably. By far the nmajor
diffibulty encountered was the reduction of l-phenylm(~hnacetémi$o-
—phonoxy=)-tetrazole (2.27) to acetanilide (2.28). A number of attempts
were made to remove the inconsistency, with results varying from no |
reduction to a 50 to 60% conversion.

Tt was feasoned that given sufficient time these difficulties
could have_beén overcome, Unfortunately time was limited, énd there-
fore alternative foutes, leading to consistently high overall yields,
were sought,

The difficult step wag obviously the replacement of the hydroxyl
group by a hydrogen atom, A.number of alternative proce&ﬁre356 vera
available fér acdompiiShing thislstep. Three of theke procedures are

illustrated in Scheme 2.7. Onée again the problem with these methods

was one of yield.
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. Scheme 2.7

o Na :
(a) Ar—Q~—pP—I{0Ft}, ——>  ArH
| - ly T NH3 ArH  (ref. 56c1).

. ) Pd -
(bl Ar—0-—Ts + NoH; — ArH  {ref. 56b)'.

(c) Ar—OH + Ph-——N=C=O——-—-~°‘Ar-—O~'——§3~—NHPh

o : PdC _ _
Ar—0—CO0~——NHPH ————— ArH (ref. 56c}

Ho
- C H3COH
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Recent results by Vcwink3157 suggested the posgibility of re-
acting p-nitrophenol (2.23) with dicyclohexyloarbodiimide (2.36) to
O
form an g-aryl-isourea (2.37). Reduction of the compound (2.37)

could possibly lead to eniline, Scheme 2.8 shows this procedure,
Scheme -~ 2,8

ArOH + R=N=C=N—R =—> R—NH—G=N—R

0
(2.36) l .
Ar
(237)
[H]
Ar—H + RNH—CO—NH—R
L (2.38)
R=CgHyy
'\.vfow1nkel57 has shown that certain phenols can be 6ehyéroxylated

in a two step processl The first step invelves a solid phase resction

_ : : O
between the phenol and the carbediimide to form an g-arylisourea.
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Since this is an equilibrium reaction an excess (éﬁ. 2-3 equivalents)

of the carbodiimide was used. The product was isolated by recrystallisa~
tion, or the crude mixture used directly in the second step., This
involvés the hydrogenolysis to the aromatic hydrocarbon and a
disubstituted urea (2.38). Steric effects were found to influence

e e 57

the reductive. cleavage.

A number of potential difficulties were foreseen before the above

procedure waé attempted:-

57

(a) The substituted arbmétic phenols used by Vowinkel”! all.contained
electron donating gréuﬁs e.g.'OCH5; Cﬁja as opposed tg electron with-
drawing proups, such‘as a nitro group. .This efféct-could retard the
formation of the C~0 bond in thé o-arylisourea.
(b) If the reduction of the nitro group was fast, compared to the
preaking of the aromatic.C-O bond, then the‘amino group could interfere
with the formation of the required product. Since (2.36) and (2.37)
are in equilibrium, then during the reduétion.g—aminophenol could be
formed, which gould then re-combiné with'the'carbodiimide.through the
nitrogen to give a C-N linkage instead.of a 0-0 linkage.

Hoﬁever, one major advantage of this procedure compared with that

of Kratzl and Viefhapper,sl

was that a five step synthesis, from p-nitro-
phenol to aﬁiline Schere 2.3,.would be reblaced by only two steps
Scheme 2.8. | | '

p-Nitrophenol (2,23) was stirred with N,N-dicyclohexylcarbodiimide
(2.36) for 3 days at 50-100°. The resultant green oily solid was

reérysfallised from benzene and the yellow crystalline material obtained
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was dissoived in ethyl acetate and treated with PaC (10%) and hydrogen
at atmoépheric pressureo.'The hydrogenaﬁion.was continued until the
ubtake éf hydrogen ceased. The crude product was énalysed by zas
liquid chromatography and was shown to be p-aminophenocl.

This result indicated that either the g-2rylisourea was notr_
_being formed in the first stage and the unreacted p-nitrophenol was
being reduced, or the g—afyiisourea was cleaving to gi#e eithér
E~éminopﬁenol-or p-nitrophenol.

A second reaction involving E—nitrophenol‘and.dicyclohexyl-
cafbodiimide was carried out and the recrystallised product analysed.
Thin layer chromatography, uging chloroform as an eluant, indicated-
that'the'product was a mixture of threé.compéuhds. Separétion by
preparative layer.chromatégraphy and identification by spectral and
phyéical methods indicated that the two major products were the stari-
ing materials, Eﬁnitrophenol and dicyclohexylcarbodiimide. The- third
and minor product had a mp. of 135-1370, gave e molecular ion at %5,
and a complex Y onum.r. spectrum with peaks at T 1.62(m,1H), 1.72(m,1H),

2.55(m,11 ), 2.65(m;u{), 6.'15-6.6(11?1, broasd, replaced by deuterium
exchangé) and 7.90-9.50 (22H, complex). These data would fit the
required glaryiisourea (2.37).

It would seem that the effect of the electron withdrawing nitro
group in B«nitrophen;l keeps the equilibrium shown in Scheme 2.8 well
.ovef to the left. In an attempt to overcome this problem the nitro
cbmpound'(2.23) was reduced to B—amihOphenol and this product converted
to p-hydroxyacetanilide (2.59), which was reacted with dicyclohexyle

‘ o
carbodiimide (DCC)., It was hoped that the d-arylisourea (2.40)
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would be formed and reduction of this would lead to acetanilide as
shown in Scheme 2.9.

Schepne 2.9

OH

(2.40)

[H]
(2400  —*




The reaction of the conpound (2.39) with DCC led to 5 black
taf which proved impossible fo purify or analyse.

The poor yields and difficulty of isolating the required‘products
prevented further investigations'into the reactions of p-~nitrophenol
with DCC. |

57 illustrated -in Scheme 2.10,

A second procedure used by Vowinkel,
was rejected on the basis of yield. For the reaction using p-nitrophenol
Vowinkel had obtained the compounds (2.51), (2.42) and (2.30) in-

92, 57 and 52%:yiélds-respectivelyoﬂ_Assuming these yields could have
“been repeated, then the overall yield for conversion of p-nitrophenol
to aniline would have been only 2?.3% |

Finally, after a long period of.frustration, a procedﬁreSB
was brought to our aftention which ended our anxiety'and‘gavé consistent-
1y high yields in the conversion of p-nitrophenol to aniline. The
method, shown in Scheme 2.11, involves the reaction of p-nitrophenol
with methane'sulphonyl chloride which gave the aryl sulphonate (2.43)
in an almost quantitétive yield‘(9?,7%) as a white crystalline com-

585 93_93.59),

pound, mp. 92-94° (ethanol), (1it.
Reduction of the p-nitrophenylmethane sulphonate (2.43) in
methanol containing triethylamine, PAC{5%) and hydrogen at atmospheric
pressure, gave aniline in 65% yield.
The three routes discussed all.involve as the major step a
reductive cleavage_of an sromatic C-0 bond. The ability of this bond

to break in the compounds (2.27), (2.38) and (2.43), as opposed to

breaking of the bond léading back to starting materisls, requires s
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Scheme 2,10

OH

¢ Br—C=N +[CoHgla N =~ —=  (2.41)

o « { CoHg) g NHBr

2_ .
{2.23)
0—C=N NO 5
+HN(CZH5)2 .._.__.._:,,
_ (2.42)
NO» ?
| 7 _ (|3:'-NH
(2.41) . N(CZHS)Z
NH2
o [H] | |
o(2.42) — 1 .+ HyN—CO—N—I(CsoH5l5
| PdC
(2.30)
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Schems 2,11

OH NO

| 2
o Py
+CH4SOLL — O
NO, 0 (43
12.33) | | OZS:."O
H3
(2.43) ““
(2.30) .

gignificant driving force. Presumably the reduction can be represented,
in all three cases, as proceeding via the six membered ftransition

- states illustrated:

- (al (b} ,//Ph
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| -
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N
|
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|

CATALYST SURFACE

Vhich side of the oxygen cleaves, either (a) or (b), in the
above three proposed transition states will be dependent upon the

51,57,58

stebility of the proéucts formed., Previous work indicates

that the compounds illustrated are cleaved to the required product
(2.28) or (2.30), and therefore the formation of the other products
- (2.29), (2.38) and (2.4%4) must be an important part of the "driving

force' for the respective reactions.
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HN\ ‘ /NPh -~ R—NH-CO—NH—R CH§““§“_”OH_
N——] ‘ | 07
o (2.38) o

From the results of our investigations, it would appear that
the-reduction of the compound (2.43) to the two producfs (2.30) and
(2.44) is easier than for the corresponding reductiéns §f thé com-
'pound.s (2.27) and (2.37). The lease of the reduction of the aryl
sulphonate (2.43) over the compounds (2.27) and(2.37) may be due
to a sferic féctor. The approach of the aryl sulphoﬁate to the
batalystfsurface ié steridaliy lesé hindered, and thus leés strin-
gant‘conditions‘are required to enaBle the reduction to proceed.

- The most attractive point about this procedure was that it

51

'feduced the five s;ep synthes;s; as used by Kratzl and Vierhapper
for converting p-nitrophenol to aniline to only two simple steps.
Not Onl& vwas there a subsféntialltime saving factor but also a repeatedly
consistgnt yield,
The éniiine obtained from the reduction of the aryl suiphonate

(2.43) was treated with sodium nitrite and concentrated sulphuric acid,
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under standard diazotisation conditiens, to form phenol (2.31). J.
}.{e%:hyiation uging p.ota'.ss.ium hjdroxide s &imethylsulphoic_ide and
methyliodide gave the required anisole (2.18) in 80% yield.

Thus, after a careful investigation, a procedure was now ‘avail--
gble with which ﬁ-mcj-'-aceténe_would be .c'onverted to [E‘-—thJ'—anisole
'.in good yield and with a high-d.egree of cérféin‘ty. The complete

. procedure is depicted in Scheme 2.12,

Scheme 2.12

02
éc> f
OHC -
{2.21)

2.23)

o A Ko |
o a0z, (O] s ()
(2.31) (2.18)
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During the preparation of 4~14QJ7-anisole, none of the inter=
mediates were isnlated in a pure fofm; The crﬁde reaction produét'
wag always used, in the following step, in order to minimige losses.

Crude ZE—IAQJ7-Bgnitrophenol (2.23) was isolated as a brown
orystalline soiid,fin'gﬁo 65% yield. In order to confirm that this

product contained 't;he'll'r

C label, a semple was counted. The Starting
| Z?-lh0_7facetone conteined a specific activity of 10 rﬂ:t.(micro-curies)
ﬁer m. mol., and since this value is not affected by yielé, it was
-expected that the p-nitrophencl would have a similar value. Howéver,
the specific activity of the Zi-lhq;7fg—nitrophenol was caloulated to
be ga, 5.78 F,C{_ per.m. rol, This difference could be eXplaiﬁed by
one or more of the following factors:-
(1) The phenol (2.23) was in a crude form.
- (ii) The total activity of the acetone héd'not been transferréa
' to the unlabelled acetone during thé initial dilution procedure.
(1ii) The vials obtained from the Radiochemical Centre had not
containéd the activity specified;
Fourtunately the activity of the phenol (2.23) was still high

enoﬁgh for the purpose for which it was required. Therefore the
-phenol (2.23) was éubjected_to the series of reactions shown in
~ Scheme 2.12, ZKQIAQJ7-anisole was obtained as a crude orange oil., It
.'was not possible to obtain an écéurafe measurement of the specific
- activity of the anisole due to'the difficﬁlty of weighing liquids
accurately on a wlcrograin scale. A rough estimate of the specific
activity indicated that, as expected, the value was similar to that

obtained for the crude phenmol (2.23).
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Dis#ppointingly, the overall yield of Zz—lh0_7lanisole '

(0.6g, 11.1%) was low, particularly after the long and carefui"
investigations carried out on this aspect. An overall yield, based
on the procedure illustrated in Scheme 2,12, of ca. 20% had been
expected as a result of the ylelds obtained using unlabelled compounds
to check the possibility of the synthesis.

| However, at.this stage of the investigation no problems were
foreéeen, rega:ding this 1ow yield, since the active anisole was to
be diiuted to 2 suitable volume with unlabelled anisole, This
dilution factor was to be dependent on the results of the next stage
of our investigation, the preparation and'rearrangement oi‘zrl;hc;7“
;lnmethoxytetrafluorobenzobarreiene (2.1) to Zﬂlhqg7—tetrafluofobenzo«
barrelenone {2.4) énd thé degradation af this ketone. |

1 .
Preparation of /T— hC 7-l-methoxytetrafluorobenzobarrelene (2.1)

-gnd rearrangemsnt,

The Dﬁélszlder reaction betwegn tetréfluorobenzyne and anisole
té yield l-methoxytetrafluorobenzobarrelene (2.,1) has been investigated
in some detail.20c Unfortunately thesé investigations have always used
a iarge excess of anisole to facilitate a high yield of the required
product {2.1). This would not be the case in the experiments using'
the labelled anisole due to the small volume expected after dilution.
lNormal procedures use ca. 22M, excess of anisole to attain yields of
50 - 70% of the required adduct. |

It was calculated that the maximum dilution of the active anisole
would be to a final volume of ca. 15ml. It was also estimated that a

minimum weight of ca. 2g. of the l-methoxytetrafluorcbenzobarrelene
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would be necessary in order %o carry out the rearrangements and.
degradation of the resultent itetrafluorobenzobarrelenones (2.4).
We decided to investipate the pessibilitj of using & mole to mole
cequivalent of anisoie to tetrafluorobenzyne precursor and also an
excess of the benzyne precﬁrsoro
The procedure investigated is illustrated in Scheme 2.2. ana
ihvolves the reaction of bromopentafluofobenzene (2,15) with
- magnesium in dry ether to forn the Grignard nroduct (2.16). Addition
of anisole in cyclohexane followed by & period of reflux causes the
compound (2.16) to decompose to tetrafluorobenzyne (2.17) which under-~
goes cycloaddition with the anisole. Reactions involving a large excess
of anisole result in two isolable products from the cycleaddition of the
aryne (2.1?) and anisole. The major pfoduct is the required l—methox&;
tetrafluorobenzobarrelene (2.1) and the minor product tetrafluorobenzo-
.barreienone (2.4) isolated in ca. 5% yield, |
It is known that_the reazction of an aryne with a substituted arene
can lead to a mixture of isomeric products. . The ratio of this mixture
is normally dependent on the substituent or substituents present.
Mono-alkylbenzenes give both possible Diels-Alder adducts but the
product with the more substituted double boed usually predominates.1-'2
Di- and poly-substitution produces mixtures of products where
this is possible, and although the formation of an adduct with two
bridgehead substituents is completely avoided if pessible, this can be
accomplished by the reaction of eitﬁer tetrafluorcbenzyne or tetrachloro~

benzyne with hexamethylbenzeneel2
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Ethers andﬁdimethylamino-groupszo direct the addition across
the 1,4-positions, but again a para-substituent directs the addition
.towards thé 2,5-(5 3,6)-positions whether the para-substituent is an
alkyl group or an additional ether group.12

Thus it is reasoned that the minor product, in the reaction
between tetréfluorobenzyne and anisole, is formed by cycloaddition
across fhe 2,5-(= 3,6)~positions to give the enol ether (2.45) which
hydrolyses to the ketone (2.4) during the reaction procedure as shown.
in Scheme 2,13,

0¢ in this laboratory & stable enol ether (2.47) has.

Recently2
been prepared by the reaction of tetrachlorobenzyne and tri-n-butyl-
-(4-methoxyphenyl) tin (2.46). Hydrolysis of .the enol ether (2.47)

with sulphuric acid in agueous dioxan yields the ketone (2.5).

Scheme 2,1k illustrates this procedure,
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Scheme 2,13

Sechene 2,14

Cl OCH3 _
Cl S
O —
cl __
< |
Sn(n-;Bu):;_'
 (2.46)
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- The reason for our interest in the minor product, tetrafluoro-
benzobarrelenone (2.&), was that in the propoéed reaction between
tetrafluorobensyne and Zz-thJ7~anisole the Xetone (2.4¢) would cén—
tain the th label only in €-5, This was in contrast to the expected

th label between C-4 and C-5 in the ketone (2.4a)

scramﬁiing of the
or (2.4b) from the rearrangement of the Zx-lhq;7~1-methoxytetra-
fluorobenszobarrelene (2.1)., Hence, it was desired to isolate and

degrade both labelled ketones and analyse the results acéordingly.

(2.4a)

or
{2.4b)

(2.4c)

This desire was not to be attained since‘after a careful investiga~-
tién of the procedure; shown in Scheme 2.2; on & small scale, only the
..ﬁequired l-méthoxjtetrafluorobenzobarrelene (2.1) could be isolated and
not the ketone (2.4c). Excess of anisole was removed by distillation
end the compound (2.1) isolated from the residue by preparative thin layer
chromatography. The recovered anisole was used in further reactions until
a sufficient quantity of the compound (2.1), ca. 2-3g., had been obtained.

Attention was now directed at the acid catalysed rearrangement

of l-methoxytetrafivorobenzobarrelene to the three isomeric ketones
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(2.4), (2.7) and (2,10), as illustrated in Scheme 2.,1. The proceddre
'fﬁr this rearrangement has been well establisﬁed,20§ The compound
(2.1) ca. lg was treated with concentrated sulphuric acid (98%)

 in one experiment at room temperature and in a second experiment '
with dilute sulphuric acid (H,S0,: H,0, w1,/ at 80°. Tn both
experiments the mixture was shaken (ca. 3min.) until e clear solution
was obtained.  The solutiﬁns weré seﬁarately qguenched with ice and
the tetrafluorobenzobarrelenone (2.4) isolated, in each case, by
ether extractlon followed by preparatlve thin layer chromatography.
The ketone (2.4) was recrystalllsed (ethanol) and identified by

comparison with authentic material. 20c

I+t was now assumed that the Z;LIAG_7-anisole.pould_be converted
to the Zz—l%q;7—l-methoxytetrafiuorobenéobarfeleﬁe'(2.1) and this
rearranged under the two sets of conditidné fﬁ yield an adceptable
quantity, ca. 500-600mg., of the [fluc;7~tet;afluorobenzobarrelgnones

145 1abel in

(2.4) for subsequent degradation. The ratio of the

'C=4 and C-5 of the ketone {2.43) f?om the rearféngement in concentrated

sulphuric acid and the ketone (éohb) from the_reafrangement in dilute

sulphuric acid was expected, on the basis of previously discussed work,
%0 be different.

The ultimate step in this investigation was to devise a degrada-
tion scheme which would ailow.thé activity in C-4 and C=5 of the two
xetones (2.48) and (2.&5) to be separately calculated.

- The investigation of potential degradation‘rdutes required sub-

stantial amounts of the ketone (2.4) which were not easily obtainable

by the rearrangement procedure using sulphuric acid. Fortunately
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rearrangement of the product (2.1) in fluorosulphonic acidfgiveé
 tetrafluorobenzobarrelenone (2.4), in ca 90% yield, after recrystal-
lisation of the crude reaction mixture,

.Degradation of Tetrafluorobenzobarrelenone (2.4)

59

- The ability”” of fuming nitric acid to oxidise compounds such
as (2.48) - (2.50) to tetrafluorophthaelic acid (2,51), as shown in
Scheme 2.15, gave high hopes to a quick solution to the degradation

problem., It seemed reasonable to assuwe that under similer oxidising

conditions the ketone (2.4) would alsc be oxidised to the acid (2.51).
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. Scheme 2,15

NS |
F |
F .

F (248}
F -
CO-H Fuming
. F i HNO3
’ > L= (2.4)
- COH
F 2
j ‘(2.51)
FF 3 |
| i
F F
F F (

The advantages of using this oxidation procedure were:-

59

(i) The procedure was normaliy simple”” and the isolation of

the acid (2.51) easy.

lhc

(11) Although the acid (2.51) was not suitable for accurate
counting purposes due to the presence of tetrafluorophthaliec

anhydride (2.52), it has been shown’’ that the acid (2.51)
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can be convépted_either directly or indirectly to the very

-stable tetrafluorophthalimiée (2.53). The two roﬁtes are

lustrated in Scheme 2.16. |
(1ii) The.imide (2.53) can be easily purified by sublimafion.

Scheme 2,16

co .
. jtiﬂHaOH - F
N F

CO,H

The‘major disadventage with this procedure was that one of the
labelled carbons /CG-5 in (2.4)7 would be lost during the oxidation step.
The deuterium labelling resultsﬁoc predicted that -5 would contain

‘the major share of the th label in both ketones (2.48) and(Z.Lb).,
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However, the imide (2.53) would contain all the original C-4 label
and since the activity of this compound and the ketone (2.4) would be
known accurately, a simple calculation by difference weould furnish the

“activity in the lost C-5.

@
A COH |
F 2 e
v COy + HO
F
=" oM
(2.4) (2.51)

. c.NHAOH
(2.51) >

A number of attempts were made to oxidise the ketone (2.4) with
fuming nitric acid. The general procedure involved heating the ketone
(2.&) under reflux in fuming nitric acid for one weeks Work-up of the
reaction mixtures led to varied results. White crystalline compoundé
were normally obtained, but only on one cccasion did the analytical

- . . 59 . wh
data compare favourably with authentic acid (2.51). The yields ( /wt)

of the unknown products varied from quantitative to ca. 10% The melting

7




.points of the érystalline products were normallj wide range £§°u140-1800
(1i£.59 mp. 152-154°), The actual mechanism for oxidations using fuming
nitric acid at reflux fempératures is not known, and is presumabl&-com-
plex. The results indicated that in most_reactions a mixture was formed,
and that perhaps'an eitended oxiaatioh ﬁeriod ﬁoula:allow:a highér propor-
tion of the acid (2.51) to be isolated. The oxidafion period was ex-
tended from one to two weeks, but once agein, on work-up, a similar
ill-defined crystalline product Qas obtained. The compound was not
readily soluble in thé'normal crystallising solvents. Infra-red data
were difficult to analyse, since most of the peaks were broad. .A Broad'
carbonyl stretching frequency ta. 1690-1730 cmﬁl. and a broad hydroxyl
stretching freqﬁency ca. 3000 cmﬂl were identified. lﬁ.n.m.r. spectra
iﬁdicated that no protons were present. |

Thése results suggeéted that the tetrafluoro substituted aromatic
ring was still intact and fhaﬁ a carbo#yl group was ?ossibly presént-

It was reasoned that if any of the-acid (2.51) was presenf in the
unknown mixture then it might be feasible to convert this to the imide
(2.53) and remove the latter by sublimation.

The unkmown mixture was heated under reflux in concentrated ammonium
hydroxide for ca. 3 hr., and the tempereture was then allowed to rise
slowly to ca. 2400. Tn a reaction using authentic acid (2.51) the residue.
after the heating period was sublimed to give the required imide (2.53) as
yellow needles, mp. 206—209o (lit59 mp. 21042110). The residue obtained
from the reaction of the unknown compound always resulted in an intract-

able tar which would not sublime.
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" In an endeavour to overcome this difficulty a number of variations
of this technique, shown in Scheme 2.17, were tried.

Scheme 2.17

(253) 1Ll UNKNOWN _LiD)
5 COMPOUND A

A (liii)

F | * (i)NH,CONH,
N—Ph (ii)Aceﬁc Anhydride
F iii) Aniline

The reactiohs illustrated all met with failure giving neither a
sublimable:;r-idenéentifiable proéucto The combined results indicated
that either the uﬂknown compound/mixture contained very little of the
required acid (2.51) or the pfesence'of impurities were interfering
#ith further reaction of the acid (2.51) present. The other compounds
could be partially éxidised proddcts, or nitrated products,

Thus it became obvious that the oxidation procedure usihg fuming

nitric acid was not suitable for the degradation of the ketone (2.5).
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Two alternative oxidising procedures were considered., The first

involved treating a refluxing acetone solution of thé ketone (2.4) with

14
d This pro-

a saturated aqueoﬁs solution of potassium permaﬁganate.
cedure sucessfully oxidises'tetrafluorobenzobarralene (2.48) to the acid’
(2.51). _Tfeatment of the ketone (2.4) under these conditions resulted
iﬁ'the isclation of.the starting ketone (2.4). A.variation'cf this
procedure using an alkaline solution tZN.NaOH)of the ketone (2.4)

with satﬁrated potassium pérmanganate solution aléo gave only re-—

covered starting ﬁaterial;

The assumption that the oxidising agent, potassium permanganate,
was not effective enough under the conditions used, diverted our atten-
tion to.the second procedure in an endeavour to iﬁprove.the oxidising
ability of potassium permanganaté. _

| This méfhod involved the use of the crown ether dicyclohexyl-18-
-crown 6 (2.54). Sipca Pedersen's crowning gesture to the chemiéal
world the chemistry surrounding the crown ethers hag mushrcomed.eo
The use of crown ethers with petassium permanganaté has been partiou~
larly successfﬁl in'indreasing the yields of a number of oxidations.6ob
For éxample the agueous potﬁssium permanganate oxidation of o/ - pinene
" (2.55) gives @-pinonic-l.acid (2.56) in 40-60% yield. The use of the
| crown ether (2.54) in Benzene‘with potassium permanganate increases
 the yield of the above oxidatioﬁ to é&» 90%

Potaésium perrcanganate can be solubilized in benzene by complexing

with the crown ether (2.54), to provide a convenient and efficient
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o o  COH

12755)  (256)

oxidant-(2.5?) for organic compounds undér mild conditioﬁs. In the

- absence of the crown ether, potassium permanganate has no detectable

solubility in benzene, and no reaction occurs with organic substrates..

"Thg'prOGucts of the oxidation reactions are ketcnes or potassium salts .

of carboxylic acids. Thé potassium salts of the acids are usually

insoluble in benzene end this is advantageous not only for produqt-isol&—

' tion but also because the salts are not subject to. further oxidation.
The following pfocedure wag used in an attenpt to oxidise the

ketone (2.4) to the tetraflucrophthalic acid (2.51). Potassium

‘ permanganate was added tola solution of benzene and dicyclohexyl—l8---.

~crown 6 (2.54). The solution immediately'burned purple, an indica-

tion that the complex (2.57) had been formed. A solution of the ketone

(2.4) in benzene was then added. The combined.solution wa.s stirred

overnight, during which time the purple colour disappeared. Isolation
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"KMnO, / CHg

5 |
-I\/O\) . .'(2.57)

- (]
MnQy

and analysis of the resultant proguct indicated that only a trace of the
starting ketone (2.4 ) remained. However, it was not possible to obtain.
& product completely free of the crown ether. The major problem

appeared to be the scale of the reaction, ga, 500mg. of kétone (2.4),
on which we were operating;

| The oxidation of tetrafluorobenzobarrelenone (2.4) to fhe required
acid (2.51) was proving more difficuit thanroriginally expecfed. The
eese of oxidising the compounds (é.hB) - (2.50) and the @ifficulty of

. accomplishing the same oxidation with the ketone (2.4), seemed to imply
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that the presence of the carbonyl group was causing these difficulties;
The carbonyl group can be removed, as ketene, from ketones such
as (2.4), by photolysis or thermolyﬁis-to the respeéctive naphthaiene.ZOh
Since octafluoronaphthalene (2.50) had been oxidised to the acid (2.51),59
it seemed & reasonable assumpbion that tetrafluoronaphthalene (2.58)
would elso undergo similar oxidation,.
Thug, the ketone (2.4) was dissolved in ether and uﬁder ary,

oxygen free nitrogen, was heated under reflux whilst being irradiated

(Hanoviaimediuﬁrpreésure mereury vapour lalp, quartz'flask) for 3hr..

Solvent was removed under reduced préssure to. yield tetrafluorc-
naphthelene (2.58) in 90-100% yield, The procedure is shown in Scheme

. 2.18, The'naphthalene (2.58) was identified by comparison with
authentic material. |

Scheme 2.18

2.4 | (2.58)
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Treatment of the naphthalene (2.58) with refluxing fuming
nitric acid for one week gave, after work-up, a white crystalline
solid, wmp. 186-1880, infra-red spectra showed the following bands,
3100-28C0 (broad), 1740 (bfoa_a), 1540, 1350 and 1270 om L,

A second resction gave white crystals, mp. 163—1830, after
‘refluxing for one week, This compﬁund'was placed back in%to refluxing
fuming nitric acid for a further week. Again a white solid was isolated,
mp . 170:1800 and with similaf i.r. data to those of the first reaction.

The white solid obtained in these reacti&hs was very similar to
* that isolated from the atteﬁpte&'oxidaticns of the ketone (2.4).

Oncé again attempts to convert ény of the acid {2.51) present.to.the
imide (2.53), as previously desoribed, met with little or xo success..

The lack of success of these oxidation attempts was considered
to be dﬁe to the small scale on which we were operating,hsince the
compounds {2.48)-(2.50) had been oxidised relatively easily. The
prodﬁcts isolated from the various oxidations seemed to contain some
of the reQuiﬁeé acid (2.51) but this could not be isolated or reacted
further,

The necessity of devising a degradation procedure which gave con~
sistent high yields led us to.consiﬁer alternative.procedures. It wés
also decided that cohsideration should be given to a procedure in which
bofh of the labellad carbons in the ketone (2.4) would be isolated.

One consideration was to remove the etheno-bridge containing the

labelled C-5, in ketone (2.4), via & cycloaddition - fragmentation process.,
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'Such-reactions involving a Diels-Alder or 1,3-dipolar cycloaddition
to an active dienophile followed by a reverse Diels-Alder(wetrodiene)
redction have been well established;61’62 Relevant examples are:~-
(1) The reverse Diels-Alder reaction of cyclohexadienone. adducts
‘ may be used to prepare substifuted naphthalenes.GQa Addition
of 3,6-dimethylbenzyne to hexamethyi-z,L-cyclohexadienone,'
prepared by oxidation of hexamethylbenzene,62b gave an

adduct (2.59) which underwent a reverse Diels-Alder

reaction at 450° to give 1,k,5,6,7,8-hexamethylnaphthalene

{2.60){17.8%) and recovered adduct (80%).

(2.60]
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(4i) The 1,3-dipolar adduct of norbornadiene and eulminic acid,
generated in situ by the dehydroiodination of the compound
(2.61), undergoes reverse Diels~Alder reaction at 14,0-160°
to give cyclopentadiene (2.62)an6 isoxazole (2.63) in

90% yield;62c

\

: EtgN .
- g 0
I _

(2.62) (2.63)

(iii) Reaction.e26 of a suspension of the tetrazine (2.64)628’f

with 1,4-dihydro-1,4-epoxynaphthalene (2.65) in dimethyl
sulphoxide solution occurred rapidly at room temperature

to precipitate the yellow dihydropyridazine derivative (2.66).

106,




The derivative (2.66) decomposes rapidly to yield the

pyridazine (2.67) and isobenzofuran (2.68).

(ZGL) . [2.65)
2-Py
N
Q SN
' (266
. 5
(2.67) | (2. 68)

(iv) BParkhash and Mikheilova’ ha&e investigated the reaction
of l-hydroxytetrafluorobenzobarrelens (2.69) with phenyi
azide (2.70) to give the adduct-(2.71). Fragmentation of
the adduct (2.71) &ields 1-hydroxytetrafluoronaphthalene

(2.72) snd the phenyl triazine (2.73)
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There were {two probléms likely to intérfera with this.approaéh
to the degradation of the ketone (2.4). Firstly, the etheno-bridge
contains no electron withdrawing substituents generally associated
with good dienophilés for cycloaddition reactions, HNowever, this
problem wes not insurmountable.as illustrated sbove (iii)-(iv), Linked
with this.problem is the correct choice of diene or dipolar species -
which ﬁct only allows the reaction to proceea to completion but also
 311ows easy separation of the two products from the fragmentation.

The second problem was of much greater significance and more likely
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to cause complicafions. This was the presence of the oxo-ethano-bridge
in the ketone (2.4) which has been ghown to be the more reactive of the
two 5ridging ZrOUpS. |
Pyrolysis of benzobarrelenones gives naphthalene der:i:\i'a’cive.s.201-1
The oxo~ethano-bridge is extruded by.heéting the ketone undef'reduced
pressure at 33; 3509. " The conditions required are if anything mnore
severe than those required to extrude anetﬁbno-ﬁridge to form the sane
naphthalene.

Photolysis of benzobarrelencnes also leads.ultimately to extrusion
of the oxo—ethano—bri&ge.zOh |

- Thus, it seened most_likély that attempts to form a cycloaddition

product, with the ketone (2.4),_followed by & retrodiene :eaction would
Be.greatly éffected by the presence of fhe'oXo—ethano-bridge.

The final blow to further considerations of this degradation

Oe,63

procedure came from recent studies2 involving the preparation angd
potential degradation of [I-l'C_7—l-methqutetrachlorobenquarrelene (2.2)

and the _;4Q47-tétrachlorobenzobarfelenone (2.5).

Cl - Cl |
of ' Cl
@)F LN @)
Cl Cl SN
ct  OCHs3 Cl
(2.2) | (2.5
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The two.labelled products were degraded by an alternative
procedure to cycloadditionnfrag&entétion but this latter procedure was
investigated throughly with unlabelled material. The degradation of
the unlabelled l-methoxytefrachlorobenzobarrelene (2.2) was accomplished
mogt successiully by either of the three procedures illustrated in
Schewe 2.19. The ketone (2.5) was reacted with 3,6-di-(2'-pyridyl)-
-s-tetrazine (2.64) in the hope of forming the 3,6-di~(2'=-pyridyl)=-
—pyridaéine (2.,67) and the hydroxy-naphthalene (2.7%), as illustrated
in Scheme 2.20.

A complex mixture of products was obtained and although these
products were not fully characterised, it was established, that the
pyridazine (2.67) was not formed even though the tetrazine (2.64) had
comﬁletely reacted. It was assumed tha£ the.proportion of the enol
(2.79) present was very suwall and that other processes were interveﬁing
before this could fragment to the required productse. |

The_failure of the adduct, formed from the reaction of the ketlone
(2.5) and the tetrazine (2.64), to fragment to the desired products
left little doubt that a similar result would be obtained on using
tetrafluorobenzobarrelenone (2.4)., -

Fortunately, the success of the work by Ha1e3203’63

involving
the degradation of l-methoxytetrachlorobenzobarrelene (2.2), Scheme 2,19,
gave a second route of attack to the problem of degrading the ketone

(2.4). It secmed a reascnable assumption that the methexy group did

not play en irportant role in the procedure showﬁ in Schewe 2,19 and

therefore it was concluded that the related tetrafluorobenzobarrelene (2.30)
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Scheme 2,19

Cl OCH3
(ZSA
(274)
NO»o
22) 2751 (2.74)  +
i) | N
]
N
(2.76)
COoH
(2.77)
> 274,
(iii ) 2760+
NO2 | (2.78)
L
N
CO,H

N3

(i} di-n-butyl ether {reflux)
(ii) benzene (refiux)

iiiJacetic acid or p-xylene

(2._75) (2. 77

(200°)
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Scheme 2.20

Cl
cl
o
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(2.5}

. OH 2
| Cl Ny by

N Clg Y

) (O

! Cl A

2Py - o 2Py
(267) . (271) (2.79)

2-Py

would alsd uhdergo a similar cycloaddition-fragmentation as illustrated
in Scheme 2.21.
The tetrafluofobenzobarrelene (2.80)'could be reacted with either
lthe tetrazine (2;6h) or the azide (2.75)-to yield on fragmentation,
tetrafluoronapﬁthalene (2.58) plus the pyridazine (2.67) or the triazine
(2.76) respectively. The obvious difficulty was the conversion of the
. ketone (2.4) to the bafrelene (2.80). One potential apbroach to this

N

problem has been investigated by Paquette. This procedure ihvolved

 the reaction of the ketone (2.6) with toluene-p=sulphonyl hydrazine (2.81)
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Schene 2.21

=
[2.64) F' (::::) +(2.67)
_ F
F
| 2.58)
ko . (2.75) —
o e (2.58)}+ (276)\»

to form the tosyl hydrazone (2.82). Treatment of the hydrazone with
methyl lithium resulted in the formation of benzobarrelene (2.83).. The
conplete procédqre.is Gepicted in Scheme 2,22,

The course of the thermal decomposition of mono-p-tosyl hydrazone
salts has been well established.6h p-Toluenesulphinate anion is
eliminated in an initial step, with resultant formation of a diazé
@ompound. Depending on the choice of reaction conditions the dimzo

64b,d

compound may be either isolated or subsequently decomposed in situ

6Lha,b,e

via carbenoid or cationoid pathways. & Dauben and Willeyéah have

shown that the deodmposition can algo be effected photochemically,
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Schemne 2,22 l .
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D -——N2+ o R\C:
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{a) =Highly protic solvent

(b) =Aprotic solvent




The yield of the olefin from these reactions is normally high,

- and is typified by the two reactions illuatrated.

N—NHTs _ R

100%
¥ .h-—---——-——-—-——-—b. .
>398%

Paguette's resulﬁshl and the high yields normally associated with
these reactions prompted us fo invéstigate the formation of the benzo-
barrelens (2.80) from the ketone (2.4) by such a route.

Tetrafluorobeﬁzobarrelénone (2.4) end %osyl hydrazine (2.81)
were‘heated_under reflux in dry benzene using a Dean and Stark separator
for .éa. Shr. éna the reaction vas followed by t.l.c.. The infra-red

data of the preoduct, a yellow crystalline solid, indicated that the typical
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carbonyl stretching frequency (\)max gg.l?hOcm~l) of the ketone (2.4)
had disappeared. The product was suspended in.dry ether and stirred
undef nitrogen at room femperature. The solution was treated with
B—butyluiithium (lequiv.) and then stirred overnight. 'Analysis of
the:cruhe product indioatéd'that a complicatéd mixture of products
had beén obtained., The mixture was separated by preparativé layer
chromatography into four_major bénds. The ahalysis of each of thess -
bands by gas liqdid chromatography indicated that none of the required
benzobarrelens (2.805 was formed, This negative resﬁlt coulad Se
explained by one or more of the. following poinfs:- |
(i)’ Previous workﬁqb has shoﬁn that the use of less than two
~ equivalents of base can have an adverse affect on the .
decomposition of the tosyl hydrazone, resulting in carbon
skeleton rearrangements or inserfion reactions.

(11) n-Butyl-lithium is sterically larger than methyl-lithium,
the base used by P:ez.que’m:e,L*1 and attack by this base may
have been hindered. -

(1ii) The four fluorine substituents may have an effect on the
decomposition of the tosyl hydrazone (2.84) as opposed to
to the unsubstituted t&ayl hydrezone (2,82),
.Further invéstigations ﬁf this procedure were curtailéa by the

31

succesaful application of a method devised by Zimmerman”” during his
photochemical studies of benzobarrelene, The method,3l illustrated in
Scheme 2,23, involves the reduction of the ketone (2.6), with sodium

borohydride, to an epimeric mixture of alcohols (2.85). This mixture
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was converted to the xanthate esters (2.86) by tréatment with sodium
,hyd:ide, followed by carbon disulphide and finally mefﬁyl iodide.
Ryrolysis of the esters yieldéd a mixture of naphthalene (2.87) and
the required.benzobéfrelene (2.83). The mixture was separated by
column chromatography;
There were a number of potential difficdlties with this procedure:-
(i) Would the procedure bé adaptéble to tetrafluérobenzobarfeienone
(2.4 | | |
(ii) What would be the effect of reducing the scale of the reaction.
Zimmerman31 had obtained 1.76g. of benzobarrelene from 7;52g.
of benzobarrelenone. Assuming a similar yield then 500mg.
of the ketoﬁe (2.4) would produce 117mg. of tetrafluorobenzo-
barrelene (2,80), Sucﬁ a.yield would be satisfactory for
the final‘degradation stage.
(iii) The final step would involve the formation of tetrafluoro-

naphthalene (2.58) end since this naphthalene is also formed
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Scheme 2,23
NaBH,
Tk,
_ 1) NaH
{2.6) | - {2.85) 2)¢S,
31Mel
(2870 o v
A
—
0*9“494CH3.

{2.83) o (2.86]

in the pyrolysis of the xanthate esters (2.89) it would be
obviousiy importanf to remove all traces of the naphthalene
(2.58)_froﬁ the benzobarrelene (2.80) : naphthalene (2.58)
mixture. The naphthelene ‘obtained in the pyrolysis would,

1L

in the case of the ~ 'C labelled xanthate esters, contain a

proportion of the 1L”C label depehding on whether the naphthalene
was formed directly from the ester or indirecily from the
venzobarrelene. The formation of the naphthalene from both

gources was also obviously feasible,
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Contamination of the benzobarrelene with the naphthelene would
yield false results in the anslysis of the naphtﬁalene from the degreda-
tion of the benzobarrelene.

With the above points in mind., tetrafluorobenzobarrelenone (2.4)
Was rea‘cted as shown in Scheiﬁe 224, |

Scheme 2,24
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The epimeric mixture of esters {2,89) was isolated as a crude -
yellow oil which was sealed in a large pyrolysis tube and heated at
ez 230° for ¢ae 20-30mine Anelysis of the resultant product by gel.c.
indicated a 50:50 nixture of tetrafluorobenzobarrelene : tetraflucro-
nﬁphthalene. GCareful chfdmatography on fifst a column of aluming. and then
silica-gel allowed the two products (2.80)and (2.58) to be completely
separated, as indicated by g.l.c.. The two compounds were identified
by comparison with euthentic material. |
The degradation propedure was completed by reacting tetrafluoro-
benzobarrelene (2.80) with 3,6-di-{2'-pyridyl)-s-tetrazine (2.6%) in
refluxing di-n-butyl-ether for ca. 15hr., to form tetrafluoronaphthalene
(2.58) and the pyridazine (2.67). Completion of the reaction was signale
led by the disappearanée of the‘charactefistic red of violet-yred tetra~
| zine colour. BScheme 2,25 illustrates this cycloadditionufragmentation
process.

- The préducts from the crude reaction mixture were isolated by
removing.the excess of di-n-butyl ether by distillation under reduced
pressﬁre. 'Tetrafluoronaphthalene ﬁas isolated by preﬁarative chromato~
grophy on silica-gel, using petroleum-ether (40:60) as the eiuant. T@e
base line containing the required pyridazine (2.67), plus other compounds
including unreacted tetrazine (2.64), was re-chromatographed, Repeated
elution with chlorofora (35, L~6 times) was necessary before the required
pyridazine (2.67) was sufficiently separated from the remaining tetrazine
to be isolated in a pure form. The two proéucts (2.58) and (2.67) were

- jdentified by comparison with authentic. material.

12G.




Scheme 2.25

(2. 80 {2.64)
A
<
2-P
. y
: 1)
+ + N
F N Z
F
| (2.67)
(258) 2-Py

The one danger in this degradatioﬁ-of the ketone (2.4) was the
previously mentioned pdssibility of contemination of the benzobarrelens
(2.80) after the xenthate ester pyrolysis. In order to overcome this
danger consideration was given to an alternative procedure shown in
Scheme 2,26,

Photolysis of" benzobarrelenone and its 6erivative; yields the
respective naphthalenezOh in an elmost quantitativé yield. frevious
workerslhb had shown that napﬁthalene (2.87) if presént in a large molar ex-

cess, would undergo a Diels-Alder 1,4-cycloaddition reaction with tetrachloro-

bengyne (2.91) to form 1,2,3,4-tetrachloro-9,10-dihydro-9,10~ethenoanthracene




Scheme 2.26

X

o

X5
12.4) X=F . (258 X=F
{2.6) X=H  {2.87) X=H

(2.5) X=Cl | (2.90) X=Cl

X = Y ' R
X Y |
L —
X Y ~
XY | |
(258) X=F  {217) Y=F . (2.92) X=Y=F

(2.87) X=H (2.81) Y=Cl (2.93) X=F Y=0
o [2.94) X=H Y=Cl

(295) X=Y=F
(2.95) X=F=Y=Cl
(2.97) X£H Y= Cl

+{2.67)
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(2.94) in 34% yield. The etheno bridge in products such as (2. 92)-(2.9A)
vhduld be susceptible tO-the previou ly discussed oycloaddltlon«fragment—
tion process with the tetrazine (2. 64) to yield the anthracenes (2 g5)-
(2. 97) and pyridazine (2.67). The following dlfxlcultles were envisaged:-

b 1 od involved the use of a large molar

(i) The original work
excess of naphthalene. - This would not be possible iﬁ our
circumStgnces. |

_ (ii) ‘Naphthelene is not a particularly good diene and the pfesence
| of four electron W1thdraw1ng substltuents in tetrafluoro-
-naphthalene would further reduce the capablllty to undergo-
cycloaddition.‘ |
(1ii) The difficulty of carrying out an aryne cycloaddition on
.such a small scale (nf500:mg;)_waé not without'its obstacles.'

Thus, against the odds a.number of reactions were investigﬁﬁed
using tetrafluoronaphthalene (2.58) with either tetrafluorobenzyne (2.17)
or tetrachlordbenzyné (2.91)Vin attempts to prepare the compounds‘(2.92)
| and (2.93) respectively. The products isolated'from all of these feac-'
‘tions were tﬁe sterting tetrafluorconsphthalene (2.58) -and highly colcured
matefials ﬁhichiwere nof identifieé.

The resuits were not surprising end yet were disappointing because
of the adventages that this prbcedufe offered.‘ Not only was the danger
‘of contarination overcome but also the possibility oflcompletely isolat-
ing the C-4 and C-5 in the starting ketone (2.4} was lost. Consideration
of the degradation procedure shown in Scheme 2.25 indicates that the

tetraflucrobenzoberrelene contains two equivalent etheno~bridges, and
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since the ~'C label originally in C-5 of the ketone (2.4) would be in

one of these bridges, the resulting pyridazine (2.67) from the degrada=

1l"(} label. The other half being con-

tien would only contain half the
tained in the tetrafluoronaphthalene (2,58). On the other hand the
degradation shown in Scheme 2.26 indicates that the prqauéts (2.92)-(2.94)
contain only one etheno-bridge. This bridge must contesin all the

original C-5 label and hence degradation would give the pyridazine (2.67)
also_cdnﬁaining all the C-5 label,

However, begrears may not chéose énd in aﬁy event the abbve disadvant-
ages would not prevent tﬁe successful use of the degradation procedure
proposed in Scheme 2.25. The ppssibility of contamination was only a
danger if careful separation and purification were not carried out after
the pyrolysis step. The fact that the pyridazine.(2,67) would only
contain helf the C-5 label was not a problem since the tetrafluoro-
naphthalens (2.58) would contain all the original (-4 label plus half
of the C-5 1abél from the ketone (2.4). Hence, a simple calculation
would enable the activity in C-4 and C=5 of the ketone (2.&) to be

separaﬁely deterﬁined;

Thus, a suitable.procedure-was now available; for preparing
Zzn;hC —l—methoxy£etrafluorobenzobarrelene,.rearranging this compouﬁd
to 47140“7—tetrafluorobenzobarrelenone and degrading the labelled ketone
in such a wéy as to isolate products.which engble the activity in C-h_

and C-5 to be caléulated. The complete procedure is illustrated in

Scheme 2.27.
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At this stage of the investigation the success of the dechlorina-
tion work, discussed in Chapter 1, generated further ideas regarding the
mechanistic studies of the rearrangement.of l—metﬁoxybenzpbafrelenes.

It was now possible, to preparein good ¥ield the three Zﬂ—lhqd7—1-
wmefh0xybenzobarrelenes (é.l)-(2n3)‘rearrange each of thé'compounds
(2.1)-(2.3) in éoncentrated sulphuric acid at room temperature apd
in 80% suiphuric acid at 80° to the regpective ZTJAC~7~benzobar;elenones
(2.4)-(2.6) and suitable degradation of each of the ketones (2.4.)-(2.6)
would allow-the effect of the aryl substituent, fluorine, chiorine and
hydrogen, on the two rearrangement pathways, Scheme 2.1, to be analysed.
| There were two major. problems to such considerations:-
(1) The yield of @-lhc.]—anisole wes low and too high a dilution
would affect thé acouracy of the results,

(ii) The degradation procedure proposed for ZfthJ7—tetrafluoro—
benzobsrrelenone (2.4) might not be applicable to the '
Ketones (2.5) ana‘(2.6). |

It was reasoned that by éttempting all three reactions, all ﬁight
be lost, and therefore, 'safety~first' was the maxim adopted. The
decision wes made to dilute the Zz—lhqg7-anisole to prepare the compound
(2.1) rearrange this undér the two different conditions to the ketones
(2.4a) and(2.4b) and then degréde each of these ketones as proposed
in Scheme 2.27. In the meantime consideration would be given to the
preparation-and rearrengenent of the two comﬁounés (2.2) and (2.3)

followed by degradation of the respective ketones (2.5) and (2.6).
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The adoption of this procedure would still allow us a crack at the ‘'glory
roed' for if the degradation of the Z_lQQJZ—tetraf}uorobenzobarrelenone
(2.4) could be completed satisfactory any remeining active anisole could

~ then be used to prepare and rearrange the coméounds (2.2) and (2.3).
"The atfitﬁde was taken thet the successfui complgtion.of the latter

would be an added bonus to the original iﬁtent@oﬁs'of this work,. albeit,
a much-desired bcnus.' |

Dilution of the /h- "G 7-Anisole

Aftef carefui considefatio#'and‘calculations regarding the volume
of anisole reguired, the likely distribution of fhe 140 label in.the
ketones (2.4a) and 2.kb), the specific activity of the crude Jh-'C_J-
-gnisole and the degradation products and route, it was decided to
dilute the.active anisole éo a final volunme of ¢z, 15ml.. This was
eccomplished By adding enisole (5ml.) to the active anisole and then
distilling the diluted active anisole. Anisole (5ml.) was added to the
residue and the distillation repeated, This latter process was repeated,

a third time, using asnisole (4uml) to yield & final volume of ca. 1551._

of diluted [i-t%c 7-enisoles

Preparatidn and Degradation of /~1hb 7-Tetrafluorobenzobarrelenones

(2.42) and (2.4Db).

ZK-IAQJ7-l-methoxytetrafluorobenzobarreleﬁe (2.1) was prepared
as illuétrated in Scheme 2.2 but on a smaller scale than originally
discussed. A total volume of [ﬁ-lqu7-anisole (5ml.) was used instead
of Ca. 15ml, The procedure was repeated twice, using the recoﬁéred

active anisole for each repeat reaction and the required compound(2.1)




(1.32g.) was isolated as a crude crystalliﬁe product. The preduct (2.1)
. was recrystailiéed and its activity measured. |
Thé generel procedure adopted for preparing and counting all the
active products, in fhis study, was as follows. The productg were either
recfystgllised or sublimga and ﬁhenré gample (gg. 1-2mg.) of the active
compbund wes accurately weighed into.a.plastic counting bhottle. The
- sample was then dissolved in dry'fdimétbyiformamide (0.5ml.) and a
scintillator solubion (10m1.): A cap was fitted to the bottle and the
bottle shaken to ensure complete solutiomn. CountingIWas carried out in
‘& Beckmann Scintillation.Counter for dounting‘periods of 500min., this
long period of counting helped to minimise errors. 4 blank solutien was
preparea with each sample in order to estimate background counts. The
eff'iciency of each sample counted was measured using a 13703 external
standard, which was part of the counter used. The efficiency of count-
ing was normally in the region of 90~95%.

The efficiency with_rhich a radioactive sample is counted; in a
liquid séintillant, usually varies from sample to sample., The quenching,
that is the decrease in the COunting efficiency which occurs, is p;oduced

.by processes which interfere with the production of light in the ligquid
geintillant and ifs transmission to the photomultiplier tube of the
countér. Guenching msy take two fdrms, chemical quenching and colour
guenching., In chemical guenching, compounds in solution in the 1iquid
‘seintillant interfere with the transfer‘of energy from the emitted
particle or radiation to the organic phosphor, and the encrgy is

degraded by processes which do not produce emission of light, In
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colour guenching, coloured materials in the liquid scintillant absorb
light emitted by the organic phosphor and prevént it being detected by
the-photomulfiplier tube. Many materiala, includingdismlved oxygen,
act as quenchers in the liquid scintillant and it is rarely possible to .
predict the counting efficiency of a given sample, Some means of
determining the'counting efficiences of samples is therefore: esseﬁtiél
to the lquId sclntillatlon counting technique, |
Hence, using the external standard 37CS of the Scintillation

| Counter, an automatic caltulation wag made with each sample counted,

The value celeulated was printed out as & Channel Ratio and was usea

in conjunction with a calibrated graph (Channel Ratio v Counting EfflOlency)

to estimate the efficiency of countlng.

After counting, the remaining producf fron the first recrystal-
lisation/sublimatiqn was again,recrystailiseé/sublimed and the product
counted again. This procedure was repéated untiila conStant-activity
was obtained for each sampléo

The crude Z_hr _7Ll-methoxytetrafluorobenzobarrelene (2.1)
(1.32g.) isolated was short of the estimated 2z. necessary to allow the
reéﬁfanggments to the ketones (é;ha) gnd(2.hb) to be carried oﬁt on a lg.
-scele. The activit‘y of the product (2.1), however, was high enough to

14

"consider further dilution. Influenced by the knowledge of the " 'C split

in the ketones (2.4a) and(2.4b), as determined by the deuterium studies,zoa
it was safely decided to dilute the active product with l-méthoxytetraé

fluorobenzobarrelene (2,1) (1.0g.). The resultant mixture was counted
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to constant activiﬁy and divided into two equal portions. One portion

was rearrsnged to the ketone {2.4a) using concentrated sulpﬁuric abid

at room temperature and the other portion to the ketone (2.4b) using

80% sulphuric acid at 80°. Eech ketone wes isolated as previously
descfibed, cbunted to constant.éctiyity and then separately subjectéd
to the degradation procedure shown in Schere 2.27. Tables I and II
indicate the results of‘this study.

Analysis of the Degredation Results.

Obvioﬁsly there wés‘nd loss in activity during the rearrangement
of Zﬁ;laqi7_-l-methbxytetrafluorobenzobarrelene (2.1) to the ketones
(2.48) and{2.4b). | "

The two samples of tetrafluoronaphthaiene f2.58) obtained from
the pyrolysis of‘thé xanthate esters (2.89), as shown in Scheme 2,24,
were sublimed and counted to constant activity, As previously mentioned
the formation of the naphthalene (2.58) can occur by two possible routes
dﬁring the pyfolysis.._The two routes (i) and (ii)'ére shown in Scheme
2;28.'_Analysié of the spécific activities of the naphthalene (2.58)
allows an estimate to be made of the route involved.

Direct formation by route (i) would mean that the specific
activity of‘the napﬁthalene (2.58) should be the same as the starting -
ketone (2.4) iie. 4.37x107 P Ci/m.mol.. Indirect formation by route
(ii) involving prior formation of tetrafluorobenzobarrelene (2.80) would

14

have resulted in a 50% loss of the ~'C activity in the etheno bridge

during the pyrolysis of the barrelene (2.80) to the naphthalene (2.58).
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Table I Rearrangzement of /Tmlhc47-1—methoxytetrafluorobenzpbarrelene

(2.1) in conc. H .50, at room temperature.
[

- COMPOURD (li*c) |  Specific Activity
1~-methoxytetrafluorcbenzobarrelene (2.1) leo3l x io~2
petraflucrobenzobarrelenone {(2.4a) e 5h437 X 1072
Tetrafluoroﬁéphthalene (2.58) ' 3.67 x 10-2

(frem xarthate pryrolysis)

petrafluoronaphthalene (2.58) : | /2.70 x 10’2_7
(from degradation of (2.80)) L

Pyridazine (2.67) | 1.67°x 1072

Pable II  Rearrangement of /Z*lhc 7/-1-methoxytetrafluorobenzobarrelene

(2,1) in 809 H_80, at 80°

corpourn (4c) Specifis Activity
F.Ci{mamol.

'l-methoxyteﬁrafluorobenzobarrelene (2.1) o o3k x 10"2 :
Tetrafluorobenzobarrelenone (2.4b) | o 537 x 1072
Tefrafluoronaphthalene (2.58) | | 3.0 x 10"2

(from xanthate pyrolysis)

Tetrafluoronaphthalene g2.58) _— [2.88 x 10_%J7
- [from degradation of 2.80)47 ‘ ‘

Pyridszine (2.67) . Co 149 x 10-2

x/"  7values obtained by subtraction of specific activity of (2.67) from (2.4)
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The pyrolysis involves the loss of an etheno-bridge and since the two

. etheno-bridges are equivalent a 50% loss vould be expected., The total

getivity in the éthéno-bridge would be equal to the activity originally
in C=5 of the ketone (2.4). The pyridazine {2.67) isolated in the last

step of the degradation of the ketone (2.4) contains 50% of the activity .

originally in C-5. Hence, if the naphthalene (2.58) had been formed

solely by route (ii) the specific activity of the naphthalene (2.58) from
the ketone (2.ha)} would have been 2.70 x 10—2rLCi/m.mol. and that from

(2.40) 2.88 x 1072 F.Ci./m.mol. The actual values obtained were




3,67 x 1072

and 344 x 10“2 F.Ci./m.mol. respectively which are between
the values expected for route (i) or (ii). Not unexpectedly the
naphthalene (2.58) was being formed by both routes. ‘Further calculations
allowed the determination of a percentage ratio of routes (i) and (ii)
for the two‘pyroiysis experiménts”to be caleulated.’ Tetréfluoronaphth—
elene derived from the ketoné (2.42) by pyrolysis of the xanthate '
ester (2.89) gave a ratio of 58% (i) : 42% (ii) and from the ketone
(2.4b) 38% (i) @ 62% (ii). |

Although it was not surprising that both (i) end (ii) were in-
volved in the fdrmation of the proaucf (2.58) what was surprising was
the difference in the percentage ratio for the two reactions. This
difference presumably occurs due {o the extreme difficulty Sf carrying
out the twb pyrolysis reactions under exactly.the Same.conditions.
Variations in time of pyrolysis, pressure and temperature would account
for the above differences,

.The:two.samples of tetrafluoronaphthalene (2.58)_obtained from
the cycloaddition-fragmenfation reaction of tetraflusrobenzobarrelene
(2.80) and the tetrazine (2.6#) could not be counted %o comstant activity.
The samples were sublimed and a portion (23. lmg.) counteq in the normal
-way. The proceauré was repeated but instead of the activity increasing
to an evéntual constant vélue;‘as the purity increased, the values became
lower, |

A possible explanation for this spurious result is illustreted in

Scheme 2,29. The elimination of metal halides from o-halophenyl Grignard
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and lithium reagents is known to be reversiblell as is the reversibility
of lithium compounds.65 The addition of halide ion to benzynes is known
Yo occur in the order I”» Br>Cl”. These considerations suggested to

144

earlier workers that & similar mechanism to tha% illustrated in
Scheme 2,29, would explain the formatioh of bromotrifluorobenzobarrelene.
'(2.99); in the reaction of pentafluorophenyl-magnesiumrbromide with
benzene, When 2-bromo-3;u,5;6-tetréfluorophenyl-magnesium—bromide
(2.98)lwaé heated under reflux in benzene solution, the two adducts

(2.99) and (2.100) were formed in a ratio of 9911

Schems 2.29

O F N
F Br Mg MgBrM -
F F

> o

(217)

F@l MgBr2 ‘MgBr_M - gBeF. ‘
F “MgBrz' MgBrF
F

1247) | 2981
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F (2.99) ‘ F o 2.100

The reaction between pentafluorophenylmagnésium bromide and
anisole, under normal conditions, would result in a very high ratio
of the product (2;1) to the produét (2’101)f Normel conditions involve
tﬁe use of a large excess of anisople but the reaction using £f~14047~
-anigole iﬁvolved the use of' equi-molar quantities of pentafluorobfomOa
benzene and -h-luc_7Lanisole. This may have résulted in a higher propor--
~ tion of the compound (2.101) being formed. Subsequent reafraﬁgement
" and degradation of the mixture would have resulted in the isolation of
the pyridazine (2.67) and & mixture of the tetrafluoronaphthalenes (2.58)
and {(2,102). If the repeated sublimations resulted in an increaée,-in
the hixture, of' the naphthalene (2«102) then the specific activity
calculated would fall due to the higher molecular weight of the product
(2.102).

It can be argued that a similar result should have been noticed

for the tetraflucronaphthalene isolated from the pyrolysis of the
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(2.98) -+

xanhthate esters. However, at this stage of the degradation, a larger
quantity of the tetrafluoronaphthalene was isolated than in thé reaction
of tetrafluorobenzobarrelene with the tetrazine (2.64). The sublimation
-of the larger quanéity could have resulted in a fractional separation
yielding pure tetrafluoronaphthalene (2.58).

In 6rder to overcome this difficulty the specific activity of
the tetrafluoronaphthalene (2.58) was calculated by subiraction of

the corresponding pyridazine (2.67) activity from the starting ketone

(2,4),
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12.102)

The specific activities of the tetrafluordnaphthaleneé {2,58)
and the pyridazines (2.67) given in Tables I and II, enables the per-
 centage of each of the péthways (2) and (b); proposed in Scheme 2.1,
fér the rearrangement of l-mefﬁoxytetrafluorobenzobarrelene (2.1) to .
tetfafluprobgnzobarrélenone (2.4), to be calculated. |

' The-éfth“7 activity is contained in C-4 of the compound (2.1},
'Rearraﬂgement in acid medium to the ketone (2,4) sCrambleS'the label
betﬁeen C-4 and C-5 depending-on.the rearrangenent conditions. The
degradation of the ketone (2.4) is such that the pyridaezine (2.67)
contains 50% of the activity originally in C-5 of the ketone (2.4) énd
the tetrafluoronabhthalene (2.58) contains the other 50% plus all the
original C=L activi;y of the ketone (2.4). Hence, double the activity
in the pyridazine equals the total activity in C-5 of the ketone (2.4)
and subtraction of the activity in the pyridazine from that in the

tetrafluoronaphthalene equals the totallactivity originally in C-4 of
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the ketone (2.4). The C=5 activity relates to formation of the ketone
(2.4) by pathway (é) and the C-4 activity to formation by pathway (b).

Tt was thus calculated that in concentrated sulphuric acid (98%),
_at room tempersture, thefrearrangemént of l-methoxytetrafluorcbenzo-
barrelens (2.1) to tetrafluorcbenzobarrelenone (2.4) proceedéd in
ca. 76.4% by pathway (a) and ca. 23.6% by pathway (b). In dilute
sulphuric acid (stoh (98%Dl: H20? 4:1 V/y) at 80° the values were
ca. 68.2% for pathway (a) and ca. 31.8% for pathway (b).

The corresponding values calculated from the deuterium label-
‘ling experimentszod were in concentrated sulphuric acid ca. 80% (a)
and 20% (b) and for dilute sulphuric acid at 80° ca. 55% (a)'and 45% (b).

| By comparing the two 'sets of results it can be seen that the

deuterium and 140 labelling resul?s for the réarrangement in copcentrated
sulphuric}acid (98%) compare favourabiy. The results from the réarrange-
ment in dilute sulphuric acid at 80° vary considerably. This difference
may have been due to the difficulty of repeating exactly the physical
aspects of the rearrangement, Thus a variation in dilution of the
sulphuric acid, the rearrangement time or temperature could cause the
differenﬁes'notedo

Both sets of results indicate that on decreasing the acig sfrehgth
the proportion of the ketone (2.4) formed by pathway (b) increases.

" The successfvl completion of this Wofk meant that our attention
could be directed at a similar investigation involving ZK—lAQJ7-l-methoxy-

~-tetrachlorobenzobarrelene (2.2} and éﬁ-lAQJ7~1-methoxybenzobarrelene

(2.3).
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Preparation and Rearrangement of the l-methoxybenzobarrelencs (2.21_
The two coupounds (2.2) and (2.3) were prepared as illustrated in
Scheme 2,30,

Scheme 2,30

cl

c1© g1, C! ‘

I |

T |
Na

(2.2) . _THF
t-BuOH

The‘invéstigation was based on the voluae of ZZ-IAC“7'—anisole
(da. lOﬁl;) remaining from the 1;methoxytetrafludrobenzobafrelene (2.1}
studies. Reaction of this volume of anisole with tetrachlorobenzyne,
formed from en equi-molar quantity of hexachlorobenzene with n-butyl-

~lithium, gave lumethoxytetrachlorobenzobarrelené (2.2) in 20-25% yield.

139,



In order to sttain this yield it was necessary to recover the uﬁreacted
‘anisole and.repeat the reaction a gecond-and even third time when
necessary.  The product (2.2) waé isplated from each reaqtion by pre-
parative chromatography and the samples combined,

l;Méthoxybenzobarrelene-(2.3) was prepéréa by the dechlorination.
of the product (2.2)-by the procedure established in Chapter 1.

There waes no difficulty in preparing 2g. quantities, the amount
considered sultable for the respective rearrangements, of the compounds

(2.2) and (2.3) by the above pro;edure.

Semples (c2. lg.) of the two compounds (2.2) and (2.3) were re-
arranged in concentrated sulphuric acid at room temperature and dilute
sulphuric acid (B80%) at 80° to their respective benzobarrelenones (2.5)
and (2.6)s The rearrangement proceaure and isolation of the ketones
(2.5) and(2,6) was similar to thatrdescribed earlier for the ketone
(2.4). The.mgjor difference was that of the rearrangement time as
illustrated in the Table below. The longer rearrangement times for
l;methﬁxytetraﬁhlorobenipbarrelene (2.2) in concentrated sulphuric acid
and particularly_in'dilute sulphﬁric.acid were'due to the lower solubility
of this compound in the acidic medium. . The yield of the tetrachloro-

_ benzobarrelenone (2.5) in both of these rearrangements was higher than
£he corresponding ketones obtained from the rearrangement of (2.1) end

(2.3).

Suitable quantities of the ketone (2.5) for the degradation studies
were obtained, as for the ketone (2,4), by rearrangement of the corres~

ponding l-methoxybenzobarrelene in fluorosulphonic acid.
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coMpOQUND  Rearrsngement Time  (min.)

CONC. HQS{)J+ 80% H 80,
at BT a8’
1-me thoxytetrafluorobenzobarrelene 3 ‘ 3
l—methoxytetrachlorébenzcbarre}ene l 8 80
l-methoxybenzébarrelene o : 2 _ 2

Degradation of the Renzobarrelenones (2.5) and (2.6).

There appeared to be no reason why the procedure established by
ZimmermanBl and used to degrade tetrafluorobenzobarrelenone could not
slso be applied to the ketones (2.5) and (2.6). Hence the proceéufe
111ustrated in Scheme 2.24 was useé to convert.the two ketones (2.5)
and (2,6) to their respective xanthate esters (2.104) and (2. 86) via
the epimeric alcohols (2.103) end (2.85). Unfortunately the pyrolysis
of these #anthate esters gave a different picture to that established
for the xanthate ester (2089). The.ratios of the resulting néphthalene.
and benzobarrelene, as determined by gas-liquid chromatography, are
shown in the table below.

These results were particularly disturbing since Zimmerman31
‘had obtained a weight ratio of naphthalene (2.87) to benzobarrélene

(2.83) of 1.34ge ¢ 1.99g.. The scale of Zimmerman's pyrolysis was

obviously larger than our scale i.e. 10.25g. of the xanthate ester

(2.86) as compared to ca. 1.0g. but the pyrolysis time was similar




X -
'>< :
~
X=F (2.58) 50 i 50 [2.80)
X=cl (2.90) 90  : 10 (2105
X =H (2.87) > 80 ;<10 {2.83)

Pyrolysis at ca. 230" for 30min.

(§51,35mins.). In the light of the evidence presented earlier for the
formation of the naphthalene (2.58) by the two pathweys (i) and (ii)
.Schemé 2.28, it was assumed that a shorter pyrolysis time would yield
‘s higher fatio of the benzobarreiene : naephthalene, The reaction timé
wes reduced to ¢a. 20min, but the ratio results were similar to the

pyrolysis at €a. 30 min, | |
The.results seent to indicate that the two naphthalénes (2.90)

and (2.87) are more stable than the corresponding henzobarrelenes

(2.105) and (2.83) under the conditions of thé pyrolysis. Shorter

pyrolysis times or lower temperatures might have resulted in a higher
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proportion of the required benzobarrelenss but it was considered safer
to seérch_for an alternstive degradation procedure. | .
Consideration was given ﬁo.the oxidation procedures discussed .
earlier in this chapter, where the main problem seemed to be the four
electron withdrawing substituents on the aryl ring of the ketone (2.4)
'or fhé'naphfhalene (2.58)Q A possible method of degrading the two
ketones (2.5) and (2.6) is illus%rated in Schems 2.319 The problem was
‘the oxidation of naphthalene (2.87) to phthalic acid (2.106).
The oxidatiop of naphthelene can be accomplished by energetié
oxidising agents, such as chromic acid, hot fuming_sulphuric acid in
the presence of a mercury catalyst, or air in the presence of a vanadium
or molybdenum cata}yst_at elevated temperatures. Under moderate‘qonditibng,
oxidation of naphthalene may result in the formation 6f intermediate pro-
'ducts such as phthalonic acid. Electron releasing substituents such as .
the amino and hydroxyl groups facilitate the,fission.of the ring in
which théy aré preseﬁto' |
lIn an attempt to find a suitable small scale oxidation procedure
for oxidising naphthalene to phthalic acid, the follOWing methods were
invéstigated:- | |
(1) K}vInOh/‘Hzo/Acetoné
(ii) 061-16/KMn0 A/Crown Ether
(111) KMnOh/OH“
(iv) KMnOi‘n/H*'
The results of these experiments were inconsistent, in some experi-

ments low yields of impure phthalic acid were isolated and these were
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Scheme 2,31
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" converted, in some cases, to the required phthalimide (2.107). The
products {2.,106) and (2.107) were identified by comparison with authentic

materiale.
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The inconsistency of these.results led us back to the possibility
of cycload&itionwfragmentation processes” and also the work carried out
by Paquettehl involving the formation of tosyl hydrasones.

The‘failurezoe to_prepare the hydroxytetrachloronaphthalens (2.71)
‘and the pyridezine (2.67) fronm the reaction of the ketone (2.,5) and the
tetrazine (2.64) in;diﬁg—butjl ether did not leave much hope for a
successful procedure by such a cycloadaitionwfragmantafion. One
alternative, shown in Scheme 2,32, was examined. Tetrachlorobenzo~

barrelenone (2.5) and an excess of fufan.(29108) were sealed in & high

pressure tube.under vacuum. The tube was heated in a constant temperature
water bath, Ca. LOO, for two weeks in an attempi to prepare the cycload-
duect (2;109)a At the end of this period the reaction mixture was analysed
by telec., gZelacs, i.r..sbéctroscopy and 1H.n.m.r. spectroscopy, all
of.which indicated that only the starting materials were present;
This result wes not entirely unexpected.

More enthusiasﬁ_was generated for the procedure established by
Paquette,hl'illustrated egrlier in 3cheme 2.22, involving the reaction
of benzobarrelenone (2.6) with toluene-p-sulphonyl hydrezine to form
the toeyl hydr;azone (2.82) which on treatnent with metiqyl lithium yielded
benzobarrelene (2.83), Investigations involving tetrafluorobenzobarrelenone
(2.4) had been‘curtéiled due to the successful applicatioh of Zimmerman's;1
procedure. It wes therefore, considered worth while investigating the
tosyl hydrazine reaction further.

The ketone (2.5) was rescted with tosyl hydrazine under the same

conditions as discussed for the ketone (2.4). A white erystalline solid
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Scheme 2.32

&

Cl

CH

was isolated, mp.227-230° (benzene) in 90% yield, Infra-red spectroscopy
indicated that the cerbonyl stretching frequencey in the starting material
(1740 cmflj had disépﬁeared. The lH.n.m.r; spéctrum and mass spectfal
data indicated thaf the required hydrazone (2,110) had been formed.

A number of different procedures were used in an attempt to
degrade the hydrazone (2.110)-to the required tetrachlorobenzobérrelene
(2.105). The procedures are indicated below:-

(1) (2.110) + 1 equiv. n-butyl-lithium

(11) (2.110) + 2 equiv. n-butyl-lithium
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N—N—50;~ —CHa
H o

(2_.110!

(iii) (2.110) + 3 equiv. g—butyl—lithiurﬁ

(iv) (2.110) + Na/T.H.F./t-BuOH

(v) (2.110) + K t-Butoxide

The results of experiments (i)=-(iii) indicaﬁed a complex mixture
of products. The required product (2.105) vas present, as:indicated‘bj
gelecs, but in very low yields It was feagible that a side-reéction,
dechlorination, was oceurring end an attempt was made (iv) to degrade
and dechlorinate the hydrazone (2.110) to benzobarrelene (2.83) in
.oﬁe step; The normal purple colour associated with the completipn of
the dechlofinatidn (chapter 1) was not formed. The product was agein
a complex mixture. Reaction (v) elso failed yielding only starting
material.

The hydrazons (2.82) of benzobarrelenone was prepared in a similer

manner and subjected to a series of reactions with n-butyl-lithium.

Once again mixtures were obtained containing the reguired benzobarrelene




(2.83) but not in high enough yield to be suitable for further degfaaation.

It was assumed that given time a solution to the above problem
could have been found, perticularly in the light df Paéuette'shl
success. However, time was running short and the desire to complete
this work led us on to greener pastures.

Earlier investigations involving the reaction of tetrafluoro-~
naphthalene with either tetrachloro~ or tetrafluorobenzyne had already
ihdicated the reluctance of this naphthalene to undergo 1,4-cycloaddition.
This was not the case with naphthalene (2.87) and tetrachlorobenzyne

kb as shown in Scheme 2,26,

when the former was present in large excess,
The product {2.94) was isolated in 34% yield.

Qur experience, gained in the small scale reactions of tetrachloro-
éna tetrafluorobenzyne with anisole, enabled us to overcome the neces-
sity of a large excess of naphthalene, Cereful investigation ﬁf the
reaction betwgen tetrachlorobenzyne and naphthalene, in a mole ratio of
2:1 respectively, indicated that the required adduct {2.94) could be
obtained, aglbeit in low yield. TFortunately the yield could be increased to
fg. 15% by separating the unreacted naphthalene and the product (2.94)
b& preparative chromatography and subjecting the recovered naphthalene
to a second and even third reection if necessary. The success of this
procedure was no mean feat when it is considered that at this stage of
%he degradation only 100-200mg. of naphthalene was to be expected.

"During these small scale preparations an intense blue colour was
noted on addition of the naphthalene in ether to the pentachlorophenyl

lithium solution. The colour of the solution lightened as the reaction
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proceeded, The appearance of this colour could be due to similar pro-
- blems discussed in chapter 1, |
_.The cémpcund (2.94) was isolated as a white crystalline material,
end its spectral data compared favourably with that of authentic:
material.lhb |

Two cycloaddition-fragmentation procedures were investigated for

degreding the compound (2.94). The first, illustrated in Scheme 2.26,

involved_reac%ion with the tetrazige (2.6#) to yield tetrachloro-
anthracene (2.97) and the pyridazine (2.67). The second iﬁvolved
p-nitrophenyl azide (2.75) to form the same anthracene (2.97) and
p~nitrophenyl-triazine (2.76). Both routes proved successful in the
' -isplation of tetrachloroanthracene by preparative chromatography. However,
it was easier to isolate the pyridazine-(2.67) from the impurities present,
then to isolate the triazine (2.76). Hence, the former reaction was.
selected to complete the depgradation procedure.
Tetrachloroanthracene (2.97) was isolated és'a yellow-green

66

crystalline compound, mp. 215-216° (1it. ~0217-219°), The i.r. and u.v.

‘spectroscopy daté'also'compared-favourably with publiéhea values.66b
Since it was not feasible to react tetrachloronaphthalene with

tetrachlorobenzyne, for the same reasons inhibiting the reaction between

tetrafluoronaphthalene and an aryne, it was necessary to devise a

pfoceduré of preparing naphthalene from_either tetrachloronaphthalene

or fetrachlorobenzobarrelenone. Scheme 2,33 illustrates three potential

ways of solving this problem.

Dechlorination of the ketone (2.5), using the established procedure
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(chapter 1), gave the confirmatory purplecolour, but analysis of the
product by g.l.c. and 1H.n.m.r. gpectroscopy indicated neither the
reguired ketone (2.6) nor the starting ketone (2.5). Further analysis
of the data indicated that_the product was a mixture of naphthalene
(2.87) and tetralin (2.113) ﬁith the latter predOminatiﬁg. Thié y
~result was rather surpriéing since a similar feacgion, mentioned earlier,
failed to convert the hydrazone (2.110) to either tetrachlorobenzobarrélene
or benzobarrelene in anything but very low yields,
| A second dechlorinationrof the ketone (2.,5) was carried out and
the reaction'followed by gsleCee After z reaction time of ca. lhr.,
peaks for haphthalene and tetralin were present with the former pre-
aominating. Peaks for benzobarrelenone, benzobarrelene or tetrachloro-
naphthalene were not observed. Analysis after ca. Lhr. shﬁwed that the
peak for tetralin nbw predominated over that-of naphthalene but also &
third peak with a retention time similar to that of tetrachloronaphthéléne
had appeared. Aftgr ca, 6hr, only peaks for naphthalene and.tefralin
were presentland after ca. 12hr. the product was mainly tetralin,
Tetrachloronabhthalene'was dechlorinated under the same conéitions
and after gg. 3hr. g.l.c. indicated no starting material. Tetrachloro=-
naphthalene was prepared in ca. 9% yield by the flash thermolysis of
.tetrachlorobenzobarrelene at ca. 650°,
The same procedure with naphthalene gave after 24hr. tetralin
containing only a trace of naphthalene.
Although the evidence is limited a number of conclusions can be

tentatively drawn regarding the conversion of the ketone (2.5) to tetralin
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(2.113) as shown in Scheme 2.3k.

Scheme 2.34

o
o« -
i )
Cl (290}
1287
(2.114) o l
(2.113)

The fact that no intermediates, other than small amounts of tetra-
chloronaphthalene, were recorded in the conversion of the ketone (2.5)
to naphthalene (2.87) indicates either an intermediate such as the com=
pound (2.11#) which would not register on g.l.c. or & fast reaction via
tetrachloronaphthaléne. The lattéf compound (2.90) was also shown to
dechlorinate very quickly to nsphthalene and tetralin., The relative

slowness in the reduction of naphthalene to tetralin under the reaction



conditions indicates that dechlorination is an easier option than reduc-
tion for the tetrachloronaphthalene.
It was decided that the above procedure was not suitable for the
. preparation of naphthalene from the keﬁone (2.5) for two reasonsi=
(iI The mixture of naphthalene and tetralin was not isolated in
a quanﬁitative yisld, Minor impurities were preéent which
were not characterised., g
-”'(ii)' Tt was feasible to prepare naphthalene frem tefralin but it
| was not easy to isolate tétralin from.naphthaleﬁe. Also there
was a denger of loss of the tetralin due to it being a reason-
ably volatile liguids
The seéona procedure, shown in Scheme 2,33, invol#éd‘photolysis
' of the ketone (2.5) to tetrachloronaphthélene followed by dechlorination,
The use.of sodium, t-butyl alcohol and tetrahydrofuran was obviously out
of the question. An alternetive method involved the use of PAC{10%) |
and hydrazine hydfate. A solution of tetrachloronaphthalene, éfhyl
alcohol, PdC, and hydrazine hydrafe was refluxed for ca, 6hr..
‘Naphthalene (2.87) was isolated in a crude form, in yields verying from
60-90%. Analysis of the product by g.l.c. and lH.n.m;F. spectroscopy
indicated no trace of tetralin, - |
A third method involving the reaction of the ketone (2.5) with
gthylene glycol and Hofon trifluoride-etherate in dichloromethane was
considered. The coﬁbined solution was stirred at room temperature for ca.
50hr., and the crude 2,2-ethyiénédioxyﬂ2,3—dihydrotetrachlorobénzobarrelene

(2.111) was isoléted in an almost quantitative yield. The i.r. and
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1H.n.morg spectra - compared favourably with authentic material.goe

The ethylene ketal (2.111) was.dcchlprinated using sodium, t-
~butyl alecohol and tetrahydrofuran under the normal conditions. The
pfoduct was izolated by preparétife chromatofgraphy as & white crystalline
product mp.llE-ll?o.. Thé infré—red spéctrum showed no‘carbonyl stfe%ching
frequency and gave major peaks at 2960, 2855, 1470, 1455, 1435, 1340, 1310,

1

. /
1265, 1250, 1205, 1115, 1095, 1010, 950, 910, 825, 760, 710,and 670 cm .

The lH.nnm.r. spectrum showed a multiplet at'Tm 2.7-2.95 for: four aromatic

protons, a multiplet et nﬂ 3,2=3%3.55 for two olefinie protons,.a multiblet

"at ﬁr.5.9f6.2lf6f‘six protons aseribed to two bridgehead protons and
four frotons of the dioxalanyl-group and finally a quartet of doublets
‘at 1. 7.9-8.35 for two protons of a methylene group. The méss spectrum
of the.product gave a molecular ion (M+) at élh. The combined data cor-
relatés very well with that expected for the required ethylene ketal
(2;112), which was isclated in 90% yield.,

Reaction of the ethylene ketal (2,112) with concentrated hydro-

" oloric acid resulted in the rapid hydrolysis to crude benzobarrelenone
(2.6), identified by the re-appearance of a carbonyl stretching freguency
at ca. 1740 oY in the i.r. spectrum. Results discussed earlier indicate
that the ketone (2.6) can be converted to naphthalene, in a quantitative
yield, by photolysis.

Although it was now possible to prepare and degrade the two ketones
(2.5) and(2.6) the procedure involved a photolysis e#perimenﬁ which
resulted in the logs of ketene. If the mechanisms for the rearrangement

of the l-methoxybenzobarrelenes (2.1)-(2.3) to the ketones (2.4)-(2.6),

as determined by the deuterium labelling studies,zoa were correct then




the two carbons lost aé ketene in the photolysis experiments shoﬁld
contain ﬁo e activity. It was decided to investigate methods of
isolating thése two carbons in a product which could be counted
aéqurateiy.
| | Tt is possible to trap ketene with primary and secondafy amines;
to give, reépectively, N-substituted and N,N—disubstituted amides, |
but this did nof seem practical on the scale we were operating.

Fihally the procedure shovn in Scheﬁe 2.35 was established.
The ketone (2.5) or (2.6) was reacted with phenyl magneséum bromide
in'dry ether. The reaction was stirred at rﬁom-temperature until com-
pletion, indicated by t.l.c.. The crude carbinol (2.114) or (2.115)
was isoiated by preparative chromatography and degraded to the respec-
tive ﬁaphthalene (2.90) or (2.87) and acetophénone (2.116) by heating
under'réfiux in dimethylfdrmamide for ga. 12 hr,, After hydrdl&sis of
the solution the mixture was extracted with ether and the two préduct;
separated by préparative chromatogfaphy. The two carbons were thus trapped
as acetophenone. Unfortunately acetophenone is a liquid and therefore,
.ﬁot_suitable for accurate countiﬁg.‘ Therefbfe, the crystalline de-
.rivatives éhown in Scheme 2.36 were inﬁestigated and the oxime (2.117)
identified as the most suitable fqr small scale preparation. Acetophepone
was_treated_with hydroxylamine hydrochloride and sodiun acetéte in wéter.
The crude cxime was precipitated from this soluticn by the addition of
ethﬁl alcohol to give a ¢lear solution which was gently heated, on a
stean bath for ca. 10 min., followed by coocling in an ioé tath. The

crude product was filtered and recrystallised to give the required oxime
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Scheme 2.35
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(water) (2.117) a5 white crystals mp. $9-60° (lit.6?60°).

The complete procedures established for the degradation of the

ketones (2.5) and (2.6) are illustrated in Schemes 2.37 and 2.38

respectively.



Scheme 2,36
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Scheme 2.38
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Preparation and Rearrangement of the /Z-l*c 7~1-methoxybenzabarrelenes
(2,2) and (2.3)

Tetrachlorobenzyne was rezcted with Zﬂ—lug;7~anisole to yield the

required éﬂ«lhcﬁ7~1-methoxytetrachlorobenzobarrelene (2.2) CRTS .
as a crude crystalline.producto. 4 portion (ea. 7.53.) was dechlorinated
to ZK-ILQ47-1-methoxybenzobarrelené (2.3) (1.2g.). The remaining sample
(1.94g.) was diluted with l—methoxytetrachiorobenzbbarrelene (252) (1.0g.)
end the ccmbinea sample counted to constant activity.

The_Zﬁ-l#q;7-1—methoxybenzobarrelene (2.3)'(1,2g.) was also.diluted
with unlabelled compound (2.3} (1,0g.) and then recrystallised to con-
‘stant activity. | |

the [ g 7. compound (2.2) (1.0g.) was rearranged in consentrated |

sulphuric acid at room.temperature to yield the ketone {2.5a) and in .
dilute sulphuric acid (HZSOA:H2O’ i1 V/y) atf80° to give the Ketons (2;5b),

Similar rearrangments with thé compound (2.3) gave the ketones (2.63).
and (2.6b) respectively. Each of the four ketonés was isolated by pre-
‘parative chromatography and recrystallised to constant activity.

The failure of.the first attempt to degrade the ketones (2.5a) and
(2;5@),, discussed in the following section; resulted in the remaining
erude compound (2.2)‘(53. 0.9g) having to be diluted with l-methoxytetra-
chlorobenzobarrelene (2.2) (32; 1lg.) and the counting to constant activity

followed by rearrangement to the ketones‘(2.5a) and (2.5b) repeated.

Degradation of the /e 7 ketones (2.5a) and (2.5b)

The degradation procedure for the ketones (2.52), {2.5b) and (2.6a),

(2.6b) were as illustrated in Schemes 2.37 and 2.38 respectively. It would
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be fair to say that the success of these degradations "lay in the laps
of the proverbial gods", The degradation of tetrafluorobenzobarrelenoné
(2.4) had involved only four steps whilst degradation of the ketones
(2;5) and (2.6) iﬁvolved seven and four steps respectivély. The pinnécl§
of the latter degradations was the reastion between naphthalene and
tetrachlorobenzyne, ‘it was considered that at @his point the scales
couldbe tipped to either success or failure.
| The first attempt to degrade the tetraéhlorobenzobarrelenones
- (2.5a) and (2.5b) used the first route shown in Scheme 2.37. involving
the reaction with phenyl magnesium bromide,.followed by thermolysis of
the product (2.114) to yieid tetrachlorbnaphfhalene and acetophenone,
The reason for the preferential choilce of this procedurs, over the
gecond method,‘was purely & practical oné. The former required only
three steps and the latter five steps to reach the required nephthalene
(2.58). It was therefore, judged that the first procedure would give é
higher yield of the product (2.58).
The two samples of acetophenone were reacted to give the required
oxime (2,117) and the two samples were subjected to the counting procedure;'_
The two samples of tetrachloronaphthalene were counted to constant
 activity and then dechlorinated using PAC{10%) and hydrazine hydrate to
yield crude naphthalene. Unfortunstely the two samples of naphthalene |
4id not feaét with tétrachlérobenzjne to form the required product (2.94).
4 policy had been'adopted throughout the degradatioh studies to
always use the crude product in the next step.and hence reduce loss in

' yield. It was & strong possibility thst impurities were interfering in
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the above reaction. Although- the naphthalene hgd been igolated by pre-
parative chromatography (silica gel) it ﬁa# feasible that an imburity
with a similar Rf. velue had slso been isolated. Such an impurity
éoﬁld have been unreacted tetrachloronaphthélene which had already been -
shown not to react with tetrachiorobenzyne. |

It was not poésible to isolate the naphfhalene from the crude reac-
tion mixture duerto the vast number of bande which appeared in the Rf.
region fof naphthalene when sepération by preparative chromaﬁography wes
attempted. |

The results obtained in the above gtudy are shown in Tables IIIA
and IITB, |

The second attempt to degrade the ketones (2,5a) and (2.5b), using
the diluted Z_lhc_7~ketone$, involved the second procedure shown in
Scheme 2.37. This prqcedure was more successful thén the first but the
yields of naphthalene were low cae 30-50mg. The low yields caused
extreme difficulty_in the final two steps but eventually samples of the
required tetrachloroznthracene (2.97) and the pyridazine (2.67) were
'obéained.. The crudé“;amples of the product (2.97) (ca. 10-20mg.) were
sublimed to constant activity, the samples of the crude pyridazine
(2.67) (ca. 30mg.) would not orystallise (ethanol) and therefore, it was
not possidble to measure their activity accurately. The activity of the
pyridazines (2.67) wa; caleulated by subtracting the specific activity
of ;he respective tetrachloroanthracene (2.97) from that of the starting
ketone (2.5).

Tables IVA and IVB illustrate the results from this degradation.
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Degradation of the /mlhc /-Ketones (2.68) and[2.6b)

"Similar problems to those above were'encounfed in the degradation
procedure, shown in Scheme 2.38; for the ketones (2.6a) and[2.6b). The
results are shown in Tables V and VI.

. The poor results in thé degradation of the ketone (Z.Gb) resulted
in a fery low yieid of the required tetrachloroanthracene (5.97) .

(ca. 5mge) which proved too difficult to subiimeo The crude pyridazine
(2.67) from this reaction would not recrystallise but a count was made

on the crude material. However, the activity was extremely low

2.05 x 10 t} 3if/m.molss Such a low result could have been caused by
contamlnatlon of the active pyrlda31ne (2. 67) with an inactive impurity
for example the un;eacted tetrezine {(2.64). It was not possible to draw

"~ conclusions from these results and so the degradation of the ketone (2.6b)

was disregerded in the final anslysis.

Table IITA. Rearrangement of /— C 7—l-methoxytetrachlorobehzobarrelene

(2.2) in cons, HESOL at room temperature.

COMPOUND (“*c) . ‘Specific Activity .
’ u Ci/m.mol.
l1-methoxytetrachlorobenzobarrelene (2.2) : 7.2 % 1072
lTetrabhlorobenzobarrelenone (2.5a) | 7.31 x 1072
Tetrachloronaphthalene- (2.90) | 7.3h x 102

Acetophenone Oxime (2,117) 0
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- 1
TABLE ITTBR Rearrangement of hylFC 7—1-methoxvtetrachlorobenzobarrelene

(2.2) in dilute HS0, (HS0, & H0,%/ - ¥/ ) at 80°

GOMPOUND () Specific Acbivity
| F.Ci.{m.mol.
1-methoxytetrachlorobenzobarrelene (2.2) 7.2 x 1072
Tetrachlorobenzcba%relenone (2.5b) 7 7.30 x 1072
. petrachloronaphthalens (2.90) | 7.22 x 1072
Acctophenone Oxime (2,117) | ‘ ' 0

TABLE TVA Rearrangement of /lehc;7~1—methoxytetrachlorobenzobarrelene :

(2.2) in conc. H,S0, at room temperature.

4

conponn (4c) Specific Activity
. _ F.Ci.{m.mol.
1-methoxjtetrachlorobenzobarrelene (2.2) 4,07 x 1072
Tetrachlorobenzobarrelenone (2.52) - 4,06 x 107°
Tetrachloroanthracene (2.97) . 2,21 x 1072
Pyriéazine_ (2.67) 41.85 x 10727

TABLE IVB Resarrangement of /—4140 7Ll—methoxxtetrachlorobenzobarrelene

(2.2) in aslute HS0, (H,80, : H.O, k:l, /) st 80°

A

COMPOUND (lhc) Specific Activity

11 .Ci./m.mOI.

1-methoxyteirachlorobenzobarrelene (2.2) 4,07 x 1072
Petrachlorobenzobarrelenone (2.5b) L.06 x 1072
Tetrachloroanthracene (2.,97) 235 3.10—2
Pyridazine (2.67) : ZI-7l.x 10_%J7 |

#Z? _7 Activity value caleulated by subtraction of the activity of the

product (2.97) from the respective ketone (2.5a) or (2.5b).
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TABLE V' Rearrangement of /Z—léc 7~1—methOXYbenzobarrelene (2.3)

in concs H SCJAL at room temperature.

2
COMPOUND (e |  Specific Activity
pri{muEQ._
l-methoijenzobarrelene (2.3) Chadk x 1072
Benzobgrreleﬁone (2.6a) 4,21 x 1072
Acetophenone Oxime (2.117) . ' 0
Tetrachloroanthracene (2.97) 2,17 x 1072
Pyridezine (2.67) 1.96 x 1072

TABLE VI Rearrangement of /Z;lhc 7;l—methoxybenzobarrelene (2.3)

. . : a7 . . v 0
in dilute H,8), (H,80, :H,0, 4:1, /v) at 80

coupouND (*e) ‘ Specific Activity

Lil./m.mol.

1-me£hoxybenzobafrel§ne (2.3) | L.14 x 1072
Benzobarrelenone (2.6b) k2l x 10™2
Acetophenone Oxime (2,117) - 0
Tetrachloroanthracene (2.97) - 7 ZZ.Ol X lOf%J?
Pyridezine (2.67) | - (0.20 x 10‘2)

» () Specific activity of the product (2.67) determined on a crude sample.
é— ;7 Specifiic activity determined by subtraction of the activity of

the product (2.67) from the ketone (2.6b).
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Combined Analysis of the ™'C results for the degradation of the

ketones (2.4) - (2.6)

A similar manipulation of the results in tables IvA, IVD and V,
as for the results in tables 1 and II,;allow the percentage ratio of the
two pathways (a) and (b) (Scheme 2.1),.proposed for the formation of
the ketones (2.4) - (2.6), to be estimateé for the ketones (2.5a), (2.5b)

and (2.62). ,The.results-are shown in the following table:~

Methoxybenzoberrelene " Ketone %s) ()
(2.1) (2.4a) 760 23,6
(2.1) | (2.4b) 68.2 | 31.8
(2.2) (2.5a) 91.1 . 8.9
(2.2) . (2.5b)  Bk.3 15.7
(2.3) . (2.63) 95.0 : 5.0'

Thus, the rearrangement of [ﬁklhqg7Zfl-methoxytetrachlorobeﬁZOn
barrelene (2.2) in concentrated sulphuric acid (98%), at room temperature,
proceeded to the Zflhq;7-tetrachlorobenzobarrelenone (2.5a) in the ratio
91.1% pathway (a) and 8.9% pathwayr(b). Similarly in dilute sulphuric
acid (50, 11,0, ki1, /), at 80°, the formation of the /™G 7-ketohe
(2.5b) 'was in the ratio 84.3% (a) and 15.7% (b).

The corresponding results for the rearraengement of éﬂ—lhq;7-l-
-methoxybenzobarrelene (2.3) to benzobarrelenone (2.6&) in concentrated
sulphuric abid (98%), at room temperature, were 95.0% (2) and 5.0% (b).

The samples of acetophenoneroxime (2.117) were counted and within
experimental error indicated no activity above that expected fof the back-

ground count.
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ERRORS

There are thrge potential sources of error in this type of

investigation, (i) weighing érrors, (ii) counting errofs and (iii)
.erro?s due to the presence of impuritiesa
(i) Weighing:~ Each sample ﬁas weighed td six decimal'places of a gram,

'.The balanée used was véry'susceptiblé-to localised disturbances i.e.
temperature and vibration. When possible samples of l-img. were
weighed and each samplé was allowed 4o stabilise for 5min.. The
readings were normelly constant after this period of time, This
prodedure was accurate to more than # 0.0lmg.. Hence the larger
the sample the.greater the accuracy of weighing.
Counting:~ If a number of determinations 6f the count fate from a
radioactive sample are made it is unlikely that they will be identical.
‘This is due to the random nature of radiqactiﬁa- decay. If a véry
Jarge number of determinations were méde end the values plotted against
the frequency of their.occurrence, the curve proéuced wbula at 1eést
approximéte to the Gaussian freguency distribution curve and fhé mean
value could be regarded as the trﬁe vaiue of the count rate. In prac-
"~ tice, the mean codnt rate has to be de#termined from a oomparatively
smell numbgr of observations and so may'differ from the true value by
an amount which can be assessed by normal statistical methods. This
| possible error is one of the features which limit the accuraéy of radio-
chemical methods. It is usual to calculate the standard deviétion

given by the formulat-~

o = i\/z(-___—mx“i]z
| Tn

mean of the distribution.

K1

number of values in the distribution.

J
13
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If only one reading is taken then this reading will have to be
taken as equivalent %o the average éount. Por a Poisson distribution
the standard deviation is equal to the square root of the mean count.
This is justifiable since the square root of a large number is small
compared with the number,

Using this theory the probability that the result found falls
within + 1¢°, + 20°and + 3<of the true value are respectively 68.3,
95 .4 and 99.7%. o

- Be&auoz

In our studies counting errors were likely to occur dﬂe ?6, the low
specific activity of some of the samples and limited quantity of sample
fof purification and counting.

In an attempt to alleviate these potential sources of counting errcr
each sample waé counted for the maximum period of counting time (500min.)
and the scintillation counter's préset error was gset at its minimum value
(0.2%). This latter value meant that when possible each sample was counted

for 1 x 106 counts and that this value had an accuracy of 1 x lO6 + 2000

(0.2%) with a probability of 95.4%. The efficiency of counting was deter-
137

mingd as previously mentioned using a Cs external standard. The effici-

ency was normally in the region of 9L% and each value was corrected

accordingly.

(iii) Impurities:~ Eech sample wés either sublimed or recrystallised to
‘constant sctivity whenever possible. Analysis of the degradation
products from the unlzbelled studies indioated no impurities after
purification., However; the low yields and difficulties en-
.countered during the degradation of the ketones (2.5) and (2.6)
inereased the possibility of contamination. Such a result would
obviously affeot the accuracy of the 140 activity measurenment.

Considering the above sources of error and calculations involving

the specific activities of the various products, at constent activity, the
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- following total errors have been sstimated.

For the degradation of the /™

4QJ7«tetrafluorobenzobarrelenones
(2.4a) and (2.4b) the error is less than + 24,

In the case of Zﬁth;7—tetrachlorobenzobarrelenane (2.52) and
(245H} and [éthJ7égenzobarrelenone (2.6) the average specific activities
of the degraded products were calculafed from specific activities with
a variance of up to + 6%

CONCLUSIONS
 The initial objective of the 1hC labelling studies was to establish

the accuracy of the deuterium labelling results.2qc’d

Thé latter results
were hased on az number of assumptions mentioned in thehintroduction to
this chﬁpter. It haé-already been indicated that the corresponding
140 results for the rearrangement of the compound {2.1), in concentrateﬁ
sﬁlphuric aclid, to'ﬁetrafluorobenzobarfelenone (2.4a) are in good agree-
menf. The veriation in the cofresponding results for the rearrangement
of the compound (2,1), in dilute sulphuric acid, to the ketone (2.4b)
could be due to slight variations in the resrrangement procedure.
| It is considered that thé 140 results reflect the zccuracy of the
deuterium labelling studies and justify the assumptions made regafding
potential isotope effects.zoc’d |
The extension of the 140 studies came about more by good fortune
than planning and it was hoped to‘reap the benefit from such fortune.
Although, it had been established 200 that the rearrangerent of

1-methoxytetrafluorobenzobarrelene (2.1) in strong acid medium gave the

ketone (2.4) by the two pathways (a) end (b) /Scheme 2.1_/ it was only
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assumed that the similar compounds (2.2) and (2.3) gave the correspond-
ing ketones (2.5) and (2.6) by the same two pathweys. This assumption’
wes obviously a reasonable one but more important was the queétion of
the effect of the aryl substituent, in the compounds (2.1) - (2.3), on
the ratio of pathways (a) : (5)5 in the formation of the corresponding
benzﬁbarrelenoneé (2.4) - (2.6).

| - It was also ressoned that information might be gained regarding
the sfructure of the cation ' (2.14) postulated as an intermediate ion

involved in the formation of the ketones (2.4) - (2.6). Under the con-

ditions of the reaction the cation {2.14). could exist‘as éither a

tight ion pair (2.118) or 2 half sulphate ester (2.119).

@605qy

¥  OCHs
(2418}
| - SO3H
X=FClorH Y
| X
¥ OCH3
{2.119)
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If the ion (2.14) existed as the half sulphate ester (2.119) then
in concentrated sulphuric acid the rearrangement would depend on the
exo : etido ratio. However, if the ion (2,14) existed as a tight ion.
pair then in the rearrangments involving dilute sulphuric acid the‘water
molecule; could solvate the ion (2.14) and hence affect the rearrangement,
‘The po;sibility that the elgptron withdraﬁing capability of the aryl

. subs%ituents, inlfhe compounds (2,1) - (2.3), could affect the rearrénge~

ment of the solvated tight ion pair was considered.

The'aétu&l results make-it difficult to draw accurate conclusions

regarding the above proposals. However, it is possible to confirm that

“the two compounds (2.2) and (2.3) rearrange to their respective benzo-

barrelenones (2.5) and (2.6) by the two pathways (a) énd (b}, as does
the compound (2.1) to tetrafluorobenzobarrelgnpne (2e4)+ The rearrange=-
ment 6f.the compounds (2.1) - (2.3) to the ketones (é.ha) - (2.6a) show"
a respeqtive inerease in the proportion of péthway (a) involved in their.

formation; i,e. 76.4 % 2% 91.1 &+ 6% 95.0 + 6%, A similar in-
crease is noted for the formation of the ketones (2.4b) and (2.5b)
i.e. 68.2% + 2% and 84.3% + 6%,

This increase;in the proportion of pathway (a) can bé correlated
with a decrease in electronegativity of the aryl substituents, X=F, clr

of H /4.10; 2.83; 2.20 respectively (Allred-Rochow values)sa ;7
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Attempts to interpret the ZrihC_7results lead to many interesting
questions. Firstly, in the reaction of strong acids with carbon -

carbon double beonds, to form a carbonium ion (2.121), it is not known

whether this takes place directly or via the rapid reversible formation -

of & Tr- complex (2.120) followed by slow conversion to the ion (2.121).

Fif
Na AT ~ i ~ ~ ~
—_— — C —= C .
P AN T~ — _° Ci\
| | |
(2.120) - (2.121)

The question then arises - does the bisulphate ion (HSOh-) ap=-

proach from.the eis or trans side of the ion (2.121)%. In the forma-
tion of the ketone (2.122) by the rearrangement of the compound (2.1)
in 80% D2304, it has been shown,20d that the deuterium incorporation

was as depicted,

ratio exo D 1 endo
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Consideration of this result coupled with the knowledge that
the rearrangement of the cation (2,14) in ¢, H2S{)£l is predominantly
by aryl migration then it can be concluded that addition %o the

carbon - carbon double bond of H' and HSO, ~ is mainly cis and to the

I
exo side,
eosogH
° _H
X
or X '
X  OCHy X OCHz
(2.119q) : - {2.118a )

This preference is probébly related to two factors:
(1) the approach of the 5isu1phate ion from the exo side is sterically
less hinderea than from the endo side and (1i) repulsion of the
bisulphate ion by the electiron densily of the aromatic ring on approach
from the endo‘side;

The latter.ﬁould help fo explain the incréased aryl migration as
the afyl substituent (X) becoﬁes less electronegative., Thus when X = H
the electron density of the aromatic ring will be greater than when
X = F and therefore, the greater the repulsion of bisulphate ion from
endo approach.,

Alfhough it can be cencluded that the addition to the ion

(2.14) is mainly cis and exo this does not explain the preference
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for prdtonation at C=2 over C-3.

X H @\C H3

(2123)

When X = F, Ci or H and the rearranging conditions are either
C. H2804 or 80% H2SOJ+ then protonation at C-2 leading to the respective
benzobarrelegone predominates.- The explanation probably lies in the |
stability of the two ions (2.13) and (2.14). Methyl groups have been
shqwn to polarise the initial protonﬁtion and thus direct the sub-

c’drconfirming that the most stable cation is

'seguent réarrangement,zo
fofmeda' Tt is also known that in strong acid media the methoxy group
bec@mes protonated and it is therefore a possibility that the greatef
stability of ion (2.14) over {2.13) is 1inked with the greater separa-
tion of charge (2.123).

Réturning to the question of aryl (a) versus alkenyl (b) migration
in the ion (2.14) the preference for aryl migratiqn may be related to-

the stability of the cations formegd in the subsequent rearrangements.

Aryl migration in the cation (é.lh) gives the allylic stabilised
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cation.(2.124) whilst alkenyl migration yields the benzyl cation (2.125).
There are two points which indicate that the cation {2.124) is of lower
energy than (2.125). TFirstly, the aryl ring remains intact and does nof
participate in the stabilisation of the cation (2.124). In the case of X
cation'(2,i25) the aryl ring can stabilise the positive charge as shown

in structure {2.126) but in doingléo forféits some of the resonance energy
associated with the stable aromatic sextet. Secondly, in the proposed

mechanism, Scheme 2,1, for the formation of benzobarrelenones (2.4)-(2.6)

it is suggested that cation (2.124) rearranges directly to the respec-

tive ketone whilst cation (2.,125) rearranges first to cation (2.124),

If the cation (2.124) does exist at a lower energy level than cation

(2.125) then this would account for the overall preference for aryl
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miération. _

The question of whether the ion (2.1&5 ¢xists as the tight ion
pair (2.118) or the half sulphate ester (2.119) is more difficult to
answer. Eaflier studies?®? have shown that the 3-exo-tosylate (2.127)
and the 3-endo-tosylate (2,128) rearrange in concentrated sulphuriec
acid to the ketone (2.4). It was suggested that the tosylate (2.127)
rearranged pufely by aryl migration gnd the tosylate (2.128) by vinyl

migration,
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Similarly the 1*0 labelling results could be explained by the.

formation of the half sulphate esters (2.1192) and (2.119b)

’1
0S0

XOX

OCH3 (2.119b)

b)

L

Unfortunately such esters would not account for the increased
' prOpdrtion of pathway (b) in dilute sulphuric acid (ca. 80%) for the
_reafréngement of the two compounds (2.1) and {2.2). The formation of
‘the tight ion pairs (2.118a) and (2.118b) would appear to present a

better explanation of the results.

oy o 0S03H
@rsi

(b)
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The effect in concentrated sulphuric acid would be as previously
proposed but in dilute sulphuric acid the ion (2.118) would be solvated.
Such solvation would allow an increase in alkenyl migration (b) at the

expense of aryl migration (a).

(b
_a 0503H

OCH3

The failure to obtain the ratio of (a) to (b) for the rearrange-
ment of ZZ—I%QJ7;1—methoxybenzobarrelene (2.3) in 80% sulphuric acid
plus the potential error (i 6%) in the analysis of ketones (2.52) (2.5b)
and (2.6a) make it difficult to extract further information from the
resﬁlts.

Further work is obviously necessary to expand and clarify some

of the points which have arisen during these investigations.

179.



EYPERDENTAL

All general methods and procedures were as described in Chapter 1.
14

All the experiments involved in the T ¢ studies were initiélly
inﬁéstigated using unlabelled material. The results of the unlsbelled
studies established the feasibility'of reaction pethways, yields, |
m.ps, and purity of. produect.

The counting of the 140 products was carried out according to
the following standard procedure:-

A sample of the 14C product (1-3 mg.) wasweighed acourately
(stanton Balance, Model MC9, to six decimal places) into a plastic count-
ing bottle. The meterial was dissolved in dimethylformamide (dry, 0.5mk.,
pipetted) and a liquid scintillator (10ml., Liquid Scintillator NE250, |
Nuclear Enterprise Ltd., Sighthill, Ediﬁﬁurgh 11, Scotland. Dioxan base
and argon purged). The solution was shaken; ca. 2min., to ensure thorough
mixing. The bottle was then placed in a Beckman Liquid Scintillation |
Systen (CPM-IOO) and the solution counted for 500 min.. The system
contained an autozmatic print out which gave the following information
for each sample counted:-

© (i) Sample N°
(ii) Chennel Ratio - used in conjuction with a graph showing
Chennel Ratio v Counting Efficiency.
(iii) Counting Time (mina)’

(iv)' Counting Accuracy

(v) Counts per min.. |

Fach bateh of 1abéllea counts was amccompanied by a blank count,

1L

this involved the same preparation as ebove but with no "°C material

ingcluded.
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The Specific Activity of each sample was calculated as shown in

"the following exsmple:-

/"l“c /- Tetrafluorobenéobarrelenone Blank Sample
CaDoMes 543 36
Accurac& 0.5 ' 7 3.0

. Ch. Ratio 10.99 - | 11.21
Efficiency 9&.5% | _ 95 ,0%
Corrected c.p.me. 543x100 = 575 . 36 x 100 = 38

' 945 95
d.peime 575 - Blank

= 575 = 38 = 537

Veight Counted 1.337 mge

dspems/mge 537 = LO2
1.337
HoWe, 242

Specific Activity = 402 x 242

6 = 438 x 10-2 rLCi/m.mol.
2.22. x 10 :

14

Each of the ~ ¢ products counted, when ever possible, was counted
to constant activity. This involved either recrystaellising or sublim-
ing the ILC product and re-counting until a constant activity was obtained.

The samples of 3,6-di={2f~pyridyl) -s-tetrazine and p-nitrophenjl

azlde were prepared by N. J. Hales.
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A

. . . . SD2n
1. Preparation of Mucobromic Acig” " (2.20)

Freshly distilled furfural (50g.,'0.52M.) and water (500ml.) were
stirred vigorously in a 21. 3-necked flaék, equipped with a dropping fun~-
nel and thermometer. The mixture was cooled to ca. 0° and bromine
(450g., 2.81H,) was added keeping the temperature <5°, After comple-
tion of thé addition the mixture was refluxéd for ca. 30 min. ang theq
distilled until the distillate was almost colourless.,

The mixturé was evaporated to dryness and the solid residue cooled
and triturated with ice/water (ca. 50ml.). A solution of sodium bisul-
phite (4.0g.) in water was added in order to discharge é slight yellow
colouration. -

The remaining crude mucobromic acid wag filtered and washed with
ice-water (2x25ml.), The crude solid was dissolved in boiling water
(110ml.) and decolourising charcoel (L.0g.) was added, After stirring
the mixture for ca. 1lOmin. the solution was filtered and the filtrate
allowed to crystallise at ca. 0-50. Mucobromic acid was isolated as
colourless crystels (90g., 67%), mp. 121-122° (1it.°°'125-124°)

V x: 3560-3200, 1770, 1630, 1450, 1330, 1270, 1220, 1145,
1090, 1005, 930, 850, 760, and 740 om™ .

H.onomer, (6p61,) T 1.5-1.9 (11, broad 5.) and 3.9% (1,s.).

2, _Preparation'of Sodiun Nitromalonaldehvde Monohydrate.52 (2.2}1
Sodium ﬁitrite k2585., 3,74M) and weter (250ml.) were stirred in
a 21 3-necked flosk e@uippe& with & thermometer, dropping funnel and
stirrer. The solution was heated to ca. 540 and mucobromic acid
(258¢., lM.)‘in ethyl alcohol (95%, 250ml.) wes added whilst maintain-

ing the solution temperature at 54 + 1° over a period of ¢a. 70min.,
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After stirring for an additibn&l 10min. the solution was cooled to cze 0-5°,
The thick yellow precipitate formed was filtered off through a chil-

led Buchner funnel snd the moist residue transfered to é 11. flask,.

A solution of ethyl alcochol-water (L00:100) was added and the combined

solution.heated to boiling point., After filtrétién the reéuifed_sodium

nitroﬁélonaldehyde monchydrate precipiteted from the filtrate as light

brown crystals (L9.58., 32%)s

3, Preparation de/T—lkC 7 -p-nitrophenol (2.23)

ZE-IQC_J7-Acetone (2 x 250y +Ci., Radiochemical Centre Amersham.)
in two separate vials was cooled in liquid nitrogen., The two seals were
carefully broken and a mixture of acetone (2.9g., 0.05¥.) and water
(100m1.) was used to transfer ﬁhe th 1abailed.acetone into & 1l. conical .
flask. A further volume of water {300ml,) ﬁas used to wésh the two vials.
Sodiun nitromalonsldehyde monohydrate (37.2g., 0.24M.) was carefully
added to the comhined sclution. -The solution was coocled to ca. 0° and
sodiun hyaroxiée (9.4mL., 25%.) was slowly added to the solution which
was stirred for ca. 72hr. at 0-5°, The solution was allowed to warm
to room temperature and stirred at this temperature for ca. 120hr,..

| Neutrelisation of the solution was effected using solid carbon
dioxide. The neutralised solutiqn was extracted with ether for ca. 72hr.
and the etheresl solution dried(MgSOa) . Filtration and evaporation
| of the solvent gave the crude [i~;“c :7 ~p-nitrophenol as a yellow cry-

67

stalline solid (4.37g., 63%), mp.112-1146 (1i%.°7 mp.114,9 - 115.6°).

V oy, 3500 - 3300, 1620, 1590, 1500, 1450, 1440, 1330, 1285, 1220,

1170, 1110, 1010, 960, 870, 850, 820, 755 and 690 cu T.
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4. Preparetion of p-Aminophenol (2.24)

p~Nitrophenol (2.23g., 0.016M.) was dissolved in ethyl alcohol
(30ml.) and heated under reflux with hydrazine hydrate (5ml.) and PacC
(5%, 100mg.) for ca. 2hr..

Tﬁe solution was filtered and the solvents removed on a rotery
evaporator. The cfude produet was recrystallised from methyl alcohol
to yield p-~aminophenol (1.7g., 97.3%) ﬁp.lS?—19l°, (lit.67186-187°).
\} nax. 3360, 3300, 1620, 1510, 1480, 1390, 1340, 1260, 1240, 1170,

1090, 1010, 970, 920, 825, 750 and 700 em .

5. Preparation of Phenyl Tsothiocyanate (2,34)

A mixture of carbon disulphide (54g., 0.71%.) and concentrated
smmonium hydroxide (<880, 90ml., i.}M.) was stirred in an ice cooled
50051, flask. Aniline (56g., 0.6M.) wes adde@ over a peried of ca. 20min,

keeping the temperature between 0—100. After the addition the solution
was stirred for a further 30min. and then allowed to stand for ca. 30min.
during which a heavy precipitate of ammonium phenyldithiocarbamate was
formed.
~ This salt was dissolved in water (800ml.) aﬁd.transferred to a
51, flask and lead nitratel(QOOg., 0.6M.) in water (4LOOml.) was added.
The mixture wes steam distilled and the distillate collected in a receiver
~ containing dilute sulphuric acid (10mt., 0,1N.). The aistilléte (31.)
vas extracted with ether (4 x 200&1.), the combined ethereal extract
was dried (Mgsoh) and eveaporated fto yield'a yellow oil. The oil was dis-
tilled to give phenyl isothioqyanatel(EE.Bg., L1%), bp. 66-68° at 1.5m.m.,

(11t.7°% bp. 120-121 at 35m.m..) as a pale yellow oil.
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nax, 3090, 2760, 2575, 2495, 2300 - 1800, 1600, 1495, 1480. 1405,

1290, 1250, 1170, 1160, 1100, 1070, 1030, 1010, 930, 910, 830,

750, and 680 oL,

6. Preparation of Phenyioarbonimidsyl)dichloridessb (2.35)

Chlérine ges was bubbled through a solution of phenyl isothiocyanate
(33.38., 0.25M.) in carbon tetrachloride (200ml.) cooled in ice;.at such
& rate as to maintain the solution temperature at ca. 30 for a period
of 3%ht.. '

After this time excess solvent and sulphuf dioxide was removed
by evaboration. The crude product was diStilléd under reduéed pressure

to yield the required product (2.35) as a pele yellow oil, (30g., 70%)

55b

bp. 78-80° at 7.5mu., (1it.””° 103-106° at 3lm.m.).

v ey, 3070, 3040, 3200 - 2000, 1665, 1600, 1590, 1&90; 1455, 1é10,

1075, 1029, 1000, 920, 885, 760, and 690 ont,

55¢

7. Preparation of activated Sodium azide

Commercial sodium agide (10g.) was dissolved in water (30ml.) and
treated with hydrazine hydrate (1.0g.). The solution was stirred for '
15min. and then filtered into aéetone-(hOOml.). Therwhite precipitate was
filtered off and washed with scetone (2 x 100ml.), under a stream of
nitrogen to yield the activatéd sodium ezide (5.0g.) which was ﬁsed
immediately in the'preparation of l-phenyl-5-chlorotetrazole.

8. Preparation. of lmbhenyl-5-chlorotetrazole {2.25).

Phenylcarbonimidoyl dichloride (12.18g., 0.07M.) was dissolved in
1,2-dimethoxyethane (100m1,) and activated sodium azide (L.9e., 0.077H.)

was added and the solution stirred for ca. 12hr.. The solution was then
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pouréa onto icq/waéer (500ml.) and the orange precipitate filtered off.
The.crude product was recrystallised to yield l-phenyi-B-chldfo--
tetrazole (5.655., L..6%) , (benéene-ﬁetroleum ether) mp. 12h-125°
(14£.2°° mp, 123.4-124.6°). “

\)max; 1600, 1510, 1433, 1428, 1412, 1345, 1125, 1118, 1078,

1062, 1019, 978, 769, and 690 on™.

9, Preparation of lfghenyl~5—(;a;aminoighenoxy)-tetrazole. (2.26).
B?Aminophenql (1.69¢g., 0,016M,) was.dissolvéd in acetone (100ml.)
- -and l-phenyl-5-chlorotetrazole (2.88g., 05016M.) added.; Potassium
darbonate.(6.2g.) was also aédéd and the solution was heated under
reflux for ca. 72hr.. |
Filtration and evaporation of the solvent gave a red oily solid

which was recrystalllsed to the required product (2. 26) (ethanol),

o o 171-1?3°).

' \?max. 3490, 3390, 1640, 1605, 1555, 1505, 1455, 1435, 1298, 1245,

1170, 1128, 1115, 1073, 1020, 840, 712, and 688 cm L.

'(2 28g., 58%), mp. 173-175", (lit.

Monomr. (CD015)’11 2,1-2,5 (5H., m.), 2.8-3.4 (4H., q.) and 5.4-5.7
'(ZH., broad s., Exchanged D20)° .

10, Preparation of laphenyl-(-h-acetamino-phenoxz)—tetrazole. (2.27).

The compound {2.26) (1.74g., 0.0069M.) was dissolved in glacial
acetic acid (60m1.)’and acetic anhydride (3ml.),and heated under reflux
for ca. 8hr.. Exceés'of solvent was removed by rotary.eﬁaporation and the
remeining 0il quenched with ice cold water (50ml.). The precipitated
product (2.27) (1.75g., 86%) was fiitered off and dried, mp. 158-160°,
(it.21 159.161°). , | '

Viax, 3410, 1705, 1620, 1615, 1550, 1510, 1465, 145, 1412, 1572,
1310, 1295, 1210, 1188, 1170, 1130, 1112, 1075, 1020, 918,

86k, 850, 758, and 682 cm T,
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11. Preparation of Acetanilide {2.28)

The oompound-(2.2]) (1472g., 0.0058%,) was dissolved in glacial
acetic acid (100ml.) containing PAC (5% 4L00mg.). fhe solution was heat-
éd to gg.‘GOo and reduced ﬁsing hydrogen gas at atmosﬁheric pressure,
Completion'ofkthe reaction was indicated by the tefmination of hydrogen
uptake. The solution was filtered and evaporated.to yield a red oily
solid. This solid was sublimed (110-120 at 0.5m.m. Heg. ) to yield

67

acetanllide (500mg., 63.5%) mp.llZ—llL (1it. 114.3 .

This prqcedure was carried out on other occasions with varied results

for the formation of acetanilide (0-60%),

N, Lex. JWkO, 1690, 1605, 1520, 1500, 1440, 1370, 1310, 1245, and 1200 cm -,

12. Pfeparafion of Aniline (2;30) from Acetanilide |

| Acetanilide:(l.BSg., 0.014M,) was dissolved in sulphuric acid
(75m1., 15%; V/,) and heated under reflux for ca. Shr.._ The soiution

was ﬁéde.alkaline and then exiracted with ether for.gg.thhr.. Evapore-
tion of the ether gave an oil which was distilled to. give aniline (0.95g.,
75.4%) as a pale yellow oii, bp. 74° at 11.5 m.m.Hg., (lit.67bp. 184°%) .
\3'

pax. 3WhO, 3360, 3220, 3180, 3140, 1630, 1610, 1500, 1470, 1280,

1180, 1030, 1000, 880, 755, and 695 cm .
YHoemers (CDClB)_rT: 2;7-5.0 (eH., m,), 3.1~3.55 (BH., m.) and 6.1-6.9 -
(2Ho, broad ';So)o

13. Reaction: of N,N-dicyclohexylecarbodiimide with p-nitzgyhenol

p-Nitrophenol (2.8g., 0.02M,) and N,N-dicyclohexylcarbodiimide
(6.24g., 0,03M) was stirred for 3 days at 50-1000._ The reaction mixture

wes cooled and recrystallised from benzene to yield a yellow crystalline
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compound (2.57&.)«

14e Reaction of the product from Expt. 1%,

The yellow compouna (Zg,) in ethyl acetate (50m1.) confaining
PaC. (10%, 500mg.), at ca. 20° was reduced cn a hjdrogenator.

bompletion of the hydrogenation was assumed when the uptake of
hydrogen ceased. TFiltration of the solution and rotary evaporation
gave a brown solid. The solid was treated with ethyl acetate and two
crystalline products were obtained; one insoluble in ethyl acetate
(0.75g.), mp. 179-184°, and the other soluble in ethyl acetate (0.80g.)
mp. 155-170°. '

A second reduction of the yéllow compound (0.46g.) was followed
by goloéoo The major product was identified as p-aminophenol (BE?mg.),
mp. 179-184°, (1it.%7 186-187°). |

15. Second reaction of N,N-dicyclohexylcarbodiimide with p-nitrophenol

The procedure was as described in expt. 13 using N,N-dicyclohexyl-
carbodiinide (%g, O°OQAM;) and p-nitrophenol (3g, 0.022M.). A similar
yellow-green crystalline solid (2.8g.) was isolated, mp. 148-152°,
Vg, 2420, 3340, 3200 - 3100, 2940, 2860, 2120, 1635, 1590, 1515,

1500, 1450, 1395, 1350, 1335, 1290, 1230, 1165, 1115, 890,
_ 860, 856, 750 and 715 cm T,
1y n.aere (6pe1,) T . 1.6-1.95(n), 2.5-2.7(n), 2.9-3.1(m),
5.,5~5.8 (broad band), 6.1-6.6 (broad band) and
7.8=9.4 (v.broad band).

A portion (350mg.) of the above compound was separated by prepara-

tive layer chromatography (silica gel, 4 x lm. x 20cm., O.75m.m. thickness
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cluant bhloroform) to yield two products:-
Product (1) (higher r.f, value) yellow-green crystals (214 mg.)
recrystallised from toluene to give a pale yellow crystalline compbund

(30mg.) mp. 135-137°.
Q. 320, 2900, 2860, 1680, 1600, 1540, 1500, 1460, 1350, 1325,
maXoe '

1285, 1260, 1230, 1110, 1070, 895, 860, and 720 om™t.
Bonem.r. (0D013)° Y, 1.62 (1H., n.), 1.72 (1., m.), 2.55 (1H., m),
2.65 (1H., m.),_ 6.15~6.6 (1H., broad, exchanged
by DéO) and 7.90-9.50 (22H., complex.).
¥ass Spectrometry: M+ = 345
The above data fits the reéuired o-arylisourea (2,37}, The
samplerwas not analysed for ¢ and H.
Product (2) (Lower r.f. value) Jdentified as-E7ni£rophenol
(103mg.) white needles, mp. 110-115° (toluene),_(lit.67 11449-115,6°)
\Jmax. 3500 - 3200, 2940, 2860, 1635, 1620, 1600, 1520, 1505, 1455,
thS, 1350, 1330, 1290, 1220,.1120, 1115, 860, 850, 755,
and 645 cm_lo
YHon.mor. (CDCIB) T 1.7-1.9 (°H., m.), 2.9-3.1 (25,, m.) and 5.4-5.6
' (1H., broad s.).

16. Reaction of N,N-dicyclohexylcarbodiimide with p-hydroxyacetanilice

p-Hydroxyacetanilide (3g., 0.02M.) and N,N-dicyclohexylcarbodiimide
(9g., 0.044M.) was stirred for 3 days at 50-100°, On cooling the
solution a black oily tar was obtained which proved intrectable.

17. Preparation of éT—lAQJ7—B-nitrophenylmethanesulphonate (2.43)

éi-th;7-E-nitrophenol (4.573.) was dissolved in pyridine (50mi.)
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Maonesignond

and cooled in ice, Methane sulphonyl chloride (5m1 ) was added and the
mixture was stirred at room temperature for ca. 30min..

The solutién was dilutéd with ether (200ml.) and the ethereal
solutlon washed with hydrochloric acid (2N., 2 x 50ml.), The ethersal
solut;on was dried (UgSO ) and evaporated to yield crude crystals of the
required product (2.43) (6.2g.).

Similar reactions using unlabelled p-nitrophenocl gave a quantita-
five yieid of the crude Ernitrophenylmethanesulphonate, np 92-94?,
28093 93.5%).

\)max. 3120, 3090, 3040, 1610, 1595, 1530, 1490, 1360, 1350, 1335,

(1it.

1315, 1210, 1180, 1160, 1115, 1100, 1010, 930, 880, 865,

830, 795, 750, 725, 685, and 645 cm T. |

Y. n.nar. (CDGlB).'Wf 1.5-1,8 (2H., m.); 2.4= 2.6 (2H., m.);
3.45-3.65 (1H., m.) and 6,68 (3H.,s. )

18, Preparation of /K— ¢ /-Aniline (2.30)

The crude Zi; -Q;7¥R-nitrophenylmethanesulphonate (6.2g.) was dis-
solved in methanol (150ml.) containing PdC (10%, 1.5g.) and triethylamine
(3g.). | |

The solution\was treated with hydrogen, at 25*400, at atmospheric
‘pressure until the uptake of hydrogen ceased. The solution was filtefed
and-made_alkéline with aqueous sodium hydroxide. Extraction with ether
and evaporation of the ether gavé the crude Zﬂ-lhﬁd7—anilihe (0.9g.) |
as an orangs-red oil,

Similar reactions using the unlabelled aryl mefhane sulphonate

(ke3g.) gave a 65% yield of crude aniline (1.2g.).
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19, Preparatiocn of [Z-lac 7-Phenol., (2.31)

éﬁ—lhqé7-ﬂniline (900mg, 0,0097M.) was added to a solution of
water (12ml.) and sulphuric zcid (98%, 3.5ml.) in a small conical flask.
The solution was cooled Lo ca. 0% and sodium nitrite (0.8g.) in watér
(10ml.) was added.

The solution wes stirred at room temperature for ca. 15 min. and
then at 50O on a water bath until the evolution of nitrogen ceased.

Stéam distillation.follbwed by ether extraction (3 X SOml.).of
the distillate gave,after removal of the selvent, crude ZKF14Q47—phenol
(700mg.) |

The same procedure with unlabelled aniline (1.2g.) gave, after
distillation of the crude product, phenol (0.8g, 66.5%) bp..85-950.at
15m.m./He. (1it,67 bp. 182°)

{)max. 3600 - 3000, 1610, 1500, 1470, 1343, 1250,- 1150, 1070, 1022,

| 1000, 887, 810 and 687 cm . '

20, Preparatioﬁ.of /_-lACA7LAnisole. (2.18)

Zﬁ-lhqg7-Phenol (0.7g.) was added to a solution of potassium hydr-
oxide (2.24g;) in DMSO (100ml.). After stirring for ca. 2 hr. methyl
iodide (5.6g.) was added and the solution stirred for a further 2 hr..

The solution was diluted with water (500ml.) and the agqueous
solution extracted with ether (4 x 50ml.). The combined ethereal solution
was vashed with water (2 x 25ml.), dried(MgSOh), filtered and evaporated
to give cruge éﬂ-lhqi7-anisole (0.6g.)

Similar reactions with unlabelled phenol gave an almost quantitative
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yield of crude anisoieo

The Zﬁ;lh0_7lanisole (0.6g.) was diluted with anisole (5ml.)
and the combined anisole distilled, the residue was diluted wifh anisole
(Sml.) and the distillation repeated. The latter procedure was again
repeated with anisole (4ml.), Tﬁe distillates were combined to give
the-diluted Zﬁ;14€;7Lanisole as a pale yellow liguid, bp. 150—1600,
(134.27155%)., ' |
N\ pax, 3100 - 2900, 2840, 1600, 1500, 1335, 1300, 1170, 1080,

1040, 880, 780, 750, =nd 640 cm .

Y.n.m.r. (09013) T 2.6-2.9 (28, m.), 3.0~3.2 (3H, m.) and 6.27 (3H, s.).
1

2l. Preparastion of /— 647;1-methoxytetrafluorobenzobarrelene (2.1)

Bromopentafluorobenzene (5g., 0.02M) in ether (20ml.) was added to
a stirred slurry of magnesium (0.6g.) at such & raté as to maintain
reflux, The reaction was stlrred for ca. LS5min, under reflux.

A solutlon of ZK— Q;7ﬂrn15013 (hg., 0.037M.) in cyclohexane
(15ml.) ves edded dropwise and the reflux temperature allowed to rise
to ca. 800. The mixture was refluxed for ca. 3hr..

Dilute ﬁydrochloric acid (1N,, 20ml,) was added to the solution
and the resultant solution extracted with ether (4 x 50ml.). The ethereal
solution was dried (Mgsoh) and evaporated to yield a red brown oil.

The crude oil was placed on an alumine column (500g.) and eluted
with light petroleum (40:60). Fractions of ca. 200ml. were takén angd

| analysed by g.l.c.. Fractions l-6 contained recovered crude ZﬂFlhqu-
~anisole (5.4g.)s Fractions iO-lZ contained crude Zﬁ#lhqi7-l-methoxyh

tetrafluorobenzobarrelene (180mg.).
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The above procedure was repeated twice, each time using the previous-
ly recovered anisole. The total yield of the crude Zﬂwlaqg7ml-methoxy—
tetrafluorobenzobarrelene waé (1.32g.)s This crude product was diluted
with l-methoxytetrafluorobenzobarrelene (1.0g.) and the combined sample
recrystallised (ethanol) to constant activity. /At constant activity:=-
2.4kmg. gave 882.c.p.mo, Accuracy 0.3%, Count time 500min,, Ch, Ratio
10.9 £ 94% efficiency, blank count 35 c.p.ns, d.p.m./mg.376, Specific
Activity he3h x 1072 TJ.Gi./h.mol.J7 | '

Similar studies using anisole had given a 32% yield of the product
“np. 779, |
\Jmax. 3015, 2950, 2850, 1635, 1490, 1340, 1227, 1215, 1195, 1077,

1040, 1008, 950, 930, %05, 855, 793, 760, and 680 cm'l.

H.n..r. (cnc15).’F\. 2.86-3.35 (4H,;8 lines AB of ABX), 4.68-5.05

(2.1), mp. 78-81°, (lit.T

(1, m.) and 6.25 (3H, &, [J] H-F = 2.6Hz,)

22, Rearrangement of ZZLthJ7-l—methoxytetrafluorobenzbbarrelene (2.1)

in concentrated suvlphuric acid. ' .

The compound (2.1} (0.9%g, 0.0037M.) was shaken in concentrated

sulphuric acid (20ml.) at rbom temperatﬁre for ca. 3min}. The solutionA

was quenched on ice and extracted with ether (5 x 25ml.). - The ethereal

solution was wéshed with water (2 x 10ml.), dried (MgSOu) and evaporated

to give an oil (1.0g.). |
The oil was seéarated by preparative layer chromatograephy (silica,

:-10 x Im.x 20cm, 0,75m.m. thickness, €éluant 20% ether/light petroleum

ZEO:80"7 to yield the Z_lhq;7mtetrafluorobenzobarrelenone (520mg.) as

the major band, The crude ketone was recrystallised {ethanol) to con-

stant activity. éKt constant activityi- L.337mg. gave 543 c.p.m.,
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Acc. 0.5%, Chs Ratio 10.99 & 94.5% Eff., Blanks 38 c.p.m.; d.p.m./mg. 402,

Specific Activity 4.38 x 1072

P Ci./memol.. Value in Table I iz an
average of (438 + Lo3h + 4oh0) x 1072 = L.37 x 1072 v .Ci./m.mol.. ]
Similgr rearrangenents using l-methoxytetraflucrobenzobarrelens
gave ca. 50% yields of the ketone (2.4), ump. 70-72°, (1it.2"72.5-73.5°).
\)max.. 3080, 2940, 1738, isoo, 1421, 1386, 1334, 1310, 1130, 1115,
1090, 1080, 1070, 1030, 917, 870, 750, and 717 cu =,
lgonamar, (CDGlj). V. 3.02-3.48 (2H,.m), 5.18-5.55 (2H, m) and 7.9
(2H, octet AB of ABX). ' |

23, Rearrensgement of /Z—l4Q;7—1~methoxytetrafluorobenzobarrelene (2.1)

in dilute sulphuric acid

Dilute sulphuric acid (H,S 0 4:1 Y/y) was heated to ca. 80°

OA:HZ
on a water bath and the heﬁted solution added quickly to Zﬁ-lhc ~l-methoxy-
tetrafiuorobenzoﬁarrelene (0.98g.). The combined solution wasg kept at
ca. 80D and shaken for ca. 3min.. The solution was then quehched on ice,
‘éfihcd7-tetrafluorobenzobarrelenone (380mg.) was isolated as des-

eribed in expt. 22, The crude ketone was recrystallissd and counted

to consfant activity. [Kf éohstant activity :- 2.06mg. géve.818 CeDolle,
fco. 0.3%, Chs Ratio 10.5 = 9% Bff., Blank 38 c.p.m., d.p.m./mg. 4Ok,

2

Specific_ﬂctivity 440 x 107 ‘J.Ciq/m.mol.. Velue in Table IT is an

average value of (4.38 + L.34 + 440} x 1072

= 437 % 1072 p .Ci./mmol.. 7
Usging l-methoxy%etrafluorobenzobarrelene the ketone (2.4) was isolated
in ca. 45% yield.

2h. Preparation of Tetrafluorobenzobarrelenone (2.4)

The compound (2.1) (3.72.) was added to a stirred solution of

fluorosulphonic acid (9ml.) at ca. -700. The sclution was allowed to
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warm slowly to roo@ temperature and then quenched on ice (100g.)}. The
aqueous solution was neutralised and extracted with ether (4 x 25ml;50
The ethereal solution was dried (Mgsoh) and evaporated to yield an
orange 0il (3.1g.). The oil was crystallised to give tetrafluorobenzo-
barrelenone (2.1g., 60%), mp.70-73° (ethanol), (lit.2472.5-73.5°).

25, Oxidation of tetrafluorobenzobarrelenone (2,4) with fuming

Biﬁﬁié acid

(i) Tetrafluorobenzobarrelenone (250mg.) was heated under reflux
_in fuming nitric acid (10ml.) for one week. The solutioﬁ was quenched
on ice (IOOg.). The aqueous solution was neutraliséd with sodium bicarbon-
ate solution and the solution extracted with ether (3 x 20ml.).

The remaining aqueous solution was acidified and extracted with
ether (4 x 20ml.). The ethereal solution was dried (Mgsoh) and
evaporated to give a white crystalline solid (100mg,), mp. 150-165°

\)max_ 1740, 1495, 1385, 1310, 1130, 1115, 1050, 1030, 920, 870,
750, and 715 om™t.

Similar reactions were attempted with the following results:=~

(i1) yellow-white crystals (150mg.) mp. 150-155°.

(iii) yellow crystals (156mg.) mp. 148-151°. | A _
| \)max. 3600 - 3200, 1735, 1615, 1550, 1360, 1300 - 1200, and 1080 cm"l.__

'26. Attespted preparation of Tetrafluorophthalimide (2.53)

(i) A sample (50mg.), from expt. 25, was heated under reflux in
concentrated ammonium hydroxide {.880, lml.) for ca. 3hr.. The tem-
perature was then allowed to rise slowly to ca. 24,0°, A brown 0ily residue

was left which would not sublime when heated under reduced pressure.
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A number of similar reactions were attempted with the following
resultst=
{33) yeliow—green crystels mp. 175-2007, residue mp. > 300°

\}max. 1730, 1600, 1540, 1350, 1300, and 1090 cm T,

(iii) yellow crystals, mp. 160-170°
(iv)  yellow crystels, mp. 210~215°
\]'max'. 1750, 1550, 1460, 1360, 1350, 1135, and 730 on L.
o (v); Using a stendard saﬁple of,tetfafluorophthalic acid, yellow
" erystels mp. 206-209° (1it.59210-211°) |
N 1790, 1750, 1730, 1650, 1610, 152.5, 1510, 1415, 1310, 1150,

1050, 1045, 930, 760, and 660 om .

(vi) yellow crystels, mp. < 100°

(vii) white erystals, mp. 210-215°,

27. Attempted Oxidation of the Ketone (2.4.) with Potassium permangaenate
.-Tetrafluorobenzobarrelenone (200ng.) was dissolved in acetone.(20ml.).
During reflux of.this solutibn a saturated solution of potassiﬁm per-
manganate, iﬁ water, was aéded slowly over a period of ca. 3hr. until
the purple colcur was no longer dischargéd- | |
Evaporaﬁion of the solvent left a brown residue which was extracted
with ether (h'x 20ml.). The ether solution was extracted with sodium
bicarbonate solution, The‘remaining organic phase was dried-(MgSOA)
and evaporated to yield sample /A / (227mg.) green-brown oil.
Acidification of the sodium bicarbonate solution and extraction
with ether (4 x 20ml,) followed by drying (Mgsoh) and evaporating the

ether gave semple Zji7 (42mg.) yellow oil.
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\)max [ A 7 3600 - 3100, 2920, 2840, 1740, 1510, 1300, end 1130 om ™t

/17 3600 - 3100, 2930, 2860, 1745, 1510, 1400, 1130, 1070

865, and 730 ot

28. Attemnfea Oxidation of the Ketone (2.4) with Dicyclohexyl-18-crown 6
2454 | _

The compound (2.54) (372mg, luM.) in benzene (25ml.) was stirred

and potassium permanéanate (158mg, 1lmM. ) added. The ketone (2. A)
(121mg, 0.5zM.) in benzene (10ml.) was added to the purple solutlon
and the combinad solution stirred overnight. The purple colour dis=-

appeared after ca. 2hr. and the solution turned black,

The solution wes centrifuged and the benzene solution removed to
ieave a bladk residue. The residue wasiwashéd first with benzene and
then with water, tﬁe_latter wash was repeated; iEach washing was followed
by a'centrifuge operation to.deposit thé residue,

The aqueous fractions were combined, acidified and extracted with
ether (4 x'1¢0mi.). The ethereal solution‘wasIaried'(Mgso#) and
| evaporated to give a red oil containing white crystals (118mg. ). _
N oy, 3600 = 3100, 2920, 2860, 2700 - 2300, 1740, 1510, 1400, 1100
and 760 cm-l.

29, FPhotolysis of Tetrafluorchbenzobarrelenone,

A solution of tetrafluorobenzobarrelenone (170mg.) in ether (iOOml.)

under dry; oxygen free nitrogen was heated'under_reflux and irradiated

(Hanovia mediumwpressure mercury vapour lamp, guartz flask) for ca. 3hr..

Solvent was removed under reduced pressure to yield tetrafluoronaphthalene
(2.58) (130mg, 92%), mp . 98-106° , (1it. 15¢110-111 %Y.
Yon.m.r. (0D61,) Y\ 1.8-2.15 (2, m) and 2.2-2.6 (2,m).

197,



30, Oxidation of tetraflucronaphthalene with fuming nitric acid

(i) The procedure was as described in eﬁpt. 25 usging tetrafluoro~
napnthalene (200mg.) and fuming nitric acid (10ml.).
At the end of the reaction an oil (210mg.) was isolated which .
orystéllised to yield a white gnystalline solid (100mg.) mp. 186;-1880
(toluene), (1it,13°.152-154°, tetrafluorophthalic acid).
\) pay, 3700 = 3200, 3100, 2920, 1750, 1550, 1480, 1360, 1280 and 920 cm .

Similar reactions gave the following results:-

: §ii) yellow crystals (1 week at reflux) mp. 163-183°.
Vax, 3600 - 2700, 1745, 1695, 1620, 1580, 1545, Li)0, 1415, 1360,
1255, 1160, 1075, 915, 795, 780, 755 and 690 on™,
(iii) yellow crystals, mp. 170-180°.

3l. Attempted preparation of tetrafluorophthalic anhydride (2.52)

A sample (100mg.), from expt. 30, was heated under reflux in acetic
anhydride (5ml.) for ca.2hr.. Excess of solvent was removed by distillation
to give a red cily solid. This material did not sublime,

32. Reaction of the product from expt. 25 with aniline.

A Erystalline sample (100mg.), from expt. 25, was heated under reflux
in aniline (5ml.) for ¢a. 4 hr.. A black oily residue, insoluble in ether,
' was igsolated, mp.‘V’ZSOO. This pfoduct would not sublime under reéuéed
pressure.

\) pog. 1700, 1600, 1500, 1390, 1310, 830, 750 and 695 em™ L,

23. Reaction of the product from expt. 25 with urea

A semple (100mg.), from expt. 25, was hezted at ca. 165° with urea

(100mg.) for ca. 10 min.. The residue was sublimed to yield yellow crystals
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(15ng.) mp. 95-105°,

- 34. Oxidation of tetrafluoronaphthalene.with potassium permanganate

A saturated aqueous solution of pdtassium permanganate was added
to a refluxing solution of tetrafluoronaphthalene (200mg,) in acetone
(ZOml.) over ¢a. hhr.. The dark solution was trested with sulphur di-
oxide and the resulting clear 501utidn evaporated to remove excess of acetone.

Extraction of the aqueous solution,ﬁith ether (4 x 20ml.) gave
after drying (Mgso&) a crysta11ine g01id (10mg.) mp. 154-156° (1it.13°
152-154°, tetrafluorophthalic acid). | '

\)max. 3600 ~ 2800, 1700, 1590, 1410, 1285, 1075, 910, 800,
740, and 670 on T, |

35, Reduction of the /_lkc;7—tetrafluorobenzobarrelenones (2.48)and (2.4b)

The ketomne (2.4&) (290mg.) in dry ether (20ml.) was added to a
slurry of lithium aluminivm hydride\(lOOmg.) in dry ether {20ml.) anad
stirred at room temperature for ca. 30 min.. Sulphuric acid (2m, 20ml;)
was carefully‘added and the solution extracted with chloroform (3 x LOmL,).
The epimeric Z_IAC_7-alcohols (2.88) (270mg4) wereisolated as & yellow
6il-after eveporation of the solvent. - |

The ketone (2.4b) was treated in a similar manner to yield the
same product (2,88) (210mg. ). |

Using unlabelled ketohe (2.4} en almost quantitative yield of the
crude epimeric mixturt of aslcohols had been obtained,

\7ﬂmx. 3600 - 3100, 3000 - 2900, 1500, 1390, 1325, 1310, 1120, 1115,
1105, 1065, 1035, 1000, 960, 920, 915, 865, 815, 745, and 720 om .

36. Preparation of the [flkc /-Xanthate esters (2.89) from the /mlhc /-

-glcohols (2.88).
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The aleohol (2.88) (270mg.), derived from the ketone (2.42), in
dry benzene (20ml.) was added to sodium hydride (100mg.) in dry benzene
(20ml.) under nitrogen. After the addition of ethyl alcohol (2—56rop$,
95%), the solution was stirred for ca, 3hr.. Carbon disulphide (6ml.)
was added and the solution stirred for ca. 4ihr.. Methyl iodide (6g)
was added and the solution stirred for ca. 12hr..

The organic solution was washed with water (37ml.), dried tMgSOh)
and evaporated to yield the crude ZTQAC_7;%anthate ester (2.89) (330mg.), -
&3 a yellow oil.

A similer experiment with the alcohol (2.88), derived from ketone

(2.4b) geve the é_lkqg7—xanthate ester (2.89) (310mg.).
Similar reactions using the unlabelled aleohol (2.88) gave the
required-crude ester (2.89) in a quantitative yield.
Viay, 3995, 3090, 3040, 2960, 2930, 2860, 1500, 1390, 1325, 1215,

1180, 1120, 1080, 1035, 965, 920, 865, 820, 745, 715 and 675 cm .

37 Pyrolysis; of the /'*140 7-xa.ﬁthate esters (2.89)

The / ll"CJ.-'-xanthate ester (330@.), derived from ketone (2.45),
was transferred td o pyrolysis tube with ether (2-§ml.) and the solvent
removed by evaporation., The pyrolysis tube ﬁas sealed under reduced
pressure and then heated in a furnace at ca. 230°'for gé. 25min.. The
pyrbljsis tube was removed and‘allowed to cool to room temperature. The
tube was thencooled in liquid nitrogen and the top carefully opened, using
a glass cutter. The resultant oil wes separated by column chromatography
(elumina, 1Kg., eluant light petroleum ether 40:60), collécting fractions
of ca., 250ml,. Thé fractions were checked by g.l.c. analysis and frac-

tions 16-24 contained Zrlhq£7-tetrafluoronaphthalene (80mg.), fractions
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30-39 contained / 11*0_7-1:6trafiuorobenzobarr@lena (60mg.)e
The [ 140__7-tetrafluoronaphthalene (2.58) was sublimed to constant
activity. @t congtant activity:~ L4L.9mg. gave 1932 é.p.m., Acc. 0.3%,
Count time 500min., Ch. Ratio 9.99 S 94% Eff., Blank 32 c.p.m.,
depe m./mg. 412, Specific Activity 3.71 x 1072 ) .ci /m mol,. The
value in Table I is the average of (3.71 + 3.62) x 1072 - 3,67 x 1072

]U .Ci o/memol. /.

A similar reaction involving the [140_7-xanthate ester (2.89)

(310mg.), derived from ketone (2.4b), gave / lL*CE_7--1:e1:raf‘luoron:—,xph‘l:h::a.lerie:
(2.58) (50mg.), and the [MCJ-tetrafluorobenzobarrelene (2.80) (60mg.).

The 140;7—tetrafluoronaphthalene wag sublimed to constant activity.
[Et constant activity:- 1.927mg. gave 746 c.p.m., Acc. 0,5%, Count time
500min,., Ch, Ratio 10.67 = 94% Eff., Blank 35 c.p.t., d.pem./mg. 393,
Specific Activity 3.54 x 1072 p .Ci./m.nol,, The value in Table I is
the average of (3.54 + 3.33) x 1072 = Sk x 1072 IJ «Ci./memol _7

Slmllar experiments using unlabelled xanthate ester (700mg.) gave
tetrafluoronaphthalene (2.58) (70mge) mp. 106-109° (1it.T>¢ 120-111°).
Li.n.m.r. (CDC13) T . 1.8-2,05 (2H, m.), and 2.25-2,5 (2H; m.). and
tetrafluorobenzobarrelene (280) (60mg.) mp. 75-76°, (1i’c.2Oi 70~71°).
 Yonumer. (cD013) T . 3.0-3.2 (4H, m.) and 4.55-4.75 (2H, m.).

38. Reaction of [M'GJ-’Getrafluorobenzobarrelene (2.80) with 3,6~

~3i-(2'=pyridyl)-s—-tetrazine (2.64).

The /- g -tetrafluorobenzobarrelene (60mg.), derived from the
ketone (2.4a), with the tetrazine (2.64) (80mg,) was heated under reflux
in di-n~butyl ether (20.1111.) for ca. 6hr.. Excess of solvent was removed by
distillation under reduced pressure and the residue was separated by prepara-

tive layer chromatography (silica, 3x lm.x 20cm. 0.75mm, thickness, eluant
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chloroforn). Z—lhqg7~Tetrafluoronaphthalene (2.58) (65mg.) {highest R.f.)
was isolated and the base line plus the two bands just above were also
isclated, The latter were extracted end replated. The plates were
.eluted W1th chloroform three times to enable the requmred [f 047 pyr16321ne
(2.67) (27mg ) to be obtained,

It was not possible to sublime the éﬂlﬁq;7;tetréfluoronaphthalene-
(2.58) to constant activity. [gbecific Aetivities obtained were 2.18
and 2.42 x 10“2 rj.Ci./m .mol _7 However, it was possible to recrystal~
lise the é- QJ7— pyridazine (2,67) (ethanocl) to constant actlvlty.
[At constant activity:~ 0.98mg. gave 184 c.p.m., d.p.m./mg.162; Specific
Aetivity 1.71 = 10-2 r).Ci./m.mol. The value in Table I is the average

of (1.67 + 1.6k + 1.71) x 1072

= 1.67 x 107° p <Ci./menol. 7.

The same reaction was carried out with the Z714Q47-tetrafiﬁorobenzo-
barrelene (60mg.), derived from the ketone (2.4b), to give éflhq;7-tetra-
fluoronaphthalene (2.58)l(85mg‘) and [ﬁlhq47-pyridazine (2.67) (35mgs)s

| Difficulties were again encountered in sttempts to sublime the
Z-lhq;7—tetrafluoronaphthalene (2.58) to constant activity. [Epécifip
Activities caléulated were 2.72 ahd 2.37 x 10“2 rj.Ci./m.mol._7; Once
again, it was possible to obtain constant activities for the Zﬂlhq;7-
-pyridazine (2.67) by recrystallisation, /At constant activity:-
2.37_6mg'. gave 354 c.pem., Acc, 0.5%, Ch, Ratio 8,65 I 94% Eff., Blank
3? CoDoMe, d.p.m./mg. 143, Speoific Activity 1.51 x lO"2 r}.Ci./m.mol..‘
The value in Table II isbased on the average of (1.51 + 1.47) x 1072

- 1.9 % 1072 P 0i/mumol. 7.

A procedure using unlabelled tetrafluorobenzobarrelene (100mg.)
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gave tetrafluorcnaphthalene (30mg., 34%) mp. 105-107° (11‘5.130110-1-1'110)

and the pyridazine (30mg., 29%) mp. 179-181° (ethanol) (1it°62

mp . 176-177°).
_lH.n.m.I"- (CDCI3)T1|1"103 (6H, m.), 1095"2¢2 (2H’ m.) and 20&-5"2-70 |
(2H,m.). | '

39. Reaction of tetrafluoronaphthalene with tetrachlorobenzvne,

'lTetraohloroanthranilic acid (l.l?g,; 0.00&}H.).iﬁ tetrahydrofuran
(20ml..) was treated with fluoroboric acid (0.8z., 40%) and stirred for
cae. 5ming, The solution was e#apofate&, ether (20ml,) added, and cooled.

to ca. 0°. Iso-anyl nitrite (0.5ml.) was added and the solution stirred

for ¢a, 30min.. The solution was evaporated and tetrafluoronaphthalene

(851g., 0.00041,) in carbon tetrachloride (20ml.) added. Pyridine
-(0.55., 0.,00554.) was added and the_solution stirreﬁ for ca. 1l5min..
Vork-up yiélded a red-oily solid (IOOmg.) after separation by column
chromatograpﬁy (alumina, 100g., eluant benzene). |
Thin layer chromatography (silica, 20% etheﬁ/light petrbleum ether)
and g.l.c. anélysis indicated the prodﬁct ﬁas mainly the starting tetra-

fluoronaphthalene,

LO. Reabtion of tetfaflﬁoronapﬁthélene with tetrafluorobenzyne.
Bromopentafluorobensene (1g, kmit.) and magnesium (0.2g.) were re-
acted in dry ether (20ml,) to form penféflﬁorophenylmagnesium bromide.
Tetrafluoronaphthalene {600mg, 3mM,) in dry ether (10ul.) was added.
- The reaction procedure and work-up were similar to that described
in expt. 21. A white crystalline compound (400mg.) was isolated by
column chromatography (alumina)3 Analysis of the product by t.l.c. and

gsl.c. indicated only the starting tetrafluorconaphthalene,
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4. Reactioﬁ of tetrafluorobenzcbarrelensone with toluene-n-sulphonyl
hxérazihe. - |
Tetrafluorobenzobarrelenone (0.5g, 0.0021M,) and toluene-p-sulphonyl

hydrazine (0.hg, 0.00221.) were heated under reflux in 4dry benzene (75ml.)
in_a Dean and.Stark distillation apparatus for ca. 5 hr.. The reaction '
: was followed by tleces

| Eveporation of the solvent gave thé crude tosyl hydrazone (2.84)
(950mg.);as pale yellow crystalse | | |

Vpax, 3220, 1595, 1500, 1450, 1400, 1340, 1165,'1120, 1050, 1035,

915, 870, 815, 800, 765, 725, 705 and 680 ot

. The crude product was used directly in expt. L2.

L2, Reactioﬁ of the product from expt.lhl with neButyl-Lithium.

The compound (950mg.), from expt. 41, was treated with n-butyl-
~lithium (5ml, 1.3¥ soln.) and stirred in ether (30ml.) for ce. 12 hr..
The solution was quenched with water (20ml.) and extracted with ether
(3 x 25ml,.) which on evaporation gave a rea oil. Separatibn by prepéra;
tive layer chromatography (silica, 10 x lm. x 20 cm, O.?Emm. thickness,.

eluant light betroleum ether 60:80) pgave féuf major products, (i) (20mg.),
(i1) (BOmg.), (1ii) (10mg.) and (iv) (10mg;) in order of decreasing Rf,
values. Analysis of the products by g.l.c. indicated that none of the
products (i) - (iv) contained appreciable amounts of the required tetra-
fluorobenzobarrelene (2.80).

4%, Preparation ofJ/ZHlAC 7—l-methoxytetrachlorobenzobarrelene (2.2).

The basic procedurse was as described in Chapter 1 expt. 3 using

hexachlorobenzene (28.5g, 0.1M.) and ZK-140_7Fanisole (8g, 0.074Me)..
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At the end of the reaction crude ZZ—IAQ47~anisola (7g.) was re-
covered by distillﬁtion ynder reduced pressure.. The residue was separated
on a s;ilica column (500g.) eluting with light petroleum (40:60) for
frections 1-11, 5% ether-light petroleum for fractions 12~20 and-IO%
ether~light petroleum for fractions 21-3L4. The fractions (gg.iSOOml.)_
were checked by g.l.c.

Fractions 24~31 contained a very crude sample of the required
éz-lhc;7—l—methoxytetrachlorqbenzobarrelene (7.5g+). This sample was
set aside for deéhlorination to ZK—ILC_7;l-methoxybenzobarrelene (2;3)

expt. bho

The procedure was repeated using hexachlorobenzens (1k.25g, 0.05M,)
and the recovered crude anisole (ez. 78.). A further quantity of the
required product (2.2) (1.94g.) was isolated. |

The above sample (i.9hg.) was diluted with l-methoxytetrachloro-
varrelene (1.0g.) and the combined sample counted to consfant acfivity. :
@t constant activity 2.05mg. gave 995 c.p.m., Acc. 0.3%, Ch, Ratio
10,75 = 94.5% Eff., Blank 35c.p.m., d.p.m./mg.s97, Specific Activity
7.2 x 1072 J.01./mmol. 7

| The diluted sample (2.94g.) was divided into two samples of (1.03g.)
for each rearrangemént, expt. 45 and 46, The remaining sample (0.88g.)
had:,to be diluted again with l-methoxytetrachlorobenzobarrelene (1.0g.)
for the second attempt at degrading the ketones (2.5a) and (2,5b), This
sample was again recrystallised to constant activity. ZIt constant ac-
tivity 1.157mg. gave 348 c.pems, Acc. 0.5%, Ch. Ratio 9.6 Z L% Eff.,
Blank bk Gopeme, Gepome/mg.282, Specific Activity 4.09 x 1072 \1.Ci./

m.mol, The value in Table IVA and IVB is an average of (4.09 + 4,04) x 102




equals 4.07 x 10_2 t).Ci./m.mol.é?
Similar reactions using unlabelled anisole gave a 25.5% yield “
of the crude l-methoxytetrachlorobenzobarrelene (2.2) mp. 119-1210

14b

(ethanol) (lit.” " mp. 122°).

o Prépafation of /Z;IAC 7-1-methoxybenzobarrelene (2.3).

! _ :
Zﬂ-l+Qi7ﬂl-methoxybenaobarrelene was prepared by the dechlorination
) _
of the crude éﬁ-l+Q;7-1-methoxytetrachlorobenzobarrelene (Eﬂ° 784} s

prepared in expt. 43,'using the basic procedure described in Chapter 1

expt. 2.

The crude reaction mixture was separatedroh an alumina column (5005.)
using light petroleus ether (40:60) as the eluant. Fractions (ga. 250ml.)
were taken and checked by g.l.cse Fractions 35-42 contained the required
Zz-laqg7—1—methoxybenzobarrelene (1.2¢.) which was isolated as a pale
yellow 0ile o

The product was diluted with l-methoxybenzobarrelene (1.0g.) and
recrystellised éiight.petroiéum (40:6Qi7to-constant activity. -éﬁt.con-
stant activity:~ 1.049mg. gave 540 CeDoll,, Acc. 0.5%, Ch. Ratio 9.45 =
9L% Eff., Blank Al c.p.m., d.p.m./mg. 506, Specific Activity k.19 x 10'2

\j.Ci./m.mol.. The value in Tables V and VI is an average of {4.19 +
1.09) x 1072 equals 4.14 x 107 |J.Ci./mumol. 7. '

L5, Rearrangenment of /Z - 1&0 7Ll-methoxytetrachlorobenzobarrelene (2.2)

in concentrated sulphuric acid.

Zﬂ-lhcﬂ7-1-methoxytetrachlorobenzobarrelene (1.03g.) was shaken
in concentrated sulphuric acid (20ml.) at room temperature for ca. 8min..

The solution was guenched on ice and extracted with chloroform (4 x 40ml.).
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The organic extract was dried (ﬁgéOh) and evaporated to yield an oil.

The o0il was separated by preparative layer chromatography (éilica,
10 x 1lm, x 20em., 0,75m.m, thickness, eluant 25% ether/light petroleum
40:60). Crude ZT140_7Ltetrachlorébenzobarrelenone (2.52) (1g.) was isolated
23 the major producto

The ketone (2.%a) was rebrystallised (methanol) to consfént acﬁivity.
éKt constant activity:- 5.706mg. gave 2859 CuePoMo, Acc, 0.2%, Ch. Rafio

9L% Eff., Blank 35 cupem.; d.p.m./mg.527, Specific Activity

a1

9.04
7.31 % 1072 }J.Ci./m.molﬂ;7.
The same rearrangement was‘cgrried out on the further diluted sample
of {2.2) (0.94g.) and the ketone (2.5a) isolated (521mg,.) and counted to |
constant aétivity. Zﬁt constant actiyity:- 1.571mg. gave 473 c.p.m;,
Aoc. Q. 5%,. Ch. Ratio 8.2 = 947 Eff., Biank 42 C.p.l., d.p.m./mg.293,
Specific Activity 4.06 x 1072 }J C%/m mol,_/

7 A gimilar procedure u51ng l-methoxytetrachlorobenzobarrelens gave
the required ketone (2.,5) in 56% yield, mp.175-176° (1it.”%°166-168).
\)nms. 2960, 2930, 1740, 1380, 12?0, 1140, 1120, 1070, 740, ?10;

- 690, and 650 on L,

Yo, (cnclj)'ﬂr. 3.0-3.4 (2H, m.); 4.9-5.1 (1H, m.), 5.1-5.3 (1H, m.)

and 7.6-8.2 (2H, octet AB of ABX).

L6, Reérrangement of /Z;lhc 7-1-methoxytetrachlorobenzobarrelene {2,2)

in dilute sulphuric avid

Zﬁ-lhc ~1—methoxytetrachlorobenzobarrelena (1.03g.) was shaken

with dilute sulphurlc acid (H : Hy0, 4:l %/, 40al.), at 80° for

Iy

ca, 80min.. ‘The solution was gquenched on ice and the required ketone

(2.5b) (450mg.) isolated as described in expt. 45.

-
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The ketone was recrystallised end counted to constant activity.

ZKt constant activity,~ &.4h7mg. gave 2233 c.pem., Acc. 0.2%, - Ch,. Ratio

[RL

9,6y = 94% Eff., Blank 35 c.p.m., d.p.m./ng.526, Specific Activity
2

7.30 x 10°° P.Ci./m.mol.].
The same rearrangement wés carried out on the fufther diluted sample
of the compound (2.2} (0.%g.) and the ketone (2.50) (470mg.) was s solated
and counted to constant activity. égt constént gotivity:~ 1.571mg. gave
L?} C.pelte, Acce 0.5%; Ch, Ratio 8.2 = 94% Eff., Biank 43 c.p.m.,
d.p.m./ng.293; Specific Activity 4.06 x 1072 \j.Ci./mumol. 7.
Experiments with the unlabelled compound (2.2) gave a 45% yield of

the required ketone (2.5).

L7. Rearrangement of /Z;ILC /~l-methoxybenzobarrelene (2.%) in concen—

.trated sulnhuriec acid.

The Z714Q47 compound (2.3) (lg.) was shaken in concentrated sulphuric
acid at room temperature for ca. 2min.. The solution was quenched on iqe
‘and extracted with ether (4 x 25ml.). The ethe¥eal solution was dried
(Mgsoh) and evaporated to give an oil, .

The oil was seperated by prepafative layer chromatography (silica,
10 x 1m, x 20cm., 0.75m.m, thickness, eluant 20% ethen/lightlpetroleum).
| Crude [_lhqi7-benzobarre1enone (2.6a) (630mg.) was isolated as the
major product. Thé ketone (2.62) was recrystallised (light petroleun)

to constant activity. Zﬁk constant activity:= 1.173mg. gave 639 c.p«d.,
" Acc, 0.5%, Che Retio 9.5 = 947 Effs, Blank 4k c.o.m., d.poms/mg.542,

Speecific Activity 4.15 x 10"2 r;.Ci./m.mol..' The value in Tables V and VI

2

is an aversge of (4.15 + 4.27) x 1072 = .21 x 1072 p .Ci./mumol, 7.

Experiments with the unlebelled compound (2.3) gave ca. 54% of the
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ketone (2.6), mp.5h-56° (Lit.or 56-58°), _
Vyor, 3980, 3015, 2930, 1735, 1470, 1460, 1410, 133k, 1300, 15,
1120, 1080, 960, and 687 cu T, | |
li.nomer. (001,) T+ 2.55-2.95(AH, m.), 3.05-3.6(2H, m.), 5.57 (1M, ai),

5.6=5.9 (1H, m.) and 7.5-8.3. (2H, octet AB of ABX).

48. RearrSngement of /£-1hC 7*1-ﬁethoxybenzobarrelene {2.3) in ailute

sulphurie acid,
| Dilute sulphuric acid (ijl., H2SOJ+ : Hy0, 4:1, f/v’) was heated to
Ch. 80° and added to the 4'14047-compound (2.3)‘(15.). The solution was
- ghaken for ¢a. 2min. and then quenched on ice.

The crude anhqg7—ketone (2.6b) (300mg.) was isolateﬁ as described
in expt. 47; The ketone wWes recrystallised and counted to constant activity.
/At constant activity:; 1.106mg. gave 621 c.p.m., Ace. 0.5%, Ch. Ratio
9.65 = 94T Bff., Blank bk c.pem., d.p.m./mg.558, Specific Activity
L.27 x 1072 ry.Ci./m.mol.. Value in Tables.v and VI is an averagé of
(4e15 + 4.27) x 1072 = 4,21 x 1072 i monol.Jo

| Unlabelled experiments'gave ca, 48% yields of the benzobarrelenone
(2.6).

49. Atterpted preparation of tetrachlorobenzobarrelens (2,105) from

‘tetrachlorobenzobarrelenone (2.5).

The ketone (2.5) (0.58.) in dry ether (20ml.) was added to lithium
aluminium hydfide (200mg. ) in etﬁer (20ml.) and stirred for ca. 30min..
Dilute sulphuric acid (2M, 20ml.) was carefully added and the solution
extracted with chloroform (3 x 40rl.) to yield the mixture of épimeric

alcohols {2.103) (490mg.) as a yellow oil,
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The oil was treated with sodium hydride (QOOmg.); carbon disvlphide
(12ml1,), and methyl iodide (6g.)‘by'the_procedure descrived in expt;'}ﬁ;-
The xanthate esters (2.104) (0.91g.)were extrécted as a crude yellow oil.

\)max."z9zo, 2860, 1380, 1210, 1185, 1160, 1150, 1115, 1070, 1050, |
1030, 1010, 960, 870;'860,'820; end 705 ont. -

.Pyrolysis of the xanthate'ester at ca. 2300 for ca. 30 min. yielded.
a dark red oil. -Column chromatography (alumina, lKg.,'eluaﬁt light
petroleum -~ 10% ethenﬁlight pétroleum) gave 30 fractions (ca. 200ml./frac-
"tion). Analysis by g.l.c. indicated frazctions 11-17 contained tetrachloro-
naphthalene (100mg., 23%) mp.186-188° (11t.5%p.198%), but only traces
of tetrachiorobenzobarrelene weré indicated in the rémaining fractiocns,

The procedure was repeated with a shorter pyrolysis time ca. 20min.,

but again g.l.c. anslysis indicated < 10% of the required tetrachloro-

benzobarrelene,

50.k Attempted preparation of benzobarrelene (2.83) from benéobarreienone
2,6 | |
Benzobarrelenons (500mg.) wes reduced to the mixturé of.epimeric‘
alcohols (2.85}(550mg.) as described in expt. 49,
Vg, 3600 = 3100, 3060, 3020, 2960, 2940, 1475, 1460, 1350, 1315,
1250, 1165, 1145, 1110, 1070, 1005, 990, 940, 830, 755, 700,
. and 690 cmnl. ' | | |
The alcohols (2.85) were converted into the xanthate esters (2.86)
(900mg.) also as described in expt. 49.

v

3060, 3020, 2960, 2940, 2860, 1475, 1460, 1420, 1345, 1320,

MAX o
1205, 1180, 1160, 1145, 1110, 1070, 1040, 1020, 980, 965, 830,

820, 755, and 705 om T,
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Pyrolysis of the xanthate esters (2.86) at ca. 230° for ca. 20 min,
gave a red oil which on analysis by g.lwic. indicated a ratio of naphthalene ¢
benzobarrelene > 90 : { 10,

51. Preparation of tetrachlorobenzobarrelenone. (2.5).

Fluorosulphoniec écid'(6m1.) was cooled to ca. -70° and stirred.
The ccméound (2,2)-(33.).was added and the solution allowed to stir and
warm slowly to room temperature.

After quenching in ice (100g.) the aqueous solution was extracted
with ether (5 x 50ml,.). The ethereal sclution was washed with wafer
(100m1,), potassium bicarbonate (100ml., saturated soiution); dried
(MgSOu) and evaporated to‘give an orange oil., Recrystallisation of the
0il gave tetrachlorobenzobarrelenone (2.0g, 70%), mp. 172-174°, (1it.2Oc
166-168°). | | "

52. Pyrolysis of Tetrachiorobenzobarrelene. (2.105).

Tetrachlorobenzobarrelene (L4.2g.) was sublimed through a flash
thermolysis apparatus at.gg. 6500 under an atmosphere of dry, oxygen
lfree nitfogen and at a reduced pressure (im.m.,Hg.,) for ca. 20 min..

The product was plaﬁed on a chromatography ﬁolumn (alumina, 500g,)
and elusted with light petroleum (60:80) to yield tetrachloronaphthalene
(2.90) (3.6, 94%) mp. 185-186° (ethanol) (1it.°7 mp. 198°).

Y onamor. (epc1,) T+ 1.5-1.7 (28, m.) and 2.2-2.3 (24, m.).

53, Attempted oxidation of naphthalene.

To a solution of naphthelene (lg.) in acetone (25ml.) heated under
reflux was added saturated aqueous potassium permanganate (26.3g/100ml.)
drop-wise over a period of ca. 6 hr.., The solution was heated under reflux

for La. 12 hr..
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The solution was filtered and the filtrate extracted with ether
(4 x 25ml.}. The ethereal solution was extracted with sodium bicarbonate

solution and the remaining ether solution dried(MgSOh1) end evaporated

\)max. 3070, 3000, 2970, 2865, 1700, 1600, 1510, 1385, 1265, 1120,

1110, 1005.and 995 cm .

. Acidification of the sodium bicarbonate solution, extraction with

ether (4 x 25ml.) and eveporation gave a yellow oil {(100mg.).

ey, 3600 = 3400, 3100 - 2900, 1705, 1615, 1375, 1360 and 1170 en™

to yield a yellow-vhite crystalline solid (1g.) . _
|

S5he Attempted oxidation of naphthalene,

Dicyclchexyl =18-crown 6 (1g.) in dry benzene (150ml,.) was stirred
at room temperature. Potassium permanganate (1.98.) was added followed

by naphthalene (lg.). The combined solution was stirred at room temperau

The work-up procedure was as described in expt, 28. to give an
orange oil (100mg.)

'\]max_ 3100 - 2800, 1740, 1500, 1450, 1300, 1200 and 1150 - 1100 cw t.

55. Attempted oxidation of naphthalene.

ture for ca. 12hr. |
Sodium hydroxide (20ml, O.5N.), dioxan (100ml.), and naphthalene

(1gs) were heated under reflux and potassium permangenate (9.89g.) in

water (70ml.) was added over ca. lhr.. The solution was refluxed for

La. éhr..

| The solution was filtered and the filtrate éxtracted with ether

(4 x 20ml.). The ethereal solution was evaporated to yield recovered

naphthalene (0.9g.),

The remaining aqueous frection was acidified and extracted with ether




(4 x 25ml.) to give an orange oil {(200mg.).

\]max‘ 3700 ~ 2000, 1700, 1400, 1275, 1005,'900, 790, 730 and 660 et

56. Attempted oxidation of naphthalene.

A solution of potassium permanganate (9.89g.) in water (70ml.)'.
was adééd over a pericd of ca. lhr. to a'reflﬁxing solution of sodium:
nydroxide {20ml, 2N,) and naphthalene (1g.). The solution was heated
under reflux for ca. 2hr, and then ethyl alcohol (200m1l.) added.

| Filtration and extraction with ether (3 x 30ml.) gave naphthalene
(300mg. ). |

Extraction of the remaining aqueous fraction with ether (4 x_Zle.)

gave 2 white crystelline compound (600mg.) mp. 135-145°,

N 3700 - 2700, 1780, 1745, 1690, 1465, 1400, 1280, 1230, 1195,

mMaXe
1155, 1100, 1075, 1000, 925, 790, 760, 730 and 690 cm L.

57. Attempted oxidation of naphthalene.

The same procedure as expt. 56 was used but under acidic¢ conditions,
using haphthalene‘(lg.), hydrochloric acid (2N, 25ml.) and potassium
permanganate/water (iOg/?Oml.)° Normal workwup pfocedure gave:-

(i) (basic extract) yellow.oil (100mg.)

(ii) (acidic extract) pink oily solid (600mg.).

© 58, Abtempted preparation of Phthalimide (2.107).

The products isolated in the oxidation reactions expt, 53-57 were
treated with concentrated ammonium hydroxide as described in expt. 26.

The following results were obtained:=

Starting Material ' PRODUCT
(1)  100mg. White crystals (20mg.) sublimed at 110-120°

at 0.5-0.1m.m.Hg. mp. 210-215°

\}max 3200, 3040, 1775, 1740, 1600, 1460, 1380, 1300, 1045 and 705 cm .
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(i1) 100mg. yellow-green oily solid. ( & 20ug.)
'(iii) 4,00mg. | white crystals (20mg.) sublimed at 120-130°
| (0.2m.m.Hg. ).
Jyay, 3600 - 2800, 1775, 1745, 1690, 1605, 1585, 1465, 1400, 1305,
1280, 1065, 1050, 900, 795, 730; 710 and 665 en L,

59, Resction of tetrachlorobenzobarrelenone with furan.

‘Tetrachlorobenzobarrelenone (100mg.) and furan (2ml,) were sealed
in a Carius tube &nder vacuut. The tube was placed in a constant water
bath at ca. 40° for 2 weeks.

Eveporation of excess of solvent yielded a grey crystalline compound -
(212mg.). Thin layer chromatograﬁhy (20% ether/1light petroleun) and
i.r. spectroscopy indicated only the starting ketone {2.5).
| \)&mx. 1740, 1380, 1310, 1270, 1165, 1145, 1125, 1075, 970, 900,

805, 745, 715, 690 and 655 on L,

6£0. Reaction of tetrachlorobenzobarrelenone with toluene-p-sulphonyl

hydrazine (tosyl hydrazine).

' Tetrachlorobénzﬁbarrelenone (400mg, 0.,001M.) and tosyl hydrazine
(240mg, 0.0013K.) were heated under reflux in dry benzene (75ml.) in a
Dean and Stark distillation apparatus for ca. Shr.. The reaction was
| followed by tel.Ces

The solution wés evaporated and the yellow solid residue re-
crystallised (benzene) to give a white crystalline solid (140mg.),
mp. 229-230°,

A second reaction using tetrachlorcbenzobarrelenone (500mg, 0.0016M.)
and tosyl hydrazine (300mg, 0.0016M.) gave a pale yellow goliad (700mg.)

mpe 227-230°.
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N

Ly, 3700 = 3300, 3220, 1k90, 1400, 1380, 1345, 1295, 1165, 1115,
1085, 1040, 1015, 940, 910, 865, 810, 795, 760, 710, 700,
675, and 655 on Y,

1H.n.m.?.'(CD013) T . 0.1 (sy 1M, DO exchange), 2.2-2.3 (2H, a.),
-'2.64;3.6u'(2ﬂ, 3e), 3.2-3.4 (2H,m.}, 5.1-5.25 (1H, m.); 5.3-545
(1, n.) and 7.35-7.9 (5H, m, 7.53 (5) and 7.35-7.9 /AB of ARX /).
The date fits that required for the tosyl hydrazone (2.110);

61. Atteﬁpted degradation of the tosyl hydrazone {2.110)} fo tetrachloro-

benzobarrelene (2.105);
A number of procedures were investigated:-

(i) The tosfl hydrazone (2.110) (100mg.) iﬁ'dry ether (30ml.) was
atirrea ét room temperature under nitrogen, n-Butyl-lithium in
hexane (0.15ml.) wes slowly edded ard the solution stirred for
ca. i%hr.. Water (50ml.) was added and the solution extracted:
with ether (3 x 25ml.). Evaporation of.the dried (Mésoa)
solvent gave & yellow-crange solid (60mg.).

2900, 2850, 1370, 1330, 1210, 1155, 1090, 1020, 750, and 655 cu .

V nex.
H.m.r. (cD013) T . 2.1-2.2 (m.}, 2.5=2.7 {m.), 3.0-3.2 {(m),
3.3-3.5 (m.), 7 .62 (é) and 940-9.2 (m.)
(i1) The same procedure as (i) was used but an excess of E—butylnlifhium
(0.7m1.) was used. A similar orange solid was isolated (90mg.).
Yonem.r. (cncls)’1’ . 2,18 (s.), 2,26 (3.}, 2.65-2.8 (n.),
3.0-3.2 (me), 3.3-3.5 (m.), 7.62 (s.); 8.73 (s.) 2nd 9,0-9.2 (m.).
(iii) The tosyl hydrazone (100mg.) was reacted with sodium (300mg.),
%-butyl-alcohol (0.3ml,),and tetrshydrofuran (50ml.) using the

standard dechlorination procedure described in Chapter 1 expt. 2. An
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oily solid was obtﬁined.
onumar. (chlj)'T“. 2.7-3.1 (), 3.2-3.k (8), 5.4-5.5 (a.)
| | and 7.62 (s.). _
(iv) A second resction involving sodium (1g.); t-butyl-alcohol (2&1.),
and tetrahydrofuran (60ml.) and the same procedure as (iii) gave
a yellow-orenge solid (30mg.).
(v) The tosyl hydrazone (IOOmg.)'was added to a solution of f-butyl-
~alcohol (25ml,) and potsssium (50mg.). The solution was stirred
’

gt room temperature for ca. 12hr, and then evaporated. Water (25ml.)

 was addsd and the aqueous solution extracted with ether (3 x 25ml.).

Evaﬁoration of the dried (MgSOA) solvent gave white crystals
.(70mg.); The product had a similar Yionen.r, spectra to that of
the tosyl hydraﬁone-(2.110)}
~ {vi) The tosyl hydrazone (100mg.) in dry ether (30ml.) was stirred and
n=-butyl-lithiun (0.5ml, 1.3M soln.) was sdded. After_stirfing
for gg.‘lhr. further Erbutyl—lithium,(0;5ml.) was added and the
solution stirred for c¢a. 1zhr., The solution was quenched and
extracted to yield an orange oil (100mg.). The oil was separated
by preparétivé layer chromatography (silica, 2 x lm. x 20cm.,
0.75m.m. thickness, eluant light peirolsum 60:8@). Thqee pro-
ducts were isolated, in order of decreasing Rf. value:-
(1) (20mg.) Monomor. (ch13)'T’. 1.9-2.1 (m,), 2.4-2.6 (m.),
2,73 (§4), 7.0-7.2 {m.) and 8.2-9.4 (broaa smultiple band).
(2) (10mg.) MHonm.r. (cped ) T . 3.0-3.2 (m.), h4.6-4.8 (m.),
7.3=7.5 {mn.) and 8.3-9.2 (broad multiple band).

(3) (10mg.) M.onomer. (CD013) V. 2.6-3.2 (m.), 7.69 (5.) and 8.3-9.2
(broad multiple band).
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62. Reaction of Benzobarrelenone with tosyl hydrazine.

Benzobarrelenone (SOOmg; 0.00294,) and tosyl hydrazine (528ﬁg,
0.00284.) were reacted acéording to the procedure described in expt. 60.
_Evaporation of the solvent gafe an oily solid which was recrystal-
lised to give a white crystalline solid_(O.B&g.) np. 167-168° (ag. ethanol).
| .A'sihilar reaction using benzobarrelenone {440mg, 0.0025M;) and
tosyl hydrazine (AGOmg, 0.0025M,) gave a crude pale yellow solid {1lg.).
\)max.' 33?6, 3320, 3060, 3020, 2970, 2920, 2850, 1640, 1595, 1490
| 1470, 1460, 1400, 1330, 1305, 1290, 1210, 1180, 1160; 1090,
1020, 930, 915, 830, 810, 755, 700, and 655 cm ~.

Y nam.r, (09013) ’ri 2.16 {(1H, s), 2.25 (1H, s), 2.3-2.5 (1H, broad),

2.65-3.0 (7H, m), 3.3-3.5 (11, m), 5.35-5.5 (i, n),
5.75-5.90 (1, m), 7.59 (3H, s) and 7.83 (2, s).
The above spectral data would fit the féquired tosyl hydrazone
(2.82) plus a trace of unreacted tosyi hydrazine, .

63. Attempted degradation of the product from expt. 62.

The product (IOOmg;), ffom expt. 62, was suspended in dry ether
(30ml.) and stirred under nitrogen. n-Butyl-lithium (O.Sml.)lwas added.
After ca. lhr, further n-butyl-lithium (O°5ml.) was added. The solu-

~fion ﬁas stirred for ga. l2hr,. Water (25ml.).was added and the aqueous
solution ektractea with ether‘(E x 25ml.). Evaporation gave a yellow -
0il (t.l.c. indicated 2 products), The oil was separated by preparative
layer chromatography (silica, 1 x 1m. x 20cm., 0.75m.m. thickness,
gluant light petroleum 40:60) to yield (i) (highest Rf.) 5mg. and (ii)

2bng.

217,




Yonom,r. (CDGls)'hTF. 2.7-2.9 (m.); 3.0-3.2 (m.) and k.95-5.15 (m.).
The above reaction was‘repeated on & larger scéle the compound
(2.82) (1.05g.) and g—butylélithium (2 x 5.0ml.), A crude oil (0.74g.)
was lsolated whioh'was geparated as above to give three products, in'
order of decreasing Rf. value:= (i) 6Omg. (ii) 80mg. and (iil) 230mg.
lgmom.r. (cnc13)'T” . 2.7-2.95 (m.), 3.05-3.2 (m.), 5.0-5.2 (m.),
7.7 (s.) and 8,3-9.2 (broad band).

64, Dechlorination of tetrachlorobenzcbarrelenone.

The procedure was as deécribed in Chapter 1 éxpt. 2 using tetra—.
chlorobenzobarrelenone {lg, 3.2m.M.}, sodium {1g.), t-butyl-alcohol
(3ml.), and tetrahydrofuran (60mL.). 7

Nonal work up gave an ﬁrange 0il (0.4g.) which was identified by
g.l.Co and‘lﬁ.n.m.r. spectroscopy to be mainly tetralin (é.ll}).
1H.n.m.r.-(CDCl3)FTf. (crudelproduct); 2,98 (8), 7.1-7.4 (m.),

8,1~8.3 (m,) and 8,7-9.0 (m.).

65. Dechlorination of Tetrachloronsphthalene

'The procedure was as déscribed in_ChaPter.l expt. 2 using tetra-
chloronaphthalene (2g, 0.0075M.), sodium (2g.), t-butyl sleohol (6ml.),
end 'THF. . (100ml.). The reaction was followed by gelsCee
- The solution turned purple aftéf ca, 2hr.. After refluxing for
2khr., normal work-up procedure gave an orange oil (1.1g.). Separation
on & short chromatography column (alumina, 50g.), eluant light petroleum
(40:60), yielded a colourless oil {0.7g.)

Anelysis by g.l.c. and lH.n.m.r. spectroscopy showed the oil to be

mainly tetralin (2.113).
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1;{,nnm.r° (CDGlB)'T. 3,03 (I, s.); 7174 (UE, me) and 8.1-8.4
(L, m) |

66. - Reduction of Navhthalene

Nephthalene (13,.0.0078M.) was reduced under the conditions used
for dechlorination (Chepter 1 expt. 2) with scdium (1g.); t-butyl
élcohol (Bml.),and THF (50ml.). The solution was heated under reflux
zghr. and the reaction followed by geleces

Normal work-up procedure gave a pale yellow oil (lg.). Analysis

by gelec. indicated the product was mainly tetralin (2.113).

67. . Reaction of the 5714047—tetrachlordbenzobarrelenones (2.52) and

(2.5b) with phenvyl magnesium bromide.

Magnesium (72mg.) in dry ether (2ml.) was stirred whilst bromo-
benzene (4hihmg, 2.8m.M,) in dry ether (5ml.) was slowly added. The
solution‘dafkened as the magnesium dissolved.

The Z-}ad ~ketone (2.5a) (ca. 600mg.) in dry ether (20ml.) was
added and the solution stirred for ca. iZhr.f The reaction was_followed
by teleCeo

A thick slurry was forﬁed‘and to this water (20ul.) was added.
Ether (3 x 25xl.) extraction gave a yellow-green oil (700mg.}. The
oil was separated by preparative layer chromatography (silica, 10 # im.
x 20cme, O0.75m.m, thickness, eluant 20% ether/light petroleum 40:60),
Two products were isoléted, (i)'(highest Rf.) 100mg. and (ii) the re-
quired 4—14Q47-phenyl'carbinol (2,114) (630mg.).

A similar reaction using the ZribC;7-ketone (2.5b) (ca. 500mg.}

with bromobenzene (370mg.) and magnesium (60mg.) gave the same two
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products (i) 130mg. and (1i) the é’ihq;7-pheny1 carbinol (2.114) (450mg.).
Experiments using unl&belled tetrachlorobenzobarrelencne also

gave the two products (i) and (ii) Product (i) was- identified as

- biphenyl by comparison with authentic material.

Product (ii) was idéntified as 2,3-3ihydro=-2-hydroxy-2-phenyl-
tetrachlorobenzobarrelene (2.11&) by comparison of its spectral data
with authentic material.zoe The crude prﬁduct was isolated in a quan-
titafive yield as a yellow-green oil. Recrystallisation (ethanol)
gave the product (2111&) as a white erystalline solid.

\Y,

nax. 3550, 3450 (broad), 3080, 2995, 2975, 2945, 1450, 1380, 1345,
1325, 1315, 1280, 1265, 1220, 1195, 1170, 1090, 1060, 1020,
990, 785, 765, 735, 705, and €85 om T,

68. Thermal decomposition of the /"¥*¢ 7-2,3-dihydro=2-hyaroxy-2~phenyl-

tetrachlorobenzobarrelene {2,114},

The crude é“lhq;7-pheny; carbinol (2.114) (630mg.) in ary aimethylf
formamide (50&1.) was heéted under reflux for ca. l2hr.. The cool reaction
mixture was poured into water (300ml.) and extracted with ether (3 x 75m1.);
The combined extracts Were.washed with water, dried (M8564) and care-
fully evaporated under reduced pressure. The residue was purified by
preparative t.l.c. (silica, 10 x 1m, x 20cm., 0.75m.m. thickness, eluant
209 ether/light petroleum 40:60) to give:—

(1) £—14Q47-te%rachloronaphthalene (2.90) (370mg.)

(ii) crude acetophenone (220mg,)

The 1714C~7~tetracﬁloronaphthalene (2.90) was sublimed to constant
activity. /At constant activity:- 2.13lmg. gave 1265 c.p.m., Acc.

0.5%, Ch. Ratio 10,12 = 94% Eff., Blank 42 c¢.p.m., d.p.m./mg. 612,
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Specific Activity 7.34 x 10—2_k3.8i./m.molﬂi7.
4 similar reaction was_carrieﬁ out” using the Zﬂlhq;7—pheny1 car-
binol (2,114) (450mg.), derived from the Zﬂl%Cﬁ7;kefone (2.5b), to gife:-
(1) Zfihc;7-tetrgchloronaphthalene (2.90) (300mg.).
(1i) crude acetophenone (130mg.)
The 1—14QJ7-tetrachloroﬁ&phthalene_(2.90) was sublimed to con=
stant activity. /At constant activity:~ 1.649mg. gave 973 GuDelle,
Accs 0.3%, Ch. Ratio 10.51 I 94% Eff., Blank 42 G.pom., d.p.m./mg. 602,
Specific Activity 7,30 x 1072 r:.ciﬁ/m.molﬂ;7.
Reactions using the unlabelled phenyl carbinol (2,114) (590mg.)
- gave tetrachloronaphthélene (2.90) (330mg, 81.2%), mp+186-187° (;it.69
mp.198°) and crude acetophenoné (2.116) (280mg., oil).
\ pag, 1699, 1605, 1585, 1450, 1360, 1315, 1300, 1265, 1180, 1075,
1025, 955, 890, 755, and 685 cx .

£9. Preparation of the acetophenone oxime (2.117)

The crude acetophenone {(220mg.), from expt. 68; was added to
hydroxyiamine hydrochloride (iOOmg.) and sodium acetate (200mg.) in
water (5ml.). Drops of ethyl alcoh§1 (95%) were added until a clear
.901ufion was obtained. The solution was heated on & steam bath for
ca. 5min, and then cooled.

The required oxime (2.117) was isolated by filtration as white
crystals (252g.), mp.50-55°, (lito67600).

A similar reaction using the second crude soample of acetophenone
(130mg.) gave the same product (2.117) (20mg.).

The two samples of the oxime (2.117) were counted in the normal

221,



way and found to contain no activity above that expected for background.
Reactions using a standard sample of acetophenone gave the oxime
(2.117) as a vhite crystalline compound, mp,59-60° (water), (1it.6760°5.
\)max' 3500 - 2500 (broad), 1495, 1440, 1415, 1360, 1310, 1300, 1230,
1155, 1075, loob, 970, 920, 755, 685, and 645 om T,
1H}n.m.r. (CDCIB) T. 2.25-2.49 (2d, m), 2,52-2.70 (3H, m,) and 7.7
(3H, 5+). |
70. Dechlorination of the [:14C47-tetrachloronanhthalenes {2.90)

- The'crude [nl#QJ7—tetraéhloronaphthalene (370mg.) from expt. 68,
derived from the 1“14QJ7—ketone (2.5a), was heated under reflux in a
solution of ethyl alecohol (300ml.), hydrazine hydrate (5ml.),and P4C
(105%; 100mg.) for ca. thr,, Piltration and evaporation of the solution

- gave a yeilow«gréen 0il. The oil was sepsrated by pfeparative t.l.ce
(silica; 5 x 1lm. x 20cm., 0.75 m.m. thickness, eluant light petroleum)
to give as tﬁe major product an oil (80mg.).

Analysis by t.l.c. and g.l.c., indicated that the oil conﬁained the .
required Zfth;7-néphthalene (2.8?).

The above procedure was repeated for the crude ZHIAQ;7-tetrachloro-
naphthalene (300mg.), derived from the Z—%ﬁg7ﬁketone (2.5b), to:give
the same crude Z—thJz-naphthalene (2.87) (40mg,).

Similar dechlorinations using unlabelled tetrachloronaphthalene
gave naphthalene as a yellow-green oil in yields of 10-70%., In one re-
action the compound (2.90) (200mg.) gave an oily crystalline solid (70mg.).
\)max. 3050, 3000, 1595, 1505, 1385, 1265, 1125, 1005, and 955 cﬁ-l.

Yonemer. (6Dc1,4) T . 2.0-2.7 (broad multiplet).
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The product was again seperated by preparative t.l.c. to give
two products in order of aecreasing Rf. veluei~
(1) yellow oil (5lmg.), Y.onomer. (cD013)'\F. 1.6-1,8 {m.) and
2.0"2_.8 (mo)n .
oy . 1 T. o
(11) white solid (15mg.), ~H.n.m.r. (CD013) . 2,0-2,3 (2H, m.)
and 2.35=2.6 (2H, m.).

71, Preparation of 1,2,3,4-tetrachloro-9,1o-dihydro-9,1o-ethéno-

anthracene (2,94)

Pentachlorophenyl lithium was prepared from hexachlorobenzene
(3g, 0.01¥.) and n-butyl lithium‘(Sml,_ ca. 2.0M, solution.) as ’
deseribed in Chapter 1 expt. 1.

" Naphthalene (1.28g, 0.01#.) in light petroleum (60:80) (10al.,.
sodium driéd.) vas added. The éolution turned deeprlue instantaneouslye.
The solutioﬁ was stirred at room temperature fbr ca, 24hr..

The solution was washed with hydrochloric acid'(ZN., 2 x lOOml.)’
and evaporated‘to give an oily red-brown solid. The crude product was
separated by column chromatography (elumina, 250g.) collecting fracticns

(ca. 200ml./fraction) by eluting first with light petroleum 60:80 (10
fracfions) followed by 10% ether/light pétroleum (6 fractions)..

| The fractions‘were analysed by g.l.c. and fractions 9-13 were

| combined to give a white oily Solid (1.02.). Recrystallisation (ethanol)
gave the requifed product (2.94) (300mg, 8.8%), mp.162-167° (lit.lhb166°).

A similsr reaction using hexachlorobenzene (6g, 0.02M.}, n-butyl
lithium (10ml.); and naphthalene (1.28, 0,01¥.) gave & 16.4% yield

of the coumpound (2.94).

Reducing the scale of the above procedure to hexachlorobenzene



(600mg, 2.1m.M.) end naphthalene (200mg, 1.6m.¥.) and sepafating the
crude product by preparative t.l.c. (silica, 10 x 1lm. x 20cm,, 0.?5m.m.
. thickness, eluent iight petroleum 60:80), gave a 16.8% yieldlof the
1,2,3,k-tetrachloro-9,10-dihydro~9,10-ethenoanthracens (2.94).
\)max 3060 3000, 1605, 1470, 1375, 1320 1255, 1220, 1150, 800,
760, 750, 690, and 650 e 1. : |

1H.n.m.r.-(CDCl ) V. 2.5-3.2 (6H, n.) and 4.25-4.5 (2H m.)

72+ Attempted preparatlon of [ 0_7-1,2.,-B,A-tetrachloro-@,lo—ﬁihydro—

<9,10-ethenoanthracene (2, 91&)

The crude [/ hCJ-naphthalene (80mg ) from expt. 70, derived from
the [ 11*0_7—ketone (2.5a) was reacted with pentachlorophenyl L.th:.um
as described in expt. 71 (small scale), ‘Separation of the reaction
mixture by préparative t.l;c. gave nolne of the requiréd compoun& (2.9%).
A verjr cru.de saﬁple of the /° 11*0_7—naphthalen'e (621}15'.) was recovered.
The reaétion was repeated twice each time using the récovered crude
[ lkCJ-naphthalene. The result{ was 1':he same for each attempt, none
| of the required compound (2.94). |
A similar series of results wére obtained for reactions using the |

A 1Jql'[}_7--13.9..phﬁhalene (LOmg.) derived from the / 1

l*c]-ketone (2.5b).
Analysis of all the reaction products by t.l.c. and g.l.c. in-
dicated tha_.t the compound (2.94) had not been formed in sufficient

gquantities to enable its separation from the impurities present, _

73. Preparation of [ LCJ—S,6,7,8—tetrachloro-2,2-ethylene-dioxy-

1,2,3 ;h-tetrahydro-l . h-ethenonaphtﬁalene (2.111).

The [140 ~tetrachlorobenzobarrelenone (2.5a) (521mg.) was reacted
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with boron trifluoride-etherate (10ml.), and ethylene glycol (1Cml.) in
: 6ich10romethane (SOml.) at room temperature for ¢&. 5Chr.. The golu~-
tion was washed with water (25ml.), sodium bicarbonzte (2 x 25ml.),
and water (25mlu). Evaporation of the selvent gave an-orange_oil Which
.Was Separatéa by preparative t.l.c. (silicaf "5 X im, # 20cm., 0,70m.m.
thickness, eluant 20% ether/light petroleum 40:60) The 1_14Q47-ethylene
ketal (2.111) (810mg.) was isolated as a white oily solid, |
The same reaction using the Zfth;7-ketone (2.55) (470mg.) yieclded
the /"M F-othylone ketal (2.111) (520mg.) as & similar oily solids
Reactions involving unlabelled tetrachlorobenzcobarrelenone gave
an almost quantitativé yield of the ethylene ketal (2.111) mp. 108-110°

208 111-112%),

(1it,
\ ooy, 3070, 3000, 2950, 2895, 1480, 1440, 1375, 1345, 1330, 1290,
1275, 1255, 1240, 1155, 1135, 1115, 1055, 1020, 985, 970,
94,0, 910, 860, 805, 705, 675, and €40 cu L.
Yonomar. (epo1,) To 3.3-3.52 (2, m.), 5.4-5.6 (2, m.),
5.7-6.3 (4, m.), 8.0 (8a, 14, [J[ = L4z, [J] = 3Hz.), ana
‘8.2 (ad, 1H, ]J] = 1Lz, [37]'= 3Hz.),

74. Dechloriration of the [fihc;7-ethy1ene ketal (2,111) to 2,2-Ethylene-

dioxy-l,2,3,4-tetrahydro~l,4-ethenonaphthalene (2.112)

The Z?lh0_7lethylene ketal (2,111) (810mg.), derived from the
Zﬂth;7-ketone (2.5a) was dechlorinated by the standard prodedure
(Chapter 1 expt. 2) using sodium (1g.), ﬁfbutyl alcohol (3ml.), and THF
(50m1.). The crude / “4C_7-ethylene ketal (2,112) (510mg.) was obtained

as a yellow oils
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The same reaction with the é_lhbw7—ethylene ketal (2.111) (520zg.),

derived from the é-lh

- !
C_/-ketone (2.5b) gave the £_1+Q;7-ethylene ketal
(2.112) (395mg.) also as a yellow oil.
The same dechlorination using unlabelled ethylene ketal (2.111) _

(770mg, 0.0022H.) gave after preparative t.l.c. {silica, 10 x lm. x 20cm,

0.75n.m. thickness, eluant 20% eher/light petroleun 40:60); 2,2~ethylene- -

-dioxy-1,2,3%,i=tetrahydro-1,,~ethenonaphthalene (2,112) (400mg, 85.4%),

mp. 115-117° (light petroleum 40:60), (Found: C,78.85, H,6.7%, ¥ (mass
spectrometry), 21k, ¢, By, 0, Tequires C,78.48, E,6.59%, M, 21k. |
\]max. 2960, 2855, 1468, 1455, 1434, 1340, 1310, 1265, 1250, 1215,
1115, 1095, 1045, 1010, 965, 950, 910, 860, 825, 785, 760,
710, and 670 om .
lnamar. (0D013) T. 2.7-3.0, (LH, m.), 3.2-3.55 (2H; m.)}, 5.9-6.é5‘
(64, m.), 8,0 (1H, a4, [J[ = 14Hz, and 3Hz,), and

8,2 (1H, da, [J] = 14Hz, and 3Hz.).

75. Preparafion of [ﬂlqu7—benzobarrelenone (2.6) from the éﬂlhqg7_ethy-

lene ketal (2,112),

The 1_140d7;ethyléne ketal (2.112) (510mg.), derived from the
Z&lAQJ7—ketone (2.5&), was dissolved in ether (25ml.) and concentrated
“hydrochloric acid (3 drops) added. The solution was stirred at room
temperature for ca. 3Omin..

The solution was quenched in water (20ml.) and extracted with ether
(2 x 25ml.), The combined ethereal solution was washed with sodium bi-
carbonate (20@1;), water (20ml.), dried (MgSOh) and evaporated to yield
a yellow oil. The oil was separated by preparative t.l.c. (silica,

5 x 1lme x 20cie, 0.75m,m, thickness, eluant 20% ethen/light petroleun
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60:80) to yield éﬂthJ7—benzobarrelenone (2.6) (L06mg.)

The same reaction using the Z_laq;7ﬂethylene ketal (2.112) (395mg.),
derived from the Z—1&Q47-kefone (2.5b) géve Zﬁluq;7—benzobarrelenone
(2.6) (330mg.)o |

Reactions using the unlabelled ketal (2,111) gave an almost quantita-
tive yield of benzobarrelenone (2°6), identified by comparison ﬁith
' autheptic material,

76. Preparation of éflhq;7—2,5-dihydro-2~hydr0xyb2—pheny1benzobarrelene

(2.115).

The four samples of Zflhc_7-benzobarrelenone: (2.6a) (2.6b),

(2.6) derived from (2.5a) and (2.6} derived from (2.5b) were reacted

- with phenyl magnesium bromide as described in expt. 67. The required
)

£—1+QJZ~phenyl—carbinol (2.115) was isolated, in each reaction, as a

yellow oil by preparative t.l.c. {silica, 5 x lm, x 20cm., O.75m.Mm.

thickness, eluant 10% ether/light petroleum L0:60).

/246 7-benzobarrelenone. /X6 7-phenyl carbinol (2.115).
(2.62) 630mgo . 8l0mg.
(2.6b)  300mg. _ 420mg.
(2.6 from 2,52) L06mg, _ 535mge
(2.6 from 2.5b) 330mg, L12mge

Reactions using unlabelled benzobarrelenone yielded ca. 85% of the
required phenyl carbinol {2.115) as a yellow oil,
§}max. 3700 -~ 3100, 3070, 3030, 2970, 2940, 1495, 1470, 1460, 1450,
| 1350, 1175, 1110, 1055, 1025, 995, 835, 795, 760, 720, 700,

and 685 cm"l.

The crude phenyl carbinol {2.115) was used directly in expt. 77.




77. Thermal decomposition of the Z_th;7~phenyl carbinol (2.115) to

ZTJJWQJ7—naphthalene.and acatophenone (2.116)

The four sauples of the éflhq;7-phenyl=carbinol (2.115) prepared
in expt. 76 were separately heated under reflux in dimethylformamide and

the products isclated as described in expt. 68.

/46 7-phenyl carbinol 1714347-naphthalene Acetophenone

(crude).

(2.115) derived from (2.6a)
Bl0mg. | lAOmé.  112mg.
(2.115) derived from (2.6b) | |
420mg. 70mg. Shmg.
(2.,115) derived from (2.5a) )
535mg. | 340mg. | 200mg.
(2.115) derived from (2.5b)
41 2rg. ' 230mg. 150mg.
The same reaction using the unlabelled phenyl carbinol (2.115)
(AGOmg.) gave naphtﬁalene (2.58) (90mg.) and crude acetophenone (2.116)
which wes converted into the oxime (2,117) (25mg.) mp. 50—550-(1it.67 60°).
Tﬁe fﬁur samples of acetophenone derived from the érlhc;7~pheny1
carbinols were also reacted to the oxime (2,117). The samples of cfu&e
oxime (2.117) were counted by the standard procedure and shown to have
no activity above tﬂét_expected for background.

78, Preparation of Z"I“Q;7-1,2,3,4-tetrachloro-9,1o-dihydro-9,1o-etheno_

anthracene (2.94)

! .
The four samples of ZUI*QJ7—naphthalene (2.58),prepared in expt. 77,
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‘were reacted with pentachlorophenyl lithium according to the small sczle
procedure described in expt. 71l. The required Zflhq;7-compound (2.94)
was isolated as shown below:~-

[’1“q;7-maphtha1ene (2.58) : Zflhc_7lcompound (2.94)

(2.58) derived.from.(Z.Ga)

140mg. : 120mg.

(2.58) derived from (2.6b) :
._ 70mg. ' . 650,

(2.58) derived from (2.5a)
34,0mg. 200mg .
(2.58) derived from 2.5b)
230mg. - ‘ | 30%ng.
The four 4—14QJ7—compounds (2.9&) compared favourably by t.l.c.

and g.l.c, with authentic material prepared in expt. 71.

79. Rezction of 1,2,3,4=-tetrachloro~9,10-dihydéro~2,10-ethenoanthracene

(2.94) with p-nitrophenylazide (2,75)

A solution of the compound {2.94) (SGOmg,.l.64m.M.) and p~nitro- .
phenyl azide (300mg, 1.83m.M.) in benzene (50ml,) was heated under re-
flux for ca. 48hr.. Analysis by toioC- indicated the presence of the
starting compound (2.94). Further p-nitrophenyl azide (40mg.) was added
and the solutiqn heated under reflux for ca. 1l2hr..

The solution was evapérated and the residue separated by préparative
t.l.c. {sitice: 10 x lm, x 20cm., O0.75m.m. thickness, eluant 20%
ether/light petroleum L0:60) to give three bands (i) to (iii) with high
Rf, values and a broad band with a low Rf. value_which was isolated and

plated a second time (eluant chloroform) to give two bands (iv)and (v).
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YHonomer. (CDclj)hr. 1=
(1) (100mg.) 2.6-2.8(m), and 8.72(s)
(11) ( 80mg.) 2.5-2.8(m), 2.9-3.1(m), end L.2-4 .4 (x),
(ii1)  (200mg.) 1.65-1.9(m), and 2.7-2.95(m),

(iv) (550mg.) 1.6-2.1(m), 2.L~2.9(m), Aozmaoaz(m),'

Lolimbo?(m), 5.3=5.6(m)}, 7.5-7.8(n), and 8.72(n),
(v) { 40mg.) 1.51(s), 1.61(s), 1.85-2.1(m), 2.6-2.8(m)},

8.3-8.5(n), 8.72(s), and 9.23(s).

The complicated mixture of products in this reaction and difficulty

of isolating the required tetrachloranthracene (2.97) and triazine (2.76)
led to the preferential use of the tetrazine (2.64), expt. 80,

80. Degradation of /[ ¥G_J~1,2,3,k~tetrachloro=9,10-dihydro-9,10-stheno-

naphthalene (2,94) with 3,6-di-(2'-pyridyl)-s-tetrazine (2,64).

The unlabelled compound_(2.94) (200ﬁg, 0.58m.M.) and the tetrazine
(2.6&) (150mg, 0.77m.M.) were heated under reflux in di-n-butyl ether
(25m1.) for cm. 12hr.. The red coleur was discharged and a tan precipi-
tate formed. The solvent was evaporated under reduced presgsure and the
residue, - a 0ily yellow solid, was purified By preparative t.l.c.
(silica, 5 x 1n x 20cme, 0.75m.m. thickness, eluant 10% ether/light
petroleun 40:60) to give (i) tetrachlorcanthracene (2.97) (166mg,'96%3

66 217-219%).

Uyay, 3025, 1600, 1550, 1430, 880, 780, and 730 om L,

yellow-green crystals mpo.215-216° (benzene) (1ite

W onen.r. (csz)'T’. 1.25(28, s.), 1.8-2.1(2H, m.), and 2.25-2.5(2H, m.) &nd
(ii) a broad base line which was extracted and the residue re-plated (eluant

c¢hloroform) to give two bands very close together near the base line.




Repeated elution (x6) separated the bands to give, in order of decreasing
Rf. velues:-
(iii) 3,6-&:1-(2‘«pyridyl)-pyridazine(2.67) (1002g, 72.5%) mp.178-180°

82126-177°) .

- (ethanol) (1it.
g onomar. (6p01,) T+ Lad-lek (66, m.), 2.0-2.2 (2, m), and 2.5-2.7
(21, m.).

(iv) 3,6« dl-(2'-pyr1dyl)~ -tetrazine (2 6?) (ca. 10mg.) identified by
comparlson with authentic material.

The above procedure was repeated using the four samples of ZT LC_7

~compound (2.94). The results are shown below:-

/- L 7-Gompound (2.94) -/ L 7-Tetrachloro- / g 7~Pyridazine

~anthracene

(2.97) | 2.67

(2.94) derived from (2.6a)
| 120mg. 59mg. hSmg.--
(2 94) derived from (2.6b)
65mg. 10ng. | 15mg.,
(2.94) derived from (2.5a) |
| 200mg. 7 20mg., ' 36mg.
(2.94) derived from (2.5b)
209ng. | IOmg; ' 32mg.'
Where possible the samples of Z7140;7—tetrachloroanthraéene'(2.9?)
were sublimed to constent activity and the samples of Z—ihC~7—pyridaéine
(2 67) recrystallised (ethanol) to constant act1v1ty.

It was not possible to recrystallise the pyrldazlne (2.67) derived

from the [ *o /-ketones (2.5a) and (2.5b), This was assumed due to the




presence of impurities, Further separation by preparative t.l.c. did
not overcome this problem.' |
derived from the [lhcj-ketone (2.6b), was found too smell to sublime
accurat‘ely. ' |

1% was not poséible Yo sublime the [lkcj-tetraohloroanthra.cene
(2.97) or recrystallise the [lhcj-pyridazine (2.67) derived from the
ketone (2.6b). |

. . } . .
The crude yield of the [1 *g /-tetrachloroanthracene (2,97) (10mg.), |
The results of the remaining ssmples are shown in the following table.
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Zflhc;7 - activity results for Expt, 80

Zflhc_7500mpound Weight

(2.97) from (2.5a)  0.95
(2,97) from (2.5b)  0.67

(209?) from (2'6&) ’ ,1:1*_

*cee

(2.57) from (2.62) 2.259

¢c.p.m, - Counts per minute
Aco, -  Accuracy
Che Rs =  Channel Ratio

nrf. - Efficiency

0.5

SpehAc. in (

CeP oMl Acc, Ch. R Eff. Blank
(mge) % | % CoDma
180 - 0.7 714 93.5 L2
151 0.5 7+75 9440 L2
236 0.7 7ol 940 42
h27 6.59 9345 42

mination,

d.E.m.f ms.

158
175
149

183

_S_'D' Ag_:
F.Ci./m.mol

2.247x10 7
(2.179x10" )

2y
)
2.49%1075 )
(2.21x107°) )

21221075 )
(2.21x10 ) )

1. 95y10 g
(1.97x10"%)

d.pem./mg. ~ disintegrations per min. per mg.

«Ci./m.mol - miorocuries per millimole.

F.Ci./m.mol

2.,21x10"2

2.35x10°2

2.17x10"2

1.96X10-2

) equals a value obtained from 2 second deter-



CHAPTER 3

Further Studies in the Preparation

and Rearrangement of l-Methoxy-

benzobarrelene Derivatives.




INTRODUCTION

In an attempt to broaden our knowledge of the chemistry sur-
rounding the acld catalysed rearrangement of l-methoxybénzobarrelene
and its substituted derivatives, two different approacheas were considered.
The first involved the_preparétion of 3,6-dimethoxybenzyne (3.1)
~which hopefully would react Witﬁ anisole.to yield 1,5,8~trimethoxy-
benzobarrelene (3.2) as depicted in Scheme 3.1..

Scheme 3,1

Gy CHy OCH,
o | \JD
| OCH3

. OCHgq | OCH3
(3.1) | (3.2

The aryne (3.1) had been prepared previously by Gustav Ehrhart70
by the procedure shown in Scheme 3.2, More recently, Rees and West?l
had generated the aryne (3.1) by the oxidation of l~amino-#,7-dimethoky-
benzotriazole (3.3), using lead tetraacetate in the presence of furan
and obtained the 1,4-cycloaddition product (3.4) in 63% yield as illustrated
in Scheme 3.3. |

Récent work,l5 on the preparation of a model compound for flavo~

thebaone (3.,5a) carried out in order to explain the abnormal ultraviolet
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Scheme 3.2

CH3 CH3

C Cl :
| PhNa -NaCl
—_—— — (3.7)
, : Na :
OCH3 : OCH3 |

{3.1) + O —
T’
'R .
Scheme 3.3
OCH-

N
- / \
“ &>
0 3 NHj ‘
(3.3) ‘ | (3.4)

OCH3
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'spectrum exhibited by this compound and its trimethyl ether, involved

the preparation of 3,6-4 1methoxybenzyne (3.1) Earlier attempts to
73 |

prepare such a model had failed,
The precursor for the aryne (3.1), in the above studies,15 was
" the anthranilic acid (3;6); The idea of forming the anthranilic acid

(3.6) followed from the known abilities of arynes carrying electron

withdrawing groups tocyeclo~add to arenes when generated from these

precursors.14’20 The routélB involved the formation of the nitroamide
-(3.7) according to the established procedure‘qf Rees and West71 shown
in Scheme 3.4.
Scheme 3.4
OH . OCHq ~ QCHj
Cop CO§H3 - CONH2
: :
KCH . - Nk@
oH MeS0 o Eeny 0CH3
HNO3
OCH4
7~ CONH5
NO2
OCH;
3.7) ..
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A detailed investigation7h led to a suiteble method for con-
verting the nitrQamidg (3.7) to the required aenthranitic acid (3,6).
The method involved the diazotisation and hydrolysis éf the hindered
~ amide (3.7), using a solution of sulphuric acid and sodium nit:ite.75
The.nitro acid (3.8), thus formed, wes réduceé 25 using hydrazine.-
hydrate and P3¢ (10%) in refluxing ethyl alcohol.

As.anticipated the reSultant 2-amino-3,6-dimethoxybenzoic acid
(3.6) was found to be en effiqien£ precursor of the aryne (3.1). The -
gprotic diazotisation in'the:presence of furan produceq the i,h-cycloaq_
- duet (3.4) in ca, 80% yi_ela.ls

The required model c&mpound (3.9) was generated &s illustrated
in Scheme 3.5. ‘

The isolatioﬁ-of fhe model-éompound (3.9)"and thé analysisrof'its

U.V. spectrum, indicated that the abnormal spectrum of flavothebaone

72

trimethyl ether.(j.ﬁb) is, as originally_éuggested, % due to hﬁmogon,
jugation of the alkoxybenzene with the enone fﬁnction.

| ThelSUccessful reaction between the aryne (3.1) and 1,2-dimethoxy-
benzene, shown in Scheme 3.5, té yield the ketone (3.10), left little
doubt that the similar Diels-Alder cycloaddition, between the aryne - -

. (3.1) and anisole, to give the required product (3.2), could also be -
.accomplisheﬁ. If was reaéon;d that the rearrahgement of the product '
(3.2),'in strong acid, would yield thé three isomeric ketones.(5.9),
“(3.11) and (3.12), shown in Scheme.3.6, bj comparisoh with the rearrangéf
ment of the similar l-methoxybenzobarrelenes (2.1) - (2.3) discussed

in Chapter 2.
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R=0CH5

Scheme 3.5
' CONHo - - _ . |
O 12 NaNO» O NoH, COH
NO, HZSOZ»- o NO, PdC NHo
R R ' R -
37y @& (36)
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(3.5(]) R = H
(3.5b) R = CHj

OCHz (3.9

The second line of approach was to consider alfernative 2¢id media
to sulphuric acid for the rearrangement of the l-methoxybenzobarrelenes
" (2.1) - (2.3) discussed in Chapter 2 and to investigate the rearrangé- _
ment.of specifically substituted methyl derivatives of 1—methoxybenzo;
barrelenes,
The rearrangement of the l-methoxybenzoberrelenes (2.,1) - (2.3) in

strong acid medium gave a2s the major product the respective benzobarrelenone
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Scheme 3=§

(2.4) - (2.6) in 50-76% yield. The two minor products were the cor-

responding c(B-unsaturated Retone (2.7) = (2.9) and the aryl ketone
(2.10) - (2.12) formed in 4.5-5.5% and 3.0-8.0% yields respecfively.

" It was of interest to.investigate if these rearrangements would occur 7
in alternative acid media, such as trifluorocacetic acid and perchloric
acid, aﬁd to analyse the producf ratio from such reactions.

c,d

The results of the deuterium labelling studies, previously

mentioned, suggested to earlier workers that the presence of alkyl

groups, at suitable positions, would polerise the initial protonation
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and thus direct the rearrangement. This idea initiated a series of

investigationsooC? @

into the rearrangement of a variety of methyl
substituted l-methoxybenzobarrelenes (3.12) - (3.18).
The presence of methyl substituents in the bicyclic portion of

the l-methoxybenzobarrelenes (3.12) - (3.18)allowed the study of the

rearrangement resctions using weaker acids.

H H CH, # H F (3.12)

H o CH, H ’ CH, W F (3.13)
CH3 H H H 0H3 F | (3.1%)
H CH, H H H (3.15)
B, H H H H ¢l (3.16)
CH; H H CH, B c1 (3.17)
CH, CH5 ﬁ i 1 c1 (3.18)

For instance, the compound (3.16) rearranged readily in trifluoro-
acetic acid to give a mixture of the three isomeric ketomes (3.19) -
- (3.21) in 56, 40 and L% yields respectively, In conceﬁtratéd sulphuric
acid the ketones (3.19) - (3.21) were obtained in 3.5, 27 and 28% yields
resPectivély. These results provided further evidence that in strongly

acidic media, protonation of the methoxy group in l-methoxybenzobsrrelenes
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direets the subsequent sddition of a proton to & double bond. The ‘ ‘

product (3.15) gives the benzobarrelenone (3.22) in either trifluorc- ‘

acetic acid or concentrated sulphuric acid, in 100 and 90% yields re-
“spectively.

C! N Gl Cl | ‘

Cl - - \ Cl |

Ci CH3 Cl CH3(3 _ o CH3 0

(3.19] (320) 13.21)

It has also been shoﬁnZOb that the rearrangement can proceed heyond
the isomeriec ketones. For example, the rearrangement of thé corpound
(3.13) in trifluorcacetic acid gave the ketone (3.23). However, the
rearrangement in concentrated sulphuric acid yielded the lactone (3.24).

One further point of interest was that in &ll 6ur rearrangement

studies, so far, the three isomeric ketone productg are formed in a
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non-equilibrating system. On the other hand other workers have shown
that the hexamethylbenzobarrelenone (3.25) re;rranges in aéidic'media
to afford an equilibrium mixture of four ketones.

Thus our reason for studying further the affect of methyl sub-
stitution on the rearrangeﬁent of l-methoxybenzobarrelenes was three
fold:-

(1) to study further the competitive nature of protonation at C-2
as opposed to C-3 |
(ii) the possibility of attaining en équilibriﬁm mixture of isomerie
kefones- |
(1ii) reactions beyond the isomeric'ketonés to novel systems,

With the above points.in ﬁind, lemethoxy-2,5~dimethylbenzobar~
felene (3.26),. l-methoxy-Z,},5-trimethyltet?achlorobenzobarrelene
(3:27) and l—ﬁethoxy—2,3,5Qtrimethylbeﬁzobarre1ene_(5.28) were investigated.

DISCUSBION:

frgpafation'of'3,6-dimethoxyanthfanilic acid (3.6)

The aryne precursor, 3,6-dimethoxyanthranilic acid (3;6) was pre;
parea as illustrated in Schemes.j,h and 3.5. A number of modifications
were made to the original pfOCedufe;ls based on difficulties experiepced
by previous workefs in this laboratdry.

The nitration of 2,5~dimethoxybenzamide, Scheme 3.k, gives a mix-
ture of two nitro amides (3.7) and (3.29). TFortunately the regquired
amide {(3.7) is the major product.

The method adoﬁted by Rees and ﬁ%st7l for separating the two nitro

amides, involved removal of the urnwanted compound (3.29) with hot benzene
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CHy

OCHg CHiz
3.25) (3.26)

CH3
A o CHr
X . 3
X OCH. CH.
X=C (3.27)
"X=H (3.28)

- and recrystallising the remaining residue with acetone to yield the re-
quired product (3.7).

This procedure wes improved by extracting the crude product with
refluxing benzene in a aoxhlet thimﬁle end recrystallising the residue
from acetone, The efficiency of separation was checked by tel,ce, the

required nitro amide (3.7) having the lower Rf. value. \

\
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OCH3 0CH4 . OCH,

CONHo | CONH, CONH, i

-~ "HNOg NOp OoN 3
OCHy GCH4 OCH3 |
(3.7 (329 }

The conversidn of the nitroamide (3.7) to the nitro acid (5.8),
Scheme 5.5, was accomplished15 by a procedure established by Sudbofough75
using sulphuric acid and sodium nitrite, However, since the publication
of our earlier work.l5 a number of workers in this léboratory have
encountered difficulties in obtaining consistent'results for this re-
action. A vériety of results were obtained,76 varying from gomplete
conversion to no conversion, and on occasions no recovered nitroamide
(3.7) or nitroacid (3.8) was obtained. |

The nitroamide (3.7) is an extremely hindered amide which would
account for the difficulties experienced in the earlier hydrolysis

74

studies’ " of this amide. However, steric hindrance was not an accept-
sble explanation for the variations in yield previously mentioned.

The procedure in question involved the diazotisation of the nitroamide

(3.7) using sulphuric acid (90%) and sodium nitrite dissolved in a




minimam volume of water. One way of explaining the variable results
wculd.be to propose the formation of a sulphonic acid, by thé reaction
of the nitrosmide with sulphuric acid to yield a product similar to
(3.30) or (3.31).

Generally énlphbnation of aromatic compounds with sﬁlphuric

77

acid is slow and requires heat, Electron-withdrawing groups (nitro,
carbonyl) are meta directing and make sulphonation difficult, while

electron~donating groups (alkyl, alkoxy, hydroxy, amine) render sul-

phonation easy and are ortho~ and para- directing.

OCH OCH5
HOS CONH» CONH,
NO, HOSS! NO,
OCHy | | OCHy
(3.30) (3.31)

The meqhanisﬁ for sulphonatian of aromatic compoundsrwith sul- "
phuric acid is most probably aé shown in Scheme 3.7.

The major resistance to sulphonation using sulphuric acid is the
strong affinity of sulphur trioxide for water which must be overcome,
Benzene and other aromatic compounds can be sulphonated‘with congen-

trated sulphuric acid but as the concentration of water inecreases, during

the reaction, the rate of sulphonation decreases. The reaction ceases
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Scheme 3.7

2H,S0, T 803+ He0' HSO,”

&

¢

on
- H

when the acid concentration reacﬂes a level characteristic of each com-
pound. For example, ﬁith benzene the concentration iS ca. 78% sul~
phuric acid. This corresponds td an acid concentration at which the
rate of "sulphonation and desu}phonatioﬁ are approximetely equal.
éonsideration of the above information would indicate that in the
case of the nitroasmide (3.7) suiphonation would be directed‘té & meta
position by either the nitro or the amide group and to an ortho posi- .
tion by the methoiy groups. The meta directing groups would reduce
the sulphonation rate compared to benzene and the ortho directing

groups increase the rate,
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.If sulphonic acids, such as (3.30) and (3.31), are formed under
fhé conditions of the reaction,then it must be assumed that the ortho
directing groups are dominant, and allow tpe reaction to proceed even
st low temperature (gg.o-10°).' The presence of such sulphonates would
‘explain the variable'yields, sinée.ﬁhey are normally soluble in aqueous
medium and under the conditions of ﬁorkyﬁp, for tge‘reaction, such
sulphonates would be undetected, Also, since sulphenation is a rever-
sible process then the sulphonic acids of the nitroamide (3.30) and
(3.31) or of the nitroacid (3.32) and (5.53)' could yield the nitroamide

(3.7) or the nitroacid (3.8) respectively.

OCH4 OCH

3
HO5S COH O,H
NO, - HO5S NO5

CCH4 ~ OCH,

(3.32] | - {333

Although the presence of the sulphonic acids (3.30) -« (3.33) was
not investigated consideration was given to reducing the possibility
of their formation. Sorel and Newman78 had successfully used dilute

sulphuric acid (75%) snd sodium nitrite for the conversion of hindered

amides to acids, This result coupled with the fact that the use of
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dilute scid reduced the possibiliiy of sulphonation directed our ine
vestigation to a similar procedure.

A series of trial experiments involving the nitroamidé (3.7)
established that a ratio of sulphuric acid %o water (2:1, Y/,)gave
“the hiéhest.yield of the required nitroacid (3.8). Using this method
it was possible to consistently obtain s high yield (ca. 90%) of the

% 192-194°).

nitroacid (3.8), mp. 188-189° (1it.>
The final step in the preparation of the anthranilic acid (3.6)
was to reduce the nitroamide (3.8) using PAC (10%) and hydrazine hydrate
in refluxing ethyl alcohol.ls_ A variation of this procedure was in
vestigated, due.to the interference of unreacted hydrazine in the isola-
 tion of the reqﬁired products The alternativa procedure involved the |
use of iron powder in concentrated hydrochloric acid with ethyl alcohol
a8 tbe solvent. The solution was heated under-reflui'for ca. Ehr. but
at the end of this period, nhormal work-up yielded only the.starting | |
nitroacid_(B;S).‘
it was found that if, on completion of the reduction of the nitroacid
(3.8), using hydrazine, the required aminoscid (3.6) would not crystaliise
from the reduced volume of.soivent, then the following procedure could
be adopted. The femaining solvent is removed by rotary evaporafibn and
the crude product quenched in.water. Thé aqueous solution is extracted
with chloroform to give 2—ém1n043,6—dimethokyanthranilic acid (3.6).

Preparation and Rearrangement of 1,5,8-trimethoxybenzobarrelene (3121

The aprotic diazotisation of the anthranilic acid (3.6), with
iso-amyl nitrite, afforded the 3,6-dimethoxy-benzene-diazonium-2-carboxy-

late (3.34) as a dark red crystalline $0lid. Decomposition of the
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diazohium carboxylate (3.34), in aﬁ excess of aﬁiSole, gave after
hydrolysis and normal work-up, the two expeéteé 1,4-cycloadducts
1,4-dihydro-%,5,8-trimethoxy-1,4-cthenonaphthalene (3.2) and 5,8-
-éimethoxyml,h—etheno-2-tetralone (3.12). The speotral data for the )
.two coﬁpounds compared fafourably with authentic maégrialo?9 The two
compounds (3.2) and(3.12) were obtained in ig% and ¥% yields respec-
tively. The preference for the methoxy group to be retained at the

. bridgehead position in the formation of Diels-Alder adducts from arynes

and methoxyarenes was noted earlier (Chapter 2),

QCH3 | | QCHy
COﬁ% (i) ’ CO»
._._._._..__._> @
_ NHo N2
OCH=3 _ o OCH3
(36) ) (334)
(i) (i) =is'o—c1r_nyl—niltrite
(ii} =anisole
B OCH, h | f
Sy OO |
{3.2)
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The low yield of the required trimethoxybenzobarrelene (3.2)
(EE° 17%) was disappointing, particularly when earlier work invelving
the formation of tetrahalobenzynes from tetrahaloanthranilic acids

. 1
- was congidered. k

NH2
COH

x= F*d  35%

x= Cl'*P  55%
X= B4  67%

X = 114d 25%

| Presumably the lower yield of the compound (3.2) can be explained
in terms of electrophilicity. The fact thet the four clectron with-
dfawing substituents in the tetrahalobenzynes result in a significent
inerease in their electrophilicity compared with that of benzyne, is

well established¢12’20 Also the reaction between benzyne and benzene




- gives benzobarrelene in cnly ca. 6% yield. Since the electron with
drawing capability of the two methoxy groups in the aryne (3.i) is
expected to be between that of the four haiagens and the four protons,
in tetrahalobenzyne and benzyne respectively, then the yield of the
corresponding 1,4-cyclosdducts would algo be similarly placed.

The low yield of the product (5.2) was not due to a low conver-
sioﬁ of the anthrenilic acid (3.6) to 3,6-dimethoxybenzyne (3.1), since
a high yield of the diazonium salt (3.34) could be isolated and its
subsequent decomposition noted by the evolution of a ges.

The crude product et the end of the reaction, affer normal worke
up,was a Jurk red solid. This 50113 was separated on an‘alﬁmina column
using ether-iight petroleum as the eluant. For the trimethoxybenzo-
barrelene (3.2) the ratio was (1:2, Y/vj and for the ketone (3.12)

(5:1, v/v). No further products were isolated from the ¢olumn until

a very polarleluant (CHClj)-waS ugsed, A crude orange~brown tecky solid
vas guickly eluted when chloroform was used. The solid appeared to be

& complex mixture of products and could not be recrystallised, sepsrated
by t.l.c., or positively analysed by spectroscopic methods., I{ was
assuned that this unidentifiabie product resulted from various reactions
between the aryne (3.1) and its preéursor (3.34). Further investigﬁ;
tions into the separation and identification of the mixture were nof
attempted.

In order to détermine the most suitable conditions for rearranging
the compound (3.2} a number of trial experiments, on a small scale (gﬁ.
10mg.), were carried out involving different acid media - and rearrange-

ment conditions. The results are shown in Table I. PEach reaction was
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quenched on ice, extracted with ether and the organic phase analysed

by t.l.ces

product of the rearrangement.

Each spot on the t.l.c. plate wes sssumed to renresent a.

Examination of the results indicated that either perchloric acid

(60%) at room temperature.or refluxing trifluorcscetic acid gave satis-

factory resulﬁso

TABLE - T
ACID " DEYP. TIVE OF P LuCe
- % REACTION | ANALYSIS
i) HGlOIF,' R.T. 30min. 2P43 .M.
i1) HGlOl{P' . R.T. 9Omin. | 3PaS.M.
iii) HC10, R.T. LHr. 3p
iv) 093002H REFLUX 2Hr, 3P
3 drops H2SOIF
vi) GF5002H
CHCl3 R.T,. 30mine. S.M.
7. 8rops H2D94
vii) HC10 L REFLUX 2Hr. oP.
DIOXAN

P = Product
S.Me= Starting Material

R.T«= Room Temperature

For the larger scale rearrangements (gg. 1g.) of the compound (3.1),

refluxing triflucroacetic acid wes selected as the acid medium, since

this gave a c¢leaner reaction product and also gave the possibility of

carrying out deuterium incorporation studies by using deuteriated
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trifluprpacetic acid,
‘A;number of rearrangementé of'the trimethoxybenzobarrelene (3.2)

(cae 1g.) were carriéd out in refluxing trifluoroacetic acid (10al.) fér
ca. 6hr.. Normal work-up and extraction gave & crude oil,.which on
analysis by t.l.c;, indigated_five to six products.

| It wéslanticipafedkthat thfge of these products ﬁould bé the
threé.iSomeric_ketones (3.9), (3.11) and (5.12) previously mentioned
Scheme 5;6. ' | |

7. Thercrude 0il from the rearrangément'was separated by prépafative

layer chrdmatography. The two major producté were isolated from the two

bands with the highest Rf. valués, both of which were formed in ca. 28-37% .

yields. . .

Analysis of these two préducfs by i.r. and lH.n.m,r. spectroscopy"
and mass spectral data, indicated that the prodﬁct ﬁith the lbwer'of:thg.
two Rf. values was the expécted dimethoxybenéobarrelenoner(3.12) (36%) ,

: \7max. 1740 cm.;l, Yonomr. (CDClj) T v 3.2 (m, &H); 5.13(8.d, 1H),
5,35 (m, 1H);, 6.18 (s, 3H), 6.22 (s, 3H) and 7.96 (aBq, 2H),
w* 230, mep. 104 ~ 106° (1it.’d 104 - 106%).

The product with the highest Rf. value showed no carbonyl stretoh-
ing frequency and could not therefore Ee one of the two isomeric ketones
(3.9) orlj;ll). Mass spectrai.data'gave a molecular‘ioh of ¥t 24}, but

altﬁough the‘lﬁ.n.m.r. spectral data showed three“$epérate methoxy groupé,
| 6.18 (s, 3H), 6.23 (s, 3H) and 6.28 (s, 3H), the remaining spectrum
did not corpelate with the stafting compound (3,2). The remaining spectrum

indicated a further seven protons with the following T . velues; 2.50

(m, 2H), and 2,95-3.2 (m, 5H). The product was isolated as &




erystalline solid, mp., 62-64° (light petroleunm).

One consideration for the structure of the-unggwn conmpound was
that of the vinyl naphthalene (3.35) formed by the proposed mechanism
illustrated in Scheme 5.8._

Scheme 3.8

o /
OCH3 | QeHy g
lll'!:)
OCH; OCH5 OCH3 ]
oc
(3.35) o 13

However the vinyl naphthalene (3.35) had to be discounted because
of two pieces of evidence.. Firstly the 1H.n.m.r; data was not satisfied
by such a structure and secondly attempted reduction of the new compound

using PaC (10%), ethyl alcohol and hydrogen after ca. 12hr,. gave only the
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recovered unknown, The vinyl naphthaslene {3.35) would have been reduced

to the naphthalene (3.36) under these cbnditions,

CHy
OCH
OCH3 OCHs
(3.36)

: A closer inspectioﬁ.of the spectrsl data and consideration ofi
potenﬁial rearrangeqent pathways sugéested that the strdcture 6f the':
new compound could be that of the substituted biphenyl (3.3?)5 formed by
the mechanism illustrated in Scheme 3.9, This tyﬁe of mechanism is qﬁite
unusual involving protonation oﬁ'the_aryl ring., Presumably the high
electron density in the aryl residue allows ready protonation; The
arenonium ion formed éould undergo a retro Friedel-Crafts alkylation to

~give a new ion, which,'by loss of a proton, would result-in the forma-
ltion 2,4 ,5-trimethoxybiphenyl (3.37).

The structure of the biphenyl (3.37) was confirmed by a Goﬁbérgd
-Bachman~Hey Synthesis (5.5%) using Lh-amino-anisole (3.38) and 1,4~
-dimethoxybenzene (3.39). The ver& low yield in this reaction was un-

doubtedly due to our inability to use 1,4-dimethoxybenzene as a sgolvent,




Scheme 3.9

 OCHs
isoamyl nitrite
+ ¥ (337)
- acetone -
AN
OCHsz

(339)
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The biphenyl (3.37) waé isolateé as a white crystalline solid,
mp o 62-63° (litoao 62-64°). A mixed melting point with the unknown
corpound, from the rearrangement of irimethoxybenzobarrelene (3.2),
gave a value of 62-63°, The spectral data of the unkndwn and the
bipkenyl (3.37) were identical, thus confirming the unknown siructure
to be that of 2,4',5-trimethoxybiphenyl (3.37) formed in ca. 31.2%
yield.,

The twe major products, (3%.12) and (3.37), from the rearréngement
of the compound (3.2) were thus identified and accounted for Ca. 67% |
pf the rearranged product. Minor preoducts (approx.-}-h) were also
present but these proved more difficult to isolate and identify.

The product, with the third highest Rf. value, was difficult to
isolate free of the ketone (3.12). It was necessary to re—chromatogrgph
this mixture and carry_out repetitive elution until the mixture separated
into two clear bands. The lower band yielded a réd—brown erystalline
solid, mp. 137-141° (ethanol). The i.r. spectrum indicated a carbonyl
stretching frequency at 1675 cmml.' Mass spectral data gave a molecular
ion ét ut 230 indicating that the product was isomeric with the ketone
(3.12)s The Yonon.r. spectrum showed the following peaks, (CDCI3)'AK

"2.58 (q, 1H), 3.4 (m, 2H), 4.55 (q, 1H), 5.92 (m, 1H), 6.15 (s, 1H),
6;2 (s, 6H), and 7.3 {m, 2H). The spectral evidence strongly favoured
the structure of the o(B -unsaturated ketone (3.9) and this was confirmed

by comparison of the data with that of authentic n:late:r‘ialc.?9
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The ketone (3.9) is formed by the protonation of the compournd (3.2)
at C-3 to give the ion (3.40). Consideration of the rearrangemeﬁt of
similar systems,zo discussed in Chapter 2, indicates that there are two
pathways by which the ion (3.40) can rearrange. The first involves aryl
migﬁation end yields the ketone {5.9){ The second involves vinyl migra-

tion to yield the isomeric aryl ketone (3.11).

—E—)———»(&g)

L {311)

Since the ketone (5.9) had been formed it was therefore logical to
assume that the aryl ketonme (3.11) should also be present, However, after .
8 éareful analysis of the remaining bands the presence of the ketone (3.11)
was not detected. This result mey be due to either a practical failure
or a Turther reaction involving the aryl ketone. No products were isolated
which confirmed the latter suggestion,

Two bands were isolated, from the rearrangément mixture, which oc-
curred just above the.base line on the preparative plates. The banid with

the lower Rf, value ghowed & very intense fluoresence under U.V. light,
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Extraction.of the product from this band gave an extremely low weight
(< 5mg.) of & crﬁde yellow oil. Very little évidence was obtained from
attemptea analysis of the spectral featﬁres of this product. The i.r.
and_lH.n.m.r. spectra showed only broad uncharacte?ised péaks. The band
with the higher Rf, value on extraction gave a crude yellow crystalline
solid, mp. 150-1650. The i.r. spectrum showed & broad cerbonyl stretch-
ing frequency centered at 1740 cm-l, but no other characteristic peaks.
¥ass spectral data gave s molecular ion at u* 488, which indicated a
product with double the molecular weight of the starting material

(3.2, M.W. 244). 'The lH.n.m.r. spectrum was complex with peaks at;
(epe1,) T v 2,48 (s), 2.58 (s), 2.75 (s); 3.03 (s), 3.13 (s),

3.3 (m), 3,88 (s8); 5.0 {m), 6.0-6.7 (complex series of singlets) and
7.7-7.95 (m). |

The available data signified a mixture of produc{:s and possibly a
mixture of dimeric products based on the starting trimethoxybenzobarrélene
(3.2). The‘formation of a dimeric material was a novel experience in our
studies of the rearrangement of 1-methoxybenzobarrelenes.20 A number
of potential strucéures (3.41) ~ (3.44) were suggested which seemed to
fit some, but not all of the available data.

The mass spectral data (M+ 488) indicated & product similar to- (3.41)
or (3.hé). Both of these struotures-could be formed from the carbonium
ion (3.45) s shown in Scheme 3.10., Similer structures could also have
been formed from the carbonium ion (3.40) which would have effected the

formation of the o(B-unsaturated ketone (3.9)and the aryl ketone (3.11).

None of these structures would explain the broad carbonyl stretching

frequency (1740 cm-l) .




Scheme 3.10 _ RZOCHB

N B2, (3.0
(3.2 —» 0 _837), (3,49)
'- R B.12) , (5 46)

(3.45)

The absorption at 1740 en™ is ﬁypical of the value expeéted_for
a carbonyl group in compounds similar to dimethoxybenzobarrelenone (3.12).
Structures such as (3.4%4) and{3.46) would account for the observed \Jmax.
value, but would not account for the molecular ion M’ 488, | o
Fﬁrther evidence regarding the structure of the dimeric product was
 obtained from & comperison of the U.V. spectra of the compounds (3.2),

(3.37) end the unknown product. The appearance of the spectra in the
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am
region of 225-340mmm. for the biphenyl (3.37), and the unknown, were
almost identical. The molar extinction coefficients (£) at the wave-
lengths (;Xmax.), shown in the following table, were calculated for the

compounds (3.2), (3.37) and (unknown),

LY

STRUCTURE >Lﬂfx' <
(marz. )
(3.2) 297 2561,
(3.37) 256 13462
, 303 7151
(Unknovn) 258 16267
303 14911

The abo%e results indicate that structures'similar to (3.41) could
be ignored. The fact that the ;{:nax. values for the biphenyl (3.37) and
" the unknown were almost identical plus the fact that the E-value at
303 n.m, for the unknown wés approkimately double the corresponding
value fbr the biphenyl (3.37), seemed to indicate that the unknown
| was formed from two units of the biphenyl k3.37). Such a combination would
éivé a structure gimilar to (3.43), which agaih would not account for the.
it 488, | |
An attempt was made to trap one of the units leading to the une-
known, The compound {3.2) was fearranged under the standard conditions
but in the presence of a l&rga excess of p-dimethoxybenzene (3.39). It
was considered that the unknown was formed from the reaction of & cerbonium

ion with a unit containing the dimethoxyaryl ring, as illustrated below.



C}43

_

. - _

(?OCHB - o ® OCH+
UNKNOWN

Thus it was reasoned that the incorporation of a large excess
oflg—diﬁethoxybeﬁzene, in the rearrangement, would lead to preferential
_attack of the compound_(3o39) on the parbonium ion yielding a new
product, hopefuily iﬁ high yield.

The compound (3.2), plus a 10M, excess of p-dimethoxybenzene was
heated under reflux in trifluorocacetic ecid for ca. 6.5hr.. Affer normal

- work-up the excess of p-dimethoxybenzene wus removed by column chromato-
graphy; The fractions were ;hecked by tslec. and those containing
materiﬁl with.a lower Rf. value thaﬁ}g-aimethoxybenzene were combineﬂh
and separated by preparative t.l.c.. Analysis of the products indicated
,that the only compounas-present were those normally expected from the
rearrangement of trimethoxybenzobarrelene (3.2),

The possibilities that the unknown was formed from the reaction
of two units of tﬁe biphenyl (3.37), or rearrangement of the ketone

(3.12) or a reaction between the biphenyl (3.37) and the ketone (3.12),
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were not ignored. A number of equilibrium reactions were carried out
to determine the stability of the two compounds. (3.37) and (3.12), under
the rearrangement conditions and other acidic media.

The biphenyl (3.37) was stable to perchloric acid (60%) at room
temperature for 12 hr. and refluxing trifluocroscetic aeid for 3 hr..

The ketone (3.12) was equally stable to refluxing trifluoroacetic
acid for 12 hr. and sulphuric acid (98%) at room temperature for 10 min.,

A mixturé of the biphenyl (%.37) and the ketone (3,12) was treated
with refluxing trifluorcacetic acid for 6 hr.. The two products were
recovered unchanged at the end of this period.

| The above studies confirmed that the unknown was neither formed
from the biphenyl (3.37) nor the ketone (3.12) elone. The fact that
the ketone (3.12) was not in equilibrium witﬁ the c($>-unsaturated
ketone (3.9), or the aryl ketone {3.11), correlated with earlier workL
on similar systems. -

We decided to obtain a more accurate mass Specfrum of the unknown
and so0 & sample was sent for analysis to P.C.M.U., The results of their
investigationé indicated tﬁat the unknown was a mixture.of two compounds
ut 188 ang M+'#?h. The molecularrion_at L74 was obviously not derived
fron that at M' 483, This result was not surprising and helped to eX~
plain some of the conflicting data already mentioned.

Further work is necessary before the two unknown compounds can be

isolated and their structures identified. However, the informstion,
so far, would seem to favour a structure,formed.from two units similar
to the biphenyl (3}37) for the M* 488, and a structure formed from a

unit of M.,W. 244 and a unit of M.W. 230 for the ut L74. Structures
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_simiiar_to (3.42) and (3.46) respectively seem most likely for the two
unknowns. ’ | | . |
The major disadvantage encountered during the studies of the

minor products, from‘thé rearrgngement of the compound {3.2), was the
low yields and difficulty of isolating such products. Although it
would have Eeen interesfing to in?estigate-these minor products fufthef,
in particular the problem of explalning the apparent absence of the
.aryl ketone (3.11), the low ylelds influenced our declslon to investl-
gate-the two major products (3.12} and (3.3?) in more detail. The.use
of deuterium labelling hed alreedy proved profitable in siniler re-
arrangement studie320 end it was therefdre; decided to investigate the
incorporation of deuterium, during.the rearrangement of triméthoxybenzoe'
barrelene (} 2), in deuteriated trlfluoroacetlc acld. If was hoped that
such studies would ensble & deeper insight into the mechanlsms for the
formation of the ketone (3.12) and partlcularly the biphenyl (3. 37)

Rearrangement Studies Involving Deuterlated Trlfluoroacetlc Acid.

" Douteriated trifluorcascetic acid (3.47) was prepared by reacting
| trifluorocacetic anhydride with deuterium oxide. The labelled acid (3,#7)_
-was isolated by distillation, ., |
The.co;pound (3.2) was rearranged in the aci@ (3.47) and the two
“major produects (3.12) and (3,37) plus unreacted (3.2) were isolated\;;?‘z
“;;;;;;?fsihe three gamples were recrystéllised_and enalysed by mass
spectrometry for.deutefium content,
The formation of the trimethoxybiphenyl (3.37) by the mechanism
proposed in Scheme 3.9 was of particular interest. The correctness of

this mechanism would mean that the rearrangement‘studieszo of benzo=-

barrelene substituted derivatives have uncovered a wide gpectrum of

265,



0 4+ DO ———> 2CFRC0D

1 - (3.47)

reaction intermediates. Ranging from the dipolar species (3.49) formed
during the rearrangement of 1,-N,N-dimethylaminctetrahalobenzobarrelens

20b, 3 through the carbonium ion (3.52)

(3.48) to the biphenyl (3.50),
present in the rearrangement of 1;methoxytetrahalobenzobarrelene (3.51)
to.tetrahalobenzobarrelenone (5.55)20 to the aryl cation (3.54) pro-
posed in the rearrangemenf of trimethoxybenzcbarrelene (3.2) to the
biphenyl (3.57). These reactions are 1llustrated in Scheme 3,11,

It was also interesting to note that in the rearrangement of the
compound (3.2) protonation of the c;iefinic bond to give the ion (3.55)

lesding eventually to the ketone (3.12) was in competition with the

protonation of the aryl ring to yield the ion (3.54)
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Scheme 3,11

(348) X=ForCl Cﬁs

X X




It was reasoned that the mechanism proposed in Scheme 3.9, for
the formation of the biphenyl (3.37), could be justified by the incor-
poration of one deuterium at C~2 on the dimethoxyaryl ring., The ex-
tent of incorporafion and position could be determined by masé

spectrometry and lH.n.m.r.'spectroscopy_réspectively.

OCH4

D
OCH4

- The fesults'of studies involving the biphenyl (3.37) are shown
in Table II and, not surprisingly indicate that not- one but ub to
seven deuteriums had been incorporated during the rearrangement, It
would seem that a number of proton-deuterium exéhange reaﬁtions were
occurring during the rearrangement.

TABLE II

Molecular oLl 245 246 247 248 249 250
Ton (M*) - ‘

Biphenyl from 9 0 1.1 5.6  19.2 35.5  36.6 1.0
Rearrangement : :

Control %D 0 2.5 13.2 3445 47.5 1.1 1.2

251

1.0

Consideration of the biphenyl structure (3.37) indicates that there

are seven positions where deuteriuam could exchange for a proton.

The results in Table II show that all seven positions have deuter-

ium incorporated, but that the'incorporation of 3,4 and 5 deuteriums
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@
C possﬁﬂe position
for D. exchange

accounts for 91.3% of the incorporation. The five most likely protons

for exchange are those ortho to the three methoxy groups.
A coﬁtrol ekperiment'was carried out to establish the extent of
proton—déuterium éﬁchangg in the biphenyl (3.37). The biphenyl was
| heated under reflux in the aciﬁ (3.47) for caz. 3hr. and isolatedf;éwqg'
“5“E$g§§§? The results (Table II) show that 95.2% of the deuterium is
in 2,3 and 4 positions.
| Although if is difficult to obtain information from these results,
regarding the proposed formation of the biphenyl (3}3?), it can be seen
that in the contfol experiment the highest percentage incorporation is
at molecular ion 248 and at 249 for the biphenyl ffoﬁ the rearrangement.
This result would be expected if the proposed mechanism was cofrect.'
The above results were further complicated by two other considera-
tions. Firstly the possibility of proton-deuterium exchange in the
starting material (3.2) prior to reafrangement and secondly, by the

poésibility of deuterium-proton exchange in the products on quenching

the reaction in water.
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Arnalysis of the recovered starting.ﬁaterial (3.2) from the re-
gction-mixture indicated that ca. 62.5% had two deuteriums incorporated
and ca. 19.8% one deuterium. The fact that ch. 17.7% of the recovered
compound contained no deuteriun mey be due to deuterium-proton exchange
duriné the aqueous work-up.

The second consideration was investigated by rearranging the com-
pound  (3.2) in the acid (3.47) and quenching the reaction in deuterium

© oxide, thus preventing deuterium-proton exchange. The products were
seperated as normsl but on this'occasion no recovered starting material
was isolated, Similar analysis by mass spectrometry showed that ca. 55%l
of the biphenyl (3.57) coﬁtained 5D and 29.5% 4D. The complete results

- are shown in Table IIT, Comparison of the results 4in Tables II and IIT
for the biphenyl indicate that deuterium-proton exchange does occur
during the reaction work-up. |
TABLE TII

' Yoleouler 2uh 245 246 247 248 249
Ton (M) -

Recovered %D 17.7 19.8 62.5
(3.2) -

Biphenyl 7 ‘
ﬁ20 Quench %ﬁ 0.7 0.4 5.6 8.8 29.5 55.0

Althoﬁgh the proton-deuterium exchanges in the startingjcompound

- (3.2) and the biphenyl (3.37) prevent absolute confirmation of the
mechanism proposed in Scheme 3.9, the fact that the biphenyl from the
rearrgngement contains a high proportion of i 24,9 and that from the

. contrel experiment a high proportion of M 248 strongly favours.the

proposed mechanism.
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Prior to the above work it was assumed that the dimethoxybenzo-
barrelenone (3.12) would indorporate only one deuterium at C-3, This
assunption was based on previous work20d involving the rearrangemaent
~of l-methoxytetrafluo?pbenzobarrelene in 80% D50, to fomm the two
deuteriated ketones (3.56) and[3.57). The benzobarrelenone (3.56)
ﬁas shown by mass'spectfometry and lH.n.m.r. spectroscopy to have the
structure (3.56). In order to bé sure there was no deuterium in the
vinyl positions, the ketone (3.56) was converted to the nephthalene

(3.58) by photolysis. The naphthalene was shown by mass spectromeiry

to be completely undeuteriated.

80%0550y, , ‘
D
F‘
0
F
F
(3.57)
| hy  F
(356)——> _ + CHD=C=0
= - (359)
(3.58)
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The mass spectra of ketones such es (3.56) and (3.12) show peaks -
corresponding to their respective naphthalenes and ketene, Thus
dimsthoxybenzobarrelenone (3.12) gives "/ 188 ahd_uz cérrespondiﬁg
to dimethoxynaphthalene and kéténe. The original'intenfion was to
isolate the deuterlated ketone (3.12) and investigate the peak patterns.
at Yo 230, 188 and h2 and bopefully show & simllar result to that of
the ketone (3.56). o

~ The previously:diséussed biphenyl results.inéicatéd tﬁat'ﬁoreﬁ
than-one.deuterium_WOuld-be incorﬁoratéd into the ketone (3.12). The

most likely number was three as illustrated below.. -

5t

(3.42)

A control experiment was carried out at the same time as the re-
errangement of the compound (3.2); by reacting the unlabelled ketone
(3.12) with refluxing deﬁteriafed trifluoroacetic- acid for 23; 3ﬂr..
The results of thé mass spectfal gnalysis are shown in Table IV,

The results were surprlslng and dlfflcult to understand. The

ketone (3.12) from the rearrangement indicated that ca. 51.4% of ths -
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product containedzd and ca. 32.1% contained 1D, Analysis of the peaks ‘

corresponding to dimethoxynsphthalene (¥W. 188) and ketene (MW. 42)

showed that ca, 70.8% of the naphthalene contained 2D and only ca. 1245%

of the ketene contained 1D,

perplexing.

TABLE IV -

Moiecular Ton

T
230
231
232
233
23k

188 .

189

290

191

L2
L3

The control'experimént in&icated c8s 75.3% of the recovered ‘
ketone contained 2D and ca, 14.7% 1D. |
ketone conteined ca. 81.,1% 2D and 14.3% 1D., whilst the ketene portion
showed ca. 21.7% 1D, This latter result was most surprising since it

had been assumed that the methylene profons in the ketone (3.12) would

Ketone from Rearrangment

The low incorporation in the ketene was

CONTROL

(Ag. wor@:gg)

% Ds

12.2

32.1

“ 514

4.3

7.6

21.6

87.5

1245

The naphthalene portion of the

\

\

\

\

\

BT, \
%D, \
3.9 :
14,7 \
75.3 \
2.9 \
3.3 \

\

\

\

bl
1h.3
8l.1

0.6 \

83 . ‘

21.7 o



not undergo exchange with deuterium.

Barkhashz,+ has carried out deuteriation studies on l-methoxy-
tetrafluorobenzobarrelene during rearrangements and has also shown that
when tetrafluorobenzobarrelenone wes diésolved in DQSQ$ then pou?ed

into D,0 or when the ketone (3.56) was dissolved in H,50, , then quenched

)
in D20, no deuterium exchange occurred.

The results in Table IV indicete that proton-deuterium exchange
at the méthylene position in the ketone.(3.12) can occur. However,
this resulf did not help the explanation of the low deuterium incorpora-
tion at C-3 of the ketone (3.12) from the rearréngement. Tt is impos-
sible to propose a mechanism for the formation of the ketone from the

compound (3.2) which does not involve protonation (deuteriation) at

¢-2 leading to a proton (deuterium) at C~3 in the ketone product.

The fact that the ketone {3.12) was isolated from an agueous

work-up provides the possibility of deuterium - proton exchange as



noted in the biphenyl studies. However, it is not a reasonable assump-
tion to suppose that the dcuterium at C-3 in the ketone (3.12) would
exchange any faster, if as fast, as the two deuteriums ortho to the
methoxy groups.

A second control experiment waes carried out in which the ketone was
heateﬁ under reflux in deuteriated trifluoroacétie acid for ca. 3hr.. At
the end of this period the majority of excess of acid was removed by

distillation. The remaining crude ketone was analysed by mass spectra and

the results are shown in Table V.

TARLE ¥

Molecular Ion | KETONE
wt (CRUDE)
9o,

230 | 8.3

231 3446

232 51.4

233 5.7

188 . B.5

189 36.9

150 ' 5446

42 88.9

L3 11.1

The results do not correlate too well with those obtainea for the
control experiment involving an agueous work-up, (Table IV). However,

both sets of results show a preference for exchange of two deuteriunms,
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the majority of this exchange takes place in the aryl ring of the ketone
(3.12) and a small percentage at C-3.

In order to obtain more accurate data a sample of the ketone (3.12),
formed in the'rearrangement of trimethoxybenzoberrelene (3.2) in deu=

teriated triflucroscetic acid, followed by cguenching in deuterium oxide

was sent for accurate mass determination to P.C.H.U,

-Disappointingly their results indicated that the deuteriated’ ketons .

(3.12) contained deuteriated trimethoxybenzobarrelene (3.2) as an im-
purity. The molecular ion of the latter (M" 244) gave an ion at 229
(M*+15) which obviously interfered with the pattern of peaks around
the molecular ion of the ketone (M+ 230). Thus it was not pesaible to
caiculate the percentage of deuterium in the ketone (3.12) or the
~ dimethoxynaphthalene and ketene as previousiy. One Significant.point
rescued from these results was that the ketene ion m/e 42 was much mofo
predominant than the ion m/e_h} expected for the deuteriated ketene.
Further work is nécessary before the question surrounding the
disappearance of the deuterium from C-3 in the ketone (3;12) can be
answered. The most likely conclusion is that a deuterium-proton ex-—
changse occurs at some stage of the work-up or purification. However,
the apparent ease of exchange of a methylene proton (deuterium) of
dimethoxybenzobarrelenone (3.12) as compared to the similar tetrafluoro-
benzebarrlenone remains a perplexing problem.

Rearrangement of l-methoxytetrachlorcbenzobarrelene,

The procedures discussed in Chapter 2 showed that l-methoxytetra-

chlorobenzobarrelene (3.60) reerranged in concentrated sulphuric acid

to the three isomeric ketones (3.61) - (3.63) in 76, 3.2 and L.5% yields




respectively.

Cl
c l
Cl
(3.60)

)

N

OCH4

Cl
'@
Ct
Cl
(3.63)

We were interested in carrying out this rearrangement under less -
vigorous conditions, in the]hoﬁe of identifying alternative products or

-product ratios, The results of the study ére shown in the following table,-

Rearrangement’ Conditions

RESULTS, %

Acid Time Temp. 3.60 1 3,61 3.62 1 3,63
HCJ.OLF (60%) 30 min, R.T. 100%
HcloI+ (60%) 120 min. R.T. 100%
HClOI/Dioxan 4 hr, Reflux. 50
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The three ketones (3.61) - (3.63) were identified by comparison

- of their spectral data with authentic éaterial.zoc As expected.the
compound (3.60) would not rearrange in the milder agueous perchloric
‘acid, at room temperature but required the more vigorous conditions

bf reflux. ' The higher yields of the two minor ketones (3.62) and (3.63)
as compéred with the results using concentrated sulphuric acid may be
due to the differenee_in acid strength., It is considered 200-_that

in stroﬂgly acidic media protonatioﬁ of the methoxy group in l-methoxy=-
benzobarrelenes directs the subsequent additioﬂ of & proton to é double

bond. The stronger the acid the more likely protonstion will ooccur at

C-2 and hence lead to the ketone (3.61). With weaker acids the proba-

bility of protonation at C-3 increases leading eventually to the isomeric -

ketones (3.62) and (3.63). However, even with perchloric acid-dioxan
the major ketone product is the benzobarrelenone (3.61) formed in ca..
50% yield.

Rearrancement of l-methoxybenzobarrelene

‘Earlier investigation320c into the resrrangement of l-methoxybenzo-
barrelene (3.64) were limited to one reaction in concentrated sulphuric
acid, due to the difficulty of prepgration of the compound (3.64). .
Three isomeric ketones (3.65) = (3.,67) were.isclated in 50, 8 and 6.5%-'

yields respectively.

.

The dechlorination procedure discussed in Chapter 1 provided a
high yiel@ route to the compound (3.64) from l-methoxytetrachlorobenzo-

barrelene (3.60) and hence the possibility of carrying out a more detailed

investigation of the rearrangement of the compound (3.64). The results

of this study are shown in the Table below:-
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Rearrangement Conditions PRODUCTS
Acig T1ime Temp, | Wt of [(3.64 ] (3.65){(3.66)| (3.67) | Unknown
| °c (3.64)
’1"1010lF (60%) 1120min.| =®T, 20mg. v v 4 V/
¥ 4C0 Shr. | Reflux |1.01g. | 0 | 440mg.|69ms. | 128mg.| 310mgz.
. L7.2% | 7.4% | 13.7%
H,50, (98%) Zmin.| RT. lg. | © 320mg. | 28mg. 3lmg. | 450mg.
: 3‘,-1" . 6% 3 ) O% 5 . h—%
1{230 {98%) 2min.| RT. 1lg. 0 500mg. | 20mg . 50mg. | 220mg.
N ' 5hel% | 2.2% 545
| 36.6% | 3.3% 1.7%

|
I

OCH45

v

*Reaction in HGlo4 (60%) analysed by t.l.c.

(3.67)
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The fact that l-methoxybenzobarrelene (3.64) rearranges under
milder acidic conditions (perchloric acid 60%) than l-methoxytetra=
chlorcbenzobarrelene is probably due to the greater solubility of the

Tormer,

3 _
and H,80, (80% at 80°) yields the three isomeric ketones (3.65)- (3.66)

Rearrangement of the compound (3.64) in CF COZH, stﬂh {987

plus an unknown compound, in the yields shown in the above table, The

percentage yields of the two minor ketones (3.66) and (3.67) 3did not

appear to be grestly effected by the change in acid medium fronm congl
1'12,802+ te 80% HZSOA. However, the yield of these two ketones d4id in-
creaée when the milder acid CF3C02H was used,

of partichiar interest was the apparent increase in yield of the
unknown compound &t fhe expense of the yield of benzobarrelenone (3.65).
The unknown - compound was nprmally.isolated as a white tacky solid, up.
100-2500. Analysis by i.r. and H.n.mer. spectréscopy géve very lit-
tle informatién regarding potentisl struetures. Two brosd absorptions
at 3700 - 3200 and 1750 - 1650 on™l, in the i.r. spectrum, could be
attributed to O-H and C=0 stretching frequencies respectively} The
1H.n.m.r. spectrum wes very complex, and although aromatic ané olefinio °
protons were indicated, it was ﬁot possible to baiculate peak height
ratios due to the illwdefinéd nature of the spectrum. Attempts to
-separate the unknown by preparative t.l.c., using various solvent systems,
met with failure,

The unknown is most likely a mixture of products which are formed

from the ketone (3.65) or by the reaction of this ketone with a:inter-

medinte of the rearrangement., Owing to the complex nature and difficulty -
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of separsting, the unknown was not investigated further.

Rearrangement of 2,5-direthyl-l-methoxybenzobharrelene

Previous work?oe had shown that the tetrachlovobenzobarrelene
derivative (3.17), in the presence of triflucroacetic acid, rearranged

to the four isomeric ketones (3.68) - (3.71) as illustrated in Scheme 3.12.

Scheme 3,12

a1 , |
Cl l H —0
Cl
&~ OCH3 “CHj
(317) CHg
(369) R1 ?Rz =CH3 R3=

It was also established that the ketone (3.68) in the presence of
elther sulphuric acid (98%) or fluorosulphonic acid rearranged further

into the isomer (3.72) which could rearrange to either (3.73) or (3.71)




as shown in Scheme 3.13.

Scheme 3,13

+
| ct C o | | '
H ¢l Cl s P-CH3
(3.68)— —_ O
cu | cl
g CHz ~OH & CHzon

The chlorinated 1-methoxybenzobarrelenes are less soluble ard react

slower in acid medium than the corresponding l-methoxybenzobarrelenes.
It was therefore considered that the dechlorinated analogue of the come
pound (3.17) would.rearrange under milder conditions with an enhanced

posaibility of the resultant products reacting further by mechanisms
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similar té those shown in Scheme 3.13.
Consequently 2,5-dimethyl-l-methexybenzobarrelene (3.26) was |
prepared by aechlorination of the compound (3,17j'by the procedure des~
cribed in Chapter 1. - The product (3,26) was heated under reflux in
trifluorozcetic acid for ca. bhr.. Anzlysis of the crude product in-
dicated a complex #ixture of products. Separation by preparative t.l.c.
gave five bands which on analysis by toioCn, i.r. and 1H,n.m.r; spectos~
copy appeared to be still mixtures of products.' A close inspection of the
1H.n.m°r. spectra established that the four isomeric ketones (3e74) -

(3.77) had been formed together with other products. Further separation

by preparative t.l.c. allowed two of these ketones (3.7L) and (3.75)

C‘Hg

//

H
(326) —»

CH3

{3.74)

|
|
|
|
|
\
\
fo be isolated and pasitively identified, ‘ ’ ‘
\
\
|
|
|
|
|

(3.77)

£ UNKNOWN ‘

PRODUCTS - ‘

|

: |

(376) Ry =Ry =CHy Ry H ‘
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~ The o({& -unsaturated ketone (3.74) was obtained in 14.8% yield,
as 2 white crystalline solid, mp. 62-64° (ethaﬁol). The i.r. spectrum
gave a carbonyl stretch at 1670 cm-l characteristic of an4&$5—unsaturaf
ted ketone. The ‘Hun.m.r. spectrun (CDClB), Y. showea peaks at
2.65-3.0 (4, m), &.7% (1H, broad s), 6.4-6.6 (1H, m), 7.35-7.50
(eft, m), .8,0 (3H, d,lJﬁ:gg. l.SHz.) and 8.5 (3H, s) which correlates
well With'the'proposéd structure (3.74). The mass spectrum gave a
molecular ion (M+) at 1980.
The benzobarrelenone (3.75) was also isolated in 38.7% yield,
" as white crystals, mp. 94—980 (ethanbl). The i.r. spectrum showed
~carbenyl stretching at 1725 cmql,,characteristic of such ketones. The
lH.n.m.r, spectrum, (CDClj) ﬂT.,showed the following peaks 2.5-2.74
(i, ), 3.4-3.75 (2H, a), 7.83 (1H, s), 7.98 (1H, s), 8.17 (3H, s),
and 8.22.(3H, s) which éorrelates with that expected for the 2,5;dimeth&l—
benzobafrelenone (3.75). The mass spectrum gave a molecular ion (M*)
at 198 with a base peak at 156 (M+ - 42) corresponding to the loss of
ketene.
The other two isomeric ketones (3.76) and (3.77) were not isolated
in a.pure enough form to be positively identified., Other compounds
- were also present gut little evidence was obtained regardiﬁg their

58

structures, Investigations into this rearrangement have been continued.

Rearrangenent of the of the 2,3,5-trimethyl-l-methoxybenzobarrelenes (3.27)
and !30282 | ’

In the acid catalysed rearrangements of l-methoxybenzobarrelenes,
the position of protonation is affected by the strength of the acid used

gend the presence of substituents which stabilise the carbonium ion formed.
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Alkyl groups, and in particular the methyl group, have proved useful in
studies of the latter point. The previously discussed rearrangement of
2,5-dimethyl-l-methoxybenzobarrelenec (3l26)'was of interest, due io the
competitive effect of the two methyl groups in different ILocations with
regpect to the methoxy-group. The methyl group at C~2 directs protona-
tion to C-3, whilst the methyl'group at 0-5 directs protonati§n to C-6.
As already discgsséﬁ this gives alternative modes of rearrangement, which
have been shoﬁn to react to a complicated mixture of products.

It was reasoned that the two compounds {3.27) and (3.28) would, on
rearrvangement, resﬁlt in an even more complicated mixture of products.

Some of the possible products are illustrated in Scheme 3.14. It can be

seen that most of the expected products (3.78)- {3.82) can exist in two
epimeric forms., This piqture is further complicated by the possibility of
some of the products reacting further. Hart has shown26 that the related
xetone (3.25) can be equilibrated in trifluoroacetic acid with three
isomeric ketones. Our studie520 have, so fab,'not identified a system
which equilibrétes under the conditions of the rearrangements. Oné early
explanation for this lack of equilibration had been the presence of four
electron withdraﬁing'halogens on the aryl ring of our systems as compared
to Hart's ketone (3.25). This was obviously discounted when it wag fpund
that the three isomeric ketones (3.65) - (3.67) formed from the rearrangement
of the compound (3.64) did not equilibrate. |
Hart has establishedethat it is the preseﬁce of the six methyl groups
which allows the ketone {3.25) to exist in egquilibrium with its fhree
isomeric ketones. The presence of these methyl groups enhances the relative
stability and lifetime of the cations formed in acidic medium hence allowing

equilibration.

e e e A e A1 e s ar A, S At 8 DR L g MDY o b b, o TAEg AR S0 APy, ey il B T i b LTS P AR M



Scheme 3.14

® ~Me
+ x [
H Me
__.__.@.-
% OCH, Me
X=Cl (3.27) X ’
X=H [328) - l
: Me
X Me
O —
|

Me

Me

e
X (3.79) X=Cl orH

Me
A0
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It was considered that the presence of the three methyl groups

in the compounds (3.27) and (3.28) might allow equilibration in the

ketone products, formed from. their rearrangement,

The two compounds (3.27) and (3.28)‘were prepared as described

in Chapter 1.

A sample of 2,3,5-trimethyl~l-methoxytetrachlorobenzobarrelene

(3.27) was rearranged in concentrated sulphuric acid at room temperature.

After normal work-up an orange oil was isolated which was separated

into 8 bands by preparative t.l.c.. Each of these bands was anelysed

by i.r. spectroscopy and g.le.c.. The resultant data are shown in the

following table.

Bends in order
of decreasing

G.L.C. Results
No. of Products

I.R spectra (cm‘l.)

RF Value major peaks.
1 2 2920; 2860; 1450; 1345
2 1 1730 '
3 2 1730
4 1 major 3000-2900; 17503 14503 1345; 1270;
2 major;} 1230; 1200; 1160; 1055; 940; 800; 770.
5 3 | 1740; 1670 -
6 1 1670 _
7 1 3000-2850; 17053 1620; 1k25; 1360;
1275; 1090; 855; 830; 750
8 4 1750-1700 (broad C=0)
Base Line
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The results confirmed the expectation of a complicéted mixture of pro-
ducts. The separated bands were not single products but mixtures.

It was reasoned that the use of a milder gcid, in the rearrangement,
might result in a less complicated mixtufe of products. .Thus the
compound (3.27) was allowed to rearrange in trifluoroacetic acid. The
crude reaction‘product was sepérated by preparative t.l.c. to give

~ five Bands (A.—%la). Each band was analysed by i;r. spectroscopy and
then separated again by preparative t.l.c.. The resulté were per-
plexing, -since each of the bands (A —E) was separated into 3-8 bands
and analyéis of the new bands still indicated mixtures of productsQ
The combined results are given in the experimental section at the end
of this Chapter.

The rearrangement was obviously more complicated than originally
anticipated. Althéugh a large number of products had been expected,
(Scheme 3.14), it seemed unlikely that each of the isolated bands con=
- tained mixtures of different products. One explanation of the results
ﬁas the possibility of individual products rearranging during the
chromatqgraphic-separ&tion procedure.

Rearrangement of the dechlorinated analogue (5.28); in trifluoro-.
acotic acid, gave a similar complicated mixture of products which could
not be separated, by preparative t.l.c., into single products,

As far as the rearrangement of the compounds (3.27) and (3.28)
are concerned the tip of the iceberg has only Jjust been scra?ed. ‘The
fact that a number of different ketones are formed during their re~
arrangement is indicated by the characteristie carbonyllabsorbtioﬁs noted

in the i.r. spectroscopic analysis. The use of 1H.n.m.r. spectroscopy
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will throw light on the structures of these products and also indicate

the possible composition of the isolated bands. The extent of rearrange-

ment or equilibration, if at all, will also be identified by such studies.

Further examinration of these rearrangements is under investigation

in these 1aboratories;38




EXPERIMENTAL SECTION

General Procedures.

The general procedures are ag described in Chapters one and two
with fhe following additions.

" The eluant used for the separation of -the rearfangement prod-
ducts, by preparative‘thin layer chromatography, was a mixture of
ether and light petroleum. The ratio of this mixture was determined
by analyticel t.l.c. investigations but was normally éither 25 ér 50%
ether-light petroleum. The plate loading was normally ca. 100mg. of
product per plate. |

The producté containing deuterium were examined by mass spectro-
metry. The spectrum of the molecular ion in qﬁestion was run six
times and average heights of the ion and its deuteriated forms measured,
Samples of uﬁlabelled product were subjected to the same ana;ysis in

13

order to determine the correction factors for ~~C natural abundance,

at the molecular ion concerned, -




EXPERINENTAL

1. Preparation of methyl 2,5-dimethoxybenzoate.

Dimethyl sulphate (500ml.) and agueous potassium hydroxide
(EOOml, 50%) wére added in small portions to a stirred solution of
2,5-dihydroxybenzoic acid (100g. 0.65M.) in ethanol (200ml.) and potas-
sium hydroxide (100ml, 50%). After the addition was complete the mix- -
ture was heated on a water bath (ca. 80°) for about 2 hr., cooled and
a brown oil was separated from the aqueous layér° The aqueous phase
was extracted ﬁith chloroform (2 x 100ml.). The combined organic
layer was washed successively with sodium hydroxide (2 x 50ml, 2N.)
and distillation of the cfude product under reduced pressure gave
methyl 2,5-dimethoxybenzoate (72.05g, 56.7%), b.D. 90*956 at 0.5m.m. Hge
(lit.Blb.p. 95-98° at 1m.m. Hg.).

NV

o, 30002955, 2840, 1737, 1620, 1590, 1470, 1320, 1290,

1250, 1220, 1180, 812 and 735 cm .
The basic extract was acidified with hydrochleric acid to give
2,5-dimethoxybenzoic acid (24.2g, 21%) m.p. 72-75° (lit.8276°) after

filtration and drying,

2. Methylation of 2,5-dimethoxybenzoic acid,

A solution of 2,5-dimethoxybenzoic acid (3lg, 0.16M.), methanol
(75ml.) and sulphurig acid (5ml, 98%) was heated under reflux forlgg. 15 hr.,
Excess of solvent was removed by rotary evaporation and the residue poured
into water (100ml.). The aqueous phase was extracted with chloroform

(3 x 50ml.) and the combined organic phase was washed and dried as
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expt. 1. Distillation of the crude product under reduced pressure gave
methyl 2,5-dimethoxybenzoate (14k.0g, 4h.6%).

Acidification of the basic extract, as expt. 1, gave recovered
é,5-dimethoxybenzoic acid (14.2g, 45.8%). k

3. Preparation of 3,6~dimethoxybenzamids.

Methyl 2,5-dimethoxybenzoate (120.9g, 0.62M.) was stirred with
ammonia solution (650ml.) at room temperature for ca. 15hr.. The white

crystaliine s50lid obtained was filtered and washed thoroughly with

cold water, Recrystallisation from hot water gave white needles of

8

2,5-dimethoxybenzanide (117.52, 97.2%), mep. 150-141° (1it.>m.p. 140°).

L. Preparation of 3,6-dimethoxy~2-nitrcbenzamide.,

Concentrated nitric acid (700ml.) was cooled in an ice-salt mix-—
ture and stirred whilst 2,5-Gimethbxybenzam;dé (11?.55, 0.6M.) was
added to it in small pertions. After the éddition was complete the mixture
was stirred for a furthef period of 1l hr. at 0-5O and then poured oﬁto
ice (100g.). The yellow crystalline solid was filtefea, washed well
with water and driegd. | ' |
« The crude product was.extracted with benzene heated under reflux,
using a soxhiet.thimble, and the remaining solid recrystallised from '
" acetone to afford 3,6-dimethoxy-2-nitrobenzamide (3.7) (100.8g, 70%);

7

m}p, 228-230° (1it. l225-226").

5. Preparation of 3,6-dimethoxy-2-nitrobenzoic acid.

3,6-dimethoxy-2-nitrobenzamide (76.0g, 0.34M.) was dissolved in

" sulphuric acid (98% stoh t Hy,0 800 : 400ml.). The solution was stir-

red and cooled in an ice-mthanol bath. A thick yellow precipitate




was formed on cooling the solution., Seodium nitrite (33g, 0.48M.) was
carefully added to the solution in smalk portions and the solution al-
lowed to warm slowly to room temperature. A brown gas was evolved
duripg this stage of the reaction, The solution was stirred at room
temperature for ¢a. 15hr.. The solution was then guenched in ice-water
to yield a yellow solid which was isolated by filtration. The solid
was thoroughly washed with water, dried and recrystallised from agqueous
ethanol to give 3,6-dimethoxy-2-nitrobenzoic acid (3.8) (70.5g, 92.8%),
m.p. 188-191° (1it.}7192-194°).
\]max, 3000, 2855, 1745, 1710, 1620, 1580, 1540, 1495, 1465; 1452,
1435, 1370, 1290, i25o, 1190, 1140, 1055, 935, 810, 800,
790, 760,.720, and 690 cm.”Y,

6. Prebaration of 2-amino-3,6-dimethoxybenzoic acid.

3,6-dimethoxy-2-nitrobenzoic ascid (19.6g, 0.086M.) was dissolved
in hot ethanol (300ml.) and palladium-carbon (4LOOmg, 10%) was added. |
Hydrazine hydrate (30m1.) was added to it during 30Omin.. After the
- addition was complete the nmixture was héated under reflux for jhr.; cool-
e coXalap

ed andhflltéred off, The filtrate was evaporated to a small volum° and
cooled to give 2-amino-3,6-dimethoxybenzoic acid (3.6) (16.2g, 95.2%),
mep. 94-96° (Lit.1?96-97°), | |
: \)max. 34,80, 3365, 3100, 2940, 2850, 1700, 1625, 1600, 1550, 1480,

| 1365, 1270, 1222, 1160, 1115, 1055, 960, 800 and 720 om.”t

7. Attempted reduction of 3,6-dimethoxy-2-nitrobenzoic acid.

3,6-dimethoxy-2-nitrobenzoic acid (O;5g, 2,2m.M.) was dissolved in
ethanol (50ml.) and a mixture of iron powder (0.5g.) plus'concentrated

hydrochloric acid (2ml.) added. The mixture was heated under reflux for

293.




ca. Zhr., cooled, filtered and evaporated to yield an oily yellow com-~
pound, Analysis by t.l.c. and i.r. 5pectroscépy indicated the presence

of only the starting material, 3,6-dimethoxy-Z2-nitrobenzoic acid.

8. Preparation of 1,4-dihydro-1,5,8-trinethoxy-1,4~-cthenonaphthalene

(trimethoxybenzobarrelene),

2-Amino-3,6-dimethoxybenzoic acid (9.1g, 0.035M.) was dissolved
in tetrﬂhjdrbfuran (50ml.) and trichlorocacetic acid (80mg.) was added.
Iso-amylinitrite (11,5ml.) wes added and the mixture stirred at room
: tempergture for ca. 2hr.. -Tbe dark red diazonium salt was filtered off and
washed witﬁ dry ether (2 x 10ml.}. The semi—dr&rdiazonium.salt (9.38.)
was carefully added to prehéated anisole (250g, 2.31#.) at 60°. The
mixture was méintainéd at this temperature for a further Lhr,. The
solvent and.excess of anisolé were‘removéa'under pressure. The red oil
obtained was placed on a column of alumina (IOOOg.) and elution with
ethe;-light petroleum L0:60 (1:2) afforded 1l,h-dihydro-1,5,8-trimethoxy—
-l,hﬂethenonéphthalene (3.2) (l.f6g, 20.4%) m.p. 74-76° (1it.7978-790)
(methanol). | | | B |

Voax, 3085, 3000, 2965, 2940, 2915, 2840, 1640, 1590, 1500, 1460,

| 145, 1345, 1315, 1260, 1240, 1195, 1180, 1150, 1108, 1080,
| 1065, 1642, 1025, 985, 955{ 848, 868, 798, 722, 710 and 678 cm'l._
1ﬂ.n.m.r, (cnc13)‘7’. 3,10 (ﬁ,_bH), 349 (s, 2H), 472 (t.t., 18, [3]
= 5.8 and 1.8 Hz.), 6.18 (s, 3H); 6.2 (s, 3&) and 6,24 (s, 3H).

Elutioﬁ with ether-light petroleum 40:60 (5:1) gave crude 5,8~
~dimethoxy-1,4-etheno-2-tetralone (3.12) (0.66g, 8.1%) m.p. 104-106°

M 04-106%).

-1
\)max. 1740 om ™,

- (ethanol) (1it.’
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9, Rearrangement of trimethoxybenzcharrelene (5.2)

(i) The compound (3.2) (10mg,) was stirred in perchloric acid
(60%, ldml.j for ca. 30 min. at room temperature. ' The solution was
guenched in ice and extracted with ether (3 x 10ml.). The combined
organic phase was.redﬁced in volume to ca. 5ml. and analysed by t.l.c..
Two products were indicated, one with the same Rf. value és the start-
ing material (3.2).
© (ii) A similar reaction to (i) but stirring the mixture for 9Omin.
gave by t.l.c. analysis three products, with oné corresponding to the
compoung (3.25; |
(iii) A simiiar reaction to (i) but stirring the mixture for ca. 4hr.
indicated by tel.c., three producfs none of which corresponded to the
compound (3.2). | |
(iv) The compound (3.2) (10mg.) was heated under reflux in tri-
fluoroacetic acid (5ml.) for 2hr.. Normal work-up and analysis by t.l.c.
indicated three products with similar Rf. values to the products in
reaction (iii).

. (v) The compoﬁnﬂ (35.2) (10mg.) was stirred in a mixture of tri-
fluoroacetic acid (3ml.), chloroform (1ml.) and concentrated sulphuric
acid (B_drops) at room temperature for ca. 30min.. Normal work-up ahd
t.l.c..analysis indicated only the.compound (3.2).

(vi) A simil§£ reaction to (v) but using concentrated sulphurie
acid (7 drops) gave only the compound (3.2).

(vii) The compound (3.2} (10mg.) was heated under reflux in a
mixture of dioxan (5ml.) and perchloric acid (60%, 5ml.) for 2hr..

Normal work-up and t.l.c. analysis indicated two products and none of
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the compound (3.2).

The solvent used for the t.l.c. investigations in reactions

(i) - (vii) was ether-light petroleum (50:50).

10. Rearrangement of trimethoxybensobarrelene in trifluorcacetic acid.

Primethoxybenzobarrelene (3.2) was heated under reflux in tri-

fluoroscetic acid. The acidic solution was poured onto ice and the

aqueous solution extracted with ether. Evaporation of the ethereal

solution gave an oil which was separated by preparative t.l.c. (silica)

to yield the products shown in the table below.

J Primethoxybenzobarrelene CF3C02H PRODUCTS (Decreasing Rf'.)
wt (mg.). Vol.(ml).| Br. wt (mge)
| 1 2 3 4 5 6
450 10 |4 | 125 w832 17 27 5
935 15 4 298 327 38 69 36 42
500 10 6 170 170 20 4o. 357

1) 2,4',5-trimethoxybiphenyl (3.37) (28-34%), mp. 62-64° (petroleunm

ether) (1it,8q mp . 62—640)

't ou,

Y.n.a.r. (CD013)'TT 2,50 (AA° of AA'BB, {3 AB= 9Hz, 2H), 2.95-3.é
(m, 5H), 6.18 (s, 3H), 6.23 (s, 3H) and 6.28 (s, 3H).
*Jmax, 3000, 2945, 2915, 2840, 1618, 1595, 1580, 1520, 1500, 1465,

1445, 1405, 1300, 1265, 1250, 1220, 1180, 1055, 1027, 882,

835, 798, 745, 720, 692, and 683 cm"l.
A\&ano (ethanol) 303 (£7151) and 256 (£15462) N.Moe




2) 5,B8-dimethoxy~l,4-etheno-2-tetralone (3.12) (35-37%), mp. 108-110°
(1it.’” 106-106%), u* 230, |
onom.r, (CD613) T. 3.20 (m, 4H), 5.13 (d.4, 14, jJ] = 6 and 2Hz),
5.35 (n, 1H), 6.18 (s, 3H), 6.22 (s, 34) and 7.96 (ABq, 21, J3]
AR = 17Hz)e ' -
) \)max; 3080, 3010, 2950, 2840, 1740, 1600, 1500, 1470, 1445, 1337,
1292, 1260, 1150, 1130, 1090, 1010, 970, 770, 715, and 690 cm T,
3} 1,k-dimethoxy~5,9-dihydro-5,9-methancbenzocyclohepten-6-one (3.9)

(4 ,0-7 +1%), red-brown crystals, mp. 137-141° (ethanoi) (lit.79

14,0-141°),
Mt 230, |
Y.onom.r, (cD013) T. 2.58 (q, 1H), 3.40 (m, 2H), 4.55 (q, 1H),
5.92 (m, 1H), 6.15 (s, 3H), 6,20 (=, 3H) and 7.30 (m, 2H).
\)max 1675, 1495, 1260, 1155, 1075, 1055, 790, and 7io ent,

 #) Mixture of two unknowns, M' 488 and 474,
Yy.num.r. (cp013) T . 2.8 (s), 2.58 (8), 2.75 (s), 3.03 (s), 3.13 (s),
3,30 (m), 3.88 (m), 5.0 (m), 6.0-6.7 (complex series of singlets)

and 7.7-7.95 (m)e
\;Jmax

é) and 6) -

1740, 1490, 1480, 1465, 1255, 1205, 1175, 1075, 1035, and 755 onL,

lH.n.m.r° and i.r. spectroscopy gave only broad and

unidentifiable spectra.

11, Preparation of deuteriated trifluoroacetic acide

Trifluoroacetic anhydride (15.5ml.) and deuterium oxide (1.82uml.)
were mixed and allowed to stand at room tempefature for ca. 2hra, in
a {ary-box', under an atmosphere of nitrogen, The solution was then

‘distilled and the fraction boiling between 68-70° collected.
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12. Rearrangement of trimethoxybenzobarrelene in CF COZD

2

A) The compound (3,2)(200mg;) was he;tea under reflux in CF3002D '
(Sml.) for ca. 3 hr.. Normal work-up gave a red oil (219mg.) which
was separated by preparative t.l.c. (3 x lm. x 20 cm, 0,75 m.m. thick-
ness; eluant ether-light petroleum (1:1)) to give in order of decreas-
ing Rf. values:- . _

(1) Deuteriated 2,4",5-trimethoxybiphenyl (43mg.), white crystals

(1ight petroleum).

- {ii) A mixtufe of deuteriated diﬁethoxybenzobarrelenone and

trimethoxybenzobarrelene (96mg;). It was not possible to separate
this mixturé by preparative t.l.c. but by placing the mixture on a short
alumina column and eluting.with initially light petroleun fellowed by
ether-light petroleum {1:1), the two products were separated to give:-
Deuteriated trimethoxybenzobarrelene (10mg.) pale yellow crystals and -
deuteriated dimethoxybenzobarrelenoné (55mg.) white crystals (éthaﬁol).

The three samples were analysed for deuterium content by mass
gspectrometry. o
B) " The compound (3.2) (300mg.) was heated unden-reflux in CFECOZD
(5ml.) for ca. 5hr.. The resultant solution was poured into éeuterigm
oxide (6ml.) énd then onto ice. The aqueous solution was extracted
with ether (3 x 10m1:) and the organic phase dried (MgSOh) and evaporé-
ted to yield an oil. The oil was separated by preparative t.l.c. to
give six products; (i) 82mg,, (ii) 174 mg., (iii) 3mg., (iv) 7mg.,
(v) 2umg., (vi) 27mg..

(i) Trimethoxybiphenyl - recrystallised from light petroleum and

analysed by mass spectrometry for deuterium.
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(ii) Mixture of the starting material (3.2) ani the ketone (3.12).
The mixture was re-plated to give the dimethoﬁybenzobarrelenone (3.12)
(95mg.) which was recrystallised from ethanol and sent for mess spectral
analysis to P.C.M.U.. A crystalline sample of the compound (3.2) was |
zwtoﬁMMmm |

Samples (iii) - (vi) were not investigated,

13. Reaction of 2,L',5-trimethoxybiphenyl with CF COZD.

3

The biphenyl {3.37) (50mg.) was heated under reflux in CF ﬂOZD (3ml.)

)
for ca. 3 hr.. Normal work-up gave a yellow oil which was recrystallised
from light petroleum to yield the recoveréd biphenyl (3.37) (30mg.) as white

crystals. The sample was analysed for deuterium by mass spectrometry.

14, Reaction of Dimethoxybenzobarrelenone with CF COZD.

A)  The ketone (3.12) (60mg.) was heated under reflux in CF

400,D (3al.) for
ca. 3 hr., After normal wérk-up and separation by preparative t.l.c. the
ketone (3.12) (50mg.) was recovered.
B) A similar reaction to (4) waé carried out but at the end of the reflux
period excess of CF5002D was removed by evaporatioﬁ under reduced presSure.
The ketone (3.12) was recovered as a crude oil.

The recovered ketone from reactions (A) and (B) were analysed for

deuterium by mass spectrometry.

15, Attempted reduction of the suspected vinyl naphthalene (3.35).

The suspected vinyl naphthalene (3.35) (lobmg.) was dissolved in.
ethanol (50ml.) and PaC. (10%, 50mg.) added. The mixture was subjected
to hydrogenolysis for ca. 12 hr., Filtration and evaéoration of the
solvent gave an oily solid which on analysis by t.l.c. and 1H.n.m.r.

spectroscopy proved to be the starting compound,.
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16. Preperation of 2,41,5-trimethoxybichenyl.

p-Kethoxyeniline (1.23g, 10m.N.), deiméthoxybenzene (6.9g, 50m.Y),
trifluorocacetic acid (2 drops) and isoamyl nitrite (1.3g.) were heated
under reflux in acetone (sufficient to form a solution) for ca. 2hr..
Excess of solvent was removed by rotary evaporation and the crude pro-
duct placed on an alumina column. Elubtion with ether : light petroleum
(0~30%§ether) gave o rumber of fractlions which were znalysed by Zel.Ces
The fractions containing the required biphenyl ﬁare combined and evapora-
ted. The resultent oil was separated by preparative t.l.c. to give in
order of decreasing Rf, value:-

(1) p-dimethoxybenzene (70mg.) and (ii) - 2,4',5-trimethoxybiphenyl
(3.37) (120mg, 5.3%) mp. 62-6L° (light petroleum) (lit.80 626",

17. Resction of Dimethoxybenzobarrelenons and Trimethoxybiphenyl

With GF3002H.

A mixture of the ketone (3.12) (40mg.) and the biphenyl (3.37)
(30mg.) was heated under reflux in CchOZH (25ml.) for ca. 6hr.. Normal
work~-up and separation by preparative t.l.c. gave only the ketone (3.12)
(30mg.) and the biphenyl (3.37) (25mg.). No other products.were isolated.

18, Rearrangement of Trimethoxybenzobarrelene in the presence of an

excess of p-dimethoxybenzene,

Trimethoxybenzobarrelene‘(250mg, 1.03n.M.) and p~dimethoxybenzene

(1}15mg, 10.3m.M.) were heated under reflux in CF H (10ml.) for

320
cae 6o5hr.. Normal work-up gave an oil which was separated on an alumina
(50g.) column, eluant light petroleum to 30% ether : light petroleum, to
give 10 fractions (250ml. per fraction)., The fractions were identified

by t.le.c. as follows:
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Freotions 1-6 p-Dimethoxybenzene

Fractions 7-8 E-Dimethoxybenzene_+,Trimethoxybiphenyl (3.37)

Fractions 9-10 Mixture of productse.

Fractions 9-10 were combined, eveporated and the crude oil separated

by preparative t,l.c. to give six produets, in order of decreasing Rf.

value:~
(1)

(11;
(iii)
(iv)

(v}

(vi)

Trimethoxybiphenyl (3.37) (B0mg.).
Dimethoxybenzobarrelenone (3.12) (66mg.).
Trimethoxybenzobérrelene (3.2) {(10mg.).
¢} ~Unsatursted Ketone (3.9) (1lmgs).
Unknown (19mg.).

Base Line (fmg.).

19, Eguilibrium studies on 2,4',5-trimethoxybiphenyl.

The biphenyl (3.37) (50mg.) was stirred in perchloric acid

(60%, 10ml.), at room temperature, for ca. 2 hr,, Normal work-up end

analysis of the crude product.by‘t.l.c.'aﬁd lH.n.m.r. spectroscopy

indicated only the biphenyl (3.37).

Similar trestment of the biphenyl for c¢a. 12hr. geve the same result.

20. Equilibrium studies on Dimethoxybenzobarrelenone.

%) The ketone (3.12) (60mg.) was heated under reflux in CF

5COH <5ml’).

for ca. 12hr.. Normal work-up and anslysis by t.l.c. and lH.n;m.r.

spectroscopy indicaked only the xetone (3.12).

B) The ketone (3.12) (100mg.) was éhaken with concentrated sulphuric

acid (98%, 20ml.), at room temperature, for 10min.. Normal work-up gave

an o0il (90mg.) which contained only the ketone (3.12) as shown by t.l.ce.

and lﬁ.n.m.r. spectoscopy.
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21l. Rearrangement of l-methoxytetrachlorobenzobarrelene (3.60).

l-Methoxytetrachlorobenzobarrelene (10mg,.) was stirred in perchloric
acid (60%, 10ml.), at room temperature, for ga. 30 éin.. The solution
was poured onto ice and extracted with ether (3 x 20ml.). Evaporation
of the‘organic phase gave an oil which on analysis by t.l.c. indicated
only the starting material (3.60).

The above reaction was repeafed but with stirring for ga. 2 hr..
Once again work-up yielded only the starting material (3.60).

A third reaction, using the compound (3.60) (10mg.), was heated
under reflux, in a solution of perchloric acid (60%, 5ul.) and dioxan
(5ml.) for 2 hr.., Analysis of the crude product by t.l.c. indicated a

nixture of three products,.

A larger scale reaction, involving the compound (3.60) (500mg,
1.55m.M.), was heated under reflux in a solubtion of perchloric acid
(60%, 25ml,) and dioxan (25ul.) for 4 hr,. The solution was poured onto
ice (50g.) and extracted with ether (3 x BOml.)._ The ethereal solution
was washed (sat. NaHCOB), dried (mgsoh) and evaporated fo give a yellow~
orange oil. The oil was separated by preparative t.l.c. to give in order
of{decreasing Rf. value:w-

(1) l,2,3,£—tetraéhloro-5,8-dihydro—5,8~methanobenzocyclohepténr _
w9-ome (3.62)°°° (38mg, 7.9 V. (6De1,) 3.27 (q, 1), 3.77 (z, 1),
5.5-5.7 (m, 1H), 6.35-6.55 (m, 1H) and 7.1-7.6 (m, 2H), (ii) 5,6,7,8-

--tetrachloro-},4—6ihydro-l,h—ethenonaphthalene~2(lH)—one(3.61) (238ng,
49,8%) m.p. 168-170° (11£.°9°166-168°); and (iii) 1,2,3,k-tetrachloro-
-5,9—dihydr0-5,9-methanobenzocyclohepten—6—-one (3.63)20" (58mg, 12%,

T. (CDGlB) 2,54 (g, 1K), 446 (q, 1H), 5.75-6.2 (m, 2H), and
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7.1-7.3 {m, 2Hj.

22, Rearrangement of l-methoxybenzobarrelene,

A) 1-Kethoxybenzobarrelene (3.64) (lg, 5.4m.¥.) was shaken in con-
centrated sulphuric acid (98%, 25ml.) for ca, l5sec.. The solution

was poured onto ice and the aqueous solution extracted with chloroform

(3 x 75m1l.). The brganic phase wés dried (MgSOh)land eveporated to

give a red e¢il (1.25.) which was separafed by preparative t.lec..

Four products were obtained which were, in order of decreasing Rf. value:-
(1) 5,8~&ihydro—5,8~methanobenzécycloheptenm9~one (3.66)20c (20mg, 2.8%),
a yellow oil, "r . (09013) 2,05-203 (1H, m), 2,6~3.1 (3H, m), 3.3 |
(1H, d.d.), 3.9 (1H, d4.d.), 6.3~5.5 (1H, m), 6.5-6.7 (1H, m) and

7.15-?¢6 (28, m), (ii) 3,4~dihydro-1,L-ethenonaphthalen-2(1H)-one
(3.65)20c (500mg, 54.1%), a yellow oilb, T. (GDClS) 2.55—2.95 (4H, m),
3,05-3.6 (2H, m), 5.57 (1H, q), 5.60-5.9 (1K, m) and 7.50-8.3 {2H, octet,
AB of ABX), (dii) 5,9—dihydro-5,9Qmethanobenzocyclohepten-é—one.(3.5?)20c
(50mg, 5..%), a yellow oil, | . (cp61,) 2.5-3.1 (5H, m), L.65 (1, a),
6.15-6.55 (2H, m) and 7.15-7.4 (2H, m) and {iv) base line (220mg.),

white oily solid, mp. 100-250°, i.r. and H.num.r. spectoscopy gave no
cﬁéracteristic absorptions, |

B) A similer rearrangement using dilute sulphuric acid (H2804:H20;

L:1, i/v.) at 860, gave the same produéts which were separated in the
following yields:- (1) (4Omg, b.3%), (ii) (L4Omg, 47.6%), (iii) (20mg,
2,2%) and (iv) (4LOOmg.).

c) Triflueorcacetic acid,

1-Methoxybenzobarrelene (3.64) (1.0lg, 5.49m.M.) was heated under

reflux in trifluorcacetic acid {20ml.) for Shr.., Conventional work-up
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and separation of the crude product by preparative t.l.c. gave the
same four products as reactions A and B, in the following yieldss=
(1) (69mg, 7.4%), (i1) (4b3mg, 47.4%), (ii1) (128mg, 13.7%) and
(iv) Ybase line (397mg.), red oil. |

D) Perchloric Acid.

-The compound (3.64) (20mg.) was stirred in perchloric acid (60%,
8ml.), at room temperature,.for'2hr.. Normal work-up and analysis of
the crude prodﬁct by t.l.c. indicated four products with similar Rf.
values to the products (i) - (iv) obtained in reactions A,B and C.

23. Rearrangement of 2,5-dimethyl-l-methoxybenzobarrelene {3,26)

in trifluoroacetic acid.

The compound (3.26) (lg, 4.7m.M.) was heated under reflux in tri-
fluorcacetic acid (20ml.) for 4hr.. Normal work-up and separation of
the erude product by preparative t.l.c. _gave four products (i) - (iv) |
which were analysed by i.r. spectroscopj:-

V

max. (i)- (fluorescent band) 2960, 2930; 2860, 1460 and 1380 o@.-l
(ii) 3060, 2970, 2940, 2880, 1780, 1730, 1695, 1600, 1450,

1380, 1220, 1170, 1080, 1050, 750 and 690 mr
(iii) 3700 - 3200 (broad), 2980, 2940, 1785, 1750 = 1550 (broad),

1460, 1450, 1380, 1330, 1250 - 1100 (broad), 890, 800,

770, 760 and 680 em.t

(iv) Base line - no distinct absorptions.
The products (ii) - (iv) were separated again by preparative t.l.c.

and the resultant products analysed by t.l.c. and i.r. spectroscopy.

Products with the same Rf, value and i.r. spectrum were combined to give

four major fractions (v) - (viii). Fractions (v) and (vi) were
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recrystallised to yield (v) 5,9-dihydro~5,7-direthyl-5,9-nethanobenzo-
cyclohepten-6-one (3.74) (138mg, 14.8%), mp. 62-64° (ethanol), M* 198,
Wonamer, (0001;) T 2.65-3.0 (4, m), k.74 (1, broad s), 6.4-6.6
(1H, m), 7.35~7.5 (24, m), 8.0 (3H, d; ]J] cao 1.5Hz.) and 8.5

(3H, s), \)maxo 2980, 2940, 2870, 1670, 1620, 1455, 1375, 1315, 1250,

1195, 1170, 1120, 1110, 1015, 900, 770, 760, and 680 omt, and (v1) 3,
4=-dihydro-l,4=~dimethyl-1, k~ethenonaphthalene~-2(1H)-one (3.75) (361mg,

38.7%) up. 94-98° (ethanol), ™ 198,

Honumer. (CDCL,) . 2.5-2.74
(W, m), 3.4-3.75 (2, q), 7.83 (14, s), 7.98 (1H, s), 8.17 (3H, s)
and 8.22 (3H, s), \?max. 3060, 2980, 2940, 1725, 1450, 1380, 1050,
755, and 690 omT,

The remaining two fractions (vii) and (viii) were shown.by lH.n.m.r.
to ﬁe mixtures of two or more of the kefones (3574) - (3.77).
(vii) \)max. 2970, 2940, 1720, 1275, 1170; 1160, 1120, 1105, and 1020 cm_
(viii) N .. 2976, 2960, 2880, 1730, 1460, 1380, 1280, 1120, 1070,

and 750 e

o Both'(vii) and (viii) were isolated as yellow oils,

The two ketones (3.74) and (3.75) were not analysed-for carbon
anﬁshydrogen; | |
2#; Rearranzement of 2,3,5-trimethylal-me£hoxytetrachlorobenzobarreieﬁe

!3.2720

A. Concentrated Sulphuric Acia.

The compound (3.27) (500mg, 1.37m.M.) was shaken in concentrated
sulphuric acid (98%, 10ml.) at room temperature for 5min.. Normel work-
up gave an orange oil (0.5g.) which was separated by preparative t.l.ce

to yield eight bands, These bands were analysed by ge.l.c. and i.r.
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spectroséopy, The results are shown in Table A.

Be Prifluorcacetic Acide

The compound (3.27) (lg, 2.74m.M.) was heated under reflux in -

trifluoroacetic acid (20ml.) for 4hr.,  Normal work-up and separation

by.preparative t.l.c. gave four bands Bl - B5 vhich were analysed by

i.r. spectroscopy. The five bands were each_éeparated:by prepérative'

t.dec. to yield a complex mixture ofiproducts.. The results‘of-the-

ana}ysié of these products are shown. in Table B,

25, Rearrangement of 2,3,S-tfimethyl-lamethoxybenzobarrelene (3.28).

The compound (3.28) (lg, h;42m.M,) was heated under reflux in

frifludroacetic acid (20ml.) for 4hr.. Work-up and separation as

normal gave a complex mixture of products, The results of the analysis

by t.l.c. and i.r. spectroscopy are shown in Table C.

TABLE A

Bandé in order § G.L.C. Results Infra—red'sbectra. W
of decreasing | No. of Products (cm.dl) (mg.)
Rf. value .
1 2 2920, 2860, 1450, 1345 40 .
2 1 1730 ' 10
3 2 1730 10
| 1 major ; _ 3000-2900, 1750, 1450, .
b 2 minor 1345, 1270, 1230, 1200, :
: - 1160, 1055, 900, 800, 770.}140
5 3 1740, 1670 10
6 1 1670 50
7 1 3000-2850, 1705, 1620, '
1425, 1360, 1275, 1090
| 855, 830, 750 160
8 4 1750-1700 {broad C=0) 30
Base Line ‘
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TABLE B

Band

I.R. Data (cm—l)

(Ma jor absorptions.)

Bl
-B2

- B3

B

2930, 2860, 1395
2930, 2860, 1730, 1700, 1450, 1370

3000-2850, ‘1740, 1460, 1400-1340, 1285, 1260, 1240,
1215, 1150, 1070, 955, 815, 785, 750

3000-3200, 2980, 2940, 2880, 1710, 1625, 1440, 1370,
1290, 1260, 1235, 1170, 1130, 1100, 870, 840, 765, 640

Base Line

Band"

T.L.Co
No. of

Spots TI.R, Data (cm )

(Major absorptions.)

30002850, 1345

2000-2850

3700-3000, 1635, 1345, 1220, 1150

No distinet absorptions

No distinect absorptions

Base Line: 3700-3100, 3050~2850, 1790 1720, 1450
1365, 1225, 1175, 1145, 760

MR

2915, ° 2870, 1710, 1450, 1345, 1220, 760

No distinct absorptions,

1730, 1700

1730

17C0 .

Base Line: 3700-3300, 3050-2850, 1730, 1450, 1380,
760 '

HHMPRMNDMNDO N

No distinct absorptions .
29,40, 2860, 1730, 1700, 1450, 1370
B3-d to B-3i :

e

1 3700-3200, 2960, 2940, 2860, 1740, 1650 1460, 1380,
765

continue over page.
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TABLE B (contd.)
Band T.L.C. 7 1
No. of I.R. Datae (cm ~)
Spots (Major absorptions.)
B3-g 3 3000-2880, 1740, 1460, 1380, 1360, 1070, 960, 820,
- 790
f 2 1750
g 3 1780, 1740
h 3 1780-1670 (broad)
i 2 " Base Line : 1785, 1730
Blh-a 1 1720
b 1 - 1725
o 3 1785, 1715, 1680, 1630 -
d 2 No distinet absorptions
e 2 ‘Base Line :- 3700-3200, 1725, 1450, 1370, 760
BS-a 1 No distinet absorptions
b 1 1730
c 1 1785, 1720, 1680 .
d 2 3010, 2980, 2940, 2880, 1715, 1630, 1465, 1440,
1380, 1370, 1290, 1260, 1105, 870, 845, 765, 665
e 1 1750-1680 (broad)
£ 2 1750, 1710
g 1 3700-3200, 1800~1650 (broad).
o 4
TABLE C
Band | Weight I.R. Data (cm 1)
(mg) (Major absorptions)
1. 160 3080; 3040, 2970, 2940, 2890, 1780, 1730, 1600,
1455, 1380, 1220, 1160, 1070, 1045, 760, 750 -
2 523‘ 3080, 3040,'2970, 2940, 1780, 1730, 1475, 1455,
1380, 1220, 1160, 1120, 1070, 1045, 820, 765, 745
3 5 3070, 3040, 2970, 2940, 1780, 1730, 1670, 1480,
| 1455, 1375, 1220, 1170, 760
A 200 3700-3200, 3080, 2980, 2940, 2880, 1780, 1730,
-] 1670, 1450, 1375, 1220, 1170, 755
5 385 Base Line i~ 3700-3200, 3070, 2980, 2940, 2880,
1725, 1450, 1380, 1260, 1215, 1655, 1620, 760.
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TABLE C (contd.)

\ Band [ T.L.C. -1
' No. of . T.R. Data (em ™)
Spots (Major absorptions)
i \ _
' 1-a | 3 | No distinet absorptions
b 3 3050-2850, 1780, 1730, 1455, 1370, 1360, 1220, 1160,
770, 745 .
c - 3-4 Base Line :- 3600-3300, 3000-2850, 1725
2-a 1 5100~2850, 1780, 1730, 1485, 1455, 1320, 1220, 1170,
770, 750 -
b F-l Base Line :- 3700-3300, 3100-2800, 1780, 1725, 1455,
1380, 1215, 1170, 760
b o] 1 1730
‘b 1 1730.
e 1 1730
d 2 No distinct absorptions
e 2 No distinct absorptions
L2 2 1725
b 1 1780, 1730, 16?0 1455, 1370 1220, 1165, 755
c .2 1780, 1730, 1670, 1455, 1435, 1525, 1330, 1250,
1220, 1160, 1115, 1010, 885, 830, 755
~a 2=3 Base Line :~ 3700—3500 3100~28OO 1725, lh50
1 1385, 760,
|
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