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SUMMARY
Tho principel nmothods for the genoration of arynes and the types of
reactions wvhich thoy undergo sxe briefly revicwed.

Totrochlorobenzyne has beon generated from pentachlorophenyl
magnesium chleride, pontachlorophonyl lithium, and totrachloro-
anthranilic acid, Roactlons of tetrachlorocbonzyne with benzene,
substituted bonzoncs,xuq%halene, anthraecens, furan, tetraphenyle
cyelopentadionone, 1,3 ~ diphenyl-isobonzofuran, crotonaldehyde
qnd acrolein aro reported, Cycloadducts are obtainoed from these
reactions in good yield, Certain recactions of tectrachloro=i-
pyridyl lithium are reported.

Tho reactions of totrachlorobenzyno and tetrafluorobenzyne
with bicyclohepta - (2,2,1) - cne, bicyclohepta - (2,2,1)=
dione, styrene, ondoX - nmethyl styrone are roported.

The eleoavage of simple alliphatic others by totrachlorobenzyna
is reported, aﬁd the mochanism of the cleavage discusscd. Cloavage
of éliphatic others oeccurs by attack of the lone pair of
eloctrons on tho oxygen onto the aryne, accompanicd by
abgbraction of a{3- hydrogen from one of the alkyl groups, by
tho aryl residue.

A1 M nomer, and ir, spactral data for novel compounds

properad in thae above rcactions aro roported.
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INTRODUCT ION

The strong mucleophile~initiated rearrangements of non-activated
aryl halides bave bsen known for almost seventy years.l It is
only in the past fifteen years, however, that thege reactions
have been interpreted in terms of a benzyna mechanism, togather
with supporting evidence.2’3 Cine substitution xeactions have
often been regarded as indicative of a reaction involving these
intermediates, 4 particularly if electron withdraving groups
guch a3 -NO, are absent. Recently, however, evidence for other
mechanlisms resulting in cine gubstitution has arisen,s

Mors recent evidence for the existence of aryne intermediates
involves the detection of the appropriate peaks in the mass-
apectra of known precursors ,6 and the preparation of nickel
carbonyl complexes of banzyne and ‘betrai‘luorobenzyne.7
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The half-1ife of benzyne itself has been measured by flesh
phaiolysiaB of benzenediazonium2-carboxylate, and time of flight
mass spectrometry.9

The actual structure of aryne-intermediates has not yet
been completely elucidated, The properties of the parent
intermediate, called benzyne, !dehydrobenzene! or o-phanylene,
havg led to a series of representative structures belng used,
all of which have advantages and disadvantogess The pogsibility
that arynes from differing sources may have different structures
cannot ba overlooked, Hofmann's recent theoretical studies
are of significance in this connection, 0 Benzyne heas been

formulated in many ways, including thoge shown below,

& = I.-1~
| \' x0T
Ta png - Ie Td

Ta 1s the commonly used formulation, since it accounts
satisfactorily for many of the reactions which arynes underge

as dienophiles, It is generally agreed that the aromatic

character of the cyclic system in erynes is undisturbed, and
the two electrons of thetthird bond! are at right angles to

the pl-cloud (Ib), The possibility of a singlet or a triplet



state diradical benzyne being generated by certain me'bhgds cannob
be overruled, No evidence for such spscies has been found, 11
It is possible that a singlet species would revert to ground
state benzyne, and that a similar process could occur with a
triplet spscies, after intersystem crossing, Arynes will be
donoted by the sbtructure Ia throughout this thesis.,

Arynes are genersted by abastraction of atoms or groups
from adjacent positions in the aromatic nucleus, The abstracted
specics are small thermeodynamically stable molecules, Common
examples are metal halides, and gases such as nitrogen and
carbon dioxide. Strong nucleophiles such as n-butyl 1ithium
and alkali-motal amides and hydroxides, all react with aryl
halides to generate arynes, in which the climinated species

is formally hydrogen halide (see scheme 2a),12 The reactions

with alkali-metal amides and hydroxides generally lead to
formation of amines and phends respectively 12,14 (ses scheme 2b),
Identical isomer ratios are obtained with different halogens,

amd it is difficult to rationalise the results except by invoking
an aryne mechanism, o-Dihalogenoaromatic compounds can be
reacted with metals such as maghesium, sodium, and lithium, or
with organclithium reagents such as n-bubtyllithium, to give

good yields of o~haloard metallic reasgents. The aryne arises

by elimination of metal halide from the initially formed

o=haloaryl metallic compound,



M= Na,Li,K ; B=NH7, Bu’, OH"; X=CI B F,

Scheme 2a
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‘A1l o-haloaryl metallic compounds ere lsbile, and give compnlex

products on dec:ornpcns;i‘l:imn.15 For a given metal, the order of

ease of metal halide elimination is F>01 = Br,16 and for a

glven halogeﬁ, the order of e=mse of metal halide elimination

is NayLiyvgx,l7 | |
Low temporature thermolysis of benzenediazoniim-2-carboxylste

results in the eliminaﬁioh. of carbon dioxide and nitrogen, and

generetion of benzyne ,18 Benzensdiazoniun~2-carboxylate can

be formed and decomposed in situ by aprobic diazotisation of

anthranilic acids’? A less important, but similar method is

the thermolysis of benzenediazoniwn-z-sulphinate.20
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An oxidative method of generating arynes, involves trostment of

1 -~ zminobonzotriazole with lead tetraacetate., The reaction

is thought to proceed via a nitrens intermodiate .t

NN h&/
| CRt,
N H N
2,

N P
= \ = W
I\ Phlofd, Q N/N
\

2N

\H + aN,



Qther les_s ipportant methods of gonerating arynes ineclude irradiation
of 1, 2, 3, - benzothiadiazole - 1, 1 ~ dioxide,?2 and high
temperatura pyrolysis of ;:\thalic a.nhydride.6 Arynes genorsated
by the latter method are formed and react in the vapour phaseg
and some erynes show difforont properties to arynes genorated’
by other methodsi The ldnetics of dimerisation of benzyne gen-
erated by flash photolysis of pthalic anhydride have recently
been reported.23

In all their reactions, arynes bechave as strong electrophilos,.
Their reactions as dienopbiles have boen widely reported. With
ﬁ:ran,24 tetraphenylcyclopentadienona,25 and N-
mothylisoindale,®> 1,4 addition compuunds have boon obtained in
good yiclds (soe schome3),

~ ‘In the reactiond of benzyns with anthracens and substituted
anthracanes, two Diol’s Alder type addition compounds aro
obtained; the highly stable hydrocarbon triptycone, formed by

9, 10 addition across ths anth'_r'tu.:one,26 and small amounts of

the 1,4 addition produst.?’
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In the absence of trapping agonts, benzyno dimorizes to give
biphenylene, 1f generated from 1 ~ aminobenzotr13201321 or
benzenediazonium-2~oarboxylate.18 Whon goncratod fron
organolithium eesmpounds or Grignaord reagonts, in the absance
of trapping agents, benzyne reacts with ita organometallic
precursor or with other organomotallic roagonts.?? The use

of this typa of recction as a mothod of prepering triphenylene

and substituted triphenylenes has been roported.30

With simplo olefines having allylic hydrogens, bonzyne
wndergoea a so called insertion roaction,31 probably involving

a six~contred transition state,




Ffa.ny othor regetlinng of grynes arc known, 21l of which involve
either insertion ¢ addition of the type shown ebovo. 1, 2«
cycloaddi'bion reactions are relatiwvely rare, but have heen

reported with ensnfnes,?? and with bicyclohepta - (2, 2, 1} =

one and bicyclohepta - (2, 2, 1) = dieno,31
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INTRODUCT TON

Thoe first reportod reaction of an aryno with a simplo aromatic
compound was by Miller and Stiles ,33 who goneratod benzyno via

bonzonediazonium-2~-carboxylato, in tho presence of bonzone, and
iasolated threce products in low ylold, namely the 1, 2 and 1, 4
addition preducts (8% and 2% yielda respoctivoly), and tho
ingortion product, biphonyl (6%) (sco schemo 1),

Wo postulatod throe roesons for oxpecting high yieldas of
addition products botween highly halogonatod arynes and arocmatic
hydro-carbong,

It wag known thot aromatlc hydrocarbens form charge trensfor

complexas with highly fluorinated aromatic compounds.ﬂ” 35

We have similar cvidence from'Hn.m,r. spoctra which suggests
that charge transfor comploxos are formed botween highly
chlorinatod aromatlic compounds and sromatic hydrocarbons, The
aromatic protons in 1,2,4,5 tetrachlorobenzone show up as a
singlot at.t2;76 when the 'H nucloar magnotie resonance spoctrum
is recorded.in carbon totrachloride; In hexadeutorobenzens
howevar, the singlet is observoed at C3,40, Tho upfield shift

of 0.64 pop.m. is attribubed to charge transfer complox form-

ation, Tho highly clectrophilic nature of benzyne intermediates,



94!

f
0= 00

CHo

liIIIIIMIIIIIIIIIIIl . ’///
P v.b.
“Isomerisation \\\\ l

Scheme 1

\ /



suggested that alchargc transfor complex could be formed between
& highly halogenated eyyne procusor and an arematlc hydrocarbon,
leading to anhancod.roactivity bofwnon the hydrocarbon and thc‘
ar&nc. :
The known highor stebilitios of pontafluorophenyl3® ang
._pontachlorOPhony137 Grighard rcagents and pontafluorophchyl
1i'bhium,38 as comparcd to o-fluorophenyl Grighard rcégehﬁs and_
14thi ocompounds, éuggOSted o highor activation energy for the
formation of tetrefluoro and tetrachiorobenzynos which might result
in a considerabie incrcaaé in roactivity, It follous that ponta-
chlorophgnyl lithium would also be oxpoected to be mord stable
" than o-cﬁlorophenyl 1ithiua, ' ‘

Finally, thﬁlinductiva offoct of the halogens would increasé
tho oloctrophilic wharactor of the arync, and so change its
. roactivity towards aromatic compounds,

Wo proposod to investigate mothods of gqncrating highly
halogonated arynos and their roactions with-arcnos. Vorozhtsov
ot_al.39 reportod that 3,4,5,6 - totrafluorobiphonyl is formed
in the rcaction of totrafluorobenzyne uith bonzene, bubt the
spoctral data quotod do not f£it this compound,

Roactions of totraflucrobonzync4C have boen investigated in
these laboratories concurrontly with the work reported in this

thesls, and thorofore we have concentrated our activitios on



tho chémistry of totrachlorobonzyne, Tt wes also proposed to
‘ k<
extend this work to includo trichloropyridynes and totmbromobonkvna.

DISCUSSTON

Three casily proparad precursors suggosted themselves as
being suitable for the preparation of totrachlorobenzyna,

Ryntachlorophonyl magnesium chloride had boon propared
praviougly in good yield from hexachlorobonzene and magnesium by
entrainment with 1, 2 - dibromoothanc in bonzeno/ether solution.3?
Preparation of pontachlorophonyl magnesium chloride by this
procodura, followed by carboxylation gave pentachlorcbenzole acid
in 55% yield, Conoration of totrachlorcbenzync was attempted by
replacing the ether in a solution of the Grignard reagent with
benzene, and hoating the mixture unﬁer roflux for twelve hours,
After hydrolysis and work up, only pentachlorcbonzeno and unroactod
hexachlorobonzone wore obteined, From this result, it was obvious
that pentachlorophenyl magnesium chloride was morc stable than
oither pontaflucrophenyl megnesium chlorido or bromide, both

of which decomposed in refluxing bonzens to givo the aryne,40

Consequontly, in a further reaction, pentachlorophenyl
magnesium chloride was propsred in ethor/mesitylenc solution, tho

ether replacad by mositylene, and the mixture heated undor reflux



at this considerably bigher temporature. After hydrolysis and
work up, the mixture wes fractionally distilled to give unrencted

hoxachlorcbenzene and an adduct. Thils was shown to be the 1, 4
addition compound of tetrachlorobenzyno and mesitylene namely
1, 4 ~ dihydro - 5, 6, 7, 8, ~ tetrachloro - 1, 4 - othenonap%halono ’
(I1I)s The structurc was assigned on the besiz of olomontal analysis,
11{ nem.r,, and Infrered and ultraviolot apoctra. A benzocycloocta%tueno
structure, (V) which could ariso by valence bond lsomerisation of a
1, 2 adduct {scoc schome 2) wes oxcludod, because tho compound
ebaorbod two moles of hydrogen when rcducod 1n tho proscence of
a palladiun/carbon catalyst, Tho 1, 2 adduct, (IV) iz exeludod
on the basls of the w.v, gpectrum showing no absorbtion ahovo
220 n /q, while tho possibility of the compound having a biphenyl
structure is excluded by 21l the spocti'al date and tho reduction,

Tho reduction product, (VI) was a crystelline compound which
melted over a temperature rangoe, Gas chromatographic anslysis
showad the prosehco of three compononts and it was zssumed thereo-
fore to be a mixture of the throe possible isomers, nemely the
onos with the ndn—bridgehead mathyl groups both endo, both oxo,
and onc oxo and onc endo, High temporesture pyrolysis of the
adduct in an ovacuated scelod tube resulted in carbonation.
Unlike the snalagous totrafluorinatod adduct,40 tho dimethyl
nal%halene, (VII) obteinod by loss of methyl acctylens from tho

adduct, was not obscrved, It 1s suggested that loss of acotylene
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from these edducts anly tckos place in the vopour stete, end the

ehlovinstod mesityleno edduct, (YII) .oorboiﬁsca before vapaﬁ'isation
could occur,

When refluxed in p=xylone, pentachlerophonyl magnesium chloride
decomposcd, end scparation of the products by column'chromatography',
gave hexachlorobonzenc, and the cxpected 1, 4 sdduct of tetrachloro-
henzyne and pexyleno, (.VIII).. - In thaory two isomeric adducts could
bo formed from this reaction, but in practice, only the adduct

vhich containod no bridgchead methyl groups, wes obtained, This
result is analagous to that obtained im the reaction bet.wcclzl
totrai‘luorohcnzyno and p-x:,flene.4° The rozsons for this are ot
cloar, despite tho fact that a comprchensive study of the reactionn
of tofrafluorobenzyne and all-yl subgtituted benzenes hag been
carried out, 4t _

These reactions showed dhat tetrachlorobonzyne could be
generated in good yleld from pontachlorophonyl magnesium ohlorido,
vhich wes coagidorably more stable than pontaflucrophenyl magnesium
chloride. However, this method of jencrating tetrachlorobsnzyne
left nuch to be desired sincoe preparation of the Grignard reagent
took a long time (ab leest 43 hrs.), and the high stability of
tli‘a Grignerd reagent moent that reactions in the presence of low

boiling compounds would be extremely difficult to achiovo,
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The preparstion of pentachlorophonyl lithiuwm from pentachloro-
bonzone and n=butyl lithium offered a coavenient method of obtaining
a tetrachlorobenzyne precurcor, At aboub the time that this work
wag initiabed, the metallation of pentachlorobenzene in
totrahydrofuran was re po:c't.ed.‘42 We indepondently confirmed this
rosult both by carboxylation and bromination of tihwe pentachlorophenyl
lithium, Broﬂﬁﬂation afforded pentachlorobromobenzene in 80% ylold.

Since tetrahydrofuren has been reported te cleave in the

43

proschee of orgeno-lithium roagents abt olevated temporaburos,

this golvent was considered to be unsatisfactory for aryns reactions
in wvhich the orgenolithium comnound could well reguire heating before
dacomposition oceurred, Consequently, the metallation of pentachloro-
benzene with nebutyl Iitidum wag attomnted in diethyl ether solution,
but ecarboxylation and brominaebion of the rcaction mixtures obbteined
gave poor yiclds of pentachlorobenzoié acid (5%) and pentachloro-
bromobenzene (12%), and obher products were obteined but they wére
not investigated further,

Halogen-netal interconversion using pentachlorobromobenzehe
and nebutyl l;thi.wn in diethyl ether solution was then achieved
ab-75%, After carboxyletion of the organclithium reagent, pentech-

lorobenzole acid was obbained in high yield,
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Benzene was added to a solution of pentachlorophenyl lithium
in ether, and the mixbure was allowed to wern to room temperatura,
Hydrolysis of the mixture after 2 hrs, abt room tempersture, followed
by vacuum distillation of the produet gave two compounds, pentache

lorobonzene end a how erystalline solid, ZElemental analysis,

1y BeMaTey UeVey &nd i.x, spectra showed the compound to be the
1, 4 adduct of totrachlorobenzyne and benzenc, (X} formed in 37%
yield, The pentachlorobenzonae vwas assumed to have erizen from
hydrolysis of undecomnosed organolithium resgent. The yield of
(X} was inerossed to 62,5% vhen after adding benzene, ether was

removed by distillation wntil a reflux tenperature of 50% wes

reached, ond then maintained for Zhrg, before hydrolysis, This
indicated that pentachlorophenyl 1ithium is, as expected, more
stable than pentafluarophenyl lithiwn,BS since olimination of mebal

fluorldes from crthohaloorganc :metallic compounds is essler then

elimination of mebteol chlorides.z"!’ Hiydrogenation of the adduct

(X) using palladiun/corbon, yielded the corresponding tetrahydro-
compound, (XI) as in the reduction of the mesitylene and pexyleno
adducts, (III) and (VIII)se Unlike the reduced mesitylens and
p=xylene adducts, (XI) was not an igomeric mirture and melbed
sharply. Pyrolysis of (X) in a sealed, evacualed tubo at 3759,
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yielded 1, 2, 3, 4 = tctrachloronaé%halene, (XII) throuzh loes of
acetyleno, Unlike the pyrolysis of the mesitylene adduct, (III)
only partial carbonisation occurred, presumebly beceuse of the
hiher volatility of the benzens adduct.
During the courge of this work, Rausech et 2l 47 reported that
~good ylelds of pentachlorophenyl 1lithium could be obbained‘by
motallation of hexachlorobenzene with n-butyl lithium in both
diethyl ether and tetrahydrofuran; This result was confirmed, and
1% was decided to use hexachlorobenzene as the precursor for pentach-
lorophenyl lithiwm in 211 subseguent reactions, since it wes cheaper
than pentechlorobenzene, and unlile pentachlbropromobcnzene, was
Inmediately availoble, |
Preparation and decomposition of pentachlorophéﬁyl lithiun
from this precursor, in the presence of pwxylene, mesit&lgpe, durcne,
hexamethylbenzens, anthracene, na%%halene a;d anisole yieléed 1, 4
addition products in good yield (see echeme 3),

In the reactions with p-xylene and durene, only the non-bridge

head substituted adduet was formed in each case, The abgence of

the bridge head substituted adducebs might suggest that the transition
state for the formation of such adducts involved serious steric
gtrain, ilowever, an adduct, (XV) wes obtained in ressonable yield

from hexamathylbenzene,
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The overall yiolds of adducta varied from compound to compound,
but in general, they increased with inecreasing alsotron density in tha
eromatic ring., This was shown more cleerly In a reaction in which
tetrachlorchenzyne competed for equimolar amounts of benzene and
p-xylene, The ratio of bonzene adduct to p-xylene adduct produced
in the reaction was 1:24, This compares with the competition of
tetrafluorobeinzyne for henzene and p-xylone which resulted in =
ratio of benzene to p-xyleno adduct of 1:6,7. This suggeats that
tetrachlorobenzyne differs in electrophilicity from tetrafluoro-
benzyne,  The more g¢lectrophilic benzyne is clearly less selective,

The reaction of tetrachlorobenzyne with anthracene was of
interest in viow of the high reactivity towards 1, 4 additioen,
Addition at the 1, 4 positions of anthraconc as well as tho more
Toactive 9, 10 position was predictod, This reasoning was confirmoed,
and the 1, 4 adduct (XXIT) was isolated in 1,7% yigld from the
mothar liquors obtoined aftor rocrystallising the 9, 10 adduct,

(XXI) namoly 1, 2, 3, 4 ~ tetrachlorotripbycens (54%). Similar
result;' have boon roported by Klandermann using bonzyne gonerated
from banzencdiazonium-2-carboxylate with a variety of substituted
a.nthracanes.27

The resction of tetrachlorobenzyns with anisole gave two adducts,
(XVI), 62%, and in very low yield, (XVII), 0.8%.‘ Tho latter resulted

from cleavage of the non-bridge head substituted adduct, which has
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an enol ~ othor structure, Tho two adducts could be casily separsted,
by eithor column chropmatogrephy on alumina or by means of the Girexd
reagent !'PI,

An attempt was made to trap tobrechlorocbonzyne, generatod
by this mothod, with furan, Howcver, the only product isolated
from the finsl mixture was pentachlorobenzono and an unidentifiod
mixbture of compounds containing aliphatic rosiducs., Thisg rosult
wag not surprising, sinco it is well known that furan is motallated
et tomporaturos bolow that at which totrachlorobenzyne would have
been J‘.‘ormcd'.46 FontafIuorophenyl lithium however, is reported to
give a 1, 4 adduct of totraflucrobenzyno witﬁ fu:can,47 but tho

lithiccompound decomposes at about 0%, compared with pentachlorow

phonyl lithium vhich does not decomposc significantly helow 2090,

Totrachlorobenzyne was successfully trapped with 1, 3 - diphenyl-
isobonzofuran to give the cxpected adduct, (XXITI) in 66% yicld,
This mcthod of generating totrachlorobonzyne was on the wholo
gatisfactory, Tho only scrious limitation was that compounds
gontaining groups reactive towards tho organolithlum procursor‘
could not be studicd.
The mochanism of the rcaction, leading to formation of thoeae
1, 4 adducts, is abt presont uncortain, elthough somo relevant points

can be made, Ho positivo cvidence has beon fortheoming to support
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the idoa that arynes oxlst =s diradicels, despite the fact thab

a number of their procursors have been investigated by eloctron

paremagnotic resonance techniquos,tl Tho formation of 1, 4 adducts

by an ionic mechanism could occur by a concerted or by a stepwise
rochanism by the Woodward -~ Hoffmann mles.48 In view of tho fact
that no 1, 2 odducts or hydrogen abstraction products woro isolatod
in tho above reactions of totrachlorobenzyno with aromatic hydro-
carbons, a concerted mochanism would scem to be more likely,

Tho 1, 4 odducts of durcnc, napthalecne, and aniscle woro all
reduced to the corresponding fully saturated compounds by hydrogon
in the prosence of palladiwn/ carbon catalysts The hexemothylbonzene
adduct could not be reduced even in the preacnce of a platinum
oxido catalysts This is surprising, sinec the corrosponding

totrafluorobenzyne/hoxamothylbenzene 1,,4 sdduet was reduced aasily
in tho prescnce of pzlledium on carbon,

While this work wes boing undertaken, the diazotisation of
totrachloro anthranilic seid in acetic or hydrochloric acids with
sodiwn nitrite wea reportcd.49 The disadvantage of using ch aguoous
or other protogonic modiwn for diazotising anthranilie acids to
give eryncs, is that tho aryno will prcferontlally roact with the
highly nucloophilic components proson"t in tho golution, For

oxample, Howo, 49 cbtained 2, 3, 4, 5 = totrachlorophenol, penbach-

Yorobenzene, and 2, 3, 4, 5 =~ totrachlorophenyl acctate as majer
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products, It was suggostoed that thesc arogo by addition of wator,

hydrochloric ceid, and scctioc aeld respoetively, to the tetrach-
lorobonzyna. A moro promising method for gonorating totrachlorow
bonzyne from totrachloroanthranilic acid was aprotic diazotisation
with an alkyl nitrite, This mcthod has bean reported to give good
yields of benzyne from anthrenilic acid, 19

Accordingly, a solution.of totrachloroanthrenilic acid in other
was addod bo cxcess igo-amyl nitrite in a large volumo of bonzcno,
at 45%, The 1, 4 addition product of totrachlorobonzyne and
benzona, (X) was isolabed in 55% yield, togethor with octachloro- |
acridono in 7% yiold, This lattcr product probably nriscs from

attack of 'bo’cre.chlorobonzyno on the tetrachloroanthranilic acid
¢| Ho //-7' c.l

<l
Cl

Cli N
cl rli




22

In similar reonctions with p-xyleono and anisolo, idontiecal 1, 4
adducts to those obtained from the pentachlorophenyllithium procursor
wore produced in comparable ylelds,

A compotition rcaction between tetrachlorcbenzyns, generated
from the anthranilic scid, amd p-xylenc and benzeno, gave a ratio
of bonzene to p-xylene adduct of 1:19,5, comparad to the ratio of
1:2/ obtained when the aryne waa genorated from the lithiocompound,
The diffarcnce betweon these rabtios is probably accounted for by
alight differances in the roaction conditions, Sinee tho rolative
rato data aro of tho same order of megnitude, it was concluded that
totrachlorobenzyna generated from tetrachloroanthranilic acid is
identieal in propertics to that genorated from the lithio-compound,

1, 4 Addition products of totrachlorcbenzyns with furan, (XXIV)
end totraphenyleyclopontadieona, (XXV) wore obbained in rood yield,
.whon tebrachloroanthranilic acid was diazotised under ldentical
conditions to those outlinod above, in the preschce of furan and
tetraphenyleyclopentadicnone respectively. These two compounds
have baon widely used as aryne trapping agents (see introduction),

The above rcsults domonstrato that tetrachlorobonzyne can bo
ganorated in good yiceld by zprotle diazotisation of totrachloro-

anthranilic secid, This mothod of producing the aryne wes simpler

to achiove practically, than cliher of tho two organomeballic

routes proviously investigated,
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Aftor thosc resulbts had beon obtained, Friedman®0 reported

that tho widoly quotod work of 1illor and Stiles,33 yag semouhat

misleading, glneco thoy had silver ion conteminant inadvertently
presont in their sterting matorial, Friodman postulatoed the iniﬁial
formation of a silver ioﬁ/bcnzyno complex which he statoes would

VYo nore olectrophilic than tho benzync itself, This complex can
brealt down to form biphenyl or thé 1, 2 adduct, which itseif valence
bond isomerizos to benzocyclooctatotraene (sce schomo 4), 1In tho
abgsconce of silver ion, fricdman obtained the 1, 4 adduct as major
product,

Sineo neither wo, nor Drower,4l had obtained ovidenco of
tetrachlorobenzyne and totraflurcbenzyne undergoing 1, 2 oddition
with erencs, it was decided to investigate tho offoct of silver
ion on tho reactions of tetrachloro and tetraflnorcbenayne with
ArcRoY,

Pontafluorophonyl lithium was propared in  benzene golubions
conteining treces of gllver oxido, bromida, and nitrata, After
deconpoaition to tho aryno, fhc produc'bé were arialysed by G.L.C.,
and found to contain only the 1, 4 adduct of teobtrafluorobenzyne
and benzeno.The mixtures were comnarcd with G,L.C, stendardas of
the 1, 4 adduct, tho bonzocyclooc-batle:dene, and 2, 3, 4, 5 -
tobtraflnerobiphenyl, kindly provided by J¢P.N, Brower,

P -
et R L . . N

»
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Pdntachlorophonyl lithium was docomposed undor similar conditions

to thoso outlined above, G.I.C, oxemination of tho products showed

tho prcécnco of the 1, 4 tetrachlorobonzyne/bonzenc adduct, (X) only,
Whon tetrachlorobenzyne was properced from tetrachlorcanthranilic .
acld in tho prescnce of benzene containing traces of silver oxide,
bronide and nitrabe, tho only product found was sgain the 1, 4
adduct,

On 'l;.he basis of those rosults, wo suggest thet tetrahalogenoe
benzynes do not form the necossary silver coinploxes for 1, 2
odditions to occur., This can bo cxplalned by tho fact that benzyno
itsolf .is more electronrich than tetrahalogenobonzynes, ‘and
can therefore mora readily donate cloctrons to the silver ion to

form a complex,

No z;oports of the properstion of cithor pentabromophenyl 1ithium
or penbabromophonyl magnesium bromide have appoarcd in tho litoraturo;
’u-Ié deeided to investigato tho possibility of preparing pontabromo-
phenyl 1lithiuwm from the readily availablo hoxabromobenzene, in
orcic;r to obté.in 8 totrabronobenzyne precursor, Tha roactions of

tetrabromobenzyne in solution are of interost in view of Cavals

rosults on the pyrolysis of totrabromo;ﬁhtha]ic anhydridae, 2Ll
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Ho obtained only homabrancbenzens as product, whereas tetrachloro-
phthallc anhydride gives ootachlorobiphonylene on pyrolys:hs.ﬂ" 52
Since aryl bromides are known to roact more readily with both
magnesium and alkyl lithium compounds, no difficulty was
envigaged, '

Accordingly, hexabromobenzene was treatoed with n-butyl
 lithium under similer conditions to those used in metellating
hexachlorobenzens, Carboxylation of the mixture followed by
hydrolysis, yielded a negligible emount of acidic material, the
hexabromobenzens being reocoversd almost quantitively, In a
repeat reastion, a longer time was allowed for the halogon-metal
interconversion, but no reaction occurred,

Since n-butyl lithium is roported to oxist as aggregated
entitios in nmost solvents,53 we decided to attempt the metallation
uging two other tochniques, namely the use of methyl lithium and
of I,N,N;N, ~ totramathyl othylene diemNino,54

Sineco mothyl lithium is a smallor specles than n-butyl
1ithium, we thought it might approach near ocnough to tho sronatie
nueleus for roaction to oceur, Two potallabtions were abtompted,
both followed by earboxylation snd hydrolisis, Hoxabromobenzeno
was recoverced unchanged from both roactions.

With regard to N,N, M ~ dotranethyl cthylenc dlarXine,
it has been reported54 that it forms a five mombored ring chelate
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with n=butyl lithium, that is very soluble in paraffinic solvents,
This chelated spocies was found to bo a more reactive meballating
agont than the normal aggrogated species. For example, benzene
wes completely motallated at 309, whoreas n-butyl lithium in

tho aggregated 'normal'! state would not rezet with benzono

aeven at elevatod temporabures,

| Hoxabromobenzono was treatod with a solution of this cholated
nwbutyl lithium, and the mixture carboxylated and hydrolysed.

A complote rocovery of hoxabromobonzono was again achieved,

_ Furthor roactions were not atbempted, and it is felt that
the dlazotisation of tetrabromoanthranilic acid®® should bo

investigated,

The possiblility that pontachlorepyriding could, 1iko hoxachloro-

bonzene, bo metallated to produce a trichloropyridyne precursor

wes of considorable intcrost,

Accordingly, pontachloropyridine wes troated with n-butyl
lithium in cthoreal solution at 4L0%, and tho mixture carboxylated,
An aeld which onalysed for a tetrachloropyridine carboxylie
acid, was isolatod in 87% yicld, and had the samo melting point
ag thet roportod for totrachlorolsonicotinie acid.56

In o similar resctlon, the lithio compound weas hydrolysod

with water, and tho erystelline product obtained aftcr work up
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consistod mainly of 2, 3, 5, 6 - tetrachloropyridine, plus a
1ittle of tho 3, 4, 5, 6, and 2, 4, 5, 6 = totrachloropyridines,”’
These could not bo soparated by G.L.C., but 1 n.o.r, showed

that threo aromatic singlots wore prosent, one being very
intense (-52.90). Recrystallisation of the mixture from alcohdl
gave pure 2, 3, 5, 6 -~ totrachloropyridine in 80% yield,

It was decided to regtrict our ilnvestigations to an oxamin-
ation of 4-~pyridyl lithium only, and not to attompt genoration
of 2 2, 3 - pyridyne from the 2-1ithio compound, The roason
for this wes that othor work in those laboratoricsS® had shown
that highly helogonated orynes with two halogeas ortho to tho
tsriple bond! were more ronctive ag dionophiles than highly
halogenated arynes with only one halogen tortho! to the Mriplo
bond,' Tho 2, 3 =~ pyridyno would have only onc ortho halogon,

An ottempt was first made to trap 2, 5, 6 = trichloro-
3, 4 - pyridyne by adding furan to a cold golution (-409C) of

the J-lithioc compound in othor, and allowing tho solution to
cone to room tamporature, After hydrolysis and work up, tho
product was found to consist of hepta and octachlorobipyridyls,

ag indicated by olomehtal anelysis and 1y n.m,r, (singlet at
‘C2,83 of low intensity), It is suggosted that these polychloro-

bipyridyls ariss via nuclcophille attack by the 4 - lithio compound
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on oithor wireacted pontachloropyridine (leading te octachloro-
bipyridyls) or on enother molecules of the lithio compound, leading
aftor hydrolysis, t® heptachlorcbipyridyls., An altcrnative
route to the hoptachlorobipyridyl could haws involved addition

of the 4 - lithio compound to the 3, 4 «~ pyridyno, but this is
unlikely, since furan is an excellent aryno trapping agant,

and nok% furan/pyridync adduct was obtained, In a ropeat

roaction with furan, the nixture was rofluxed for three hours,
immediately after oddition of the furan, After work up, the
mixturce was scparsted by column chiromatography into a coloudess
oil, 2, 3, 5, 6 ~ totrachloropyridinc, and a little of thc hopta
and octachlorcbipyridyla. The colourless oll was found to bo
gimilar to that obteined whon pontachlorophenyl lithlun was
heated with furan, This, coupled with tho fact thet much
totrachloropyridine was obtained, swgosted that the totrachloro-
pyridyl lithium had ecleaved the furan,

In an attempt to prevent bipyridyd formation, it was deeided
to raise tho tomporature of tho lithio compound quickly, in the
presonce of a possible eryne co-reactant, A cold seolution of
the lithio-compound was dripped slowly into rofluxing p-xylenec,
After hydrolysis and removal of solvehls, the broun oil was

chromatographed on alumina to give a little pontachloropyridine,
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some hepta and octachlorobipyridyls, end a eolourlese oil, whish
dofied o1l attompted crystallisstions, Finally, the o_il ves
rochromatographed once more, and found to ba pure by analytical
G.L.Co M nym,r., IR. and elomental snalysis proved it to be
& 1, 4 adduct of the 3, 4 - pyridync and p-xylona, (XXVI) in
8% yiold,

7 In an sttompt to obtain a highor yicld of a pyridyno adduct,
i, 3 = diphenyl isobenzofuran wag addod to a solubtion of tho
4 - lithio compound in cther, tho cthor was replaced by 8¢/100
potrol, and tho mixtwre was refluxed at 80% for 4 hrs, Column
chromatography of the initial erystalline product gave pentach-~
loropyridina, the 1, 4 adduet of the 3, 4 pyridyne and 1, 3 -
diphenylisobenzofuren, (XKXVII), in 10% yield, and o-~dibenzoyl
benzono, Tho lattor product arises from oxidation of unreacted
1, 3 = diphonylisobenzofuran, Cook and Wekefield have since
confirmod our rosults on the metallation,of pentachloropyridine
with nebutyl 1ithium in diethyl cthor39 They have also reported
the production of 1, 4 edducts of 2, 5, § -~ trichloro~ 3, 4 ~

60 snd havo

pyridyne with mesitylenae, bonzena and durenc,
" confirmed our results with furan%! Imsgrave and his co-workers
have boen wnsble to trap 2, 5, 6 = trifluoro - 3, 4 - pyridyne,62
In a competition reaction between benzene and p~diisopropyl

benzene, for the 3, 4 = pyridyne, Cook and Veleficld obtained
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a ratio of bongzenc %o p~diisopropyl benzene adducts of 1:23,61
This %2 very sinilar 4o tho reoult obtained whon totrachlorcbenzyno
was allowod to 6ompctc for bonzene end p-xylono. _

In thcf light of these results, we suggost that 2, 5, 6~
trichloro -~ 3, 4 = pyridyne rcsembles totrachlorobonzynos in
showing onhanced cloctrophilicity whon compafcd with bonzyno.
Howover, 2, 3, 5, 6 - totrachloro = 4 w pyridyl lithium diffors
from pontachlorophonyl 1ithium in showing a nerked tendoney to
roact .with itsclf or its procursor, pontachloropyridinc, rather
“then oliminsto lithium halide to givo the aryne. As & result
of this, solutions of 2,'3, 5, 6 = totrachloro = 4 = pyridyl

lithium givo low yiclds of the pyridyne adducts,

Tho suggestion that charge franafor complex fornmation is partly
responsible for tho high yiolds of 1, 4 additiop compounds pro-
ducod in roactions botwoon highly halogenated arynes and arenes

- guggosted that similer comploxes might be formed betwecen a

banzyno prodursor and a highly ﬁalogcns:bcd aronatic roactant,
Howovar, édduct formation in these cases would require attack
on ah clectrophile (bonzyne) by an cleetron deficient pi-system.
This would not ba favorﬁ-é,blo. Wo have, howover, cxamined somo

roactiona between benzyne and highly £luorinated banzanes,
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Bonzyno was generated from orthoflucrophenyl negncsiun bromida,
in tho presence of hoxai‘luorobenzané. GeL.C, mnalysis of tho
product showed it to contain unroacted hexafluorobenzens and a
compound which waa shown to be 2, 21, 3, 4, 5, 6 ~ hexafluoro
biphonyl, (XXVIII), isolated in 13% yield, This latter product

wdoubtedly arose from asttack of Grignard roagent on hoxafluoro-

benzthea,
F F__F
FN\E & MjBr-
N — F
Frxy ~F 8y AF f
F F_F F

Whon benzynoe was genoerated from 1 =~ amino - benzotriazolotl
in the pregonce of hoxafluorobonzenc, only biphehylene was produced
and isolatod in 80% ylolds In a final roaction, bonzyno was
generated from anthranliic acid by aprotic diazotisationid in
the presenco of 1, 2, 4, 5 = totrafluorcbenzenc, Ko Dielis

A1der adduchts wore isolatod from the rezction mixture,
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1H_NJURa Spectrs

The 1H nem,r. data for all the 1, 4 adducts discussed are
pregsentaed in tables 1 and 2,

From these tables, two important structural types (XXIX)
and (XXX) nay be identified, The structure (XXIX) vecurs in tha
benzene adduct, (X), the nap?bhalene sdduct, (XIX), and the
anthracena adduet, (XXI), The structure (XXX), occurs in tho anisole

adduct, (XVI), The protons Hy and Hyl in (XXIX) give a triplet in

the 60 We/sac spoctra (centre 1line broadened and of approximetely
equal height to that of the cuter lines)., Close examination of
the spactra revenlsd two additional lines of low intensity at
about 7.5 ¢/sec, on either side of the triplet. Calculation of the
spectrum?® gave a thooretical spectrum for Hy and Hyl as pawt of
an ALl XX system comparable with the obsarved smectrum (Spectrum 1),
It wag assumed that Jxxl = O, and the values Jyp1 = 6.8;, Iyl =
1.33, and Jyx = 5,74 ¢/se¢, were obtained (Jyy and Jyyl have the
same relative signs),

The protons Hy and Hg in (XXX) gave rise to the anticipated
eight line muldiplets for the AB protona of ABX spactra, The
value of Jyp (= 7.Q4 c/sec) wes dotermined directly from the
spactrum, and the values of the calculatod?’ coupling constants

wers Jpx = 1,73 ¢/sec. and Jpy = 6,07 ¢/sece The calculated

spectrum is apain comparable with the observed spectrum (Spectrun 2),



Takle 1

Benzene and Substituted Benzene Adducts

I
¢l RO R R
R
C) ‘\ll
o L R3
Cl
R® R*
Chemical Shifts Coupling Constants
R RERR R HE) HED) HRD) H(RY) H(R) H(R?) R-R* R-R° RO-R® RO-R' R-R° R.R® RO-R® RO-R® RE-RT RAR
H H HH HH 3.,0-3.28 on h.5-4,75 gn 5.74 5.7% 5.74 5,74 1.331.33 1.33 1.33 6.86 6.86
H MeH MeH H 8,08 3.6-3,85 8,084 3.6-3.85 5.0-5,18 0 5.8 0 58 0 1.8 0 1.8 1.8 "1.8
an an dxd
Me H H Me Me H 4.0 gn - 8.084 7.88s 5.24t O 0 0 ) 0 0 1.8 1.8 1.8 1.8
H Me Me Me Me H 8.2s 5,kUs 0 0 0 0 0 0 0 0 0 0
Me Me Me Me Me Me 8.26s 7.85s 0 0 0 0 0 0 0 0 0 0
OMe H H H H H 2.8-3.%0 6.27s 4.,5-4,9 0 0 6.07 6.07 0 0 .73 1L.73 T.0% 7.04
n
H Me H Me H H* 8,080 3.6-3.85 8.084 3.6-3.85 5.0-5.3% 0 5.8 .0 5.8 I 1.8 © 1,8 1.8 1.8
m m dxtxd

8 = ginglet, 4 = doublet, t = triplet, Qu = quintet, o = octet, and n = nonet.
* trichloropyridyne adduct (XXVI)



Table 2

Miscellaneous adducts

Chemlcal Shifts

Compound | Aromatic | Olefinic |Bridgehead [Methylene
Protons | Protons |Protons  |Protons

XX 26 —32m 441

X 256 — 311m 4165

XXTT 030 314'm 4354

XXIIT F-O ~— 39m

XXIV P-82.—2.98qn41 —4-22 q

v 262—362m

XVIT 30— 35m M98 —536m 6 — 8320
| w1l [19—38 m




1 division =
6 cycles.

L |

A —
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IX



1 division =
6 cycles.,
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1) Gonexral Mothods,

Analytical ges chromatography was cai'ried out on Pyo 10
gas chromabographs, using a hydrogen flamo ionisetion dotector,

Infpared spectra wers determined using potassium bromide

discs for solids or thin films in the case of liquids, on

Porkin Elmor 237 or 257 grating spoctrophotometors. U.Ve spoctra
for cthanolic solutions wore doterminod on & Unicam 3.P, 800
apectrophotomotor, |

10 neners spectra wore deternined at 60 M/Ef for solutiona
in carbon tetrachloride, using totramethyl silene as internsl
standard, and 19 n,m,r, spoctra were dotormined.at 56,5 ngs
for selutions in carbon tetrachloride using trichlorofluoro-
nmothane as intornal standard, on é. Porkin Elmar spoctrophotoneter,

All compounds desceribed aro colourless solids unless othor-
wlsoe epoclfiods Molting points aro uncerrected, All reactions
involving lithio-compounds or Grignard reagents wore done undexr
an atmosphora of dry, oxygen~froe nitrogon,

Garb'o:{'ylations woro cerried out by pouring the reaction
mixture onto a glurry of solid carbon dioxide in other (Method 1)
or by the passago of a steady stream of dry carbon dioxide
through tho roaction mixture (Method 2),
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Hydrolyses werc offected by dilute hydrochloric acid
(Mothod 1) or distilled water (Method 2), A1l roactions involving
the formation of adducts botweon tobrahalogonobenzynos from the
organo-motallic compounds and liquids, were cerried out using
the liquid as solvont, Reactions with solids were carried ocub
using high boiling potroloun (b.p. 84¢/100°) as solvent, Solutions
of products wero dried with anhydrous sodium or magnesium sulphate,.
Light potroleum, dicthyl cthor, a=nd benzene, were driedover
godiun wire, Acotono and dichloromothanc wers dried by storage
over magnosiun sulphato, Mesitylene and p-xylene were dried
by storage ovor sodium wire, and wore froshly distilled as
required, Totrahydrofuran was dricd by hoating under reflux
over sodlum, distilled onto potassium, and distillation from
potasgium whon required for usc,
n-Butyl lithium was obtalned commerdially in hoxano solution,
and standardiscd by titration with acid, It was stored in the
refrifgerator, and removod through a scrum—cap by neans of a
syringe. All roactions involving the preparation of lithio-
compounds were cooled by means of an acetono/liquid nitrogen bath,
Silver nitrated T.L.C, plates were preparcd by the method
of Borg? l‘i’iilvor nitrate impregnatod silica for column chromato-
graphy was propared by heating a slurry of siliea (100g, B,D,H.),
distillod wator (90 ml.) and silvor nitrste (50g,) at 80%,
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undor vacuun (robary oveporstor) for sovon hours,
Columh chromatography was carried out on !Cemeg! alumina,
Brocknann activity l. Piltrations of crude products %o romove

polyncric matorial were carried out on inactiwvoe alumina,

2) Reactions involving pentachlorophenyl magnesiun chlorido

Proparation of pentachlorophenvl n es-um chloride

Magnesium turn.lngs (0,752, = 0,40 g,atoms) and hoxachlorcbenzene
(35.5g. = 0,125 molog) in diethyl other (350 mls,) worc brought

to a gentle refiux, and 1, 2 - dibromoothane (4.70g, = 0,25 moles)
in benzene (50 mlse.) (In roactions with other liquid hydrocarbons,
the benzeno wes replaced with the appropriatc hydrocarbon) was
slowly added over a period of forty-elght hours, to give a dark
brown solution,

Pronaration of nentachlorebenzoie acid

Pentachlorophenyl magnesiun chloride was carboxylated (mothod 2),

and then concentrated hydrochlorie acid wes added until the

mixture was strongly acldic, and the othor and bonzenc wero
distilled off. The mixture was filtersed, and the solid washed
with ammonjum hydroxide (2:1, 0,880 ammonia and water) %o give
a diluta solubtion of tho ammonium selt, This was bollod with
charcoal, filtered,acidificd, and digestod for threo hours.
Tho acid was filtered off and dried, to give 55% yield of
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boige powdar, Bep. 204 = 207%C (11%.53 m.p. 208%C),

Attomnto operation of tho tetrachlorobe addu it Zeng
Benzono (200 ml, ) was eddod to a prepered solution of
pentachlorophonyl magnesiun chloride (0,125 molez), and the

cthor removed by distillation until the bolling point of the

digtillato was above 75%, A further quantity of benzeno (200 nl,)
was added and the mixture waes hoated wnder reflux for 12 hrs,,
cooled and hydrolysed (Mcthod 1), Theo organic layer was driled
and tho solvents removed, The dark residuo was placed on a
short column of alumina and cluted with petrol until there was
no increase in weight of the erystalline material (11.5g.).
Sublimation at 65 - 70% (0,1mm,) gavo pontachlorobenzeng
(5.5¢,) meps ond mized m.p, 82% (11t.%%m,p, 82%), The
rosidus (6.0g,) was shoun to be hexachlorobonzcne, m.p. and
mixed m.p. 227% (lit.65m.p.227°(3). Tho othor produets, noro
strongly hold on tho column, wors not investigated.

Rogction of totrachlorobonzyno with p-xylong

After filtration of tho products dissolvod in light potroleun
through alumina, the erystalline natorial wss chromat ographod
on noutral alumina using petrol (60/80%C) as olucnt, This
gave a little hexachlorobenzene and 1, 4 - dihydro - 2, 10:-

glmethzl = 55 6, 7, 8 ~ tetrachloro - 1, 4 othonona;g:‘thalono,

(VIII),(50%), m,p. 128 - 130%, {from othanol); ’\Jm 3050,
. _ ox _

-2
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3000, 2080, 2930, 2905, 2850, 1640, 1450, 1375, 1215, and 760 cn,~t

Found: G, 52,5: H, 3.5: C1, 43.7%
014[{10(:14 roquirc§ C, 52,5; H, 3,15; Cl, 44.2%
actio g chenzyng yith nesitylene

Tho olubed mixture was distillad under veemun (3.5 x 103mz,
to givo hoxachlorobonzono {b.p. 8¢/ 100%) and 1, 4 - dihydro -

5, 6, 7, 8 ~ totrachloro = 1, 3, 10 = trincthyl = 1, 4 =

gt_l_;enonag‘hh_a_!ong, (I1I), (52%), (b.p 122%), m.p. 110% (from
ethanol); ‘\) e 3050, 2995, 2980, 2970, 2950, 2880, 2850, 1670,

1440, 1350, 1345, 1275, 1250, 1130, 1075, 810, 795, 730, ond

695 cn."’1

Found: C,53.85; H, 3,705 C1, 42{75%.
01201501, requires G, 53.90; H, 3,605 C1, 42.50%,

3) Roactions involving Qantachlofoghenﬂ 1ithiun

Proporation of pentacghlorobromobeonzenoe
Pantachlorcbenzens (10g, 0,04 noles) in totrzhydrofuran (50Qml,)

was coolad to = 80% and n-butyl lithiwm (0,04 moles) was addod,
After 3hr, at - 809, bromine (6.8g. 0,04 nolesg) was added over
% hry The mixturc was then allowed to warm to room temperature,
the solvent removed and the residuc taoken into other, washad
with aguoous sodium hydroxide, water, and dried, Removal of
tho solvont and recrystallisation of the residuc from cthanol

gave pentachlorobromebonzene (12.8g., 807) mep. 233% (1it.66m.p. 38°C).
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Broparation of pontechlorophonyl 1ithiun in cthor
Mothod I:~ Pontachlorobromocbenzene (6,6g., 0.02 noleg) in other
(200 m1,) was coolod to = 259 and n-butyl lithiun (1 ocquivalent)
odded over 4 hr. The nixturo wes stirred for 1 hr, ab ~-20 to
-25% prior to further reaction,
Method II:= A suspension of hexaechlorcbenzene (1l.4g., 0,04
moloa) in cthor (400ml,) was coolod to -25% and nebutyl lithium
(1 cquivalont) added ovor + hr, Tho mixtwre was stirred for
1 hr, at =20 to =25% prior to furthor reaction,

atlon of penbachlorobenzoig =
Pentachlorophonyl 1ithium (0,02 molos in 200 mls, cther) was
carboxylatod (Method 2) and hydrolysed (Method 1), and the
ethor layer separstod =2nd extractoed with sodium bicarbonate
solution, Tho bicarbonate extracts wore acidified with hydrochloric
acid, and thon extracted with other, and the eother layer dried,
Removel of the ethor gave a erystalline residue, which was ro-
crystallised from ethanol 4o give pentachlorocbenzoic acid,
mp. 207% (116.53n,p, 208%) in 80% yicld,

Roacbion of tobrachlorobenzyne with baonzche

Benzene (200m1, ) was added to a solution of pontachlorophenyl
lithiun (0,02 moles)and the mixbure allowed to stand at room

tomperature for 12 hr, Hydrolysis, followed by drying of the

organic layor and romoval of solvents geve a brown oil (7.1ge).
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Distillation of this matorial under reduced prossuro (104, )
gave pentachlorsbenzono b.p, 80 =~ 819 (51%) and an oily solid
b.pe 100 « 1RO, Rocrystallisation of tho latter from cthanol
gave 1, 4 = dihydro « 5, 6, 7, 8 - totrachloro =1, 4 -

h o - ..
othonon_ap_;\bhalone (x), (37%) n.p. 125003?/!3&1. 3060, 2995,

2930, 2850, 1585, 1400, 1370, 1330, 1135, 730, 700, 690 and
675 cm."l,

Found: ©, 49.0; H, 2.35; Cl, 49.5%,

C12HgC1y roquirons G, 49433 H, 2.05; C1, 49.7%

In a repeat roaction, cther was removed by distillation until
tho vapour tomporaturc reached 509C, and tho mixture was then
heated undor reflux for 2 hr, Tho above work up procedure thon
gavo (X), (62.5%), ond no pontachlorobenzone,

Roaction of tobrachlorobonzyne with p-xvieno

Column chromatography of the crude product obhtained after worl
up, gave hexachlorobonzenc and the pe-xylens adduct, (VIII), (72.5%).
Reaction of totrachlorobonzyno with mesitylong

Column chromabography of the crude product obtalned aftor work
up, gave a littlo hoxachlorobonzeno, and the mesitylene adduct,
(111), (62,0%),

Roaetion of tetrachlorobenzyne with durong

Romoval of excoss durcne by vacuun sublimation and chromatography

of tho rosiduc on alumina gavo )Y, 4 - dihydro - 5, 6, 7, 8 =



40

totrachloro = 2 0 = totranmcthyl . 1 = othono -
na Ir";halll.onc., (X1I1), (45%), neps 2079 (fron ethnnql);’vmx
29'5\0, 2040, 2910, 2850, 1640, 1440, 1375, 1360, 1350, 1220,
1205, 1130, 790, and 635 OM,~L,

Founds C, 54.95; H, 4.23 C1, 40,55%,
C16H14C1, roquires G, 55,15; H, 4.0; €1, 40,87,
tion of totrachlorobanzyna with hoxamethvlbenzono

Gave 1, 4 = dihydro =3, 2, 3, 44 9, 10 ~ hoxamothy) - 5,6,7,8
“] N

atrachloro - 4= cthongyapthalona, (XV), (30%), m.p. 242°
* .

(fron othanol) 5vmax 3080, 3000, 2919, 2350, 1630, 1480, 1445,
1390, 1340, 1125, 1070, 800, and 635CM,~1,

Found: C,57.2;3 1, 4.55; C1, 37.6%.
C18H1801, requires C, 57.45; H, 4.80; Cl, 37.75%,
h

Roaction of tetrachlorobenzyne with napthalens
' A .
Gavo 9, 10 - dihydro - 1, 2, 3, 4 - tetrachloero - 9, 10 -

othenoanthracang, (XIX), (34%), m.p, 166% (fron hexano);
V) o 3060, 3000, 1605, 1470, 1375, 1320, 1255, 1220, 1150,

800, 760, 690, and 650 CMzX,
Found: C, 56.7; H, 2.6; C1, 41.3%
C16HgCYy, roquires C, 56443 H, 2,353 C1, 41.,55%,



Reaction of tetrachlorcbenzyns with onthracang

Gava A-*M:wm&% (HI): (44%); e P
268°C (from cyclohexane), U 3070, 3040, 3020, 2990, 1455,
1365, 1300, 1020, 940, 810, 790, 780, 745, 660, and 665 CM-1,
Found: G, 61.25; H, 2.5; C1, 36,0%,

Cooli 01, roquires C, 61.25; H,2455; Cl, 36,157,

The racrystallisation mother liquors were evaporated and placed
on a column of silica and silver nitrate (2:1). Elution with
potrol/benzene (9:1) gave a furthor quantity of (XX1), (10%),
BElution with bonzens/ether (7:3) gave 5, 12 = dihydro - 1, 2,

3, 4 = tetrachloro - 5, 12 - ethenonaé%hacene, (xx11), (L.7%),

.
m.ps 290% (from cthanol); VY .. 3070, 1630, 1455, 1365, 880,

750, and 685 CM,"1, >\ (1ogld»:) 243 (4.60), g66 (3.92), 277
(3.79), 288 (3.50), 293 (3.06), 310 (2.78), and 323 (2.70) afl e
Found: ©C, 6l.65; H, 2.8; CL, 35.75%

Reagtion of tetrachiorobenzyne with anisole

Gave 1, 4 = dihydro = 1 - methoxy -~ 5, 6, 7, 8 — totrachioro =

1, A = gh@ona% halena, (XVI), (62%), mep. 122% (from cyclohcxane) ’

VU paxe 3080, 3060, 3000, 2930, 2840, 1630, 1580, 1450, 1360, 1225,

1175, 1030, 735, 710 and 695 GM.~2,

Found: ©C, 48.,15; H, 2,75; Cl, 43.95%,

G13HgC1,0 requires C, 48,455 H, 2.5; Cl, Ak.1%,

Further elution of the chromatogram with chlorofornm gave materigl
which when extracted with equoous methanol gave 1, 4 - dihyiro —
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(0.8%), m.p. 150°, ’Umx 2960, 2930, 1740, 1380, 1270, 1140, 1120,
1070, 740, 710, 690, and 650 CM™*,

Found: C, 4645; H, 2.15%,

C12H6C1,0 requires C, 464755 H, 1.95%,

Roaction of tobtrachlorcbonzyne with 3, 3 - divhenyl igobonzofuran
Gavo 93 10 = dihydro = 9, 10 -Mw

~ 9, 10 - epoxyanthracens, (XXITI), (41%) m.p. 215° (from cthanol),

'Umax 3060, 3040, 2960,2010, 2860, 1500, 1455, 1355, 1300, 1290,
1125, 1010, 995, 910, 810, 780, 755, 700 and 660 CM,~t,

Founds C, 64.7; U, 3.0; €1, 29,152,

Cogliy 01, 0 requires C, 64.6; H, 2.9; C1, 29,15%,

Reaction of pentachlorophe thium with fur

Gave pentachlorobenzene (51%) and a complex mixbture of aliphatic
naterial,

Reaction of tetrachlorocbonzyne with bonzeno an xyleng

Benzene (78g., 1 mole) and p-xylene (106g., 1 molo) wore added to
a solution of pentachlorophenyl lithium (0,02 moles) in cthor
(100 mls,), and tho mixture wes refluxed for 6 hr, Tha mixture
was hydrolysed, the organic layer dried, and tho sgolvent romoved,
The rcsidue was clubed from slumina with petrol, and analysed

by G,L.C, It contalnod a little hexachlorobenzene and the benzens,
(X) and p~xylens, (VIII) =dducts in a ratio of 1:24,

»
L L
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4) Reactions of Tetrachloroanthranilic acig

Proparvation of tetrachloroanthranilic gcmeﬂ

h
Totraclﬂ.or::p&halic enhydride (143 g., 0.5 moles) was added %o

ammonia solubion (200 nl,, 20%), and stirred until tho solution
became cloar, The clear solution was poured inbo excess dilute
swWiphuric acid, and the phthelamic acid filtercd off and washed
with wator, Tho moist phthalamic acid was immediately susponded
in a wetor/ice mixture (1 litro of wator, 400 g, ofico), and

an alkaline solution of sodium hypochlorito (40 g., 1 mols of
sodiun hydroxide and 0.5 molar cquivalents of sodium hypochlorito)
was added, Excess hypochloriteo was destroycd by adding sodium
bisulphite to the mixture, and warming it at 70/80° for 3 hr,
Addition of execcss hydrochloric acid to the nixturo preecipitated
totrachloroanthranilic acid, which was filtered and recrysballised
fron agquoous methanol, mep. 175% (114,87 m.p. 1820) (703 yicid),
Roaction of tetrachlorobenzyno with benzena

Toetrachlorcanthranilic acid (1,33 g., 0,005 molos) in dry cthor
(50 ml) was added over 20 min, to a solubion of isowamyl nitrite
(5 ml.) in bonzena (200 nl.) kept at 45°%C. Tho mixturc was
warmed et 509 for Jhr, and the solvont and excess iso-amyl
nitrito romoved under reduced pressurc to yicld a yollow oil

(15 g.) which was placed on slumina (50 g.). Elution with light

potroleun yiclded, (X), (55%), m.p. ond mixed mep, 125%C, and
identical gog chromatographic rotention tines and infrared spectra,



Reaction of tctrachlorobonzvne with anisole,
Gave (XVI), (65%) and (XVII), (1.3%).
ocagkio aghlorgobo e _with

Tetrachlorcanthranilic acid (0,005 moles) in other 550 ml.)
isocuny mtrtl‘c(sml)

added over 20 min, to a solution of fursn (50 ml.), and diche

loromothana (100 ml,). Tho mixturc was heated undor raflux

for 4 hr., the solvonts romoved under roduced prossure and finally

dricd by the romoval of tolucne under roducod pressure, The

brown residue when placed on alumina and elutod with bonzone/

othor (9:1) gavo 1, 4 = dihydro = 5, 6, 7, 8 = totrachloro =
1, 4 = 0pOXYy = r;gﬁ%_ﬁg;‘g_gg_, (XXIV), 1.0 g., 71-5:0), e Pe 118%
(£rom cthanol), ’Umax 3020, 2920, 2850, 1600, 1560, 1360, 1310,

1280, 1210, 1165, 1125, 1015, 915, 670, 830, 755, 700, and 640 CM, ™%

Founds ©, 42,53 H, 1,055 C1, 43.5%
C10HC140 requires G, 42,3; H, 1.1; C1, 43.5%

o tetrachlorobonzyne with totraphenylevelopentadionono,
Tetrachloroanthranilic acid (0,005 moles) in ether (50 ml,) was
added o;c;}z;t 2? sg%g;n ‘\o”o ml:H. aphonylcyclopentedicnonc, (1.9 g,
0,005 noles )Ain dichloromethane (150 ml,) at 40%, Tho mixturo
wag heated under reflux for 4 hr, and neleic anhydride (0,005 moles)
addod. Tho solvent was removed by distillation and replaced by

tolueno, The aixture was hoatad undor reflux wntil the solution

bocame colourless (18 hr,) whon aguecous potassium hydroxide
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(50 ml,, 2N) was added and tho mixturc hoeted for a furthor
3 hr, Tho organic layer was soparebted, washed with water,
dricd and tho solvont removod and bhe oily reslduc placed on
alumina, Elution w:i.'bh bcnzene scthor (4:1) gave Le 25 30 A=
tetachlore = 5, 6, 7, & = totrohonyl = m&m, (xxv),
(3g., 35%), mpe 290 (from ethanol); ‘Umx 3060, 3030, 1600,
1530, 1490, 1440, 1330, 1285, 1210, 1150, 1100, 1070, 1025,
940, 810, 780, 760, 745, 710, and 700 CM,-1,

Found: ©, 7L9; H, 3.8; €1, 25,1 14,

034H20014 raquires G, 71.6;5 H, 3.5; Cl, 24.9%.

Roaction of totrachlorobenzyne with bonzone and pexvlone,

Totrachloroanthranilic acid (1,38 g., 0,005 noles) in dry ather
(50 ml,) was added over 20 min, to a solution of iso-amyl nitrito
(5 m1.) in benzene (78 g., 1 mole) end p-xylono (306 g., 1 mole)
kopt at 4590, Tho nixture was wermed at 50% for & hr. and tho
solvents removed, Tho residue wes analysed by G,L.C, It
contained the bonzone, (X), and p-xylons, (VIII) adducts in a
ratio of 1:19.5,

4) Reduchions of Adducts.

Reduction of 1, 4 ~ dihydro = 5, 6, 7, 8 = totrachloro -~ 1, 4 =

othenonaghchalc na,

A ‘
Compound (X) (150 mg.) in othanol (50 ml,) was reduced by

hydrogen at atmogphoric prossure in the prescnce of a pro- reduced
palledium on carbon catalyst., Upteke of hydrogen stopped after

»
»
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tho sbsorbtion of 24 ml. (22.4 ml = 2 moles). Aftor the romoval
of cabalyst and solvent, tho rosidue gave 5, 6, 7, 8 ~ tetrach-

loro = 1, 4 = cthanotetralin, (XI), (150 ng., 100%) nm,p, 135 -
136% (from othanol); vmax 2950, 2940,,2365, 1480, 1450, 11;35,
1330, 1305, 1180, 995, 760, and 685 oM=L 56,4 (m) (>C-H);
8.0 - 8,95 (m) (DCH),
f‘omd: G, 48.8; 1, 3.5; Cl, 47.8%
C1oHy P4y, requires G, 48.7; H, 3.45 C1, 48,0%,
Reduction of compound (VIII)

Gavo 2, 10 = dimothyl = 5, 6, 7, 8 - totrachloro - 1, 4 - .e:qgg‘g. o=
totralin, (IX), mp. 82 ~ 8895 Yy 2950, 2930, 2670, 1443, 1390,
1380, 1320, 1170, 1050, 920, and 675 CM™1; 6,65 (> CB); 7.7 -
8,2 (m) (DCH - Ma); 8,9 = 92 (m) (PCHz); 9.3 (&) (T = 7e/sce)
(CH - M)
Found: C, 52,23 H, 44555 Cl, 43,35%, |
514314014 roquires C, 51.9; H, 435 C1, 43.,8%

aductio ¢ on
Gavo 5, 6, 7, B = ’octrachloro -1, 3,_ 10 ~ ‘brimct_y:_- 1, 4. -
othangbetralin, (VI), meps 45 = 55%;, Vsaxe 2990, 2965, 2935,
2900, 2885, 2860 1455, 3:390 1380, 1340, 1240, 1100, 890, 805
and 675 cM."l; T6462 (n) (PCH), 77 = 8.45 (m) (VGH - o),
849 = 942 (m) (7CH2), 8.32 (8) (-CH3), 9435 (d) (J = 6 ofsec,)
()CH ~ Ma)e
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Found: C,53s4; By 4.65; C1, 42.05%,

Gisﬂiécll. requires G, 53.3; Hy 4.75; C1, 42.0%,

Roduction of compound (XITI).

Gave 5, 6, 7, 8 « tetrachloro - 2, '3, 9, 10 =~ totramothyl ~ 1, 4 ~
othanctotralin, (XIV), mp, 126 =~ 140% U, 2970, 2930, 2910,

2870, 2850, 11.55, 1440, 1385, 1320,1170, 1115, 810 and 68CCH-L;

J 6,84 (m) (D0H), 7.58 = 8.2 (n) (OCH - Me), 9.36 (d) (I = 7 ¢/s00.)
()cH - M),

Found: C, 54.85; H, 5.15; 01, 40,7%,

ciéH18014 requiros C, 54455; Hy 5.13 C1, 40,35%,

Reduction of compound (XVT)

Gavo 1 - mothoxy = 5, 6, 7, §' = totrachloro = 1, 4 = othanoctotralin,
(XVIII)}, mepe Gg‘b;vmx 2970, 2960, 2900, 2860, 2825, 1455, 1360,
1340, 1290, 1220, 1200, 1155, 1120, 1020, 945, 860, 800, 690, and
675 cit,~13T6,38 (n) (DCH), 6,70 (8) (030), 7.9 - 8.6 () (-CH2).

Found: O, 47.55; H, 306; Gl’ 4305%0

C13H)201, 0 requires C, 47,85; H, 3.7; Cl, 43.4%
Roduction of compound {X¥X)

Geve 9, 10 -~ dihydro -1, 2, 3, 4 ~ tctrachloro - 9, 10 - othano-

anthracenﬁ, (XX}, maDe 186°03Um 3070, 3040, 2980, 2950, 2910,
2875, 1480, 1460, 1380, 1315, 1300, 1225, 1160, 1140, 1110, 770,
and 680 CM,=l; 32,65 = 3,05 {n) (Ar - H), 5.14 (m) (DCH), 8.3 (n)
(cHy).

Found: G, 55,7 H, 3.1; Cl, 41.15% |

C16H1(PLy, roquires C, 55.8; B, 2493 Cl, 41.3%,
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0 of ¢o ~ Tho conpound (105 ng.) was placed
in a pyrox tube (500 ml,) eapacity) ovacuated and flushed with
nitrogen, Tho tube wss ro-cvacuated (10~lmn,), scaled and hestod
for 13hr, at 375%C, Tho tube wes openod and tho eontonts dissolvod
in cthor and percolstod through e short alumina eolumn (20 g.).
After removal of the golvent, the residue (58 ng,) wos sublimed
undor roduced pressure ahd gave 1, 2, 3, 4 - tetrachlorona;ir;\bhalene s
(XID), % nga) (358) mpe 194% (1it. %8 n,p, 1989,)
Roaetion of tctrachlorobonzyne with bonzens in the presonce of

silvor ions

Totrachlorobonnynoe was genorated from pentachloroshenyl lithium
(0.02 moles) in tho proscnce of benzene (50nl,) end silvor oxide,
bronide and nitrate (200 mg.) in scparate ezperinents. G.1.C.
anelysis of the products on a 2%, 5ft., silicono eolumn st 180°C,
showed the proscnee of tho adduet (X) only, In similar roazefions

| the tetrachlorobonzyne wes gencratod from totrachlorocanthranilic
actd (2.80 g, = 0,01 molos) in tho pregecnce of benzene and tho
silver compounds (100 mg,)e G,1.C, analysis of the producta again

showed the proscnce of compound (X) only.

Roaction of totrafluorobonzyne uith bonzono in the nregonce of

gilvor jons
Pentafluorcbronobenzene (12.4g. = 0,05 molos), in diethyl other

(200 m1, ), was trested et ~40% with ono equivalent of n-bubyl
lithium solution, and # amall quaetities (200 mg.) of the silver
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conpounds wore added in sceparatbo axporimanté. After warning

up to and standing at roon tomperature overnight, the mixturos were
hydrolysed (mothod 2) and the organic layers were sceparated

end dried. Exanination of the products by analybtieal G.L.C.

on a 5f%,, 10% silicone column at 150°C, =nd comparison of the
rosult with G,L,C. sbandards, chowod thet the nixturos contained
tho 1, 4 eycloadduct4l only, HNo 2,3,4,5 - totrafluoro biphenyl

or tetrafluorcbenzocyslooctatrdenct? could bo detected in the

A
products,

Attonmpbed proparations of pontabronophenyl lithiun
Reaction of hoxabromobenzens with n-butvl lithium

Hexahromobonzene (1.38¢g., 0, 0025 moles) wos susponded in dry
cthor (250' ml,) and the mixbure cooled to ~80°, Onc ocquivalent
of n-butyl lithium solution was added and tho nixturc wos

stirred for 3 hr, and then carboxylated {nmcthod 2) and hydrolysod
(nothod 1), Tho organic layer was cxbtracted with aguoous sodiun
hydroxide golution, and thoso extracts were acidified and cther
oxtractod, Drylng of the acidic cthor oxtracts, followed by
renoval of tho cther, gave a broun solid (10 mg,). Tho neut'ral
naterial was found to0 contain unrcacted hexebromobenzone {143 2. ).
In = repeat reaction o longer tino (9 hr.) was allowed before
carboxylation, but the hexabromobenzene was again recovercd vnchanged,
Uso of I, N, i+ N_,_l =~ totramethylethyleno dismning = n-bubyl
1ithiun conplox

Hoxebromobonzene (243 g., 0,0042 noles) in cther (200 nl.) wes
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treated at ~20%C with a nixture of n-butyl lithiuwm (2,0 nl,)} and N,
N, N,l M. 'ﬁc‘hramethylothylcnodiammino {1,0g.) in cther, and

thoe mixturc stirred for 3 hr, After carboxylation end work up,
all the hoxabronobenzeno was rocovered unchanged,

Reaction of hexabronobenzene with methyl ;l,;l thium

A suspenswon of hexabronobenzens (1,38 g., 0.0025 moles) in

obhor (200 ml,) was treated with mothyl 1ithlunm solubion

(one cquivalent) at ~509%, After three hours at =509, the
polubion was carboxylated. Work up of tho nixture gave back 211

the hoxebromcbonzene,

caction 0 Lobrachloroebmnyri th
Proparation of totrachlorg = 4 — pvridyl 1ithiun
Pontachloropyridine (5.1 g = 0, 02 moles) in diethyl cthor (200 nl,)

was cooled to ~400C and one cquivalent of nebutyl Lithium sdded.

Tho mixturc was stirrod for 1 hr, at ~40%C prior to furthor

reactlon,

lUydrolysls of totrachloro e 4 -~ pyridyl 1ithiue
A solution of tho lithio compound (0,02 molos) was hydrolysed

(mothed 2), the orgonic layor scperated and dried, and the
other removod to give a brown golid {4.0 2.)e Dlution f£ron

a ghort columa of alumina with petrol (60/80%C) gave whito
erystals, 1H n.m,r. showod this to bo a nixturc of 2,3,5,6 ~

tetrachloropyridine, ( 80%), 3,3,5,6, - tctrachlorvopyridine, ( 5%),



and 2,4,5,6 - totrachloropyridine, ( 15%). These could not bo
geparated by G,L,C., but Iy n.n,r, speetroscopy showed that
three aromatic singlets woro present a:l:‘fz.ll,,, 2.70, 2,90,
(integration rabio  1:3:16), Recrystallisation of tho nixturo
from aleohol gave 2,3,5,6 = tetrachloropyriding, (2.5g.), n.p.
90°%, (1it. 578 mbs, 91%), U, 3040, 1520, 1400, 1375,
1340, 1315, 1230, 1170, 1070, 925, 715, 680, 640 CM,~1e

Overall yicld of totrachloropyridines = 80%,

Carboxylation of totrachloro = 4 ~ pyridyl lithiun

A golution of the lithio conpownd (0,05 noles) was carboxylated,
(method 2), and hydrolysed, (mothod 1), The organic layer wes
extrected with aguceous sodiun hydroxide solution, and theso
extracts wore acidificd and ethor cxtracted. Drying of the
acidic cther oxtracts, followed by rcnoval of the other gave buff
erystals (11.1 g.). Reerystallisatlions fron water gave
tetrachloroisonicotinie acid, (70%), mep. 2229, (1it,56 m.p.
2249),7) _ o, 2900 ~ 2450, 1765, 1550, 1400 1335, 1250, 1235,

1180, 1100, 680 Cif,™Le

Found: G, 54,05; C1, 28,055 N, 5.5

OgHOL,NO0, Toquires G, 544355 O, 27,63 N, 5.4%

Rcachion of teotrachloro=i-pyridyl lithivn with furan

Furan (50ml,) was added to o solution of the lithio compound
(0.02 moles) at =40°C, and the solution was allowod to warn up to

and stand at room temperature overnight, Tho nixture was
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hydrelysed, (nothod 2), the organic layer dried, and tho solvonts
removed t0 givo a brown residue (5.2 g.). This rosiduoe was
column ohromatographod on neutral alwaina using potrol (60/80%)
as clucnt, whon pentachloropyridine (0.55g.) was obbained,
Elution with 90% petrol (60/80%), 10% benzone gave a mixbure

of octachloro and heptechloro bipyridyls, (2.5 2¢), Upax

3040, 1575, 1525, 1355, 1320, 1210, 1140, 1150, 1100, 1070,
1045, 840, 760, 700, 675 i, =Y+, (J2.83),

Found: G, 29,0; H, 0,5

C1flgll, requires C, 27.8%

C10HO17H, requires G, 30,15 H, 0.25%

In a sinilar roactlion, the nixture was refluxed for 3 hr,
innodiately after tho addition of the furan, Colwn chromato-
grashy of tho product on ncutrel alunina gave a colourless oil,
(2.5 g4}, 2,3,5,6 = tetrachloropyridine (2.3g.) and the hepta
and octachlorobipyridyl mixture, (0,5 gu)s G.L.C. analysis

of the oil showed it to be a conplex nixture,

Reaction of trichloro- 3.4 - pvridvne with p-xyleng
A solution of the lithio compound (0,04 moles) at -20°C,

ves dripped slowly into boiling pe~xyleno (500nl,}. After

the addition was comnletod the nixtwro was cooled, hydrolysed,
(mothod 2), and the organic layer dried, Removal of tho
solvents by distillation followod by clubtion of the products

fron a short colwin of alumina with potrol (60/809C) gatre an
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0il (4e5gs). Column chromatography of this oil on noutral alumina

gave pentachloropyridine, (1.26 g.), the hepta and octachloro-

bipyridyl nmixture, (2,3 g.)y.20d 1, 3, 4 ~ trichloro « 5, 8 ~

dihydro — 6, 9 = dimcthyl ~ 5, 8 - eothgnoisoguinelino, (XXV1),
(0,9 g = 8%), colourloss ofl, Ve, 3040, 2950, 2920, 2850, 1570,

1520, 1395, 1370, 1320, 1220, 1160, 1135, 1070, 920, 825, 765,

715, 700, 675, 640 CM~1

Found: ©, 54.7; H, 3.9; C1, 36,85; N, 5.2;

0131{10013N requires C, 54.45; H, 3.5; C1, 37.15; N, 4.9%,

saction of trichloro- - idyng with - diphonyl
igobonzofuran '

1, 3 ~ diphonyl igo~bonzofuran (5.4 g.) wag added to o solution of
totrachloro ~ 4 - pyridyl lithiue (0,02 moles) in other at 0°¢,
The othor wag distillod off and roplaced by patrol (8(/100%C)

and the mixture was hoated wnder roflux for four hours, cooled,
washod with wator, the organic layor separated, dried, and the
gsolvents ronoved, Column c¢hronatogrephy of the residuc on
noutral alunina using petrol (6Q/80%) 23 eluent gave pontachloro-

pyridine and 2-azg = 1, 3, 4 = trichloro = 9, 10 = dihydro = 9, 10
- diphonyl -~ 9, 10 . cpoxyanthraccna, (XXVII) (10%), m.p. 208°C,

(fron cthanol), vnax

1285, 1165, 1120, 1010, 985, 940, 910, 850, 790, 775, 755, 700,
630, 630 CM.=1,

3060, 15765, 1540, 1500, 1450, 1370, 1320,

Founds G, 66.7; H, 3.3; O, 23.8; ¥, 3,1
C25H),C13N0 roquires G, 66.6; H, 3.1; 01, 23.6; N, 3.1%
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Roactions of bonzyno with hoxafluoro - and 1, 2, 4, 5 -

totrafluorochenzene

(n) Bengyno genorasted from @-flucronhionyl nagncsium bronide
O-Fluorocbroncoanzene (8.75 g. = 0,05 noles) was added to a

suspension of nagnesiun turnings (1,34 g, = 0,055 g, aton) in
dlethyl other (100 nl,) and hoxaflub;-obcnzono (25,0 ga}, and

the reaction was initiated with 1,2 = dibromocthans (0.2 g.).
Aftc:'r tho reaction had subsidod, tho nixture wos refluxed for

3 hr,, the cthor removed by fractional distillation, and the
mixture cooled and hydrolysed (mothod 1), The orgsnie layor was
dried, and was shown by G.L.C, anclysis to contain ethor,
hoxafluorcbenzone, orthofluorobromobonzene and a less volabile
product, Fractional distillation of tho nixture gave

2, 2% 6 _~ hoxafluopobiphonyl, {(XXVIII}, (12%), m.p.
60%, (fron othenol), Vnax 3080, 1660, 1620, 15(o, 1545, 1500,
1450, 1395, 1330, 1275, 1240, 1200, 1120, 1070, 995, 955, 880,
810, 790, 765, 710, 64CCM,~Le

Founds C, 55.25; H, 1.35; F, 43.5

CyoH Fg raquires G, 54,95; Hy 1,555 F, 43.5%,

(b) Bonzyne penorated from l-aninobonzotriazole
l-~aninobonzotriazole (0,67 g. = 0,005 moles), preparod by the
method of Campbell and Reos,?l in hexafluorcbenzone (10 ml) and
dichloronethane (10 nl.}, was added dropwise to a solution of lcad
totra-acctate (5.2 go = 0,01 moles) in hexafluorobenzeno (15 ml,)

and dichloronethane (20 ml,), over a period of 20 min,
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Exomination of the products by T.L.C. on silica gol showed thet thoy
contained no unrcacted leaminobonzotriaszole, The nixturoe was washod
with water, filterod through kissclguhr %o remove lead dloxide, and
the orgenie layor dried, G.L.C, analysis showod that the mixturo
eontained biphenylane (80% yiold) in addition to hoxafluorobonzonc.
{(¢) Be zenorated bonzeno

Anthrenilie acid, (13.7 g. = 0,1 noles) in acctono (75 nl.}, vas
slowly addod to e gently rofluxing nixture of iso-anmyl nitrato

(12,7 g4), 1,2,4,5 < totraflucrcbonzone (23.5g.) and dichloro-
mothane (25 ml.)s After the addition was completed (3 hr,), the
nixture was heated under reflux for two hours, No produet dexrived

from bengyne and the totrafluorobgnzene was detoctod.



SECTION 2,
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) Yo IO

The recactions of benzyne with styrenes have beon reported
in tuo publications.zst 69 1 the roaction of benzyne with
vingl na%%halane, the hydrocarbon chryzene was obtained,zg vhile
¢ « mothyl - phenanthrena derivatives were produced in the
reactions of benzyns with isceugenocl and isosafrole.69 Surprisingly
howover, Simmons was unable to isolate any products from the
;eaction of benzynse with %£1:2:§i31

In view of the high reactivities of tetrahalogenobsnzynes
towards aromatic hydrocarbons, the reactions of $ctraflucro-
benzynes with simple styrenes woere of considerable interest,
and we decided to investigate them, In prineciple, the aryns
could undergo different types of addition to those previously
reported,23, 69 por example, cycloaddition to give a cyclobutane
derivative, or 1, 4 addition across the eromatic ring,
DISCUSSICH

Tetrach;orobenzyna was generated from pentachlorOphsnyl
lithium in the presonce of a 25 molar excess of shyrens, After
removal of solvents, the residue was eluted from alumina with
petrol, and the crystalline eluent was oolumn chromatogrephsd
on neutral alumina to give hexachlorobenzene and 1, 2, 3, 4, =
tetrachloro -~ 9, 10 ~ dihydrophenanthrens, (1), in 33,5% yleld.

The structure was detormined on the basis of elemontal analysis,
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14 n.mar. and ir, spectra, In a similar reaction, tetrafluoro-
benzyne, generasted from pentafluorophenyl lithium, was reacted with
a 5 nolar excess of styrene, Removal of the solvents and elution
of the crude products from alumina with petral gave a white
crystalline compound, Recrystallisation of this compound from
ethanol gave 1, 2, 3, 4 - tetrafluorc - 9, 10 = dihydrophenanthrons,
(1), in 60,5% yiold, The structurc was determined onlthe basis

of elomental enslysis, IH n.m,r. and ir, spectra, and the fact
that on prolonged reflux of, (II), in p-cymene in the prosenco

of palledium on carbon, 1, 2, 3, 4 - tetrafluorophenanthrane, ‘
(III), was obbained in quantitative yleld,

In a further investigation of the reactions of simple styrenes
with tetrahalogencbenzynes, X ~methyl styrene was roacted with
totrachlorobenzyns, Column chromatography of the crude product
on neutral alumina, gave throe fractions, which wors, in order
of elution, 1, 2, 3, 4 - tetrachloro-9-mothyl-9,10-dihydrophenan~
threna, (1V), (6.9%),0X = (2,3,4,5 = totrachlorcbenzyl) styrene,
(V), (35.3%), and 1, 2, 3, 4 = tetrachloro~9-nethylphenanthrena,
(v1), (10.6%). The corresponding thraee compounds were obtained
from the reaction of tetrafluorcbenzyne withOX —methyl styrene,
the yields belng 20,63 1, 2, 3, 4 totrafluoro~g-mnethyl-9,10-
dihydrophenanthrene, (VIII}, 28,2% X~ (2,3,4,5-tetraﬂuorobenzy'1)
styrene, (VIII), and 5.1% 1, 2, 3, 4~tetrafluoro-9-methyl phonanw
threne, (IX). The dihydrophonanthrones and phenanthrenes pre-
sumsbly are formed via initial Diel’s Alder addition of the
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aryne across the ring and exocyslic double bond, whilo the o
~tetrahalogonobenzyl styrcnes arisc by an ihsertion rcaction of
tho aryne onto thooX ~methyl group of the styrene.

]

Sc.l'leme, ‘
After much of this work had been complated, Dilling reported
thet ho had obtained 9-phenyl-9,10-dihydrophenanthrenc, (X) in
good yleld, by generating bénzync from o-fluorophenyl megnesiun
bromide in the presence of a 5 molar oxcoess of styrcne.7° He also

suggestod a possible mochanism for the rcaction, viz,
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Dilling!s mechanlsm is unlikely, since in_roactions involving
Grignard and organolithium roagents, it is improbable that a
proton should be lost and then regained to give for example the
1, 2, 3, 4 ~ tetrahslogeno=9,10 ~dihydrophenanthrenes, A more
1ikely nechanism for the formation of the 9, 10 - dihydrophonan-
threnos would involve attack of the aryne on the styrens to gi?e
intermediato (1) (scheme 2), follewed by either inter or intra-
molecular transfer of a hydrogen atom from the ring junction to
the 9-position,

N
(1) . Scheme 3 - o,
' Dilling's 9-phenyl-9,10-dlhydrophenanthrons (X) could arise by

insertion of a second benzync onto tho 9 position of intormediate
(1) and simultancous ebstraction of the ring-junction proton., This

would involve a six-membered transition state, viz,
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siia

This typo of mechanism has been postulated for tho sttack of bonzynoe
on olcfins,Bl

It was surprising that wo had beon unable to isolabe é—
totrahalogonophenyl ~ dihydrophonanthrones from our roactions,
and in an attompt to forcs tho production of 9-tetrafluorophonyl ~
9, 10 dihydrototrafluoro phananthrenc, tobtrafluorobonzyne was
genorated in tho presonco of a % molar equivalent of styrons,
G,L.C, analysis of tho product showed two major componcnts presont,
These wore separated by column chromatography on alumina, and
shown to bo 1, 2, 3, 4 ~ totrafluoro - 9, 10 - dihydrophenanthrene,
(II), (25.0%), and 1, 2, 3, 4 - tetrafluorcphonenthrene, (III),
(18.5%), by mixed molting points, and comparison of G,L.C.
rctention times, with standard semplos, This rosult suggested
thet tho 'excess! bonzyne dchydrogenated cither the dihydro-
phenanthrone or internediaste (I), sinee no trace of 9-tetrafinor-
phonyl - 9, 10 dihydrototrafluorophchanthrone could be detected,
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With reforonse to this lest point, it has recently beon shown
in these laboratoriosTl that goncration of tetrafluorobenzyne
in tho presence of 1, 2, 3, 4 ~ tetrafluoro - G, 10 ~ dihydro=
phonanthrona, does not lead to dshydrogenation of the dihs.rdro-

. phenenthrone, end wo tontetively suggest thet production of
phenanthrenes in those reasctions, probably arisos by dchydrogenation
of intermcdiato (1) by tho benzyne, It is also of interost to note
that rccent work on the reaction of tetrafluorobcnzyne with
douterium labellod styrcmo7d has shown that tho hydrogen lost
from intermodiato (1) doecs not transfer intra-moleoculerly to
form tho dihydrophcnanthrone, i.c.

0 o)

Shortly aftor our work on styrcncs wes concluded, Wolthuis end

Cedy rcported the roaction of benzyne with o wmethyl si:y:.-c'.'ne.'?2
Thoir rcsults differed slightly from ours, in that a small quantity
of a dihydrophchanthrcno formed from the reoaction of bonzyno with
the initially formod X ~benzyl styrono, was isolatod, i.a.
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We conclude that if the corrcsponding compounds were formed

in owr rcactions, thoy were formed in very low ylelds,



1
H n.m.r. sSpectra,

s=s5inglet, d=doublet, t=triplet, m=multiplet.

Chemicgl Shifts andi Coupling Cdnstants.
A B C D E
1.76-2.04m | 2.62-2.9m p.86-Ti4m
1.97-2.3lm | 2.6-2,87m ({7.05-7.308
1.76-2.02m | 2.6-2.9m B.6-8.884 6.9-6.35m | 6.9-6.%5r
J'CD=60/S
1.97-2.25m | 2,58-2.9m [8.6-8.94 6.83-T.4m | 6.83-7.4
J =6c/s :
0 1,72-2.06m | 2.1-2,%m [7.27s 1.28-1.5m
1.5-2.4m 1.5-2.4m [0.9~1.25m
1.8-2.12m | 2.17-2.55m |7.38s 0.9-1.25m }
;
t
2.98-3.47m| 2.5-2.88m |6.19s 4,04t ; 4, 49s
| %
2.55-2.86m | 2.55-2.88m [6.14s 5.09t i 4.49s
[ {
— S S
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EXIERTMENTAT

A1l Gonere) ibthods ere as reported in Sectlon 1, (experimentel),

Roaction of

ODO AYTLE

with sbyrene

Styrens (1Qg, = 1 mole) was added to a solution of pentachlorophenyl
lithium (0,04 mole) and some ether was distilled from the mixture
unbil the boiling point of the vapour was 55%, The mixture

was then refluxed for 2 houra, hydrolysed, (metﬁod 2) and the
organic layer dried, The excess styrens and ether were removed

- by vacuun distillatioh, and the erude residue wes eluted from

a short alumina coiumn with petrol, (60/8d°c. ), to yield 7;2g.

of oily crystals, Those were separated by éolum;n chromatography
“on neutral alunina, to give hexéchiorobenzene » {3e55g.), and

e 2s3s A = botzachlors = 9, 30 = dihydrorhenanthrane, (1),
(30358 = 33.5%), mps L4, (fron cthencl); U ey 3010, 2955,
2920, 2900, 1520, 1490, 1400, 1380, 1370, 1340, 1310, 1200, 1180,
885, 785, 770, 750, 40, 725, 690 (M=l |

Found: G, 52,7; H, 2.5; €1, 44,6,

0148801y, vequives G, 52,855 B, 2.553 CL, AdeGf

Roaction of tetrachlorobenzyng withoX - methyl gtméhe

A sample (900mg.) of the initial crude produét (12.2g.) was column
chrometographed on neutral alumina .(100go) using 80% petrol (60/80%),
20% benzene as cluent, Four fractions were obtained, and shown
to contain (a) hexachlorobenzens, (96,7ng. = 11.4%)3

(b) L 25 3, A= totrachloro = 9 = methyl = 9, 10, =



dihydrophenanthrena, (IV), (67.4 mg. = 6.9%), m.p. 148%, (fr on
othanol), Unax 3060, 2980, 2890, 1480, 1450, 1425, 1360, 1360,
1250, 1195, 1175, 1125, 1105, 1060, 1020, 865, 785, 770, 760,
750, 720, 690 ML
Found: C,53.85; H, 3,155 C1, 42.3;
C15H) £y, requires C, 54.3; H, 3.05; C1, 42.7%
() A= (3 30 Ao 5 = botpachiorcbonzyl) gbyrens, (V), (150 mg. =
15.3%), colourless oil, Unax 3080, 3040, 2930, 2860, 1700, 1535,
1495, 1450, 1425, 1360, 1215, 1190, 1090, 1000, 830, 755, 700 G¥,~Le
Found: C, 53.90; H, 3.05; Cl, 42,5% and
(8) 1.2, 3. 4 = totpachloro = 9 — methyl - rhensnthrene, (VI),
(103mg. .= 10,6%), m,p. 202%C, (from benzeno), .\Jmax 3050, 2950,
2920, 2850, 1610, 1575, 1540, 1435, 1405, 1355, 1330, 1200, 1240,
1185, 1120, 885, 865, 810, 780, 745, 730, 700, 680 CM,™1;
Found: G, 54453 H, 2.9; 01, 42.5.
C15Hglly, requires G, 54.6; H, 2.45; C1, 42:5%

action of tetrafluorcbenzyne with st
Pontafluorcbromobenzene (12,4gs = 005 noles), in dry diethyl ethor
(300m),) and styrens (23.0g. = 0,25 moles) was cooled to -~ 40°C, and
one equivalent of n-butyl 1ithium solution was added. After ¥ hour,
-the nixture was allowed to warm to and stand at room temperature
overnight, hydrolysed, (mothod 2), and the orgenic layer soparated

and dried, The other and styrohe were removed by vacuun distillation,
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and the brown residue was oluted from = short alumina column with

vetrol (60/80%) to give 8.3g. of crystalline product, Recrystallisation
from ethanol gave ), 2, 3, A4 = totrafluoro - 9, 10 — dihydrophenanthrena,
(11), (7.5g. = 60,5%), m.p. 88%, Umax 3010, 2950, 2920, 2860,

1620, 1515, 1470, 1450, 1400, 1345, 1120, 1100, 1050, 1030, 990,

955, 880, 850, 775, T45CM,~1*

Found: G, 66,43 H, 3.15; F, 30,2

C14HgF, requires G, 66,7; H, 3.2; F, 30,153

In 2 similer reaction, the amount of styrene was reduced to 3.10g.
= 0,025 moles, G,L.Ci analysis at 170%C on a 5£t,, 2% S.E, 52
column, showed the oil (6.0g,) cbtained after olution from alumina,
to be composed of two major (90% of mixture) and fowr very minor
components, Column chromatography of a yortion of the oil (1.0g.)
on noutrel slumina (100g,), using potrol (60/80°C) as eluent,

separated thg major compononts, which were showun to be (a) 1, 25 3. 4
totrafiuoro - 9, 10 = dihvdrophenanthrene, (II), (516 mg, = 25%),

and (b) LuRa 3s4 = totrafluorophonanthrens, (ITI), (387mg, =
18.5%), m.p. 174%, {from ethancl), Vex 3040, 1665, 1630, 1540,
1520, 1500, 1450, 1400, 1350, 1325, 120, 1260, 1210, 1175, 1135,
1115, 1050, 1030, 990, 875, 840, 815, 750, 710, 6400M,~1*

Found: G, 67,85; H, 2.6; F, 29,6,
Gy HeF, requires G, 67.2; 1, 2,45 F, 30.4%
The more volatile minor products were not idontified, but comparison

with G,L.C, standards, suggested that they were fluorinated biphenyls,



Reagbion of tetrafluorcbenzyng with of ~ methyl styrane
G.L.C, analysis of tho oil obtained affer filtration of tha crude

product through an olumina column, showed tho presence of three
major components, GColumn chromatography of the oil on noutral
alumina, using petrol (60/80%) as eluent, gave (a) X~ (2, 3,

4y 5 ~ tetrafinorobanzyl) stvrene, (VIII), (28,2%), colourloss
013, U pax 3090, 3060, 2920, 2860, 1630, 1525, 1490, 1445, 1365,
1225, 1110, 1050, 950, 915, 860, 780, 705,01, "L

Fownd: G, 67.25; H, 3,9: ¥, 28.45;

G158y oF, Toquires G, 67.7; H, 3.8; F, 28,55%

(b) L 2 3s A= betratiuoro = 9 = mothyl = 9, 10 = dihydrovhonanthrena,
(viz), (20.6%), m,p. 92%, (from ethanol), vmax 3Q80, 2980, .291"0’
2880, 2060, 1650, 1625, 1580, 1515, 1470, 1450, 1390, 1360, 1310,

1260, 1380, 1120, 1050, 1035, 970, 950, 850, 770, 760, 735, &45 cM,~1le

Found: 0,67.8; H, 3.85; ¥, 28.4%,

and (¢) 1,2, 3, 4 = tetrafluoro = 9 - mothyl phenanthrens, (1X),
(5.1%), mp, 178%, (from ethanol), yo 5040, 2950, 2920,
2850, 1665, 1620, 1510, 1490, 1450, 1400, 1330, 1260, 1200, 1150,
1130, 1075, 1060, 1€35,995, 860, 760, 64001, L*

Found: C, 5‘3'!‘1)- H} 3'35’} F, 35"})'

CysHgF; requires G, 68,2; 4, 3.05; F, 28,75,

Dehydroronation of
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da203s b = bokrafluore = 9, 10 = dihydrophenapthreno, (IX),

(200mz, ) was dissolved in p-cymemo (50 ml.) and 10% palladium on
carbon catelyst (100mgi) was added, The mixturc was heated undor
reflux while a slow stream of nitrogen was passed during fivo
days, f1lbcred, and tha p-cymene digtilled off under vaeuum,
Rocrystallisation of the residuo from cthanol gave 1, 2, 3, 4 =

totrafluorophenanthrens, (III), (100%),



SECTION 3.

Tho Reactions of Tobrachloro and Tetrafluoro benzyneswith

Bioyclohopta (2,2,1) ene, and Bicyelohepta (2,2,1) dione,
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CDUG

Fow cxamplos of aryncs undergoing 1, 2 = cyeloadditions
ero known, With slmplo olofinos, benzyne undorgoes em insortlon
roaction, probably lnvolving a six~contred transition state3l
(sea main introduction), 1, 2 - Cycloaddition compounds havo
beon formed with mothyl vinyl ethar,73 and tho strained olefines,
bicyclohopta (2,2,1) ons, and bicyclohepta (2,2,1) dicne,31

Theso are unusual caseos, bocause the bonzyne cannot undergo tho
insortion rcaction, With methyl winyl cther, there are no protons
[;’, to the attacking carbon, for tho bonzyno to abstract., Tho
roactiona of bonzyne with bicyelohepta (2,2,1) ene and bicyclfshopta
(2,2,1) diono were ef considerably moro intorost to us, 1, 2 =
Cyeleoaddition undoubtodly occurs instcad of insortion, bocause
although [5 hydrogens aro awfailablo, the product obtained by
insortion would have a double bond at the bridge-head position,

Simaons31l cbtained fairly low ylelds of oxclusivoly oxo =
1,2 asdducts with bicyclohopta (2,2,1) ene and bieyclohopta (2,2,1)
dicne (10% and 15 = 21% rospoctively)s He also reported isolating
an unidontified saturated product in low ylold from the roaction
with bicyclohepta (2,2,1) dlono, He suggested storic hindrance %o
explain the storcospocificity of tho rcactions, and postulated
that the absoncoe of roarranged products excluded the cxistonee

of bonzyne ss a dipolar species, and eoncluded that the products
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arosc by a cancertad mochanism,

Exenination of molecular models of bieyelohopta (2,2,1)
onas and bicyclohepta (2,2,1) dieno suggestod to us that serious
sterle hindrance would be invelvod in the formation of an endo =
1, 2 cycloaddition product with bicyclohepta (2,2,1) one. Howcver,
we could see no ghteric reason why attack of an aryne from benesth
bieyelohopta (2,2,1) diecns should not ocecur, In view of the high
reactivity of hip;iﬂy halogonated arynes in addition reactions, we
decided to investigate the roactions of tebrachlore and totra-
fluorobonzynes with bicyiohepn(2,2,1) ane and bieyclohepta
{2,2,1) dicne,
DISCUSSION

Totrachlorobenzyne was generatod from pontachlorophonyl
1lithiun in the prosonco of biecyclohepta (2,2,1) cne, =nd after
work up, the whito crystalline product was column chroma:togrgphcd
on alumina to give a little hoxachlorobenzone snd oxo = 8,4 -

totrachlorobonzotricyelo (44241, 02:5) nonw3wcne, {1); in 25%
yioldi The structurc of this adduct was assignod on tho basis

of olenentel snalysis, ir, and n.m.r. spectra. The adduct
was shown to be the oxo-adduct bocause the resonance due to
protons ab positions 5 and & appoar as a sharp singlet,’®
Totrafluorcbenzyne, gencrated from pentafluorophonyl lithiunm,
gave the corresponding totrafluoro adduct with bicyclohepta
(2,2,1) ene, (1I), in 36% yicld.
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Tetrachlorocbenzyme, gensrated from pentachlorophenyl lithiun
gave a good yiold of crystalline materisl with bicyclchepba
(2,2,1) dicne, This wss shown to be a mixture of hoxachloro-
benzeno and two other components by snalytical thin-layar chromzto
graphy on silica gel/silver nitrato, Colunn chromatography on
gilica pol/silvor nitrato gave hoxachlorobenzons, 0xo = 3, 4 =

tetrachlorobonzotricyelo (Le2e1.0422 5) nona = 3, 7 - dicno,

(111), (50%) ond totrachlorcbonzonortrieyclone, (IV), (22%).
Tho structure of (IIX), wes assigned an the basis of clemental
onalysis, ir, and n.m.r. epectrs, and the fact thah (I) wes
dbtainod on hydrogenation of (III) in tho proscnce of a palladium/
carbon catalyst, Tho structure of (IV) was assignod on the
following cvidence, Elomental analysis snd molocular woight
detormination showed the compound to be isomeric with (III).

The absence of rosonanco due to olefinis protons in the pentere
provod that one additional ring was presont in (IV) as compared
with (III), The symmotrical naturce of (IV) was cvident from tho
rolative simplicity of the p.n.r. spectrun,

The analegous compounds wora isolated from the rcaction of
totrafluorcbonzyne with bicyelehepta (2,2,1) diens, the nortricyelens
adduct, (VI), in 6% yicld, and the 1, 2 adduct, (V), in 24% yiold,

Tha possible mechanisms of formabion of these adducts wore
intoresting, Tho most likely mcchanism of formation of the
nortrieyclono adducts involves concerted addition of the aryno
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X\ I
X
IIT, X = Cl
Vv, X=F

Scheme 1

v, X = Cl
Vi, X=TF



across the 2 and 6 pogitions of tho homoconjugated dione, the

aryne attacking fron beneath the diene, 1.5. fron tho cndo position,
The sinmilay additions of maloic anhydrids and tetracysno~othylcno
wero suggested ag occuring by a concerted nochanism, 2 Howover,
the fornation of the 1, 2 addition products should ocour by o

noa - concerted mechanism, on the basis of the Woodward - Hoffmann
 rules, which forbid concorted 2 + 2 thermal additions.48 Moricont
and Xolly bave oblained 242 adducts with chlorosulphonyl isocyanate
and a varicty of compounds,” including bicyclohepta (2,2,1) eno
and bicyclohopta (2,2,1) dicno.?? In one of their commnications, 76
they reiterate the supgostion of Graf,73 that the addition of
chloiosulphunyl isocyanaté to a double bond cecurs by a pseudow
concorted roa.ction,79 involving =a 1, 4 dipolar specics, in vhich
tho chargad_specios aro allgned for bonding, Thoy suggest thad
this species then collapsos to the products so fast, as to forbid
robation and give stereospocific products, This mochanism could
be opersting in the rcactions of arynes with bicyelohcpta (2,2,1)
dicns end bicycloheptsa (2,2,1) eno, A rapid collapso of tho

1, 4 dipolar species to 1, 2 adduet, would prevent rearranged
products from boing formed, It is intercsting o nobto at this
point, that Japanose workers have rocently reported the nonw-
sferaospecific 2dditions of benzync to vinyl othars.so Another

possibie mochanism for those reactions, could be a noer - concerted

-process, 81 in which no formal charges ere present in tho intcrmodiate,

Lo, . _
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Since 1t is virtually impossible to distinguish between thosze two
nechanisms practically, further speculation is pointless, However,
we suggost thet ono of those mochenisms is oporating rathor than

a concerted mochaniem s originally suggestod by Simmons.B *

In an attempt to investigate theso reactions fuwrthor, wo varied
the conditions of ‘thc originel roaction between tetrafluorobaonzyno
and bicyclohepte (2,2,1) dicne, Firstly, the roaction was repeated
using eyelohoxana as solvont instead of diethyl cther, This gave
a ratio of nortri:yclene to 1, 2 adduct, of 1:4, compared to a ratio
of 1:6 ocbtained when ether wes tho solvent, Sccondly, the |
tetrafluorobenzyns was gonerated from pentafluorophenyl magnesiunm
bromide in bieyclohepta (2,2,1) dicne, and the ratio of adducts
vas now 15 in favowr of the 1, 2 cdduch, Tho first result showed
that o solvont offoct cccurs in roing from a bicysloheptadione/
cyclohogems to a bicycloheptadicne/ether solvent, A 1, 4 dipolar
spoecies would be more eansily formed in the more polar solvent, ether,
and consequently an increase in the ratio of 1, 2 to norticyclens



adducts would be expected., Thie increasse wea in fact obgerwed,
The Grignard precursor result is difficult to interpret, since both
solvent and tempersture effects are involwad,

Shortly after the sbove work had been published in preliminary
fom,sz Friedman reporbed obtaining a nortricyclone adduct from the
reaction of bloyclohepta (2,2,1) diens with benzyne gencrated from
benzene dlazonium = 2- <:scrbn:l:~c:,r].ad:e.83 He 2lgo claimed to hawve
observod interesting offects with $his reaction, ¥Firstly, vhen
excoss equimolar quantities of bicyclohepta (2,2,1) diene and
bicyclohepta (2,2,1} ono wero together reacted with benzyne, only
two adducta wero obtsined, namely tho 1, 2 adducts of bleyclohapta
(2,2,1) dione and bicyclohopta (2,2,1) cno with benzyns, Nons
of tho nortrieyclone adduct was detocted, Sccondly, the addition
of anthracone to tho reaction of benzyne and bicyclohepta (2,2,1)
dlene reosulted in 1, 2 adduct formation being climinated. The
only product isolatad from tha roaction, in addition to triptycono,
was the notrioyclene adduct,

Friednan suggosted that these results nlght be expleined by
the participation of charge-transfor complexes in the reactions,

In the reaction of benzyne with bicyelohepta (2,2,1) diene =nd
bieyclohopta (2,2,1) one, the nortdeyclens adduct might be provented
from forming by the initial productlon of a charpge~transfer complex
betwean bloyclohepta (2,2,1) diens and bicyelchepta (2,2,1) ene,
This could ba orientated such that the bicyclohepta (2,2,1) eons
double bond sits botwoen tha double bonds of the bicyelohepta
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(242,1) Qions (sea schame 3), thus provonting the 'underside!
attack of tho bonzync necessary for tho formation of nortricyclane
adducts 1In tho case of the anthracene, a double bond of the
bieyclohepta (2,2,1) dicno sits across the anthraceno (sge schemo 4)
which acts as a dione, and prevents bonzyne from attacking the 1, 2
positions, We havo invostigatod those offocts in the rcactions

of tetrachloro and tetraflucrobonzynas with bicyclohepta (2,2,1)
diene. Tebtrafluorobonzyns, genoratod from pontafluorophonyl
lithium, was roacted with bieyclohepta (2,2,1) diene in ethor
solubion, in the prosence of an equimoler gquantity of bicyclohopta
(2,2,1) one and varied quentities of anthracone, When the product
mixtures were analysod by G.L,C,., the ratios of nortrieyelenc,

(VI) to 1, 2 adduct, (V), wore identical in all of the roactions

to those obtained in the original roaction with bieyelohepta

(2,241) dione enly, 1.0, 1:6, Totrachlorocbonzyna, generated from
pontachlorophonyl lithiun was also reacted with bicyclohepta (2,2,1)
diche in the prosenco of bicyclohepta (2,2,1) cne and anthracacne,
and again tho ratios of nortricyclenc, (IV), to 1, 2 adduct, (III),
wore found to bo identical to those of the original roaction with
totrachlorobecnzyne end bicyclohepta (2,2,1) diens only, namely

1:2, In all of the reactions, tho corresponding bieyelohepta (2,2,1)
ena 1, 2 adducts, (I and II), and tetrahelotriptycenes were detected,
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In ordor to approach Fricdman's roaction conditior;s morae c¢loscly,
tho tetrachlorsbenzyne reactions wore repcated, with ths benzyne
generﬁtod from tetrachlorobonzencdiazonium ~ 2 - carboxylate,

The ratics of nortricyelene, (IV), to 1, 2 adduet, (III), wore -
agaln idontical to those obbeined from the 1ithio-compound

N _reé.ctions and a simple roaction between tetrachlorobehzyne
gonorated from the diazonium carboxylate and bicyelobepta (2,2,1)

dicne, namely 1:2,
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EXPERIMENTAL

All Gonerel Mathods are as raported in Section 1, (experimental).
Reaction of totrachlorobonzyne with bicyeloheptn (2,2,1) eno
-Bicyclohepba (2,2,1) cne (9.4g, = 0.1 moles) was added to a solution
of pontachlorophonyl llithi'hm (0,04 moles) in other (500ml,) ab -
20%, Tho othor was partly romoved by distillation, and replaced
by patrol (80/100%) until tho vapour tomporaturo roached 509C.,
and the mixbure was thon heated under roflux for 12hr, Hydrolysis
{mothod 2), followed by drying of tho erganic layer and romoval
of solvents gavo & brown oil (11,6g.), which was oluted from a
“ghort alunine coluan with petrol (60/80%.) to give e white
erystalline product (7.48.)s Column chromatography of this product
on noutral elumina gave homchlorpﬁanz;cm, {(4.0g.), bicyclohapta

(2,2,1) ena, (0,30z.) and gxo = - tetrac obgnzeotricyelo

(42,1, %25) non = 3 = cne, (1), (25%), mp. 110%, (from othandl),
"V ax 2965, 2880, 1470, 1450, 1370, 1310, 1275, 1230, 1200, 1160,
1135, 1105, 1080, 960, 910, €20,  775, 720, 640 CM,~1. '

Found: C, 50,0; H, 3.3; €1, 46,25;

Cy3Hy 01, roquires C, 50,7; H, 3.3; Cl, 46,0%

Raeactiong of totrachlorobonzyno gonaratod from pontachiorophenyl
thiug with bievelohovta {2.2.1) diene

Blution of tho initial crude product (135g.) from a short alumina
column with petrol (60/80% gavo a white crystalline product (10.2g.).



Analytical gas chromatography showed the presgncs of hexachlorom

benzene and two other products in the mixture., Thin layer chromato-
graphy on silver nitrate/silica gol® geperated tha components,

and column chromatography of the mixture on silica gel/silver
nitrate gave three fractions, hexachlorobonzens, L, 2, 3, 4 =

totrachlorobenzonortricyelons, (IV), (22%), m.p. 190%, (from
othanol),’l)max 3005, 2965, 2950, 2870, 1450, 1400, 1370, 1345,
1300, 1240, 1210, 1150, €25, 795, 750, 685 oM, ~Le

Found: G, 50.7, H, 2,9; C1, 46.3;

C13HgCl, requires C, 51.0; H, 2.55; Cl, 46.35%. and gxo = 3, 4
totrachlorobenzotrievelo (A2 0. P23) nona = 3, 7. digne, (III),
(50%), mepe 1Q20%C, (from othanol), ’Um 3085, 3000, 2980, 2960,
zééo, 2890, 1625, 1400, 1370, 1320, 1290, 1270, 1200, 1190, 1130,
820, 790, 700, 680 CM,~1e

Found: G, 50.8; H, 3.0; C1, 46.35%.

In two similar soparate roactions, A and B, anthracone, (17.8g. =

0,1 nols), (reaction A) and bieyelohepta {22,1) ono, (J.4g. = 0.1
mole), (roaction B), were added to tho starting naterials. G.L.C.
analysis of reaction A ab 2009, on a 5%, S.E, 52 column showed

both (III) and (IV) to bo prescnt in a ratio of 2,2:1, T.LC.

on silica gol showed tho presonce of totrachlorstriptyccno in tha
mixturo, G.L,C, snalysis of roaction B showed (I), (III), and

(IV) to be prosont in ratios of 1,6:2,0:), Tt was ostablishod

that (I), (IIT), and (IV) had idontical G,L.C, responso, by comparing



standard samples with the pesk sroas,

Roactions of totrachloxrobonzyne geonoratod From totrachloroagthranilic

nedd with bi oho 1 [

Totrachloroanthranilic acid (1.38g, = 0,005 moles) in dry
ether (50ml.) was added ovor 20 min, o a solution of iso-amyl
nitrate (5ml,) and biecyelohopta (2, 2, 1) dlene (9.2g, = 0.1
moles) kopt at 459, The mixture was wermod et 509C, for hr,,

tho solvents and oxcoss iso-anmyl nitrgtc then romoved undor

reduced pressursc, and the brown rcsidue oluted fxrom a short alumina
colunn with potrol (60/80%) to givo a white erystellinc solid

(4,00mg4) This was shoun to contain (III) and (IV) in e
ratio of 1,85:1 which reprosented ovorsll ylelds of 17% (III)
and 9,2% (IV), In two similer reactions, ¢ and D, anthraceno
(17.8g, = 0.1 molos), (roaction C), and bieyclohepta (2,2,1)
eno, (9.4g. = 0,1 moles), (roaction D) respeetivoly wore added
to tho reaction mixturc bofore additlon of tho anthranilic acid,
G.L,C. enalysis of roaction G showad (III) and (IV) present in
a ratio of 1,95:1,0, whils G.L.C. of rcaction D showed (X), (III),
and (IV) prosont in retios of 1,6:1,9:1,0,
saction of te b with bicvelo a (2 L) ene

Bisyclohepte (2, 2, 1) cne, (18,8g, = 0,2 nolos) was added to

a solution of pentafluorophenyl lithiun {0, 05 noles) at-
~40%, After the roaction nixbturo had warmod up to and stoed ab
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roon temperature overnight, it was hydrolysed (method 2) and the
orgenic lagyer dried, The solvent was removed hy fractional
distillation, and tho yellow liquid was eluted from a short alumina
column to give a colourless oil coﬁtaining two minor and one
najor component, as shown by G.L,C. analysis on a 5ft. S.E, 30
colunn, programmed from 100° to 170°%, The components wore
separated by preparative G,L.C, on a 10ft, Silicone eolumn at
200%, The minor components were idontified as J~-bromo-nona-
fluorobiphenyl, and 2,2,1 3,3,1 4,4, 5,5%,6 - nonaflucrobiphenyl
by comparison of their G,L,C, retention times and 1% N,Me T
gpactra with those of standard samplea.85 The najor produet was

ex0 = 3,4 ~ tetrafluorobenzotrieyclo (4.2,1, R ) non-3-sng, (II),

(36%), colourlpss oil, Uma.x 2970, 2880, 1490, 1400, 1290, 1260,
1200, 1165, 1140, 1080, 1000, 960, 930, 910, 860, 805, 765, 755,
650 CM~2

Found: C,63.65; H,4:01; F, 31,7

Gy4lly o, roquires G, 64455 H, 4:15; F, 31.4%. |
Reagtion of tetraflnorobonzyne generated from ventaflucrophanyl
1ithivn with bicvelohapt 1 ona

Bicyclohpptia (2,2,1) diens (18,4g. = 0.2 nmoles) was added to a
solution of pontaflucrophenyl lithium (0,05 moles) in ether
(200m1s.) at -40%, After hydrolysis (method 2), drying of tho
organic layer, and romoval of solvents byfecetional distillation,
the product was eluted through a short alumina column with potrol
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(60/80°) end gave & yollow oil {5.0m.)s This was shown by
apalytical G.L.Ci to contain two major products, vhich wers

separatad by prapafative G.L,Ce and gave exo-3,A-tetrafluorcbenzotyi-

ayelo (4,32,1,02:5) nona=3.7=diene, (V), (24%), m.p. 70%,

(from ethanol), vmax 3085, 3000, 2980, 2890, 1650, 1575, 1485,
985, 960, 915, 895, 820, 780, 720, 655 CM.~X

Fmd: G, 64.85; H’ 3.4; F’ 32.0
C13%gF;, roquires G, 65.0; H, 3.35; F, 31.65%
and totrafluorebonzonoriricyelona, (VI), (4%), m.p. 78%C,

(from othanol), ’Umax 3020, 2965, 2950, 2870, 1490, 1400, 1295,
1270, 1205, 1150, 1115, 1085, 1050, 1030, 975, 955, 940, 890,
820, 800, 780, 685 Ci,~*

Pound: G, 65,05 H, 3.5; F,31.2%

In fowr similar reactions, B,F,G, and H, the following conditions
were altered: in reaction E, the diethyl ethoer was roplaced by
cyclohoxano; anthracene, (0.5 moles) and (0,2 molos), was added
to reaction nixtures F and G respectivoly, and bileyelohepta
{2,2,1) ene t0.2 noles) was added to reaction mixturo H, In
reaction B, tho ratioc of (VI) to (V) was found to be 1:4, the
yiclds of adducts being 27,0% (V) and 6,8% (V1), In roactions
F, G and H, G,L.C, analysis showed that the ratio of (VI) to (V)
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wes 1:6 in each casa, In veactions ¥ and G, tetrafluorotriptyconedd

was shown to be presont by ecomparison with a standard G,L.C.

samplef5 In roaction H, the ratio of (II) to (VI) wes found to be
41,

Fontafluorobromobenzene (12.4g. = 0,05 noles) was added to
nagnesium turnings (1.343; = 0,055 moles) and cther (50ml,).

A fow drops of 1, 2 dibromoocthane were added to the mixture and
after the recaction had subgided, the mixture wss hoated at 309G

until) all the megnesium had reacted, Tha othor was gradually
renoved by distillation, and replaced by bicyelchopta (2,2,1)
dicne until the vapour temperasturo of tho mixture roached 80°%C
and the nixture wes heatod under reflux for 5 hr, The nixture
wag hydrolysed (mothed 1) and the corganic layer separated, dried,
and the solvents removed to leave a black oll, Elution of this
material from a short colunn of alumina with petrol (60/80%),
gave & yellow oil (6,5g,) which was found to contain (V) and (V1)
in a retio of 531, by enalytical G.L.C.
Redugtions

Conpound (III), (100mg,) in ethanol (50 ml,) was roduced by
hydrogen in the presence of palledium on carbon catalyst, After
ronoval of catalyst and solvent, the residuc gave (1), (100mg.,
1007}

Compound (¥) gave sompound (II) in a similar reduction,
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INRODUCT ION

Ethera have been widely used for pany years eg solvents for
reactions involving arynesjy yet no products resulting from the
cleavage of ether linkages by arynes have been reportod, This ig
not surpriging since most erync reactions have been carried out
in tho presence of much strongor nucleophiles than the ether,
Into this category would come not only co-reactants, but eryna
precursoras, such as organometaellic reagents., Tho cleavage of
thio-cthors by henzyno have beon recently repor‘bod,se’ and wo
anticipated that the more electwphilic totrahalogonobenzynos,
might cleave simple aliphatic cthers in the ebsence of 2 gtronger
nucleophilo, The cleavage of aromsbic others by tetrahalogeno~
benzynes is not observed, since the sryne sttacks the nucleophiliec.
aromatic TV - system, and 1, 4 addition products are forned Atr 37
DISCUSSION

Tetrachlorobonzyne was gonerated by aprotic diazotigation of
tetrachloroanthranilic acid, in tho prescnce of carefully purified
dlethyl cthor. After work up, the initlal product was column
chromatographed on alumina snd 2, 3‘, by 5 = totrmhlor0phenet010,88
(11), (63%), end 2, 3, 4, 5 = totrachlorophenyl - 31 nethyl -
butyl sther, (III}, (10%) were obtained, Tho latter product
prosumably cxose by the addition of 3-methylbuban « 1 « ol to
tetrachlorobenzyne, 3-Methylbutyl nitrate (iso-amyl nitrite)

was used ag the source of nitrossting agent in the aprotic diazotissation,
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Two nechenisms wore passible for the formation of the
totrachlorophenctole; abstraction of a proton ﬂ ~ to the oxygen, by
an initially formed beteine, (1), followed by climination of
ethylena (mochanism 1), or abstraction of a proton from solution
by tho initially fofmed boteine and loas of ethyl carbonium ion
or an oquivelent process (mochanism 2), Both these mochanisms
are outlined in Scheme 1,

Theso mechanisms could bo substantisted byeither detecting an
olofin in the reaction mixturo, or proving that the aryl proton
in the product is derived from the resction medium, Sinca the
most reedily ave;ilable protons in tho reaction medium ere those
erising from tho anthranilie acid, the diethyl cthor cloavage
wag ropeetedynaing totrachlorcanthranilic acid,which had the
protons replaced by deuterium, The totrachlorophchetole obtainod
from tho reaction was found %o contain no aryl douborium; by
comparlson of the integrated I n.mre trace with that of the
stondard sample,

In an attomobt to detoct any ethylene generated from the eleavage
of the diothyl ether, the recaction gascs wore blown through a
gsolution of bromine in carbon tetrachlorido, After removal of
oxcess bromino, tho solution wes analysed by G,L.C, bub no 1,2-
dibromoethane was detected in the golutlon,

If mochanism 1 was oporating, unsymmetricel others, in which
ono of the alkyl groups contained no{{?; hydrogens, should cleave
to glvo only ono totrachlorophenyl alkyl other, However,
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mbchanism 2 would not neeosserily lead to the exelusive f‘orma.tion
of c;nc product, |

Wo invogstigated theso points by cleaving methyl 'bert-butyl,. _
methyl n-butyl, and methyl cyclohexyl otheors, with tetrachloro-
benzyne, Examination of the products by analybical G.L.C., and
comparison with standards of the poasible eleavage products showad
that all of these 'cthors vere cleaved to givo cxelusively 2, 3,
by 5 = totrachloroanisolo,o? Cyclohoxcne was isolated in tho -
cagc of ths reaction with eyclohexyl methyl ether, and was
idontifiod by éomparison with 2 gsbandard éémpla using .G. L.C,
¥o oyelohexona was proscnt in the cyclohexyl mothyl other used for
the cloavage, Wo conclude from this rosult theb mechanism L is
operating in tho reébions of totrachlorobenzyne w:_L't.h aliphatic
ethers,
" Tho abstraction of an & = proton to -fprm an ylid is woll
. Jnown with thioethéra ,90 and Brewer has shown theb tctraflﬁ?ro-
_benzyne reacts ﬁ:ith totrahydrothiophene to ylcld 2, 3,. bip 5=
totraflucrophonyl vinyll sulphide,91 Tho driving force for tho
ebgtraction of a protono{ - 40 a positively charged éul;ﬂzw would
be the formetion of an yiid, viz, |
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Vith oxygon, tho sbscnco of suitable d- orbitals would presumsbly
proclude a similar reaction with tetrahydrofuran, Howover, since
scale molocular models indicatod that tho sbstraction of a proton
ﬂ - to oxygen in a lbctaine derived from an aryne and tetrahydro-
furan would be difficult, wo decided to investigete tho reaction

of totrachlorobenzyne with tetrahydrofuran,
Aftor vork up, the major product from this rcaction was found
to be tho 2, 3, 4, 5 - totrachlorophenyl - 31 mothyl-butyl other,

(III). A small quantity of an wtknown compound, (IV), was dotocted
by G.L.C., and reduction of the erude reaction nixture in the
presonco of palladium on carbon was shown to roduce this unknown
compound, (IV), to 2, 3, 4, 5 = totrachlorophenyl-n-butyl ethar,
(V), by comparison with a standard sample on G,L.C. columns of
widoly differing poia.ri’cios. I4% 1s roasonable to assume that
compound (IV) was tho ether cleavago product of tho T.H.F., namely
2,3,4,5 = totrachlorophonylebut=3-onyl cthor (scheme3),
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This result showed that little cleavage of tetrahydrofuran cccurs

with tetrechlorobenzyno, end the cloavege that deos oceur lavolves

the usual gix-contred trensition stato assoclisted with mochanism 1,
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EXPERTVENT.LL

no Method _
. All othors were purificd by repeated fractional distillations
fron LL'LlHA. Othor goneral nothods are es described in Section I
(cxperinontal), |

o atya b tho

(a) Diethyl other. - Totrachlo_roanthro.niiic acid (2.8 go = O.i noles)
in diethyl cthor (50 ml,) was addcd to a solution of isoeamyl nitrite
(5 ml,) in diethyl ethor (150 nl,) at 38% over a poriod of % hr,
Tha reaction pesce wore blown through bromine in carbon totrache
loride by a slow strezn of nitrogen, bub no 1, 2 = dibronosthanc
was dotocted by G.L.C. The solvents of the roaction mixture were
romoved by distillation to give a brown oil (3.0 g.), which was
colunn clyonatographed on neutral alunine uaing petrol (60/80°%C) oa
eluent, to give 2,3,4,5, ~ tetrachlorophonyl,'e?hyl ether, (II),
(63%) nope 55%, (from othanol), (11%.88 m.p. 56%), ‘U oo 3070,
2080, 2910, 1570, 1540, 1430, 1385, 1355, 1280, 1175, 1100, 1050,

875, 815, 735 Ci,~»

Found: C, 37;2; H, 2.65; C1, 54.4
Caloulabed for CgHe0l,0: C, 36.95; H, 24355 C1, 54.55% and

2a3pdd = botrnchlonooonyl, 3t = mothyl = butyl, sther, (IIT), (10%),
mape 629, ) 0 3080, 2950, 2860, 1565, 1540, 1430, 1385, 1360,

1285, 1245, 1180, 1100, 1055, 1000, 850, 835, 740 GM,=Y
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Found: G, 43465 H, 3.95; C1, 46,7
C13Hy201,0 roquires C, 43.75; H, 4,03 C1, 46.95%
(b) Reackions of fetraehloxohggamg with n-butvl, bebubyl and .

1 ohaxy] . L
Thaso reactions were carried out sinilerly, The products from the
reactions wore anslysed by G.1.C. at 170% on a 5ft, silicone column
(2% S,E, 30) and the chronatographs wore comparod with stenderds pro-
parad indapendontly, Totrachlorocanisole, (VI), and tectrachlorophenyl,
31 - nothyl butyl cther, (IXI), wero the only ebhers dctected in oach
of the rcactions,

In tho reaction of tetrechlorobenzyne with eyelohexyl methyl
athor, column chromatography on alumina gave a fraction vhich was
shown by G.L.C, at 70% on silicono (S.E. 30, 10%) apiezon =L (10%)
end polythene glyecol adipate (10%) Qolurms, to contain cyclohexene
by comparigon with a standard sample, No, cyclchoxens could be
détec‘bad by GoL.C. in the nathyl oyelohexyl ethor used as starting
naterisl,

cactiong of Lotrac gbanzyne with nothanol, (b} n=butanol,
and {C) t~butano]
Tetrachloroanthranilic acid (l.4g. = 0,005 moles) in acetono (20 ml,)
wzs added to0 a solution of isow-anyl nitrite (5 ml,) and the alc¢ohol
(15 ml,) in diehloromethane (150 ml,) at 409, Reomovel of the
solvents by diastillation and column chromatography of the products
on ncutral alumina using potrol (60/80%C) as olucnt, gave -
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(2) 2,354,5 - totrachlorophenyl, mothyl cther, (VI), (523), mep.
82%, (11689 n,p. 83%), (from cyclohoxano), | yee 3090, 2955,
2860, 1575, 1465, 1425, 1400, 1360, 1290, 1250, 1180, 1100, 1050,
850, 730 G¥,~1e '

Found: C, 34.4; H, 2,0; C1, 57.45

Caleulated for CoH,01,0t C, 34.2; H, 1,655 C1, 57.7%

() 2:3.44% =tobrachl orovhenyl, n=butyl cther, (V), (28%),colourless
011, ) o 3095, 2960, 2880, 1575, 1465, 1440, 1390, 1360, 1245,
1380, 1100, 1065, 1035, 935, 830, 740 CM.~L.

Found: C, 41.5; H, 3,753 Cl1, 50.6

C10fi1 P10 roquires: G, 41,75 H, 3.5; C1, 50,353 (¢} 243348

totraghlgrophenyl, tebubyl.othor, (VIT), (4653, colourless oil,

"V max 3090, 2990, 2040, 2880, 1570, 1535, 1465, 1415, 1395, 1365,

1260, 1160, 1100, 1030, 990, 875, 845, 825, 750, 690, 640 GM 1
Found: G, 41.35; H, 3.8; C1, 50,4%,

Reachion of totrachlorshonzyne with tetrahydrofuran

Tetrachloroanthranlic acid (5.6 go = 0,02 moles) in tetrahydrofuran
nitrite
(100 ml1,) was added 4o a solubtion of iso-anyl shmelemd (7 ml,) in

tetrahydrofuran (200 nl,) at 40T, Aftor the solvents had boon
removod by distillation, the erude product (6.2 g.) was dissolved

in chloroform and analysed by G,L,C. at 180% on a 5f'%. silicone

(24 8,E, 30} column, The only volatilc compononts wore compound {III)
and an unknown compotnd, (IV). The chloroforn wes romovod, and the
drudo nixture dissolved In sulphur~frcc benzeno, and reduced with

hydrogen at atmospheric “ressure using palladiuwa on carbon as catalysth,
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G.IuC, cxanimatica of tho producto ehowad compounds (III} and (V)

to be presont, but the peak duo to (IV) had diseppoared,

Deutoration of ¢ ‘ 1

A suspension of totrachloroanthranilic meid (2.8 g. = 0,01 noles) and
anhydrous potassium carbonabe (2,1 gi = 0,015 nmoles) in deuteriun oxide
wag hoatod at 609C for 24 hr, in a dry atmosphcre, The freo acid was
liberatod by the additlon of deuterium chloride to the nixture,

The process was ropoated until the totrachloroanthranilic acid
contalned no protons, os indicatod by 1H nem.r. and ir. spectroscopy.



SECTION 5,

The Roactions of Tetrachlorobonzyne with Acrolein
and Cratonaldchyds,
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INTRODUCT TON

Thoe dicno condensation betwoon d,ﬁunaaturatod cerbonyl
conpounds and :t'.onmon_di.anophilos has been fairly widoly atudied.92
Acrolein, cro’bonaldeilydc , nathyl vinyl kotone, benzalacctone and
corbain other conpounds have beon used es hoterodicnes, and sevorzl
othylonic hydrocarbons, vinyl and »1lyl cthers, esters of acrylic acid,
scrylonitrile cte., have been used as dienophiles in these con-
donsations, High yiclds (ecirea. 80%) heve been reported for many of
the reoctions, It is surprising that no cxsmples of aryncs forning
Diolis Aldor type adducts withd/(s’ ungeturatod earbonyl compounds
have been reported, since good nothods are availablo for gencrabing
arynoé‘ in the presence of carbonyl coppounds o, g.benzenodiazonium «

2 - ca:rbcu::;,r].-a‘c.,a.18

Wa d.acidad to invegtigata the reactions ofo?ﬁunsaturatcd carbonyl
compounds with tetrachlorobonzyne, since totrahalogenobonzynes had
goncrally provod to be nore clectrophilic than benzyne itself,
Adoi‘bion of an a2ryne across ano(;[&unsa‘blu'a.ted carbonyl conpound would
ba a novel and possibly useful method of prepsaring benzopyran

, dorivatives,
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DISCUSSION

Totrachlorcbenzyne was generated by aprotic diszotisation
of tetrachlorcanthranilic acid in tho prosence of crotonaldohyda, -
Colunn chromatography of tho products on ncutral alunina using petrol
ay eluent gave 2,3,4,5 ~ tetrachlorophonyl, LI nathyl butyl cther (r)
(10%) and 5,6,7,8 - tetra.ehloro-z-uethyl-z-ﬂ-chrome:i, (I1} i34f£).

Tho structuro of (II) was assigned on tho basis of clemental
enalysis, Y8 nom,r., ir., and uv. spectra, and tho fact that
roduction of (ITI) with hydrogon in the prosence of palladiun on
carbon gave 5,6,7,8 ~tetrachloro=2~nothyl-chroman, (III), Tho
1 nemers spoctrun of (II) wes analyscd by first ordor mothods,

{(sec table), and ecomparcd vith the datetquoted for 2-H-chromen,93
and 4-Hechromen,% The 1H n.n.r, spoctrun of the ehroman, (III),
proved the structure of (II), sinco spin-spin docounling experimonts
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provod that ‘oha mdtiplet centred at T5.78 (nothine proton)
was spin-spin coupled to the methyl group ( C8.52)i Tho uv,
spoctrun of connound {II) showed the presonce of a styrene type
chronophora, which was absent in (III), The ir. spoctrun of (II)
ghowod the absoneo of carbonyl absorbtion and the prasence of a
styrene type double bond,

In a siniler cxperinent, acrolein was reacted with tetrachloro-
bonzyne to give 5,6,7,8 - totrachloro-2-H-chronen, (IV), (17%).
Roduction in the prosence of palladium on carbon gave the corres-
ponding chroman, (V),

Unloss o nethyl nigration is invoked, it is evident that
conpounda (II) and (IV) cannot arise via 1, 4 addition of
totrachlorobenzyne across theotﬁunsa:buratod carbonyl system, i
poasible mechanism for the production of these compbtmds {sce scheio 2)
would invelvo addition of tetrachlorocbenzyne across the carbonyl group
of tho reactent, to form o benzoxetene structwra, followed by ring
opening o givo & quinono methide, (VII), This could then give the
2=H=chromon by undergoing an electrocytlic ring closure of the type
which 0llis and Sutherland suggestod night occur in the biosynthesis
of the 2,2-dimethylchronen systom,9>
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EXPERTMENT L

A1l génorai mothods are as roported in Section 1 (exporinmental),
React of t . obgh & oto ¢hyde
Totrachloroanthranilic acid (5.6 ge = o.bz rolea) in acetone (56 nl, )
wes added t0 o mixture of freshly redistillod crotonaldehyde (50 ml,)
and isowanyl nitrgte ( 5 nl,) in dichloromothene (100 ml,) at 40°C,
The solvents were removed by disfillation, and the yellow oil was cluted -
fron a short columa of aluming with potrol (60/80%C) and gave 2
colourless oil. The product was chromatographed on neutral'a.luminﬁ
using patrol (60/80%C) as .eluont to give (a) 2, 3, 4y 5 ~
tatrachlorophenyl = 31 - mothyl - butyl othor (10%) and (b)
5:6,7,8 = totrﬁchloro -2 = D]Om 2 = H~ Chronon, ‘
(II) (34%), n.pe 56, (fron othanol),”])nax 3070,2960, 2940,
2860, 1640, 1565, 1450, 1410, 1360,1320, 1260, 1210, 1170, 1090,
1040, 870, 825, 770; 700 cM;-l, |
>\max(1°zlo‘3) 233 (4448)3 23745 (4449)5 4245.5 (4431); 280
(3.85)3 290 (3.78) M (in hexane).
Fownds G, 42.2; H, 2,65) C1, 49,65

1090140 roquires C, 42.25; H, 2,15, G, 49.9%

action of tetrachlorchanzyno with o0lo _
Gava 5, 6, 7, 8 = botrachloro= 2 = H = chromon, (IV), (179), m.p.

1509 (froa othanol), U nax 3070, 2980, 1635, 1560, 1450, 1405,
1360, 1335, 1250, 1220, 1160, 1055, 1010, 960, 890, 850, 760,
s o N, (omy) 233 (6.36); 27,5 (4a38);



246 (4.17)5 201 (3,70); 291 (3.62) m /4 {in hexena),
Found: ©, 40,153 H, l.4; C1, 52.6
09340140 roguiros: G, 40,0; H, 1,5: Cl, 52.6%
Roduetion of (IT)

Compound (II), (100mg.) in othanol {50 ml.) was reducad by
hydrogen at atmosphoric prossure in the presence of a palladium on
carbon catalyst, After the romoval of catalyst and solvent, the residuc

geve 5, 6, 7, 8 ~ totwachloro = 2 = mothyl - chronan, (ITI), mp.
829, (from othenol), U, 2990, 2060, 2950, 2860, 1550, 1440,
1400, 1325, 1190, 1140, 110, 1065, 995, 940, 890, 830, 770, 740,
75, 650 CH,~ >‘Max (logy ) 226 (4.10) nM. (in hexana),

Found: G, 42.2; H, 3.2; C1, 49.3

.0101{3(‘,140 requires G, 42,0; H, 2.8; Cl, 49.6%

Reduction of (N}: = Gave 5, 6, 7, 8 = tetrachloro—chroman, (V), m.p.
1029, (fro othanol), ) 1y 2060, 2920, 2850, 1560, 1465, 1430,
1400, 1360, 1315, 1260, 1180, 1065, 1030, 950, 870, 800, 740, 710,
650 oM, =t >\ma.x (Logy ) 226 (4.10) m}{. (in hexane)

Found: C, 89,8; H, 2,7; C1, 51.85

CoHgClL,0 roquires G, 39.75; H, 2,2; Cl, 52,1%,
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