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SUMMARY

" The formation of naphthalenes from 2-a1:ky1 benzobarrelenes in
the presence of alkyl nitrite 1s shown to proceed by 'l,4' addition
of nitrosonium ién'to the benéobarrelene to form an unstéble nitroso-
benzoharrelene which fragﬁents to give the observed products. Synthetic
appfoaohes to the nitrosobenzbbarreléne éystem are deécribed; addition
5f arynes.to substituted nitroscbenzenes ylelds gfhydroxycarbazoles and
to bheﬁjl triaryl stannaneé benzobarrelenes were obtained} dehydrobromination
of a-bromobenzobarrelenone oximes is shown to give naphthalenes,
’nitrosoqcetylene.was nOtldetected.

5_1¥Phen¥}-3,3—dimethyl triazene decomposes in the presence of
t.ﬁéid in’benzene containing tetraCyleﬁe or l,é-dichloroethane containing
wéntﬁraﬁené to givé prdduqts dérived'ffoﬁ benzyne and phenyl radicals.
3‘The aﬁalogousIE,},4,5-tetréhal§ééndphenyl triazenes do not however lead
‘tdlaryﬁes._,Thé'formation of'benZYhe is_shown‘to proceed via the dlazonium
-ion which décomposes to benzyne b&'an Ei c.b;‘ﬁechanisﬁ. The effects of
halogen substitution'in the ring‘on the formation of .arynes are discussed.

The mechaﬁiém_of forﬁation of arynes from gfcarboxy-jgj-dimethyl

triazénes is shown to involve formation of the respective benzenedlazonium-
-2-carboxylates._ Evideﬁce'is-presented to show that gfcarboxytetrahalo-
-geﬁobenzenediazoniuﬁ salts decompose to benzyne in a conéerted fashion.
Re~examination of the deoompositién,of benzenediazonium-2-carboxylate'
itsélf shows that the results obtained previously to establish a stepwise.
decombositipn were incorrect.

Fﬁrther evidence in&icétés that -the decbmposition is largely solVent'

dependent and 1s better accounted for by a concerted mechanism.

(1)
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CHAPTER 1

THE NITROSONIUM INDUCED DISPROPORTIONATION OF SUBSTITUTED

BENZOBARRELENES TO NAPHTHATENES




Introduction

The chemistfy of aryne intermediatesl has been well documented
during the last twenty years. The parent intermediate, benzyne; is
formed by elimination of adJacent‘groups in the aromatle ring to leave
tﬁo sp2 hybridised orbitals, orthogonal to the =K=system, into which

two electrons must be ac00mmodated; ‘Although there have been a few

X - 1 - o1
Y (11 _@CL
m (2 (3 {4

elaim52 to the existence of the triplet state(}); the vast bulk of
experimental evideﬁce is that benzyne is in the singlét state (4)
wlth a bond order of'gg. 2.5. Thus overlap befween the two érbitals
does not quite produce a full triple bond. Behzyne is obviously
inherently unstable, its half-life has been estimated at 10-4 secs.,,
and thuS there must be a conslderable driving force for the elimination
of both X and Y. Historically the First methods used, involved the
elimination 6f‘halogen aclds by extremely powerful basic reagents,
commbnly'sodémide in liquid ammdnia, In these cases the scope for
the reaction is limlited due to-thé nucleophilic properties of'thé
bése which tehds to react With the aryne as it 1s formed.

Iater methods of fbrmation'of arynes have concentfatéd on using
the thermodynamic stability of X and Y as the driving forée for £he
feaction.' Thus arynes are fbrmed readily fpom 9:hélophenylmagnesium

halides or lithio reagents, the high lattice energy of the metal halides



being a key factor. Again the reaction medium 1s baslc and precludes
MgX
— | + Mox
X : 2
Li . :
y | + Lix

the use of many compounds‘suéh as-ketones cr aldehydes.

The most wideiy used method invelves the elimination of stable
gaseous molecules. Eehzenediazoniumuz-carboxylate,3 (5) formed by
dlazotisation of anthranilic acid, fragments at ca, 4000 to give
benzyne, carbon dilioxide, and nitrogen.. The reactlon conditions are
neutral and the dlazotisation may be performed in situ thus avoiding

the isolation of the explosive dlazonium salt. Many other methods are
o
— |+ N, +co,
N, +
{s)

“known but have not found éuch wide appllecability, ﬁainly due to
inéonvenience}%reparing starting materials,

The chemistry of benzyné 15 that of an electrophilic specles and
the'intermédiate responds to a variety of reagents. The two main.classes
of reactlon aré‘nucleophiliq additlons and eyqloadditipns. Many rucleo- .
philes react with arynes, the mode of addition being controlled largely

by inducﬁivé effects of other substituents, to fofm compounds often

inaccessible by other means. Cycloadditions are possible in which



benzyne show; itself to befan extremely powerful diencphile. Arynes
.will reacf wilith many dienes in the Diels—Alder reéotion to form benzo-
bicyclosystems.l This reaction 1s so facile that cycloaddifion to
benzene 1s observed,.albeit in low yleld. The prqduct (6) is the

" bieyelic molecule benzobarrelene.

L O

Halogenated-ar'ynes4 are far more electrophilic than benzyne itself
and undergo cyclo&dditiph reactions with aromatic compounds to give
halogenated henzobarrelenes often in high yleld., With substituted

aromatlc compounds the two lsomerlc products are usually formed; with

X | .
X PhR X
X —_— +
X X
X R

5. 61 1
X=F,Cl, Br, I,

slmple alkyl gfoups the non-bridgehead isomer predominates. The
methods of fofhation of tetrahaloarynes are extensions of the usual

methods, either from organometallic'precursdrs or from tetrahalogenocanthranilic



acids. The diazonium carboxylates are unstable and cannot be isolated
althdugh diazonium salts such as'(7) or (8) are isolable and decompose
to tetrahalogénobenﬁyne on heating;. the fluoroborate salts requlre the

use of_basé, e.g. pyridine to remove the fluoroboric acid., The liberated

X A CO H
: 2
{7) :
X N2 Cl ‘[1] | |
_ . ' X
| \\\\\\‘w; . |
.X- Qr, C_l. ¥
X
X ) *
X COooH -~ - [2]
(8) : .
+ -
No BFZ

1] - HCl, N5 .CO» (2] '
| 2:00;. [21-HBF, N, Co,

HC1 from the.diazonium salt (1) ﬁometimes reacts with the newly formed
tetrahalobenzyne. | ‘ o | |

- Aiternatively‘tetrahaloanthranilic aclds may be diazotised under
aprotic‘con&itioné to give the diazonium-é-carboxylatés which spontaneously
fragment to tetrahalobenzyne. In this way ﬁetrabromobenzyne was‘reéctéd
- with a.variéty of aromatic oompounds7 . to form the corresponding benzo=-
,barreleneé. - In addition to”the expecped cycloaddition products, it was
found thét in some cases a halogenated naphthalene was also being formed.
Thus when'tetrabromoanthranilic acid-ﬁas aprotipally diazotised in |

toluene in the presence of isocamyl nitrite the products were not ohly



Br

NH, Br
Br B Br

' Br-
Br Me
- ; . Br
B gy Me o
(9, {10 o m

18% . ' , 596 o | 2%

the two‘ eXpectgd behzobzirrelenes (9) and (10) but‘ also the naphthalene
(11). .Other aromatic substrates such as t-butylbenzene and o-xylene
also gave fi$e to_naphthglene products."It was furthgr'eétablishedlthat
thé geneéis of the naphthaleng was & non—bridgeheéd bénzobarrelgne and
that isoamyl nitrite appeared td be the agent initiaﬁing the conversion,
' Ihus when the toluene adduct (9) was stifred'overnight in Eenzene,
‘containing isoamjl,niprite and a trace of acetlc acid,‘5,6,7,8—,!-

f tetrabromo4-2-methyl—fnéphthaleﬁe ' was formed in iE%Iyield. No
naphthqlenes.weré-pféduced‘when bo;h double”bonds were'substituted.‘.
Tais led fo the generalised reaction (Scﬁeﬁe 1). Wdrk.was.initiated

to examine the mechanism of the reaction.
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DISCUSSION
“'The conversion_of_non-nridgehead substituted alkjl benzobarrelenes
:."to nanhthalenee formelly emounts to a reversal of the Diels-Alder |
.reaction.’ Although thege reactionu are well known in the cese of
rhalogenated benzobarrelenes, the temperatures required to effect this
r process are of the order of HOO c. Furthermore the aoetylene which 1s

1ost 1s generally the mOSt thermodynamically stable,5a

. which normaily
imeane the mosf substitutod As the naphthalenes are formed in the
‘presence of alkyl nitrite at reletively low tcmperaturee end the
"eubstituent group is retained in the product it is elear that a simple-;
reverse, Diels—Alder reaction doee not aooount for the formation of the

A naphthaleneu.' Early indications that the nitrosonium ion wae the agent

'responsible for the oonversion were verified by reaotions of E—methyl-'

- tetrabromobenzobarrelene (12) with various nitrosating agents. The

eaction tlme varies with the etrength of the nitrosating agent° eomplete

Me

) ox= OCHZCHZCHMGZ 7%
| = Cl . 9& |
= ~-0c’:0.cr_=3 W%

'_7de00mpogition“of starting material oceurs in the case of isoamyl nitrite
only after 2-% days at 80 C, whereae the’ extremely powerful nitrosating
egent, trifluoroaoetyl nitrite, gives an instantaneous reaction at

room temperature. . The yields of' the naphthalene produoed generally

low, aro.higher‘with.the weaker nitroeating agent ieoamyl nitrite.



In all ecases, although the naﬁhthalone was easily isclated, no other
products could be ldentifled; they werc very polar in nature and did
not lend themselvesz {o scoparation by chrdmatographic meéns.8 This

was unfortunéte as ildentification of other products would no doubt have
ched some light on the overall mechanism, Based on the knowledge that
the nitfosonium ion was the prime agent In the reaction, the following

mechanism was devised to account for the products.

(14)

Scheme 2

The initial step is the '1,4' addition of the nitroséﬁium ion to the
homo-nonjupated dlene system to leave a carbonium ion stablilised by
the alkyl group of the parent benzobarrelene, Such '1,4° additions
of electrophiles have  been weil documeﬁted on reactions wilth tetra-
fluorobenzobarrelene.9 The stabilisation of the cafbonium ion is
presumably sufficiént t.o al}ow a proton 1055 to occur, rather than 1t
being completely scavenged by nucleophilic species in solution., The

various rearrangements possible of this carbonium ion would explain the



multiplicity of the products and the Inherently low yield of the
naphthalene. Deprotonaﬁion of the carbonium ion aslindicated in
scheme 2 ylelds the key intermedlate, the nitrosobenzobarrelene (14),
which 1s then envisaped to lose nitrosocacetylene to glve the final
product. |

If the substituenﬁ group R in.the original henzoharrelene was
phenyl then the carbonium ion'(lj) postulated in the mechanism would
be stabilised more efficiéntly than where R 1s.an alkyl group, and one
‘might cxpect higher yields of the naphthaicne. It was not however
possible to test this.hypothesis as the non-bridgehead phenylbenzo-

barrelene required, could not be synthesised., Addition of tetrahalobenzyne

-+ —_—

Scheme 3
to biphenyl (scheme 3) has been attémpted several times 1n these

laboratorlies but it has been found impossible te separate the products
from the starting material, In a further atitempted synthesis, addition
of phenylmagnesium bromide to tetrabromobenzobarrelenone surprisingly
gave tetrabromonaphthalene.
. | OH
-0
[T — L_|Ph

PhMgBr

— PhCOMe

Ph

Scheme 4



‘Subsequent work in these laboratoriesio has shown that once formed,
the carblnol, which is isolable at low tempsratures, rapidly eliminates
‘acetophenone to give the naphthalene (scheme Ly,

The crux of the mechanism lies in the existence of thefnitroso-
benzobarrelene and ellmination of nitroscacetylene, Unsaturated nitroso-
compounds , éther than aromatib oNneEs, are relatively unknown,ll thus
routes to an alternative synthesis of:the nitprosobenzobarrelene are
corréspondingly limited. Nevertheléss three basle appfbaches were
used as alternative sjntheses.

Cyeloaddition of tetrahalobenzyne and. nitroso arenes would in
principle‘pe expected to give the nitrosobenzobarrelene system directly

(scheme 5). One precedent exists in the literature for the reaction of

‘ . ©N0__> %NO -

Scheme 5.

benzyhe, generated from benédthiazole-l,l—dioxide, with ni'tr'osobenzene,12
in which the major product obtalned was N-phenylcarbazole. The

mechani sm of fhis reaction (scheme 6) involves prior attack of nitrogen
on benzyne followed by ring elosure to N-hydroxycarbazole and addition

of a further molecule of benzyne to glve the products.

10.



Schofﬁe 6 :

. With tho more Pleotrophilic tetrahalobonzynes a.nd suitably electron rich'

’ :.nttrovobon/enes it 1s conoeivable that cycloaddition across the aromatic

ring could oceur.‘ Acoordingly a series of reactions was performed using

:tetrabromo-and tetrachlorobenzyne and various‘substituted nitrosobenzenes.
,Nitrosobenzene itoelf was preparcd by ,tandard literature pr-omeduresl3
while Efnitrosoanisole was prepared by methanolysis of Ernitrosophenol
a modifination of the method of Debutts et al.lu The other substituted

,nitrosobenzenes were made available by the-reaction of trialkylarylstannanes

L;if,'



with ﬁitroéyl chloride'(schéﬁé'T) asidescribed by.Eabofn.and Wélton,15 =
It-Was‘generally_mOfe.cbnvenient.to use.the-tributﬁl derivatives as,
although the.yields of nitrosoarene;are-ndt as good as tﬁe trimethyl
derivafives the s£artihg'materiai, tfibutyltin chloridé, is.much more.

readily available.

‘SnR3 o a - ‘: ' No_ -
T+ NOOE ——> -+ R3SnCi

o .Sl;heh‘_le'; 7

In this way m, and p-nitrosotoluene aﬁd g;nitfosoanisole were prepared.

When tetrabromobenzyne, generated by aprotic diaZdtisation of tetra-

bromoarthranilic acid, was allowed ﬁo react with.an excess of nitroso-

benzene, the;main isdlated'produét.was not a phenylated'carbazole.
Simllar prodﬁéts were ébtainéd from tetrachlo#obenzyne;and benzyne
itself, generatea;from thé:corresponding anthranilic'a;ids by aproﬁic
diazotisation. fhe u.v.'sﬁectra‘bf thé products were very similar to
éarbaﬁole derivativeé énd éll possessed a strong; sﬁafb ﬁbsorbtion in

: the'i.r,wspegtrﬁm-at 22.13430 c:m.-1 and the lH:n.m.f. speﬁtra'were ail.
- éssentially tﬁe.same, The brominatedICthound gﬁve almethylated_
.derivative with‘methyl lodide in aikaline,dimethyl sﬁiphoxide,l6 (scheme
8)."Eieméntal_analysis wasléohsistent wiﬁh the strﬁctﬁ}és %eing Q—. |
hydrdxy éarbézc;es, fﬁe . |
Mel KOH

| —

DMSO

Scheme 8

19



'intermediate postulated on the route to N-phenvl carbazole

O O-0

X= Bf 25%
= 6l 20%
= H. 1%

Reactions of\tetrébromobeﬁéyne with o=-methoxy, p-methoxy, p-methyl
and Ermethyinitrosobenienes-gave the‘gorresponding-substituted N-hydroxy-

carbazoles. The. reactions were all very tarry, which is not surprising

R

|
- OH

R=0OMe—13%

“R= hdg';. 2936

9%

13,



‘in riew of the reaetitity df all the reagents 1n'soiution, and the

_ yield of N-hydroxycarbazole from benzyne itself was very small
:I’compared with the yield of N-phenylcarbazole quoted in the literature. o
, iWhy this 1s so and the fact that E—hydroxycarbazole did not g0 on te

d form g-phenylcarbaZOIe i1s presumably due to theldifferent precursors
:.ﬁsed for the generation of tenzynet In the aprotic dlazotisation of
anthranilic acid many more reactive species are present compared with
the very simple benzothiazole-l l-dioxide which is “thought to yield
benzyne at low temperatures by a concerted elimination of nitrogen

‘ahd sulphur dio:r.ide.la’rr

In order to prevent the formation of
N-hydroxycarbazole derivatives it is evident that the two ortho=-positions
~ to the nitroso group must be blocked. Nitrosomesitylene was considered

- ‘& sultable coreactant and was prepared by the reaction of nltrosyl

chloride and mesityltrimethylstannane, the tributyl derlvative being ‘

difffcult to preﬁare—In-quantttyT—“when—tetrabrOmebenzyne—waeeallowed——fm_______
to react with nitroeomesitylene.no carbazole derivative-was.formed.
The.oniy-identifiable product was 2,3,4,5-tetrabromophenyl-isoamyl ether

formed by reaction of elther isocamyl alcqhol or iso-amylnitrite with

7

- tetrabromobenzyne . No naphthalenes were detected in the reactien of
tetrachlorobenzyne, generated  from 2-carboxy¥tetrachlorophenyl-},j-
dimethyltriazene, and nitrozomeslitylene. Thuslalthough the_formation
of carbazoles 1is auppressed addition across the aromatic ring still
does not oceur,

A second approach to the nitroSobenzobarrelene system_utilised,the .
method used in preparing the arOmatic nitroso compounds. The reaction

of ﬁitrosyl chloride with a trlalkylstannyl substituted benzobarrelene .

could glve the nitrosobenzobarrelene (scheme 9);

14,



SnRy NO
- I

NOCI
Scheme 9

Taus the synthesis of these tin derivatives was attempted by the

reaction of tetrabromo and tetrachlorobenzyne with either phenyltrimethyl-
stannane or phenyltributylstannane. In  the reaction of tetrachlorobenzyne,
renerated from 2—carboxy-tetrachlorébenzenediazonium flucroborate, and

both Lrimethyl and btributylphenylstannanes the only product identified

was tetracthPobenzobarfelene. Similarly when iletrabromoanthranilic

acld was apfotically diazotised in the presence of phenyltributylstannane,

tetrabromobenzobarrplene was obtained.

/\CO')H N =
c

S Cll'p;—"?’ j ey
N, BF, SnR3 X
| R=Me, Buy.
U D, @
l
P
N2 A hSnBu3

Evidently the trialkyl stannyl benzobarrelene 1s formed, but undergoes

a rapld protonatlon on work-up to give ihe observed product, (scheme 10).




. The eleqtrOphilic diéplacement of the trialkylstannyl residue,
.particulérly by acid, is weil known in organoftin chemistry,l8
.indeed the ready formatlon of niiroso-compounds as deseribed is a
direct consequence of this. , |

The carbon silicon bond is much less suscepﬁible to protolysisl9
and the adduect of tefrafluorobengyng and phenyltrimethylsilane (15)

1s known.

SiMe3 _

15)

It was to be anticipated that the reaction with nitrosyl chloride to

___WMAform‘é nitroso-compound would need to be Catalysed,‘possibly with a

15,20 The fluorinated benzobarrelene{l%)however reacted

lewls acid.
rapidly with nltrosyl chloride but no identifiable material was obtained.,
The chlorinated analogue, prepared in crudé form and low yield from

2-carboxytetrachlorobenzenediazonium fluoroborate, and rhenyltrimethyl-

silane d4id not, however, give any reaction even with'aluminium'chloride

A third route devised to approach the nitroscbenzobarrelene proved
t0 be suceessful, This was based on a recent synthesis of an

unsaturated nitroso-compound.21

2=Chlorocyclohexanone oxime was
dehjdrochlorinated to give nitroso=-cyclohexene which existed only

temporarily in solution (scheme 11). Obviously this sequence can

160



0 .
A_OH EtBN N > Products

J

Scheme 11

be transposed ﬁo the_benzdbarrelene system and used to generate the

postulated‘intermediate.- The essentlal starting poinf in this synthesls

Et3N

is an a-halobenzobarrelenone. Tetrahalobenzobarrelencnes are. readlly
available'fPOm acld catained rearrangements of bridgéhead me thoxy-

benzobarrelenes;ze- For instance, 5,6,T,8-tetrachlofo~l~methoxybenzo-

1!

0
(18)

Scheme 12

barrelene rearranges in conc. sulphuric acid to give malnly tetra-
chlorobenzobarrelenone (16) and small amounts of the other isomerie

ketones (17) and (18) depending on conditions.>> (Scheme 12). In

17.



.this way tetrébromobenzobarrelenone could be obtained in good yield.

In relatively large scale reéctions it was possible to isolate the
desired product by crystallisation.‘ It was subsequehtly discovered

that tetrachlorobenzobarrelenone could be‘obtained free from side products
by using chloroSulphoniq écid as the qatalyst rather‘than sulphuric acid.
These rearrahgements have béen studied in detail by ﬁther.workers in these
laboratories.zg It then merely.remains to bromihafe the position adjacent

to the cérbonyl group to galn access to the bromobenzobarrelenone,

However when tetrabfomo or tetrachlorobenzobarrelenone was treated with

& =0 NBs 4[
orDBDMH

X= Cl, Br.

elither gfbromosuccinimide or dimethyl dibromohydantoin.the starting
material was recovered essentlally unchanged even after'many hours of
reaction. It was then decided that a more suCCessful approach would be

to start with a halogenated benzene derivative and add say, tetrachloro-
benz&ne to this. As benzyne is essentially an electréphilic reagent,

the presenée‘of haloéen atoms In the diene, in this éase‘a benzene derivatlve,:
wou;d be expecﬁed to make the Diels-Alder reaction less favourable, A |
control reaétion was therefore carried out between tetrachlorobenzyne

and chlorobenzene .When 2-carﬁoxy-tetrachlorobenzenediazonium ehloride

was decomposed in chlorobenzene the products obtalned were pentachloro-
benzene, formed by<addtt10n of HC1l to tetrachlorobenzyne, and a mixture

of bridgehead and non-bridgehead benzobarrelenes, (19) and (20).

18.



Although the yield'is iower than with‘typical alkylbenéenes ilke
‘4toluene, it is still appreciable. The'fwoIiSOmeric-benZobarrelenes
were not able to be separated but the ratlo of the non-bridgehead to
bridgehead 1s close to that for the toluene adducts, the methyl group
and chlorine atom being of similar size;_ In ofder to introduce a
carbonyl group-inio'the product it is'necessary‘to start with a
methoxybenzene derivative, and the addition must occur in such a way
that the me thoxy. group resides at a non-bridgehead position and the-
._resultant enol-ether is hydrolysed'to the carbonyl group. The methoxy -
group, however, has a strong directiﬁe influence‘towards the bridgehgad
position in reabtionS'of tetrahaloarynés_aﬁd methoxybenzene defiﬁatives;'
5@’ 6, 2k thus when tetrachlorchenzyne wés.alloﬁed to react with

g-bromoanisole'only the bridgehead adduct (21) was obtained (scheme 13).

There was no bromo kKetone. Obviously sbme other group was necessary to

Scheme 13-
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direct the methoxy group away from the bridgehead posltion. Previous

work in these 1aboratories has shown that m-dimethoxybenzene and

' p-methoxytoluene both react to give ketonic products in good y1eld24(22 23)

OMe
© OMe . ' :]

OMe

Me

It was thus decided toprepare 2-bromo-4emethyl anisole and 2,6~

dimethoxybromobenzene. The forﬁer was prepared by methylation of the
' 16a

commercially-available phenol by the methed of Gillies. 2,6-Dimethoxy
OH OMe
Br Mal Br
——————
NaOH DMSO
Me Me

bromobenzene was prepared via an organometallic route starting from
m-dimethoxybenzene (scheme 14)}. Treatment with n-butyl lithium gave

2,6-dimethoxyphenyl 1ithium25 which underwent a halogen metal exchange

OMe ~ OMe ~ OMe
BuLi Li Br
—_— _—

OMe OMe OMe
Scheme 14
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with 1,2~<iibromoethane26 to give the product in 52% yield.
Both bromobenzene derivatives reacted'successfully with tetra-

: chlorobenzjne and gave the anticipated bromoketones, (24,25).

OMe
@ —
OMe
,0
7
—_—
MGO @ Br
OMe '
{25)

In each case the lH n.m.r. spectra indicated that there was only one
eplmer although the abéolute stereochemistry was not established.
Both bromokétones were converted into their respective oximes (26
and 28); the latter was not obtalned analytically pure. When the

compound (26) was heated at 90—10000 in dimethylformamide in the

Me

Br Me
DMF

NoH Ci3N |
(26) (27)

A\

presence of triethylamine for 3 hours, 2-methyl-5,6,7,8-tetrachloro~ -
naphthalene was obtained in 30% yield. The ildentity of the naphthalene
was confirmed by reference to an authentic sample prepared by photolysis27

of the benzobarrelenone (29). Simllarly when the oxime (28) was

21.



- Me | o
— s
o | ¢b - CHZCO : | '
(29) B -
submitted . to the same treatment for 16 hours 1-methqu-5,6,7,8—
| te£rachloronaphthalene.was obtained in up to 47% yield. An
authentic sample was once again prepared by photolysis df the adduct

of tetrachlorobenzyne and m~dimethoxybenzene. Thege results clearly

point to the partieipation

~ | I _NoH
<
OMe Br %‘
(28) DMF
hv OMe

OMe

of the nitrosobenzobarrelene and demonstrate the ease wlth which

" nltrosoacetylene 1s lost. Nltrosocacetylene 1tself has remained undetected;
attempts to trap 1t with thebaine,'a good diene for nitroso-compounds;,28
léd only to the identification of thebaline hydrobromide. The driving
force behind this reactlon 1s undoubltedly the thermodynamié stabllity
of the products, especially the naphthalene. Other workers in these

29

laboratories have noted the ready formation of naphthalenes when

trying to prepare benzobarrelenes with electron withdrawing groups at '



NOH

Br

the non-bridgehead position.
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Experimental

General:- All Solvents used in organometallic reactions or in aryne

reactions were dried by convenglonal means,
L }

‘ ¢ .
Analytical thin layer chrpmatography was carried out using silica

gel (GF254

layer chromatography was carried out using silica ge; (PF

according to Stahl), for layers 0.25 mm.thick. Preparative
ol according

to Stahl). Column éhromatography was carried out with silicém(ex.Fisons),
and 'CAMAG' alumina (Brochmann activity 1).

Analyticai gés chromatography was carried out using a.Pye 104 series
gas chromatograph using a hydrogen flame lonisation detector. The 5 ft.
columns used were

A, 20% S.E, 30 on chromosorb W.

'3. lO%lPEG.A on brickdust.

c. 10% APIEZON L on chromosorb W.

Infra-red spectra were determined for potassium bromide discs in
thé case of so0lids or thin films in the caée of 1iquids ﬁnless otherwise
stated, on a Pefkin—Elmer 257 spectrometer. Ultra-violet spectra were -
determined for solutions in'ethanol, unless otherwlse stated, with a
Pye~=Unicam SP 8000 spectrOphotometer. lH Nuclear magnetlic resonance
spectra were determined at 60 MHz for approximately 20% w/ﬁ solutions
ﬁsing tetramethylsilane as an internal standard, with a Perkin~Elmer R 10
spectrometer, lH n,m.r. spectra at 100 MHz were recorded by courtesy of
the'SfR}C. through the P.C.M,U, Mass spectra were recorded on an A.E.I.
M.8, 12 spectrometer. High resolgtion mass spectrOmétry was carried out
on an A.E.I. M.S.9 at P.C.M.U, by courtesy of the §.R.C. |

| Melting points were determined on a Kofler block and are uncorrected,

All compounds were'colourless so0lids unless otherwise stated.
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Iscamyl nitrite was stored over molecular sieve (4A) at -20°%¢.
All diazonium salts were handled carefully with wooden applicators

and filtered with porcelain funnelé. All dilute aclds were 2H.

*13i1ica’ refers to silica gel.
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1. Preparafion of Tetrachloroanthranilic_acid

Ammonia solution (80 mls .8805 was added to tetracﬁlorophthalic
anhydride (114 gms 0.4 moles), and stirred vigorously with a glass rod
for exactly 30 secs. The suspension was poured into ice cold sulphuric
acld (80 mls.cone. H2804:1 litre crushed ice) and the bulky phthalamie
acid which formed was filtered, washed with water and while stilllwet
“added to an alkéliné‘sdlution of sodium hypobfomite (32 mls. bromine :
126 gms. sodium hydroxide:1 litre 1ceq.water). This hixture was heated
on a water bath at gg.'SOOC for 1 hr. and filtered to remove aﬁy
suspended solid. .After cooling the red solution was acidified with
conc. hydrochloric acid and the precipitated acid extracted into ether.
The ethereal layer ﬁas dried over anhydrous magnesium sulphate and sclvent
removed-to glive crude tetrachloroanthranilic acid which‘on recrystallisation
from agqueous ﬁethanol gave a pure product (70—85 gms; 64-T7%) m.p.

184°%¢ (11t.30 184°c) ) max. SO0 3400,(NH2) 1690, {C=0) 1600 (NHE) cm."l.

2 Preparation of Tetrabfomoanthranilic acid

| Tetrabromophthallc anhydride (35.6 gms.)} was dissolved in warm
N,N-dimethylformamide (160 mls), The solution was cooled by means of an
1ce salt mixture to 0°C and conc. ammonia (16 mis. .880) added, at a
rate of one drop per second wilith vigofous stirring. In this way the
‘temperature of the mixture rose to 20-2500. The éooling bath was
reﬁoved‘and the solution allowed'to stir at room femperature. After
5-10 mins. a thick white preclpitate fofmed and the mass became solid.
Thé cooling bath was reapplied and the suspension diluted with dilute
sulphuric acid (200 mis). The phthalamic acld was filtered and the
démp.solid added to sodium hydroxide solution (3 gms. NaOH 300 mls. H20).
The mixture was tested for alkalinity, adding more scodium hydroxide if

necessary. Sodium hypobromite solution (1 equ., 4 mls. Br2:100 mls,lce water:
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8 ghs. NaOH) wés-added'dropwise,‘With Stirring, and stirring continued
at room temperature for 75 mins, then at 60—7000 for a further 75 mins.
The‘yéllow solufion was flltered td rémove traces of suspended material
and acidified with cone. hydrochloric acid. The cream s0lid liberated
was filtefed aha recryétallised from aqueous ethaﬂol to give tetra-

21

bromoanthranilic acld (20-25.5 gms. 58-73%) m. p. 204°¢ (1lit. 204-500)

')) 3490 3380 (NH )s 1700 (c=0), 1600 (NH ) em. -1

j. Preparation of 2-Carboxy-tetrachlorobenzenediazonium. chloride

Dry hydrogen chloride gas was bubbled through a étirred solution

of tetrachloroanthranilic acid (8.0 gms.) in tetrahydrofuran (120 mls.)
évernight. The suspenslion of the hydrochloride, so formed, was cooled
to below OOC, and isoamyl nitrite {8 mls.) added dropwise with stirring,
méintaining the'température below 500. After a furthef 30 mins,. the |
voluminous diazonium salt was filtered, washe& wilth ether, aﬁd allowed
té air dry. The yleld was 7.5 gms; (78%).

CAUTION - When dry the diazonium salt is potentially explosivé. Suitable"u

precautions should be taken,

4, Prqgaration of E-Carboxytetrachlorobenzeng diazonium fluoroborate_
Tetrachloroantﬁranilic acid (5.0 gms.) was dissolved in tetra-
hydrofuran (50 nls.) and fluorobdric acid (10 mls. 40% aqueouq soln., )
. added, Aftep standing for 15 mins. the solvent was removed, and
replaced with dlethyl ether (50 mls.) and the suspension coocled to OOC.
Isoamyl nitrite (2.5 mls.) was added dropwise, maintaining the
temperafﬁré'at OOC, and stirring continued for 1% mins., The diazonium
salt was filtered and washed with cold ether and allowed to dry in the
atmospheré. The yleld was 4.6 gms. (80%).
In a control reaction the fluoroborate salt (1.8 gma) was added

to a mixture of anisole (20 mls,), carbon tetrachloride (40 mls.) and
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‘prridine (0.4 mls., 1 equ.) and warmed to ca, SOOC for 30 mins, followed
5y é short heating under reflux (10 mins.). The mixture was filtered,
solvent removed, and the residue chromatographed on alumina (100 gms.).
Elution with benzene-petrol (20:80) gave l-methoxy-l,4-dihydro-5,6,7,8-
tetrachloro-l,4-etheﬁonaphthalene (960 mEs . 62%). The i.r. spectrum.
was identicai to that of an authentic sample .
2-Carboxytetrabromobenzenediazonium chloride and flucroborate wérg
prepared by identical procedures in 18% and 75% yields respectively.
The hydrochloride gave tetrabromobenzyne by warming to 5000 in p-xylene
for 30 mins. The product was isolated in 43% yield by elution of the
residue, after removal of solvent, witﬁ light petroleum through an
alﬁmiﬁa colum,., The 1i.r. srnctrum was ldentical to that of an aufhentic

7

sample' of 5,6,7,8-tetrabromo-1,4-dihydro-2,10-dimethyl~l,4-etheno~
naphthalene,

5.. Preparation of 5,6,7,8-tetrabromo-2-methyl-1l,4-dihydro-1,4-etheno-

naphthalene
TetrabromOanthfénilic acld (4.56 gms.‘0.0l moles) in an acetonitrile-
toluene mixture (50 mls. MeCN:50 mls. toluene) was added concurrently with
a solution of isoamyl nitrite (1.36 mls. 0,0l moles) in toluene (100 mls.)
to toluene (100 ﬁls.) maintained at 50°C. After addition, the solution
was stirred at 5000 for 45 mins. and solvent removed. The residue was
separated by preparatlive layer chromatography on silica (10 plates
1 metre x 20 ems, x 0.5 mm. eluent benzene-petrol 30:70) impregnated with
10% silver nitrate, to glve in ordér of decreasing.Rf:
a) A colourless oii (19% mgs. 4%) shown by 1.r. to be 2,3,4,5-
tetrabromo-3'-methylbutyl ether

b) A crystalline solid (1.07 gms. 22%) shown by comparison of i.r.

and n.m.r. spectra to be 5,6,7,8-tetrabromo-2-methyl-l,4-dihydro~
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-1,4-ethenonaphthalene.
. e) A crystalline solid (445 mgs. 9%) shown by comparlson of i.r. and
" n.n.r. spectra to be 5,6,7,8-tetrabromo-l-methyl=-1l,4~dihydro-

1 ,4-ethenonaphthalene.

6. Reaction of 5,6,7,8-tetrabromo-2-methyl-1,4-dihydro-1,4-

- athenonaphthalene with various nitrosating agents

- a) Isoamyl nitrite

The benzobarrelene (500 mgs.) was dissolved in benzene (10 mls.)

and isdamyl nitrite (1 ml.) added. After warming to 60°C glacial acetic

~ acld (5 drops) was addéd and the solﬁtion stirred at thils temperature
for 16 hrs. A further identical amount of isoamyl nitrite and acetic
acid was added and stirring continued. The starting material did not
disappear (t.l.c.) until a total reaction time of 3 days had elapsed.
The solution was washed with sodium bicarbonate solution and the organic
phase separated, dried over magnesium sulphate and solvent rem0véd to
give a bfown oil. Column chromatography on silica gave a pale cream solid
(80 mgs. 17%) 5,6,7,B-tetrabromo-E-methylnaphthakene, fhe spectra of
which were conslstent with published values.T’52 Attempts to elute
further producté from the colum gave only  tarry solids or unidentified
oils,

b) Nitrosyl Chloride

The benzobarrelene (50 mgs.)} was dissolved in carbon tetrachloride
(30 mls.)} Nitrosyl chloride (ca., 0.1 gms.) was added and thé solution
stirred at room temperature for 30 hrs. The solvent was concentrated
to ca. 2 mls. and placed on a sillea plate(20 cms. x 20 ems. x O.75 mm.)
A fast running band Was iso0lated and shown by n.v. spectroscopj to be

tetrabromo-2-methylnaphthalene (4 mgs. 8%).
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¢} Trifluorcacetylnitrite

The benzobarrelene (500 mgs.j was dissolved in dry carbon tetrachloride
(10 mls.) and trifluorcacetylnitrite (200 mgs. 1 equ.) added. There was
an instantaneous green coloration, The solvent was removed and_the
residual solid frituraﬁed with light petroleum. The insoluble material
was filtered off and the filtratefseparated by preparative layer chroma-
togréphy on silica (5 plates 1 metre x 20 cms. x 0.5 mm. eluent benzene:
petrol 50:50). A-fast fuﬁning band was isolated and shown by compariscn
of its i.r. and u.v. spectra ﬁo be 5,6,7,8-tetrabromo-2-me thylnaphthalene
(19 mgs. 4%). The petrol Insoluble material showed virtually no
absorptiOn in the lH n.m.r. spectrum while attempts to isolate more
compenents from the petrol soluble fraction by cHromatography were
unsuccessful. | |

Te Preparation of Tfifluoroacetyl nitrite

Lead nitraté (66 gmé. 0.2 moles), previously dried overnight at 100%,
was placed in a 250 ml. long-necked r.b. flask, the outlet of which was
cormected with p.v.c. tubing to a cold trap maintained at -2500. The
lead ﬁitrate was heated vigorously with a bunsén aﬁd the nitrogen dioxide'
evolved collected in the trap. fThe nitrogen dloxide was allowed to iiquify
and niltric oxide was carefully bubbled in, maintaining the temperature
- at ca. 5°C, until the total volume had doubled. The cocling was removed
and the dinitrogen trioxide so formed allowed to distil, with occasional
warming, .into a further'cold trap malntained at —TOOC. The tublng was
removed and triflﬁoroacetic anhydride (20 mls. 29 gms.) was added from a
dropping funnel. The deep blue mixture was kept at -EOOC overnight.,

The golour‘changed from blue to yellow and was allowed to warm to room
~temperature. Distlllation of the mixture at 55 mm, Hg. after oxldes of

nitrogen and starting material (b.p. 3900 @ T60 mm.) had been evolved,
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gave trifluoroacetyl nitrite as a yellow liquid (16 gms. 45%) b.p.

%6-7°C (11t.7°. 45°C @ 80 mm. ).

8. Preparatidn of 5,6,7,3-tetrabromo-1-methoxy=l,4~dihydro-1,4-

-ethenonaphthalene

Tetrabromoanthranilie acid (4.56 gms.) in acetonitrile (100 mls.)
was added concurrently with isocamylnitrite, (1.36 mls.) in anisole (100
mls.) to anisole (100 mls.) stirred at 80°C. The reaction mixture was
stirredlfor a fUpthsr 20 mins. at 5090. 3olvent was removed and the
residue chromstographed on alumina (EQO gms.).‘ Elution with benzensf
petrol (50:50) gavé a white erystalline solid (2.6 gms. 52%) shown by
compariszon of i.r. and lH n.m.r. spectra with those of an authentlc
sample32 to be 5,6,7,8-tetrabromo-l-methoxy-1,4-dihydro-1,4-etheno-
.naphthalene.

0. Preparation of 5,6LI,8-tetrabromo-l,4-dihydro-l,4-etheno-2-tetralone

The tetrabromobenzyne—anisole adduct (1.0 gms. ) was shaken in cone,
sulphuric acid (30 mls.) for 20 mins. when a ¢lear brown solution was
obtained. The solution wss poured onto ice and the precipltate extracted
into chloroform, dried over anhydrsus_magnesium sulphate, and solvent
removed to glve a pale brown solid. The product was separated by
preparative layer chromatogfaphy (5 plates 1 metre x 20 sms. x 0.5 mm.)
eluent diethyl ether-petrol 30:70) on silica to glve 5,6,7,8-tetrabromo-
-1,4-d1ihydro-1,4%-etheno-2-tetralone (603 mgs. 60%) identified by comparison
of 1ts 1.r. spectrum with that of an authentic sample.,

In a reaction using a larger quantity of the benzobarrelene (4.4 gms. )
‘the crude product aftcr removal of solvent was recrystallised from
ethanol to glve 2.8 gms. (64%) of the benzobarrelenone.

10. Preparation of 5,6,7,8-tetrachloro-l-methoxy=-1,4~-dihydro-1,4«etheno=

-naphthalene

2-Carboxy-tetrachlorobenzenediazonium chloride (5 gms) was added to
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anisole (150 mls.)-and stirred at ca. 5000 for 3 hrs. Solvent was
rémoved and the residue chromatographed on alumina:(jOO EMS . )a

Elution with ligh£ petroleum gave 1Tl‘mgs. of ‘pentachlorobenzens m.p.
-85-600 (1it.3}Jr 8600). Elution with benzene-petrol (50:50)‘gave
5,6,7,8-tetrachloro—l-methoxy-l,R-dihydro-l,4-ethenonaphtha1ene (3.14
gms. 6}%)_identified byfcompariéon of Its 1.r. spectrum with that éf an
aﬁthentic sample.

11. Preparation of 5,6,7,8~tetrachloro-1l,4-dihydro-1,4-etheno-2-tetralone

I: The tetrachlorobenzyne-anisole adduct (3 gms.) was shaken in conc.
‘sulphuric acid and allowed to stand for 8 hrs. After pouring onto iqe

the precipltated solid.was extracted into ether, dried over anhydrous
magnesium sulphate and solvent removed: to give a pale brown sclid. The
prodﬁct was isélated by colgmm chromatography on silicg (150 gms.) using
benzene és elueﬁt; By taking fractions of 10 mls. and monitoring the
separation by thin layer chromatography three fractions were obtalned

a} 1.35 gms. of the benzobarrelenone

b) 281 mgs. of an unresolved mixture of (a) and (¢)

¢) 220 mgs. of the a-B unsaturated ketone (17).

The unresoliyed fractlon was separated by preparative layer ohromatograﬁhy
(2 plates L m x 20 ems, x 0.5 mm. eluent diethyi éther-petrol 50:50) on

" silica torgive a combined yield of 5,6,7,8-tetrachloro-1,4-dihydro=
i,h-etheno-a-tetralone'of 1.51 gms. {53%) aﬁd 3,4=-tetrachlorobenzo-
2,5-methanosuber-6-enone {270 mgs. 9%).

IT: The tetrachlorobenzyne-anisole adduct (1 gm) was added to chlorosulphonie
acld in poftions and.stirred‘for 10 mins. The solution was then carefully
ﬁoured onto crushed iceland the precipltated solid extracted ihto ether
and dried over magnesium sulphate. Removal of solvent gave a white solid

(650 mgs. 68%) shown by lH n.m.r., to be entirely the benzobarrelenone.
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12. _'Reaction of_5_6 T,8- tetrabromo-l 4-dihydro—l Y-etheno-2-tetralone

".“and phenyl magnesium bromide .

: Bromobenzene (1 gm. 0.0064 moles) was added dropwise to a mixture ‘-
" of anhydrous tetrahydrofuran (20 mls.) and,magnesium turnings (200 mgs.
L 0.008'moles). _The mixture was warmed to start the reaction and after

‘ compiete'addition}wes heated under refluxtfor 2 hrs, 'Tetrabromooenzo-

‘ oarrelenone‘( 1 gm.. 0,002 moles) in dry tetrahydrofuran (20 mls ) was -
‘ added drOpwise with stirring and the solution heated under reflux for lO
- hrs.t The solvent‘was remoyed_and the residue chromatographed on elumina._
' Elution with benzene gave a white sol4d (450'mgs. Log) shown by Iy n.m.r.
andrmass spectrOmetry to be identical to an authentic sample of 5,6,7,8—
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~ =tetrabromonaphthalene.

'1}.‘ Preparation'ofgp-nitroso anisole‘ A |
| c Phenoi‘(HT”gms;JO 5 ml, ).was diseOlVed.in sodium‘h&droxide‘eolution
-(200 mls. H 0 120 &ms. NaOH) containing sodium nitrite (69 gms. 1 mole)
" and stirred at O %. Dilute hydrochloric acid (750 mls. ) was added drop-"
‘wilise maintainingrthe temperature at O C and stirred for.a further 30
-mins. at thie temperature. The mixture mas'allowed'to warmlto room .
temperature and the br-own s011d fi'ltered off, washed neutrai with water
| and allowed to dry in the atmosphere. The yieid'of‘gynitroeo phenol mee
5 ens.(568). I |
'ErNitrosophenol was dissolveduin anhydroue-methanol.(éOOimls.) and
conc.'sulphuric acld (0.28 mle.)radded; _The‘solution was then stirred at:

50°C-under nitrogen for 2_hrs; The'methanol‘was removed and the brown

R résidﬁe ektracted'twice With n-pentane (300 mls. ), gave a bright green

'.solution which on cooling to -40 c deposited crystals of Brnitroso anisole
(14.6 gms. 44%) m.p. ca. 20°C (11t.1% 15 53%)

T 2.1 (a 21), 2.98 (4 2H), 6.07 (s, 3H) J = 8 Hz.



' V o 2990; 2050, 2850, 1605, 1587, 1505, 1415, 1270, 1120, 8ho'cm.'l

14. Preparation of tetramethylstannane

Magnesium turnings (51 gms) were stirréd vigerously with di-n-butyl
ether (600 mls. sodium dried).and methyl icdide (225 gms.) in an equal.
volumé of dibutyl ether was added dropwise maintaining the temperature
at Eé' BOOC by using a cooling bath., In this way the Grignard reagent
was prepared in 90 mins. Anhydrous stannic chloride (T4 gms.) was added
dropwise allowing the temperature to rise and after addlition was complete
lthe mixture was heated under reflux for 2 hrs. After standing overnight
the mixture was stirred mechanically and a mixture of dibutylether and
tetramethyl stannane b.p. 96-100°C was distilled off. Further distillation
up a 12" vacuum Vigreux column gave tetramethylsténnane b.p. 76-700
(11,72 78°C) 36.5 gms. (70%).

: 15, Preparation of Trimethyltin chloride

Mercuric chloride (24 gms. ) was dlssolved in absolute ethanol (100
mls.) and tetramethyl tin (16 gms.) added with stirring., After 2 mins,
a heavy white precipitaﬂe of methyl mercurié chloride fofmed. Stirring
- was continued for 30 mins. and the mixture filtered. The filtrate ﬁas '
distllled at atmospheric pressure to give, after removal of solveht (b.p.

'TEOC), trimethyltin chloride (11.5 gms. T70%) b.p. 150-200 (lit.j6 152-400).

16, Preparation of phenyltrimethylstannane

Phenylmagnesium bromide (0,15 moles) was prepared in fhe usuai way
in diethyl ether (lOO mls. anhydrous). Trimethyltin chloride (ll gms )
in dry ether (20 mls ) was then added dropwise maintaining a steady
reflux and the solution then heated under reflux for 24 hrs. After
neutralisation with water, the orgaﬁic phase waé separated, and dried

over anhydrous magnesium sulphate. Removal of solvent gave a pale vellow
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liqﬁid which on distillation gave phenyltrimethylstannane (9.5 gms.

72%) b.p. T7-80°C @ 6 mms. (1it.>| 203-8°C 760 mms).

~17.  Preparation of phenyltributylstannane

This was prepared in a similar way to that described above.
Starting from phenylmégnesium bromide (0.1 moles), tributyltin chloride
(20 gms.), and a reaction time of 2 hrs. phenyltributylstannane (13

- gms,. 59%) was obtained b.p. 119-21°c @ 0,2 mms. (li’c..37 13900 0.6 mms).

18, ©Preparation of o-nitrosoanisole

ngromoanisole (46.75 gms. 0.25 moles) was converted to its
Grignard reagent iIn the usual way (Mg 7 gms ether 150 mls.). After
formation of the reagent the soluticn was heated under refiux for
30 mins. Tributyltin chloride (65 gms. 0.2 moles) was added dropwise
with stirring and the reaction mixture again heated under reflux for
2 hré. The reaction was carefully quenched with dilute sulphuric acid
(250'ml.s) and the organic layer separated, washed once with water and
dried over anhydrous magnesium sulphate. Removal_of solvent gave a
yellow oil (71 gms.) which on distillation gave a elear oil boiling
between 116 - lﬁ}oc_dt 0.2 mms. and was shown by lH n.m.r. to beja ‘
mixture of the requifed product and tributyltin chloride. The oil was
diluted with diethyl ether and washed with éaturatéd soluﬁion of potassium
fluoride in ethanol. The insoluble iributyltin fluoride was filtered
through celite and solvent removed from the filtrate to glve a pale
yellow oil, which on redistillatlon gave a fraction boiling at 117-
l}OOC, again‘a mixture, and a pure sample of the product, (13.6 gms.)
b.p. 141-300 0.2'mms.,‘g—methoxyphenyl tributylstannane ng4 -'1.5173
T 2.62-3.40 (m, 41), 6.25 (s,3H), 8.30-9.40 (m, 27H)
7V 3060, 3000, 2960, 2020, 2880, 2860, 1580, 1465, 1430, 1235, 755 ems. "t
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o-Me thoxyphenyl-tributylstannane (13.6 gﬁs.) was diséolved in
dichlorome thane (20 mls.) and cooled to -Edoc. Nitrosyl chloride
(3.0 gms;) in dichloromethane (10 mls.) Qas added dropwise, maintaining
the temperature at —70°C. Tﬁe soluﬁién rapldly ﬁurned greén and stirriﬁg
was continued for 30 minzg. The mixture was then washed onée with
dilute sodium hydroxide, and once with water. The organic phase was
dried OVér anhydrous magnesium sulphate and solvent removed to give
a residue which on steam distillation gave o-nitroscanisole (1.5 gms.
*8%) as a white solid m.p. 103-5 C(ethanol)(lit.15 103°¢. Y.

19, Preparation of p-nitroso—toluene

BfMethyluphenylmagnesium bromide (0,25 moles ), from Efbroﬁo toluene
(42.75 gms.) and magnesium (7 gms.), was heated under reflux for 60
mins. with tributyltin chloride (50 gms. 0.16 molas). The reaction
‘was.queﬁched with dilute sulphurlic acid (200 mls.) and the organic
phése-w0rked up as described previously to glve a pale yellow oil, which
on distiliation gave iymethylphenyltributylstannane (30 gms. 50%) b.p.
150-é°c_@ 1 mm. ng 1.5186. |
T 2.50 - 2.97 (ABq 4H J,, 9 Hz), 7;70 (s, 2H)

8,20 « 9.30 (m, 27H)
V 2065, 3035, 3010, 2960, 2925, 2825, 2855
1465, 1070, 790 cms. L

p-Methylphenyltributylstannane (19 gmé..0.0B moles) waé treated
with ﬁitrosyi chloride (3.3 gms. 0,05 moles) at -20°C for 30 mins.

The green solution was washed twice with water and dried over anhydrous
. magnesium sulphate. Removal of solvent gave a green oil which on
stéam diétillation gave p-nltrosotoluene (1.5 gms. 25%) m.p. ué°c

(11t. 12 49%).
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20. Preparation of m-nitrosotoluene

m-Bromophenylmagnesium bhromide {(0.25 moles), prepared in the
usual way, was heated under reflux with tributyltin chloride (50 gms.
0.16 moles) in diethyl ether. Work-up as previously deséribed gave
~a yellow liquid which on distillation gave mrmethylphenyltribﬁﬁylstannane
(29.6 gms. 49%) | |
b.p. 153-6°C 0.3 mms. nge 1.5168 .
T 2.75-3.05 (m, 4H), 7.70 (s, 3H), 8.00-9.30 (m,27H)
V., 2960, 2920, 2850, 1590, 1460, 1880, 1100, 1070, 770, 700 ems.
ngethylphenyltribuﬁylstannane‘(19 gms. 0,05 moles) was treated
with nitrosyl chloride (3.3 gms. 0.05 moles) as described for the
Vpara isomer, 'Ideﬂtical work-up procedure gave m-nitrosotoluene (800
mgs. 14%) m.p. 56-8°C(lit.15 53-4003.

2l.l Preparation of nitrosomesitylene

2,4,6-Trimethylphenylmagnesium bromide (from bromomesitylene
20 gms. and magnesium 3 gms.) was heated under reflux with trimethyltin
chloride_(9.2 gms.) in ether for 30 hrs. Standard work-up procedure
gave crude mesityltrimethylstannane (10.4 gms.)

The crude sample was .treated with nitrosyl chloride (2.0 gms. )
.in dichloromethane at -20°C for 20 mins. in theusual way. Steam
distillation of the resldue, after removal of solvent, gavelnitroso—
mesitylene (1.2 gms.) m.p. 122°C (1t.55 120%. ).

22. Reactlon of Tetrabromobenzyne and niltrosobenzene

Tetrabromoanthranilic acid (4.56 gms. 0.0l moles) in acetonitrile
'(170'mls.) was run concurrently with a solution of isoamylnitrite
(1.36 mls, 0,01 moles) in acetonitrile (170 mls.) into a solution of

nitrOSobenzene'(4.3 gms. 0,04 moles) in acetonitrile (50 mls.) maintained
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at 56-5500. Stirrihg was cbntinuéd at this temperatﬁre for a further
4y mins. and solvent removed to glve a brown residue, which was placed
on an alumina column (100 gms.) Elution with benzene-light petroieum
(50:50) gave in order of elution a) an unidentified olly material .
(30 mgs.) b) an orange oil (222 mgs.) shown by i.r. spectroscopy to

" be az$xybénzene ¢) unreacted nitrosgbenzene tHEl mgs. ). Elution with

benzenc gave a palé yellow solid (1.27 gms., 25%) shown to be l-hydroxy-6,7,8,9-
tetrabromocarbazole m.p. 216-700 (benzene-petrol).

T 1.32-1.55 (4, 1H), 2.20-2.87 (m, 3H), -1.90 (s,lH exchangeable
with DEO)
V.o, 25, 1595, 1250, 765, 745; 720 cms.”t
' ;\max. 222 (4.58), 250, (4.72), 260 (4.67), 272 (4.54),
295 (4.13), 204 (4.17), 329 (3.75), 352 (3.78) nms,
(found: C, 28.95; H, 1.1; N, 2.5% M [mass spectrometry] 499;
012H5Br4No reguires C, 28,9; H, 1.0; N, 2.8% M, 499). |
A sample of the carbazole (250 mgs.) was stirred for 16 hrs. in
& suspension of potassium hydroxide (iOO mgs.) in dimethyl sulphoxide
(40 mls.) containing methyl lodide (200 mgs.). The yellow soiution
was poured into water, and the precipitate filtered., Recrystallisation
gave'l-methoxy-6,7,8,9-tetrabromocarbazole (105 mgs.41%) m.p. 170-
17200 (benzene-methancl)
| T 1.20-1.43 (4, broad 1H), 2.43-2390 (m, 3H), 5.90 (s, ZH).
o, 1560, 1440, 1390, 1240, 740 cms.-; |
N .. 224 (418), 253 (4.59), 263 (4.58), 272 (4.53),
297 (4.06), 304 (4.05), 347 (3.66), 360 (3.70) nms,
(found: C, 30.75; H, 1.5; N, 2.75%. M[mass spectrometry] 513]..

C,,H BryNO requires C, 30.45; H,l.u;.N,'e.Ts% M 513,
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23, Reactlon of Tetrachlorobenzyne and nitrosobenzene

The réaction was performed as described for the tetrabromo
analogﬁg starting from tetrachloroanthranilic acid (2.75 gms. 0,01 molés),
isoamyl nitrife (1.26 mls. 0,01 moles) and nitrosobenzene (4.3 gms,
0.04 moles).

Identical work~up procedure gave, after elution of azoxybenzene
and unreacted nitroﬁobenzene,‘1fhydroxy—6,7,8,9-tetrachlor0carbazole
(BT mgs., 20%) m.p. 174-5°C (benzené-petrol).

T (DMS0-dg) 1.50-80 (4, 1H), 2.25-2.90(m, JH)
V. 2450, 1605, 1500, 1460, 1430, 1405, 1260, 800, 750, 720 oms.”t

N 220 (4.38), 248 (h.54), 255 (4,4B), 265 (4.33),

302" (4.01), 337 (3.62), 350 (3.59) nms,
(found: C, 4%.75; H, 1.65; N, 4.735% M[mass spectrometry) 321
012H5014N0 requires C, #4.9; H, 1.55; N, 4.,35% M 321)

24, Reaction of benzyne and nitrosobenzene

Identical reaction conditions and work-up, starting from anthranilic
acid, gave, after removal of nitrosobenzene by-products, N-hydroxycarbazole
(20 mgs. 1%) m.p. 219-20°C (benzene-petrol) -

q“(DMSO-d6) 1.70-2.00 {(d, 2H), 2.30-3.00 (m, 6H)
V max ‘
N 233 (4.65), b (h.U1), 257 (h.33), 293 (4.26),

max.

3470, 3060, 1605, 1450, 1325; 1240,. 750, 725 cms.fl

324 (3.65), 337 (3.61) nns.
(fouﬁd: C, T935;: H, 5-05{ N, 7.75%; Mlmass spectrometry] 181

c NO requires C, 78.65; H, 4.9; N, 7.6%; M 181)

12H9
Other reactions where the ratio of nitrosobenzene to benzyne was
changed and benzenediazonium~2;Carboxy1ate itself was used gave the

same yield of N-hydvoxycarbazole.
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'I25._'Reaction of-tetrabromobenzyne and o;nitrosoanisole
Tetrabromobenzyne, generated in the usual way ffom tetrabromo
;anthranilic acid (O 75 gms. O, 0016 moles) and isoamyl nitrite (0 22. mls,;‘
'0.0016 moles) was allowed to react with 3-nitrosoanisole_(900 mgs.

0. 6065.m01es) Removal of solvent gave a brown residue which was -
f‘-p1aced on an alumina (100" gms. ) column. Eldtion.withf-ben_zene_-net'r-ol-_
- (50 50) gave a small amount of oily material Elation‘with‘benzene __'

gave l-hydroxy-2-me+hoxy-6 7 8, 9-tetrabromocarbazole (135 mgs. 16%)

m. p. 198 201% {benzene=- petrol) |
’T(DMSO-dS) 1 70 1, % (AXq J= 6.8 Hz ‘,Jm~..-—- 2.7‘Hz,"’ 1H)
2.58-2, 95 (m, 2H), 6.00 (s, 3H). | : ., |
VL DH60; 1580, 1405, 1265, 1240, 1035, 780, 7‘35l ems. ™t
LA 230 (5.70), 252 (4.78), 293 (4.07), 343 (3.81) mms.
(foandl-'.(')‘, 20.55; H, 1.3; N, 2.6%. M[mass spectrometry] 52
TBPANO requires C, 29.5; H, 1.35; N, 2. 65% M 52%)

26. Reaction of tetrabromobenzyne and p-nitrosoanisole

, Tetrabromobenzyne, fr0m tetrabromoanthranilic acid (l 14 gms.

[o 8 0025 moles) and isoamyl nitrite (0.34% mls. O 0025 moles), was allowed‘
0. react with g:nitrosoanisole (1.37 gms. 0,01 moles) in the usual

- manner. Removal of solvent gave a residue which was placed ori an |
‘-alumina column (100 gms) and eluted with benzene. A yellow solid (367

mgs.) was obtained which was separated by f‘ractional crystallisation

- from benzene ~petrol into a) bie(Efmethoxy)azoxybenzene m. p. 114- 8 C

,(lit. :4 118- 9 C) identified by 1.r. and lH n.m.r., epectroacopy and i. o

b) l-hydroxy-#-methoxy—G 7,8, 9-tetrabromocarbazole (168 mgs. 13%)
m.p. 237é8 C (benzene petrol) _ | |
T (DMSO—d6) 2,00 @, 3= 2. 7 Hz, lH), 2. 30-2. 60 (d g, = 8.2 He 1H),

2. 65 2.9 (g, J = 8 2 Hz, J = 2.7 Hz 1), - 1.1 (s,rbroad 1H).
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310max 3450, 1600, 1590, 1495, 1290, 1200, 840, 800, 725 ems.t

A 216 (4.43), 246 (4.24), 256 (4.21), 266 (4.20), 277 (4.17),

max
311 (3.80), 265 (3.29) nms.

(foﬁnd: C, 30.2; H, 1.2; N, 2.7%) M[mass spectrometry] 529.

Cle7Br4N02 requires C, 29.5; H, 1.35; N, 2.65% M. 529.

27. Reaction of tetrabromobenzyne and p-nitrosotoluene

Tétrabromobénzyne, from tetrabromoanthranilic acid (l.lh-gms. 0.0025
moles) and iscamylnitrite (0.34 mls. 0.0025 moles), was allowed to react
Vwith p-nitrosotoluene (1.2 gms, 0,01 ﬁoles). Removal of solvent gave
a residue which was placed on a celumn of aluminé (100 gms.). Elution

with benzene gave a) p-azoxytoluene (370 mgs.) m.p. 68—900 (lit.jh TOOC)

identified by i.r. and'lH n.m.r. spectroscopy and b) l-hydroxy-4-methyl-

6,7,8,9-tetrabromocarbazole (301 mgs. 29%) m.p. 219-2100 (methanol)
T (DMSO-d) 1.72 (s, broad 1H), 1.40-1.77 (ABa J = 8.9 Hz 2H)

ﬂ)qu 3460, 1595, 1485, 1300, 1255, 1200, 1160, 800, 725 cms.—l

A « 223 (4.63), 250 (4.76), 263 (4.72), 270 (4.60), 298 (4.21),

ma
207 (4.23), 34 (3.78), 360 (3.80) nms.
(found: C,.3L.7; H, 1.5; N, 2.7% M[mass spectroﬁetry] 513

CIBHTBPMNO requires C, 30.45; H, 1l.4; N, 2.75% and

Cl}HT

28, Reaction of Tetrabromobenzyne and m-nitrosotoluene

79BruNo requires M -16 492,7295 found 492.7305).

Tetrabromobenzyne, genérated from tetrabromoanthranilic acid
(1,14 éms{ 0.0025 moles) and isoahyl nitrite (0.34 mls. 6.0025 moles )
was alldwed to react with mfnitrosotoluene:(l.o gms. 0,085 moles)
in the usual fashion. Removal of solvent gave a brown résidué which
was placed on an alumina column (100 gms.) Elution with benzene gave
‘a) unreacted m-nitrosotoluene and b) a mixture of the two is&mefic

N_-hydroxycarbazoles (120 mgs; 9%y ( 1)ma - 3400 cms;-l)

X
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3 7.50) and

6-95)0 The

l-hydrogy-3~methyl-6,7,8,9—tetrabromocarba201e { TcH
1-hydroxy~5-methyl-6,7,8,9-tetrabromocarbazole ( Q'CHj
ratio of the two was approximately 2:1 respectively; they were not

. separated.

29. lReaction of Tetrabromobenzxge'and‘Nitrosomesitylene'
‘Thé noermal procedure was followed on a 00,0025 molar scale with
nitrospmesityléne (0.5 gms. 0.0033 moles). Elution of siiica éolumn
(1C0 gms,) with light petrdleum gave a clear oil (56 mgs.) shown by‘i.r.
spectroscopy 1o be 2,3,4,5-tetrabromophenyl-3'-methylbutylether. Further
‘elution with benzene gave small amounts of yellow materlal which was not

"identified. No naphfhalenes were detected,

30. Reactlon of TEtrachlorobenzyne and nitrosomesltylene
2~Carboxy—tetrachlorophenyl-j,3'—dimethyl triazene (1.0 gms.) was

heated under reflux in a solution of nitrOSOmesitylene_(O.u gms.) in

tetrachloroethylene for 4 hrs. Removal of solvent gave a residue which

was placed on aﬁ alumina column (iOO gmé.) Elution with benzene gave

~a red oll (300 mgs.) ﬁhich was separated by preparative léyer chromatography

(2 1m, x 20 ems x 0.5 mm plates eluent benzene:petrol 50:50) on siliea

into 9 bands. All bands were checked by u.v. spectroscopy; no

naphthalenes were deteclted.

31. Reactilon of Tetrabromobenzyhe and phenyl. tributylstannane

Tefrabromobenzyne (0.0025 moles) was generated in the usual
conecurrent fashiOn and allowed to react with phenyltributylstannane
(2,75 gms. 0,0075 moles) in acetonitrile (75 mls.) maintained at 50-6000.
The crude oil, after removal of sblveﬁt, was separated by preparative
layer chromaﬁography (5 Im x 20 em. x 0,5 mm plates eluent light petroleum)
on silieca from which was isolated a brown o0il (30 mgs.) which crystallised
on standing and was shown by 1H n.m.r. spec£roscopy to be mainly

tetrabrOmobenzobarrelene.
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2. Reaction of Tetrachiorobenzyne with phenyltributylstannane

'_ 2-Carboxytetrachlorobenzenediazonium fluoroborate (2.0 gms.) was
suspended in a solution of phenyltributylstannane (2.0 gms.) in dichloromethane
(50 mls. ) Pyridine (0.5 mls.) was added dropwise and after addition the
mixture was héated under reflux for 15 miﬁs.. The suspended sOlid‘was
filtered, and solvent removed to give an‘oily liquid. Excess siarting
material was distilled off under reduced pressure and the residue placed
on an alumina column (260 gmz.) Elution with light petroleum gave a
brown 0il (325 mgs.) shown by 1H n.m.r. spectroscopy to be tetrachloro-

benzobarrelene,

33. .Reaction of tetrachlorobenzyne‘and phenyltrimethylstannane
The reao£ion was performed in fhe same way as ﬁhe butyl compound
starting from 2-carboxytetrachlorobenzenediazonium fluofpbofate (3.0 gms.),
pyridine,(d.? mls.), and phenyltrimethylstannane (3.0 gms.). Elution
of the alumina column (200 gms.) as before gave a 5rown oll shown by
lH n.m.r. spectroscopy to be crude tetrachlorobenzobarralene (572 mgs.).

34, Preparation of phenyltrimethylsilane

Trimethylsilyl chioride.(EQ gms. ) was added dropwise to a stirred
sﬁlution of phenylmagnesium bromide (from bromobenzene 60 gms..and
magnesium 10 gms.) in diethyl ether under an atmosphere of dry nitrogen.
A steady reflux was maintained and the solution heated under reflux for
a further 4 hrs. after complete addition., Suspended magnesium salts
were filtered through a celite pad and the flltirate quenched with
saturated ammonium chioride'solution. The .organic layer was separated
and dried over anhjdrous magnesium sulphate. Removal of solvent gave
an oil which on distillation gave phenyltrimethylsilane (25.5 gms. B6%)

b.p. 170-4°¢ (11t. 20 177°C).



35. Reaction of Tetrachlorobenzyne and phenyltrimethylsilane,.

"2—Carboxytetrachlorobenzenediazonium fluoroborate (% gms.) was
.suspended 1n a solution of phenyltrimethylsilane (3 gms.)_in dichloro-
méthane (100 mls.).  Pyridine (l.Q mls.) was added dropwlse and reaction
-allowed to take p}ace{ and completed hy heating under reflux for 15 mins.

The soluLion wasyfiltered and solvent removed'frdm'the'filtrate. Excess
starting material was distilled off under reduced pressure leaving a |
brown residue which was placed on an alumina column (300 gms.)}. Elution
with light petroleum gave a free running oll {321 mgs.) shown to be
mainly the non-bridgehead silane adduct.

This crude sample was dissolved in ether (50 mls.) and nitrosyl
”chioride (ca. 0.2 gmé.) added. T.l.c. indicated there was no change
after 2 days. Resﬁblimed'aluminium chloride (ca, 100 mgs. ) was added
and the solutién_was stirred for further 24 hrs. Again there was no

substantial change.

36, Reaction of Tetrachlorobenzyne and chlorobenzens

2-Carboxytetrachlorobenzenediazonium chioride (3.7 gms.) was warmed
to 60°C in chlorobenzene {100 mls.).When evolution of gas had ceased the
solutlicen was heatéd under reflux for 10 mins. After removal of solvent
the residue was placed on a column of alumina (150 gms.’) Elution with -
light petroleum gavé a) pentachlorobenzene (500 mgs.) and b) a white
501id (1.2 gms. 324) shown by lH n.m.r. spectroscopy to be a mixture of
bridgehead and non-bridgehead adducts (ratioc 1:3.5). The two isomers
did not separate on g.l.c., (column A EOOOC) or by t.l.c, (AgNO3 |

impregnated silica).

37. Preparation of‘3-br0mo-4—methoxytoluene

2-Bromo-4~-methyl-phenol (18.7 gms. 0.1 moles) was stlrred with a |

suspension of sodium hydroxide (16 gms. 0.4 moles) in dimethylsulphoxide
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‘(ibO-mls.)'containiﬁg me thyl iodide (28.6 gms 0.2 moies) for 16 hrs. at"
room temperature. Water (gg; 200 mls. )} was added and the solution extracfed
tﬁiée with equal volumes qf_carbon tetraChloride. The organic phase was
dried over aﬁhydrous magnesium sulpha£e whiéh-oﬁ remoﬁal of solveht gave

a brown o1l Distillation gave 3=-bromo- 4-methoxytoluene (18.3 gms. 92%)

“buop. 97-99°C at 3 mms., (lit. 225 7°C 760 mms . )

38. Preparation of m-dimethoxybenzene

Resoreinol (55 gms. 0.5 moles) was dissolved in sodium hydroxide’
solution-(SO gmé. NaOH :500 m}g. HQO) and dimethyl sulphate (150 mls. )
added dPOpwise-wifh stirring, allowing the temperature to reach 60°¢.

. A further quéntity of sodium hydroxide {20 éms.)'and dimethyl sulphate
(50 mls.) was.added to complete,the reaction. After heating under reflux
for 2 hrs. the liberated 011 was extracted into ether, washed with
ldllute sulphuric acid and then water. The organic phase was dried over
anhydrous magnesium sulphate and solvent removed to give a brown oil which
on distillation gave m-dimethoxybenzene (43.5 gms. 63%) 5fp; 64°C 2 mms.

”

(1it.” " 216-7°¢).

%9, Preparation of 2,6-dimethoxybromobenzené

EyDimethoxybenZeﬁe (13.8 gms. O;l moles) was dissolved in dry ether
(200 mls.) and the system flushed with dry nitrogen. n-Butyl-11ithium (50, 
mls. 2.2 M in héxane) was added by means of a syringe introduced through
a septum and fhe solution allowed to staﬁd at foom temperature for ca.
30 hrs. Wﬁen 2,6—diméth0xy§henyl-lithium separated as a whlte cr&stalline
_ solld. l,E—ﬁibromoethane (25 gms.) wés added dropwise wiﬁh stirring.
| There was a éteady evolution 6f gas and the splution was allowed ﬁo stand
for 2l hrs. The mixture was then filtered and the filtrate reduced in
‘volume resulting.in the cryStallisation‘of 2,6-dimeth0xybromobenzene
(11.3 gms. 52%) m.Dp. 92-300 tlight petroieum) (lit.39 m.p. 91-200)

M [mass spectrometry] 216,
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40, Reaction of Tetréchlorobenzyne and o-bromoanisole

'2-Carboxytetrachlorobenzenediazonium chloride (1.5 gms.) was
decomposed in arsolution of o-bromoanisole (1.5 Qms.) in carbon tetrachloride
(50 mls.) by warming to 50-60°C. The reaction was completed by heating
under reflux for 10 mins. After removal of solvent the residue was place
on a silica column (200 gms.) Eiution with light petroleum gave penta-
chlorobenzene; with benzene-petrol (50:50) unreacted o-bromoaniscle was

obtained; and finally elutlion with benzene gave l—ﬁethoxy-e-bromo—S,6,7,8-—

tetrachloro-1,4-dihydro-1,4-ethenonaphthalene (520 mgs. 28%) m.p. 152-3"C

(Ethanol) ‘T 2.67-3.20 (m, 2), 3.56-3,85 (tr. of d. 1H)} 6.20 (s, 3H).
v 3100, 3020, 2950, 2850, 1595, 1470, 1435, 1300, 1250,

max.

1110, 1040, 700 ems. T
(found: ¢, 38.5; H, 1.8%. M{mass spectrometry] 401
13 7Br0140 requires C, 38.9; H, 1.75% M 401)
b1, Reaction of Tetrachlorobenzyne and 35- bromo 4—methoxytoluene

2-Carboxytetrachlorobenzenediazonium chloride (4 gms.) was allowed
to decompose in a solufién of 3-bromo-4~-methoxy toluene (4 gms,) in
carbon tetrachloride (lOO‘mls.} heated under reflgx for 20 mins. Solvent
was.removed and the.residual.oil placed on a column of silica (BQO gms. ).
Elution with light petroleum gave pentachlorobenzens (560 mgs.). Elution
with petrol-benzene (59:50) gave unreacted starting material (2.6 gms. )

and elution with benzene gave l0-methyl-3-bromo-1,4-etheno-5,6,7,8-

tetrachlorotetral-2-one (1.36 gns. 27%) m.p. 172-5°C(ethanol)

T (coely) 3,60-3.90 (m, 1H), 5.03-5.21 (d, J = 6.8 Hz),

5.23-5.39 (ABq Jap = 3.4 Hz, J

allylic = 2+7 Hz 1), 5.63-5.85

(d, J = 3.4 Hz 1H)
'Umax 3080, 3020; 2980, 2950, 2920, 2860, 1745, 1580, 1090, 1030,780,
770, 685, 675 oms. -
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(foﬁnd: c, 38.8; H, i.TS%-IM [mass spectfometry] 280 (M-CHBrcoO)
. cleTBf0140 requires C, 38.90; H, 1.75% M 401)
" The bromoketone (24; 400 mgs.),was dissolved in a.solution of
-hydroxylamine hydrochloride (200 mgs.) in pyridine (25 mls.).and heated
at 8000 for 2 hrs. The solutlon was poured into ice-water and the

precipitated‘solia filtered and dried to give 10-methyl-3-bromo-1,4-

etheno-5,6,7,8-tetrachlorotetral-3-one oxime (330 mgs. 79%)m.p. 202~300

- {(benzene-methanol)
' (found:_c, 37.65; H, 2.05 N, 3,5% M [mass spectrometryj 416
€, 5HgBrC1, NO requires C, 37.55; H, 1.5; N, 3.35% M 416.)

42, Dehjdrobromination of the 2-bromo—4-methyl-tetrachlorobenzobarrelénoné

oxime

The oxime (26; 300 mgs.) was heafed in a solutioﬁ of triethylamine
(1 ml;)‘in dimethyl formamide (20 mlé.) af'gg. 100°c for 3 nrs. The
solution was ﬁhen reduced to a volume of ca, 5lmls. and placed on a
silica plate{l m x 20 ems. x 0.5 mms, )} and eluted ﬁith benéene. ™o
bands Were isolated; the lower Rf band gave unreacted starting materlal
(99 mgs.) and the fast running band gave 2-methyl-5;6,7,8—tetrachloro-
naphthalene (65 mgs. 30% conversion 38%) m.p. 125-700. lThe éompound
had identicai lH n.m.r, and 1.r. spectra to an auphentic sample.
An authentic sample was pﬁepared by.irfadiatign of tetrachloro-i-
methylbenzobarrelehdﬁe (500 mgs.) in.ether (300 mléf) using a 'Hanovia'
500 W medium pressure lamp (extérnal source) for 7 hrs. in an atmosphere

of nitrogen. The reactlion was worked up by column chromatography

(alumina 50 gms.) Elution with light petroleum gave 2-methyl-5,6,7,8-

tetrachloronaphthalene (146 mgs. 43%) m.p. 125~7°C (ethanol )

qP(CD013) 1.85-1.98 (4, JO; 8.9 Hz 1H), 2.03-2,08 (m, lH),.

2.46-2.68 (4, J = 8.9 Hz J = 1.8 Hz 1H).
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V., 1620, 1560, 1490, 1320, 1310, 1300, 1260, 817 oms.”t

?\max. 2h0 (5.01), 277 (3.69), 288 (3.85), 298 (3.90), 307 (3.80) nms.
{found: C, 47.4; H, 2.25%. M [mass spectrometry] 280
011H6014‘requires ¢, B7.15; H, 2.15% M. 280).

43, Reaction of Tetrachlorobenzync and 2,6-dimethoxy-bromobenzene

2-Carboxytetrachlorobenzenediazonium chloride (2.5 gms. 0,0077 moles)
was decomposed'in a solution of 2,6-dimethoxybromobenzene (1.8 gms. 0.0083
moles) in carbon tetrachloride (50 mls.) by-heating undef reflux for
30 mins., Solvent was removed and the residue placed on1a silica column
(250 gms.) Elution with light petroleum gave pentachlorobenzene

(120 mgs.); elution with benzene gave a) recovered starting material

(620 mgs.) and b) l-methoxy~-2-bromo-l,4-ethenc-5,6,7,8-tetrachloro-

tetral-3-one (1.36 gms. 42%) m.p. 2%2-4°C (benzene)

T (cDCL; 100 Miz) 2,96-3.29 (m, 2H), 4.84-4.98 (d.d J , = 6 Hz
.Jallylic - 2 Hz 1H), 5.56 (s, 1H), 6.30 (s, 3H) |
V_,,. 3080, 2060, 2940, 2850, 1748, 1620, 780, 715, 700, 680 oms .7t

(found: C, 37.45; H, 1.65% M [mass spectrometry] 296 (M-CHBrcQ) |
C A BrCL,0, requires C, 37.4; H, 1.7%. M 417)

Uy, Dehydrobromination of l-methoxy-2-bromo-tetrachlorobenzobarrelencne

oxime

The bromobenzobarrelenone (250 mgs.) was warmed in a solution of
hydroxylamine hydrochloride (200 mgs.) in pyridine (25 mls.) at 80°¢
for 60 mins. The solution was poured into ice-water (50 mls.) and the
precipltated solld filtered and dried. The crude oxime was dissolved
in‘dimethylformamide econtaining triethylamine (0.5 mls.)} and thebaine
(200 mgs.), and the solution heated at ca, 100°C for 16 hrs. On
cooling a crystalline solid formed which was filtered and shown byli.r.
spectroscopy to be thebaline hydrobromlide. Excess solvent was distilled
off from the filtrate, under reduced pressure, and the residue

chromatographed on alumina. Elution with benzene gave a white solid
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(84 mgs.) shown by comparison of i.r, and lH n.m.r. spectra to be
1-me thoxy-5,6,7,8-tetrachloronaphthalene.

J45. Reaction of Tetrachlorobenzyne and m-dimethoxybenzene

a) 2-Carboxytetrachlorobenzenediazonium chloride (11.0 gms.) was
.allowed to stand 1n a solution of m-dimethoxybenzene (6.0 gms.) in
carbon tetrachloride (60 mls.) for 2 days. The red crystalline solid

was filtered and washed with benzene to give 4-(2'-carboxytetrachloro-

phenylazo)-1,3-dimethoxybenzene (14.1 gms. 97%) m.p. 218-21°¢ {(ethanol)

72.'25-2.15 (d, J = 8.9 Hz 1H), 3.15-3.50 (}n, 21},
6.03 (s, 3H), 6.10 (s, 3H). |
1Dmax 3250-2300 (broad), 1705, 1600, 1580, 1290,_1260, 1235,
1120, 1030, 840, 800 cms.™t
A 209 (4.34), 385 (4.11) nns.
(found: C, 42,5; H, 2.3; N, 6.7% M [mass spectrometry] 424
015H10014N204 requires C, 42.4; H, 2.4%; N, 6.6% M 424)
b) 2-Carboxytetrachlorobenzenediazonium chloride (3 gms.) was
deéOmposed in a solution of m-dimethoxybenzene (3 gms.) in ecarbon
tetrachloride (100 mls.) by addition of pyridine (1 ml.) and heatihg
under reflux for 30 mins. The mixture was filtered and solvent
removed from the filtrate to give a red oil which was placed on a
~ column of silica (300 gms.) Elution with benzene-petrol (50:50)
.gave pentachlorébenzeﬁe (120 mgs.); elution with benzene gave a brown
o0il consisting of malnly starting matefial; and elution with ether-benzene

(10:90) gave a brown solid which on treatment with actlivated charcoal

énd-cryétallisation from methanol=benzene gave l-methoxy-1,4-etheno-

5,6,7,8«tetrachlorotetral-3~one (442 mgs., 12%) m.p. 146-8°¢ (methanol~

benzene )
T (CDC15) 2.95-3.50 (m, 2H), 4.88-5.13 (m, 1H), 6.35 (s, 3H),
7.25-7.90 (ABq J,p = 17.7 Hz).
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q)max 2005, 2980,-2960, 2930, 1750, 1620, 1370, 1270, 1215, 1130,

1010, T10, 690 cms.
(found: ¢, 46.4; U, 2,.1% M (mass spectrometry) 296 (M - CHQCO)
o] HYONAD [l
‘015H8¢l402 requires C, #6.,2; H, 2.4 M 3:8). |
46, Preparation of 1l-methoxy-5,6,7,8-tetrachloronaphthalene

. 1-Me thoxy-~tetrachlorobenzobarrelen-3-one {500 mgs. ) was'photblysed
in ether (50 mls.) for 16 hrs. ﬁsing a 'Hanovia'.medium pfessure lamp.
Solvent was removed to give a solid; elution with light petroleum from
a short column of silica (50 gms.) gave l-methoxy—5,6,?,S-tetraéhloro

naphthalene (186 mgz 42% ) m.p. 134-600 (Et OH)

T (cDC15) 2.00-2.20 (ad. 3 , = 2 Hz, J,_, = 8.2 Hz 1H),
2,32-af67 (;, oz = J5y = 8.2 Hz 1H), 2.85~3.15
(dd. Je”3 = 8.2 Hz Js_y = 2 Hz 1H), 6.07 (s, 3H)

v 2040, 2850, 1615, 1545, 1315, 1285, 1260, 1020, 790, 735 —_——

1 (]

P\max.‘228 (4.63), 252 (4.61), 307 (3.70), 320 (3.80),
331 (3.79), 345 (3.65).
(found: ¢, 44,7; H, 2.1%9 M [mass spectrometry) 296

CllH60140 requires C, 44.6; H, 2.05% M 296)
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CHAFIER 2

THE FORMATION OF ARYNES FROM AROMATIC DIAZONIUM SALTS



Introduction

Sinée the initiél{isolation of crystalline diazonium salts by

- griess in 1858, these compounds have occupied an important posltion

. in the development of organic chemistry from both theoretical and

practical viewpoints. The discovery of the azo-dyes in the late

nineteentﬂ century initiatéd a_gonsidgrable increase in the study-

of theif chemistry and by the furn'of the century a vast numbér of

reactions had been discovered., It was not until the development of

the electronlic theories of organic chemistry_that the apparently unrelated

multitude of different reactions Eould be explained on a rational basisr

It was then realised that these reactions fell broadly into four

different classes.41
Some reactions occurred'with ar overall reteﬁtioﬁ of nitrogen,

Although other examples are known; by far the most common reactions

are those known as diazo-coupling reactions. For instance coupling

benzenediazonium salts with 2-naphthol gives the azo-dye (29).

Ph
NN

. o OH
F’hl\]2 + 2-NAPHTHOL ——>
(29)
Coupling reactions occur with a wide variety of reagents at carbon,
nitrogen, oxygen, sulphur, and even phosphorus a’tzoms.‘ul An example

of coupling with nitrogen is afforded by the reaction of dimethylamine

to give l-aryl-3,3-dimethyl triazenes (30).

51.



o | N=N-NMe,
PhN2+ + MezNH —_—> [:::T o

(30)

A second category of reactlon concerns the strongly activating effect
of the diazonium function towards nucleophilic substitution. p-Bromo-
_benzenediazoniumVchloride for instance rearranges to p-chlorchenzene-

diazonium bromide.q2 Reactions of this kind are common when a good

NAct™ Ny Br_

, — 5 products

Br | Cl

leaving group ia present in the aromatic ring.
Other reactions wlth simple nucleophiles are known to proceed via
a heterolytic loss of nitrogen to aryl cations (31) as filrst postulated

oy T:»Ia‘cers)‘L5 in 1942, Typical reactions of this type include the

N2 X
(31)
hydrolyses of diazonlum salts to give phenols. A fourth series of reactions
involves the hOmolytic loss of nitrogen to glve aryl radicals. In the

Iy
well known (omberg reaction  aryl radicals are formed which then react

with arenes to give bilaryls. Tt 1s at thils stage timely to mention the

=)



———3 '
~ benzene
role of Efnitfosoacylanilides'iﬁ'the formation of aryl radicals.

' §7Ni£rosoacetanilide Wae_found by'Eﬂmberger45 £o,&eeompose at room

temperature,_in benzene,'to give biphenyl and ecétic.aeid.(Scheme 15).

NO
l!l Me o ph | |
n —— + Np + AcOH
-0 benzene
Scheme 15

Similarly Heyll}6 discovered that l-aryl-3, j-dialkyltriazenes decompose
' in the presence of acid to give biaryls, again via aryl radicals,

(Scheme'16)._'The'triazenes-are evidently eonverted"to_the diazonium

. -——-—-——-—-’ .
benzene

Scheme 16

_selfs‘ﬁhich ‘then proeeed'ae'ie ehe'Gombefg reactien’to aryl radicalsi'”r‘

‘the:ether‘int;mate deteils of,these mechenisms were not heﬁever;finelly ‘ 
established‘ueeil r'ecen.tiy.h.r'r It Qaeiﬁﬁiegenus Iwho originallyrehoﬁed
_that N—nitrosoacetanilide isomerises in the rate determining otep to :-
"~ the diazoaeetate (32) It wag then aasumed that this «pecies decomposed |

homolytically to phenyl radicals, nitrogen and acetoxyl radicals'
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however, this was untenable for a number of'r'easons.47 Based on.the

'disco#er§49 that the dlazo-acetate 1s in equilibrium with the arene-

50

" diazonium acetate ion-palr Ruchardt proposed a mechanism. to account

for. the products (Scheme 17).

The chain carrler In this sequence 1s the stable nitroxide
radical (33) which has been identified by e.s.r. speciroscopy as a
og-radical. In some solvents the chain carrier is the (N-phenylacetamido)-

phenyl nitroxide radical (34) produced by N-nitrosocacetanilide scavenging

a phenyl radical.Sl
| Ph_ 0O°
o b
N< - N~ M
e b
0 " 0
(34)

The mechanlsm of the Gomberé52 reaction is essentially the same .
eicept that the initial covalent intermediate is the diazohydrbxide;
In this case,'bf course, there 1s no possibility for the participation
of the (y}phenylécetamido)phenyl nitroxide. In both éf the mechanisms
it ishlikely that once the chaln is initiated it is continued by a

redox reaction involving the diazonium cation5l (Scheme 18).

 H__Ph
PhN,T 4 @ — P Ny v
— @ - @

Scheme 18
54,



N=N—-0Ac -
~

—

OAc

N2+0AC-

| N=N-0" | N=N - N=N-0°
Ac,0 + —— 0 ——> + + N2

2

R | | TPth“' |

N=N-0"
AcOH  +

TOA;
Ph ©N=N-OH
+

Scheme 17

-
33

33

benzene




Although these fgdical mechanisms ﬁave héd great success, especially
in recent years, in explaining the behaviour of diazoniuh salts and
related compounds with a wide variety of'reagents) there have still been
several observations ihat could not satisfactorily be accounted for, |
Tn 1954_Hey anﬁ Cadogan observed £hat o-t-butyl-N-nitroscacetanilide did
not form thé anticipafed biphenyl when allowed to decompose in benzene.55

The products obtained were later shown by Cadogén and Hibbert to be a

mixture of o- and fn—t--butylacetates54 (Scheme 19).

S & A

Ph

Scheme 19

The somewhat startling explanation for these results was the 1dea of

the intermediacy of t-butyl benzyne. Support for this came by performing
thé reactions in the presence of aryne tréps sqoh és furan, anthracene .
_énd'tetracyclone. In all cases aryne“adducts were obtained;Bs It was
postuléted tﬁat the grnitrosoacetanilide rearranges to the diazonium acetate
which then collapses to t=butyl beniyne (Scheme 20). Further confirﬁation
of this came when Franck and Yanagl isolated aryne adducts from

2,5-d1-t-butyldiazonium sélts themselves.56
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OAc

1 AcOH 2 tetraphenyl cyclopentadienone
3 furan 4 anthracene '
* Scheme 20

There was then speculation as to whether other N-nltroscacylanilides
‘decomposed via arynes. 'C.adolgar‘; showed t;hat u—nitrdsoacetanilide ;iecompose_d
in thé‘ presence of anthracene, 1,3-diphenylis obenzof‘ufan, and tetracyclone
to'giye ﬁhc corresponding aryne adducts.57 Similarly Ruchardt and Tan showed
that benzenediazonium chloride dr fluoroborate decomposes In the presence - |
of acetate lon and tetracyclone or anthracehe to give aryne adducts in
‘fair yields.58 Howevér, 1ﬁ both cases_two‘confusiné observations were |

L

fecorded. No aryne adducts were formed in the presence of furan or in
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 the pfesence of water (Scheme 21),

Ph
5Ph

o | |  1 o on
NO. / Ph
PhNCOMe - — o o
. . 1+ 120 >  no aryne adducts
= thrlz;(lAC ; *‘5\‘\\\;\;‘ﬁ;£;' ' _
: S T - no aryne adducts

1 tetrc_lphehyl cyclopentadienone 2 turan

Scheme 21

The only prodﬁct‘obtained with furan was the 'normal' radical product
E-pheﬁjlfuran; The suppressibn of aryne fprmation by furan and water,
initiated interest in the mechanisms of formation of arynes, indeed as

to whether arynes were involvéd at_all.57
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Discussion

The abstraction of hydrégen atoms from the aromatic nucleus, fdrmed
tﬁe basls of preparation of arynes ih earlier years. The essential
requirement was the presence of strongly basic reagents to remove the
weakly acidié hydrogen; typical.conditions involving sodamide in liquid
ammdnia or ilithium amides' in diethyl ether. The abstraction of hydrogen
atoms from aromatic diazonium salts is thus rémarkable in that theibase 
involved ié the qarboxylate ion, which is not generally regarded as a
strong base. Two points become apparent'ih this context in that'the
dlazonium function has a considerable activating effect on the ortho
hydrogens and £he carboxylafe counter ion is unsolvated in éprotib solveﬁfs.
In aqueous systems the acetaté ion, for example, i1s highly solvated and is
consequentiy'regardéd as a weak base, The mild condliticns under which |
the reaction occurs énd the wide.availability of dlazonium salts would
éppear to proviée a new synthetic route of general utility were it not
for the existence of some disturbing observations., The suppfession of
_aryne adducts in the preéence qf furan inltially led to deoubts as to
whe ther benzyne itself was involved and prompted the suggestion that
'arynoid' intérmediates such as (55) and (36) were involve'd.57 These

doubts however have now been removed as competition reactions carried out

' +
+ qu

(35) ,' | (36)

with 9;10-dimethoxyanthracene and anthracene55

~or analysis of A and B
ring products59 from.l,h-dimethoxyaﬂthracene give identiecal prbduct

ratios to those obtained from authentiec arynes. o-Tert-butyl-N-nitrosoc-
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acetanilide however does give aryne adducts in the presence of furan

aﬁd is also unaffected by traces of water, which suppresses aryne formation
from.Efnitrosoacetanilide 1téeif, or benzenediazonium salts. Clearly the'
situationlis complex ahd soﬁe clarification is necesséry.before the full
scobe of the réaction can be realised. The 'inhibitihg' properties of
water were first recognised by Cédoéan who showed tﬁat aryne adducts could
not be qbtained by the established aprotic diazotisation with alkyl nitrite
‘because water was produced ig_§333.60 (Scheme 22), It was further

established that if acetic anhydride was used instead of acetlic acid
. * ’ —
AmONO + CH3COZH-—> NO" + AmOH + OAc
PhNH.,
PhNy" + “0Ac + AmOH + H,0
| Scheme 22
aryne prbducts could be obtained, the principle being that the use of
acetliec anhydride avoids the formation of water. The full scope and
mechanism of this reaction has recently been discussed.61
It thus appeared to us that this method of generating arynes
would lend itself readily to the case of the tetrahalogenoarynes since
the lone aromatic proton 1ls made more acidic'by the strong inductive
effects of the halogen éfoms. This would be particularly useful for
the formation 6f tetrafluorobenzyne as a convenient non-organcmetallie
method of preparation 1s not available. Although tetrafluorocanthranilic
acid is knqwn to0 proceed to tetrafluorobenzyne,62 experience in these
laboratories has shown that this precursor is inefficiently prepared and

63

does not give acceptable ylelds of adducts. It was our Intention

to prepare the tetrahalogencanilines and attempt to generate the
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corresponding tetrahaloarynes froﬁ the respective diazonium salts. The
competition datg of tetrahaloarynes for benzene and p-xylene is
availébleja and thus the intermediacy of tetrahaloaryne could have

_beén estgblished. Tetrafluoro and tetrachlercaniline were prepared by
.reduction of the corresponding nitro compounds while tetrabromo and

again tqtrachloroaniline were prepared by décarboxyiation of the anthranilic
acids. The diazonium fluoroborates were_prepared and allowed to decompose

in B-xyléne'containing anhydrous sodium acetate at ca, lOO?C. In all

cases the main product obtained was the tetrahalogenobiphenyl. (Scheme 23).

Me
NaOAc
N2 BF, — > Me 4 )
H p~xylene H H
X=F 15%
Cl 58% 10% (37}
Br 32% 12% (38)
Scheme 23

No aryné.adducts were found.. As all the starting materials were

carefully dried beforehand to avold suppression of aryne products

1t can be concluded that only the radical pathway is occurring. This
1s.confirmed by the isolatlon of the tetfahalogenobenzenes (37,38) which
would be absent if the biaryls were formed by an electrophlilic process.
T™e fallure to generate the aryne iq this case prompts three explanations,
Eithef aceltate lon 1s not a sufficiently strong base to remove' the ortho
proton; p-xylene is particularly prone to radical attack, or the

chlorine atoms are preferentially directing the reaction along a

radical pathway.
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Reactions of tetrachlorobenzenediazonium fluoroborate with p-xylene

Me
. -
N2IBF1 B
H p-xylene
{39)
B = OMe 53%

11

pyridine 39%

in the présence.of sodiun methoxide or pyridine agaln gave only the radical— ‘
derived pfodﬁct, the blphenyl (59); Identical results were also observed
by tﬁe method of aprotic dilazotisation. When tetrafluqro— and tetrachloro-
aniline were diazotised and decomposed in the presence of iso-amyl nitrite,
" acetic anhydride and p-xylene the halogenated biphenyls (39) aﬁd (40)

were obtained in 51% and 23% ylelds respectively.

Me
NH AmONO
2 m = Me
H AcZO H
p-xylene

X=Cl {39) 51%
=F (40) 23%
- In the presence of furan tetrahalogenobenzenediazonium salts react

t0 give 2etetrahalophenylfurans. Better ylelds of the furans are
obtailned by the method of aprotic diazotisation. The azo-coupling

reactlon also appears to be present, especially noticeable in the case
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X=F 13%
X=Cl  39%

of the aprotic diazbtisafions as red compounds, presumably corresponding -

to (41) and (42) were both isolated in crude form,

. X=F  (41)

Ho =0l (42)
Cther workers in these laboratories have examined this reaction in the
.presenée of g—methylpyrrolega"ahd‘obtained the phenylated compound (43)
and aléo the aéo-cdupled product (44). Thus‘és far as reactions in furén
afe concerned the tetrahalogenoanilines behave in the same way 55'
| aniline itself.

It is now conéidered, "that the sequence of radical and ionic

reactions leading to‘phenylated produéts is domihant in the case of furan§
e.g. the chain sequence, if fast; would cbnsume the precursory diazonium.

cation in successful competition with its conversion to benzyne."59a
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NHy ~ AmONO
H  Ac,0
- N-methyt pyrrole

(44)

The.suppression of aryne formation in furaﬁ is then merely a conséqUenée

of the much more favourable radical pathway operating. The presence of o
‘diazowcoupléd products would indicaté ﬁhat the7benzéhe diazonium ion |
- may also be removed by a fast coubling reaction in addition.to a redox
: feabtion to form radicals." H

it is possible t0 reduce the ease of radical'substitution'in_thé

furan.s§étem by_bldcking‘tﬁe 2- and 5-positions. This ﬁas obsefvéd‘whén‘
tetfachlofobenzenediazonium fluorobéréte was reacﬁed with 2,5-dimethyl

furan. The product obtained was the pyrazole (45).

* - -
N2BF,  NaOAc
H . 25-dimethyl H

' furan

{45)
'This is nop derived from a radical reaction but probably by a cqupling

process as depleted in Scheme 24, This formation of pyrazoles has been

observed by Eastman and Detert65 and indeed Cadogan has isolated similar

_ . S 66
compounds from decompositions of some N-nitrosoacylanilides in 2,5~-dimethylfuran
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N2

+ Me/ \Me | Me/ N

Scheme 24 '

This is in contrast to the proposed charge transfer complex formed
by benzenediazonium acetate and 2,5-dimethyl furan leading to

- 6
2-methyl-5-benzyl furan 6 Scheme 25,

+

N.N.A ——> PhN,OAc ——>

ﬂ o | ©(N2
-— -
Me L,/ CH,Ph Mo == Ry,

Scheme 25

,‘1 Although henzenediazonium salts are known to glve benzyne adducts
with tetracyclone, tetrachlorobenzenedlazonium fluoroborate did not react

at all, the only products obtained were substitution products from the
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£¥xylene used in the latter stages of the reaction. These results lead

us to conclude that tetrahalogenobenzehe diazonium salts do not deccmpose
to ar&nes and that 1t 1s the‘halogcns that are in some way directing the
reaction away from aryne fqrmétion. This 1s borne out‘by a sefies of
experiments with other diazonium salts. The introduc+ion of one chlorine

atom in the para pos ition gives a conoiderably reduced yield of aryne
Diazonium fluoroborate % Aryne adduct

o T

Cl

H

Based on reactnon

ArN,BF, + tetracycione —— O

't 70% based on tetracyclone

adduct. Similar trends have been observed by Cadogan in decompositions
. N 59 ' ' '
of various N-nltrosoacetanilides.

-In these reactions il can be seen that when aryne formation 1s

suppreassed, lhe products found are those derived from attack at the

terminal nitrogen atom 1.c. elther coupling or radical reactions occur.
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ZWhatever the main mechanism for the production oflffee rédicals_in

theée reaclions initiation must occur by the formation of a covalent
diazo‘species. It is known that diazonium salts with eleofron withdrawing
groups in the ring are more powerful diazo-coupling agents; 2,4,6~ |
trinitrobenzenediazonium lon, for instance couples with mesitylene,67
normally an unreactive coupling agent; .This.increased'coupling power

is brought aboﬁt by an increase 1in the eléctrophilicity of the diazonium
function. Thus in the reacfions of tetrachlorobenzenediazonium salts,
"although the lone proton is hore acldie, the diazonium function has a

considerably increased propensity for dlazo coupling. It is thus likely

that intermediates of the type (46-48) are formed. The base is thus

N=N-0OAc N=N--OMe
H H
(46) y— - (47)
NZN-N /
H
(48)

removed from the reaction and the resultant azo linkage has none of the
activating effects of the diazonium grbup. All these inférmediates are
known t¢ lead to aryl radicals. The diazoacetate forms part of the
established breakdown of N-nitroscacetanilide as previously mentloned.
Diazo-ethers have not been examined in great detall and would appear to
be in the main unstable speciesul although some stable compounds are
known. Bunhett has shown that in the reaction of the p-nitrobenzene-
diézonium ion with methoxide ion,the inltial step is the fast formation
of the cis azo;ether which may elther proceed to phenyl radicals or
iczomerise to the trans azo-ether68 which was isolated in the react;on

(Scheme 26), In a reaction of tetrachlorobenzenediazonium.fluoroborate
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Np  OMe N=N-<ome
0,N fast 05N
0 Me
N=N"
0,N slow ,ozN
Scheme 26

and sodium methoxide in methanol tetrachlofobenzene was obtained
indleating the ready formation of radicals,and by implication attack
at nitrégen. Abramoviteh has demonstrated the capture of the
‘diazonium ion by pyridine to form the intermediate (48).69

In addition to the increased rates of diazo céupling produced

by electron withdrawing groups, it may also be noticed that the coupled
products are thermodynamically more stable. The stability 6f p-nitro- .
benéenediazo—methylether compared with the parent diazo-ether has already
been mentioned. A further example of this is found in the 3,3-dlalkyl

triazenes, formed by coupling of arenediazonium ion and dimethylamine.

Noy N=N~-NMe
2, Me,NH ——= © 24 H'

These.triazehes may be regarded as stable sources of the diazonium ion

since they can be converted in the presence of acld to the origlnal
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diazonium ion. Thus Hey discovered that they ar‘e‘potential sources of

. aryl radicals and shéwed that upon heating in afématic solvents in the
presence of acetic or hydrochlorle acid, biafyls may be formed in much
the same way as N-nitrosoacylanilides, or diazonium salts 1in the Gomberg
reaction.46 Tn the light of this research 1t would seem that these

"~ triazenes may also be potential aryﬁe precursors. We have prepared

the halogenated triazenes (49 X = F, Cl) and found that when they were

N=N—NMe, p-xylene
H
(49)

no reaction

Cly CCOZH

heated under reflux in p-xylene containing trichloroacetic écid they

were recovered quantitatively even after many hours of attempted reaction. N

They thus possess considerable stability. In contrast when the triazene

. Ph
N=N-NMe 5 ! a “Ph + @Ph
| ' Ph -
Ph_

\2 .
~ Ph |
- QD

1 tetraphenyl cyclopentadienone
2 anthracene

Scheme 27

(49 X = H) was heated under reflux in benzene, containing tetracyclone,
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Al

éodium trichlorocacetate, and trichloroacetic acid, tetraphenyl

" naphthalene and bipheﬁyl were obtained, in 35% and 18% yields respectively.
Similarly when healed in 1,2-dlchlorocethane containing énthgacene, tri-
cthroacctic acid, and sodium trichloroacetate;‘triptycene and 9-phenyl
anthracene were isolated in 15% and 31% yields (Scheme 275. In this

case fhe triazene is converted to the diazonium ion which'then proceeds

to\botﬁ benzyne and phenyl radicals (Scheme 28).

N=N-NMe, NN,
——— T
HY
Scheme 28

We then decided to determine the exact mode of breakdown of the

' 64 .
diazonium ion to benzyne. There are three possibllities, a concerted

elimination of H@'and N2, prior loss of N or prior loss of He (Scheme 29).

2
All three mechanisms have heen suggested in ﬁarious circumstances

but no evidence has ever been presented.47’ 56a, 58 We proposed

to approach the problem by preparing a sultably deuteriated anlline and-

then tb examine the deuterium contents of'ﬁhe products. ngeuterio-aniline
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N, . _u*
Ny =Ny —H* o
-_H+
N2
Scheme 29

70

was prepared by the method of Heaney, Sketchley and Mascn from

grbromoaniline by lithiation and quenching with D.O.

5 The gadeutérioaniline

NHZ oo NDZ Buli NH2

D, 0

thus prepared contained 81% deuferium, deﬁefmined'as o-deuterioacetanilide.
The most suitable system for the experiment was found to be anthracene
in 1,2-dichlorcethane using potassium acetate as the base to form the

aryne. In this way it was found possible to monitor the radical pathway
as 9-phenyl anthracene and the aryne pathway as triptycene. The levels

of deuterium found in the products are listed in the table.

. Eompound % deuterium
Acetanilide 81.% 2

Triptyecene 187 eHl
9-phenylanthracene 364 EHl’ 7% 2H2
Ace tanilide 42% 2Hl '

ﬂ-hydroxyaéobenzene

7ll

419 '?Hl



The most 1mportaﬁt point'about these results is the significant amount
of"wéshing.out'-of deuterium. This immedintely rules out a concerted
elimination as the bond breaking would be controlled by a kinetie isotope
effect and would have resulted in a retention of considerably more than
one half of the deuterium content. If the formation of a phenyl cation
was the inifial step than the rupture of the C-H bond would not occur
in the rate determining step and the deuterlum loss would approximate to

the statistical wvalue of B0%. The deuterium content of the radical -

: H
N4 + |
2 —
rd.s. H :

equal probability

of loss of HF

product, 9-phenylanthracené, dogs approach a ca. 50% loss. However the
presence of a small amount of the di-deuterated product 1s hard to
" rationalise. The situation Becomes ¢lear when one examlnes a primary
loss of H' to give the betaiﬁe {(36). If this occurs then deuterium will
NP - Hor D' N
2 2

—e e

+ Hor D"

(36)

be lost and if there 1s an equilibrium, will be replaced by hydrogen.
Also 1t is_possible to lose hydrogen ion and be replaced by deuterium,
This explains the orlgin of the di-deuterated species found in the
reaction. At equilibrium there will be a 'common pool' of deuterium and
the déuterium content of the ar&ne product should be approximately one

half of that found in the radical product. This is indeed the case
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(18% against 42%) and if the dideuteriated species shows any preference
to go to phenyl radicals the agreement Is even more striking. It is
likely, however, that the fact that the aryne product, triptycene,

contains exactly one half D, of the G-phenylanthracene is merely

1
coincidence, If this_mechanism is tenable then it is theoretically
possible to wash.deuterium into £he.pr0duct stérting with a non-deuterated
sample. It was found however that qnly ca, 1% coula.ﬁe washed in when
unlabelled benzenediazonium chldride wag decomposed under the similar
cqnﬁitions in the presence of Q-deutericacetic acid. Why this is so
is not élearly understood. An alternative way of establishing that the
betaine can be protqnated'is to vary the_acid concentration and examine l
the effect on the ratios of 9-phenylanthracene. to triptycene, An
increase in the acld concentration would move the équilibrium from
the betaine (36) to the diazonium ion., If benzyne is formed solely from
' the betaine and radicals from the diazonium ion (initially), then this
shift of equilibrium would produce an increase in the yield of radiecal
product. A series of control reactions was performed in which benzene-
. diazonium‘chloride was decomposed in a solution of anthracene in 1,2-
dichlorcethane containing potassium acetate and varying amounts of acetic
acid. TFrom the table-

No,equivs. of HoAc. 0 1 2 4

Ratio of 9-phenylanthracene/triptycene 1.3 2,6 2.9 3.8
and the graph (fig. 1) it can be seen that the radical product increases
as the acid concentration is raised. Benzyne 1ls thus formed from
benzene dilazonium ioﬁ by an Eleb mechanism. The mechanism of the
whole rcaction is cutlined in Scheme 30,

It follows from the Scheme that if hydrogen ion is removed from the
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9-ph.anth./tript.

moles

10

of acetic acid

15

20



S ‘ | . : .
N=N—0Ac @Nz OAc N5
' - -_ —_

H'l'

g-pheny!l anthracene triptycene
Scheme 30

system than aryne adducts will be favouréd. This may be achleved by_
Iusing an anion of an insoluble acld as the base such as Efchlofobenzoaté.
Cadogan has remarked on the 1ncreaséd yiélds of aryne products;obtained ‘
'when p-chlorobenzoate 1s used as the counter ion‘parfigularly in an
aprotic solvent such as carbon tetrachloride.Tl
p-Chlorobenzoic acld is found to crystallise from sclution when
N-nitroso-p-chlorobenzanilides are decomposed.  The scheme also offers
~an explanation for the apparently anomalous effect of water., If the
souréé of H+ in.the reaction islacetic acid then the betaine will be
protonated to glve the diazo-acetate (Scheme 31). This can still lead
to aryne products howeﬁer, as the diazonium ion is still in equilibrium
with the dlazoacetate altﬁoﬁgﬁ the equllibrium has been moved in favour
of the diazo-acetate. If the source of H+ 1s from water however,
the betaine can be removed as the dlazohydroxide., The difference here
' | ]

is that the diazchydroxide cleaves spontanecusly at the O-H bond and

not at the N-0 bond as in the previous case. Thus the dlazonium ion,
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+ , ' + -
N2 HOAc N=N-0Ac____. ©N20Ac
10AC, N—

N=N-OH N=N-0"
i —

s e

" to radicals
via scheme 17

Schéme -‘31A

- which is the precursor for the betaine, and hence benzyne, cannot be’

régeneréted and further the diazotate anlon is a direcf precursor

for the formation of phenyl radicals. It is thus not surprising

that the presence of water Inhibits the formation of aryne adducts.
The exisfence of the betaine, the 'arynoid' originally suggested

by Cadogan as an alternative to benzyne 1n these reactibns,,provokes

cne further consideration In the éase of the halogenated diazoqium

salts. It 1s possible that the comparable intermediate (50) is being

formed but does not continue to tetrahalobenzyne. We tested this
+ +
N2 N2
—e——————— —
H _
(50)

possiﬁility by decomposing 2-deuterio-tetrafluorobenzenediazonium

fluoroboratelin p-xylene containing potassium écetate. The biphenyl
formed was shown to have the same deuterium content as the starfing
material. Thus the betaine (50) is not formed gnd attack by nucleophlle

on the tetrahalogenobenzenediazonium ion occurs execluslvely at nitrogen.
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NEBFZ CH4CO.K

-

D : p-xylene

complete retention

. Tﬁe case of the gyﬁrbutylbenzénediazdnium ion remains anomalous.
ﬂThe fact that water and furan have no effect on aryne formatién argﬁes
strongly against the mechanism Just described. In this c¢ase the aryne
is undoubtedly formed by'an El mechanism involving the aryl cation,

The cation is protected from the usual nucleophilie reactions by the

. - o
2 — —

bulky Erbutyi group_adjaeenﬁ to it.ss

In conclusion it mﬁy‘be said ﬁith some Justification that in reéctions
of nucleophiles.with diazonium salts the complete range of possibilitles is
displayed. Reaction at the terminal nitrogen leads to coupling and |
radical products, reaetioh at thecdiazonium ring carbon Involves phenyl .
cations and reaction at any other (usually para) ring carbon leads to
ﬁucieOphilic dispiacement. In this context, réaction at the ortho
_hydrogen to giye arynes merely constitutes alnewly discovered pathway

to add to the already known modes of décomposition of arenediazonium ions.

Tre



" O

coupling radicals arynes

<) ey
-———.—ﬁ "
X R - X R

cations nucleophilic disptacement
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Experimental

Génefal Thé general detéils were as deScribed in chapter 1. All
‘diazonium_salts were handled with wooden applicator stické and dried
over phosphorie oxide in igggg.

p-Aylene was dried over éodium wire; carbon tetrachloride and
1,2-dichloroethane were distilled and kept‘over molecular sieve (4A);
benzene was dried over SOdium wire and distilled from lithium aluminium
hydride in reactions with diazonium salts br triazenes.

n-Butyl lithlum was obtained 1n hexahe solution and was approximately
2.5M,

Potassium acetate was dried at 100°C before use.

‘1. Preparation of Tetrafluorcaniline

2;3,4,5~Tetrafluoronitrqbenzene (20 gms.) was stirred at 80°c ﬁith
finely granulated tin (L7 gms.) and conc. hydrochloric acid (42 mls.)
a@ded dropwise ,maintalning the temperature at BOOC by‘occasional cooling. -
Stirring was continued for 5 hrs. and the mixture was made alkaline by
additlon of sodium hydroxide. Stéam distillation gave a'pale yellow oil
which was extracted‘into ether and dried over anhydrous magnésium sulphate:
Removal of solvent gave a yellow coil which on distillation gave 2,3%,4,5-
tetraflucroaniline as a coloﬁrless liquid (b.p. TBOC @ 20 mms., ) thch
erystallised to colourless needles (9.7 gms. 59% lit. m.p. 2700.72)

2. Preparation of Tetrachloroaniline

I, 2,3,4,5~Tetréchlor6nitrobenzene (1% gms. 0.05 moles) was added to a
mixture of iron powder (16 gms) and industrial aleohol (30 mls.) The
mixture was warmed until the organic solid was in solution. Cone, h&dro-
chloric acid (2 ml.s) was added and the mixture heated under reflux for

60 mins. The mixture was made alkaline by the addition of aqueous sodium
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hydroxide and filtered while still hot. The residue was washed Oncé with
warm benzene and the organic phases combined. Removal of solvent gave a
- brown solid which on recrysﬁallisation from methanol gave fetrachloro-
aniline (9.4 gms. 81%) m.p. 119-21°C (1it. 118-20°¢T7).

I1. _Tetrachldroanﬂhranilic acid (1 gm.) was dissolved in conec.
sulphuric acid {30 mls.) and maintained at 15000 for 3 hrs. After cooling
to room temberature the solution was quenched in ice (200 mls.} and the
precipitated éolid extracted into éther. Most of the aqueous phase was
séparated and the.remaining Interfacial éuspension of'the'amine salt
neutralised with sodium hydroxide solution uﬁtil the liquid phases were
clear. The ether layer was dried over magnesium sulphate and solvent
removed to give 2,3,4,5-tetrachloroaniline (573 mgs. 68%) m.p.lEO-lOC (from
methanol). |

B Preparation of 2,3%,4,5-tetrabromoaniline

- Starting from tetrabromoanthranilie acid (2 gms) ana using the
method previously described at a temperature of_EOOOC,é,B,R,S-tetra-
bromoaniline was obtained as a tan powder (1.l gns . 61%). A sample was
dissolved in methanol, filtered through activated charcoal and allowed
to erystallise. The aniline was thus obtalned as a white'crystalline
solid (m.p. 148°% 11t.123°c,74 148-5000,75)M[mass spectrometry] 409

V., 360, 3360, 1605 ems. ™t

4, Preparation of 2,3,4,5-Tetrafluorobenzenediazonium fluoroborate

2,3,h,5-Tetrafluoroaniline (10 gms.) was dissolved in a solution
of fluoroboric acid (15 mls. 40% soln.) in tetrahydrofuran {100 mls, )
The solvent was removed and replaced by diethyl ether (100 mls.) The
solution was cooled to 0°C and igocamyl nitrite (9 hls.) added dropwise
with stirring. After 20 mins. the volumlnous dlazonium salt was filtered,
washed with ether, and dried in a wvacuum desiccator. The final yield was

12.8 gms. (80%).
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5. Preparation of E,B,ﬂ,5-tetrﬁchlorobenzenediazoniuﬁ fluoroborate
2,3,4,5-Tetrachloroaniline (2.3 gms.) was dissolved in tetrahydrofuran

(20 mls.) containing fluoroboric acld (4.2 gms.). Thé solution was

cocled to be low 500 and isoamyl nitrite (3 mls.) added dropwise with

stirring. After 20 mins. the mixture was diluted with ether and the

diazonium salt filtered,,washed with ether and dried in a vacuum

desicecator to give 2.5 gms. of tﬁe diazonium salt..

6. Preparation of 2,3,4,5~tetrabromobenzenediazonium fluoroborate

Using the procedure described above the dlazonlum salt was
obtained as a pale pink solid in 35% yield. The solid did not crystallise

until the addition of ether.

7. Reaction of 2,3,4,5~Tetrafluorobenzenediazonium fluoroborate and

p=xylenc

‘2,3,4,5-Tetrafluorobenzenediazonigm fluoroborate (1.3 gms. 0,005
moles) was stirred at ca. lOOOC in a mixture Qf anhydrous sodium acetate
(400 mg. 0,005 moles) and dry p-xylene (100 mls.) for 5 hrs. The
reaction mixture was filtered and solvent removed to glve a brown
residué. Preparative layer chromatography'on silica (7 i 1l metre x

20 em X 0.5 mm:eluent light petroleum) gave 2,3,4,5-tetrafluoro-2',5'~

dimethyl biphenyl (17.8 mgms. 15%) m.p. 59-60°C (ethanol)

T2.85-3.40 (m, 4H), 7.69 (s, 3H), 7.88 (s, 3H).
V ay 30305 2940, 1630, 1550-1450, 1365, 1200, 1135, 1080
1040, 1020, 920, 815, 800, T10 A
?\max. 212 (%.33) nms. |
(found: C, 66.4; H, 4.058 M [mass spectrometry] 254
Cl4HlOEh requires C, 66.2; H, 3.95% M 254)

8. Reaction of 2,3,4,5-Tetrachlorobenzenediazonium fluoroborate and

p-xylene

The diazonium salt (2.0 gms.) was stirred in dry p-xylene (100 mls.)
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containing anhydrous sodium acetate (600 mgs.) fof 16 hrs. and maintained

at ca, lOOOC. The mixture was filtered and solvent removed to give a

brown oil. Preparative layer chromatography on siiica (8 x1 métre x

20 ems. x 0.75 mms:eluent light petroleum) gave two bands.

a) Rf 0.9 gave a white erystalline solid shown by lH n.m.r. and gas
chromatography to be tetrachlorobenzene (i}l mgs. 10%) m.p. 43-6°¢
(methanol)(1lit. m.p. 46-7° Y6 )

b) Re 0.6 gave a clear o0il (1.12 gms. 58%) which crystallised on

standing to afford 2,3,4,5-tetrachloro-2',5'-dimethyl biphenyl

m.p. 54-5°C (ethanol)
| T2.65-2.90 (m, 2H), 7.70 (s, 3H), T7.97 (s, 3H)
0! 3030, 2930, 1630, 1600, 1420, 1400, 1350, 1175, 870,

max

| 840, 820, 800, T15, 700
A 218 (4.42) nms.

max.
(found: ¢, 52.5; H, 3;15% M [mass spectrometry] 320,

CiuH10014 requires C, 52.55; H, 3.15% M 320)

9, Reaction of 2,3%,4,5-Tetrabromobenzenediazonium fluoroborate and o

p-xylene
The diazonium salt (900 mgs.) was stirred in p-xylene (50 mls.)

containing anhydrous sodium acetate (200 mgs.) for 48 hrs. and maintalned
at ca, lOOOC. Work up as described for the chlorinated analogue gave :
a) At Ry 0.9 a white solid identified at l,2,3,4-tetrabromobenzené

(81 mgs. 12%) m.p. 59-60°C (ethanol)(iit. m.p. 62-300.75 )

T2.60 (s).

(found: C, 18.2; H, '0.5% M [mass spectrometry]389.6905

C6H2Br4 requires C, 18.3; H, 0.5%. C6H279Br4 requires

M 389.6892)
b) At Rf 0.7, a clear oll which crystallised on standing to give

2,3,4,5-tetrabromd-2',5'-dimethy1 biphenyl (276 mgs. 32%)

82.



m.p. 54—600 (methanol )
T2.53 (s, 1K), 2.85-2.93 (d, 2H), 7.70 (s, 3H), 7.97 (s, 3H).
'Umax 3020, 2930, 1510, 1390, 1330, 1165, 1030, 875, 810,
760, 700
Amax 218 (4.77) nms.
(found: C, 33.8; H, 2.14 M [mass spectrometry] 498
014H10Br4 requirgé c, 33'7;.H’ 2.0% M 498)

10. Reactlons of Tetrachlorobenzenedlazonium fluoroboraﬁe and p-xylene

using pyridine and sodium methoxide

The reactions were performed in exactly the same way as wilith
sodium acetate, using the diazonium salt (1 gm.), p-xylene (150 mls.),
and pyridine (0.5 mls.) or sodium methoxide (166 mgs.). The yields
of 2,3,4,5-tetrachloro-2',5"'-dimethyl biphenyl obtalned were 39% and
53% respectively. |

11. Aprotic dlazotisation of Tetrafluorcaniline in p-xylene

. 2,3,4 5-Tetrafluorcaniline (830 mgs. 0.605 moles) was dissolved

.in a mixture of acetic anhydride (1.55 gms. 0.015 moles) and b-xylene
(150 mls.) Iscamyl nitrite (1 ml., 0,075 moles) was added and the
mixture heated with stirring at ca. 100°C for 24 hrs. Removal of
solvents gave a red oil which was piaced‘on a colum of alumina {100
gms.). Elution with light petroleum gave & clear o0ll which crystallised
on standing, and was shown by t.l.c. and lH n.m.r. to be 2,3,4,5-tetra-
fluoro-2',5"'-dimethyl biphenyl (310 mgs. 23%)

12. Aprotic diazotisation of 2,3%,4,5-tetrachlorcaniline in p=-xylene

Using an identical procedure as 1n the fluoro analogue and the
same molar scale, 2,3,4,5-tetrachloro-2',5'-dimethyl biphenyl was

obtained (491 mgs. 30%)
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“ 1%, Aprotic diazotisation of 2,3, .,5-tetrafluorcaniline in furan

2,3,4,5-Tetrafluoroaniline (5.0 gms.) was dissolved in furan
{100 mls.) containing acetic anhydride (9.0 gms.). Isoamyl nitrite
(6.0 mls.) was added and the solution heated under reflux for 3 hrs,

The solvent was removed and the residue chromatographed on silica

(500 gms.). Elution with light petroleum gave 2-(2',3',4',5'-tetrafluoro-

phenyl)furan (840 mgs. 13%) m.p. 54-500 (MeOH ).

T 2.35-2.85 (m, 1H), 2.45-2.55 (d, 1H J5

- (t, 1H I5y = J3_2F = 3.40 Hz), 3.40-3.55 (q, 1H Ty_g = 1.55 Hz,

_y = 155 Hz), 3.05 - 3.22

J4_3 = 3.4‘Hz)
W)max 1620, 1550-1450, 1330, 1230, 1080, 1000, 890, 860,
820, 810, 740, 710 cms. ™
7\max. 215 (4.04), 275 (4.28) nms.
(found: C, 55.35; H, 1.75% M [mass spectrometry] 216
Cy oHy Fiy0 requires C, 55.5; H, 1.85% M 216)
Further elution with benzene gave an orange red oil (972 mgs.)
the lH n.m.r, spectrum of which was similar to the first fraction,

presumably an azo-coupled product.

14, Aprotic diazotisation of 2,3,4,5-tetrachloroaniline in furan

Ry an 1ldentical procedure to that described for the fluoro analogue
using tetrachloroaniline (2.3 gms.), acetic anhydride (3.1 gms.) and

isoamyl nitrite (2 mls.) was obtained:

a) 2,(2',3",4',5'-tetrachlorophenyl )furan (1.1 gms. 39%) m.p. 90-2°C
(methanol)

T 2.23 (s, 1H), 2.50-2.60 (d, 1H J__, = 1.55 Hz),

5
2.75-2.95 (4, 1H Jy_, = 3.75 Hz.), 3.50-3.65
_(q, H Jy_5 = 3.75 Hz, J) . = 1.55 Hz.)

V,p. 1490, 1420, 1375, 1330, 1190, 1020, 920, 870, 850,

800, 750 cms.“1
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?\ 211 (%.29), 293 (4.28) nms.

max.

(found: ¢, 42,8; H, 1.7% M [mass spectrometry] 282

C1olyCL,0  requirves €, 42.6; H, 145 M 282)

b) A red oil (1.2 g,) which partially solidified on standing. The

lH n.m.r. spectrum was similar to a) indicating that the compound
was possibly the diliazo-~coupled product.

15. Preparation of 2,5-dimethyl furan

Hexane-2,5-dione (114. gms.), acetic anhydride (li2 gms.) and
zine chloride (1 gm.) were warmed until a vigorous reactién ensued,
When the reaction had subsided the mixture was heated under reflux
for 3 hrs., and neutralised with dilute alkali. The solution was then
steam distilled and the organic layer separated and dried over mégnesium
sulphate. The crude product was dlstilled and a middle fraction b.p.
94-500 taken as pure 2,5-dimethyl furan (48.7 gms. 51%)(1it. b.p. 93-400.77)

16. Reaction of 2,3,4-tetrachlorobenzenediazonium fluoroborate and

2,5-dimethyl furan

2,3,4,5-Tetrachlorobenzenedlazonium fluoroborate (1.7 gms.) was
added to a stirred suspension of sodium methoxide (280 mgs.) in carbon
tetrachloride (50 mls.) containing 2,5-dimethyl furan and maintained at
a temperature of 50°C for 60 mins. Removal of solvent gave a black
residue which was slurriced in benzene and placed on a colum of silica
(200 gms.). Elution with °O% diethyl ethermbenzene gave, after a

small quantity of brown 'gummy' material, 1{(2',3',4',5' tetrachlorophenyl)f

-3-acetyl-S-methyl pyrazole 615 mgs. %5%) m.p. 162~}OC (ethanol)

T 2.45 (5, 1H), 3.28 (s, 1), 7.45 (s, 3H), 7.83 (5, 3H)
V 3160, 1700, 1410, 1375, 1350, 1330, 1215, 1150,
940, 860, 815 oms.'l

A 272 (3.82) nms.

max.
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(found: C, 42.65; H, 2.5; N, 8.25% M [mass spectrometry] 338

€, HgCLN,0 requires C, 42.6; H, 2.35; N, 8.3% M 338)

Accurate mass measufement of molecular ion gave M 335.9419 and M-15,
320.0173:

C12H835014N20 requires M, 335.9391 and M-15, .520.9156.

17. Reaction of p-chlorobenzenediazonium fluorobordte and tetraphenyl-

eyclopentadiencne

p-Chlorobenzenedliazonium fluorobofate (2.3 gms.) was stirred in a
suspension of sodium acetate (l.d gms. ) in carbon tetrachloride
containing tetraphenyl cyclopentadienone (4.0 gms. ) and maintained at
reflux for 6 hrs. The solveht was premoved and the residue placed on a
‘colum of alumina (250 gms.). Elutién with 30% benzene-light petroleum
‘gave 1,2,3,4-tetraphenyl-6-chloronaphthalene (215 mgs. 5%) m.p. 230-2"C
(1it.m.p; 229-5000.593) Further elutlion with benzene, gave unreacted
tetraphenyl cyclopentadienone (2.6 gms).

18. Reaction of 2,3,4,5~tetrachlorobenzenediazonium fluoroborate and

te traphenyleyeclopentadienone

The diazonium salt (1.0 gms,) was heated under reflux with sodium
methoxide (166 mgs.) in a solution of tetraphenyl cyclopentadienone (1.92
gms.) in carbon tetirachloride (100 mls.) for 16 hrs. The solvent was
removed and replaced with a solution of maleic anhydride (0.5 gms.) ih
p~xylene (lOO mls.}. The mixture was heated under reflux for 4 hrs. by
which time the purple colour of the excess tetracyclone had disappeared.
Sqdium hydroxide solution (0.5 gms. in 50 mis. HQO)WaS then added and the
two-phase system heated under reflux for 3 hrs. The organic layer was
separated and dried over magnesium sulphate and solvent removed to give
a brown residue. lH n.m.r. ¢f this material showed it to be mainly-

material derived from attack on the p-xylene as deseribed previously.
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19. Reaction of 2,3%,4,5-Tetrachlorobenzenediazonium fluoroborate ahdr‘

sodium methokide-

Sodium (200 mgs.) was dissolved in methanol (50 mls.) and the“solotionﬂ
cooled to OOC. The diazonlum salt was added and stirred at QOC forrk,hrs;_
and then overnight at room temperature. The solutlon was filtered ano
solvent removed to give a brown crystalline solid (422 mgs.) shown by
lH n.m.r. and recrystallisation from ethanol to be 1,2,3,4-tetrachlorobenzene
(65%) m.p. 45° (it. 46-7%.70)

20. Preparation of 1l-phenyl-3,3-dimethyl triazene

Aniline (20 gms.) was dissolved in a solution of fluoroboric acid
(60 gms. 40% soln.) in tetrahydrofuran (200 mls.) and cooled to 0%.
Isoamyl nitrite (25 mls.) was added dropwise with stirring and maintained
below lOOC for 30 mins. An equal volume of ether was added, the diazonium
salt filtered, and added to an ice-cold solution of dimethylamine hydro-
chloride in sodium carbonate (500 mls; 10% aqueous soln.). After stirring
at room temperature for 60 mins. the solution was extracted with ether
and the organic phase dried over magnesium sulphate., Removal of solvenf
gave'a.yellow oil which on distillation gave l-bhehyl-} 3=-dime thyl

triezene'(24‘gms. T5%) b.p. T35-5 % at l 5 mns. (1it. b. p 125—127 ¢ at 19 m. m46).

21, Preparation of '1(2',3',!+',5'-tetraf1uoropheny1)-3,5-dimethy1
"triazene - | o |

_ 2, 3,” B- Tetrafluoroaniline (lO 0 gms ) was dissolved in a mixture
:of fluoroborlc acid (15 gms. 40% soln ) and tetrahydrofuran (50 mls. ).
"The solution was allowed to stand for 30 mins. and the solvents removed
and'replaced with ether. The ether solution was cooled to O C and isoamyl
nitrite (9 mls. ) added dropwise maintaining the temperature be low 5 C.
The solution was stirred at this temperature for a further 30.mins. and

the suspension of dlazonium salt thus formed cooled to -20°¢. Anhydrous
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dimethylamine (10 mls.) was added and the solution stirred at 0%¢ for
30 mins. and then overnight at room temperature. The solvent was
removed and the residual oll fractionally distilled to give isoamyl

alcohol (b.p. ?OOC at 15 mms.) and 1(2',3',4',5"«tetrafluorophenyl )~

-3, me riazene obtained as a yellow o .p. 8- a
5, 5~dimethyltri btained 11 il (b 78 8000 t

1.5 mms.) solidifying in the receliver (5.5 gms. 42%) m.p. 51—20C

(from ethanol).

T2.70-3.2% (m, 1H), 6.48 (s, 3H), 6.80 (s, 3H).

W)max 3090, 2940, 1640, 1540-1440, 1410, 1380, 1350, 1305

1270, 1190, 1180, 1050, 960, 820, 710, 690 ems. L
?\max 215 (4.00), 285 (4.02), 315 (4.12) nms,
(found: C, 43.4; H, 3.3; 18.858 M [mass spectrometfy] 221,

CBHY 4N3 requires C, 43.6; H, 3.2; N, 19,14 M 221}.

22.1l Freparation of 1(2',ﬁ',#',5'—tetrachlorophenyl)—},E-dimethyltriazene;

2,5,4,5-Tetrachlorobenéenediazonium flueroborate (5.0 gms;) was
suspended in chloroform (100 mls.) and cooled to 0°c. Anhydrous
dimethylamine (30 mls.) was added, and the resultant clear solution
allowed to stand at room temperature for 15 mins. and then washed with
water. The organic layer was dried over magnesium sulphate and solvent
removed to give 1-(2',3',4',5'-tetrachlorophenyl )-3,3-dimethyltriazene
(4.3 gms. 100%) m.p. lO5u6OC (from ethanol)

T2.60 (s, 1H), 6.45 (s, 3H), 6.80 (s, 3H).

V... 2930, 1560, 1480, 1415, 1350, 1250, 1160, 1110, 1090,

860, 830, 760, 650 cms.” T

P\max"eog (4.27), 244 (4,21), 304 (4.27), 335 (4.16) nms.

(found: C, 33.5; H, 2.2; N, L4.7% M [mass spectrometfy] 287.
CgH requires C, 33.5; H, 2.4; N, 14.6% M 287).

7014N3

23. Attempted decomposition of 1{2',3',4',5'-tetrahalophenyl)-3,3~

-dimethyltriazenes in p-xylene

Anhydrous potassium acetate (2.0 gms. 20 m.moles) was suspended in
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a solution of trichlorocacetic acid (1.4 gms. 10 m.,moles), and
1(2',3',4',5" -tetrahalophenyl )-3,3-dime thyltriazene (X = Cl, 5 m.mole)
in p-xylene (100 mls.) and stirred vigorously at 80°¢ for 16 hrs. and at
- reflux for a furéher 2 days. The solution was filtered and the starting
méte rial recovered unchanged,

The triazenes were also recovered unchanged ﬁhen solutions in

p-xylene were photolysed for 16 hrs.

o4, Decomposition of l-phenyl-3%,3-dimethyltriazene in the presence 6f

tetraphenyl cyclopentadlienone

1-Phenyl-3,3-dimethyltriazene (0.75 gms. 5 m.moles) was dissoivedr
in dry benzene (50 mls, ) confaiﬁing‘tetraphenyl cyclopentadienone (2.@
gms., 5 m.moles ), Anhydrous sodium trichloroacétatei(i.? gms. 10 m.moles)
was added and the solution brought to reflux with vigdfous stirring;
Trichloroacetic acld (1.5 gms. 10 m.moles) 1In dry benzene (10 mls.)
was added dropwise over 20 mins. and the mixture maintained at reflux
for 16 hrs. The suspensiop was filtered and solvent removed from thé
filtrate to glve a black reéidue which was placed on é column of alumina
(%00 gms.). Elution with light petroleum gave white solid shown by i.r. _
spectroscopy to be biphenyl (142 mgs. 18%) m.p. 69-7000 (1it. m.p. 710034).
Elution with 30% benzene-light petroleum gave a white solid shown
by i.r. spectroscopy to be 1,2,3,4-tetraphenyl naphthalene (719 mgs. 35%)

m.p. 204-5°C 1it, m.p. 204°%:. T8

*In contrast to Hey's_report we found that decomposition wlth
acetlc acid was slow but proceeded readlly in the presence of trichlorecacetic

- acid.

| 25. Decomposition of l-phenyl-3,3-dimethyltriazene in the presence of

anthracene | | _
i-Phenyl-},}-dimethyltriazene (750 mgs. 5 m.moleé) was dissolved in

anhydrous l,2-dich10roethane_Qontainihg anthracene (900 mgs. 5 m.moles )
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and sodium trichloroacetate (1.7 gms. 10 m.moles). The mixture was
warmed to gg; 60°C and trichloroacetic acid (1.5 gms. 10 m.moles)

in 1,2-dichloroethane (10 mls.) added dropwise with stirring. The
mixture was then heated under reflux with vigoroué stirring for 16
hrs. Thé reaction mixture was filtered and solvent rgmoved to glve

a brown residue which'was placed on a.column.of silica (300 gms.)
Elution with light petroleum gave unreacted'anthracene (429 mgs. 34%).
Elution with 20% benzene-light petroieum gave 9-phenyl anthracene

79) closely followed by

(87 mas. 31%) m.p. 148-52°¢ (11t. 154°C
triptycene 192 mgs. 15%) 1.r. spectrum identical with authentic sample.

26, Preparation of 2-~deuteriobenzenediazonium chloride

o-Bromeaniline (16.0 gms.) was dissolved in dry ether (50 mls.)
and stirred vigorously Qi£h deuterium oxide (2 mls.) and deuterium
chloride (2 drops) for 12 hrs. The aqueous layer was removed with a
pipette and replaced with a fresh charge of deuterium oxide. After
a further 12 hrs. the treatment was repeated once more. Iy n.m.r.
showed that virtually all the amino-protons had been exchanged. The
o-pbromo-N,N-dideutericaniline thus obtained was redissolved in dry ether
(200 mls.) and n-butyl lithium (120 mls. 3 equivs.) added dropwise with
stirring. After 16 hrs. the yellow lithium salt had formed and was
neutralised by the dropwise addition of deuterium oxide (16 mls.)
After a further 16 hrs. at room temperature the lithium deuteroxide
was dissolved by the addition of water. The ether layer was separated
and dried over magnesium sulphate. Removal of solvent and distillation
of the residue gave 3 fractions
a) b.p. 110°C n-butyl bromide
b) b.p. llOOC-IBOOC a mixture of n-butyl bromide and g—deuterioanilihe

¢) Db.p. lBH«TOC o~deuterioaniline.
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A sample ol Lo aniline was converled to acetanilide by warming
Cfor 60 mins, In a mixture of acetlc acid and acetic anhydride (50:50)
to TOOC follewlng by quenching in wgter and recrystallisation of

the resulting acetanilide from benzene, the acetanilide showed an
incorporation of 81% dl.

The o-deutericaniline was dissolved in dlethyl ether and hydrogen
chloride bubbled through the solution untll the hydrochloride had
completely precipitatea (60 mins. ). The suspension was cooled to
OOC and i1soamyl nitrite added dropwise and stirring continued for 30
mins., The diazonium . chloride . was filtered, washed with ether
and dried in vacuo over phosphoric oxide.

In a separate experiment, a sample of o-deuterioaniline (dl In .6,

d, 10.6, d, 1.3 determined as acetanilide) was diazotised and coupled

3

with phenol. The resulting 4-hydreoxyazobenzene showed a deuterium

content of dl 40.8, 4. 12.6, and d_ 1.1%.

2 3

27. Reaction of o-deutericbenzenediazonium chloride and anthracene

o-Deuteriobenzenediazonium chloride (1 gm.) was added in portions
to a stirred solution of anthracene (0.9 gms. 5 m.moles), arnhydrous
potassium acetéte (1.8 gms.) and acetic acid (ca. 100 mgs.) in 1,2~
dichloroethane (50 mls.) maintained at TOOC. The mixture was then
heated under reflux for 15 hrs., filtered, and solvent removed. The
products were ilsolated by preparatlve layer chromatography on siliea
(double elution in light petroleum). The triptycene obtained showed
a deuterium content of 18% dl. The 9-phenylanthracene showed a deuterium
content of dl 6%, d2 T%.

.28, Effect of acetic acid concentraticn on the decomposition of benzens-

diazonium chloride

Four reactions were performed using benzenediazonium chloride (1.4 gms.),

anthracene (900 mgs.), potassium acetate (1.9 gms.) and acetic acid
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{0~20 m.neles} using the same conditions as deseribed 1in experiment
27. The ratio of 9-phunylanthracené to friptycene was esLimated.by
gaé chromatography using column A at 2OOOC andAN2 pressure of 10
r.s.i. The recorder was run at a slow speed to produce sharp peaks
and the ratio of the products was taken as the ratio of fheir

respective peak heights.

. Aceti :
Sample AZid ° Pk Height Pk Height | Ratio Mean
(m.moles) 9~phenylanthracene; triptycene |
13.1 10.7 1.22 1.3
1 O 13.7 10.7 1.28
13.5 10.9 1.24
11.5 L3 2.75
2 5 19.6 7.5 2.62 2.6
20.2 | 8.7 2.33
16.8 6.0 2.80
3 10 13.9 4.6 3.00 . 2.9
14.9 5.4 2.76
18.0 5.3 - 3.4
4 20 22.2 : 5.2 4,25 3.8
19.0 | 5.2 3,70

29. Preparation of 2-deuterio-3,4,5,6-tetrafluorvaniline

A solution of 2,3,4,5-tetrafluoroaniline (8.25 gms.) in tetra-
hydrofuran (30 mls,) was added slowly to a stirred solution of n-butyl
1lithium in hexane (60 mls.) maintained at -TOOC. Stirring was continued

at this temperature for 4 hrs, and the solution then quenched by the
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‘addition of deuterium oxide (6 mls.) maintaining the temperature at
-TOOC. The mixture was then allowed to warm to room temperature-and _
the solvent removed. The residue was dissolved in dlethyl ether (200.
mls.) and washed witﬁ an equal volume of dilute‘hydrochloric acid,

The ether layer.was washed once with water énd dried.over'magnesium_

i 'suiphate. Removal of solvent followed by distillation of the residue
ga%e 2-deuterio-3,4,5,6—tetfafluoroaniline (5.5 gms.) A sample was

conﬁerted to theacetyl derivative and showed a deuterium content of 31%.

%0.  Reaction of 2—deuterio1j,4,5,6-tetrafluofobénzene diazonium

fluoroborate and p-xylenc

2§Deuteriéw3,4,5,6-tetrafluoroaniline was converted to the diazcnium
fluoroborate by the same procedure as in experiment 4 on one quarter of
that scale. The decomposition was carried out in Eyiyléne according
to the details described in experiment 7. The blaryl obtained showed

a deuterium content of 30%.
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CHAPIER 3

THE FORMATION OF ARYNES FROM

o=CARBOXY~3,3-DIMETHYL TRIAZENES




Intrecduction

In 1943 Elks and Hey,'® in examining the scope of the arylation
- reaction with trlazenes noted that the o-carboxy derivative (51) did
net arylate benzene as antleipated but gave only gfchlorobenzoic acid.

No explanation was advanced for this, but it is of interest to note

CO,H Pl CO,H
N=N-NMe,
‘ HCI
(51}
CO»H
Cl

that the triazene (51) 1s potentially convertible in aeid solution

to benzenediazonium-2-carboxylate, a well established precursor of

benzyne. Thus GOmpperso and Simamur'a81 have recently shown that
COoH H* €0,

> +
N:N"NMGZ N2

+ HNMe,, + H
benzyne adducfs may be obtained 1f the triazene (51) is heated to

ca. 15000 in the presence of anthracene or tetfaphenylcyclopentadienone.
Carbon dioxide, nitrogen, and dimethyiamine are liberated, evidenced

in one case by the formatlion of N,N-dimethyl aniline. The mechanism
-of decomposition has not previously been examined buf may well bhe

expected to involve benzenedlazonium-2-carboxylate.



Benzenediazonium-2-carboxylate was first isolated by Hantzschoo
who noted 1ts decomposition in aqueous solutlion to salieylic acid,
but does not appear again in the literature until 1960 when Miller
and Stilesja made the remarkable discovery that in aprotic solvents
benzyne was fofméd by elimination of carbon diéxide and nitrogen

(Scheme 32). The considerable synthetic utility of this reaction
0

COoH |
N | —— |
No . furan

Scheme 32

stimulated interest in the mechanism of decompositidn. Friedman
shewed that in nucleophilie solvents such as butanol or pelar solvents
like benzene the ratioc of nitrogen to carbon dioxide evolved was
greater than unity. This, taken with Hantzsch's original observation

of the formation of sallcylic acid, was interpreted as evidence for a

: C02 C02
e ——
+ +
N5 _
{52)

stepwise decomposition. Thus in aqueous sclution the intermediate
betaine (52) is trapped by water to form salicylic acld before it can
decompose to benzyne. In the last ten years further reports have
come forward indicating the existence of this intermediate. FPhenyl

83

isocyanide, nickel carbdnyl,83 and dimethyl formamide84 have

- all been reported te intercept (52). Similarly reactions in solvents
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@cog - Nilco),
2
+ .
PhN=C
> N~ Ph

0
0
0
0
0
OH

~ Me,NCHO H

e
pr=d

85

 such as acetone or thiobenzophenone86 also give products which can

be rationalised as involving thils caticn. The formation of fluorenones

7

has also been shown to involve the protonated cation (53).8 Further

+ Ny
' 0
Ph,CS [:::[jl\O
= Ph
A
| | - Ph
— ————
+ PhH O BF, e

. GA

(53)



evidence for the existence of (52) has come from Rees,88 who in
attempting to prepare a henzyne-transition metal complex obtalned

only the compound (54). However, by far the most definitive and

: ‘ 0
COE : (Ph3PMPt 0
v > -
N2 CICH,CH,CH . Ttnspph3
PPh1g
(54)
quoted work on the decomposition of benzenediazonium-2-carboxylate to
benzyne has been done by Gompper.89 His approach was to allow

benzenediazonium-2-carboxylate to decompose in acetonitrile containing

mixtures of water and furén. If scheme 33 1s operating then as the

o @COZ— @
N * |

H-0 furan
, 0
CO%H | '
OH |
(55)
Scheme_33

water concentration is inéreased.the yield of salicylic acid will
increase and the yield of benzyne, as thé furan adduct 655) will
correspondingly decrease. FUrthefmore it can be shown that under these
conditions the yield ratio of the furan adduct to salicylic acid is

inversely proporticnal to the water coneentration and hence that the
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pfoduct of the yield ratio and waterconcentration is constant i.e.

(Y1eld of furan adduet) [H,0] =:KA
(vield of sdicylic acid)

Gompper's results showed that this was Indeed the case, lHe also
showed that itlwas'unlikely that the intermediafé cation (52)
existed in the %1ill then'supposed form. By using methancl instead
of water it was found thgt the major product was methyl salicylate
and ndt_ gfméthoxy benzoic acid'as anticipated. More important was
the absence of any product derived from the reaction of the excess

"acetonitrile with the cation (52). Meerwein's earlier resulte’C

pfedicted that N-acetyl anthranllic acid would be formed. These

results prompted Gompper to propose that the intermediate present

C02  MaCN O3  H,0 ) COoH
.. I 4 ———
N=CMe NHCOMe

was elther (56) or (57). As hls results pointed to a common intermediate

20

4\'_(0 | c
k\/l—o 0

(56) (57)
for all the products 1t was considered that the B-lactone (56) was

involved (Scheme 34)., Thus the formation of benzyne from benzene-
" diazonium-2-carboxylate was shown to be a stepwise reactlion
involving formation of the B-lactone (56) followed by elimination

of carbon dioxide.
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furan | '
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P

+_f0 7H20‘. COzH
—0 OH

WH
©002Me
OH

Scheme 34
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Discussion

Qur interest in the decomposition of triazenes and potentially
stable dources of arynes led us to examine the decomposition of the
o-carboxy derivatives (58, X = H, Cl, Br). Reports have recently

appeared that the triazene (58, X = H) yields bénzyne upon thermolysis
CO,H
N=N-NMe,
(58]

in the presence of anthracene8o and tetraphenylcyblopentadienone.81
We have prepared the triazenes (X = Cl,Br) and have confirmed that
tetrahalobenzyne 1s formed upon thermolysis. A variety of c¢cyclo

adducts has been obtained by using elther tetrachloroethane or tetra-

chloroethylene as solvent (scheme 35).

Me NMe
| I} {59)
Me
X=Cl,Br N\\\\ //////ﬂ X=Cl,Br
COZH
N=N—NM92
, 0 \
Me '
-0
l
Me ‘ OMe
X = Cl X = Cl
Scheme 35
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'Particularly interésting are the adducts oObtained with E—methyl
pyrfole. These adducts (59) are no£ readily available from tﬁe anthranilic
acid ag considerable decomposition of the pyrrole system takeé place.
Presﬁmably the triazenes are not so acidic and.ieave tﬁe'pyrrole system‘
intact for sufficieﬁt time td allow the aryne to form. Interest in thesé
adducts has been shown recently in connection with the formation of iso-

92

indoles91 and also with sfudies of nitrogen inversion. As with other

members of the series the adduct (59, X = Br) shows rapid inversion of

QM | Me_\N@

(59a) . (59b)

nitrogen aﬁ room temperature, but at —2000 there are two different methyl
resonances- corresponding to thg two conformars 5%a and 59b. On
warming to —lOOC hoﬁever'the two resonances coalesce. |
An interesfihg side product from the reaction of the brominated
triazene with E—methyl pyrrole was the.methyl ester of_the starting
‘material. This could arise by'é pfocess outlined in scheme 36. Once
formed, the monomethylated triazens (60) could continus'the reaction
since these compounds are known to be efficient methylating agents.93 :
'If hés.also been found possible té generate tetrachlorobeﬁzyné"
by photolysis of the chlorinated triazene (58, X = Cl) in Erxﬁlene.

The unhalogenated triazens however was recovered unchanged when

photolysed under similaf conditions in fﬁran.
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N\t- R . NHN=NMe
iy ———> RMe o
0 o ’ COZ S
.. co'z“ NzN-—NHMe
N-——'N"’NMGZ COE

Scheme 36

— 002H hY
Cl | > |
.

N=N-NMe, P-xylene

The initial step in the déCOmposition is postulated as a protoh

transfer from the carboxylic aclid group to the basic nitrogen atom.

- @COZH : @cog
— | .
N=N-NMe, | N=N—NHMe,

(61)
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STt is wbrth notiﬁg that_jf any ageht is present that is more basic than
'£heltriazene'£hen the aoidic‘protbn-isﬂﬁfeferentially;rémoved. For
iﬁSfénce, no reactién.occuré‘in the;brégeﬁée'of ﬂ,ﬁrdimeﬁhyl aniiinegu

since it is a stronger base and the_sp?.ﬁitroéen atom in the triazene .

_canncet become p:otonated. The iﬁtermediate‘{6l) 1s then set up to

eliminate nitrogen,’ carbon dioxide? and:éimethyiamine; ihe sequenée that
fis followedjdetefmiﬁes the inte?mediatéé that will exist in the decqmpqsition;
The first boss£biiitj is that dimeﬁhyiaﬁihé Wiil 5e liberatéd to form the =
;diéionium—Q—carbékylate. We‘thus rerformed reactions to determine.the

'3intermediacy of the diazonium salt. Decompesitions of the triazenes

_ (58)(X = H, Cl) in the presence of 2-naphthol gave the azo-dyes(62.)

- CO,H
CO,H 2-naphthol '

2 .
' N7

OH

o

NZN-NMe, 140°C

62

Thﬁs the decoméoéition iﬁvolves ébnversion to the dlazonium-2-carboxylate
- and then loss of nitrogen and carbon dioxide to form benzyne. Further
cénfirmation of‘this is'afforded by alloﬁing the triazene (58, X=H) to
decompose.in aqugous solution. Salicylic acid, as‘its methyl ester,
'was isolated in T0% yield, which is close to that obtained by the aqueous

decomposition of benzenediazonium-2-carboxylate. It 1s at this point
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COH Hyo CO2H

N=N-NMe, 100°C OH

that the behaviour of the chlorinated triazene differs. When the
chlorinated triazene (58, X = Cl) was allowed to decompose in
aqueous sblution the dnly product found was 2,3,4,5~tetrachlorophenol,
in 1oﬁ yield; there was no tetrachlorosalicylic acid formed.

Similarly in the presence of other simple nucleophiles, methanol

CO,H HyO OH

N=N-~NMe H
\\\gszH
AmOH OMe
H
OCHoCH, CHMe,
H

and iscamylalcohol only aryl ethers were f0rmed; there were agaln no
. derivatives of tetrachlorosalicylic acid formed. These results would
indicate that tetrachlorobenzyne is formed by a concerted loss of
nitrogen and carbon dioxide with no intermediate cation. We decided
to_investigate thié apparent ancmaly by examining the decomposition of
g—darboxytetrahalogenobenzenediazonium salts.

| The products of the decompositions of 2-carboxy;tetrachloro- '
benzenediazonium chloride and fluoroborate with water or methanol
gave the same results as the triazene (scheme 37). No products were

obtained that were derived from any intermediate. The only product
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COZH MeOH OMe COzH
—_—

N2 X H H
X=Cl 76% 1%
OH
H
X= Cl 38% [+ pentachlorobenzene)
BF[’ 58%
Scheme 37

that did not arise.from tetrachlorobenzyne was 2,3,4,5-tetrachlorobenzoic
acid in the reaction with methanol. This reduction is commenly encountered
in reéctions of diazonium salts containing electron withdraﬁing substituents
and aleohols. This reaction has been regarded as a transfer of hydride ion
.to the phenyl cation but Iin the light of recent work51 it 1is probably é
radical process; (scheme 38), any intermediate cation would have been

trapped by methanol in this case.

co | CO,H .
2H+ MeQH ———> ‘H2 + CHZOH

[:::]COZH
. | N2

COH ,

N2 +' -+ CH20H "tT—TP CH20

I

Scheme 38
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Other work in these laboratories which might have been expected
. to trap any intermediates has similarly shown only products'derived from
tetrachlorobenzyne. Reactions with aldehydes and ketones give products

 that can be rationalised by the formation of an oxetane Intermediate

(63).%2

CO,H.
N5

(63)

Tetrachlorosalicylaldehyde has been prepared by the diazotlsation.-
_fof Letrachloroanthranilic acid in tho Ppreseénce. of dimethyl formamide ok
,‘In tho non-halogenated case thio rcaction has been postulated as
1nvolving the intermediate cation but in thio case it 1s likely that
‘a me¢hanism similar’ to that operatingfwith aldehydes and ketones occurs,

'.(ééhéme 39).

| — e A GO\

o+

‘fS¢heme 39
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The formation of a similar four membered ring intermediate has also
been noted in the reaction of benzenediazconium-2-carboxylate and

dimethyl'sulphoxide.96 The only real inference that the cation (64)

or

may be involved comes from Howe who dlazotised tetrachlorcanthranilic

CO5

+

(64)

acid in cone. sulphuric acid at high temperatures to give a 5% yield

of tetréchlorosalicylic acid along with the ﬁajor product 2,3,4,5-

| tetrachlorOphénol in 77% yield. This apart, it would still appear

that a concerted elimination of nitrogen and carbon dioxide 1s occurring.
To obtaln a strict comparison we decided to repeat some reactions

with benzenediazonium-2-carboxylate, involving water, methanol and

mixtures of these with furan in acetonitrile as Gompper had described.

Decomposition in water went as described by both Hantzsch,82 and Miller

and Stiles,ja

in that a good yield of salicylic acid was obtained.
Decomposition in methancl was more complicated; the main products were

benzole acid (59%) and o-methoxybenzoic acid (17%). Other volatile

products such as anisole and methyl benzoate were present in small quantities.

co2 CO,H ZN\CO,H
MeOH OMe
59% 17 %
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The main process which is occurring is the radical reduction of the diazo
function. What is surprising is the presence of o-methoxy benzoic écid
and the virtual absence of methyl salicylate. This points to the
existence of the cation (52) and not the B-lactone. Others in the
literature have examined the reaction with alcohols., Diazotisation of

anthranilic acid in ethanol has been reported to yield ethyl benzoate,98

and Miller and Stiles99

reported that aleoholysls of the diazonium
function takes place with simple alcphols, implying the formation of
o-methoxy benzole acid and not methyl salicylate.

Decombosition of benzenediazonium-2-cafboxylate in agueous and
methanolie acetonitrile containing fUran, exactly as Gompper has described,

also yielded unexpected results., Using water as the trap for the inter-

mediate cation three products were isolated (scheme 40); the furan adduct,

0‘
co, Hz . . CO,H
NS furan OH
MeCN 30% 9%
CO5H
+
NHCOMe
25%

Scheme 40

salicylic acid, and N-acetyl anthranilic acid, the latter two belng
isolated as their methyl esters. Uslng methanol .as the trap for the
intermediate cation and identical reaction conditions the following

products were obtained (scheme 41).
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0
CO3  MeOH = /. CO,H

NA¥ furan > S | ' +
2 MeCN | OMe.
32% 8%
. CO4H
+ 2
NHCOMe
10%
Scheme 41

Again only trace amounts of methyl salicylate were found. The

important point that arises from these two reactions is fhe slgnificant
yleld of N-acetyl anthranilic acid that was obtained. This'product

which arises from interaction between the intermediate cation and
acetonitrile was not found by Gompper and was igncered in his calculations,
Since it is possible that Gompper may have prepared his starting material
by a technique involv1ng ‘silver nitrate we decided to check the effect

of silver ions on the decomposition. In an identical competition reaction
to that previoﬁsly deecribed with water, in the presence of silver nitrate
Ithe results were essentially similar., The only effect that the silver
ions had on the reaction was tc inerease considerably the yield of phenol
which 1s virtually absent when silver lons are not present. This strange
effect has. been noted in reactions of benzenedlazonium 2 carboxylate with.

benzene and has been ascribed to the formation of the organometallic

L AN+ H 0 NOH
+ A ——> . T |

(65)
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specics (65). 100 The other producto isolated were the furan adduct

(6%), salicylic acid (24%) and N-acetyl anthranilic acid (16%). The
reaction of benzenediazonium-2~carhoxylate with acetonitrile was very
tarry. The maJjor acidic component, in less than 15% yleld, was benzoic
acid; N-acetyl anthranilic acid.was detected by 1H n.m,r. spectroscopy
in ca. 6% yield. In a feaction performed in benzonitrile the only
product isolated was an isomeric mixture of biphenyls. We had
anticipated that the presence of the phenyl group might stabilise

the benz-oxazinone (66), but this result shows that either a radical

114

or an electrophilic process is dominant (scheme 42).

| PhCN APh
/ \ (66)

CO; ' COzH
+
\ / &
C0,”
Scheme 42

The isomers present were not determined.
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Evidently Gompper's supposition that the betaiﬂe (52) was

.nof present was incorrect;. the apparent isolation of méthyl salicylate -

is confusing aé a control reaction established that gfméthoxy benzolc

acid is not interconvertible With methyl séliéylaté under these conditions.
It thus becamé'apparent to'us_that the‘questidn of the mechanism of
formation bf benzyne frbm benzenédiazonium-E-cafboxylate was by no means
settled. As in thé chloro series, was the formation of benzyne a

concerted process, but with the formation of the betaine as a competing
‘side reéction or'wés the stepwlse decompositlon previously assumed stiil
the dominaﬁt process ? We considered that Gompper's arguments were
essentially sound but that his system contained too many side;reactions.
‘FUfan is an effectiﬁe trap for benzyne but water is not‘ideal for trapping
-the beﬁaine.for two reasons. Firstly, it considerably limits the

solvents to those which are miscible with water and which invariably
promdte many side reactiéns, and furthermpre in Aprotic media the
carboxylate moiety, as demonstrafed in the previous chapter, may be
considerably mére basic and induce formation of the diazohydroxide which
again will lead to a:variety of side reactions. Tﬁe system we decided

on was to'use furan to trap benzyne and chloride ion to intercept thé
cation; fﬁrther, by using triéfhylamine hydrochiloride as the source of’
chloride ion then it ﬁas possible to use chldroform, which is commonly
used in benzyne feactioﬁs, as the.$olvent. We thﬁs performed experiments
involving 1 equ. of benzenediazonium-2-carboxylate, 1 equ. of furan, and
varying.amounts up to l;equ.lof triethylamine hydrochloride. The reactions
were performed at TOOM temperature.and alsc at reflux. The results are

shown in the table (fig. 2)
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a) a 25°C

Equ.Et,NHCL % furan adduct % PhCl Total benzyne % acid
1.0 56 8 6k 23
0.8 56. 7 63 26
0.6 57 7 64 26

| 0.4 68 3 71 : 235
0.2 65 2 67 14
0,0 ' g 12

b) @ 60°C |
0.8 55 20 75 14
0.6 56 12 68 - : 16
0.4 75 7 | 82 | 19
0.2 85 -6 oL _ 15

- 0.0 . . o | T
fig. 2.

A coﬁtrol reaction of benzenediazonlum-2-carboxylate with triethylamine
hydrochloride in chloroform at ca. 2500 shéwed that the a¢idic fraction
consisted Mainly of o-chlorobenzolic acid. Two main points arise from
these results; the yields of benzyne products and acld products are
virtually constant. This is in accord with a concerted elimination of
carbon dioxide and nitrogen and a small competitive side reaction to '
form gfchlorobenzoic acid. The more important point howevér, ls that
this_side reaction is not entirely due to the formation of the betaine.
‘Even with no triethylamine hydrbchloride present there is still a
significant amount of o-chlorobenzoic acid formed. This may be due to
alfadical displacement of chlorine from phe sdlvent chloroform., This

bfbcess-acéouhts for nearly,'if.not all of the acid formedqat 60°¢.
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At room temperature the proportion is sllghtly lower indiéating the
possibillity of participation of the betalne, iﬁ albeit émall amounté.
The possibility of the abstraction of HC1l from chloroform was ruled

cut as no chlorobenzene was formed from the liberated chloride ion
reacting with benzyne. In a similar reaction using triethylamine
hydrobromide (1 equ.), furan (1 eqﬁ.) and benzenediazdnium—Q-carboxylate
(1 equ.) in chloroform the acidic components included o-bromobenzoic
acld and o-chlorobenzolc aéid in the ratio 1:23. Thus at 6OOC the
betaine is barelj evident (overall yield 1%). Similar behaviour is
displayed in other halogenated solvents. Deéomposition of benzene-
diazonium-2-carboxylate in carbon tetrachloride was very slow at room
temperature and thé reactlon products were mainly tars. The yield of
benzyne was low and the acldic products éontained only a small percentage
of o-chlorobenzoic acid. T%é main acidic material was salicylic acid
which was probably formed by hydrolysis of undecomposéd diazonium salt
on work-up. In 1,2-dichlorocethane the generation of benzyne was very
efficlent, and the radical displacement process correspondingly reduced.
The total acid fraction was always less than 5% and contained mainly .
gfchlorobeﬁzoic acld, There was no evidence for the participation of
the betaine (52). In reactions using poth water_(l equ.) and bromide
ion (1 equ.) thers was no salicylic acid_qr o-bromobenzoic acidrobtained.
The acid fractions in eaqh case formed less than 5% of the total yield
and consisted of mainly o-chlorobenzolc acid (scheme 43). Interestingly
there was some ﬁhlorobenzene formed iﬁ the presénce of-triethylamine
hydrobromide. This is présumably due to an ionic_displacement of

chloride ion from the solvent.
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N, '
2 furan | Cl
34% <5%
+ PhBr + PhCI
18% ' 4%
| 0
H-~0 ' 0~H
- b -
furan ' ' Cl
52% | <5%
Scheme 43

Decomposition of benzenedliazonium-2-carboxylate in bromotrichloro-
methane was very sluggish. The yield of benzyne, as the furan adduct,
was very low. The.yield of acidiq material was also low and as in
carbon tetrachloride most of the product was Intractable. The acldle
material consisted of a mixture of virtually equal amounts of o-bromo
and o-chlorobenzolc acids, again produced by a radical displacement of
halide from the solvent. The apparent lack of selectivity in this
displacement has been noted before.in decompositions of diazonium

salts in halogenated solventé.lol The factomsaffecting this type of

reaction are currently under examination.lo2

It has been noted earlier in the text that evidence for-pafticipation
cof the betaine had heen recorded by Rees88 in 1,2-dichlorcethane,
Attempts to prepare a transition metal complex with benzyne led only

to the isolation of the compound (54). This was interpreted as an

interception of the betaine. Since we'have found no evidence for the
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existence of the betalne 1In this solvent we are of the opinion that
the product (54) arises from nucleophilic displacement on platinum

by benzenediazonium-2-carboxylate followed by loss of nitrogen either

0
CO5 0
+2 . > e PHPPhj),
Ny (PhsP), Pt , N_z
¢ 0
Q BN
Pt{PPh,) Pt(PPH.,)
+ 3'3 / 32
: N=N
{67)
0
0
/
54)  pph,
Scheme 44

before or after ring closure to give the product (scheme 44). The -

compound (67) has been isolated and shown to 1ose‘nitrogen‘on heating

.103 This type of mechanism has been shown

to exist in a similar context. Barton and Clardy,104 " in attempting

to give the compound (54)

to prepare the sllacyclopentadiene adduct (68), obtainea the product .
(69). It was initially assumed that the cycloadduet had formed butlﬂ
had furﬂher reacted with the betaiﬁe té‘form the product (séheme‘45).
A closer examination of the reaction, however, revealed two'discfepancies.

Firstly, the betaine has never been reported as adding to ‘a double bond

115.



SiMe e~gi
i Ph 2  Ph
co+2 1 l 2 O
N2
Ph
(68) - Ph (69)
1= pnd Dpn 2 = COy
Si +
PN
Me Me
Scheme 45

and secondly the adduct (68), prepared by ancther Poute;_reacts with
benzenediazonium-E-carboleate to give the product at temperatures
where the latter is thermodynamically stablé. It was then established
that the mechanlism operating was an.attack-dn the silicon atom of
the e¢ycloadduct by benzenediazonium¥2-oar50xylate. The driving force
for the process is the high strength of the sllicon-oxygen bond.

As a whole these results and considerations lead us to believe
that the decomposition of benzenediazonium-2-carboxylate is best
accounted for by partlitlon ketween several possible reaction mechanisms.-
In this respect it is no differént from the decompositicon of diazonium
salts in general, althéugh it must be conceded that the formation of
aryne;:is more favourable in this case because of the thermcdynamic
stability of the leaving groups. The formation of arynes is then a
concerted process which competes with the formation of the Z2-carboxylato
aryl cafion which does not contlnue to benzyne. The main factors which
appear to affecﬁ the balance between these two processes (and any others)

appear to be the nature Qf the solvent and the substitutiqn on the
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benzene ring. The cation only abpears to be formed iﬁ the more

polar solvents where it ls immediately scavenged by solvent molecules
-or other nucleophlilic species. This accounts for the isolation of a
low yield of tetrachlorosalicylié aclid in thé aqueous diazotiéatidn

of tetrachloroanthranilic acid. The solvent employed was ca. 90%
sulﬁhuric acid which represents an extreme in polarity. In neutral
aqueous solution no tetrachlorosalicylic acid 1s formed. The four
chlorine atoms on the ring seem to make the concerted loss of nltrogen
and carbon dioxide 50 favoufable that the solvent has little effect

on the balancé of mechanlisms. From a preparative viewpoint however,
it should be noted that the highly energetic tetrachlorobenzyne reacts
with many solvents. A consideration of the effects of the chlorine
atoms on thls decomposition would lead us to antiéipate that a
concertéd elimination would be favoured. The diazonium function is
stabilised, since the resultant-cation 1s destabllised by the chlorine
atoms, and conversely the stabilisation of the resultant carbanion would
lower the actlvation energy for the decarboxylation process., This
effect would seem to be sufficient to cause the simultaneous loss of

both groups. 'In the unhalogenated case the activation energy for a

| CO, -
/ ‘ 2 not favoured
: +

\ -+ favoured
N2

concerted loss is thus higher and polar solvents, tending to favour

ZNC04
ct | 2
=N

charge separation, will often make the formatlion of the cation a more



favourable process; the ideal seolvent for aryne reactions involviﬁg
benzenedlazonium-2-carboxylate is 1,2-dichloroethane where the'
formation of benzjne is by far the dominanf process.

The benzopropliolactone has continued to stimulate interest in
its own right. We have no evidence to suppose that it is an intermediate
in the breakdown of benzenediazonium-2-carboxylate, Attempts to
prépare it in the halogenated and unhalogenated cases have been
unsuccessful, Follbwing the suggestion by some Indlan workefslo5
that the B-lactone may be an intermediate in some nucleophilic sub-

stitution reactions, we treated pentachloromethylbenzoate with pyridine

o
~ w-1?
cl |

>~ _—0

<

CO,Me CO;
Cl

V

~ )

Scheme 46

in p-xylene. Only pentachlorobenzene was formed (scheme 46). We
have also attempted to prepare the heterocycle (70) from salleylie
acid hydrazide,'but a£témpts at ring closure with reagents like
N-bromosuceinimide gave only sallcylic acid., Elimination of HEr

to form the imino system appears to be favoured (scheme 47).
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= NH NBS NH | NH
\.IOH NH; op NHBr o ANH
(70)
0
N H»0 CO5H
I —
oH NH OH
Scheme 47

Recent work would suggest that the B-~lactone is very unstable.
Photolysis of phthaloyl peroxide at TT%{ in an argon matrix led to
Q 0
~

0 c

0
——rrmt e
| ——e
0

0 (71)

106 Although

the spectroscopic identification of fhe cumuienone (Tl).
some biphenylene was formed the authors concluded that the formation of
the cumulenone is very fast and musf proceed via the f-lactone. A
more recent examination of thié reactionlOT has revealed that the
cumulenone and the B-lactone are interconvertible, the interconversion

- being a funetion of waﬁelength. In this way the B-lactone was present

‘ih éufficient'quantities to allow 1ts detection by infra-red spectrdscopy.
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Experimental

All general methods were thoze described previously.

_ _ _ 108
Diazomethane was generated in ether from N-nitrosomethyl urea.

1. Preparation of 1-(2'-carboxyphenyl)-3,3-dimethyl triazene

Anthranilic acid (20 gms.) and trichlorocacetic acid (ca. 0.2
gms. ) were dissolved in tetrahydrofuran (200 mis.) and the solution
cooled to ca. 5°C, Tsoamyl nitrite (25 mls.) was added dropwise
and stirring continued for 90 mins. at room temperature. The precipitate
was allowed to settle and the supernatant liquld decanted and replaced
"with dichloromethane. This process was repeated three times‘and the
"suspension cooled to 0%. Anhydrous dimethylamine (25 mls.) was
added with stirring. The solution became red and after.60 mins.
at OOC, was washed with dilute sulphurlce acid. The organic layer
was separated and aried over magnesium sulphate. Removal of solvent
gave a white sclld which on crystallisation gave 1—(2'—carboxypheny1)-
-3,3-dlmethyl triazene (16 gms. 70%) m.p. 122-6°C (1it. m.p. 124-6°C'0
119—20°c§° ). | |

2. -Preparation of l-(2';carboxytetrachlorophenyl)u},ﬁ-dimethyl triazene

2-Carboxy-tetrachlorobenzenediazonium chloride (from tetrachloro-
anthranilic acid (14.0 gms. ) page 27) was added to an aqueous solution
of sodium carbonate (10 gms.) and dimethylamine (18 mls.) maintained
at 500. The reactlion mixture was stifred at this temperature for 30
mins. and at room teﬁperature for a further 60 mins. The éolution was
filtered to remove a small amouﬁt of suspended solid and the filtrate
acidified with dilute sulphuric acld. The precipitated solid was
extracted intec ether and dried over anhydroﬁs sodium sulphate.
Removal of solvént gave a pale tan solld which on recrystallisation
ffom diethyl ether-light petroleum (1:4) géve 1-(2'-éarboxytetrachloro—

phenyl)-3,3-dimethyl triazere (9.2 gms. 52%) m.p. 155-60°C litu?s m.p.155~6OOC.
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3. Preparation of 1-(2'-carboxytetrabromophenyl)~3,3-dimethyl triazene

2=-Carboxytetrabromobenzenediazonium fluoroborate (from
tetrabromoanthranilic acid (5 gms.) page 28) was reacted with

dimethylamine (3 mls.) in the same way as described for the chloro

analogue. Identical work-up procedure gave 1-{2'~carboxytetrabromo-

phenyl )~%,3-dimethyl triazene (2.% gms. 41%) m.p. 13700 (déc.)

V. (nujol) 3200 - 2500, 1700, 1540, 1340, 1270, 1100 cms,™
T 3.80 (1H), 6.50 (s, 3H), 6.78 (s,3H)
(found: ¢, 21.35; H, 1.4; N, 8.15% M [mass spectrometry] 509
C9H7N302BP4 requires C, 21.25; H, 174; N, 8.25% M 509)
A sample was methylated with ethereal dlazomethane to give

1-(2'-carbome thoxytetrachlorophenyl )=%,3-dimethyl triazene m.p. 96-8°C

(methanol)

'vmax 2950, 1740, 1480, 1390, 1340, 1330, 1250, 1105, 970, 860 cms.-l

T 6.25 (s, 3H), 6.52 (s, 34), 6.78 (s, 3H)
(found: €, 22.95; H, 1.75; N, 7.75% M [mass spectrometry] 523
C10H9N302Brh requires C, 22,953 H, 1.75: N, B.05% M 523)
4, Reaction of 1-(2'-~-carboxyphenyl)-3,3-dimethyl triazene and

2-naphthol

The triaéene (1 gm.) was heated under reflux for 4 hrs. in a
solution of 2-naphthol (0.75 gms.) in tetrachloroethane (50 mls.).
The solvent was then removed by distillation under reduced pressure
to give a red residue which was triturated with warm benzene and
filtered to give a red azo dye (178 mgs. 12%) m.p. 275-6°C.

The lH n.m.r., 1.r., and u.v. spectra were all identical to an
authentic sample of 1-(2'-carboxyphenylazo )-2-naphthol prepared from
benzenedlazonium-2-carboxylate and 2-naphthol m.p. 274-500

109

(1it.  “m.p. 272-4°C).
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5. Reaction of 1-(2'-carboxytetrachlorophenyl)-3,3-dimethyl triazene

and 2-naphthol

The triazene (1 gm.) was heated under reflux for 90 mins.‘in a
solution of 2-naphthol (0.5 gms.) in tetrachloroethylene (25 mls.).
On cooling a red preclpltate crystallised from the solutlon which on
“drying yielded a crystalline sclid (472 mgs. 37%). The insoluble solid
was methylated by the addition of ethereal diazomethane and 2 drops of
methanel to give a further red dye. Crystallisation from benzene-
methanol gave a pure sample (m.p. 221—300) which had identical i.r. and
u.v. spectra to an authéntic sample of 1-(2'~carbomethoxytetrachlorophenylazo )-
-2-naphthol).

2-Carboxytetrachlorobenzenediazonium fluoroborate (2.0 gms.) was édded
to a solution of 2-naphthol (1.0 gms.) in chloroform (50 mls.) and
stirred at room temperatufe for 60 mins. The red precipitate was
filtered, washed with chloroform and dried. to give l—(2'~carboxytetraéhloro—
Dhenylazo);z—haphthol (3 gms.). A sample was recrystallised frém a
large volume of chloroform to give a pure product m.p. 228-3000.

A further sample was methylated with ethereal diazomethane to give

1-(2'-carbomethoxytetrachlorophenylazo )-2-naphthol m.p. 215-8°¢C (carbon
tetrachloride)
'Umax 1740, 1620, 1490, 1250, 1200, 870, 840, 750 ems.™ >

P\max 224 (4.40), 285 (3.84 ), 303 ( 3.72), 462 ( 4.01) nms.
(found: C, 48.2; H, 2.353 N, 6.5% |
018H10014N202 requires C, 48.6; H, 2.25; N, 6.3%)

6. Reaction of 1l-(2'wcarboxytetrachlorophenyl)-3,3~dimethyl triazene

and N-methyl pyrrole

The trlazene (1 gm.) was heated under reflux for 45 mins. in a
110

solution of N-methyl pyrrole (1 gm.) in tetrachloroethylene (25 mls.).
The solutlon was allowed to cool and then washed with 10% sodium

carbonate solution, The organic layer was dried over anhydrous sodium
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sulphate andlsolvent removed to give-5,6,7,8-tetrachloro—l,4-methylimino-
‘;” ;1,4;§ihydrénaphtha1ene (245:mg$.'28%) m.p. 157-900 (methanol ) 1it.22
_ﬁ)b;]15748°¢;_  The 'H ﬁfﬁ.r:‘aﬁd;i;f;'spectra were identical with
-those Of én'éﬁfﬁeﬁticlééﬁﬁié:fi T '

In an‘idéntical féaction uéing a longer reaction time, no base
wash and isolating the pfﬁduét.by coiumn7chr0matography the yield was
raised to 37?:: | |

7. BReaction of 14(2'-carboxytetrabromophenyl)-B,B-dimethyl triazene

and N-methyl pyrrole

The triazene (1 gm.) was heated under reflux In a solution of

N-methyl pyrrole (3 gms.) in tetrachloroethane (50 mls.) for 2 hrs.

' The solvents were removed by distillation under reduced pressure to

.give a black residue which was dissolved in chloroform and washed with
10% sodium carbonate solution (50 mls.). The organlc. layer was separated,
dried, and solvent removed to give a Brown residue ﬁhich‘was warmed 1n
benzene and activated charcoal, filtéred, the process repeéted cnice
more and solvent removed to give.a brown solid which was shown by
lH n.m.r. to contain ca. 30% of the adduct (overall yield ca. 20%).
The brown.solid was recrystallised from benzene-light petroleum to

give 5,6,7,8-tetrabromo=1,4-methylimino-1,4-dihydronaphthalene (25 mgs.)

m.p. 202-400;
V,ax, 3000, 2945, 2870, 2795, 1330, 1290, 1195, 1093, 830, 780 ems.”t
T 3.05 {b.s. 2H), 5.25 {(m, 2H), 7.80 (s, 3H)
(found: C, 28.5; H, 1.55; N, 5.20% M[mass spectrometry] 473
acc, mass 468.7314 CllHTN Br-br requires C, 27.9; H, 1.5;
N, 2.95% M 4T3 cllH7N79Br4 requires 468.7315).
When the crude reaction product was worked up by column

chromatography the adduct was not found. The only product identified
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was 1-(2'-carbomethoxy)-3,3-dimethyl triazene in 4% yield.

8. Reaction of l-(2'-carboxytetrachlorophenyl)-3,3-dimethyl triazene

and 2,5-dimethyl furan

The triazene (1 gm.) was heated under reflux in a solution of
2,5-dimethyl furan (1 gm.) in tetrachloroethylene (50 mls.}. After
60 mins. the mixﬁure became inténSely bléck and the reaction Was
stopﬁed. The reaction mixture was washed with 10% sodium carbonate
solution (60 mls.) and the phases separated. Acidification of the
aqueous phase with dilute hydrochlorle acid gave on work-up unreacted
triazene (321 mgs.). The organic layer was dried over magnesium sulphate
and solvent removed to give a black o0il, which was then placed on a
column of alumina (50 gms.). Elution with benzene gave 5,6,7,8-

~tetrachloro-1l,4~dimethyl-1,4~e poxynaphthalene (167 mgs. conversion

26%) m.p. 69-T1°¢- (ethanol)
'q)max. 1390, 1355, 1340; 1310, 1295, 1270, 890, 865, 845, 690 oms.
T34 (s, 2H), 8.05 (s, 6H)
(found: €, 46.6; H, 2.5 M [mass spectrometry] 310
1 oHgCL,0  requires C, 46.5; H, 2.6% M 310).
9. Reaction of 1- (?'-carboxytetrachlor0pheny1) =%, 3=dimethyl triazene and

-dimothoxybenzene
The triazene (1.0 gms.) was heated under reflux for 3 hrs. in a

solution of m-dimethoxybenzene (1.0 gms.) in tetrachloroethylene (50 mls,).
The solution was allowed to cool and washed with 10% sodium carbonate
solution (50 mlis.). Acidification of thé aqueous phase gave on |
work-up 284 mgs. of unreacted triazene. The organic phase was dried,
solvent removed, and the resildue piaced on a column of silica (100 gmé.).
Elution with benzene gave unreacted m-dimethoxybenzene (22 mgs.);

elution with 5% ether~benzene gave 5,6,7,8-tetrachloro-l-methoxy=-1,4~

etheﬁo-tetral-j-one (346 mgs. conversion 35%) m.p. 146-8%¢,
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lH n.m,r. and 1.r., spectra were identical with those of an authentic

sample (page 49).

10. Reaction of 1-(2'-carboxytetrabromophenyl )-3,3-dimethyl triazene

and p-xylene

The triazene (688 mgs.) was heated under reflux in p-xylene (50
mls. ) for 3 hrs. Removal‘of sblvent gave a brown residue which was placed
on a column of alumina. Elution with light pétroleum gave 5,6,7,8-
~tetrabromo-1,4-dihydro-2,10-dime thyl-1, - theno-naphthalene, (43%), m.p.
166-8°C (1it. | w.p. 167°%. ) |

lH n.m,r., and i.r,. spectra were ldentical with publlished values,.

11. Reactlon of 1-(2'-carboxyphenyl }~3,3-dimethyl triazene and water

The triaéene (1.0 gms.) was heated under reflux in water (50 mls.)
for 2 hrs. The.water was then removed to give an oily solld which
was suspended in ether (20 mls.) and treated with an ethereal solution
of diaZOmetﬁane. G.l.c., and t.l.c. Indicated one product with the same
retention time and Rf value as authentic methyl saiicylate. The ether
was removed and the oil purifled by column chromatography on silica
using benzene as eluent to_give a pure sample of methyl salicylate (576
mgs. 70%) identified by comparison of its 1.r. spectrum with that of an
authentic sample.

12.Hydrolysis of 1-(2'-carboxytetrachlorophenyl )-3,3-dimethyl triazene

The triazene (1 gm.)‘was_heated under reflux in water (50 mls.) for
2 hrs. The red solution was extracted into ether (50 mls.) and washed
with 10% sodium carbonate solution. Acidification and.extraction'into
ether gave 211 mgs. of unreacted triazene. The organlc layer was fufthér
extracted with sodlum hydroxide solution. Acidification of the aqueous
phase gave a tan solld { 86 mgss 12%) the i.f. spectrum of which was

identical with an authentlic sample of 2,3,4,5-tetrachloronhenol. The

125.



remaining organic phase on removal of solvent gave a black

intractable gum.

13. Reaction of 14(2'-carboxytetfaéhlorophenyl)-3,3-dimethy1 triazene

"and methanol

The triaéene (1 gm.) was heated under reflux for 4 hrs. in a

‘ solution of methanol (; ml.) and tetrachloroethane (50 mls.). The
sélution was allowed to cool and.extracted with firstiy 10% sodium
: carbonatelsoiution and then dilute sodium hydroxide solution. Con-
© - siderable emulsification occurred during the extractlons such that

"wérkeup of fhe sodium carbonate extract gave only 2,3,4%,5-tetra-

' chloroéniéolél(65 mgs,); there was no aci&ic material, Acidification
'T':of the_alkali wash gave.oniy 22 mgs. of tarry material which was not
"exémined fufthér. .The Qfganic_phase, after drying and removaL of’
'SQl§§ﬁt.by distillaﬁioﬁ”ﬁndér reduced pressure , gave a crystalline

SOIid;(ﬂﬁTj@gs,)‘m.p. 82—400  shown by cqmparison of lH n.m.r. and i.r.
::‘spectra‘to be”2,5,4,5-tetraéh10roan1501e (total yield 502 mgs. 67%)
(11tiul m. p. 82-3°C.) |

14. Reaction of 1-(2'-carboxytetrachlorophenyl )-3,3-dimethyl triazene

and 1soamyl alcohol

The triazene {1 gm.) was heated under feflux_in isoamyl aleohol
(50 mls.) for 60 mins. The solvent was removed and the residue
‘redissolved in ether. The organle solution was washed successively
with 10% sodium carboﬁate solution and dilute sodium hydroxide.
Acldification of the sodium‘carbonate extract gave 295 mgs. of unréactgd

_ triazene. No material was obtained from the alkali.wésh. The organlc

phase after drying and-removal of solvent gave a clear oll which
crystaliised on standing (331 mgs. 52%) m.p. 40-2%¢. Comparison
of'lH n.m.r. and 1.r. spectra showed the produét to be 2,3,4,5-tetra-

111

chlorophenyl-3'-methylbutyl ether (1t. " m.p. 6200.)

15. Photolysis of 1-(2'-carboxytetrachlorophenyl )-3,3-dimethyl triazene
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The triazene (0.5 gms.) was suspended in dry p-xylene (50 mls.)
and photolysed .for 48 hrs. with a medium pressure external source.
The reaction mixture was washed with sodium carbonate solution which
on work-up gave unreacted triazene (342 mgs.)., The organic phase
was driled and solvent removed to give 5,6,7,8-tetrachloro-é,10-
-dimethyl-1,4%~dihydro-1,4~etheno-naphthalene (146 mgs. %0%) identified
1

by H n.m.r. and i.r. spectroscopy.

16, Decomposition of 2-carboxytetrachlorobenzenediazonium fluoroborate

in water and methanol

a) The diazonium salt (1.0 gms.) was added to a solution of water

(3 gms.) in écetonitrile (30 mls.) resulting in a spontaneous evolution

of gas lasting for approximately 30 ﬁins. The solvents were removed,

replaced with ether and the organic solution extracted successively

with 10% sodium carbonate solution anddl.sodium hydroxide. Standard

work-up of the carbonate .wash gave only a trace of tetrachlorophthalic

éoid shown to be an impurity in the original anthranilic acid., Work-

up of the alkali wash gave a tan solid (362 mgs. 58%) shown by 1.r.

sbectroScopy and t.i.q. to be 2,3,4,5-tetrachlorophenoi.

b) The diaéonium salt (1 gm.) was added to methanol (30 mls.).

There was a spontaneous reaction and a clear yellow solution was

obtained. The sélvent was removed, replaced with carbon tetrachloride

(30 mls.) and extracted with 10% sodium carbonate solution., Acidification

of the aquecus phase and standard work-up gave 2,3,4,5-tetrachlorobehzdic

acid ('_'('9 mgs. 10%) m.p. l64-5°c(1it.ll2m.p. 168°¢ ) lH n.m.r. T 2.90.
The organic phase was dried and solvent removed to give a crystalline

501id shown to be 2,3,4,5=tetrachlorocanisole (480 mgs. 63%).

17. Decomposition of 2-carboxytetrachlorobenzenediazonium chloride in

water and methanol

a) The reaction was performed in the same way as previously described
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(Expt. 16a), and gave similar results. The organic phase after the
carbonate wash was shown to be a mixture of tetrachlerophenol and
pentachlorobenzene (total yield 38%).

b) TIdentical procedure to that described ih expefiment 16b gave
2,3,4,5-£etfachlorobenzoic acid (89 mgs. 11%) and 2,3,4,5;tetra-
chlorocanisole (567 mgs. 76%).

18. Decomposition of benzenediazonium-2-carboxylate 1n water and methanol

a) Bengzenediazonium-2-carboxylate (1.1 gms.) was dissolved in water
(30 mls.), warmed at 60°C for 2 hrs. and left overnight. The crystalline
solid which formed was filtered and dried to give salicylic acid (720
mes. 72%) m.p. 156-800(111:.34 m.p. 159OC)¢he i.r. spectrum was identical
to that of an authentilc samﬁle.

b)  Benzenediazonium-2-carboxylate (1.0 gms.) was allowed to decompose
in methanol {30 mls.) for 48 hrs, G.l.c. (column C) indicated the
presence oflmethyl benzoate and aniscle. The solvent was removed,
replaced wilth ether and extracted with 10% sodium carbonate solution.
Acidification and extraction into ether gave an acldic fractlion shown
by 1H n.m.r. to be a mixture of benzoic and o-methoxybenzolc acids
(15:4) 59% and 17% yields respectively. G.l.c. of the organic phase
showed traces of anisole, methyl benzoate, methyl salicylate and

o-methoxy-methyl benzoate.

- 19. Decomposition of benzenediazonium-e-carboxylate in acetonitrile

containing mixtures of furan and water, and furan and methancl,

Re-examination of Gompper's experiments.

a) Benzenediazonium-2-carboxylate (1.3 gms.) was dissolved in a
solution of furan (5 gms., 0.073 moles) and water (8 gms. 0.44 moles)
in acetonitrile (150 mls.). After 30 hrs. the solvent was carefully

removed and the residuval oil redissolved in ether (100 mls.). The
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solution was.then extracted with 10% sodium carbonate solution and
the phases separated. On acldification and.extractioﬁ into ether a
erude acid frection-was,obtained (668 mgs, ) ﬁhich showed an acetyl
Hresonance ati‘T’7,75 Ehe acid extract was methylated.with ethereai
diazomethane apd the pfodects_sepafated by preparative layer chroma-
tography,(j plafes, 1 metre x 20 cms. X Q.S mms, eluent - 5% ether-
" benzene ) to give : _

1) at R, 0.7 methyl salicylate (124 mgs . 9%) identified by t.l.c.,

i.r. spectroscopy and g.l.c.

11) at R,.0.2 methyl- N-acetyl anthranilate (379 mgg. 25%

99-101 c(ut.34

101%. ) The lH n.m.r.'and i.r. speetra were ldentical - -
“wilth those of an authentic sample.
Solvent was carefully removed from the original organic phase

- o alve a yélloﬁ 011 which was shown by g.l.c. (colum C) to be

-'fvirtually pure furan adduct (438 mgs. - 30%) There was less than 1%

’ 'of phenol in the product

 b) Eenzenediazonium~2-carboxylate (0.7 gms.) was dissolved in a
solution of furan (5.0 gms., 0.074 moles) and methancl (12.5 gms. 0.39
moles} in acefonitrile (150 mls.). After 48 hrs. at room temperature
the eolvent'was cerefuliy removed and replaeed with ether. The

:'eorganic soletion was thenfwashédrwith;lO%\Sodium'carbenate soiutiOn
 ?to,giee‘6n etandard,workeup,a'mixﬁuré of acids (241 mgs.). This
 erude'bfoduet was then ﬁetﬁyleted wilith ethereal diazomethane and the
preduets seperated Ey,pfepa;eﬁiﬁe layer chromatography on silica

(2 x i metre‘k’Eb ems. x 0.5 mms plates:eluent 5% ether-benzene }. The

;main products obtained were:

.a) : methyl o-methoxybenzoate (55 mgs. 8%)

b) methyl N-acetylanthranilate (80 mgs. 10%).

Other bands were scraped and gave methyl benzoate, methyl salicylate
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and methyl anthrahilate in trace amounts. The identity of all
products was confirmed by 1.r. spectroscopy.

Solvent was removed from the original organiec phase to
give a yellow oil (397 mgs.). Purification by preparative layer
chrqmatography on silica (3 x 1 metre X 20 ems. X 0.5 mms plaies
eluenf;‘B% ether-bénzene ) to give the furan adduct, 1,4wepoxy-1,4~
-dihydro-naphthalene (220 mgs. 32%).
c) A reaction was performéd exactly as described in part a) with
the addition of silver nitrate (100 mgs.).- Work-up of the acidie
material by chromatographic separation of the methyl esters gave
methyl salleylate (330 mgs. 24%) and methyl N-acetylanthranilate
(235 mgs. 16%). Removél‘of solvent at room temperéture from the
organlc phase gave a yellow oil (219 mgs.) shown by é.l.c. (colum
B) to contain 3 components, phenol, furan adduct and én unknown in
the ratic 50:6:23 i.e. yiélds of phenol and furan adduct were 17%
and 6% respectively.

20, Reaction of benzenediazonium-2-carbaxylate and organic nitriles

a) Benzenedlazonium-2-carboxylate (1 gm.) was allowed to décompose

at room temperature in acetonitrile (30 mls.) over 48 hrs; The

solvent was removed, replaced with ether and extracted with 10%

sodium carbonate solutioﬁ.‘ lH n.m.r. of the acid mixture (214

mgs. ) showed 1t to be a mixture of benzoic acid and Efacetylénthranilic

acid in the ratio 3:1 giving overall yilelds of 15% and 6% respectively.
Removal of solvent from the organic phase gave a black tarry

substance which was not identified.

b) In an identical reaction with benzenitrile a mixture of acilds

was obfained'(242 mgs. ) which were methylated with diazomethane.

The i.r., spectrum showed the presence of a cyano group and mass
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spectrometry indiecated the molecular welght to be 237. G.l.c.
analysls (column A EOOOC) showed it to be a mixture of two isomeric
biphenyls, probably 2-carbomethoxy-3'-cyano-biphenyl and 2=-carbome thoxy -
-4 'wcyano-biphenyl.

The organlic phase gave 332 mgs . of a brown oil which apart from
contalning some benzonitrile was not identified.

21. Investigation of the decompositidn of benzenediazonlum-2«

-carboxylate in chloroform

Benzenediazonium-2-carboxylate (L gm.) was allowed to
decompose 1n chloroform (20 mls.) containing furan (1 equ.) and
triethylamine hydrochloride (up to 1 equ.) at room temperature
for 48 hrs. and at 60°C for 60 mins. The reaction mixtures were
analysed by é.l.c. for chlorobenzene an& 1,4-epoxy-1,4-dihydro-
naphthalene. The adidic material was washed from the mixfures with
10% sodium carbonate solution, the aqueous phase aclidified and the
' preéipitated acids extracted into ether. Removal of solvent and
drying in vacuo gave the acld extract. This weight was taken as the
yleld of o-chlorobenzoic acid. A control reaction established that
this fractlon was ﬁainly o-chlorobenzole acid by g.l.c. analysis of
the methyl esters. The acid fractions were simllarly methylated
; with diazomethane and examined by g.l.¢. to check that grchlorobenzoic'
aclid was the major component.

Calibration cufves were constructed plqtting'peak height and
concentration-for both chlorobenzene and the furan adduct using
columns B and C at 160°C. Each determination ﬁas made from the
average of at least three injections. The following results were

obtained:
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".-No Equivs Et NHCl

(1) At room temperature
é) furan adduct

No.Equivs.Et_NHC1 % Yield B

3
1.0 54
0.8 50
0.6 . &3
ok T 63
0.2 e

b) chlorobenzene

No.Equivs.Et,NHC1

3
10 81
0.8 - 74
0.6 6.8
0.4 _ - 3.6
0.2 S 28

% vield B

) No. Equivs Et NHCl

R

g Yield of o-chloroben201c acid

'(ii) At 60° o

éjw'_furan adduct

3

| 06 g R

Tﬂby‘cmﬁmmmmmm

NHCL -

o No Equivs Etﬁ

ﬁ- .O.8: .t_: ‘.." 24;,";i.

0.6 12
R X
0.2 5.9

152.

gyielan

% Vield B

% Yleld €

57
61
62
Th
67

% Yield C

8.5

7.5
6.8

3.3
1.8

1.0,

23,

% vield ¢

8

(‘84‘.]‘p

% Yield C

12.5
6.8
6.4

0.8,

26,

Mean % yield

56
56

57
68
65

Mean % yield

s Ouh4,

26, 23, .

Meén:% yield

Coss
56

15

""'-:'85_

Mean % yield

20
12
7
6

0.2,

0.0

14, 12



¢) No.Equivs. Et3NHC1 0.8, 0.6, 0.4, 0.2, 0.0

% yield of o-chlorobenzoic acid 14, 16, 19, 15, 1k

Both runs were on a temperature programme of lOOOC for 5 mins.

followed by an increase of 48°C/min, to 160°C.

22. Decémposition of benzenediazonlum-2-carboxylate in chloroform

in the presence of bromide ion

Benzenedlazonium-2-carboxylate (1 gm.) was allowed to decompose
in a solution of furan (500 mgs. 1 equ.) and triethylémine hydrobromide
(1.25 gms. 1 equ.) in chloroform (20 mls.)'at 60°C. The mixture was
extracted with 10% sodium carbonate solution and the aéidic material
isolated by acidification and extraction into ether. The acidic mixture
(220 mgs.) was methylated and shown to consist of mainly methyl o-chloro-
benzoate and only a trace amount of methyl o-bromobenzoate (ratio 23:1).
There was also a trace of methyl benzoate.

23, ¢ Decomﬁosition of benzenediazonium-2-carboxylate in 1,2-dichloroethane

a) Benzenedlagzonium-2-carboxylate (1 gm.) was heated under reflux in
a solution of l;2~dichloroethane containing furan (500 mgs. 1 equ.) for
2 hrs., G.l.c. analysis indicated a yield of furan adduct of 88%.
Extraction with 10% sodium carbonate solution and subsequent work-up

- gave a mixture of acids (60 mgs,) shown by g.l.c. on the methyl esters
to be o-chlorobenzole acld and salicylic acid.

b) An identical reactibn with the addition of 1 equ. of triethylamine
hydrochloride gave chlorobenzene 37% and furan adduct 29%. The acid
fraction weighed only 30 mgs. ”

e) A further reaction in the presence of triethylamine hydrobromide
‘gave chlorobenzene (4%), bromobenzene (18%) and furan adduct (34%).

The acid fraction weighed 57 mgs. and contalned no o-bromobenzoic acid
(by g.l.c. of methyl esters).

d) A similar reaction using 1,2-dichlorocethane (40 mls. dried over
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molecular sieve) and water (0.12 mls. 1 equ.) gave only 30 mgs. of acld
material, G.l.c. of the methyl esters showed.it to contain o-chloro-
benzole and salleylic acids in the ratlos previously observed.

24, Decomposition of benzenediazonium-2-carboxylate in other

halogenated solvents

a) Benzenediazonium-2-carboxylate (llgm.) was heated under reflux in
a solutidn of carbon tetrachloride (20 mls.) containing fﬁran (500
mgs. 1 equ, ) for 2 hrs. The reaction mixture was very itarry and the
yield of furan adduct (g.l.c.) was less than 20%. Extraction of the
crude mixture with 10% sodium carbonate solution and subsequent work-
up gave an acid fraction (139 mgs.) shown to be mainly salicylic acid
by g.1l.c. of_the‘methyl esters. There was also some o-chlorobenzoic °
acld and benzole acid. |

b) An identical reaction was performed in bromotrichloromethane.

The mixture was agaln very tarry and the yileld of furan adduc£ low.
The yield of acidilc materiél was 149 mgs. and consisted of a mixture of
salicylie, o~chlorobenzoic, and o-bromobenzoic acids in the ratio
2:1:1 and overall ylelds of 8%, 4%, and 3% respectively.

25. Reactlion of methyl pentachlorobenzoate and tetraphenvl cyclopenta-

diencne

Methyl pentachlorobenzoate (1.0 gms,) was dissolved in pyridine.
(50 mls.) containing tetracyclone (i.2 gms.). The solution was
warmed at 100°C for 16 hrs. and the solvent removed. The residue
was placed on a column of alumina (250 gms,) and elution with light
petroleum gave pentachlorobenzene (707 mgs. 86%) m.p. 84-6°C (1it.54
m.p. 86°C. )

26. Reaction of N-bromosuccinimide and salicylic hydrazide

Methyl salicylate (60 gms.) was heated in a steam bath with
hydrazine hydrate (30 mls.,) for 3 hrs. On cooling a white precipitate
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was obtained which recrystalliséd'from water to glve salicyiic hydrazide
(45 gms. T5%) m.p. l46°0.(lit}131n.p. 14500.)

Salicylic hydrazide (1.0 gms.) was dissolved in tetrahydrofuran
(20 mls.) and cooled to 0°C. L_T;bromosuccinimide (1.2 gms.) was |
added 1n small portions. There was an immediate rgaction, after
which the so;ution wa.s §tirred aﬁ GOC for_&s mins. The solvent wgsi
“removed and fhe residue triturated with methanol. The insoluble
succinimide.was filtered and solvent removed from the filtrate
.to glve a white solid shown by 1.r. spedtfoscopy to be cfude salicylic

acid.
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