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ABSTRACT

The main part of this woric is co-rlcerned"with the
study of the thermal decomposition of 2-bromophenoxides and
related compounds. The thermal decomposition of sodium
2‘-brom0phenoxides‘ was reinvestigated and evidence for a mechanism
involving the intermediacy of a 1, 2-ketocarbene intermediate was
obtained by trapping reactions with nucleophiles, viz phenols,
benzenethiols, and benzamide. The participation of benzoxirene and
1, 3-aryne intermediates were excluderd on thé basis of 15C F. T. n,
m,r., experiments,

Benzoxazoles were formed by thermal decompositions
iﬁ wet benzonitrile and their formation was shown, by control
experiments, to be via nucleophilic attack on:the ketocarbene rather
than by 1, 3-dipolar addition to benzonitrile,

Thermal decomposition of sodium Znha‘lothiophenoxi.des
gave thianthrene and in contrast to the oxygen anaiogue, 130 F. T
‘n.m,r. suggested the intermediacy of benzthiirene, In accordance
with the propose-d mechanisﬁs, mixtures of sodium Z-bromopheﬁpxides
and 2—bromothiophenoxides gave the corresponding thianthrenes and
phenoxathiins, The efficient trapping of ketocarbene intermediates
with thiophenoxide was used to provide _e-v‘idence for a 1, 4-ketocarbene

from the decomposition of sodium 4-bromophenoxide,



Study of thermal decompositions of sodium
Z-bromopheﬁoxide in the presence of other nucleophiles, viz.
amines, benzcates and thiobenzoate provided. no evidence for
nucleophilic attack on the ketocarlbene.l |

The thermal decomposition of sodium i-bromo—
2—naphthoxide was investigated but attempts tQ prepare 2—b-romo-
3--hydroxyﬂuoranthene, in order to investigaté the decompositibn
of its sodium salt, failed.

The remainder of this work is involved with .the
reinvestigation of the reaction of bromodurene with strong bé-se. ‘
"Complex base" was reacted with bromodurene and several solvent.
syétems were investigated. The results provided evidence agai_‘nst
a mechanism involving the intermediacy of the bromotrimetﬁylbenzyl
anioﬁ and were in agreement with a mechanism involving a carbene

intermediate.
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INTRODUCTION

1. ‘1, 3-Bidentate Reactive Intermediates

A 1, 3-bidentate reagtive intermediate is a short-
lived si)ecies which possesses two concurrent reactive sites;
1, 3- indicating the positions of these sites relative to each |
other in the molecule, |

(a) 1, 3—Diradicals .

1, 3Diradicals belong to this class of reactive inter-
mediétes, but pure diradical reactions are rare_ly eﬁcountered,
owing to highly-probable,alternative,stepwise radical mechanisms.
One of the few reactions which does involve a triplét diradieal is
'the photolysm of 3H-indazoles (1) to benzocyclopropenes (3)

The e, s.r. spectrum at TTOK in a pentane glass was unambwuous;y
interpreted by Closs! to be that of the triplet-state diradical

intermediate (2).

CH oGP

S Cp - .

y v ) | CH

//;;%K°-_> . <R3
23

3.

(b) m-Benzyne

Although 1, 2-dehydrobenzene is now a well-known and
well-documented species, little is known about its 1, S—bid_entate
analogue, 1, 3-dehydrobenzene or _{_n_—brenzjne. Evidence has been

reported for the transient existence of m-benzyne on several occasions.



Berry and his co-workers2 have reported the transient existence

of m-benzyne in the flash-initiated decomposition of the unstable
compound, benzenediazonium-3-carboxylate 7(4). The products
were examined by mass spectrometry and a species with parent
mass 76 vx;as observed and identified as m-benzyne. Two structures

(5 & 6) were suggested for this transient species.

The formation of 1, 2—dehydrobenzene by the photolys;is
of 1, 2-di-.~iodobenzer_1e3 prompted Fischer and L.ossing to examine
the possibility of the formation of _rg—benzyne by thermoiysi—s of
1, 3—di—iodobef1zene4. Careful examination of the ionisation poteﬁtials
in the mass spectrometric analysis of the products showed the open

chain compound (7) to have been formed rather than the expected"

m-benzyne.

...I ' ‘ '
> —> CH=(C—CH=CH-—C=CH
I I 7 _-

McGr_iff5 attempted the preparation of m-benzyne derivatives as



[44]

isolable compounds from trisubstituted bicyclo [3, 1, 0] hexanes (8).

X

X
8

He synthesized cis- 2, 3-diacetoxybicyclo [3,1,0] hexane—G-carboxylic‘
acid (8,X = OAc, Y = COyH) and-transformed it into the corresﬁonding
primary amine (8,X = OA¢, Y = NHs) and dimethylamine-N-oxide |
(8, X = OAc, Y = ON(CH3)g). Deamination of the amine led to.riﬁg-
opening and a mixture of triacetoxycyclohexenes was isolatéd.
Pyrolysis of the diméthylamine—}j_—oxide also failed to give m-benzyne;
tars I—Deing the only products. Using a similar precursor'(é), Fohlish5
attempted to prepare the 1, 3-bidentate species (10) by thermolyéis
involving a cis-elimination mechanism. Unfortunately, M—eliﬁination
took place and gave benzene as the only product.
R ficny

373 - I:J}(C Hg)g,

“H ZA
) ‘ N
BVl ~H,0 ,
H 6h 2 -
g - 10
cis-elimination

H - N(CH3)s
CHals

\\l _ .
g CbFCH3)3 H,0

trans-elimination



Rossi and his co-workers' claimed the intermediacy
of Ln'_—benzynes in the thermal decomposition of subsfitﬁted
m~carboxybenzenediazonium salts, They examined fhe solid
products obtained, and concluded that their formation was in
agreement with a mechanism involving m-benzynes, but they
appeared to ignore the more 1ike1y possibility of stepwise de-~
compos?tioﬁ.

Recently, Hess and Schaad® examined the possible

structures for 1; 3 -dehydrobenzene:

° +

A . s
i2 13

They obsérvéd ‘that the structures '(li) and (13) ixhply singlet
structurés, whex;eas structure (12-)' can be éingiet or triplet.

If structﬁre (12) is considered as triplet then all three structures
may be congsidered as resonance forms.. ‘They studied the relative
energieé"of the three structures in. terms of the coﬁcept of
"resonance energy per electron' (R.E.P.E,) Which they clairn to .
correlate with aromatic character., Cofnpounds with positive

| R. EPE values are aromatic, those with negati\fe value's are |
~antiaromatic and those with R, E.‘ P.&E, =0 are polyolefinic,
Appli;ca'tion of this. concept to structure (11) Agave an R.E. P.E.

value of 0.055fwhich compares with the R, E, P, E. value for benzene



(0. 065/3). Hess and Schaad concluded that the structure (11),
although apparently under considerable strain, is still a distinct
possibility.

{c) 1, 8-Dehydronaphthalene

_ 1, 8-Dehyd ronaphthalene may be considered as a
1, 3-bidentate intermediate in which the two rea‘cti\lre 'cent‘res are
formally meta-related. Inan é.nalégous reaction to the generatioirx
of benzyne by fhe oxidatibn of 1 -aminobenzotriazoie With_lead -
i:etfauac'etate (];.'-T, A ), Rees and Storr? oxidised 1-amino-naphtho-
-‘ [1, B-f_ig] triazine (14) with L, T. A, and found that nitrogen was evolved,
The products obtained were consistent with déhydrogenatioﬁ'of the. |
amine (14) ‘to.'generatc; the nitrene‘(15), followéd by loss of two Iﬁolecules

of nitrogen to give 1, 8-dehydronaphthalene (16).

% 15 16

Rees and Storr? recognised that the peri—dehydro-orbiials
are in such a position in 1, 8-dehydronaphthalene to allow the possibility
of some overlap and stabilisation, as in the case of 1, 2-dehydrobenzene.

10

Hoffmann " calculated the stabilisation of the species by dehydro-

orbital interactions and found it to be only one third of that for 1, 2-dehydro-



benzene. Investigation of the reactions of 1, 8-dehydronaphthalene
by Rees and Storr9 suggest it to be mainly diraciical in character.
They trapped '1, 8-dehydronaphthalene by 1, 2- addition with
unsaturated compounds and by the formation of radical abstraction
products. On oxidation of the amine (14), using benzene as the
solx}ent, 1-phenylnaphthalene and 6b, 10a- dihydrofluofanthene (1;?)
were obtained, Rees and Storr suggested,from this result, the
following mechanism for the general reaction with aromatic hydro-

carbons:

Similar 1, 2- additions were found to occur with 61efins;
for examrple, with tetrachloroethylene, oxidation of the amine (14)

with L, T.A, gave tetrachloroacenaphthefes— and adducts were



formed b‘;y 1, 2- addition to the double bonds of cyclohezene and
cyclooctene, The formation of naphthaiene in some of the
reactions, by abstraction of benzylic hydrogenl atoms, suggested
the involvement of radicals,

Rees and Storr? also attempted 1, 2- addition of
1, 8-dehydronaphthalene to azo- compounds and they obtained, for

example, a low yield of the adduct (18) with dimethyl azodicarboxylate,

18

Comparison of the reéétions of 1, 8-dehydronaphthalene
with those of benzyne derived by a ‘simil;cul" rout.e, suggested it to be
much mofe reactive than benzyne,and, in conirast to benzyne,
dimerisation was found not to occur, 'Radicall absfcractions were
found to take place readily., With carbon tetrachlofide, i, 8-dichloro~
naphthaleﬁé was obtained and with bromotrichlo.romethane, |
1, 8—dibfqmonapluthalene and hexachloroethane were produced,
providing evidence for abstraction of halogen atoms. No reactioh
with nucleophiles \a.ras observed, For example, with‘methanol , only
hydrogen abstraction took place, giving naph_ths.tlene. Rees and Storr

studied the stereospecificity of the addition of 1, 8-dehydronaphthalene



10

to cis- and trans- 1, 2-disubstituted olefins and concluded that
a singlet diradical intermediate was involved,

{(d) 1, 3-Dipoles

| ‘Undoubtedly, the main group of 1, 3-bidentate
compounds is the 1, 3-dipoles, of which there are a large number
of exampies. Azides, for instance, classed as 1, 3'—dipqles With
a double bond and octet stabilisation, will readily undergo 1, 3-

.additions to alkynes:

Other, well-known members of this class are the

diazoalkanes, which have been extensively studied.
+ - ¥ -
Nz=N—C<—> N=N—CL

Azides and diazoalkanes can be isolated and some _of
them are thermally stable, but some 1, 3-dipoles in this class,
such as nitrile ylids, cannot be isolated,

In the work described in this thesis, ketocarbenes,
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1, 3-dipoles without octet stabilisation,are of particular
importance, and are discussed in detail in the next section,

2. Ketocarbenes

Ketocarbenes are obtained almost éxclusively by
the decomposition of diaz'oketones by heat, light, ard various
‘catalysts. The ketocarbene structure may be written as a
resonance hybrid of charged and uncharged canonical forms:

.. | | =
—C— ?“-:-O «—> -—C::(l:—-—O

On decomposing dicarbonyl diazo compoupds in
aqueous solution, Wolff 11 discovered and isolated products
in which the carbon skeleton had been rearranged, Later, when
Schroeterl? had obtained diphenylketene by the thermai decomposition
of phenylbenzoyldiazomethane, Wolffls rationalised his preducts by
assuming a similar ketene intermediate (Scheme 1), He recognised
that his reaction was analagous'to the Curtius.degradation of carbonyl
azides and further support for his rationaliéation came with the
preparation of stable ketenes from diazoketones by Staudihger and

irzell4 and by Gilman and Ada'msl5

R_
R—CO-*CNZ—R——»'R—CO C—R’-——> _C=C0
R ketene

'Scheme 1
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The development of efficient syntheses of diazoketones
from acid chlorides and diazoalkanes!617 accelerated the interest
in the Wolff rearrangement and a sys'tematié.study was carried out,
notably by Arndt and Eiskert!S,

The migration of alkyl and aryl groups bonded to the
carbonyl group of ketocarbenes, to the divalent carbon atom,is still
not'fu]ly undernstood and in some casels the cafbéne, intermediéte
can only be assumed by analogy. |

Ketogarbenes are thought to be invol{fe'd in the reaction
of nitrous o:&ide with acetylene at high pressure and température.
Buckley and Levy19 rationalised their results with a scheme

involving a 1, 2, 3~oxadiazole;

PhC CPh+N O—-—>F’h—C C—Ph F’hCOCNZPh
O\ /N ‘
N N2
PhCO- CPh

F’h l
~C=C=0

: ./
Ph |
The peroxidation of acetylenes also givés products wﬁich
can be interpreted by involvement of a ketocarbene intermediate:
) . s
" R-CO-CHCH-R

\
HOZC—CH-CHzR
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According to Sis20, aromatic ketocarbenes, produced

by photolysis, are capable of undergoing the Wolff rearrangement,

resulting in ring contraction:

+,//,N

>
O

hy
—>

N

X

H HX
&.
=0

KL,

C=0

The size of the ring has little restriction on the

applicability of the Wolff rearrangement and a large number of

strained cyclic systems have been prepared by ring contraction

of diazoketones, for example, benzoc3,rclcobutenes21 (18) and

bicyclo [3 1.1] heptanes (20)22. Reid and Lohwasser23 showed

2-diazoacenaphthenone (21) to be one of the few diazoketones in

which the Wolff rearrangement could not be achieved,

COR

7\

19

20

CO9R

0 N,

21



Scheme 2
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On‘ photolysihg 9.diazo-10-keto~4, S5~-methylenephenanthrene
(22), 'I‘rost24 .'obtained only 2% of the required ring contracted
product (23)in the presence of t-butylamine, lI:nstead., he obtained a
20% yield of the product (24), formed by a virtually unprecedented
reaction between the ketqcarbené aﬂd the solvent, benzene, From
further experiments, Trost was éble to conclude that the Wolff |

[ .

rearrangement is only applicable in cases in'v{rhich the ring strain
created in a single step is‘lower than 50 kcal mol-l, He fostulated
two mechanisms (Scheme 2) for the forma’;ion of the product, one of
which involves the novel 1, 3-dipolar addition to a simple aromatic
compound,

' Although 1, 3-dipolar addition of ketocarbenes to Sj_mpie |
aromatic compounds is virtually ﬁnprecedented, many examples afe
known of 1, 3~ additions with dipolarophiles possessing a reiativgly

polar or highly strained multiple bond.

A, 'L,3 Dipolar Addition Reactions of Ketocarbenes.

() Classification of 1, 3-dipoles

Huisgen25 classifies cycloaddition reactions according
to the number of new bonds formed, or acco.nlc'ding to the éize of the
ring which is formed. ‘Ustally two reactant rﬁolecules combine and
form a cyclic compound by creation of two new o=bonds at the expens-e
Aof twth-bonds. |
A3+235 type cycloaddition giving an uncharged

5.membered ring cannot possibly occur with octet-stabilised reactants
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possessing no formal charges. A 1, 3-dipole must be defined |
(9_-_]3-3) sﬁch that atom a possesses an eiectron sextet, i,e. an
incomplete valence shell combihed with a posrit.ive formal
charge and that atom ¢, the negatively‘charged cenire, has an
unshared pair of electrons. Combination of such a dipole with
a multiple bond system d-e, termed the dipolarophile, is known
as 1, 3 dipolar ;:y_cloaddition. The dipblarophile may be any
double or triple bond. The two compénents coalesce by means

of a cyclic displacement of electrons with extinction of the formal

charges to give a five-membered ring.

' .-+/' N~ /N
A A/
d=e - d—e

Compounds possessing‘an electron éextet at a carbon,
nitrogen, or oxygen atom; are not stable, The foregoing designation
wlould acquire the physical significance of a mere resonance
contributor if the 1, 3-dipole were capable of isolé.tibn. Stabilisaﬁion
is possible if an unshared pair of electrons at atom b can relieve
electron deficiency at atom a by formation of an additional bond. In
the new mesomeric formula all the centrés have filled valénce shells,
atom b now having a positive charge, Such gystems are termed

1, 3-dipoles with octet stabilisation:
+ 'Y — + — . -
a=b—c <> a=b—¢ b=N

a— b—-—E «>a=bh-C b= ij‘“R orO
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In the case of ketocarbenes:

| —E:—-,c——5= —>—C—C=0

& I ow

The centre b of the 1, 3-dipole (a~b-c) is a carbon

' atom and internal octet stabilisation is prevented by the lack of
an available frée electron pair‘._ However, if, as in the case éf
ketoqarbenes, isolation of the 1,3-dipole is reliﬁquished and the
intermediates of short life-time are trapped by reaction with the
dipolarophile, then the restriction of the 1, B-dipéle can be over-

come. Such systems are termed 1, 3-dipoles without octet

" stabilis a‘tio n.

(b) Addition reactions of alip;hatic and Aalicy‘clic ketocarbénes

| Loss of nitrfogen from a diazoketon.e resulis in a keto-
ca;rbelné intermediate having a singlet state which can best be -
described by neutral and zwitterionic resonance forms. The resonénce
form formulated as a 1, 3mdip01e is capable of cyclbaddi.tion. Evidenée
for the ketocarbene in‘;ermediate was initially found by Huisgen and his

c:o--workers26

in the thermolysis of diazoacetophenone (25) in
benzonitrile, They obtained products derived from phenylketene, the
product of Wolff rearranéement, togeth‘gr with 2, 5~-diphenyloxazole (27),
| showing addition of the 1, 3-dipole (26) to the dipolafophile to have

taken place,
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H C H H C H
Nz -N2_ TTEG T 0 -~ 0|
0=C=CH—CgHsg CsHs‘CEf\N Getls
- + - H<Z >0
Secondary products N':<
- | " ~ CgHsg

25

Since Wolff1® had found that the addition of éiiver saits‘

as catalyst increased the rate of decompositioﬂ of diazoketones, |
Huisgen _e_j:_gl?e noted the effect of copper powder and éopper salts
as éatalysts. It was found that nitrogen liberation was Enhla'nce;i and
the Wolff rearrangement was suppressed to give 16% of the adduct
-(27) with added catalyst, compared with 0. 4% without catalyst,
Novak _ej_ell.m also evidenced the suppressibn of the Wolff 1“éarrai1ge- ‘
ment in the decompositio'n of diazoketones with copper in the |
presence of olefins, Decomposition of 4, 7-dimethy1—2—diazoindan—
1-one (28) by photolysis in benzonitrile was found to givel 11%. and 34.%
of the condeﬁsed oxazole (29) in the absence and presence of copper
| catalyst, reSpectivelyzs.‘ Photolysis of the same compound (285 in

tetrahydrofuran was shown by Cava?8 to give the ring-contracted

product of the Wolff rearrangement (30),
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COOH

THF |
‘-

CH
30

(c) Addition reactions of éthoxycarbonyl carbenes

Ethyi diazoacetate (31') cén lose nitfogen on thermolysis
to give e’thoxycar.;bonyl carbene, Thé rnesome-ric_ J:"esonance of the
ester might be expected to act in opposition to the 1, 3-dipolar activity
of the ketocarbene. Ethyl diazoacétate is incapable of undergoing the
Wolff rearrangement; decompositic;n of diazoaéetic acid este‘rs in the
presence of olefins or aromatic compounds give rise to cyclopropane~-
carboxylic esters., Surprisingly, howéver, it waé fourid26 that
thermolysis of éthyl diazoacetate in benzonitrile gave a 42% yield of
the adduct, 2-ethoxy-5~phenybxazole (32). _Althouéh it mighi: be argued
that the ketocarbene initially forms an ézii'ine-B-carboxylic ester on

reaction with the nitrile, which then ring expands to give the product,
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it is more likely that the product arises directly by 1, 3-dipolar

addition.

oo .
v 3

HE=COL,H ! ol =S T

N Ny [HE=6-0C,Hs Y
31 - T 3

(4) Addition reactions of aromatic ketocarbenes

In order té trap the short-lived interinediatesé

~ efficiently, 5y impeding the Wollf rearrangemaent,’ it ié nec:es‘sary :to
stﬁdj carefully selected model systems. Benzene-g_-.diazooi:id.es;
infermédiate in reactivity betﬁfeen aliphati(_: diazoketones and
aromatic diazonium salts, provide such a sys;cem. The intermediate
ketocarbene should have a 3.oﬁger lifetime since ring contlj'action‘by :
the Wolff rearrangement results in loss of aromatic 1°esoﬁance
'eﬁergy. It was found?? that tetrachlorobenzené-_q-diazooxide (33),
on thermal decomposition, did not give fearrangement of the keto-
carbene and in metﬁaﬁol gave predominantly 2, 3, 4, 5-tetrachloro-
:6—methy1phenol. ‘Huisgenzﬁ‘has shown that the ketocarbrene undergoéé
1, 3~dipolar addition with numerous nucleophiles; for example,
thermoiysis in phenylacetylene gave 2-phenyl-4, 5, €, 7T-tetrachlorg-
benzo[g]furan (34), thermolysis in styréne gave the correspondiﬁg

2, 3=dihydro derivative of the furan (34) and in di rnethyl aterusieﬂepircwboxdioja
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a good yield of the adduct (35) was obtained. With benzonitrile,

" the benzoxazole derivative (3-6) was obtained,

-+ N | -
od Q ‘
—

33 | —
Cl I - | |
-l | oL
3k COZCH3 cl O>_Ph
| COQCH3 cl 7
| Cl
- 36
0,CH5 C02CH3 el ('?OZCH3
33 + or I Cl - ’H |
| T -COLH,
CHOL CoLHy & 0T

37

Huisgen showed that the C =5 bond in phenyl isothiocyanate
showed a greater dipolarophilic activity than the C = N bond in
benzonitrile and a high yield of adduct was obtained with carbon

-

disulphide due to this high dipolarophilic activity of C = 5. Photolysis
and thermolysis of the diazooxide (33) were found to give almost

identical results with the various dipolarophiles.
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‘In contrast to other 1, 3-dipolar additions, Huisgen25
foﬁnd that reaction of the diazooxide (33) with olefins ﬁas not
stereospecific and both dimethyl fumarate and dimethyl maleate
gave the same trans adduct (37). On following up this work,
Huisgen29 has reported numerous examples of 1, 3-dipolar cyblo-
additions of the diazooxide (33) with alkenesg and alkyne the
method alléwin.g the preparation of a éreat rﬁany Sfmembered
heterocycles. N

lFﬁrth.er evidence that the ketocarbené 1s invo-lv-edin
the l; 3 adcﬁtion is that the rate of decomposition of the diazooxide
(33) is only slightly dependent on the solvent, implying that react_ion
with the dipolaroi)hile only begins after the 1o-ss of nifrogen. On fhe
other hahd, Huis'gen25 has shown that reaction of the diazooxide (33)
with dlphénylkeiene follows a cornpletelv dli‘ferent mechanism, nitrogen
bemg liberated below 1009 and the adduct (38) ~IObeing that expected
by 1, 3- addition. Yates and Robb30 investigated the reaction of
naphthalene-1, 2- diazooxide (11—0) and naphthalene 2, lediazooxide (39)
with ketenes. They found that thermolysm of naphthalene—Z 1- dlazo-
oxide in boiling xylene in the presence of dlphenylketene gave, in
addition -tolthe py.rolysis product, a pro.duct (41), analagous to that
obtained by Huisgen, Yates and Robb30 followed up the work of |
Horner31l, who wrongly assigned the structur‘es of thé products
obtained by thermal deéomposition of the diazooxides (39 & 40). The

same product {42) was obtained from both compounds.
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Haszeldine32 and his co—%.vorkers synthesized
1-diazotetrafluorobenzene~2-oxide (43} and found that it Wasr ev-en
more suitable as a model compound disincliﬁed to undergo the'Wo-lff
rearrangement than the corresponding chlero-compound. They |
studied photochemical and thermal decomposﬁlons of the d1azoox1de
‘(43) in various solvents (Scheme 3). In benzene, nucleophilic
substitution by the dipolar ketocarbene was found to occur giving
2,3, 4;, 5-1:etraf1uoro-6nhydroxyb’-Fl\@ﬁD in gopd yield,and the formation
of adducts, ‘analagous to those obtained by Huisgen, were obtained with
-nitriles and . isothiocyanate as dipolarophiles. The formation of,"

these adducts was taken as good evidence for the formation of the

ketocarbene intermediate (44).

*r
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B. K etocarbenoids by x-Elimination

The only source of ketécarbenes fof over fifty years
has been the dec‘omposition' of diazoketones. Recently, however,
Scott and ‘Cotton33 have reported the first exampie of a ketocarbenoid
generated in high yield bye< -elimiﬁation. Scott and Cotton use the
"éarbenbid” definition, which descr;ibes fhose carbenes which are not
free divélent carbon species; in other words, the species formed by
o -elimination are distinct from those produced ffom diazoketones,
They treated <, st~-dibromocamphor (45) w1th dlethyl zinc in anhydrous
benzene, and found that immediate quenchmg with water led to the

formation of endo-x-bromocamphor (46), whereas boiling under
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reflux before quenching led to the formation of a tricyclic ketone
(47). The formation of the same cyclié ketone,by C-H insertion -
of the ketocarbene derived from the classical diazoketone (48) by

Bredt34_, indicates a ketocarbenoid intermediate to be present in

o, A
-Br —> —>

B e
" -Hzo\l, ZnX 47 _TA Cu

0 | % 0
" .
46 48

the «~elimination,

O Et22n

45

The same result was obtained with zinc dust _and with
.a zinc-~copper cou;iale in dimethylformamide gnd the corresponding:
K welimination of HBr from g_{l_d_q_-o{—brofnocaﬁphﬁr {46) gavé the -
same ketocarbenoid.

Trapping of the ketocarbenoids by olefin cycloaddition

Scott and Cotton3% treated &, ~dibromodesoxybenzoin
(49) and trans-stilbene with zinc dust in bénzene to give the
dihydfofur_an (50) as the 1:1 adduct. | |
Ph P YN —
Br Br CeHe P o~ Ph
49 | 50



The adduct {50) is the product of formal dipolar
~addition of benzoy}.phe-nyl carbene to stilbene, E)ther adducts
have been formed; for example, analogous reactions \;vith
1, 1-diphenylethylene and diphenylacetylene gave adducts (61)
and (52), respectively.
Ph H __Ph
-] Pn U\
Ph™ ~0” 'Ph Ph 0" Ph
5 52

The o -elimination from the dibromo compound (49)

a

was induced by zine to give the intermediate bromoenolate (53),

which could then be trapped by olefins.

C. Thioketocarbenes

Sulphur analogues of diazoketénes lead to the
corresponding hétero arialogues of ketocarbenes, thioketocarbénes.
Replacement of the oxygen atom in dia?oketone’s .by sulphur leads
to 1, 2, 3-thiadiazoles, which, although they do not possess a diazo

group, are readily decorﬁposed both photochemically and thermally.
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By thermolysis of 1, 2, 3_benzothiadiazole {54), Jacobson and
Jaufls.sen36 obtained thianthrene (l56) as one of j;he products, the
formation of which is in agreement with a mechanism involving
an aromatic thioketocarbene intermediate (55). Kirmse and
Horner37 obtained derivativeé of 1, 3-dithiacyclopentene,called
" Qithiafulvenes' (59), and in some cases, 1, 4-dithia-2, 5-cyclo-

hexadienes (58) by photolysis of 1, 2, 3-thiadiazoles,

Lo xf ©s-> Y, @[ 1@

| R | T?\ . | R o
| .f\II% ¢ <> (I: ——-}R C=C=S
F\{ ~N LS ’Cj ~ - ,
S R-“Sg R~ J |
- / 57

RSN R

RS R _R

58‘ | -:.59

The dithiafulvenes contain a rearranged fragment of
the 1, 2, 3-thiadiazole, indicative of 1, 3- addition of thiocarbonyl-
carbene'(55) and the thioketene (57), which is the product of the

Wolff rearrangement.
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Compared with the analagous ketocarbene, the
thioketocar_bene (55) displays slow reactivity. Huisgen2® has
shown that the thioketocarbene (55) gives preferential dimerisation
to thianthrene (56) in the presence of various dipolarophiles, rather
than 1, 3-addition products. The only dipolarophiles which success-
fully undergo 1, 3- addition to the thioketocarbene (55) are those
containing the C S bond. Decomposﬁ:mn of benzothladlazole with
carbon disulphide produced 1, 3-benzodithiol-2-thione (60) which
possesses itself a C = S bond, capable of further 1, 3~ addition to

give the adduct (61)

S _*95 s, s
>s-»©[ X
s N2 s 7 & S'\s
s=c=s g 6l

3. - QOzxirenes and their Hetero Analogues

" So far, ketocarbenes have been written as a resonance
hybrid of two canonical forms. Itis possible, however, to write a

third structure, the valence isomer (62), known as the oxirene structure.

4 / \
—¢=C— < —(C—C—| = —C=C—
L. _ . - 62
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The oxirene intermediate and its sulphur and nitrogen
analogues, thiirene (63) and 1H-azirine (64), respectively, have

recently been subject to closer investigation and their intermediacy

established.

63 64

O};irene intermedia-tes are the family of unsaturafed
-epoxides and the oxirene structur‘e (65) is the simp].e.st dxygenQ
containing heferocyclig system. The oxirene strﬁcture is a potential
471 antiaromatic systemsa, which, according to quantum mechanicél
calculations, since it contains 4n Ti-electrons, ought to be .destébilised
by fesonance._- BresiowSY has examined this pfediction for the simplest
system having 4n Ti-electrons (n = 1), the cyclopropenyl anion (66).
- Although isolation of such compounds has never been achie{red, kin_etic
measurements indicate their existence and confi_rirn the predicted

properties,

e o
He=ch Ve VeV

65 B85

Calculations by Dewar?*0 show that antiaromatic hetero-

cyclic analogues‘of the cyclopropenyl anion should be stable and
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predict that they may occur as stable intermediates,

Hopl_{inson41 computed energies for oxirene (65) and its isomeric
formsrlcarbené and ketene structures. He found thét the ketene
was more stable than both oxirene and formylcarbene by 70 kcal
mol-1, offering an explanation as to why the latter two structgres
‘are not physically observable. In contrast to the exténderd Huckel
calculations of Strausz5g, which predict 'ethloxycarbonyl carbenes
to be more stable than their corresponding oxiren-es, Hopkinson
prédicted that c;xirene and forrnylcarbéné have almost the same
-energy. Strausz%2 suggested that oxirene has a singlet groﬁnd state
with low Stability, frcrﬁ molgcular orbital calculations;

(2)  History of oxirenes

The isolation of these ungtable small-ring co_;rnpounds
has been claimed and later withdrawn rseveral times during the 1ast
centufy and their intermediacy has been proposred oﬁ a number of
occasions,

The first mention of an oxirehe' was the report 43 of
2-methyloxirene, resulting from the chromic anhydride oxidation
of propyne, just over a hundred years ago. Verificalion of this
result has never been fealised and it appears unlikely. Madélung
and Overwe;gner44 claimed to have isolated diphenylacetylene
.epoxide (67) from the pyrolysis of the oxirane (68), which they |
obtained by reaction of desyl chloride (69) with methanolic sodium

ethoxide,
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o /O\ _ /O\
C6H5—-C"-:C“_C6H5 C6H5 (i:‘“"(lz"—CSHg)
| . | H OCH3
- 67 | - 68
i (';1 ?l . (I)CH3
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= H O
' 69 _‘ 70

‘-Da'uben %45 repeated this work ahd showed that the
rproducts (67 & 68), claimed to have been isolated were, in fact,
~ both benzoin methyl ether (70) in different states of purity.

S--chlubach and Fr-r;mzexfLG obtained a compound of molecular
formula C10H180, by reaction of dibutylacétylen'e with peracetic acid,
which they claimed to be the oxirene (71). Franzen47 later refuted
his earlier claim and showed the compound to be,.in fact, an o<,/g -

unsaturated ketone (72).

pemceﬂc
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Similar reactions of peracids with acetylenes were
discussed by 6ther workers in terms of oxirene formation as the -
first step. Their conclusions were based on th_e analogy to the
- formation of epogides in the peracid oxidation of olefins.
McDonald and Schwab?8 discussed the pef_acid oxidation of phenyl—
and diphenylacetylene in this light and assumed electrophilic
addition of "siﬂglet" oxygen to the c=C triple bén.d to form thé
‘oxirene (Scheme 4), Stille and Whitéhurst"‘g-discussed the same
analogy with equal lack of justifying evidence.

A more detailed investigation of the peroxidafion of
acetylenes Was‘ carried out by Ciabattoni®®, who studied the
reac.tion of di—t—gutylacetylene (73) and cyclodecyne (74) {&rith |
_rriuchloroperb.enz_bic acid and compared the products with those
.obtamed from-the decomposition of the stx ucturally related

oﬂndlazoketones (75 & 76), respectlvely.

CHy CH3
CH, c:H3
CH;  CHa

315 _'7_7

76
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The remarkable similarity in the ratio of products
obtained from the acetylene (73} and the diazoketone (75) suggested
a comnion intermediatect-ketocarbene (77) to be involved., Vasily
different product ratios, however, were obtaiﬁed from cyclodecyne
(74) and the cyclic diazoketorie (76), suggesting the absence oi‘ such
a common intermediate in this case,

The oxirene intermediate (78) wasr proposed in the

“cyclodecyne case, which- gave a satisfactory‘explanation for the
difference in product ratios by the possibility of a concerted trans-
annular reaction. QOther possibilities were also discussed, however,

after a more recent investigationsl.

52 studied the kinetics of the peracid

| Japanese workers
oxidation of acetylenes and electrophilic attack on phenylacetylenes.
They concluded that electrophilic attack alone takes place and that

perbenzoic acid and phenylacetylene react in al : 1 mole ratio, as

follows:

| @)
H + O |l — | ph—(/=cH| — Products

Kinetic evidence for oxirene participation is also

provided by Ciabattoni®3, based on correlation of the logarithmic

l
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rates of acetylene oxidation with those of peroxidation of an
olefin in a series of solvents of diverse nature. Oxirene has
been proposed as an intermediate in the photolysis of trans-

1, 4~diphenyl-3, 4-epoxybutan-1-one (79)5gnd in the pyrolytic mass

spectrometric decomposition of 1, 2-dinitronaphthalene (80)55.

) ———
AL o [A ]
Ph Ph — &LF’h Ph CHs

H
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Récently, the mechanism of the Wdiff rearrangement
has been reconsidered in the light of the possibility of oxirene
participation, Despite the vast amount of data which has be.en
obtained, many questions remain unanswered, such ag whether
the Wolff rearrangement involves an intermediate at all, -and, if
so, what‘type of intermediate is involved. Thirty years égo Huggett
and his co--\mlrork-ars56 investigated the possibility of oxirene in the
Wolff rearrangement of diazoacetophenone, using isotopic labelli.ng
technique. They found that no scrambling took place during the
rearrangement, Sixteen years later, Frénzenf’? studied the photo-
chemical and thermal Wolif rearrangement of ol ~dia£o~d\~pheny1-

acetophenone (81) in solution, using radioactive 1abelling technique



34

and concluded that oxirene was not an intermediate in the

reaction (Scheme 5).
Ph—C0—CNy—Ph— [Ph—C0—C—PH— Ph,cH—CO,H

' . A
81 \K y
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Ph'—C\-“—‘;,C—"Ph
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| o "
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Recently, Strausz and his co-workers42 re-;investigafed
the Wolff rearrangement in the gas phase with divergent results, The
ketenes formed from 13Culabelled diazoketones were pyrolysed to

yield olefins and carbon monoxide. Both of these products were found
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to contain comparable amounts of 13C and appreciable gcrambling
was found even with dia)zoacetone-z-lSC (82),rrequ_iring the inter-
vention of a s&mmetrical oxirene intermediate (Scheme 6). In 13C-
labelled diazoacetophenone (83) the oxirené intermediate was found to -
ring-open preferentially on the hydrogen side,

An extension of this work to the decompoSitiop of
o4 ~diazoesters”8s 2?2, in particular photolysis of 13C-labelled me thyl
and ethyl diazoacetate,also showed participation of an oxirene inter-
mediate. Althdugh alkoxy migration was found to be lmore facile
-than hydrogen migration, it was found/that the latter can eff.ectively
compete, |

Further extengion to the liquid phaseb0 showed over ‘50%1
oxirene participation in the phétolytic; decomposition of 13¢-labelled
A —diazo-'o( -phenylacetc’ophenone' {81), contrary to the result obtéined
by Franzen®!. Strausz et al, 61 concluéed that the transient existence
of oxirene and its role in the photolchemical Wollf rearrangement of
« ~diazoketones and « -diazoesters can be regarded as being firfml_ly‘ -
established and that earlier work to the contrary is incorrect. They
maintain that the photochemical decomposition involving oxirenes is
restricted to excited sihglgt states, populate_d upén photdexcitatien,and
that in therﬁ_olysis the Wolff rearrangemgnt takes place without the
intervention of oxirenes.

Russell and }E’q:m.rland62 r-.eported the photochemiéally

induced reéarrangement of ketene via an oxirene intermediate,
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Experiments on the photolysis of 14CH2QO showed a -pressure
dependent yield of 14°CO, implicating the involvement of an oxirene
intermediate (86). They suggest a plausible.reaction mechanism
(Scheme 7) in which the excited ketene (84) reafranges to the cyclic
carbene (85) and the final excited ketene (88) is capable of
decomposition or stabilisation. No direct evidence is available for

the existence of species (85) and (8’7).'
“;, 1, % 1 O -w/o\;?‘! -'
EH,C0 S [EHyca— ERy—C: —E=c
o H H
84 85 86
. o
CHy* CO«— [CH,COl «— H-C—CH
| 88 9" 87
CHy+ CO<— [CH,CO] <=  H—C—CH
Scheme 7 " '

Montague and Rrowlandﬁ3 reported the existence of an oxirene
intermediate in the reaction of singlet me thylene with carbon
monoxide, fesulting in igotopic carbon atom exchange and thc—; formatidn
of 14C-carbon monoxide. The reaction was shown to proceed via an -
intermediate capable of st_abilisation at high carbon monoxide pressure,

the symmetrical nature of which implies‘the oxirene structure (86),
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A simple chemical test for_the participatioﬁ of oxirenes
in the decomposition of certain 'oi—diazoketohes was devised by -
Matlin ahd Sam.messﬁl.‘ This test is based on the fact that keto-
carbenes which have adjacent methylene groups‘undergo hydrogen
migration to give an ot, B -unsaturated ketone. If the ketocarbene

intermediate can eéuilibrate with an oxirene, suitable substitutioh
of the starting diazoketone should lead to two isromeric <, B~

unsaturated ketones (Scheme 8),

| -
/\”/U\/R”___;» AANR
RN | R 7
2 g9 / " |

O o

R O
Scheme 8

'Scheme 8 was successfully applied to 3-diazoheptan-4-one (89,'

R' = CHg, R" = C9H:) and other diazoketones, and 86% oxirene participation
3 255
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was deduced from examination of the productls obtained on
deCOmpositidn. The results obtained were in accordance with,
and lent additional support to,those obtained by Strausz®!. 1In
decompositions catalysed by silver oxide and copper oxide, no
oxirene participation was detected, This is in agreement with
evideﬁce that copper forms complexes with ketocarbenes and
that these comﬁlexes inhibit oxirene formation.

Although oxirene formation and participation appears
to play an important part in the Wblff rearranggrﬁeﬁt of épen chain |
A ;ediazolietoneé, such participation appeérs to‘be insignificant in

a strained polycyclic system. Majerski and Redvanly®® studied
‘the Wolff rearrangement of 13C-labelled && -diazohorﬁoadamantane
| (QQ) g_nd pi:-ovided evidence against oﬁ;iren.e participation. Two

possible feac.:tibn paths areavaildble in this photochemical Wolff

rearrangement.

S0

So%x)
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If path B was the preferred reaction path, involving
the oxirene intermediate, the product should have 50% of the label
at Czl and 50% in the carboxylic group. Less than 2% oxirene
participation was, in fact, found, path A being' preférred. It was
concluded that the oxirene would be under too much strain in 1_:he
ring system'to be ablé to exist,
(b) Thiirenes

Molecular cfbital calculationsb® suggest the hypothetical |
molecule thiireﬁe (G3) to be very ungtable, As with oxirenes, its
-instability can be attributed to its antiaromatic character, since with
four electrons contributed by the double bond and the lone ﬁair, the
ring system is destabilised by resonance. Evide11ce, however, for
the transient existence of thiirenes as intermediates has been ébtaihed.

Japanese workers®7 have reporied the formation of- the
same two products (93 & 94) from the self-condensations of 4—‘ch1‘oro-
5-mercapto-3(2H)-pyridazinones (91) and their 5-chloro~4-mercapto
isomers (92). The reaction was interpreted in terms of a revers'ible. :
interconversion of two thioketocarbene interﬁediates (95 & 96) via

a thiirene intermediate {97).
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Evidence for the transient existence of the thioketocarbenes
was obtained by trapping experiments similar to those carried out by
‘ Huisgen25 with ketocarbenes, For example, in the presence of phenyl

isothiocyanate the adduct (98) was obtained in low yield,
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Subsequent work on similar systems gave results
whiéh were interpreted in the same waj68.

Rees and his co-workers®? recognised that the thiirene
ring system is isoelectronic with cyclobutadiene and they attemptéd
io stabilise such systems as tricarbonyl iron complexes (99}
anala‘gous to those formed by cyclobutadiene derivatives, A route
-was chosen i'nvlolving thioketocarbeneé (Scheme 9),' such that_if
isomeric precursors were used, the‘ symmetrical intermed-iaies
could be detected by isolation of common products derived from the

thioketocarbenes.

R~ ! Nz RN lR’\ | R< .S
j \jN ]: lﬁ JDS = /
'r?l/ S 4 \S Rf/ R .
R'\" | Fey(CO)
(CO)5Fe /)\\\ FelCO)4 |
. S Fez(CO)g S Scheme 9
R~ TR

’ S Fe(CO)y
(CONFe—JFe(cO) ) 3
S S 99

A pair of thiadiazoles, with R' and R" interchanged,' '
were reacted with nonacarbonyldi-iron, causing eliminaiion of .
nitrogen and formation of complexes‘ with the resil-lting thioketocarbenes.
The products were analysed by n.m.r., showing the same two iron

complexes to have been formed from each of tae pair ofthiadiazoles;
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the minor complex ' -a "crossover' product in which the sulphur
atom is no longer atfached to the same carbon atom as in the starting
material. Th.iirenes, or more correctly, their iron_.complexes, are
thought to be the structures of the symmetricai intermediates, though
there is a lack of positive evidence.

Strausz and his co-workers 0 studied the phortolysis-of
1,2, 3-thiadia201e and 5-methyl-1, 2, 3-thiadia201e and claimed thét
a‘trhii.rene intermediate ﬁas involved. Photolysis in the preésence of
perfluorobut-z-;yne gave good yields of 2, 3-bis (triﬂuofom_ethyij

thiophenes. Thiophene is thought to arise from either of the steps

tat or 'b'. Poth ‘o) lhadenes s LJ‘\V\P01C Gbie f the U\";c-,“,kfc_.ﬂe_'

i< 2,§fdis0b§’fl{'9dee,l, ' : | . :
C a {C—C C=

N + [[>s — |iI 125 — |

C c—C”

. The same workers also examined the reaction of sulphur
atorﬁs with acetylenes using the technique of flash éhotolysis witfl l‘ |
kinetic mass spectrometry.. Flash photolysis of mixtures of COS
ahd acetylenes gave strong signals for the s‘pecies CZHQS, CaHys,
CyqligS, eté., for a homologous series of acetylenes, Their evidence

points to the thiirene structure for the primary adducts detected.

CoHy + S —> HC=CH —> CHy=CS —>CH, +CS

Jarpanese worlcers71 examined the photolysis of the

mesoionic compound, 2, 5-diphenyl-1, 3-dithiol-4-~one (100), which
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gave tetraphenyl-1, 4-dithiin (101), diphenylacetylene and sulphur
as producis. The formation of diphenylacetylene is strongly

suggestive of the possibility of the diphenylthiirene intermediate (102).
— —_

S. - -5
 $7=G-Ph |Ph—C<=C—Ph | Ph—§ " TPh
Ph—CxsC—0- Ph__!C\S/IC“'Ph Ph_C\S/C_Ph |

100 | S—C=0 JCOS 4
F‘/C Ph —PhC= CPh__.»Phc_-:-_cph + 5

Ph—CigC -C0S |
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(c) - 1 H-Azirines
The first strong evidence 2 for ‘.ch.e formation of

1 H-azirines, the antiaromatic nitrogen analogues of oxirenes and
thiirenes, was for their role as highly reactive intermediates in.the
cycloaddition ef N-phthalimidonitrene to alkynes, where 2-_11 azifiﬁes ‘
were the products isolated. - As yet, no 1 H-azirines have been -
isolated and molecular orbital calculations?3 have confirmed that there

a destabilising interaction between the electrons of the T{.-bond
and ;:he lone pair on nitrogen, The calculations predict a non-planar
structure with unusual high barrier to inversion about nitrogen of

147kJmol-1,
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74 attempted to prepare 1 H-azirines

Jacox and Milligan
by cycloaddition of nitrenes fo aéetylenés. They found that nitrene,
NH, on treatment with acetylene in a solid argon matrix at 49K gave
formylketene imine, Reaction of alkoxycarbonyl nitrepes with
acetylenes was found75 to give oxazoles and there is a possibility

that the first step of the reaction involves the formation of a i H-

azirine, which then rearranges to give the product,

Rees et al, 7® studied the pyrolysis of Nephthalimido-

1, 2, 3-triézolés (104) \{rhickl gave the same products, 2 H-azirines
(107) aé those isolated from the oxidation of _N_;éminophthalimide {103}
in the présence of alkynes72. Loss of nitrogen from the triazoles is
th.oughfc to give the same intermediates, 1 H-azirines (105) as those

produced in the oxidation (Scheme 10}.
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Further évidel10676, in support' of Scherﬁe 10 was
obtained by synthesis and pyrolysis of two isomeric triazoles,
4~methyl-5-phenyl-1-phthalimido-1, 2, 3~triazole (108) and the
S-methyl-4-phenyl compound (109). The formation of identical »
products frofn the two triazoles. is consistgnt with the formation
of the 1 H-azirine intermediate (Scheme 11),

The formation and closure of the intermediate

iminocarbene (106, Scheme 10) is analogous to the isomerisation

of ketocarbenes. An unexpected feature of the nitrogen analogue
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is that equilibrium is apparenﬂyr complete and other potential
iminocarbene reactions, .such as the Wolff rearrangement, are
not observed. This contrasts with ketocarbeng reactions, in
which only a small percentage of the products are formed via_
oxirene intermediates.

4, The Thermal Decomposition of 2-Halophenols and

their Salts.
The first report of the thermal deéomposition of a
galt of a 2-—halophenol was made over one hundred yéars agb by
M erﬁ and Weith?7, They obtained a high-melting, crystalline
solid which they called ""perchlorophenyleneoxide’, by heating potas—l
,éiur.d pen’tachldrophenoxide at 300°, They failed, however,
to establish tﬁe structure of this compound,.

A few years later, Zincke'® found that 2,2, 3, 4,4, 5, 6-
l'1e13tachlorocyclohex—5-=.-enone (110) éave 2,3, 4, ‘4, 5, 6-hexachloro-
cyclcwhexé—z, 5.-dienone {(111) on heating to 1806 and on raising the
temperature to over 200° he obtained the same product as Merz and
Weith, Again, the structure was not assigned‘ fof the product, whiéh

was undoubtedly octachlorodibenzo-p_--dio‘xin (112).

l Q | C[ O Ct -
Cl Cl Cl Cl Cl
Cl—> —
Cl cl ClI- ct Ci - Ct
H O o . O -
Cocler B0 cler 2007 ct ¥ Ci
10 om 112
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Although, shortly after this, the thermal
decomposition of the alkali salts of 2—chloroph8nol was reported7‘9
to give dibénzo—_;_)—dioxin (113), the mechanism of the reaction and
the examination of the structure of '"perchlorophenyleneoxide'

were disregarded for many years.

O

O
- N3

80 examined the decomposition of the silver

Huﬁtér
‘salts of 2, 4, 6-trihalophenols and found that c;n reaction with dry
ethyl iodide they formed white amorphous compounds which had
the gener‘al formula (CgH2X50),, and which he called "poly-
dihalophenylene oxides'. Similar compounds were obtained b&
decompﬁéition of the silver salts with catalytic amounts of iodine
and also by decomposition of the salts in benzene at 60°. By
decomﬁosition of suitably substitutred sodium salts containing

mixed halogen atoms, Hmnter81 found that the halogen atoms were

removed from the ortho and para positions in the ring and that the

order of ease of leaving was: iodine >bromine> chlorine. Hunter 82
suggested a radical mechanism for the formation of the polymeric

oxide. - The first step is oxidation of the phenoxy—‘a'ni‘oﬁ to 'pheil'qu—'

radical, which explained the role of iodine in the decomposition.
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This is followed by loss of a halogen atom leaving a diradical
residue (114) and the polymer is then formed by coupling of

large numbers of these residues carbon to oxygen, forming a

gsuccessgion of ether linkages, thus:
X@O/@/ X@ X o
‘Dewar and JamesB83 were dubious about the
involvement of diradicals in such a mechanism and suggested
an alternative mechanism in whlich the same phenoxy-radical
is initially formed but which then displaces a halogen atom from
another molecule of the sodium salt. The halogen atom thus

liberated can then oxidise another phenoxy-anion to continue the

process.
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The thermal degomlposition of pentachlorophenol an.ci
its alkali salts was re-investligated by Sandermann and his co= |
workers84, V{rho decomposed pentachlorcphenol and its sodium
salt,separately, and obtained the same two products, hexachl’or;o—-
benzene and "perchlorophenylene oxide''. The latter was identified
as octachlorodibenzo-p~dioxin (112} a‘nd they polstulated a
mechanism explaining its formation in low yield. In‘this mechanism
two simultaneous reactions occur. In one reaction dehydration of
two molecules of pentachlorophenocl gives decachlorodiphenyl ether
(118), which they proposed to undergo cleavage in the presence of
hydrogen chloride to 'give the starting phencl and hexachlorobenzene,

The, hydrogen chloride is formed in the other reaction in which
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elimination of hydrogen chloride gives octachlorodibenzo-p-

dioxin directly.

OH
Clx _~Cl Cl C

\LzHCI ; ) HCI
- Cl 0 Cl - Cl
Cl 7 ™Cl @OHCI Cl
Cl 0~ Cl Cl Cl Cl
Cl - Cl o Cl
112

Dénive11885 providedr evidence against Sanderrﬁann's
mechanism when he found that the diphenyl ether (115) did nolt
u‘ndergo‘ cleavag-e with hydrogen chloridre under the conditions of
the decomposition. He confirmed the result obtm ned by Zlncke78
showing that the cyclohexadienone (111) g-ave octachlorodibenzo-
p-dioxin on thermolysis. |

Denivelle condensed the cyclohexadienone (111) with
a salt of pentachlorophenol to give 2,3, 4; 5, 6-pen-tachloro--4—
pentachlorophenoxycyclohexa-2, 5-dienone (116), which underwent
several reactions,including formation of octachlorédibenzo-_g—

dioxin.
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116
Denivelle®®

~ also showed that thermolysis of

' 2,3,4, 5-tetrachloro-6-pentachlorophenoxyphenol (117) in qunoline

yielded octachlorodibenzo-p— dioxin {112).

Cl

Cl

- 12

e — s

117

Kulka'g6 buggested a route mvolvmg a phenoxy radlcal |

for the formation of octachlorod;benzo—g—dloxm from the cyclohexa-

dienone (111) or pentachlorophenol.(Scheme‘lZ)‘

0
Cl Ci
Ci Ct
ci Cl
111

—

Cl Ct
-
Cl Cl Cl
Cl o
&,ﬂ.‘l»2 Scheme 12

OH

I;(ulkaSS obtained octachlorodibenzo-p- dioxin in almost -
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gquantitative yield by treatment of pentachlorophenol with halogens
or ﬁalogeri—producing compounds as oxidants, He found that the
best oxidant v&as the dienone (111) since it not only liberated an
oxidant, chlorine, but was itself converted to the dioxin (112)
under the same conditions. On repletition of the work of Zincke,
Kulka obtained resulté in agreemént with a mechanism involving
oxidation of phe-nol to ph‘enoxy radical, supported by the fact that
chlorine itself and, to a iesser extent, bromine ahd iodine,
inéreased the yield of dioxin (112).

Substituted dibenzo-l)_—'dioxins, ﬁarticularly the halogeﬁ
substituted derivativeé, are .of considerable biblogical interést.. .Some-
are used in the manufacture of flame retardants and many are us efﬁlll
as chemical intermediates. The thefmal decomposition of 2~halophen=
'oxic-les provides a good routle fof thé synthesis of symmetrically
substituted dibenzo-p-dioxins, Tc:mita?7 prepared dibenzo»g—diox.in by
thermal decomposition of potassium 2-br0mophenpxide in the presence |
of copper. He has used the same method in the px-eparat.iori of
substituted dioxins; for example,‘ 2,'Z-dimethyldibenzo-g-dioxin88.
Recently, Denivelle and his co-workers89 have made oc£af1u0rodibenzo-
p-~dioxin in a similaf manner,

Hall90 studied the decomposition of 2~halophenoxides in
the light of the synthetic possibilities and in order to elucidat-e the

mechanism. So far, the mechanism has been considered in terms of
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a radical process but it is also possible to consider the formation

of a 1, 2-ketocarbene intermediate (118).

J e (J L0

118,

"‘I‘h‘e formation of dibenzo-p-dioxin can then be
explained by diﬁérisation of the ketocarbene and the polyphenylene
oxides may arisé by radical chain processes in which the keto-
carbene écts as initiator.

H:;llgo attelmpted to detect tl"le‘ presence of radical‘
intermédiates by conducting the decompositioné in methyl |
substituted aromatic solvents, in which reaction with the methyl
side--chains could occur. .In mesitylene, however, dibenzo-p-
dioxin,alone,was obtained on therrﬁai decomposition of sodium 2-
brpmopﬁenoxide. An attempt to form a '1, 3—cyéloaddition product,

in a sirhilar manner to those obtained by Huisgen25

with ketocarbenes
derived from diazoketones,also proved unsuccessful, Dibenzo-p-

dioxin was the only product from the decomposiﬁon of sodium

2-bromophenoxide in the presence of trans-stilbene in t-butylbenzene,

Attention was then turned to chloro-substituted phenoxides
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and thermal décomposition of sodium pentachlorophenoxide showed
attack on the solvent to have taken pla(;e to a. considerable éxtent.'
The expected.product, 3,3', 5, 5'-Ttetranuethylbibenzyl, however, ﬁas
not formed and its isomer, 2,3',4, 937, .6—pentamethyldiphenylmethane
(119} was obtained instead. 2, 3, 5, 6-Tetrachlorophenol was also
“produced in this réa_cﬁon but no oc*i:achlorodibenzo-g—' dioxin was

. .detected. The latter product was obtained, héwever, on repetition

of the decomposition in t-butylbenzene and no attack on the solvent

R
&

119 120

was detected,

Similar deéompositions in p-xylene and durene showed
formation o‘f diphenylmethanes, trichlorophenol, 2,3, 5, 6-tetra-
éhlorophenol and 2, 3, 4, 5-tetrachlorophenol. Since 2,3, 4, G-tétra.—
90

chlorophenbl was not detected, Hall”" concluded that chlorine was

lost from the ortho and para positions only. A decomposition
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carried out in a mixture of B—xylene and t-butylbenzene gave the
cross-product (120) as well as 2; 4',.5-trimethyldiphenylmethane.
Hall concluded that the latter result indicated a two-étep mechanism
involving initial attack on the methyl substituted aromatic compound
to give an intermediate,which will substitute on an aromatic ;:-ing to
givé the diphenylmethanes. The lack of formation of bibenzyl
derivatives seemed to rtile out the possibility of benzyl rradical
formation.

Hall proposed three possi’ble mechanisms for the
_decompositio‘ns; noné of which fulfilled all the req,uirerr‘lentsﬂ of
experimental evidence.

i) "Ketocarbene mechanism

Oj o 0 - 0- | O-
Cl q%l o . Cl + Cl"X
Clt Cl CI Ct CI Ccl1 CIx~Cl!
Cl Cl Cl | ~, CI

— ~ ‘ +

or | Cl NCI

Cl 1
¢ CH,

b pa—

This mechanism, leading to formation of a benzyl

'carbloniurn‘ion explains the loss of chlorine from ortho and para
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positions but does not explain why the reaction was not observed
with sodium 2-bromophenoxide.

ii) Radical mechanism

- In this case the reaction is initiated by a chlorine
atom and the mechanism explains the increased loss of chlorine
observed in methylbenzene solvents over that in t-butylbenzene

but does not explain the preferential loss from ortho and para

positions, Other serious objections to this scheme are that
bibenzyl derivatives would be expected by dimerisation of the

benzyl radicals and it fails to explain why no attack on the solvent
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was detected with sodium 2-bromophenoxide.v

iii) Nucleophilic mechanism : : \

0™ ~ CH, OH

Cl Cl — C|
+ @ l Cl
Cl Cl ‘ N Cl o8

Cl
CH,CL %H

Cl

This mechanism, showing nucleophilic attack on a
chlorine atom by the benzyl anion also fails to explain preferential

loés of ortho and para chlorine',

Hall finally concluded that more experimental evidence
was required to elucidate the mechanism of the decomposition.

5. Reactions of Aryl Halideg with Strong Base

Aryl halides in which the aromatic nucleus contains no
activating substituents su(_:h as nitro groups usually require the use
of strong bases and quite forceful ;:onditioﬁs for any reaction to occur.
Under these conditions, two type_s of reaction can occur, viz.,
benzyne formation leading to rearrangeinent of sﬁbstituents in the
products, and direct nucleophilic substitution leading to unrearranged
products.

Before the turn of the century the condensations of amide
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and substituted amide ions with aryl halides were studied, but
early workers in this field did not attempt to _explain the formation
of the observéd rearranged products, Il{ymg1 found that reéction
of p-dibromobenzene with p-toluidine and soda lime at 350° gave
somie E-ditoluidinobenzene. Haeussermann92 did a more ext.ensive
'study and showed that o-, m- and p-dichlorobenzene all gave the
same product, N, N, _I}T_',E'-tetraphenyl—_@—pheﬁylenediamine on
treatment with potassiurﬁ diphenylamide. Fittig and Mager®3 first
reéognised thaf the unexpected{produc‘.ﬁ, resorcinol, was obtained
from the alkali fusion of both _cﬁ-_th_g- and%—halogenated phenolsr.

Other work in this field included that of Ber"g‘strorﬁg‘i,r
who studied the reaction of aryl hélides with potassium amide in
liquid ammonia, but the phenomenon of the so-called "cine-
'sub-stitution"95 was finally solved by Roberts9, |

Roberts provided evidence for an i'ﬁtermediate spécies,
dehydrobenzene, or benzyne (1 22), by reaction of 14¢ _labelled
chlorobenzene (121) with potassium amide in liquid ammoﬁia. He ._
obtained almost equal amounts of the unrearranged and rearranged
products (123 & 124, respectively). |
| w. NHo

50%

14 lKNH 1
KNH, | /N'H3123
N, N

(& .
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Huis gen97

confirmed benzyne to be the intermediate
in these nucleophilic substitutions by reaction of aryl halides with
phenyl lithium and its existence was placed beyond doubt when

Wittiggg, visualising it to act as a dienophile, succeeded in trapping

benzyne with furan as the Diels-Alder adduct (125).

Anthracene has also been used in a similar ménner tc_)

trap benzyne as the adduct, triptycene (126) and reactions of this

'type are commonly used for the detection and trapping of benzynesgg_.

=
I+ —
N
(a) Mechanism and scope of reactions involving the

generation of benzyne from aryl halides.

Scheme 13 represents the complete equatio'n for the |
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formation of benzyne by reaction of an aryl halide with a strong

base,

H

X

S .

2k k | e
| @X = |+ X )
127

k-2

* Bf—_';‘ +  BH (i)

Scheme 13

Although Robertgl00 suggested this mechanism to ‘ble
valid only fof the amipation of chlorobenzene, whereas that of
bromobenzene does not require the anion (127) as an ihtermediate,
it can be used to account for all such reactions I'DI‘OVided tha£ suitable
values are chosen for ki, k_1, kg and k_j.

| The mechanism must account for the change in order of
reactivity for different aryl halides on metalation in differént Sol‘vent‘ :
systems. For amination in protic solvents, such as liguid ammonia,

| the order of reactivity of phenyl halides Withr so.damidt-a is PhBr>Phl>
PhCl, and fluorobeniene is not an‘ih'}at'ed at all under these
conditions94. With an aprotic system, lithium piperidide in ethér,

‘however, the order PhF>PhBr>PhCl1>Phl is observedlol.

Hoffmannl 02 explained this difference in reactivities

as follows. The sequence F>C1>Br>] would be the expected order
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of reactivity for the metalation of aryl halides if k; is rate
determining, as is the case with aprotic solve_nts. In protic
solventé, however, step (i) (Scheme 13) becomes revérsible and
the order of reactivity to reprotonation is F>C1>Br>I. Fluoro-
benzenes in protic media are reprotonated rapidly and never have
‘a cha'r-lce .to take part in step (ii). In protic solveﬁts ko can becoiﬁe
the rate deterrﬁining factor giving the order of reactivity I>Br>Cl>
, but the order of reactivity actually observed: Br>I>Cl>>>F is
@bfained by superimposition of these tWo reaction sequences. The
concentration of the base co_ntrols the extent to wﬁich oﬁe seqguence
predominates alnd almost any sequence of reactivity cén be a_chie‘ved
by varying 'th‘e strength of the base,

Substituents have a pronounced effect on the rate of
halide loss from the anion (127). Halide ion is lost together with
its bonding electrons and substituents which caﬁ stabilise the
negative charge by their inductive effect will tend to reduce the loss
of halide ion and strengthen the C - X bond.

Electron—withdrawing substituents will assist step (i)
but retard step (ii) and electron-donating gréups will destabilise
the anion (127) (Scheme 13}. It has been shown that 1, 3-dihalo and
polyhalobenzenes can be readily metalated by potassium anilide ‘in
liciuid ammonia,and methanolic sodium methoxide, conditions under

ql02

which monohalobenzenes are not attacke . Step (ii), however,

becomes so retarded as to preclude halide less by reprotonation.
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The inductive effect of methyl groups is shown in fhe amination
of 3-halotoluenes with potassium amide in liquid ammonial03
(Scheme 14). In the bromo-compound loss of brorqide is fa‘st

and the metalation is irreversible, giving rise to a 2 : 3 ratio
of the benzy-nes (130) and {131), respectively and, hence, the
same ratio of anions(128) and (129). In the chlo:o—compound the
same ratioof metalation can be assumed but the metaiation step
is reversible in this case. The ob;served products arise from the
| benzynes (130) and (131) in the ratio 4.: 1, respectively, showing
the inductive effect of the methyl group ortho to the negative charge
to have increased the loss of chloride and hence increased the

amount of benzyne formed,

CHs CHy  CH,
X X NP
128 129
b |

Scheme 14 ]

130 13
X=Cl  80% 20%
X=Br | 40% | o 60%



63

Although substituents in the aromatic ring affect-
the formation of the benzyne, which is ho longer symmetrical,
the ratio of products formed by its further rea'ction should be
the same, independent of the base system in which it was producéd.
Good agreement has been found in the ratios of isomeric products
obtained when substituted a-ryl halides have been treated with
sodamide in 1iéuid ammc.nrlialo3 and with potassium t;,butox‘ide‘.in
t-butylbenzenegg. |

\—t R@ = RQB RO
B~ | — + i}
5, N -

R, X

X

(b} ‘ Reactions involving direct nucleophilic substitution

of aryl halides by strong bases

In many cases, particularly when the metalating agent
is a good nucleophile, direct nucleophilic substitution of the aryl
halide by the addition/elimination mechanism95 104 takes place.

Benzyne formation and competing direct nucleophilic substitution
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may be represented as follows:

. B¢, L OI
RSN ' ?H ,/3** I
ey O

132

'fwd routes are available for the formatioﬁ of the
unrearrangeﬁ product (132). It m.ay be formed as the single
produc"c of direct nucleophilic substitution or as one of the two
'prdduéts'resulting from benzyne participation. Obviously; lack
of formation of the rearranged product is indicétive of direct
nucleophilic substitution having occurred. The nature of the base
determines which of the two routes is followed. A fairly w‘eak base,
r'which is a good nucleophile, tends towards direct nucleophilic
substitution, ;t'br example, lithiﬁm diphenyrlpho-sphid(-e reacts with

105

aryl bromides by direct nucleophilic substitution only Reaction

of bromonaphthalene with piperidine at 230° leads to a single
product formed by direct nucleophilic substitution, whereas the use

of a stronger base, sodium piperidide leads to the formation of two.

products, formed exclusively by the benzyne routel06,
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In the reaction of aryl halides with sodium hydrazide107

only thearylfluorides give direct substitution. This result has been
explained in t-ermslof a cyclic intermediate (133); N, N-dimethyl-
~hydrazide reacts oniy via the benzyne route since it canﬁot form such
an intermediate.
X I
N

N—H
:"‘H/
H

133

Liveris and Miller198 have reported that aryl halides'
react with 'so.dium methoxide only by direct nucleophilic substitu-tiornl
above 1000 and that fluotobenzene relacts one hundred times faster |
thaﬁ chlorobenzene at 200°, A similar behaviour‘ has also‘ beer.1l
reported for the reaction of aryl halides with pc.)tassi'um 't-buto‘xide
in dimethyl sulphoxidelog. In centrast to this, the order of reaciivity
ArI>ArBr>ArCl>ArF has been suggesteduo for the direet
substitution of aryl halides with aqueous sociiuzn hydroxide at 2500,
The difference in order of reactivity of halogen depends -on which step
of the addition/elimination mechanism is rate—deternwining a;d cannot,
therefore, i)e used to detect participation of direct nucleophilic

substitution.

(c) Novel reactions of aryl halides with strong base

The highly acidic nature of the hydrogen atoms ortho to
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halogens in aromatic systems has been demonstrated by Roberts

et al. 111, who showed that fluorobenzehe-Z—_q exchanged llydrogen
isotope a thousand times faster than deuteriobgnzene. The effect
of the @ fluorine is even weaker than the meta. | The ease of

formation of o-halophenyl anions is exemplified by the cleavage of

o-halobenzophenones by potassium amide in liquid ammoniallZ2,

‘Ph_\_C?O o H KHN\Céo'

X KNH, X “
it . |

linH3 Xy

Nucleophilic attack can also take place on the halogen
atom. Thé unexpected product, 1, 4-di_bromobenzene vas obtained
by reaction of 1, 2, 4-tribromobenzene with potassium t-butoxide in

a 50 : 50 mixture of t-butylalcohol and dimethylsulphoxidell2,
Br ~ - Br

Br BulOH

‘ DMSO
Br e - Br

Bunnett and Victorll3 explé{ined this effect, which took place
more readily with the isdé-compound and not at all with the chloro-compound,

as a nucleophilic attack by the methanesulphinyl anion (134).

BulG+ CH,SOCH; = ButOH + CH3SOCH,”
| | - 1L

CH,SOCH,™ + ArX — Ar™+ CHySOCH,X

CAr+ BuloH —> ArH + ButO”
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Treatment of the 5- and 6-iodopseﬁdocumenes {135 and
| 136, respectively), separately, with potassium amide in liquid
ammonia would be expected to form the same aryne interm-ediate
(137) and hence the same proportions of amine products (138 and
139) (Scheme 15). Each of the iodo compoﬁnds, hoﬁrever, was
foﬁna to give' preferentially the unrearranged produétllz, "suggesting
a éompeting direct nucleophilic substitution r‘eactic;n. Nucleophilie

substitution of this type, however, is unlikely and no examples are

known under these conditions.

CH

AN 3 -

NH, Il P NHy

NH NH NH NH3
3# 3/ CH3 3 \j

CHy CHjy
138 ~ Scheme 15 138
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Evidence for a radical mechanism to explain
this result wéé obtaine.d by addition of a fadical scavenger,
tetrapheny]hydrazine, to the system, which increased the
yield of rearranged product.

| Furthermore, addition of potassium metal fo
the system prpmoted substitution without rearranglement,
and BuRQEttllz brbposed thé following ﬁéchanism of

radical substitution:
electron donor + Ar] —> Arl-+ residue
Arl- — Ar + 1]
~Ar + NH, —> ArNH,
ArNH,™ + Arl — ArNH; « Arl-
-~ termination steps
Although potassium metal in liquid ammonia
provides an excellent electron donor, without the metal the
identity of -the electron donor is obscure. Bunnett termed
this mechanism ''substitution, radical-nucleophilic,
unimolecular' (SRNy). Addition of pofassiﬁm metal to the

reaction of o-bromoanisole with potassium amide in liquid

ammonia, normally a classic benzyne reaction, gave
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g-énisidine as the sole product. :

In 1959, Wotiz and Hubal;q‘ noticed, to their srurprise, .
that 1, 2, 4-tribromobenzene (140), .on treatment with sodamide in
liquid ammonia, gave the isomeric product (141); Moyer and
Bunnett115 later found that potassiurﬁ -anilide caused this isomerisatibn
mo’ré readily.- Other products included-small amounts of m- and
E-'dibromoben'zene. caused by disproportidnation, fetrabromobenzenes

(142 and 143) and larger amounts of the benzyne derived products (144

- and 145). (Scheme 16),

Br | | -Br

~Br Br Br | Br
CoHs NHK ot @ * @
NH, | | | |
" Br Br Br Br |
140 141 ' |
Br Br - Br
Br. Br Br /J BrBr-_ _Br
Br N
Br Br- - NH, I,,NHZ
142 R 145
Scheme 16

Bunnett112 suggested a positive halogen transfer mechanism

(Scheme 17) to explain the formation of the observed products._ The aryl
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anion (146) causes displacement of another aryl anion (147) by
nucleophilic attack on bromine in the tribromobenzene (142). The net

result is transfer of a positive bromine from one carbon to another.

Br o | Br
Br - r
+ B == + BH
- Br.-   |3r145
Br Br Br
_ Br Br Br Br rBr\Q/Br
+ — +
Br Br Br - Br
| 142 | | 147
Bra A \Br Br< Br
©+BH = Q -
Br Scheme 17 Br

" The disproportionation products may be explained, for

example, by formation of the aryl anion (148).

Br | B Br Br
Br '

+

- Br
Br
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(d) | Reaction of bromodurene with strong base

It has been shown?%s 116 that blocking of the ortho
positions of afyl halides does not lead to substitution with bases
under normal conditions. Although 1,2 loss of hydrogen halide
is prevented in such systems as the substituted benzene (149),_
‘the possibility of 1, 4 loss was éonsidered if the conditionAs WGI‘B.'.

forceful enough.

R~ R ~HX R~z R
R R RTXSR
| 149‘ | |

Hall?0 examined the reaction of bromodurene (1 50)'7
with potassium t-butoxide at elevated témperétﬁres énd found that
hydrogen bromide was eliminated. The products of the reaction
at 220° were durene {151}, t-butanol, hexamethylbibenzyl (.1 52}, :
brorﬁohexamethylbibenzyl (153) and dibromohexamethylbibenzyl

(154) (Scheme 18).



Scheme 19
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153
Scheme 18

A radical mechanism (Scheme 19) was postulated for A
this reaction since the formation of the bibenzyl products suggested
the involvement of benzyl radicals. The initial attack by the base

produces a benzyl anion, which loses bromide ion to give the



Scheme 20
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'vinylcarbene (155). Hall suggested this carbene to have a
triplet structure since a singlet structure would be expected
to product aryl t-butyl ethers (157) or diphenylmethanes (158)

by reaction of its dipolar resonance form with other anions.

o8B!

| | - | . . But O"‘ 1 57

< _LHy CH,
155 ArCH2 reg
L

Hall doubted thét the yi(_—}ld of durene obtained (2-2%).

could all h‘ave;ariser_l by transfer of hydrogen from bromodurene
to the bénzyl radical (156}, A second mechanism (Scheme 20)
was, therefore, suggested in which the b'en‘zyl anion {158) and
bromodurene react by nucleophilic displacement of bromine to
give the substituted benzyl bromide (160), and an aryl anion (161).
Abstrécfion of a protbh_from the solvent by the aryl anion (161)
then gives x;'ise to durene. Bibenzyl formation is shown by other
anionic steps in Scheme 20. The objectior.l to this scheme, hoWever, :
was the lack of formation of t;butyl ether {(163), since nucle'ophilic

attack by the t-butoxide ion on the benzyl bromide (160) would be
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expected to pr'oduce the ether (163). This objection was substantiated

when IrIall90

reacted bromodurene with potassium i-butoxide in the
presence of an isomeric mixture of the bromotrimethylbenzyl bromides

(160 and 162) and isolated the cofresponding isomeric t-butyl ethers

(163 and 164).

ﬁHzBr :@L H208u

160 + + 163
Br

f@f ﬁ *
CH, Br CH,0 B!

164

'Tlﬁe latter result suggestéd the ethér (1 Sé) to be stablé under
the reaction conditions and Hall discounted Scheme 20, Ro.bertsonll'—", |
however, cast doubt on this result when he reinvestigaied the reécfion
of bromodurene in the presence of the isomeric benzyl bromides (160
and 162), and céncluded that the ethers (163 and 164), if formed, were
destréyed under the feéction conditioqs. On this contradictory evidence
the questior; of the anionic.mechanism, thgrefore, was placed in the |
.balance.

(e) "Complex bases'

~Whilst studying the condensation of bromobenzene with

various nucleoph'iles in the presence of sodamide and tetrahydrofuran,
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Caubere and Lloubinou_x118 noticed that_the addition of gedium =
t-butoxide to the reaction mixture greatly increased the yields of
the condensation products. Some of the arynic condensations were
found to take place only in _the presence of sodamide and R
t-butoxide; no reaction occqrring with sodamide alone, Thé
enhancement of the strength of the basic-medium was prqposed by

Caubere and Loubinoux to arise from the equilibrium:

. | e ~Na. s-
Na0BUl + NaNH, = éutO\_.[\T,_ﬁNHz
| a

165

The charged species (165) was called the ""complex
.base" and the increase in base strength was attribu;ced to the ability |
of the '"complex base' to increase the scolubility and ionisation of
sédarﬁide.- The heterogeneous medium, in which the equilibrium
exists between the solid phase and.the solution, was studied by its
‘reaction with triphenylmethane, which gave an imr‘n,ediate red
colouration due to the formation of the triphenylmethyl anion. The
red colouration was refnoved by condensation of the anion with
benzyl chloride and its disappearance taken as indicative of completion
of the condensation in the presence of excess base., In this way, the
strengths of the basic media obtained using a variety of alkoxides were

determined and the following order found:

i-PrONa > t-BuONa>PhONa >cyclohexylONa
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The results obtained by Caubere and Loubinoux were
not very reproducible, and were dependent to a large extent on

the purity of the tetrahydrofuran.

6. Programme of Research

Afte,mpts_ to elucidate the mechanism of the thermal
decomposition of sodium 2-halophenoxides by Hal190 have been
described in thé Introduction. Little previous work has been
carried out in this field,. although radical mechanisms have beeh
suggested to explain the formation of polymeric oxides and
dibenzo-p-dioxins resulting from decomposn:lons of some halo-~
phenols and their salts. Hallgor suggested three mecha.nisms,
viz. a mechanism involving radicals, a mechanism involving
nﬁcleophilic attack on the halogen atom, and a mechanism involving
a ketocarbene intermediate. None of these mechanisms proved
entir‘ely satisfactory in ekplaining experimental observations, and
it was coﬁcluded that furthe.r expérimental evidence waé required
to clarify the picture, |

_ Since th_é 1, 3-deﬁydrobromination of bromodurené has.
been shown to procé_ed via a mechanism iﬁvoiving a vinylcarbene-lﬁg,
a mechanism involving the formation of a ketocarbene in the
decomposition of sodium 2-halophenoxides, was attractive,

Thermal decompositions of sodium 2-bromophenoxides

and related compounds were, therefore, .studied with a view {o finding
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evidence for a 1, 2-ketocarbene mechanism.

‘The successful use of '"complex base'" by Caubére
and I.Joubinoﬁ).:ll'e’ in arynic condensations with bromobenzene
led to the use of this system to study the reaction of bromodurene
with strong base. Hall90 studied the rea-ction of brbmodurene with
potassium t-butoxide at 220° in aﬁ autoclave and postulated two
bossible mechanisms to explaih the prdducts_obtained, viz. a
radical mechanism and a mechanism involving nucleophilic displace-
ment of bromine ‘. Since evidence for both mechanisms was coﬁflicting,
.an atterhpt wés rnade. to clar.'ify. the Situatiori by carr‘yinér out-the

reactions under the less forceful conditions required by '"complex bases'.
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EXPERIMENTAL

Preparation cf Starting Materialg

Preparation of Diphenyl Ilthers

2-Nitrophenyl phenyl ether

2 --.Chl'oroph enyi 2-nitroph ényl ether

3~ Chlorophenyl 2-nitrophenyl éther

2 —Am'inoph.e-nyl phenyl_ ether
2-Aminophenyl 2-chlorophenyl ether
2-Aminophenyl 3-chlorophenyl ether
2-Bromophenyl phenyl ether
2-Chlorophenyl 2 -hydroxyphényl ether

3-Chlorophenyl 2-hydroxyphenyl ether

2-{3-Chlorophenoxy)benz enediazonium fluoroborate

Preparation of Phenols

5-M ethyl-2-nitrophenol
4-Methyl-2-nitrophenol
2-Amino-4-m ethylphenbl
2-Bromo-5-methylphenol
2-Bromo-4-m ethylphenoll
2-Bromo-5-methoxyphenol

2-Bromo-4-methoxyphenol

Preparation of Benzenethiols
2-Bromobenzenethiol

2-Ilodobenzenethiol

- 2-Bromo-4-methylbenzenethiol
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Preparation of Azides and their Reductive

Cyclisation to Benzoxazoles.

Z;Azido—él—methylphenol
2-Azido-5-methylphenol
2-Azido-4-methylphenyl benzoate
2—Azido~5—methy1phen&l benzoate
5-Methyl-2-phenylbenzoxazole
6-Methyl-2-phenylbenzoxazole

Preparation of Fluoranthene Compounds:

Attempted Preparation of 2-Bromo-3-hydroxy-

fluoranthene

" 3-Nitrofluoranthene

3-Acetamidofluoranthene
3-Acetamido-2-bromofluoranthene

3-Amino-2 -bromofluoraﬁthene
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Attempted preparation of 2-bromo- 3-hydroxyfluor- .

anthene via 2-bromoﬂuoranthene—Sndiazonium
fluoroborate
Attempted preparation of 2-bromo-3-methoxyfluor-

anthene ‘via the zinc chloride double salt of

: 2-bromoflucranthene-3-diazonium chloride
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Preparation of Miscellaneous Aromatic Compounds 101

4-Methylphenyl 2-nitrophenyl sulphone
9-Aminophenyl 4-methylphenyl sulphone

2-Hydroxyphenyl 4-methylphenyl sulphone

101,
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1-Bromo-2-naphthol
Bromodurene

Bromomesitylene

'3, 5, 3", 5'-Tetramethylbibenzyl
Isomeric mixtore of 2-bromo-3, 4, 6-trimethyl-

benzyl bromide and 3-bromo-2, 4, 5~trimethyl-

benzyl bromide.

9, 2'-Dichlorodiphenyl disulphide’
Diphenyl disulphide

p-.Toluamide |

3, 4-Benzocoumarin

' Thérmal Decomposition of Sodium 2.Bromo-

phenoxides and Related Compounds

Thermal Decomposition of Sodium 2-Bromo- -

phenoxides
Thermal decomposition of sodium 2-bromo-

phenoxide in mesitylene

Thermal decomposition of sodium 2-bromo-

4-methylphenoxide in mesitylene

Thermal decomposition of sodium 2-bromo-
'5-methylphenoxide in mesitylene

" Thermal decomposition of sodium 2-bromo-

5-methylphenoxide in t-butylbenzene
Thermal decomposition of sodium 2-bromo-

4-me thylphenoxide in t-butylbenzene
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Thermal decomposition of a mixture of
sodium Z—i)romo—4—methy1phenoxid9 and
sodium 2-bromo-5-methylphenoxide in
t-butylbenzene

Thermal de(.:omposition of sodium 2-bromo-
4-methoxyphenoxide in t—butylbenzene
Thermal decomposition of sodiurh 2-bromo-~

5-methoxyphenoxide in t-butylbenzene

Thermal Decompositions Involving Halodiphenyl

E.lthersl

Thermal decdmpdsition of the sodium salt of
2-chlorophenyl 2-hydroxyphenyl ether in
mesitylene |

Thermal decomposifion of thg sodium salt of
3—ch10r6phenyl 2-hydroxyphenyl etl-qer in
t-butylbenzene

Attempted reaction of sodiu;n phenoxide with
2-bromophenyl phenyl ether in t-butylbénzené
Attempted reaction of sodium 2-methoxy-

phenoxide with 2-bromophenyl phenyl ether in

t-butylbenzene

Attempted Trapping Reactions Involving Benzo-

nitriles and Benzamides: TFormation of

Benzoxazoles

Thermal decomposition of sodium 2-bromo-

phenoxide in benzonitrile
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Thermal decomposition of sodium 2-bromo-

4—methy1phenoxide in benzonitrile

Thermal stability of 5-methyl-2-phenyl-

benzoxazole in t-butylbenzene
Thermal decomposition of sodium 2-bromo-

4-methy1phenoxide in the presence of

5 -rh ethyl-2 —phenylbenzoxézole in t-butylbenzene

Thermal stability of 6-methyl-2-phenylbenzoxazole

in t»b'utylbenz ene

Thermal decomposition of sodium 2-bromo-

phéno_xide and ptolunitrile in t-butylbenzene

Thermal decomposition of sodium 2-bromo-

' phenoxide in ""superdry'’ benzonitrile -

Thermal decomposition of sodium 2-bromo-
phellc;};ide and benzonitfile in t—butﬁbenzene
Ther.mal decomposition of sodium 2~bromo-
phenoxide and benzamide in t-bt_ltylbenzene
Thermal decompositioﬁ of sbdiu::ﬁ ‘2-1-)romo-
phenoxide and benzamidé in ”rsuperdry”
benzonitrile

Thermal Decomposition of Sodium 2-Bromo-

phenoxide with p-Toluamide: Attempted

Trapping in Various Solvents

Thermal decomposition of sodium 2-bromo-
phenoxide with p-toluamide in "superdry"

benzonitrile
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Thermal dooomposition of sodium 2-bromo-
phénoxide_ with p-toluamide in nitrobenz one
Thermal decomposition of sodium 2-bromo-
phenoxide with _}_)_—toluamido in acetonitrile

Thermal Decomposition of Sodium 2-Halothio-

phenoxides: Synthesis of Thianthrenes

Thermal decomposition of sodium 2-chlorothio-
phenoxide in t-buitylbenzene
Thermal decomposition of sodium 2-bromothio-

phenoxide in t—butylbeni ene

" Thermal decomposition of sodium 2-iodothio-

phenoxide in t—botylbenzene
Thermél decomposition of sodium 2-bromo- " -
4-methylthiophenoxide in t-butylbenzene

Thermal Decompositions in the Presence of

Sodium Phenoxides and Thiophenoxides:

Formation of Diphenyl Ethers and Diphenyl

Sulphides.

Thermél decomposition of sodium 2-bromo -

phenoxidé and sodium phenoxide in t-butylbenzene

Thermal de'composition of sodium 2-bromo-

phenoxide and sodium thiophenoxide in
t-butylbenzene

Thermal decomposition of'sod.ium 4-bromo-
phenoxide and sodium tl;iophenoxide in

t-butylbenzene
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Thermal decomposition of sodium 2-bromo-

4-methylphenoxide and sodium 4-methylphenoxide .

in t-butylbenzene

‘Thermal Decompositions of Mixtures of Sodium

Phenoxides and Sodium Thiophenoxides

Thermal decompositirhm‘ of sodium 2-bromo-
phenoxide and sodium 2—br6mothiophenoxide
in t-butylbenzene

'I_‘hérmal decornposition of‘srodium 2ebromo-4-
methylphénoxidg anld 2~bromothiophenoxide .in
t;butylbenzene |

Thermal Decompositions of Sodium 2-Bromo-

phenoxide with Amines as Added Nucleophiles

Thermal decomposition of sodium 2-bromo-

ph-enoxide and aniline in t;bﬁtylbenzene
Thermal decomposition of sodium 2-bromo-
phenoxide and aniline in "superdry" benzonitr_'ilé
Thermal decomposition of sodium 2~bromo-

phenoxide and cyclohexylamine in ''superdry"

"benzonitrile

‘Thermal Decomposition of Sodium 2-Bromo-

phenoxide with Benzoates and Thiobenzoate

as Added Nucleophiles

Thermal decomposition of so.d_ium 2-bromo-
phenoxide and sodium 2-bromobenzoate in

t-butylbenzene
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Thermal decomposition of sodium 2-bromo-

phenoxide and sodium benzoate in t-butylbenzene

Thermal decomposition of sodium \Z—bromo-

'phenoxide and sodium thiobenzoate in-

t-butylbenzene |

Miscellaneous Decompositions

Thermal decomposition of sodium salt of

~ 2-hydroxyphenyl 4-methylphenyl sulphone

in t-butylbenzene
Thermal decomposition of sodium l«bromo-

2-naphthoxide in t-butylbenzene

Thermai decomposition of sodium 2-iodothio-

"superdry"

pheﬁoxide and benzamide in
benzonitrile
Thermal decomposition of sodium 2-bromo-

phenoxide in the presence of the sodium sait

of benzyl alcohol

Reactions of Bromodurene with '"Complex Base''

Reaction of bromodurene with '"complex base'

in tetrahydrofuran

Reaction of bromodurene with '"complex base"

in various solvents
Y : V . .
Reaction of bromodurene with "complex base"

in tetrahydrofuran in the presence of added

isomeric bromotrimethylbenzyl bromides
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Symbols and Abbreviations

b. p ‘ boiling point
‘ rn.p.- | melting point
g.l.c. ‘ ‘ gas-liquid chromatography
g.l.c./m.s. gas-liquid chromatography coupled with mass
| spectrometry |
t. l.c. -~ thin layer chroﬁlatography
n.m.r, ' | | nuclear magnetic resonance
i.r. | infrared
'_S. singlet
d doublet
C. complex
h.s.l.c. . ‘ high speed liquid chrom.atograph'y
m/fe ' mass to charge ratio
m/100m | moles per 100 moles of starting material
M molarity
M7 . mass of molecular ion
‘w/v - weight/volume ratio

In accordance with common usage, 1, 2, 4, 5-tetramethylbenzene
is referred to by its trivial name, durene, and is represented

by the sym bol
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Instrumentation and General Techniques

Gas-Liquid Chromatography

All g.1.c. analyses were carried out onPye Series 104
chromatographs; with flame iénisation detéctjoré using 1.5 m x 4 mm
i. d. packed columns. Thre cérrier gas was nitrogen in all cases,
“and the flow rates wefe'those recommended by the manufacturei-s.
- Quantitative measurements were made usiﬁg the internal sta.ndal'rd
technique; caiib_ration_graphs were drawn of peak" area ratio against
molar ratio usi.ng standard solutions éontaining known weights of the
internal standard and the cqmpound for whi‘cAh the yield in thé reaction
mixture is reguired. Stationary phases, supported 01.1 100-120 mesh
celite included neopentylglycol suécinate (NGPS), 'polyethyleneglycol
(CAR), silicone elastomer (SE 30) and Apiezon L grease (APL). )

‘High Speed Liquid Chromatogréphy was carried out by Dr. J.N. Done

using a Du Pont model 820 liquid chromatograph. Operating
conditions and columns are described where appropriate in the
experimental section, 1 m x 2 mm packed columns and a u, v: pho:to--

meter detector were used.

Column Chrorna.tography

| The alumiﬁa used was Lapor;te Industries Ltd.,-
activated al.‘urninium oxide, type H, suppliled by Fisons Scientific
Apparatus.(BrockmamActivity 1-2),

Thin Layer Chromatography

~Thin layer chromatograms were obtained on 0.33 mm

layers of alumina (Merck, aluminium oxide G) on glass plates.
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Components were detected by development in iodine vapour or
by their fluorescence in u, v, light.

Infrared Spectroscopy

Spectra were recorded on a Perkin Elmer 157G
grating spectrometler, liquid and low-melting solid samples
being examined as films and solid samples as nujol mulls, A

1

polystyrene fiir_n was used as reference at 1603 cm™1,

Nuclear Magnetic Resonance Spectroscopy

Roufine spectra were recorded on a Perkin Elmer
R - 10 spectrom-eter and a. ofian: EM 360 spectfometer,
operating at a fr_equency of 60 MHz. High I'esolu’;ion spectra
‘were recorded on a Varian H,A, 100 spectrometer operating
at 100 MHz. Chemical shifs are recorded as tau (T) values in
parts per. million, tetramethylsilane (T = 10.0), being used as
internal referenée. Unless otherﬁise statéd, for reasons of
solubility, spectra were determinedl_in 10 - 15% w/v solutions
in deuteriochloroform. |

Carbon - 13 nuclear m‘égnetic resbnanée spectra
were obtained using a Varian XL-100 instrument using thé pulse
and Foufier transform technique at 25.16 MHz, The deuterium
signal from the solv.ent (CDClg or CoDeCO) was uéed for field
frequency 10<§k and signals were recorded in parts pér million
from tetramethylsilane (positive for low field). |

Mass Spectroscopy

Mass spectra and exact mass measurements were
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recorded onan A, E.I, M5-902 mass spectrometer.

Mass Spectroscopy/(}as I.iquid Chromatography

Reactlon mixtures were exa"nlned onanA,E,I
MS-20 spectrometer or on a Micromass 12 spectrometer, both
being coupled to a Pye Series 104 chromatograph using helium
as carrier gas. |

Elemental Analyses

Microanalysés were carried out by Mr. J. Grunbaum
on a Perkin Elmer 240 Elemental Analyser.

.Melting Points

The melting points of new compounds were determined
by using a Kofler hot stage apparatus.

Solvents and Reagents

Unless otherwise stated, petroleum refers to.the
fraction b, p. 40 - 60°. Mesitylene, t-bﬁtylﬁenﬁene, petroleum, |
and other common solvents were purified by distillation and stored
over sodium. |

"Superdry'methanol was prepared by the method of
Vogelllg. | |

| " Dioxan was purified by passage through an alumina
column and.stored over sodium.
Tetrahydrofuran was passed through a colufnn of
alurmnina, distilled from potassium hydroxide pellets and stored
over sodium;

1, 2-Dimethoxyethane was boiled under reflux over
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calcium hydride (BDH commercial grade) .urllder dry nitrogen
for ten hours and allowed to stand over calcium hydride. This
was then freshly distilled as required from calcium hydride
under nitrogen.
"Superdry'' benzonitrile and acetonitrile were
distilled from phosphorous pentoxidé and .stored over activatedr
molecular sie\.re._
Aniline, pyridine, and cyclohexylamine were dried
over potassium hydroxide pellets, distilled undef an atmoéphere
- of dry nitrogen, and stored over potassium hydrox.ide pellets.
Nitrobenzene was purified by distillation and fractional
freezing, |
Po‘taL_s_siu'm t—butoxide‘ v;rar;s sublim'ed; block terﬁperature
2100/0.1 mm.
S_oda;rnide (May & Baker) was .used .without purification.
Sodiilm salts of phenols, benzenethiols, and _carboxy_lic
acids were prepared using sodium methoxide. The residues, after
removal of thé methanol under vacuum, were dried for twenty-four
hours in a drying pistol at 1200 under high vacﬁum and were used
- without further purification, | |
Other reégents were purifiéd by distiilation of

crystallisation.



A. Preparation of Materials

i. Preparation of Diphenyl Ethers

(a) 2-Nitrophenyl phenyl ether was prepared by the

method of Wright and Jorgensen120 by heating 2-chloro-
nitrobenzene and phenol with potassiun.q hydro.xide pellets in
dimethyl sulphoxide. Extraction with ether gave an oil, which
..was fractionaliy-distilled t; give 2-chloronitrobenzenle, b.p.
46—500/0. 02 mm and 2-nitrophenyl ;Shenyl ether, b, p. 119-1230[ |
.'o. 02 mm ('111:., 121 183-185°/8 mm). | L

(b) 2-Chlorophenyl 2-nitrophenyl ether was prepared

by the method of Henley! 22 by heating 2-chloronitrobenzene and

" 2-chlorophenol v&ith potassium hydroxide and a iittle water at
2000, Extraction_ with chloroform and distillation as in (a) gave
the product, b. p. 1600/0.3 mm, m.p.. 47_430 (lit., 123 m. p. 489)
(46%). | |

(c) " 3-Chlorophenyl 2-nitrophenyl ether was prepared as

described in (b), b.p. 144°/0.1 mm (lit., 123 b.p. 204°/8 mm) (82%).

(d} © 2-Aminophenyl phenyl ether was prepai'ed by the method
of Lim!24 by reduction of 2-nitrophenyl phenyl ether rwitIAVl irén
powder and dilute ﬁydrochloric acid. The product was distilled,

b. p. 96—.970/0.‘1 mm and on recrystallisétion froﬂl alcohdl had

m.p. 43.5-440 (lit., 129 41.59) (40%).

| (e) 2-Aminophenyl 2-chlorophenyl ether was prepared by -
the method described in {d) from the corresPonding nitro-compound

(b) and distilled, b.p. 110-1129/0.1 mm. On recrystallisation from
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petroleum (60-80°) the product had m.p. 43-440 (iit,, 123

44-459) (97%).

() 2-Aminophenyl 3-chlorophenyl ether was prepared

as described in (d) {from the.corresponding ni_tfo-—cornpound {c)

123

and distilled, b.p. 110°/0.1 mm (lit., 1959/13 mm) (85%).

(g) 2-Bromophenyl phenyl ether was prepared from the
corresponding amine (d) by the me‘cﬁod of Vogéll19 with the
exception that the distillate obtained by stearh-dis“tillétion'was
extracted with éther, the ethereal solution dried over magnesiﬁm

‘, sulphate and the ether remqved under vacuum to give a white
solid, The sélid, 2-bromophenyl phenyl ether, was recrystallise‘d
from petroleum end had m. p. 45440, (22%%)

(Found: C, 58.0; H, 3.6. Calc. for CipHgBrO: G 57.9; H, 3.6%)

(h) | 2-Chlorophenyl 2-hydroxypheny1. ether

Z—Aminophenyi 2-chlorophenyl ether (4.4 g, 0,02 mol) was
dissolved in concentrated sulphurié acid (3. 5 ml) and water (10 ml)
added. The solution was stirred and cooied with the additipn of ice
(10 g) to a temperature between 0 and 5°. A solution of sodium
nitrite (1,66 g, 0 023 mol) in water (5 ml) was added dropwise to the
stirred solution, mainfaining the temperature between 0 and 5°.
After the ad;iition was complete, coid Wate_f (15 ml) and ice (15 g)
‘were added together with urea (0.1 g) and the solution allowed to
warm slowly to room temperature. Anhydrous sodium sulphate
(7.5 g) and concentrated sulphuric acid (5 g) ﬁrere added and the

mixture boiled for one hour. The brown oil which separated was
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“extracted into ethef, the ethereal solution dried over magnesium
sulphate, filtered and the ether removed under vacuum. Distillation
of thé residual oil gave a coloufless liciﬁid, 2-chlorophenyl 2—hydroxy-'
phenyl e-ther (0.4 g), b.p. 88°/0,01 mm, i./.r. VY 3440 (broad, OH)
1600, 1580, 1260, 1095,‘105‘5, 880, 740 ‘cm"l. The mass spectrum

- gave the correct parent ion: m/e;- 220/222, Addition of a cataiytic
amount of copper bronze to the aqueous solutibn and further boiling for
3 h gave a further 0.1 g of the product. |

(i) ' S-Chlorophenyl 2-hydroxyphenyl ether was prepared by the

~method described in (h)‘ Wiﬂ.l the exception that the corresponding amine
prec1‘1rsor (f)l required boiling in concentrated sulphur;ic acid to-erlxsure

that the amiﬁe sulphate was formed, The product was distilled, b, p. 100-
1100/0.02 mm (0.2 g), i.r. ¥y 3380 (broad, OH), 1587, 1264, 1210.,: 910, 750
‘em-1. The mass spectrum showed the correct parent ion: m/‘e; 220/ 222,

(i) : 2-(3-Chlorophenoxy } benzenediazonium fluoroborate

2-Aminophenyl 3-chlorophenyl ether (0.55 g, 2.5 mmol) was dissolved.
in a mixture of concentrated hydrochloric acid (2 ml) and concentrated
sulphuric acid ( 1 ml) by boiling for several minutes. Water (2 ml)

was added, the solution cooled to a telnpera;cure of between 0 and 5°©

and whilst stirring continuously the amine salt separated as coarse
granules. A solution of sodium nitrite (0.18 g, 2.6 mmol} in water (1 ini)
.was added dropwise, followed by dropwise addition of a solution of
sodium tetrafluoroborate (0.4 g, 3.6 mmol) in water (1 ml). The
mixture was stirred for a further 30 minsr,- maintaining the temperature

between 0 and 5%, after the addition was complete. The precipitate was

" filtered off, washed once with a cold 10% aqueous solution
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of sodium tetrafluoroborate (3 ml}, twice with ethanol {2 ml portions)
and several times with a large quantity of ether. The product was
purified by disselving it in the minimum volume of acetone and adding

-

ether to re-precipitate the solid, 2-(3-chlorophenoxy)benzenediazonium

fluoroborate (0.6 g), m.p. 134-135° (decomp.}, i.r.v 2275 (N2+),
1050 (BF47) em-1 (Found: C, 45.0; H, 2.4. C19HgBCIF4N,O requires
C, 45.2; 1, 2. 5%).

An attempt to prepare 3-chlorophenyl Z-hydroxyphen&l ether
from 2-(3-chlorophenoxy)benzenediazonium ﬂuqroborate by the method

126, using cuprous oxide as catalyst and cupric nitrate

of Lewin and Cohen
as additive in 0.1 M sulphuric acid, failed to give the desired product.

2. Preparation of Phenols

(a) .5-Methyl-2-nitrophenol was prepared by the method of

Staedel and Kolbl27 by low-temperature nitration of m-cresol in glacial

acetic acid., The product was purified by steam-distillation and

127

recrystallised from ethanol, m.p. 56° (lit., m.p. 56°).

(b) : 4-Methyl-2-nitrophenol was prepared by the method of

Nolting and Wild!28 by diazotisation and nitration of 4-methylaniline..
" = " The product

was recrystallised from alcohol, m,p. 32-339 (lit,, 128 m,p. 33. 50).

{c) 2-Amino-4-methylphenol was prepared by a modification

of the method of Vogelllg, by reduction of the corresponding nitfo-
compoﬁnd (b) with tin and hydrochloric acid. The ;cin complex was
broken down by passage of hydrogen sulphide through the warm acidic
solution. The solution was neutralised with concentrated ammonia

solution, boiled, filtered whilst hot and the cooled filirate extracted
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with ether. Removal of the ether under vacuum gave the product,
m.p. 1350 (lit., 129 m.p. 135°) (40%).

(d) ' 2-Bromo-5-methylphenol

5-Methyl-2-nitropheneol (a) was reduced to the amine hydi‘ochloride

by the method of Vogel' 19, with the following modifications, The acid
-solution was concentrateci to half tﬁe volume by removal of Wé.téf under
reduced pressure and the hydrochloride allowéd to crystallise, The

-salt was filtered off, dissolved in the mrinimu_m quantity of hot water and
an equal volume of 48% hydrobromic acid solution was addéd.' On cooling,
“a crystalline solid was obéaiﬁed, which was filtered offr'eind fhe lat.ter
treaﬁnenf with hydrobromic acid repeated to give the amine hydrobromide
as pale yeliow needlés. ‘The amine hydrobromide was diazotised and
bfominated by the method of Huston and Peter_sonwo to give 2-bromo-

130 81-82°/4 mm),n. m. r.

5-methylphenol, b.p. 88°/10 mm (lit.,
(CDClg): T 2.6-3.5 (¢, 3H; arorn_atic‘),’t 4.6 (s, 11, OH)},T 7,75
(_s_, 3H, CH3). The mass spectrum showed the correct parent ion: m/é;

186/188.

(e} 2-Bromo-4-methylphenol

The precursor for this compound, 4-amino-‘35bromotoluene, was
prepared by the method of Johnson and SandborﬁlSI, b. p. 67-—720/

0.5 mm (lit., 131 b.p. 92-94°/3 mm), m.p. 16-17° (tit., *31 m.p. 17-189),
rDiazotisation and subsequent hydrolysis oi;‘the resulting diazonium salt by
the method of Ungnade and OI‘l\VOHle gave the p.n:'oduct,‘ b. p. 102—10.40/
20 mm (lit., 132 b. p. 102—1040/270 mm), n.m.r. (CDCl3): T 2. 6;3. 1

(c, 3H, aromatic), T 4. 65 (s, 1H, OH), T 7.80 (s, 3H, CHS).
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(f} 2—Br0mo-5;methoxyphenol

133 gave

Methylation of 4-bromoresofcinol by the method of Rice
2—bromo-5—niethoxyphenol, which wasApurified by distillation on a
Fischer Spaltrohr (concentric column) distillation unit, b.p. 68-71°9/
0.5 mm (lit., 33 1529/15 mm), n.m.r. (ClDCIS.) . ¢ 2.65-3.73 (c, 3H,
~aromatic), T 4.45 (s, 1H, OH), T 6. 29 (s, 3H,l OCHQ).

(g) 2-Bromo-4-methoxyphenol

13

Methylation of quinol by fhe method of Robinson and Smith 4 gave.

134

4-methoxyphenbi, m.p. 53-54° (lit., m. p. 539}, which on

_bromination in carbon disulphide according to Irvine and Smith139 -

gave 2-bromo-4-methoxyphenol, m.p. 44-45° (lit., 135 1. p. 44-459),
3. " Preparation of Benzenethiols
_ '(a) , . 2-Bromobenzenethiol was prepared by the ‘method of

136 .

Schwarzenbach and Egli om 2-bromoaniline by diazotisation and

ireatment with potassium ethyl xanthate. The product was distilled,

b.p. 53-549/0.1 mm (lit., }5°

96-98°/11 mm), n.m.r. (CDClg): -
T 2.4-3.3 (c, 4H, aromatic), T 6.10 (s, 1H, SH), i.r.»2563 (SH) cm™!.

(b) 2-Jodobenzenethiol was prepared from 2-iodoaniline in a

137

similar manner to (a) by the method of Suter and Hansen , b.p.

135

82-84°/0.1 mm (lit., 1°° 119.5/11 mm), n.m.r. (CDClg): T 2.15-3.45
(¢, 4H, aromatic), T 5.90 (s, 1H, SH), i.r.y 2550 (SH) cm™!,

(c) 2-Bromo-4-methylbenzenethiol was prepared as described

in {b) from 4- amino-3-bromotoluene [A, 2 (e)]. The product was

distilled, b.p. 128-1339/15 mm (lit., *°®

61-62°/0. 5 mm), n.m.r.
(CDClg): { 2.3-3.3 (¢, 3H, aromatic), ¥ 6.15 (s, 1, SH), T 7.76

(s, 3H, CHg), i.r.y 2568 (SH) cm-1.
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4. Preparation of Azides and their Reductive Cyclisation

- to Benzoxazoles

(a) 2-Azido-4-methylphenol was prepared by the method of

Smith et al, 139 by diazotisation of 2-amino-4-methylphenol . [ A, ‘2(c)]
in sulphuric acid and treatment with sodium azide. The product was
extralcted as a dark oil and‘ was not purified, i.r.¥y 3400 (OH, broad),
2100 (N3) em-1,

(b) 2—Azido-5—methy1phen01 was prepared by a modification of

the method of Smith et all39  The 1{ydrochlor_ide of 2-amino-5-
methylphenol [A, 2(d)] in water was trea’lced with t\.vé eqﬁivalents of
coﬁcentrated hydrochloric acid and diazotised as deécribed in (a).
‘The brown solid .product wasAnot purified, i.r.v 3400‘ (OH, bxfoad),

2130 (Ng) em~1.

(e) 2-Azido-4-methylphenyl benzoate

2—Azido—4-meth5—r1phenol (a) was benzoylated By fhe Schotten-Baumann
reaction aé desc.-ribed by Vogel1 19. The product was washed with water
and dried under vacuum, i.r.) 2100 (Ng), 1735 (C = 0) em~!, n.m.r.
(CDC13):"t 1.4-3.0 (¢, 8H, aromat-i.c)-, -'C 7b§ (s, | B‘fI, CHjg).

(d) | 2-Azido-b-methylphenyl benzoate was obtained by benzoylation

of 2-azido-5-methylphenol (b) as described in (c), i.r. V2122 (N3),

1

2090 (Ng), 1735 (C =0) ecm™, n.m.r. (CDCI3): T 1.7-3.1 (c, 8H,

aromatic), T 765 (_s_, 34, CHB).

(e) 5-Methyl-2-phenylbenzoxazole was prepared by reductive

cyclisation of 2-azido-4~methylphenyl benzoate (c) with triethyl phosphite

140

using the method of Saunders . After removal of the solvent by

distillation at atmospheric pressure, the residue was chromatographed on
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alumina to give the product (80%). On recrystallisation-from ethanol

the product had m.p. 104-105° (1it., Y41 m.p. 1049), n.m.r. {CDCly):
1 1.6-3.0(c, 8H, afomatic),’t’?.‘fj?;{}(_s_, 3H, CHg). (Found: C, 80.3;
H, 5.5; N, 6.5. Cale. for Cy4H NO: C, 80.4; H, 5.3; N, 6.7%).

The mass spectrum showed the correct parent ion: m/e; 209,

(£} 6-Methyl-2-phenylbenzoxazole was prepared in BO%‘yield
from (d} by the same method as (e) and after fecrystallisation from
ethanol, had m.p. 90-91° (lit., 142 92,5°), n.m.r, (CDClg): T 1.7-3,0
(c, 8H, aromatic), T 7.§4 (s, 3H, CHg). (Found: C, 80.2; H, 5.3;

N, 6.4. Calc. for_CMHilNO: C, 80.4; H, 5.3; N, 6.7%). The mass

spectrum showed the correct parent ion: m/e; 209,

5. " Preparation of Fluoranthene Compounds: Attempted

Preparation of 2-Bromo-3-hydroxyfluoranthene

(a) | 3-Nitrofluoranthene was prepared by nitration of fluor-

anthene according to the method of Kloetzel et al. 143, m. p. 162-163°
(1it., 144 162-1639).

(b) 3-Acetamidofluoranthene

3-Nitrofluoranthene (23,5 g, 0.1 mol) ﬁas disgolved in hot glacial acetic
acid (500 ml) and a solution of stannous chléride dihydrate {200 g) in
concentrated hydrochloric acid (200 ml) added dropwise, After boiling
the r_nixture. for a few minutes the dark-yellow precipitate was filtered
off, dried under vacuum and boiled for 15 mins in a solution of potassium
hydroxide (100 g) in water (250 ml) giving a bright yéllov& precipitate,

The solid was filtered off, dissolved in benzene (500 ml) and the
benzene solution dried over magnesium sulphate, Tﬁe_solution was

filtered and the filtrate concentrated to half its volume by removal
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of benzene under vacuum. Acetic anhydride (12.5 g, 0.12 mol)

was added with stirring and the yeilow precipitate which formed

was filtered off, washed with petrol and dried to give 3-acetamido-
fluoranthene, 13,5 g (52%), m.p. 239-2420 (lit., }43 m,p. 242-2459),

(c) 3-Acetamido-2-bromofluoranthene was prepared according

to Charlesworth and Blackburnl4d by bromination of 3-acetamido-~
fluoranthene (b) in pyridine, The product was recrystallised from a
mixture of pyridine and water and had m.p. 266-267° (lit.,14° 266-2670}.

(d) 3-Amino-2-bromofluoranthene was prepared by boiling

3-acetamido-2-bromofluoranthene (c¢) in a mixture of methanol,
pyridine and sodium hydroxide as described by Charlesworth and
Blackburn!45, The product was obtained as yellow needles, m,p. 175-

176° (1it., 142 m.p. 176-177°).

(e) | Attempted preparation of 2-bromo-3-hydroxyfluoranthene

via 2-bromofluoranthene-3-diazonium fluoroborate

3-Amino-2-bromofluoranthene (0.59 g, 2 m mol) in hot glacial acetic
acid (8 ml) was treated with concentrated hydrochloric acici (1.5 'fnll) | :
-and water (2 ml) to give a pink precipitate. The mixture was stirred

and cooled to a temperature between 0 and 5‘0, and a solution of sodium
nitrite (0.2 g) in water (2 ml) added dropwise over 20.mins, The
resulting réd solution was stirred for a fu;-ther 230 » mins whilst
maintaining the temperature below 5°. The solid material Was‘ filtered
off, washed with a large quantity of ether and purified by boiling in -
acetone, filtering the hot solution and rebrecipitating by addition of ether,

The solid, 2-bromofluoranthene-3-~diazonium fluorcbhorate was filtered
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off, and dried under vacuum, i.r. 2225 (N,"), 1060 (BF;", broad),
1035 (BF4, -broad)cm"l. | |

The fluoroborate (0,65 g), Without-flurther purification,
was treated with a mixture of anhydrous potassium carbonate and |
trifluoroacetic acid according to the method of Horning et al. 146 4y
an attempt to decompose it and produce the phencl, 2-bromo-3-hydroxy-
fluoranthene, -A_dark-brown solid was filtered off ‘from the reaction
m.ixtur.e and wéshed with water, leaving an orange solid. Therorange
solid' lwas filtered off, dried under .vacuum and shox;vn to be a diazonium
salt from the i, r. spectrum 2200 '(Nz;*“) cm“ll. 'i‘he substé.nce was not
the starting material, 2—bromof1uoranthene-3—diazohium fluaroborate
‘since no absorptions were shown for BF 4~ in the i.r, sﬁectrﬁm. No
phenolic broduct_was obtained from the reaction Iﬁixture a-nd the orange
substancé did-not decompose to produce .the required product on boiling
in dilut-e sulphuric acid (0.1 M) for 12 h. |

(1) Attempted preparation of 2-bromo-3-methoxyfluoranthene

via the zinc chloride double salt of 2-bromofiuoranthene-

3-diazonium chloride.

9-Bromofluoranthene-3-diazonium chloride waé prepared from B-émino-
2-bromofluoranthene (1.48 g, 5 mmoll) as described in {e). A 20% excess
of the theoretical amount of zinc chloride Wasladd-ed to thé mixture to give
the zinc chloride double-salt according to.the method of Hodgson and
Fosterl47, The brick-red precipitate was'filtereci off, washed wifh a
mixture of ether and a little methanol and dried under vacuum to'give a

95% yield of the zinc chloride double salt of 2-bromofluoranthene-3-

diazonium chloride, m.p. 175-178° (decomp.v,), i.r. 2200 em-1
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(N2+) (Found: C, 46.5; H, 1.8; N, 6.9. C32H18}3r2C14N4Zn
requires C, 46.7; II, 1.9; N, 6.8%). The zinc chloride double
salt was boileld under reflux in methanoi as describec“l by Hodgson
and Foster!47. The solvent was removed under vacuum to leave

a black,tarry residue which géve seven sl;ots on examination‘by
t.1. c. Chromatography on alumina gave a ‘yellow solid (0. 54 g) on
elution with benzene. The solid was identified as a mixture of
2-bromof1uorantf1e1'1e, 2—bromo-B-chlorofluoranthene and a trace
of 2—bromo-3—methoxyfluoranthene frdm its mass 'spéctrum, which
showed three parent ions: m/e; 314/316; 280/282; 3]_0/31.2, and
n.m.r. (CDC.13) which gave mainly aromatic signals:f 1.8-3.0
and a small éignal att 6.12 (OMe). Further eiuj:ibn 'wi-th more polar
solvenfs; gave tars only. |

6. Preparation of Miscellaneous Aromatic Compounds

(a) 4-Methylphenyl 2-nitrophenyl sulphone

Sodium _}g-toluenesulphinate was prepared according to the method of
Whitmorel48 by reaction of B-toluenesulphcnyl chloride with ziné dust

and sodium carbonate. Following the method of ﬁoffmann149, 4-methyl-
phenyl 2--niiropheny1 s.ulphone was prepared.by reaction bf sodium
E—toli.lenesulphinate and 2-chloronitrobenzene in boiling dimethylformamide.

After recrystallisation from methanol the product had m. p. 155-1569

it., 149 m.p. 155-156°).

{b) 2-Amiﬁopheny1 4-£11ethy1pheny1 sulphone was prepared by .. '
hydrogenation of the corresponding nitro;compound (a) following the
method of Hoffrmann!4? using Raney nickel in ethanol. The product had

m.p. 1209 (iit., 149 m.p. 1209} (85%)
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(c) 2-Hydroxyphenyl 4-methylphenyl sulphone was prepared

by diazotisation of the corresponding amine (b) and conversion of the
aminé-group to hydroxyl as described in [A, 1(h)] . The crude product

was obtained as an oil, which was extracted with sodium hydroxide

solution (10%). The product was liberated by treatment of the alkaline
‘solution with sulphuric acid,(lb%), extracted into chloroform, tﬁe
chloroform solution dried over magnesium suiphate and filtered. Reméval ‘
of fhe solvent under vacuum gave the product which on recrystallisatién .

from ethanol/water had m.p. 121.5-122° (lit., 1°% m.p. 121°).

(d) 1-Bromd—2—naphthol was prepafed by bromination olf.
2-naphthol in glacial acetic acid by the method of Hazletl3l, On |
recrystallisation from petrol : benzene (3:1) the prbduﬁ had m. p. 82-
830 (lit., 191 m.p. 84°). | . |

(e) " Bromodurene was prepared uSing the method of Smith and

Moyle152 by bromination of durene in carbon tetrachloride. On

152

recrystallisation from ethanol the product had m.p. 60-60. 50 (1it,,
m.p. 60,5C),
(f) ' Bromomesitylene was prepared by bromination of mesitylene

according to Smithl33 and had b.p. 104-105°/10 mm.

(g) '3, 5, 3", 5'-Tetramethylbibenzyl was prepared from

mesitylene and di-t-butyl peroxide by the method of Ha11?? and on

90 73-739),

recrystallisation from ethanol had m. p. 72° (1it.,
Pure Samples. of 2,4,5,2',4", 5'-hexamethylbibenzyl and

bromo-2, 4, 5,21, 4', 5'-hexamethylbibenzyl for use as g.l. c. standards

were provided by Dr. J,A.K, Hall,



103

(h) ' Isomeric mixture of 2-bromo-3, 4, 6-trimethylbenzyl -

‘bromide and 3-bromo-2, 4, 5-trimethy1benzy1 bromide

The mixture of isomers was prepared from brpmodurene and
E*brormosuccinimide in carbon tetrachloride by the method described :
by Hall%0, The mixture was distilled, b.p. 92-96°/0.1 mm (lit., 90
b. p. 92-960/0. 1 mm), n.m.r. (CDCl3):T3.00, 3.12 (2 x s, 1H,
aromatic), 'C 5 30, 5.55 (2 Xﬁa 2H, CHZ),"C 7.6-7.8 (c, 91, CI—I3)‘.

(i) -2, 27-Dichlorodiphenyl disulphide

2.-Chlorobenz enéﬁhiol was oxidised with alcoholic iodine as describéd

by Wilson and Tarbell®4 éhd the fesidue, after removal ofr the solvent,
wag recrystallised from alcohol to give 2, 2'-dichlorodiphenyl disulphide
as white needles, m.p. 89-90° (lit., 155 m.p. 82-909).

(7} | Diphenyl disulphide was prepared from benzenethiol as

describerc.i abo.ve (i) and had m. p. 60—610(1it_., 156 60°).

(k) p-Toluamide was prepared éccbrdiﬁg to McMaster and
Langreckls'? by 6xida:t'10n of B-tolunitrilé with 10% hydrogen peroxide
solution. The product was recrystallised from ethanol and had m. p.
158-160° (1it., 197 1559), | |

(1) 3, 4-benzocoumarin was prepared following the method

outlined.by Gringauz and Tosk1_58, rfrom. 9—flu6renone.(10'gf... “The mixture
was stirred for twelve hours and the dark-brown s'olutionrwas washed

oncé with u‘fater (25 ml), twice with 10% w/v potassium bicarbonate
solution (50 ml portions) and once again with water (25 ml}. The Qrganic
1ayer wag separated, dried over magnesium sulphate and concentrated to
one third of the volume, Elution with methylene chloride on a short
alufnina columﬁ gave the product, which was fecrystallised from methénol,

158

m.p. 92-940 (lit., 93-940) (85%).
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B. ‘ Thermal Decomposition of Sodium 2-Bromophenoxides

. and Related Compounds

Uxﬁess otherwise stated, all.thes.e reactions were carried oﬁt by the
following general methold. The reactants, .ina sﬁitable‘ solvent,
were placed in an autoclave which was evacuated after freezing the
contents hy immersing it in liquid nitrogen. The contents were Athen
allowed to decompose at 260° and removed frdm the-autoclave by
washing with a mixture of ether and water through a gintered-glass
funnel to collect any inscluble material. The agueous layer was

. Sepafated, exiracted several ti]nes with ether, acidified ﬁith dilute
nitric acid (2 M) and halide ion de.termined gravimetrically as s:i.lxlzerr
halide. The combined ether extract was dried over 'magnesiﬁm '
sulphate, filtered, and the ether removed under vacuum. Harlide Jon
'is recorded as moles per 100 moles of : “the.. sodiurn salt and the
afnorphdus soiids‘céllected in the si.nrtered—_glass fu_nnel were not .éxamined.

1. Thermal Decomposition of Sodium 2-Bromophenoxideg

(a) Therma! decomposition of sodium 2-bromophenoxide in
mesitylene.

Sodium 2-bromophenoxide (2.0 g, 10,25 mrl;_;ol) in mésifylene {25 ml)
was decomposed for .six days as described previously. The mesitylene
was removéd. under high vacuum and the residue distilled to give a white
solid, dibenzo-p-dioxin (0. 42‘ g, 1% m/100 m), b.p. 90-929/0., 02 mm,
which on recrystallisation from petroleum had m. p. '118° (1it. , 159

120-1219)., The mass spectrun showed the correct parent ion; m/e; 184,
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(b) Thermal decomposition of sodium 2-bromo-4-methyl-

phenoxide in mesitylene

Sodium Z—brofno—4-—methy1phenoxide (2. 40 g,l 11. 5mmol) in

-mesitylene_' (25 ml) was decomposed for seven days as déscribed
previously. The mesitylene Was removed under vacuum and the

residue distilled to give a white solid, 2, 7-dimethyldibenzo—_p_-dioxin
(0.20 g,32Lm/100m), b.p. 94°/0.05 mm, whiéh on recrystallisation
from petroleum had m.p. 115-116° (lit., 88 116°), n.m.r. CDCly) :

T 3.26-4,43 (_c_:; 6H, aromatic), T 7. 80 (s, 6H, CHB) (Found: C, 79.3;
‘H, 5.7. Calc. for C14H120; : C, 79.3; H, 5.7%). The rﬂass spectrum

showed the correct parent ion: m/e; 212,

(c) Thermal decomposition of sodium 2—bromo-5-methyi-

phenoxide in mesitylene

Sodium 2-bromo-5—methylphenbxide (2.0 g, 9.6 mmol) in rnesitylene
(25 ml) was decomposed for three days as described pfeviously.
Bromide ion (88m/100m) was determined gravimetrically, Examinatio'n
by g.1.c. /m.s. (2% NPGS, 204°) showed four peaks: m/e; 108, 238,
-212, 214, The peak m/e; 212 was found to have an identical mass.
spectrum to that of 2, 7-dimethyldibenzo-p-dioxin frofn (b). The yield
of this compound (}.2m/100m) was determingd by g.1.c. (2% NPGS,
200°) usingrbiphenyl as internal standard. Thé peak: m/e; 108 was
found to have an identical mass spectrum to that of an authentié

sample of m-cresol. The mesitylene was removed under vacuum and
the residue chromatographed on a]umina;

Elution with petroleum gave a low-meliing white
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solid (0. 05 g), identified as a mixture of 2, 3', 4, 5', 6-pentamethyl-
diphenylmethane and 3, 3', 5, 5'-tetramethylbibenzyl from its n.m.r.
spectrum (CDClS):"c 2.8-3.4 (c, aromatic), T 6.1 (s, diphenylmethane

CHZ),‘T 7.2 (_s_, bibenzyl CHz), T 7.7 (§, CH3), T 7.8 (g, CH3)°

(d) - Thermal decomposition of sodium 2-bromo-5-methyl-

phenoxide in t- butylbenzene

Sodium 2- bromo 5= methylphenomde (6 2 g, 30 mmol) in t- butylbenzene
(50 ml) was decomposed for three days as described previously. romide
ion (.Om/IOOm) was determined gravunetrlcally Examination by g.l.c./
m.s. (5% ijXR, 2050) showed three peaks: m/e; 108, 212, 214, The
peaks: m/e; 108,' 212 had identical mass specira to those of authentic
samples of __rg—cr:esol and 2, 7-—dimethyldibenzo-ﬁ—dioxin, lresﬁective].y‘.
The t—bu’eylben.zene was removed uncier high vaeuﬁm and the residue

(1.3 g) cﬁromatographed on alumina. Elﬁtion with petroleum : ether

(90 : 10) gave a white solid, 2, 7-dlimethjldiben.zo—_l)—dioxin (0.04 g,

d 13C n.m.r.

O.bm/lOCm), identified by its proton noise-decouple
spectrﬁm (CDCls) which gave signals at: 20.6, 115.8,  116,7, 123.7,
133, 3, } 139.8, 141.7 p.p.m. On‘ recrystallisaﬁon from petroleum
the compound had m. p. 115-116°, and oﬁ mixihg_ with 2, 7T~dimethyl-
dibenzo;_i?-dioxin from (b) had m.p. 115-116.°.l

Elution with ether : methanol (100 : 25 gave a brown liquid
(0.42 g}, which on examination by g.1.c. (5% CAR, 2200) was found to
contain m-cresol and 2-hydroxy- -4- methylphenyl 3- methylphenyl ether, |
The yield of 2-hydroxy-4-methylphenyl 3-—methy1pheny1 ether (-3’m./10_0m)

was estimated by g.1l.c. (5% CAR, 220°) from peak area ratios.

Elution with more polar solvents gave tars only.
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(e) . Thermal decomposition of sodium 2-bromo-4-methyl-

phenoxide in t-butylbenzene

Sodium 2-broﬁ10-4—methy1phenoxide (2.0 g, 9 6 mmol) in t-butyl.benzene

(25_ ml) was decomposed for two days as described previously. Bromide

ion (71m/100m) was determined gravimetrically. Examination by g.l.c./

‘m.s. (5% CAR, 200°) showed three peaks: m/e; 108, 212, 2714, which

had identical mass spectra to those of authentic samples -of_p-cresol,

2, T-dimethyldibenzo-p- dioxin and 2-hydroxy~-5-methylphenyl 4-methyl-

phenyl ether, respectively. The t-butylbenzene was rerﬁoved under high

vacuum and the residﬁe (0.8 g) chromatographed on al@ina.

| Elution with petroleurxi - ether {100 : 1) gave a white s‘olid,

2, 7-dimethyldibenzo-p-dioxin (0.19 g, d'm/100m), identificd by its

proton noise-decoupled n.m,r, spectrum (CDClg) which gave signals

at: 20.6, 115,9, 116.8, 123,8, 133.5, 139.9, 141.9 p.p.m. On

recrystallisation from petroleum the compound had m. p. 115-116°, and

on mixing with an authentic sample from (b) had m,p., 115-116°.
Ilution with ether : methanol (100 : 1) gave a brown oil

-(0. 18 g), which on examination by g.1l.c. (5% CAR, 2000) was shown

to r.:ontain_}_:u'—cresol and 2-hydroxy-5-methylphenyl 4~-methylphenyl ether.

The yield of 2-hydroxy-5-methylphenyl 4-methylphenyl ether (0.31m/l

100m) was estimated by g.1l.c. (5% CAR, 2ob°) from peak area ratios,
Elution with more polar Solveﬁts gave tars only. |

{f} Thermal decomposition of a mixture of sodium 2-bromo-

4-methylphenoxide and sodium 2-bromo-5-methylphenoxide
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in t-butylbenzene
Sodium 2—bromo;4-—methy1phenoxide (2.0 g, 9.6 mmol) and sodium
2-bromo—5-mé thylphenoxide (2.0 g, 9.6 mmol) in t-butylbenzene (45 ml)
were decomposed for two days as described previously. Bromide ion
(67m/100m) was determined gravimetrically and examination by g.1. c./
m.s. (5% CAR, 200°) showed three peaks: m/e; 108, 212, 214,
Removal of the t-butylbenzene.under vacuum gave a black residue (1.4g)
Whrich was chromatographed on alumina. Elution with petroleum : ether
'(1(.)0 : 2) gave a white solid (0. 26 g, im/lOOm), identified as a mixture
of 2, 7—dim ethyldibenzo-p_—d_ioxin and 2, 8—dimethyldibenzo—é—dioxin from
the proton noise- decoupled 13C n.m.r. gpectrum (CDClg), Which gé\re
signals at: 20. 6, 115.9, 116.8, 123.8, 133.4, 133.7, 139.9, 141.8,
141. 9 p.p.m. and the 13C n.m.r. spectrum (CzDGCO) whichl gave'
'Sig‘nalsr at: 20.6, 116,5, 117.5, 124.9, 125,0, 134.4, 134.75, 140, 6,
140.7, 142.4, 142.6 p.p.m. Proton n.m.r, (CDCl3): T 3.0-4.8 (¢, 6H,
a_romatic), v 7.8 (s, 6H, CHs).

(g) Thermal decomposition of sodium 2-bromo-4-methoxy-

phenoxide in t-butylbenzene
Sodium 2-br‘om§—4-—methoxypheno:xide (2.0 g, 8.9 mmol) in t-butylbenzene
(25 ml) was decompésed for two days as described previously. Bromide
ion (97m/160m).was determined éravimetrically and examination by g.l.c./
m.s. {5% CAR, 2000)' showed a single peak: m/e; 124, which had an
identical mass spectrum to that of z.m authentic salrnple of 4-methoxyphenol.
The solution was extracted with dilute sodium hydroxide (0.5 M),

acidified with dilute sulphuric acid (0.5 M) and exiracted with ether. The
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ether solution was dried over magnesium sulphate, filtered and the
ether removed under vacuum to give a red oill, 4-methoxyphen01 :
(0.5 g, 451.11/100m), i, r. indistinguishable from that of an authentic
sample. DIxamination of the reaction mixture by t.1.c., and by g..l. c.
using various columns (1% SE30, 2% NPGS, 2% APL) gave no
indication of further products,

(h) . Thermal decomposition of sodium 2-bromo-5-methoxy-

phenoxide in t-butylbenzene

Sodium 2-bromo-5-methoxyphenoxide (1. 90 g, 8. 44rmmol)' in t-
butylbenzene (25”1'111) was decomposed fof two days as déscri’bed
previously. Bromide ion (96m/100m) was determined gravimetrically
‘and an amorphods, dark-grey solid (0. 75 g) was collected. Examination
by g.l.c./m.s. (5% CAR, 20890) shoy;véd a single peak: m/e; 124, which
had an idént'ical mass spectrum to that ofran authentic sample of
S—methoxyphenoi. Extraction as described above (g) gave a red oil,
3-methoxyphenol (0. 33 g, 32m/100m), i.r. indistinguishable from that
of an authentic sample. Further examination by t.1. c. and g.1.c. as
above (g) gave no indicétion of othef products. |

2. Thermal Decompositions Invelving Halodiphenyl Ethers.

(2) s Thermal decomposition of the sodium salt of 2-chlorophenyl

2 -hydroxyphenyl ether in mesitylene

The sodium salt of 2-chlorophenyl 2-hydroxyphenyl ether (0.60 g

2.47 mmol) in mesitylene {10 ml) was decqmposed for seveﬁ days as
previously described. The mesitylene was removed under vacuurﬁ and' '
the residue distilled to give a white solid, aibenzo-l)-dioxin {0.40 g,
88rﬁ/100m), b.p. 80°/ 0.1 mm, which on recfryétallisation from

petroleum had m.p. 1189, and on mixing with a sample of dibenzo-p-
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dioxin from [B, l(ajlhad m.p. 118°, The mass spectrum showed the
correct parent ior: m/e; 184,

(b) Thermal decomposition of the sodium salt of 3-chloro-

phenyl 2-hydroxyphenyl ether in t-butylbenzene,

The sodium salt of 3-chlorophenyl 2-hydroxyphenyl ether (0,20 g,

0.8 mmol) in t-butylbenZene (10 ml1) was decomposed for two days

as described previously.- Bromide ion (100m/l100m) was determined
gravimetrically and examination by g.1.c./m.s. (5% CAR, 212°) gave

a single peak: m/e; 184 which had an identical mass spectrum to that
_of an authentic sample bf dibenzo—_g—dioxin from [B, 1(a)]and the addition
of an authentic sample of dibenzo-p-dioxin to a portion of the reaction
mixture gave peak enhancement oh examination by g.l. c. (5% CAR, 2120),
The yield of dibenzo-p-dioxin (18m/100m) was determined by g.l.c. (5%
CAR, 200°), using phenanthréne as internal standard, .

(c) Attempted reaction of sodium phenoxide with 2-bromophenyl

phenyl ether in t-butylbenzene

Sodium phenoxide (0.58 g, 5 mmol) and 2-bromophenyl phe‘nyl ether (1.25 g,
5 mmol) in t-butylbenzene (25 ml) were heated in the autoclave for two

days as described previously. No bromide -ion was detected on treatment
with silver nitrate sélution and removal of the t-butylbenzene under
-vacuum gave a quanfitative recovery of 2-bromophenyl phenyl ether,

which on recrystallisation from petroleum had m.p. 43-44°,

(d) " Attempted reaction of sodium 2-methoxyphenoxide with .

2-bromophenyl phenyl ether in t-butylbenzene

Sodiurn 2-methoxyphenoxide (0. 44 g, 3 mmol} and 2-bromophenyl phenyl
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ether (0.75 g, 3 mmoi) in t-butylbenzene (15 ml) were heated in the
autociave for two days as described previously. No bromide ion was
detected on treatment with silver nitrate solution and removal of the
t-butylbenzene under vacuum gave a quantitatiye recovery of 2-bromo-
phenyl phenyl ether, m.p. 43-44°,

3. Attempted Trappirg Reactions Involving Benzonitriles and

Benzamides: Formation of Benzoxazoles.

{a) Thermal decomposition of sodium 2-bromophenoxide in

benzonitrile

Sodium 2-bromophenoxide (2.0 g, 10.25 mmol) in benzonitrile (25 ml)
was decomposed for 36 h as described previously., Examination by

.g.l. c./m.s. (5% CAR, 203°) showed six peaks: m/e; 94, 1184, 198,
186, 195, and 121, having rnass spectira identical to throse of authenfic
sémples of phenol, dibenzo-p-dioxin, phenyl benzoate 2-hydrox-ypheny1.
phenyl ether, 2—phen$r1benzoxazole and benzamide, respectively. Pe.aks:
m/e; 198, 186, and 121 were shown to be present in trace amounts only
by g. L. c. (5% CAR, 200°) examinaticn. The benzonitrile was rerﬁoved
under vacuum fo give a dark-brown residue (1.3 g) which ‘Was ‘chroma%',o—
graphed on alumina,

Elution with petroleum : ether (100 : 5) gave a white solid,
dibenzo-p-dioxin (‘0.:‘1-5@{, ;‘_%Qfm/lOOm) which on recrystallisa"tion from
.petroleum hadf”m. P. 1180,' an'd on mixing with a sample bf dibenzo-p-
dioxin from [B, 1(a)j had m.p. 118°,

| Elution with petroleum : ether (3 : 1) gave a péle-yellow

solid, which on recrystallisation from alcohol gave a white solid,
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2-phenylbenzoxazole (0.22)g, 11m/100m), m.p. 103%, mixed m.p.
103° with an authentic sample of 2-phenylbenzoxazole.

A 'pale—grey crystalline solid {0.08 g) was collected iﬁ
the sintereci—glass funnel and after recrystallisation from toluene was
identified as 2, 4, 6-triphenyl-s-triazine, m.p. 232° (lit., 180 2329),
m/e; 309 (M1), 206, 103. |

(b) Thermal decomposition of sodium 2-bromo—4--meth371- '

phenoxide in benzonitrile

Sodium 2-bromo-4-methylphenoxide (2.0 g, 9.6 mmol)} in bénzonitrile
{25 ml) was decompceed for six days as described previously, Bromide
ion (7.4 m/100m) was determined gravimetrically and é pale-—gréy solid (2 g)
was collecfed, which was identified as above (a), as 2, 4, S-fcriphenylf
s~triazine,

Examination by g.1.c. /m.s. (5% CAR, 210°) showed four‘
péak‘s:_ m/e; _iOS, 212, 121, 209, which had identical mass spectra to \
those of authentic samples of p-cresol, 2, ’7—dimethyldibenzo—_p_—dioxin, |
benzamide and 5-methy1-2—phenylbenzoxézole, respectivelj-r. The |
benzonitrile was remo-ved under vacuum to give a dark-brown solid
residue (0,9 g)which was chromatographed on alumina,

Elution with petroleum gave a white solid, 2,7-dimethyl-
dibenzo-_;_a_—dioxin_ (0.11 g, ':'G?m/IOOm), which on recrystallisation frofn
‘petroleum had m.p. 115'-1160, and on mixing with 2, 7-dimethyldibenzo-
p-dioxin from [, 1{b}] had m.p., 115-116°, °

Erlution with petroleum : ether (100 : 2) gave a pale-yeilow

solid, 5~_1‘nethyl~-2—phenyl‘s:=enzoxazole (0.035 g, 1. 8m/100m), which on
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examination by h.s. 1 C. oﬁ alumina (Spherisoi"b AX. 20/,(.) using a
15% solution of (50% water-saturated methylene chloride) in n-
hexane had identicaél retention time to that of an authentic sample.
Further h.s.l.c. examination under the same conditions showed |
enhancement of the peak corresponding to 5~-methyl-2-phenylbenzoxazole
on addition of an authentic sample to a portion of th‘e reaction mixture,
ﬁecrystallisation from alcohol géve the compound as a whitersolid,r
m.p. 104-105° (lit., 141 104°), mixed m.p. 104-105°,
: Elution with petroleum : ether (50 : 50) gave aryellow oil
(0. 1 g} which on rexamination by g.l.c. (5% CAR, 2009 Was Si‘lOWl’l to
contain p-cresol.

Eluti.on with ether : methanol (100 : 2) gave a Whitre solid,
- benzamide (0. 22 g} which on recrystallisation from hot water had m.p.
130° (lit.;, 118 1-3-00) and on mixing with an authentic sample of benzamide
had m.p. 130°. The i.r. was indistinguishablé from that of an authentic
sample.

Further elution with more polar solvents gave tars only.

(c) Thermal stability of 5-methyl-2-phenylbenzoxazole in

t-butylbenzene

5-Methyl-2-phenylbenzoxazole {0.31 g, 1.5 mrﬁol) in t-butylbenzene

(10 m1) Qas ﬁeated in the éutoclave for thfee days- at 260° under vacuum.
The t&butylbénzene solution was examined by g.1l.c. (23% NPGS, 210°),
which show.ed a single peak with retention time cor.responding tq that of
the starting material. Removal of the solvent under vacuum ledltc a
quantitative recovery of 5-methyl-2-phenylbenzoxazole, which on

recrystallisation from ethanol had m.p. 104-105°,
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(d) Thermal decomposition of sodium 2-bromo-4-methyl-

phenoxide in the presence of 5-methyl-2-phenyl-

benzoxazole in t-butylbenzene

Sodium 2-bromo-4-methylphenoxide (0.62 g, 3.0 mmol} and 5—methy1-
2-phenylbenzoxazole (0.31 g, 1.5 mmol) in t-butylbenzene (15 ml)

were decomposed for two days asr éescribed previously. Bromide ion
(70m/100m) was determined gravimetrically and examination by g.‘l. ./
m.s. (5% CAR, 2100) shbwed three peaks: I'n/e;. 108, 212, 209, with‘
mass spectra identical to those of authentic samples of r_n’—(.:resol,

.2, T-dimethyl-p-dioxin and §—m ethyl-2-phenylbenzoxazole, respectively.
Addition of ari authentic sample ofrbenzarnide to a portion of the reaction
mixture ga'vé a new peak on examination by g. 17. ¢, under lthe same

conditiions,

{e) ' " Thermal stability of 6-m ethyl-2—phenylbenzoxazole. in

t-butylbenzene.

6-methyl-2-phenylbenzoxazole (0,31 g, 1.5 mmol) in t-butylbenzene

(10 ml) was heated in the autoclave for three days at 260° under ﬁ-racuum.
-Examination of the t-butylbenzene solution by g.1l.c. (5% CAR, 2109)
showed a single peak with retention time éofrespondiﬁg fo that of the
starting materigl. Removal of the solvent under vacuum led to a
quantitative.recovery .of  the starting material, which on recrystallisat'ion' |
from ethanol had m.p. 90-91°,

(f} " Thermal decomposition of sodium 2-bromophenoxide and

p-tolunitrile in t-butylbenzene

Sodium 2-bromophenoxide (0,975 g, 5 mmol) and p-tolunitrile (1.17 g,
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10 mmol) in t-butylbenzene (25 ml) were decompose.d‘for two days
as described_préviously. Bromide ion (70m/100m) Wa.e;. determiﬁed
gravimeirically. Examihation by g.1. c. /m.rs. (5% CAR, 2046)
showed two peaks: m/e;' 117, 184, with mass spectra identical to those
of authentic samples of p-iolunitrile and &ibenzo-E—dioxin, respectively.
Addition of an au’.ch;entic sample of 2-£—t01ylbenzoxazéle to a portion of
‘the reaction mixture gave a new peak on examination by g.l.c. (5% CAR,
'2049). |

() Thermal decomposition of sodium 2—brondophenoxide in

"superdry'' benzonitrile

' Sodium 2-bromophenoxide (2.0 g, 10.25 mmol) in "superdry" _‘.c:)enzo-
nitrile (25 ml) was decomposed for two days as described pfeviously.
Bromide ion (SGIﬂ/iOOm) was determined gravimetrically and
ez-‘cami‘lnation by g.1l.c. (2% NPGS, 2069; 5% CAR, 2109) shéwéd a éingle
.product with retention time identical to that of dibenzb—_g- aioxin. .‘
Examination by g.l.'c.l /m s. (5% CAR, 210°) shéwed a peak: m/e; 184’.
with maés spectrum identical to that of an rauthentic sample of dibénzo-
.Q-dioxin. The yield of dibenzo—_}_)_; dioxin (22'm/100m) was cietermiﬁed |
by g.1l.c. (5% CAR; 208°) using pheﬁanthrene as internal standard.

(h) Thermal decomposition of sodium 2-bromophenoxide and

..”superdry”'benzonitrile in t-butylbenzene
Sodium 2—blrornophenoxide- (1; 46 g, 7.5 mmol) and ""superdry'" benzo-
nitrile (1.55 g, 15 mmol) in t-butylbenzene (25 ml) were decompdsed
for fwo days as described previously. Bromide ion (91m/100m) wais

determined gravimetrically and a black, amorphous sclid (0.1 g) was



116

‘collected. Examination by g.1.c. (5% CAR, 210°) showed the peak:
m/e; 184, with retention time identical to that of an authentic sample
of dibenzo-p-dioxin. The yield of dibenzo-p-dioxin (8m/100m) was

determined as above (g).

(i) Thermal decomposition of sodium 2-bromophenoxide and

benzamide in tébutylbenzene ‘

VSOdium 2—brorﬁophenoxide (1.95 g, 170 mmol} and benzamide (1.21 g,
10 mmbl) in t-butylbenzene (25 ml) were decbmposed for two days as
described pr_-éviously. A black, amorphous solid (O.A29 g) was collected
~amd bromide ior; (70m/100m) was determined gravinv;etricaiiy.
Examination by g.1. c. /rn s, (5% CAR, 2089) showed four product peaké:
'm/e; 184, 186, 195, and 121, with mass spectra identical to those of
‘authentic samples of dibenzo-p-dioxin, 2-hydroxyphenyl bhenyl ether,
2—phenylbenz0}-c'azole and benzamide, resPectively. ZHydroxyphenyl
phenyl ether was- present in trace amount o‘nly.‘ The t-butylbenzene was
removed under x‘racuum and the resiciue (0.55 g) ghromatographed on
alumina,

Elution vﬁth petroleum ether gé\fe a white solid, dibenzo-
p- di_oxin' (0.025 g, lSm/ 100m) whiéh on rrecryétallise_xtion frbm
petroleum had m.p. 118%, mixed rn.rp. | 118°,

Elution with petrole-urri - ether (4 :A 1) éave a white solid,

2-phenylbenzoxazole (0,045 g, 2,3m/100m) which on recrystallisation

from alcohol had m.p. 104°, mixed m.p. 1049,
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(i) Thermal decomposition of sodium 2-bromophenoxide

'

and benzamide in ""superdry'’ benzonitrile

Sodium 2-bromophenoxide (1.88 g, 9.6 mmol) and benzamide (1.17 g,
9.6 mmol) in '"'superdry'’ benzonitrile (25 ml) were decomposed for two -
days as described pre;riously. Bromide ion (84m/100m) was determined
‘gravimetrically and a dark-‘grey, amorphous solid (0. 28 g) was collected.
Examination by g.1l.c./m.s. (5% CAR, 202°) showed four peaks: mﬂ/e;
184, 198, 195, 121, witﬁ mass spectra identiéal to those of authentic
samples of dibenzo-p-dioxin, phenyl benzoate, 2¥pheny1b‘enzoxazole,

and benzamide, respectively, The benzonitrile was removed under high
vaeuum and the residue (1.8 g) chromatographed on alubnina. Diblenzo—
p-dioxin (0. 0762- g, '385m/100m) and 2—phenylbeﬁzoxazole (0.58 g, 31m/

100m) were eluted and identified as described above (i}.

4, Thermal Decomposition of Sodium 2-Bromophenoxide with

p=Toluamide: Attempted Trapping in Various Solvents

(a) Thermal decomposition of sodium 2-bromophenoxide with

p-toluamide in ""superdry' benzonitrile

Sodium 2-bromophenoxide (1. 88 g, 9.6 mmol) and _E—toluamide (1.35 g, =

"superdry" benzonitrile (25 ml) were decomposed for two

10 mmol) in
days as described previously. Bromide ion .(93m[100m)7 was determined
gravimetrically and a dark, amorphous solid (0.33 g) was collected.
Examination by g.1l.c. /m.s. (5% CAR, 203°) showed eight peaks: m/e;
103, 117, 94, 184, 195, 121, 209, 135, with mass spectra identical to
those of authentic samples of benzonitrile, p-tolunitrile, phenol, dibenzo-

p-dioxin, 2-phenylbenzoxazole, benzamide, 2-E-t_oly1benzoxazole and
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pe=toluamide, respectively. The t-butylbenzene was removed under
vacuum and the residue (3.0 gj chromatographed on alumina, .

Elution with petroleum gave a white solig;i (0.38 g) which
in ether was shown by g.1l.c. (5% CAR, 203°) to be a mixture Of.
benzonitrile, petolunitrile and dibenzo:p—dioxin. The yield of
dibenzo-p-dioxin (4.?;1;m/100m) wasr determined by g.l.c (5% CAR,
208°) using phenanthrene as internal standard.

Elution with petroleum : ether (100 : 5) gave a white solid
(0.48 g). which in ether was shown to be a mixture of 2—phenyl-'

_benzoxazole (22m/10‘0m) and 2-p-tolylbenzoxazole (4m/100m). The

yieldé were estimated from peak area ratios on examination by g.l.c.
(5% CAR, 203°). |

-Elution with ether : methranol (100 : 5) gavé a brown oii
(0.12 g), which on examination by g.1.c. (5% CAR, 200°) was found
to contain phenol, | |

Elution with ether : methanol (90 : 10} gave a {vhite solid
(0.85 g) which in chloroform was shown to be a ‘mixture of ‘.t)enzamidé,
(0.37 g) and p-toluamide (0, 48 g), estimated from peak area ratios on
examination by g.1l.c. (5% CAR, 203°), |

| Elﬁtion with more polar solvents gave tars only,

(b) Thermal decomposition of sodium 2-bromophenoxide with

p-toluamide in nitrobenzene

Sodium 2-bromophenoxide (1.88g, 9.6 mmol) and B-toluamide (1.35 g,
10 mmol) in nitfobenzene {25 ml) were d'ecomposed for two days as

deséribed previously. Bromide ion (85m/100m) was determined
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gravimetrically and a black, amorphous solid (0. 85 g) was collected.
Examination by g.1l.c. /m.s. (5% CAR, -2060) showed four peaks: m/e;

123, 182, 209, 135. Peaks: :m/e; 123, 209, and 135 had mass spectra
identical to those of authentic samples ofnitrobenzéne, 2-p-tolylbenzoxazole,
and p-toluamide , respectively.

The nitrobenzene was removed under vacuum to give a red-
brown résidue -(1'. 7 g) which was chrdﬁétographed on almnina; Elution -
' lwith‘ pe't‘roleuni gave a trace of white solid, shown to be Z-Q-tolyi-
benzoxazole by c_omparison of its retention time with that 6f an authéntic
sample on examination by g.l.c. (5% CAR, 2086°), |

| Elution with petroleum :. ether (100 : l5) gave an 6range solid,
'azobenzene ‘(O. 243), which on recrystallisation from ethanol lhad m. p.
6809 (lit., 119 rr_l.'p. 68°) and on mixing with an authentic sample had m. p.
689, | |

Elution with ether : methanol (iOO :- 1) gave a trace of brown
0il, which was not identified.

Elution with ether : methanol _(90' : 10) .gave a white solid,

p-—toluamide (0. 47 g) which on recrystallisation from ethanol had m. p.

157 1, p. 1559), and on mixing with an authentic sample

158-160 (1lit.,
had m.p. 158-160°.

Elution with more polar solvents gave tars only.

(c) Thermal decomposition of sodium 2-bromophenoxide with

p-toluamide in acetonitrile

Sodium 2-bromophenoxide (1.980 g, 9.7 mmol) and p-toluamide (1.35 g,
10 mmol) in acetonitrile (25 ml} were-decdmpos ed for two days as

described previously., Bromide ion (96m/100m) was determined gravi-
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metrically and a black, amorphous solid (0.9 g), insoluble in ether,
water, benzene, methénél, acetone or chloroform was collected,

The acetonitrile was rerﬁoved under vacuum to give an orange liquid

1.7 g) which on examination by g.1.c./m.s. (5% CAR 200°) showed

four peaks: mje; 117, 94, 199, and 184, respectively, Peaks: m/e;
117, 94, and 184 had mass spectra identical to those of authentic samples
of£~toiunitrile, phenol, and dibenzo—_g-dioxin,_ respectively. The yie}_.d
of dibenzo-p-dioxin (2.8m/ 100m)7 was determined by g.1.c. (5% CAR,
2080), using phenanthrene as internal standard.

'An ethereal solution of the residue was exiracted with dilute
sodium hydroxide (0. 5M), waghed with water and the combined agueous
extract acidified with dilute hydrochloric acid (0. 5M).

The acidified aqueous ek'.cra;:t was extracted with ether, the
‘ethereal solution dried over magnesium .sulphate, filtered and the ether
removed under vacuwm to give a brown oil, (.32 g}, which on examination
by g.1.c. (5% CAR, 200°) was found to contain phenol,

The component: m/e; '199, with peak area of eqgual magnitude
to t;hat of dibenzo-p-dioxin on the g.1.c. trace, was not isolated and its

structure not confirmed, Mass spectrum: m/e; 199 (M™), 1v7, 82,

5. ~ Thermal Decomposition of Sodium 2-Halothiophenoxides:

Synthesis of Thianthrenes

(a) Thermal decomposition of sodium 2-chlorothicphenoxide in

t-butylbenzene

Sodium 2-chlorothiophenoxide (2.20 g, 13 mmol) in t-butylbenzene (25 ml)

was _ heatéd. - “for two days as described previously. No chloride ion
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was detected on treatrﬁent of the aqueous extract with silver nitrate
solution and examination by g.'l. c. (5% CAR, 210°, 1% SE 30, 200°)
showed no product peaks. The acidified aqueous solution was then
extracted with ether, the ethereal solution dried over magnesiufn
sulphate, filtered and the ether rernoyed to- give a white solid (1.2 g},
2; 2'-~dichlorodiphenyl disulphide, which on'recrystallisation .fro‘rn

1 55_ m.p. 89-90°). The

alcohol gave white needles, m.p. 88-899 (lit.,
mass spectrum showed the correct parent ion: m/e; 286/288/290.

(b), Thermal decomposition of sodium 2-bromothiophenoxide

in t-butylbenzene

Sodium 2-bromothiophenoxide (2,11 g, 10 mmol) in t—butylbenzene (25 mlr)
was decomposed for two days as described previo_usly. Bromide ion
(48m/100m) was determined grévimetrically and examination by g.1l.c.
(5%_ CAR, 2059) s_howed a single product. The t-butylbenzene was rerﬂoved
under vacuum to give a brown residue (0.55 g) which was chromé‘;ographed
on a short alumiﬁa column. |

Elution with petroleum gave a white solid, thiahthrené (0.44 g,

20m/100m), which on recrystallisétion from ethanol had m.p. 158—1590
(1it., 161 m.p. 160°)., The mass spectrum showed the correcti parent ion:
mfe; 216 (Found: C, 66.6; H, 3.9. Calg. for 012H8S2: C, 66. T,

H, 3.7%) | |

(c) Thermal decomposition of sodium 2~iodothiophenoxide in

t-butylbenzene

Sodium 2-iodothiophenoxide (2.30 g, 8.9 mmol) in t-butylbenzene (25 mlj
was decomposed for two days as described previously. Iodide ion (97m/

100m} was determined gravimeirically and examination by g.l.c. (5%
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CAR, 2000) followed by chromatography as above (b} gave thianthrene
(0.67 g, 3$m/100m), which on recrystallisation from ethanol had m.p.

158-159° and on mixing with thianthrene from (b) had m.p. 158-159°,

(D) Thermal decomposition of sodium 2-bromo-4-methylthio-

phenoxide in t-butylbenzene

Sodiﬁm 2-bromo-4-methylthiophenoxide (2.08 g, 10 mmol) in f-butyl-
blenzene {25 mi) was decomposed forl two days as described‘ previoﬁsly.
Bromide ion (89m/100m) was determinea gravimetr_ically and
examination by g.l.e. (5% CAR, 212°) showed a single pealk. Most of
thé‘ t—butylbenzer;e was removed by distillation under atfnospheric
pressure and the remaining liquid {2, 8 g) was trapsferred to a small-
‘scale distillation apparatus, After removal of the‘rémai'ning solvent,

b. p. 40-—450/0, 02 mm, a pale-yellow liquid was 6btained (0.71 g, 29m/
1obm), b.p. 134°/0.02 mm, identified as a mixture of 2, 7-dimethyl-
thianthrene and 2, 8—dimethy1thiantﬁfené from fhe proton no‘isé-decohpled
13¢ n.m.r. Speétrum (CDC13) which gave signals at: 20.8, 128.3,
129.1, 132.0, 132.3, 135.4, 135'.77, 137.5 p.p.m. Proton n.m,r.
(CDClg): ’t’ 2.6-3.15 (E’ 6H, aromatic), T 7.75 (s, 6H, CHS). The mass-
sﬁectrufn showed the correct parent ion:. m_/e;' 244,

6. . Thermal Decompositions in the Presence of Sodium

Phenoxides and Thiophenoxides: Formation of Diphenyl

Ethers and Diphenyl Sulphides

{a) Thermal decomposition of sodium 2-bromophenoxide and

sodium phenoxide in t-butylbenzene

Sodium 2-bromophenoxide {(1.88 g, 9.6 mmol) and sodium phenoxide

1. 16 g, 10 mmdl) in t-butylbenzene (25 ml) were decomposed for two
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days as described previously. Bromide ion (85 m/100m) was
determined gravimetrically, a'nd. examination by g.l.c. /m.s. (5%
CAR, 202°) showed three peaks: m/e; 94, 184, 186. The peaks:
m/e; 94 , 184 had mass spectra identical to those of authentic samples
of phenol and dibenzo-p- dioxin, respectively. The t-butylbenzene
solution was extracted with dilutel sodium hydroxide (0.5 M), washed
wi_th water and the combined aqueous extract.a-cidified with dilute
hydrochloric acid (0.5 M), forming a brown precipitate, The precipitate
was filtered off, washed with water aﬁd dried under vacuum, The solid,
: 2~hyd1ﬂoxyr;>heny1 phenyl ether (0.59 g, 33m/100m) was recrystallils ed
once from petroleum (80-1000) and twice from ethanoll,. m.rp. 105-105. 50
(1it., 162 y1.p. 105-106°), i.r.V 3420 (OH, broad), 1605, 1590, '1246,
1103, 750 em-1, n.m.r. (CDCIB);’C’é. 5-3.4 (¢, 9H, afomatié), < .4. 35
(s, 1H, OH). |

The t-butylbenzene solufion, after'extract.ion of the phenolicA
material, wa.é dried over magnesium sulphate, filtered and the t-butyl—
benzene removed under vacuum to give d.ib'enz.o-g—dioxin (0.. 13 g,“’-]ld,_751.n/
100m), which on recrystallisation from petroleum had m. p. 1189,

(b) Thermal decompoéition of sodium 2-bromophenoxide and

sodium thiophenoxide in t-butylbenzene

Sodium 2—‘bfomophenoxide. (1.88 g, 9.6 mmol) and sodium thiophenoxide |
(1.30 g, 9.8 mmol) in t-butylbenzene (25 ml) were decomposed for two
days as described previcusly. Bromide ion (100m/100m) was determined
gravimetrically and examination by g. 1. c /m.s. (5% CAR, 2040) showed

four peaks: m/e; 94, 186, 218, and 202. The peaks: m/e; 94, 186, and
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218 had mass spectra identical to those of authentic samples of phenol,
diphenyl sulphide and diphenyl disulphide, respectively. Examination
by g.1l.c. (5%7 CAR, 2040) showed phenol and diphenyl disulphide io be

. present in trace amounts only and Iaddition of authentic éamples of
dlphenyl sulphlde and dlphpnyl disulphide tfo a portion of the reactlon
mixture showed enhancement of the resPectlve peaks corre8pondmg to

_ these compounds.

The t—butylbén_zene solution was extracted with dilute sodium
hydroxide (0.5 M) and washed with water. ’I‘hé coﬁbined agueous
- extract was acidified with dilute hydrochloric acid (0.5 M) (;ausing
separation of a brown oil, The oil was extracted into elther,‘ the ethereal
solution dx‘ie.d over magnesium su-lphate,‘ filtered and the ether removed
under vacuum., The residual éil was distilled usipg a small—scale-cold
finger distillation unit to give a coloﬁrless liquid, 2-hy.droxyphenyl phenyl
sulphide (0.85 g, 44m/100m), 155—1600 (bath)/‘l mm (lit., 163 b.p. 146°/
3 mm), i.r.v 3425 (OH, broad), 1580, 1472, 1190, 1028, 758, 740 cﬁl“l,
n.m.r. (CDClg):T 2.7-3.3 (¢, 9H, aromatic), T 3.52 (s, 1H oﬁ)'.

The t-butylbenzene solution after extraction of the phenolic -
material was d]:;ied over magr;esium sulphafe, filtered and the yield of
diphernyl'sulphide (38 m,/100m) determined by g.1.c. {5% CA'R,. 205°)
using phena:nthrene as internal standard. |

{c) Thermal decomposition of sodium 4-bromophenoxide and-

sodium thiophenoxide in t-butylbenzene

Sodium 4-bromophenoxide (1.85 g, 9.5 rhmol) and sodium thiophenoxide
(1.30 g, 9.8 mmol) in t-butylbenzene (25 ml) were decpmposed'for three

days as described previously, The ether/water mixture, which was
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used to remove the contenfs of the autoclave,formed an emulsion.-
This was remov ed by addition of a few 'dro.ps' of dilute sulphuric acid.
Bromide ion (84m/100m)was determined gravimetrically and examination
by g.l.c./m.s. (5% CAR, éOOO) showed four peaks: m/e; 94, _1876, 218,
2'02. The peaks: rn/e; 94, 186 and 218 had nass spectra identical to
those of authentic samples of phenol, diphenyl sulphide and diphenyl
aisu1p11ide, reépectively. Addition of authentic samples of diphenyl
suiphide and diphenyl disulphide to p‘ortions of ‘the reaction mixture
-;showed enhancement of the corresponding peaks on gf 1.‘c. exé.minatibn
(5% CAR, 2000‘).7 | B | |

The t-butylbenzene sclution was extracted with dilute
sodium hydroxide (0.5 M) and acidified with diiute hydrochloric acid
- (0.5 M). The 1iberated 0il was extractea with ether, the éthereal
solution dried over magnesium sulphate, filtered and the ether removed
to give a brown oil (0.9 g). The oil was diétiliéd as above (b) and gave
a. phenolié fraction (0.27 g) 80-85° (Bath)/l mm and a second colourless
fraction, 4-hydroxyphenyl phenyl sulphide (0. 47 g, 24m/100m),170-180°
(bath)/0.4 mm (lit., 163 b. p. 164-165/3 mm),_ i.r. .\7 3410, (OH, broad),
1580, 1‘4'-70, 1190, 830, 739 gm‘l, n.m.r. (CDClB): T 2.4-3,45
(aromatic and OH). The p-nitrobenzoyl derivative was prepared .ac_cording
to Vogelilg and had m. p. 73-74° (1it. , 163 m.p. 74-759),

The t-but&lbenzene solution was rthen washed with wafe‘r, dried
over magnesium sulphate, filtered and th.elyields D-f diphezilyl' sulphide
(3.1.m/100m) and diphenyl disulphide (l€ni/lOOm) determined by g l.c.

(5% CAR, 210°) using thianthrene as internal standard.
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(d) Thermal decomposition of sodium 2-bromo-4-me thyl-

phenoxide and sodium 4-methylphenoxide in t-butylbenzene

Sodium 2—Broﬁo~4-methylphenoxide (2.02 g, 9.7 mmol) and sodium
4-methylphenoxide (1.30 g, 10 mmol} in t-butylbenzene (25 ml) were
decomposed for two days as aescribed previgusly. Bromide.ion (100m/
IOOfn) was determined gravimetrically and examination b_y g. 1. c /m. s.
(5% CAR, 208°) showed three peaks: fn/e; 1@8, 212, 214.- The ﬁeaks:
m/e; 108, 212 had mass‘spectra identical to those of authentic samples
6f Q- cfesdl anci 2, T-dimethyldibenzo-p-dioxin, r'espectively. rI-'he

-‘ t-bufylbenzene solution was exi;racted as described above (c¢) to give a
brown oil (0. 95 g), which was distilled as in {c). Distillation gav;.
p-cresol (0.1 g) 40-50° (bath)/0.02 mm, i.r. indistinguishable frdm'that
of an authentic sample, and a secon(i fraction, 2~hydroxy—5—methyiphenyl
4-methylphenyl ether (0.62 g; 30m/100m),1Q0-1200 (bath)/0.02 mm
(it., 164 178712 mm), i.r. v 3500 (OH, broad')l,.'3028, 2922, 2882, 1600,
1505, 1275, 1220, 1110, 948, 815 cm~!, n.m.r, (CDClg): v 2.7-3,45 |
(c, TH,aromatic), T 4.78 (s, H—I,' OH}, '[:- '?.. 70 (s, 34, CHé),-'t' 7. 83

(s, 3H, CHg), | |

The t-butylbenzene solution was -then dried over magnesium

sulphate, f{iltered and the t—butylbenz ene removed under vacuum to give

a brown residue (0.5 g). The residue was chromatographed on aluminé,
elutiofn with petroleum giving 2, 7-dimethyldibenzo-p-dioxin (0.-1 5 g, 8 m/
100m), which on recrystallisation from petroleum had m. p. 1715—116O and
on mixing with an authentic sample had m.p. 115-1169.

Elution with more polaf solvents gave tars only.-
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7. Thermal Decompositions of Mixtures of Sodium

Phenoxides and Sodium Thiophenoxides

(2) Thermal decomposition of sodium 2-bromophenoxide and

sodium 2-bromothiophenoxide in t-butylbenzene
Sodium 2-bromophenoxide (0,975 g, 5 mmol) and sodium 2-bromo-
thiophenoxide (2.11 g, 10 mmol) in t-butylbenzene (25 ml) werre'
decomposed for two days as de‘scribed. previéusly. The t-but&lbenzene.
was removed under vacuﬁm to give a brown residue (1,6 g) which was
chromatographéd on alumina,

Elution with petroleum : ether (iOO + 1) gavé a white solid
(0.7 é) which on examination by g.1l.c./m.s. (5% CAR, 212°) showed
two peaks: nﬂ/e; 200, 216, the latter with Mmass spectrum riden.t'ical _fo
that of an authentic sample of thianthrene,

Further elution with more polair solvents gave' tars 6n1y.

The mixture of the two components robtained was then‘
chromatographed on a long, thin column Of. alumina in an attempﬁ to
separate them. Elution with petroleum ga\'re poor separatién but'afndngst
the fractions were samples of each of the two componenté. The compound:
m/e;. 200 was r-ecrystallised from methahol to give fine -white needles\ of
phenoxathiin, m.p. 58-59° (lit., 165 m.p. 58°) (Found: C, 72.1; ﬁ, 4.9,
Cale. for Ci2}IBOS: C, 72.0; H, 4.0%). Tﬁe cpmpound: m/e; 216was
recrystallised from ethanol to give thianthfene, m, p. 157-158°, which on
mixing with a sample of thianthrene from [B, 5(b)] had m. p. 157—1.580. '

The yields of phenoxathiin (28m/100m) and thianthrene (‘' m/
100m) were determined by g.1l.c. (5% CAR, 209°) using iahenanthrene as

internal standard.
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(b) Thermal decomposition of sodium 2-bromo«4-methyl-

phenoxide and 2-bromothiophenoxide in t-butylbenzene

Sodium 2-bromo-4-methylphenoxide (1.30 g, 6 2 mmol) and sodium
2-brofn0thiophenoxide (1,30 g, 6.2 mmol) in t-butylbenzene (25 rhl)
were decomposed for two days as described previously. Examination
by gl c./rln‘.s. (5% CAR, 208°) showed four peaks: m/e; 108, 212,
214, 216, Peéks: m/e; 108, 212, 2i6 had mass spectra and retention
times identical to those of authentic -sémples of E—Qresol, 2, T-dimethyl-
dibeﬁzo-_g—dioxin and thianthrene, respectively.r The t-bufylbenzené was
" removed under vacuum to give a brown residue (1.2 g) whiéh was chromato-
graphed on alumina,

Elution with petroleum : ether (90 : 10) gave mairﬁy mixtures
| of the coﬁipone_*nts: m/je; 212, 214, 216 5111‘. a -prurr'e sample of the single
component: ‘r.n/e; 214 was obtainéd from one of the fractions and
identified as Z—ﬁethylphenoxathiin:, m, p. 36‘-37° (1lit., 1‘66 m.p. 38-399),
(Found: .214.-045553. Cale. for 0131{1008: 214, 045234). A total weight
of 0.63 gof 2, 7-dimethyldibenzo—E—dioxin, 2=me thy‘lphenoxarthiin and
thianthrene was obtained from these fraction.s; Th‘e yields of 2, T-dimethyl—
dibenzo-p-dioxin (‘?:{ﬂ'm/loom); 2-r;1ethyip11eno§{athiin (31m/100m) and
thianthrgne ([@Tn/lOOm) were esti.mat_ed from their peak area ratios by
g.l.c. (5% CAR, 208°9), |

Elution with ether : methanol (1700 15 ) pave a brown bil
(0.1 g) which on examination by g.1.c. (5% CA_R, 2009) was -found to
contain p-cresol. | |

Elution with more polar solvents gave tars only.
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8. Thermal Decompositions of Sodium 2-Bromophenoxide

with Amines as Added Nucleophiles

(a) Thermal decomposition of sodium 2-bromophenoxide and

‘aniline in t-butylbenzene

Sodium 2-bromophenoxide (1; 75 g, 8.9 mmol} and aniline (0,93 g,

10 mmol)} in t-butylbenzene (25 mi) were decomposed for twor days

as described previously. Bromide ion (99m/100m) was determined
gravimetrically and a brbwn, amorphous solid (0.41 g) w.as collected,
Examination by g.l.c./m. =, (5% CAR, 200°) showed four peaks: m/e;
.93, 94, 184, 186, with mass spectra identical to those of authentlé
samples of aﬁlllne, phenol, dibenzo-p-dioxin and 2 hydrdxyphenyl
phenyl ether, respectively. Examination by g.1.c. (1% SE 30, 150°)
showed no further product peaks; addition of a pure sample éf'
‘2-—-a'nilinophenol to a portion of the reaction mixture showed -a néw peak
when examined under these g.l.c. cdndi tions,

The t-butylbenzene solution was extracied with diluie sodiufn
hydroxide (6, 5 M), washed with water and the combined aqﬁéous ‘lextx‘;act _
acidified with dilute hydrochloric acidr (C.5 M_) to give a brown precipitate.
The precipitate was filtered off, washed wifh water aﬁd dried in a’ vacuuwm-
desiccator to give 2- hydro:x.yphenyl phenyl ether (0.095 g, 5. '?m/lOOm),
which on recrysta]llsatlon from petroleum (80- 1000) had m.p. 105 and
on mixing with 2-hydroxyphenyl phenyl ether from [B, 6{a)] had m, ps
10509, | |

.The t-butylbenzene s_olution wag then extracted with hydro-
chloric acid (10% w/v), washed with water and basified with sodium

hydroxide solution (10% w/v), The liberated basic material was extracted



130

into ether, the ethereal solution dried over magnesium sulphate,
filtered and the ether removed under vacuum to give a red liquid,
aniline (0. 80 g}, i.r. indistinguishable from fhat of an authentic
sample. The yield of dibenzo-p-dioxin (:@iﬁ_m/lOOm) was determined
by g.l.c. (5% CAR, 208°) using phenanthrene as internal standard ina
.sample of the t-butylbenzene solution. |

(b) Thermal decomposition of sodium .2-bromophenoxide

and aniline in "superdry' benzonitrile

Sodium 2-bromophenoxide (1.80 g, 9.2 mmol) and aniline (b. 93 g,
106 mmol) in ”supgrdry" benzoﬁitrile (25 ml) were decorﬁposéd for
two d;';lys as described preyiously. Bromide ion (98m/100m) was |
determined gravimetrically and a black, amorphous solid (0; 1 g) was
collected. Examinati;)n by g.1l.c. /m., s, (5% CAR, 204°) showed five
peaks: m/e; 93, 94, 184, 186, 195 with a8 spectra 'ideﬁtica.l to
‘those of authentic samples of aniline, phenol, .d.ibenz'o-_g_-dioxin; ‘A |
2-hydroxyphenyl phenyl ether and 2-phenylbenzoxazole, respectively.
The yield of dibenzo-p-dioxin ($¥m/100m) was determined by g.1.c.
{5% CAR, 208°) using phenanthrene as internal standard and the yields
of 2-hydroxyphenyl phenyl ether (§m/100m) and 2-phenylbeﬁzoxazole
(5m/100m) were esti‘ma_tred by g.1l.c. (5% CAR, 208°) from peak area
ratios; Exémination by g.l.c. (1% Sﬁ 30, 150°) as above (a) showed
72-anilinophenol to be abs eﬁt. |

(¢} . - Thermal decomposition of sodium 2-bromophenoxide and

- cyclohexylamine in "superdry'' benzonitrile

Sodium 2-bromophenoxide (2,0 g, 10.25 mmol) and cyclohexylamine
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(0.99 g, 10 mrnoll) in "superdry' benzonitrile {25 ml) were decémposed
forf two days as described previously. On opening thg autoclave a
smell of ammonia was detected. Bromide ion (94m/100m) was
deterrﬁined gravimetrically and a grey crystailine solid (0. 37 g) was
collected and identified as 2, 4, 6-triphenyl-s-iriazine as described inr
e, 3()] -
| Examination by g.1. c.r/m'. s. (5% CAR, 202°) showed eight
peaks: m/e; 94, 175, 184, 187, 186, 1925, 203, 262, The products:
m/e; 187 and 262 were present in trace amount onlj).r and the remainder
We':l.;'e present in iow yields. The peaks: m/e; 94, 184, | 186,‘ 195 had
mass spectra identical to those of authentic samplés- of phenol, dibenzo-
‘p-dioxin, 2-hydroxyphenyl phenyi ether and 2-pheny1benzoxazole,
reSpectivély. Further examination by g.1, c; /m s. (1% SE 370, 150°)
shﬁwed a further product in low yield: m/e; 181, rTl‘le yields of dibenzo-
_p_-;dioxin ('félm/ld()m) s 2-hydroxypheny1 phényllr ether(2.5m/100m) and
2_-pheny1berl1zoxarzole (6m/100m) were determined as described above (b).
The t-butylbenzene solution was extra_cted with hydrochloric
cacid (10% w/v) as deécrib'ed in (a) ‘énd a red liquid (0.5 g) obtained,
which on examination by g.1l.c. (1%’ SE 30, 50° and 15_00) waé shown
to contain cyclohexylamine and the products: m/e, 181, 187. The latter
two basié compounds were tentatively identified a;s dicyclbhexylaimine and
N~-phenylcyclohexylamine from the characteristic loss of the fragment of
mags 43 in their mass spectra. The 'nlon—‘basic érbduct: m/e; _ 203 waé
tehtatively identified as E-cyclohexylbenz;amide from its mass sbectrlum:

m/e; 203(M™), 160, 122, 105, 717,
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9. ’ Thermal Decomposition of Sodium 2-Bromophenoxide

with Benzoates and Thiobenzoate as Added Nucleophiles

(a) Thermal decomposition of sodium 2-bromophenoxide

and sodium 2-bromobenzoate in t-butylbenzene

Sodium 2-bromophenoxide (1.-88 g, 9.6 mmol) and sodium 2-bromo—
benzoate (2‘. 16 g, 9.7 mmol) in t-butylbenzene (25 ml) were decomposed
for two days as describéd previously. A dark-grey, amorphous' sblid |
(0..4 g). was collected, and examination by g. Lc./m. s. 6% CAR, 204°)
showed slix product peaks: m/e; 94, 170, 184, 248/250, 186, 196 with
‘mass spectra identical to those of authentic samples of phenol, -diphényl
ether, dibenzo-p-dioxin, 2-bromophenyl phenyl ether, Zéhsrdroxyi)henyl
phenyl ether 'and xanthone, respectively. Addi-tion of authentic éamples
of diphenyl ether, 2-bromophenyl phenyl ethér and xanthone to portions
of the reaction mixture showed 'enhancement of the respective ﬁeaks on
examination by g.1.c. (5% CAR, 2049), Additic-m of an authentic sample
of 3, 4-benzocoumarin to a portion of the reaction mixture gave a new |
peak on g,1.c. examination under these conditions. |
The t-butylbenzene solution wés extracted with dilute sodium
hydroxide (0.5 M), washed Wiﬂ] water and tl.le combined extract acidified
with dilute hydrochlorirc acid (0.5 M)‘, The liberated oil was extracted |
into ether, Athe ethereal solution dried over magnesium sulph_ate, f‘ilt‘ered
and the .ether removed undér vacuum to give a dark-brown oil {0. 23 g).
Examination of the oil byg..l. C. (5% CAR, 2049) showed phenol and a
trace of 2-hydroxyphenyl phenyl ether 1;0: be preslent by qc_)mparisbn of

the retention times with those of authentic samples.
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The t-butylbenzene solution was then dried over magnesium
sulphate and the yields of dibenzo-p-dioxin (ZH_JQ'En/lOOm), diphenyl
ether (3.0m/100m) and 2-bromophenyl phenyl ether thm/lOO_m) were
determined by g.l.c. (5% CAR, 208°) using phenanthrene as internal
standard. The yields of 2-hydroxyphenyl phenyl ether (;l;_L';"m/lOOm)
-and xanthone (24 Om/lOOm) were e-s.timated from peak area ratios.

(b) Thermal decomposition of sodium 2-bromophenoxide and

sodium benzoate in t-butylbenzene

Sodium 2-brombphenoxide (1.92 g, 9.8 mmol) and sodium benzoate
(1.44 g, 10 mmél} in t—buty_lbenzene (25 ml) were decorﬁposed for

two days as .described previously, The contents of the autoclave were
removed as ﬁsual_.by washing with a mixture of ether andw_ater, and_a.
brown, amorphous solid (0,19 g) waé collected. The aqueous layer was
separafe@ acidified with dilute nitric acid (2 M) and again extracted,
several timesjwith ether. The combined ether extract lof rthe ,acidif'ied
aqueous layer was dried over mggnesium sulphate, filtered andlthe
ether removed under vacuum to give a white solid, benzoic‘a-cid (1'., 20-g)

which on recrystallisation from water had m.p. 122° (lit., 119

m,p. 1229)
and on mixing with an authentic sémple had rn p. 1229, Bromide ion
(93m/100m) was determined gravimetrically.

:The ether was removed under vacuum from the original ether
extract of the aqueous layer and the t-butylbenzene sﬁlution was examined
by g.1l.c./m.s. (5% CAR, 203°), which showed the product peak: m/e;

184, with mass spectrum identical to that of an authentic sample of

dibenzo-p-dioxin. The yield of dibenzo-p-dioxin (I0'm/100m) was
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determined by g.l.c. (5% CAR, 208°) using phenanthrene as internal

standard.

(c) Thermal decomposition of sodium 2-bromophenoxide and

sodium thiobenzoate in t-butylbenzene

Sodium 2-bromophenoxide (1.30 g, 6.7 mmol) and sodium thiobeﬁzoate
(1.02 g, 6.4 mmol) in t-butylbenzene (25 ml) were allowed to decompose
for two dayrs as described previously.' A few drops of dilute suiphuric
acid (2 M) were added to the ether/water mixture used to remove the
.contents from the autoclave and bromide ion (100m/100m) was aeternlirled
grav‘imetrically.r The ether extract of thé acidified aquéous hyer was
dried over magnesium sulphate, filtered and the ether removed under
vacuum,

On sfcanding for two dayS_r a browri pre;:ipitate was formed in
the t—butylbenzene solution. This was fﬂtered 6ff, dried aﬁd identified
ag sulphur, m.p. 119°, the i.r. spectrum shoWing no absorptions,

Exaiﬁination by g.1.c./m.s. (5% CAR, 200°) showed three
peaks: m/e; 94, 198, 122, with mass spectra identical to those of
authentic samples of phenol, phenyl benzoate and benzoic acid, respectively,
The phenyl benzoate was present in trace amount only.

The t-butylbenzene solﬁtion v}as extrac;ted with sodium
bicarbonate solution (10% w/v) and the.extract acidified with dilute
hydroéhloric acid (2 M) to give a white precipitate. The precipifa’te was
extracted into chloroform, the chloroform extract‘dried ovér 1négnesiun1
sulphate and filtered. Removal oft th’e‘ chloroform under vacuum gavé

a white solid, benzoic acid (0.63 g), which on recrystallisation from
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water had m.p. 122° (iit., 119 m,p. 122°) and mixed m.p. 122°,
| . The t-butylbenzene sclution was then extracted with
dilute sodium hydroxide (0, 5M) and the extract acidified with dilute
.hydrochloric acid (0, 5M), liberating a brown oil, The oil was
extracted into ether, the ethereal solution dried over magnesium
sulphate, filtered and the ether removed under vacuum to give phenol

(0.31 g, 49m/100m), i.r. indistinguishable from that of an authentic

"~ sample.
10, Miscellaneous Decompositions
(a) Thermal decomposition of the sodium salt of 2-hydroxy-~

phenyl 4-methylphenyl sulphone in t-butylbenzene
The sodium salt of Z—hydroxyphenyl 4-methylphenyl sulphone (0. 65 g,

————

2.4 mmol) in t-butylbenzene (10 ml) Was 1’_'[_;\-_e%te__i_:"? ;'-for two days as
‘described previously. Examination of the t-butylbenzene solution by
g.l.c. (S“]o CAR, 200°, 1% SE 30, 200°) Ashowed no product peaks. The
aqueous éolution was acidified with dilute sulphuric acid (2 M).and
extracted continuously for 6 h with chlofoform. The chloroform layer
was separated, dried over magnesium suiphate, filt_ered- and the
chloroform removed under vacuum té give Z—hydroxyphenyl 4-methyl-

phenyl sulphone (0. 58 g), which on recrystallisation from ethanol/water

had m.p. 120-122° (lit., 129 m,p. 1219),

(b) Thermal decomposition of sodium l-bromo-2-naphthoxide

in t-butylbenzene

Sodium 1-bromo-2-naphthoxide was prepared in the usual manner from
1-bromo-2-naphthol and sodium methoxide and dried at 100° under
vacuum for 24 h., The salt, after drying, had a grey-green appearance

and some decomposition appeared to have occurred,
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i} " Examdination of the dried salt

A sémple of the dried salt (1.85 g) waé warmed in water (30 ml) and
the insoluble fnaterial filtered off and dried in a vacuum—des:{;c}at;)r
to give a yellow solid (0.3 g). The yellow solid was soluble in
chloroform and examination by g.l.c. (1% SE 30, 200°) showed no
‘product peaks. IExamination by t.-l. c¢. showed seven spots using'l
benzene as the eluant. |

The filtrate was acidified with dilute sulphuric acid {0, 5 M),
éxtracted with chloroform, the chloroform solution dried O\-.’BI' magﬁesium
.sulphate and filtered. Rempval of the chloroform under vacuum gave a
white solid, 1-bromo=2-naphthol (1. s 2), m.p. 82-83° (1it., 251 m.p.
84°). The‘ac.lueous layer was treated with silver nitrate solution (10%

w/v) and bromide ion (29m/100m) was determined gravimetrica]ly;

ii) " Thermal decomposition of the dried salt

The dfied salt. tl. 60 g) was boiled under refiux-in t—butylbenééne l(25 ml)

in an atmosphere of dry nitrogen for two days. The contents of the

flask were removed with a mixture of ether and water, whiéh was paésed
through a sintered-glass funnel and a dark-grey amorphous solid (0.15 g)
collected.. The aqueous layer was separated from the ;fiitrate and brom.ide
ion (QOm/ICOm) determined gravimetrically.l The ether layer was dried
over magnelsium sulphate, filtered and the ether removed unde_r vacuum,
The t-buiylbenzene solutien which remained was dark-brown with a

green fluorescence and examination.by g.l.c. (1% SE 30, 1800) showed
two peaks: m/e; 144, 286, The peak: m/e; 144 had an identical mass

spectrum to that of 2-naphthol. On examination by t.1l. c. the solution
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showed at least seven spots using benzene‘as the eluant.

"The t-butylbenzene solution was extracted with dilute
sodium hydroxide (0.5 M) and the alkaline éXtract acidifiéd with
dilute sulphuric acid (0.5 M), liberating a small amount of brown.
oil. The o0il was extracted into ether, the ethereal ex"tra‘ct dried over
magnesium sulphate, lfiltered and the ether removed under vacuum to
give a broﬁn solid (0,35 g). Fractional crystallisétion of fhe solid
from a mixture of ether and c:yclohexanergév'e a light—‘brown crystalline

Arsolld 1,1'-bis (- naphthol) (12 mg), m.p. 216-217° (111; 167 . p.
216°), n.m,r. (CDClg} T1.9- 3 0 (c, 12Hl aromatlc) T 4, 95 (s, 24,
OH) (Found: 286.097887. Calc. for C20H;40,: 286.009373),

(c) Thermal decomposition of sodium 2-iodothiophenoxide

"

‘and benzamide in superdry” benzonitrile

Sodium 2-iodothiophenoxide (2. 28 g, 9.2 mmol) and benzamide (1.21 g,
10 mmol) in "superdry" benzonlirlle (20 ml) were decomposed for two
days as .describetli prev1ously. Iodide ion (92m/100m) was determined
gravimetrically and examination by g.1.c./m.s. (5% CAR, 2009) showed
three peaks: m/e; 186, 121, 216,. ";.nrhich ﬁad ma;ss gpectra identical to
those of authentic samples of dipheﬁyl suiphide, benzamide énd thianthrene,
‘ respectively. Diphenyl sulphidé was present in trace amount only andr
the yield of thianthreﬁe (ZGm/lOOrn) xﬁrés determiﬁed by g.l.c. {5% CAR,
208°) using phenanthrene as internal standard. |

T.1.c. examination showed the absenche of 2-—phenylbenéothiaédé

from the reaction products.
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(d) - Thermal decomposition of sodium 2-bromophenoxide

in the presence of the sodium salt of benzyl alcohol

2-Brom6pheri§l (1.73 g, 10 mmol) was added to a solution of sodium
(0.46 g, 20 mmol) in dry benzyl alcohol (25 ml) aﬁd the solution
| allowed to decompose for two days as previously described. On opening
‘the autoclave a strong smell of almonds was detected. The aqueous
layer from the ether/water washings was acidified with a few drops of |
dilﬁte nitric acid (2 M) béfore further extraction with ether., Bromide
ioﬁ (100m/100ﬁ1) was determined gravimetrically and examination by
g.1. c [m.s. (5% CAﬁ,, 200?) showed two product peaks‘: m/e; 1.06,
122, which had mass spectr"a identical to those of autl;.te‘ntic samples 6f |
benzaldehyde and benzoic "acid, . fespectively. T l.c. examination
and further g.l.c. (1% SE 30, 1-500_ alnd 200°) examination shéwed no
further producté. |
Tllle benzyl alcohol solution .was extracted with sodium

bicarbonate solution (10% w/v) and the aqueous extract acidified With
dilute hydrochloric acid (2 M), giving a Whit.e precipitate, ‘.The ﬁrécipitate
was extracted into chloroform, the chioroform golution dried (;)VGr
magnesium suléhate, filtered and the chloroform removéd under vacuum
to give a white solid, benzoic acid (1.1 g), which on recrystallisation

119

from water had m,p. 122° (lit., ~~7 m.p. 122°), mixed m.p. 1229,

C. Reactions of Bromodurene with "Complex Base"

The following series of reactions of bromodurene with "complex base"

T

(a mixture of potassium t-butoxide and sodamide) in various solvents

was carried out é.ccording to the general method exemplified by the
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reaction in tetrahydrofuran (a).

In all cases, the products included durene, 2,4,5,2',4',0'-
hexafnethylbilﬁenzyl and bromo~2, 4, 5, 2'?, 47, 5'-hexamethylbibenzj1.
Other products, identified by their mass spectra from g:.1l.c/m.s.
examination are described where appropriate. The yiclds of durene
were determined by g.1l.c. (2% NPGS, 1000) using br’omomesitylene
~as internal standard'and the yields of 2,4, 5, 2'., 4!, 5‘—he£§émethy1bibenzyl
and bromo-2, 4, 5, 2', 4', 5~hexamethylbibenzyl were determrined by g. 1. c.
(2% NPGS, 200°) using 3, 5, 3', 5'~tetramethylbibenzyl as in;cernal Standard;

'

yields are recorded as moles per 100 moles of the ''complex base'.

(a) Reaction of bromodurene with ""complex base in tetra-

hydrofuran
Bromodurene (16, 0g, 75.1 mmol)}, plotassiﬁm t-butoxide (1. 5'0 g, 134
‘mmol) and sodamide (0. 56 g, 12.8 mmol) in tetrahydrofuran (35 m1l)
were boiled under reflux for 18h in an atmoéphere of dry nitrogeri. The
product mixture was washed with water (100 ml} and bromide‘ ion {6 Qm/
100m) determined gravimetrically as silver bromide. Exaﬁinafidxl bf
the tetrahydrofuran solution by g.1l.c./m,s. (2%.. NPGS, 80° for 10
min, programmed at 16°/min to 22 5°) showed four péaks: m/e; 134,
212/214, 266, 344/346; with mass spéctra identical to those of authentic
samples of Vdurene, bromodurene, 2, 4, 5,2', 4", 5'-hexaméthyl.bibenzy1 ‘
| and bromo=2, 4, 5, 2", {L', 5'm:_hexamethylbib.enzyl, respectively, The
yields of durene (22m/100m), 2,4,5,2, 4','5'=hexamethylbibenzyl (3. 4m/
100m) and bromo-2, 4, 5, 2', 4', 5'-hexamethylbibenzyl (3. lm/IOOrn) were

determined as described previously.
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(b) Reaction of bromodurene with ""complex base"

in various solvents

Reactions were carried out using the same quantities of reactants

as above (a). The yieids of products are shown in Table 1.

Table 1
. Bromohexa e
Reaction Bromide Durene H.examethyl- methyl-
Solvent . Ton bibenzyl .
Time (m/100m) m/100m) (m/100m) hibenzyl
: : , (m/100m)
THF 18h 69 22 1 3.4 3.1
THF * 7 days 4 | 19 5.9 7.0
Dioxan 5days | 75 24 ' 1.7 8.5
[pMmE 40n 61 15 2.7 : 12.8
50 : 50 : " :
THF : 40h 62 20,95 2.9 ‘ 10.2
DME '
THF tetrahydrofuran
DME dimethoxyethane

0 Exa'milnat'ion'by g.l.c./m. s; (2% lﬁl?"GS,' 2000) showed two small
peaks immediately after bromodu'rrene, each with parent ion: m/e;

204. The first was tentatively identified as '2—(2, 4, 5_-.trimethylbenzy1)'
tetrah&drofuran from its mass 'spectrﬁm which had base peak: m/e; |

71, indicating fission ﬁ to the oxygeﬁ- afom of the tefrahydrofuran.

The second was tentatively identified as the ilsofner, 3-(2, 4; 5-trimethyl-

benzyl)tetrahydrofuran from its mass spectrum.
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(c) Reaction of bromodurene with '"complex base' in

tetrahydrofuran in the presence of added isomeric

bromotrimethylbenzyl bromides

Bromodurene (16.0 g, 75.1 mmol), potassium t-butoxide (1.5 g,
13.4 mmol), sodamide (0.5 g, 12,8 mmol) and isomeric bromo-
trimethylbenzyl bromides (2.0 g, 6.8 mrﬁol) in tetrahydrofuran

(35 ml) were‘alllo'wed to react as déscﬂbed previousijf. Examinétion
by g.1. c./m.s. (2% NPGS, 160°) showed two new peaks, each with
parent ion: m/e; 2847286, identified as 3-r-br0nrjo-. and 2-b‘romo- |
2, 4, 5-trimethylbenzyl t-butyl ethers by comparison of thei'r mass
spectra with those obtained by Hall®0, The yields of the t-butyl
‘ether-'s were not determined.‘ The yiejlds of dure_ne (2. 2m/100m),
2,4,5,2', 4,5 —-Hexamethylbibenzyl (1. sm/wém) and bromo-
2,4,5,2', 4", 5' -hgxamethylbibenzyll {1. Sm/ 100m) were determined

as described previously.
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DISCUSSION

A. " Thermal Decomposition of Sodium 2~-Bromophenoxides

and Related Compounds

1. _ Evidence for the Intermediacy of Ketocarbenes in the

- Thermal Decomposition of Sodium 2-Bromophenoxides

and the Exclusion of Benzoxirene Participation

(a) Mechamsm of dioxin for matmn

In-'agreement with re;suifsr obtained by other worker_s'
79, 87, 90, the thermal decomposii‘:ion of _sodiu_rﬁ le—lbromopherloxidé
in mesitylene at 26G° in the aufoclave reéulted in the er;mation of
dibenzo-p~dioxin (2%m/100m). A possible mechaniém (Schemé 21)
for the formation (.;.f the dioxin (169)7 is the déconﬁpositioh of the
bromophénoxidé ion (166) to give ‘_cherrl, 2~1{etdcar‘bene intefn;ediate
(167), fol.low'ed by dim‘erisati‘on of the dipblar rresonance form (168)

of the ketocarbene,

£o

g Cf @
2h T ) >
~XBr

166 167 © 168

Heleusl

169

Scheme 21
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There is a precedent for Scheme 21 in the work of
I—Iuisgen25, who has accou.llfr.ed for thé formation of the sulphur
analégue of the dioxin (169), thianthréne {171} as the main ﬁroduct
from the thermal decomposition of 1, 2, 3—b¢n20thiadiazc51e by
dimerisation of the dipolar résonance form (170) of the corresponding

- thioketocarbene intermediate.

g S

| S
170 171

Another possible route to the dioxin (169) can be envisaged,
involving nucleophilic attack by the 2-bromophenoxide ion (166} at the

‘electron-deficient centre of the ketocarbene (167) (Scheme 22).

-k

167 86 fo 172

!

CWeIeR®

173 | | 169
| Scheme 22 |

Experiments were carried out with a view to providing
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evidence for Scheme 22, The intermediate {(172), formed by

nucleophilic attack, is thoﬁght to give the dioxin (169) by an

intramolecular mechanism. Although none of the hydroxydiphenyl

ether (173) was obtained after the aqueous work-up, evidence for

involvement of the intermediate (172) was provided by the separate
- thermal decompositions of the 2-7 and 3-chlorophenoxides (174 and

175), which both gave the dioxin (169) as the only product,

174 - A ‘1,69 | 1‘75

The latter results suggested the involvement of a common
aryne intermediate (177), which in the case of the 3—chlorophénoxide
(175) could result from attack on the ortho hydrogen atom to give the

carbanion (176), followed by loss of chloride ion {Scheme 23).

(,J@ @E‘}l@ SWe
175 s 177
Scheme 23

A possible mechanism for the formation of the dioxin from

the aryne involves nucleophilic attack by the oxygen lone pair to give the
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betaine (178) which then leads to the product by proton  tronsfer 102,
Iy H o
Yy 1
—> + —
0 - 0 N0
178

Of course, there is the possibility that t‘her betaine (178)
is not involved and that the dioxin reéults from a concerted mechanism.,
-A possible objection to the aryne route is the absenée of products
defived _\_rl_'g_aftac;k on the aryne by other‘nﬁcleophiles in ther éystern,
such as the bromophenoxide ion (166), although the intramolecular
nature of fhe feaction may preciude rthis. |
Form‘ation of the same é_fyne (1777) from the 2-;ch191-ophenoxide

(174), by a similar intramolecular mechanism, is inconceivakble since the

hydrogen atom ortho to the chlorine atom is too far removed to allow

attack by the phénoxide ion, It is cénceivable, however, that the aryne

may be formed by an intermolecular route, involving attack by another
phenoxide ion, and control reactiohs were cafriéd out to test this possibility.
A compound of similar structure to the 2.-ch10r'ophenoxide (174), 2-bromo=
phenyl‘p'henyl ether, was heated in fhe presen‘cé of sodium phenoxide and
products formed by nucieophilic aftack oﬁ fhe_ aryﬁe were‘sought'. A
quantitative .recovery of 2~bromophenyl phenyl ether from the reaction
mixture, however, showed no aryne formaj:ion to h‘a‘ve taken pla_cé and
repetition of the experiment wit- sodium 2-methoxyphenoxide as the

nucleophile gave the same result, Since the stronger nucleophile ,
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2-methoxyphenoxide, also gave no aryne formation, the possibility
of intermolecular aryne formatién as a possible route to Vdibenzo—
p~dioxin was ‘discounted.

The considerable difference in the yields of dioxin (169)
obtained from the 2-chlorophenoxide (174) (88m/100m) and the 3-chloro-
phenoxide (17 5.)(12‘m/100m) suggested different mechanisms for rthe two
‘decompositions and another possible route to the formation of the dioxin
(163) from the 2—chlorophenoxide (174) in good yield was sought. A
route involving'intramolecular nucleophilic displacement of chloride ion
was discounted since such reactions are only known whén activating
substituents,- such as nitro groups, are present in the arorhatic‘ ring,
A well-—kno’wh example of the latter is the reaction of pheﬁoxide jon with

p~chloronitrobenzene.

ct

NO,
NO,

It is posseible fo write a mechanism for the formation of
dibenzo~pe-dioxin from the 2-chlorophenoxide ion (174) via intramolecular
formation of a 1, 3-aryne intermediate (179} (Scheme 24), Although

little evidence has been found for the intermediacy of 1, 3=dehydrobenzene,
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Hess and Schaad® consider its formation to be possible on the basis

of ""resonance energy per electron' calculations,

=

%

I) o
!

O« IO+

O

Scheme 2L

' Another i)ossible intramolecular mechanisrh, which 'cén.not
be discounted, is nucleophilic attécklon the halogen atom by fi’lé |
‘phenoxide ion, In a mechanism involving similar attack, Bﬁnnett and
Victorl13 havé accounted for the debfominatioﬁ of 1; 2, 4=tribromo-
be‘nz ene with potassium tebutoxide in a mixiure of t-butanol and
dimethyl sulphoxide, Scheme 25 sh-ows formation of‘ the hypochlorit‘e
(180) by nucleophilic attack on the chldrine atom, with subsequent

attack by the carbanion giving the dioxin (169),

. - e
 JO-CRIT-C
i3 s T Y
180 - - 169

Scheme 25
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It was thought that mechanisms such as Scheme 24 and
Scheme 25 may be favourable under the forceful conditions of the

decompositions in the autoclave,

(b) The role of benzoxirene

Conclus-iv-e evidence 425 60-' 61, has recently been reported
for the participation of oxirenes in the photochemical decomposition of
V-diazoketones and subs equent Wolff re'arrangement,‘ VIt was shown that
oxirenés do not take part in the thermal Wolff rearrangefnent énd
Majefski and Rech;ranly65 have provided evidenqe against the parficipatiOn
of an oxirene intérmediate in éyclic systéms. Frém the latter evidence,
the possibility of the involvement of an oxirene interm ediate in the
‘thermal decomposition of 2-halophenoxides seerﬁed rembte, but
participation of the bénzoxirene stru:cture (181), é valence isomer of the

ketocarbene intermediate (167 ), was considered,

0 .

167 181

The mechanism involﬁng nucleoplﬁlic attack by the bromo-
phenoxide ion at the electron-deficient éentre of the ketocérbene (Scheme
22) provides a chemical test for the pafticipation of the benzoxirene by
use of a suitably substituted phenoxide. For e_xamzl_wle, sodium 2-bromo-

4-methylphenoxide would lead to formation of an isomeric mixture of
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2,7~ and 2, 8-dimethyldibenzo»_}g-dioxin (186 and 187, respectilvely)
if thé benzoxirene (184) was involved. (Scheme 26), The tWo.
isomlers result from attack by the phenoxide ion (1-82) on the two
different ketocarbene intermediates (183 and 185), interconverted

via the benzoxirene (184).

| A al
aNecHe Ie:
CHy x~rBr (CH; * " CHj
182 183 | 184 - 185
S A2 *-

JO WL I:L
CH¢” 0 CH

186 Ny Br 187
CHy 0

188 Scheme 26

Clearly, thermal decomposition of sodiumr Z-Bromo-
Bumethylphenoxide (188) would lead to the same pair of isomers (1'8'6
and 187) by fhe same mechanism. Thermal décompositions of sodium
‘2-bromo-5-methy1phen0xide and sodium 2—bromo-4nmethylpheﬁoxide,
éeparately,. and a control experiment involving therm'al'decomposition

of a mixture of the two phenoxides (182 and 188), were carried out.
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The control experiment must give an isomeric mixture of the
dioxing (186 and 187) regardless of the'linvolvement_of benzoxirene
(184) and a physzical method of distinguishing between them was
required. The reaction ‘mi_xture of the control experiment was
- analysed by g.l. c. and showed, not surprisingly, no separation of the
two iélomeré. An attempt to separate them by column chromatography
of the reactioﬁ mixture resulied only‘in the separaltiorrl of the unresoived '
Aisomeric mixture from the other products. Pro‘;on n.m.r. also failed
to distinguish between the isomers but, finally, the problem was solved
using 13C Pourier transform n.m. r. The corresponding dioxin products
were separated from the reaction mixtures of the séparate decompbéitions
- by column chrorﬁatography and the prdducts from:all three r_eaction_
mixturers Were_ analyéed by 13¢ prdton noise;decoupled n. mr. r. The
specira of the dioﬁin products obfained from the separate decompositions
of sodium 2-bromo-4-methylphenoxide and socﬁﬁm 2-bromo-5-methyl-
phenoxidé were found to be the same (fig. 1), whereas that of the product

from the controi eﬁ;periment showed differences (fig. 2).

Interpretation of the spectra and assignment of the peaks

‘Since the chemical shift valués of neither of the isomers
{186 ancéi 187) is available in the literature, the values for a model
compound of similar structure to the two isorﬁers; 4--methy1—2—l' |
phenoxyphenyl phenyl ether, are caiculate& This is done, as follows,
by making the appropriate cha;nges of chemica_i shifts for ‘the substituents

added stepwise to diphenyl ether, for which the éhefnical shifts are
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lfmown1 6 9.‘

O 119

158
119 123 ppm
130 B

130

The chemical shift changes for a phenoxy group are
readily obtained, knowing the chemical shift of benzene (128. 6

p.p.m.), in the same solvent, deuteriochloroform;

| C -1 ortho meta para -

PhO + 29,4 - 9.6 +1.4 -~ 5.6 p.p.m.

Adjustments are then made for an ortho phenoxy
subsgtituent in diphenyl ether:

120.4

148 4] 124.4

1484 24.4 ppm
120.4

Finally, the-appropriate,adjﬁstments are made for the
known chemical shift changes of a methyl group from the literaturel 79,

Adjustments for a methyl group in the para position gives the chemical

shifts for the carbon.atoms of the model compound:

C -1 _ ortho A meta - para
CHg ' + 8.9 + 0,7 - 0.1 -2.9.p,p.m.
1203

145.5 1251
1483 1333 ppm
CHs

: 1211
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The theoretical values thus obtained are compared with
those obtained in the 13C n,m.r. spectra of the dimethyldibenzo-p-
dioxins from the ﬂlefmal decompositions of sodium 2-bromo=4- |
methylphenoxide, sodium 2-bromo-5—methy1phenoxide and the mixture
of the two phenoxides, as shown in Table 2, The peék of chemical
shi ft 26. 6 p.p.m. in each of the three spectra is obviously due to the
carbon atoms of the me{:hylrgroups, since it is the oniy peak in this

- characteristic region.

- Table 2

Assignment of Peaks in 3¢ n.m.r. Spectra of Dimethyldibenzo-p=-dioxins

Chemical Shifts (p.p.m.)

\

Cy Ca C3 C4 Cs Cg - Cqp

product from sodium ' o : .
2«bromo~4-methyl- 115,8 123.7 133.3 116.7 141.7 139.8 20.6
phenoxide

product from sddium

2-bromo=-5-me thyl- 115,9 123,8 133,.5 116.8 141.9 139,9 20.6 |
phenoxide ' : o '
product from mixture 133, 4 141, 8 '
(control) 115.9 123.8 133.7 116.8 141. 9 139.,9 20.6

model compound _ '
(4-methyl-2-phenoxy- 120.4 125,4 133.,4 121,4 148.4 145.4 -
phenyl phenyl ether) ' -
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The calculated values of the chemical shifts for the model
compound, although slightly high, enable fhe chemical shifts of the
products to be assigned to the appropriate carbon atoms. The spectrum
of the product from the conirol ekperiment shc;ws. pairs of peaks for Cjy
and Cg and since both 2, 7- and 2, 8~dimethyldibenzo-p-dioxin sheould be
formed in this experiment it is obviousthaf these pairs of peaks must
arice by oveﬂép of théir two very similar spectra, The 13¢ n.m.r.
spectrum of the éame product in deutericacetone slf.lowed pairs of peaks
‘for' C2, C3, Cg and Cg, due to the solvent effect, indicating more clearly
the slight differehces detected in the symmetry ‘o.f fhe two corﬁpounds by .
this technique.

The Spectra of the products from the other two thermal
decoﬁzpoéitibns are both attributed to isomericaily pure 2, 7-dimethyl-
dibenZOoB-dioxin and on this evidence therpossibility of benzoxirene
participation is discounted. |

(c) The role of the 1, 3~aryne

The thermal decomposition of sodium 2-bromo-5-méthyl-
phenoxide, resulting in the forrﬁation of isomeri(;ally pure 2, 7-dimethyl-
dibenzo~£~dioxin_, as shown by 13¢ n.m.i:'., diScQunts the possibility
" of 1, 3-aryne participation, postulated in Scherrnl‘e 24, 'The formation
of the 1, 3«aryne (191) from the intermédiafe'(lQO) s resﬁlting from
nuc_leophilic attack by the 2-bromo-5-methylphenoxide ion on the keto-
carbene (189), should lead to the forma;cion of two isomeric products,

2, 7edimethyldibenzo-—_;_)-dioxir; and 1, S—dimethyldibenzo-B--dioxin (192)

(Scheme 27),



156

U0, O,

Scheme 27

‘Scheme 24, therefore, may be discounted as a possible
- route to the dioxin (169) from the intermediate (172) since the
1, 8-isomer (192) was not obtained.

(d) - Further reactions of the ketocarbenes: formation of

" phenolic products,

The formation of 2, 7-dimethyldibenzo-_p_—dioxin_"in the
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thermal decompositions of sodium 2-bromo~4=methylphenoxide and
sodium 2-bromo-5-methylphenoxide is é.ccompanied by formation of
cresols and hydroxydiphenyl ethers, The products obtained in these

decompositions are shown in Table 3,

Table 3

Thermal Decomposition of Bromomethylphenoxides in t-Butylbenzene

Phenoxide Products " Yield (m/100m)

O~ - CH3 |
-9
. omg o |
o : _ O CHy o
I
CH3

CO0™ e
= | Br /@/OOG!{; '
3
CHy™x0.  CHg OH |
CH3’©‘OH

The higher yiéld of the dioxin in the thermal decomposition
of the 2-bromo-tl-rﬁethylphenoxide may be due to the inductive effectr
of fhe methyl group para to the oxygen atorﬁ. This electron-donatir;g
effect may enhance nucleophilic attack at the electron-deficient centre

of the ketocarbene, whereas the methyl group in the meta position in
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the 2-bromo-5-methylphenoxide will have no such effect, The overall
low yields of products in these tarry feaction mixtures may be due to
the highly probable Wolff rearrangement as an alternative reaction of the
aromafic ketocarbenes., Sus20 has shown that.aromatic ketocarbéﬁes
readily undergo the Wolff rearrangement to give ketenes and_ in this case
the ketocarbene (183) should react to give the ketene (193) which will

undoubtedly lead to tar formation by further reaction,

0 o
— @:C.:O —> tars
| CH4 |
183 - 193

A possible source of the cresols obtained in these decom-

positions is also via an alternative reaction of the ketocarbene intermediates.

The ketocarbene‘ (183) may be written as the dipolar resonance form (194)
or as the diradical structure {195). EAither or both of the latter structures
may, poésibly, react with the solvent, t-butylben;ene, resulting in the -
formation of p-cresol (Scheme 28). | |

-The dipolar .resonance_form (1 94} may abstréct é hydride ion‘
from a methyl group of the solvent to gi{re a phenoxide ion(196) which oh
agueous .work-up will give p-cresol. Alternativeiy, the d-ipolar structure
(195) may abstract a hydrogen atom from the solvent giving the phenyl
radical (197), which on abstraction of a set_:ond hycirogen atom from the
solvent gives p-cresol. Similarly, Scheme 28 accounts for the formation
of m-cresol from the ketocarbene derived by thermal decomposition of

sodium 2-bromo-5-methylphenoxide.
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A possible cbjection to this scheme, however, is the
absence of other prbducts derived from ﬂle solvept. Abstraction of.
a hydride ion Will produce a .carbonium ion which should give products
arising by reaction with other anions (1-82 or 196} and abstraction of

.hydrogen atoms should lead to formation of dimers of the solvent, It
.may be that some of these prodﬁcts are, in fact, formed but were not
detected o1 that polymeric materials or tars are formed instead.
Another bossible source of hydrogen atoms or radicals is from the
presence of water in‘the reactiorn, é.lthough rigorous precautions were
taken in an attempt to avoid this.

The formation of the hydroxydiphényl ether (198) adds
support to the mechanism involving nucleophilic attack on the keto-

carbene (Scheme 22), Attack on the ketocarbene (183) by the phenoxide
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ion (196} will result in formation of the hydroxydiphenyl ether (198)

by a similar mechanism (Scheme 29),

@go @CH3 Q o
)
H3 ™0 |

183 196 | leo

Pewen

Scheme 28 - 198

Thermal decompositién of sodium 2»bromo;S-methylphenoxide
in mesitylene rather than t.butylbenzene gave, in addition to the pfoducts
‘derived from the solvent, viz. m-cresol, 2-hydroxy«~4-methylphenyl
B—methylphen}:rl ether. -and- = 2, 7~-dimethyldibenzo-p-dioxin, tvﬁ_) products
derived from the solvent; _\_g_g__ 2,3, 4,5", 6_-pentamethyldiphenylmethané
(200 and 3, 3', 5, 5'~tetramethylbibenzyl (201). The latter two products
were obtained as a mixture and identified by the n.m.,r. spectrum which
showed a signal at T 6.1, the characteriétié chemicai shift of diphenyl-
methéhe methylene protons and a signal at T 7.2, the characteristic
chemical shift of bibenzyl _methyiene protons. The formation éf the
‘latter two compounds gives support to a radical abstraction mechanism
for the formatidn of m-cresol by reéction of the diradical derived from '

the ketocarbene with the solvent, mesitylene (Scheme 30),
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QEBU“Q

Scheme 30

199
S
‘H

Abstraction of a hydrogen atom from one of the methyl

200

groups in mesitylene gives a benzyl radical (199) which may dimerise

to give the bibenzyl (201) of substitute -on to the aromatic ring of a second
molecule of mesitylene to give the diphenylmethane (200). An alternative
possibility for the formation of the benzyl radical (199),from the présence
of traces of perpxideé in the solvent,seems unlikely since passage of ﬂme
mesitylene through a column of alumina immediately before use failedl

to prevent formation of products derived from the solvent. Since the , |etter
complicated the separation of the products obtained _frorn the phlenoxides,

further thermal decompositions were carried out in t-butylbenzene,
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Thermal decomposition of sodium 2-bromo-4—1nethoxj~
- phenoxide and sodium'2-bromo—5-inethoxyphenoxide, séparately,
in t-butylbenzene led to the formation of 4-methoxyphenol and
3.methoxyphenol, respectively, as the only products,

{e) The halide leaving group

The’f@é&:fé_cg\_aof halide ion as ihe leaving group in the |
thermal deconipositions. is suggesied by the thermal stability of the
sodium salt of 2-hydroxyphenyl 4~rh ethylphenyl sulphone (202) under
the conditions of the decomposition. Replacement of the brominé atom
of sodium 2-—bromophenoxide' by the R-—toltienesulphonyl group, which is
known to be a good leaving group, led to a guantitative recovery of
2—hydfoxy§heny1 4-—meth$rlpheny1 sulphone, showing no decomposition

to ‘hr_ive occurred, | |
OH CH4
~S0;
202

2. " Nucleophilic Attack by Benzamide in the Formation

of Benzoxazoles

1, 3-Dipolar additions have often been used to provide
evidence for involvement of:ketocarbéne intermediates. Haszeldine32
and Huisgen?? have both made use of benzonitrile in particular as a
dipoclarophile tci trap ketocai'bene intermediates, derived_frdm the

- decomposition of tetrahalobenzene~o~diazooxides, to form benzoxazoles.



163

An attempt to form benzoxazoles in a similar manner was,
therefore, the next logical step to provide evidenc_e for the existence
of keAtocarben'e intermediates in the thermal_decomppsition of sc;dimn
9-bromophenoxides. The initial thermai decomposition of sodium
2-bromophenoxide in benzonitrile as solvent gave the encouraging
result of the formation of 2~phenylbenzoxazole (203, 1 1m/106m),

suggesting a 1, 3~dipolar addition to have occurred, (Scheme 31},

Scheme 31

This result gave a second means of testing for the
-participation of the benzoxirene intf:rmediate in the decomposition,
again by use §f a suitably substituted pﬁenoxide. Thermall decomposiﬁon
of sodium 2-~bromo-4-methylphenoxide in benzonitrile should leéd to t_h'e
formation of an isomeric rﬁixturé of 5~ and 6—methy1-2-phenylbenioz.iazoles
(205 and 206, respectively) if the benzoxirene intermediate (204) is
involved. (Scheme 32), |

" When the decomposition was carriéd out, however,
isomericaliy pure 5-methyl-2=phenylbenzoxazole (20l5) was fox_"med.
| Proof of its isomeric purity was obtained by high speed liquid Chrométo-
graphy. A mixture of authentic samples of 5- and 6=-methyl-2-phenyl-
benzoxazole ‘gave good separation of peaks on examination l;y h.s.l, c,
and the peak corresponding to the b-methyl isomer (éOS) had identical

retention time to that of the benzoxazole product in the reaction mixture,



Table 4

Thermal Decomposition of 2-Bromophenoxides in Benzonitrile

‘Phenoxide Products Yield (m/100m)

IO
QoA

X OH
207

Q

N \g_o
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CHy > CHj e 0
20, -
anCN lPhCN

0O 0

205 206
Scheme 32

Addit‘ion of aﬁ authentic sample of the 5-methyl isomer‘(205) fo ‘the
reaction mixfure gave enhancement of the corrresponding benzoxazole
peak a.nd addition of an authentic sample of the 6~methyl isomer (206)
‘gave a new peak on examination by h,s.l.c., showing the lc«xttef to be
absent in the reaction mixture., To rﬁle out the possibility that the.
6-methyl isomer (206) was initially formed, together with the 5- methyl
isomer (205), but was thermally unstable under the decomposnlon _
conditions, an authentic sample of the 6-methyl isomer (206) was heated
in t-butylbenzene under the same conditions; A quantitafive recovery
of the-benzoxazole (206) confirmed it té be thermally stable under .these
conditions aﬁd benzoxirene participation in Scheme 31 was discounted oh
Vthe above evidence,

The products obtained frém these decompositions in benzo-
nitrile are shown in -’:[‘able 4,

In addition to the six products obtained on thermal
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decomposition of sodium 2-bromophenoxide (Table 4), a trimer of
benzonitrile, 2,4, 6-triphenyl-s-triazine (208) was obtained on
filtering the ether/water mixture used tfo remove the product mixture
from the autoclave.
NG
- I

Beﬁgelsdoff”l studied the reactions of aromatic rﬁtrileé
under high'px.-essure and temperature and obtained good yields of the
triazine (208) from benzonitrile. Ewven at the moderate pressure df
255 p.s,i'..he recorded a 2, 5% yield of the triazine (208) at 3-606 after
14 h. The 0, 1% yield of the tria.ziné (208) obtained from the autoélave
at 260° is, therefore, not surprising, .

The unexpected formation of benzamide in these r-eac&tibné-
suggested the presence of watér, but alternative possibilities for its
formation were considered sinc_e precaution.s were takeﬁ to‘keep the
system dry. A possible source of benzamide by thermal decomposition
of the benzc;xazoles- was pon;sidered, but 6-methyl—2-phény1benzoxaéoiel
was shown ;co be therr.nally stable, as described previdusly. and‘ an
authentic sample of the 5-methyl isomer (205) heated in tabAutylbenzene '

under the conditions of the decomposition was also thermally stable,

The possibility of benzamide formation via attack on the benzoxazole by

the phenoxide ion was then considered, but thermal decomposition of
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sodium 2-bromo-4-methylphenoxide in the presence of 5-methyl--
2—pheny1benzoxazole, in‘vt-butylbenze‘ne, failed to give any benzamide,
The presence of water in the reaction, ltherefor‘e, reﬁained the oﬁly
reasonable explanation for the formation of benzamide., Further
evidence for the presence of water was the formation of phenols, since
it is unlikely for hydrogen atoms ‘or‘ hydride ions to be extracted from
the solvent, benzonitrile, in this case. The formation of the hydroxy-
diphenyl ether (207) is m accordance with the mechanism involving
attack on the kétocarbene (167) by pheﬁoxide ion (Scheme Zé) and the

- presence of phenoxide ion can easily accouﬁt for the tréce o;f phenjrl

benzoate obtained by nucleophilic attack on benzamide (Scheme 33).

‘Scheme 33 - +NH;

Thermal decomposition of sodium 2-bromophenoxide in
the presence of _E-Jfolunitrile failed to give the expected product,
2-p-tolylbenzoxazole, casting doubt on the mechanism of 1, 3-dipolar

addition {(Scheme 31), for the formation of benzoxazoles in benzonitrile,
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Repetition of the original trapping experiment by decomposition of
sodium 2-bromophenoxide in ”superdry” benzonitrile gavé a high
yield of dibenzo-p-dioxin (22m/100m) and no trace of 2-phenylbenz-
oxazole, casting further doubt on the 1, 3-dipolar addition mechanism.
Similarly, no benzoxazole was obtained when sodium 2-bromophenoxide
was decorﬁpos ed in the presence of ''superdry'’ benzonitrile with
t—butylbenzene.as the solvent, Thes e results pointed to an alternative
Vmecham%m (Scheme 34) for the formation of the benzoxazole, involving
nucleophlllc attack by the nitrogen lone pair of benzamlde at the electron-
deficient centre of the ketocarbene (167). Attack by the resultmg
phenoxide ion, intramolecularly, on the carbonyl carbon atom, resulis

in ring closure and subsequent dehydration gives the product.
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De-composition of sodium 2-bromophenoxide in the
presence of benzamide in t-butylbenzene, however, gave only a 10w
yield of the benzoxazole (2. 3m/100m), but decomposition of sodium
2~bromophenoxide in the presence of an equirﬁolar amount of
benzamide in benzorﬁtrile gaire a high yield of 2-phenylbenzoxazole
(31m/100m), givir_lg étrbng support:‘-"ﬁﬁg‘f: Scheme 34. |

It appears that the'weak nucleophile, bénzamide, requires
thé more polar solvent.‘, benzonitrile, for the realétidn to take place
i'eadily, whereéé the stronger‘nucleop‘hile, the phenoxide ion (166) |
gives identical yields (Z'frh/l()Om) of dibenzb-g-:dioxin in both benzo-
nitrile and t-butylbenzene, suggeslting the solvent fo haﬂn% 1itt1é leffectl
in the latter -case. |

: It is obvious that Scheme 34 requires the presenée of o'nly ,
a cétalytic amount of water for 'benzox‘azolerformation. Initial |
hydrblysis of benzonitrile té benzamide is fo].lcl).wed by nucleophilic
attack, ring closurcle. énd.el.imination of wafer, which can restart the
cycle by further hydrolysis of bénzonitriie; This observation ra'isres '
‘the possibility that some of the 1, 3—dipqlar additions of ben_zonitrile
which have beeﬁ reported in the literature mrayf in fact, -involve B

nucleophilic atiack by benzamide in a similar manner,

‘The dipolar additions carried out by Huisgen25

and
Haszeldine32 differ significantly from those attempted in the
decomposition of sodium 2-bromophenoxides, They both studied

1, 3-dipolar additions of tetrahaloketocarbenes which are known to

be more stable than the unsubstituted aromatic ketocarbenes and are
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less prone to undergo the alternative Wollf ,rearrangemeht, gi;&ring

high yields of products, Decompositions of A2—bromophen0xi'des are

nevef clean roactions, products being accompanied oy tars, presumably
resulting from rearrangement of the ketocarbenes at the high temperature
involved. The decompositions of the tetrahalodiazooxides take place at
much lower temperatures than the thermal decompositions of thé
2-bromophenoxides and no alternative reéction to 1, 3-dipolar addition

is available for the tetrahaloketocarbenes, whereao the mechanism of
nucleophilic attaok (Scheme 22) may preclude 1, 3-addition in the thérmal |
decomposition of sodium :?,-bronxophenoxides. In‘ agreemenf with the
latter, Hallgo has shown that no adduct, similar to those formed with
tetrahalodiaoooxides, 1is formed xfhen sodium 2-brorhophen_oxide is

decomposed in the presence of trans stilbene.

Attempts were made to extend the proposed mechaﬁism of
nucleophilic attack by benzamide on ketocarbenes to‘form‘ 2—plleﬁy1~
benzoxazoles with substituents in the 2-phenyl group, by using
substituted benzamaides. Decomposition of sodium 2-—brorriophen0xridé
and p-toluamide in "superdry'' benzonitrile, however, gave o poor yield
of the expected product, 2-p-telylbenzoxazole (4m/10bm) together with,
surpfisingly, 2-pheoy1benzoxazole (22m/100m). Since benzamide
and _p_-tolunitrile were also amongst the products i_t is apparent that an

Vequilibrium exchange between the amides and nitriles exists at 2600,

CONH, CN - CONH,

0-0=-0-0

CHs CH;
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Dehydration of p~toluamide to give p-tolunitrile and
hydration cf benzonitrile to give benzamide, and the reverse
reactions, gives a satisfactory explanation for the formation of the
observed products. The greater yield of 2-phenylbenzoxazole

suggests the forward reaction of the equilibrium to predominate,
and some of the water produced by dehydration of the amides may be
used in the‘for'rnation of phenol, as .déscribed preyiously.

In an attempt to overcome this problem,nitrobenzene
was used as a possible suitable, polar .so].vent and -a similar

decomposition cérried out, Nitroben-zene, however, proved to be
unsatisfactory, giving a very tarry reaction mixture containing only

'é trace of the expected 2-p-tolylbenzoxazole, The formation of

- azobenzene in this reaction showed that nifrobenzene had écted as an
oxidising agent, resulting, presumably, in tar fdrmation. Azobenzene
is commonly obtained as a result .cﬁf the rreductio-n of nitrobenzene; for
example, Evans and Fryl72 have reiaorted a 90% yield of azobenzene
by redllc;tion of nitrobenzene with magnesium amalgam and ethanol
below 45°.

Finally, the decomposition wés cafried out in acétonitrile
in an attempt to form Z-E—tolylbenzoxazble and possibly 2-methyl-~
benzoxazole via similar equilibration of t.he nitriles and amides as
obtained in benzonitrile. The reaction mixture was ;Lgain very tarry
and a considerable amount of a black, amorphous 'éolid was obtained
on filtering the ether/water mixture uséd to remove the product

mixture from the autoclave. Apart from phenol and dibenzo~p-dioxin,
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the only other product detected by g.l.c. was a compound of parent
mass 199, which was not ide;ﬁ:ified, though its mass specirum
suggested it fo contain two molecules of acetonitrile (m/e; 82) énd
one of p-tolunitrile (M™- 117) and is, possibiy, an _s;-t;*iazine.
Although the latter suggests ;che dehydration of some p-toluamide, no
evidence for the hydration of acetonitrile was obtained,

3. Thermal Decompositions Involving Sodium Thiophenoxides:

Tvidence for Attack by Strong Nucleophiles

(2) Formation of thianthrenes by thermal decomposition of

sodium 2-halothiophenoxides

After studying the formation of dibenzo-g-dioxins bsr thermal
decomposiltion‘of sodium 2—brorﬁophenoxides via the mechanism bélieved ,
to involve nucleophilic attack on the ketocarbene by pﬁeﬁoxidé ion,
‘attention was turned to the sulprhur .gnalogues, sodium 2-hzilothiophenoxidesf'
‘The latter were expected to give the analdgous sulpﬁur-containing
products, thianthrenes, in. greater yields than the. correqunding '
dibenzo-p-dioxins, since the thibphenoxidé ion is a better hﬁcledphile‘
| than the. phenoxide jon., Gravimetric halide determinations in the thermal
decomposition of a series of 2.-halothiophenoxides containing different
halogen atoms showéd Va classic example of the relative .ease of leaving
of halide, in the order I > Br > CL Sodium 2«~chlorophenoxide was
completely stablé at 260°, the iodo- compound decomposed almost
completely and the bromo- compound gavé intermediate dec.:ompo‘sition.
The latter two decompositions proceedea cl'eanly to give thianthrene
{171} as thel‘only product, The results of this series of decompositions

are shown in Table 5,
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Table 5

Thermal Decomposition of Sodium 2-Halothiophenoxides. in t~-Butylbenzene

Thiophenoxidé Bromide Ion (m/100m)  Thianthrene (m/100m)
2~-chloro- 0 o 0
2-bromo- ' 438 ‘ 20

2-iodo- ' 97 _ 3

S

S
171

The aqueous layer of the ether/water mixture used to
remove the reaction products of the thermal décomposition of sodium
2-chlorothiophenoxide from the autoclave was separated, acidified
‘with dilute nitric acid and, after a negative test fo.r chloride ion,
extracted with ether.  On removal'c.af the ether rby rotary evaporation
in 2 warm water-bath, 2,2'-dichlorodiphenyl disulphide {209) was
obtained, rather than the expected compound, 2-0h10roben‘ieneth‘iol. -
Since benzenethiols readily undergo oxidation to diphenyi disﬁlphides
the disulphide (209) obviously resulted by oi:idation of 2-chloro-

benzenethiol, presundably with the nitric acid.

Cl _
| S-S Cl

209
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The successful formation of thianthrene in these
decomp-ositions of thiophenoxides suggested an analagous mechanism

{Scheme 35) to that applied in the phenoxide case (Scheme 22).

O - O

210 2N

D@D@

212 |
Scheme 35

In Scheme 35 decomposifion éf the thiopheno#ide ‘(21 0)
gives the thioketécarbene-(211), Wﬁich is attaci{ed nucleophilically
by a second molécule of the thiophenoxide ion (210) to give the
intermediate (212). The final stage, involving formation of fhianthrene
frém the intérrnedia‘ce (212) is possibly of an intraﬁmlecular nature.
Considefing that in the case of sodium Z;brométhiophenoxide only 48%
is decomposed, then the yield of thianthrene (ZQ‘m/lOOm) is actually
85% of the reacted salt. Comparison of fhe 1atter; figure with the yield
of dibenzo-p-dioxin (22m/100m), in the thermal decomposition of trhe
analagous 2-bromophenoxide is in accordance with the mechanism
involving nucleophilic attack at the electron«deflment centre, since the

better nucleophile leads to a greater yield of the product,
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Scheme 36 allows for the possibility of parﬁcipation of a
benzthiirene intermediate (215) and interconversion of two thioketo-
carbénes (214 and 216). Attack on the thioketocarbene {214) by the thio-
phenoxide ion (213) gives 2, 7-dimethylthianthrene (217) and attack on
the other thioketocarbene (216) similarly gives 2, 8-dimethyithiénthrene

(218).

QB O CHOS )¢

313 215 3 216
/213 | /213

@ U% ﬂ @
| CH3
217 | 218 |
Scheme 36 | | |

Thermal deéomposition of thé suitably substitﬁfed 2—brorﬁo-
thiophenoxide (213) should, therefore, give an isomeric mixture of
2, 71— and 2, 8—diﬁ1ethy1thianthrene in the evé'pt of benthiirene partici-
pation. Sodium 2-b:r-'.orno-4—methy1thiophenoxide (213) was decomposed
and the pro;:luct examined by 13¢ proton ,n_oise-decoupled'n. m.r, in a
similar manner to fhe corresponding oxygen case discussed earlier.
The 13C n.m.r. spectrum (fig. 3) shows signals at: 20.8, 128.3,
129.1, 132,0, 132.3, 135.4, 135. 7,_ and 187, 5 pP.Db.m., |

The signals were not assigned as in the corresponding
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oxygen case due to lack of informetion in the presént literature,.

The signal at 20,8 p. p.m., however, is obviously due to the carbon
atoms of the methyl groups and the signal at 128.3 p.p.m. is
assumed to be due to two aromatic carbon atoms, since it is
considerably larger .than the other peaks in the spectrum. The two
pairs of small peaks (132.0, 132.3 and 135.4, 135.7 p.p.m.)

sugge'st the presence of an isomeric mixture of 2,7- and 2, 8-dirnethyl-
. thianthrene, in Which there is a siight ox.rerlap of their very similar
spectra. |

This evidence guggests ”the participation of a benzthiirene
intermediate i-n tlhe thermal decomposition of sodium 2-bromothio-
phenoxides, altheugh it is not possible, on this evidence, to estimate
the degree of its rparticipation. The appareﬁt COntrest in the
mechanisms‘of the thermal decom‘po‘sitions of sodium 2-bromophenoxides
and sodigm Z;Eromothiophenoxides is pres‘umably due to the greater
size and polarisability of the éulphur atom compared to oxygen.

The transient existene_e;of a beﬁzthiifene intermediate in
the thermel decomposition of sodium Z—ﬁalothiophenoxides ie in agreement
with the 1:'epor't67 of the participation of a thiirene (221) in the self-
conderisat_ion of 4-chloro-5—mercapto-_3(2_I—l)—pyridaiinones (219) "which
gives rise to two isomeric products (223 and ‘224) .by a similar iﬁter-

conversion of thioketocarbenes (220 and 222).



Table 6

" Thermal Decomposition of Mixtﬁres of 2-Bromophenoxides and

2-Bromothiophenoxides in t-Butylbenzene

Mixture : - -Product : Yield (m/lOOm) :
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Scheme 37
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(b) Thermal decomposition of mixtures of sodium

2—brom6phenoxides and sodium 2-bromothiophenoxides

The produc;cs obtained by thermal deéompositioh of |
mixtur;es of sodium 2-bromophenoxides and sodium 2-bromothio~
phenoxides can also be rationalised by the mechanism involving
nucleophilic attack on ketocarbene and thioketocarbene intermediétés.
The products obtained from decompositions of these mixtufes are sho-wn
in Table 6. |

. The forrhation of the products obtained can be explained
as shown in Scheme 37;

The ketocarbéne (226) and thioketocarbene (227) result from
decomposnlon of the phenoxide (225) and thmphenox:.de (228),
respfoctlvely. Nucleophilic attack by the phenoxide (225) on the keto-
carbene (226) gives rise to the dibenzo-p-dioxin (229) and similar

attack by the phenoxide (225) on the thiocketocarbene (227} gives rise
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‘to the phenoxathiin (.230). The phenoxathiin-(ZBO) also resulis by
nucleophilic attack of the thiophenoxide. (228) on the ketocarbene (226)
and attack by the same nucleophile (228) on the thioketocarbene (227)
gives thianthrene (171), The relative amounts of the products |
obtained in decompositions (i) and (ii) (Toble 6) are in agreement
with Scheme 37, In (i), using excess sodiumm 2«bromothiophenoxide,
no dibenzo-g-oﬁoxin (229, X =H) was. formed due to preferential
Mai‘:tack by the stronger nucleophilo, 2-bromothiophenoxide, which
preciudes attack_ by the phenoxide ion (225, X = H) on the ketocarbeﬁe
(226, X = H). Phenoxathiin (236, X = H) and thianthrene {171) result
from attack‘ by 2-bromothiophenoxide (228) on the ketocarbene (226,
X = i1) and thiokotocarbene 7(227), respectively,

In (ii), using an equimolar ratio ‘of the phenoxide (225,
X = CH3)Aan.d thiophenoxide (228), a low yleld of the dioxin (229, X = CHg)
was obiained by ‘attack of the weaker nucleophile‘ (225, X = CH3) on the
ketocarbone (226, X = CHg). 3-Methylphenoxathiin (230, X = CHjy)
results, presumably, mainly by attack of the thiophenoxide (228) on
the ketocarbene (226, X = CHg), although attack bj the weaker nucleo=
phile (225, X = CHg) on the thioketocarbone (227) will give the same
product (230, X = CHj). | |

{c) Thermal decomposition of sodium 2-~-bromophenoxides

with phenoxides and thiophenoxides as added nucleophiles

The formation of hydroxydiphenyl ethers in the decomposition
of sodium 2«bromophenoxides was accounted for by a mechanism
involving nucleophilic attack of the debrominated phenoxides on the

ketocarbene intermediates (Scheme 29). In order to find evidence for
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Thermal Decompositions in the Presence of Sodium Phenoxides

and Sodium Thiophenoxides in t-Butylbenzene
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this mechanism, thermal decompositions in fhe presence of
sédium phenoxides and sodium thioﬁhenoxides were carrieci out
and the products obtained are shown J‘.ﬂ Tabler 7.

The formation of hydroxydiphenyl ethers and
hydroxydiphenyl sulphides, iﬁ good yields, is in accordance with
Scheme 38, providipg good evider'lc‘e for the overall mechanisﬁ i

involving nucleophilic attack,

233
JHy0
OH X

X7 Z
Scheme 38 234

Attack by the nucleophile (232) on the kefocarbene (226)
gives the phenoxide ion (233), which .on treatment with water gives
the product (234). The greater yield of the sulphide (234, X = H,
Z =5, 44%) obtainc.;.d with sodium thiophenoxide compared with the
ether (234, X =H, Z =0, 33%).obtained with sodium phenoxide, is
consistent with enhanced attack ;‘)n the ket(.)carbene (226, X = H) by .
the stronger nucleophile, | thiophenoxide. This is further substantiatec
by the absence of dibenzo~p-dioxin in (ii): gsince attack on the ketocarbene
by the stronger nucleophile, thiophenoxide, will preciude attéck by ther

weaker nucleophile, 2-bromophenoxide. In bbth (i) and (iii) the yields
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of dioxin obtained are‘;lféé_‘s—;ﬁg_\;&;those of the diphenyl ethers, presumably
since 2-bromophenoxide is a weaker ﬁucleophile than phenoxide itself,
due to the electron-withdrawing inductive effect of the ortho bromine
atom,

| The other products in (ii), diphenyl sulph‘ide‘and diphenyl
disulphide (231) presumably arise from the thiophendxidg. Diphenyl
sulphide has been o’.btai ned by pyrolysis of Sociium thiophenoxidé173
and it is possible that the same product may'be formed gnder the
‘de‘co‘mposition éonditions in the autoclave, Disulphides are formed by
~ oxidation of thiophenoxides ‘With molecular oxygen and such oxidations

in water are commonly used for the conversion of thiols to disulphidésl'?‘l.
RS™+ 0y — RS + 03
2RS" — RSSR

The thiophenoxide reacts with molecular oxygen by an
electron~transfer mechanism to give the thiyl radical and éeroxidé idn.
The disulphide is then formed by dimerisation of the thiyl radicals.

Some air will, undoubtedly, be present in the decomposition
reaction mixture, siﬁcé the contents of the autoclave are frozen ﬁrior
to evacuatién and air will be trapped in uthc.a fr-ozen mixture. It may be
possible, therefore, that a similar electron-~transfer reaction fakes place

under the decomposition conditions,

(d) Evidence for a 1, 4-ketocarbene in the thermal decomposition
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of sodium 4-bromophenoxide

Since sodium thiophenoxide proved tb be an efficient
nucleophile for attack at the electron-deficient centre of a I, 2-keto- '
carbene, an attempt was made to make and tra'p the correspondin.g
1, 4~ketocarbene in a similar manner, | |

Thus, sodium 4 -bromophenoxide was decomposed in the
presenée of sodium thiophenoxide in t-butylbenzene and isolation of
4-hydroxyphenyl phenyl sulphids (24m/100m) provides good evidence

for the intermediacy of the 1, 4.Xketocarbene (236) as shown in Scheme 39,

L ND
-y ‘
235 236

T~ U7,
o - 0

| 237 |
M0

I

| Scheme 39 .':238

Decomposition of the 4-bromophenoxide ion (235} leads

to formation of the 1, 4~ketocarbene (236) in a similar manner to the
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formation of the 1, 2-ketocarbene from 2-bromophenoxide (Scheme 21).
Nucleophilic attack by the thiophenoxide ion at the electron-deficient
centz;e of the 71, 4.-ketocarbene gives the phenoxide -(2-_'37) which on
treatment with water gives the product, 4-hydroxyphenyl phenyl
sulphide (238). The other products, diphenyl sulphide and diphenyl

- disulphide (231) may arise from éodium thiophenoxide, as described
rabove,

(e) Attempted formation of 2-phenylbenzéthiazole by

nucleophilic attack of benzamide on a 1, 2-thioketocarbene

The above deco_mpositions show inhibition of attack by the
weaker nucleophiles, ‘phenoxides, ‘on ketocarbene 'and thioketocarbene
intermediaters in the presence of the stronger nuclecophiles, thiophenoxides.
This tendency is also exemplified in the attempt fo prepare tﬁe suiphur
'anaiogue of Z—phenylbenzoxazol'e, 2-phenylbenzo_’rh_iazole (239-) by
thermal decwﬁposition of sodium 2-ibdothiophenoxide and_ benzarﬁide
in benzonitrile. Under these conditions with sodium 2-bromophenoxide,
2-pheny1benzoxazole is formed in good yield as described ]lg.;nrevio‘uslly,,
but the only products obtained in the sulphur case are thianthrene (Zem/
100m) and diphenﬁ sulphide, The thiophénoxide, being é much stronger"
nucleophile than benzamide completely precludes nucleophilic attack-by

the latter on the thioketocarbene,

N
N\

S,,
239 .
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4, Therma'}. Decompositions in the Presence of Other
Nucleophiles
(a) | Thermal decomposition of sodium 2-bromophenoxide

in the presence of amines as added nucleophiles

VSince it has previously been shown that the ketocarbene
intermediates are attacked by the weak nucleophile, benz_arnide;
resulting iﬁ the formation of 2—phellylbenzoxaz;01es, decompositioﬁs
were carried out in the presence of strongér nucléophiles, amines,
to -seek evidenc-e for nucleophilic attack. With aniline, nucleophilic
‘attack on the ketocarbene derived by decornpoéition of sodi@ :
2-bromophenoxide was expected to give 2-~anilinophenol (240),

according to Scheme 40. | ' _ - _ .‘
B G, 10
2 BN
N
CH

NH
Scheme 40 - 240

Initially the decomposition was carried out in t-butylbenzene
and no trace of the expected product was found, Addition of an

authentic sample of 2-anilinophenol to a portion of the reaction mixture
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gave a new peak on examiration by g.l.c., éh.owing its absence in the
original mixture., The decomposition was then carried out in benzo-
nitrile, since this solvent was previously found to be necessary for
nucleophilic attack by beﬁzamide to take place. 2-Anilinophenol, however,
was similarly shown to be absent and the préducts obtained from these
two decompositions are shown in Table 8,

Table 8

Thermal Decompositio-ns of Sodium 2-Bromophenoxide in the Presence

of Aniline

 Solvent Products Yield (m/100m)

= OH

o o \|
| t-;bUtylbeﬁzene @[Z@
SHeIE
@OH
a0 =
GV ONE
- @;@ | 4?'

benzonitrile
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The formation of phenol in the decomposition in
t-butylbenzene can be accounted for by abstraction of hydride ion
fron?; the solvent by the dipolar resonance form of th-e ketocarbene
or by abstraction of hydrogen atoms by the diradical structure as
described. earlier (Scheme 28). In the decompo".sition in ""superdry"
benzonitrile the formation of phenol suggested the aniline to be 'Wet,
This is also evidenced by the formation of 2-phenylbenzoxazole,
previously shown to resﬁlt by hydrolysis of benzonitrile to benzamide
and subs equent‘ nucleophilic attack by benzamider on the ketocarbene
~intermediate {(Scheme 34), The similar, low yields of.diber.lzo-g-
dioxi;'l in both decompositions suggest inhibition of attack by the

2ybr;omopheﬁ.o>§:ide ion on the ketocarbene, possibly due to the pfeSence
of aniline, and the formation of 2~-hydroxyphenyl phenjrl ether'- can 5e
attribut ed to nucleophilic attack by phenoxide ion on the ketﬁcafbene,,
according to the mechanism shown eérlier (Sch.eme 29). .

It is conceivable that the absence of Z2~anilinophenol in the |
reaction mixtures is due to its decomposition under the reaction’
conditions or that polymeric oxidation products are produced, possibly
in the form of tars, since 2-anilinophenol is known {o oxidise very
readily. On the othe‘r hand,. it may simply be that.aniline is too weak
a nucleophiie to attack the ketocarbene and that nucleophilic attack in
‘the case of benzamide is energetically favourable due to ring closure to
form the benzoxazole by subsequent-attack on the carbonyl group. The
stronger nucleophile, cyclohexylamine, was then added to sodium

2-bromophenoxide and the decomposition carried out in benzonitrile,
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A tarry reaction mixture was obtained and the smell of
ammonia was detected on opening the autoclave. On filtering fhe
ethef/ water inixture used to remove the product mixture from the
autoclave some of the benzonitrile trimer, -2, 4, 6-tripheny1—§—triazine
(208) was collected. The formation of phenol, 2-hydroxyphenyl phenyl
ether(;5m/100m) and 2-phenylbenzoxazole (6m/100m) suggested the
cyclohexylamine to be wet-arid a low yield of diﬁenzo-gfdioxin ($m/100m)
was obtained, as in the decompositions in the preseﬁée o_f aniline,

Niﬁe prodﬂcts in all were detected on examination by g.l.c.

CAlL products were present in low yield and none of them was found to
have the correct parent ion at m/e; 191, on examination by g.1l. c
coupled with .high-resolution mass spectrom,et_fy, for the expected
product (241) resulting from nucleobhilic attack by the lone pair of

‘cyciohexyla:rrﬁne- at the electron-~deficient centre of the ketocarbene,

jo-Nesllewe

241

Extraction of the reaction mixture 'with dilute acid garve‘ two
products, ,téntatiVely identifiedas dicycloh;xylamine (242) and _N_—pheﬁyl— |
cyclohexylamine (243) from their mass spectra, which show the éorrect
parent ions and both give the characteristic loss of the fraginent of

mass 43, peculiar to cyclohexylamines, Budzikiewicz, Djerassi
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rearrangement:

The mass specirum of the amine (2435 also shows the
fragment of rﬁ/e 77, giving evidence for the presence of a phenyl
group. | |

. The mass spectrum of the. neutral cofnpoﬁnd with
molecular ion at m/e 203, also showing Ioss of the fragmelnt‘ of mass
43, suggests it to be N-cyclohexylbenzamide (.244). The loss of the
fragment of mass 43 is often encduntered in fhe mass spectra of
cycloalkyl amides, :though the breakdown proceSses.are generéﬂy

more complex!73, The fragment of m/e 105 in the mass spectrum

evidences the presence of PhCO in the molecule,

0
NH-C-

244,

A possible route to N-cyclohexylbenzamide is nucleophilic
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attack by the cyclohexylamine lone pair at the carbonyl group of

benzamide, followed by loss of ammonia (Scheme 41),

NH2
Hz

NHC

Gmg

NH—-C
Scheme 41

*NH3

This accounts fof the detection Qf ammonia on opening
the autoclave and gives a possible exialanation for the lack of detection
of benzamide as one of the reaction products. The formation of
dicyclohexylamine and N-phenylcyclohexylamine cannot be ‘simply
‘explained. It is conceivable that the expected product (24‘1) is unstable
under the reactién conditions and resulls in thelformation of the latter
two products on decomﬁosition.

(b) Thermal decomposition of sodium 2-bromophenoxide

in the presence of benzoates and thiobenzoate as

added nucleophiles

" The ability of benzamide to attack ketocarbene intermediates
nucleophilically, with subsequent ring closure, led to the choice of other

nucleophiles, in which the possibility of ring closure exists once the
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Therinal Decomposition of Sodium 2—Bromophenoxide in the

Presence of Sodium 2-Bromobenzoate in t-Butiylbenzene
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ketocarbene has been attacked.

In the presence of sodium 2—brom05enzoate the éxpected
reaction path is attack by the 2-brorﬁobenzoate anion (245) on the
ketocarbene produced by decomposition of sodium 2—brom0pheno>§ide
to give a phenoxide (246), which ring closes to form the lactone (247)
(Scheme 42), The final ring closure step may be similar to the proposed

intramoleculaf, final step in the forrriation of dibenzo-p-dioxin (Scheme 22),

%/@ . @

245 246

@“1@

Scheme 42 - ‘247_

The products actually obtained from this thermai
decomposition are shown in Téble 9.

Phenol, dibenzo-p-dioxin and é—ilydroxyphenyl phenyl
ether are the usual, expected products from the thermal decompbsition
of sodium 2~brom6phenoxide in t-butylbenzene, The formation pf the |

other three products viz., diphenyl ether, 2-bromophenyl phenyl ether
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and xanthone (248), can be explained by attack of various riucleophiles
in the system on benzyne: the latter derived by thermal decompo-sition
of 2-bromobenzoic acid, I\f[cl\Telisl’?6 has provided evidence for the
intermediacy of benzyne in the thermal decombosition of 2-bromo-
benzoates at 300-315° by trapping _experiments with tetracyclone (249)

‘{0 give 1,2, 3, 4-tetraphenylnaphthalene (250).

. Ph
CO0~ Ph Ph = Ph
4

— N

Br F’hPh X Ph
0 | Ph
243 250

+CO+CO,+ Br

In the thermal decofnposition of alkali-metal 2-halobenzoates, B
xanthone is usually obtained as the major product. McNelis!?6 has
provided evidence forl the formation of benzyne by decarboxylation and
elimination of halide ion. He proposed a 1ﬁechanism (Scheme 43) for :
the formation of xanthone by nucleophilic attack on benzyrie by a second
molecule of the 2-halobenzoate (251). |

‘The final Sfage of this mechanism, involving disﬁlacemént
. of the halide ion, is reminiscent of the final stage of Scheme 22 in the
formation of dibenzo-p-dioxin, but McNelis merely describes if. as an

unexceptional displacem ent.
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" The formation of diphenyl ether aﬁd bromophenyl phenyl
ether can be accounted for by nucleophilic addition of phenoxide and
2-bromophenoxide ions, respectively, to benzyne, Such addition of

alkoxides to benzyne is well-knownl92,

20 -0
O 20 - Q0

McNelis! 76 has also isolated 3, 4-benzocoumarin {252)
from the thermal decomposition of 2-bromo- and 2-iodobenzoates.
To check for this product, an authentic sample of 3, 4-benzocoumarin

was. added to a portion of the reaction mixture from the thermal

decomposition of the mixture of sodium 2-bromophenoxide and sodium
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5.bromobenzoate, but the appearance of a new peak on g.l.c.
examination showed it to be absent. |

McNelis' report of the formation qf 3; 4-benzocoumarin
suggests that 2-halophenyl anicns are not involved in the thermal.
decomposition of 2-halobenzoates and a cycloaddition mechanism has
been postulatedlo2 (Scheme 44). In this scheme xanthone arises by

reaction of benzyne with the ketoketene (253).

Q
O./L\
Il
)

|
| O
‘Scheme 44 252

To avoid benzyne formation, Vthe thermal decompositicn
of a mixture of sodium 2—bromophenoxide and sodium benzoate was
carried out and evidence sought for nucleobhilic attack by the benzoate
anion on the ketocarbene., A guantitative recovery of sodium benzdate,
as benzoic acid, and a good yield of dibenzo-—g—didxin (2@Fm/100m),
however, showed no nucleophilic attack by the benzoate ion to have

cccurred,
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Since it appears from the latter result that sodium
benzoate is too weak a nucleophile, the decomposition was carried
out using sodium thicbenzoate in an att-empt to effectrnucleophﬂic
attack. Extraction of the reaction mixture with sodium bicarbonate
solution tq give benzoic acid and the precipitation of sulphur from
the reaction mixture suggested dibenzoyl disulphide (254) to have been
formed. Dibenzoyl disulphide is formed by mild oxidation of sodium
thiobenzoates and is known to decompose to give benzoic acid and

Sulphur1 7,

254

No evidence was found for nucleophilic attack on the
ketocarbene by the thiobenzoate anion.

(c) Thermal decomposition of sodium 2-bromophenoxide -

in the presence of the sodium salt of benzyl alcohol

Although complete loss of bromide ion from stium
2-bromophenoxide occurred, the only produéts defected were benzoic
acid and benzaldehyde. = Since benzoic acid and benzaldehyde are the
oxidation pfoducts of benzyl alcohol, which was used as the solvent
in this case, their formation suggests that any other products rhay
have been reduéed, possibly to tars, under the conditions of the

decomposition,
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3. Thermal Decomposition of 1, 2-Bromohydroxypolycyclic
Compounds.
(a) Attempted preparation of the sodium salt of 2-bromo-

3~hydroxyfluoranthene

The report by Trost24, that photolysis of 9-diazo-10-keto-
4, 5-methylenephenanthrene (255) does not lead to for'mat_ion of tAhe
product of the Wolff rearrangement, since thé strain involved in ring
contraction is too great, was interesting. It suggested that thermal
decomposition of the salt of the corresponding 9-brom0~10—hjdrro'xy
- compound (257) should give a good yield of products resulting from
nucleophilic éttack on the ketocarbene intermediate (256)'. Normally,
the Wolff feérrangement is thought to be a facile, alternative reaction
of ketocarbenes, rather than their undergoing attack by nucléo?hiles at

‘the electron-deficient centre,

O
— &
N> ‘ Br

' Since serious problems were envisaged in the synthesis
of the diczZoketone: (258), it was decided to aitempt the synthesis of

the sodium salt of 2-bromo-3~hydroxyfluoranthene (258), which on

thermal decomposition should give a ketocarbene (259) similarly
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disinclined to undergo the Wolff rearrangement.

The precursor, 3-amino-2-bromofluoranthene, was
readily synthesized but attempts to ‘convert it to the hydroxy.¢ompound,

via the diazonium salt, failed. Horning et al, 146 have recently

: reported a method for converting the diazonium salts of aromauatic
amines tophenois with considerable ease using tfifluoroacetic acid
and p-otas-siu.m .c:-,arbonate. They h.ave carried oﬁt such transformations
in caselsr for whiph all other knowﬁ methodé have failed.

The diazonium fluoroborate was prepared as required by
the method, but it failed to decompose and form the product.

Hasan!?8 made many unéuccessful atfempts to prepare
2—bromé—S-hydroxyfluoranthene from diazonium salts, which proved
to be ext_raordinarily resistant to decomposition in- the usual ﬁaﬂner.
He prepared the diazonium sulphate of 3-amino-2—br0ﬁ10£1uoranfhéne.
by the method of Charlesworth145 and attempted tq éonvert if to the
phenol by numerous methods, Heating with .dilu_t-e' acid ofrvairious

concentrations for various intervals of time, with and without the passage
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of steam through the solution, did not cause decomposition of the
diazonium salt and addition of various metallic salts, and sodium
sulphate, weilfknown methods of decomposing stable diazonium

salts, also failed. In all cases Hasan observed tar formation and

after similar failures using diazonium salts prepared by other methods:
"he reverted to more drastic measures, He heated SQami_no-z-l)-.romo-

. fluoranthene in sealed tubes in the presence of dilute hydrochlor-ié or
sulphuric acid at various temperatures, but succéeded only in forming
high-rnelting résidues, An attempt to decompose and hydrolysé the
diazo_nium ﬂuorobérate, by boiling with alkali, resulted in the fori’nation
of an impure oil and in an attempt to prepare' 2-bromd-—3~.-n.1ethoxyﬂuc-)r--
anthene, by boﬁing the diazonium sulphate in methanol, Hasan o.btéined
2-bromofluoranthene as the only product.

It was decided to attempt the preparation of 24brorﬁo-3-
methoxyfluoranthene by a method which Hasanimd nét tried, via ;che
zinc chloride double salt of the diazonium chloride, by boiling with

methanol as described by Hodgson and E“oste;'147. Although the 'zilnc -
chloride double salt was successfully prepared, deCOmpo'sition in
methanol gave mainly 2-bromofluoranthene, together with 2-bromo-
3—chlorofluorant11ené and a trace of the required methoxy- cbmpoﬁﬁd.

The formation of 2-bromofluoranthene is not surprising, since Hodgsoﬁ147
has pointed out that an electrophilic substituent, in this case bromine,
favours hydrogen rather than methoxy replacement, Aftaék by the
chloride ion of the zinc chloride complex, in this case giving rise to

9.bromo-3~chlorofluoranthene, has also been mentioned by Hodgson”g.
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Since this method proved fo be unsuccessful, no further attempi was
madie to prepare 2-bromo-3-hydroxyfluoranthene.

{(b) Thermal decomposition of sodium 1-bromo-2-naphthoxide

7 Smithl80 reported that 1-—br0m0~2-;-naphth01 decomposes
readily at 130° giving off fumes of hydrogen bromide and forming a
sublimate of _2-;naphthol on further heating, From this oh_'servat'ion it
was thought that sodium 1-bromo-2-naphthoxide (260) might decompose

readily to give the dioxin (261).

Br | |
O -0

-0
260 26

The sodium salt (260) was prepared and found tc undergo
considerable decomposition even on dryiﬁg in the vacuum pistol at |
1009, with 29% loss of bromide ion after 24 hours, After treatment
of the partly-decomposed salt with water, a‘ yellow so.lid was filtered
off, which on dissolﬁng in chloroform gave seven spots on t.l,c.
examinétion. The solid was not examined_ further.

The pr_‘oducjcs obtained by extraction with sodium hydroxide
solution, after thermal decomposition of a sample of the pai‘tly-

decomposed salt by boiling in t-butylbenzene, were 2enaphthol and

1, 1'-bis (2-naphthol) (262).
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262

The feaction miscture had a green fluorescence and after
extraction with dilute sodium hydroxide showed at least seven spofs
~on t.1.c. examination, The expected dioxin (261) Was not dletected by

g.l.c, examination, Since 1,1'-bis (2-naphthol) was detected by g.1l.c.,
‘the dioxin (261) was assumed to be absent, sincé it should give a peak
with shorter retention time than 1, 1.';bis (2—ﬁaphthol) under the same
g.l.c, coﬁditions., Hinsbergl6? feported the formation of

1, 1'-bis (2~naphthol) by heatingrla‘br.omo-‘-z-na;.)hthol with copper

powder alt 230_0 énd also by warming a mixture of 2~naphthol and
1-bromo-2-naphthol with sodium methoxide in methanol.” By treatment
of 1-bromo-2~naphthol, alone, Wifh sodium methoﬁide in warm methanbl
he did not obtain the same product but isblated instead a brightayellow,
alkali-insoluble solid, which he did not investigate further.

1, 1'-Bis {2~naphthol) is known to lbe readily férmed in good

yield by oxidative coupling of Z-naphthollal, gsuggesting that its formation
in the thermal decomposition of sodium l—bfomoné-napllthoxide is ’by a

mechanism initially involving loss of a bromine atom, This may be
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explained by formation of the ketocarbene intermediate {263),
followed by abstraction of a hydrogen atom from the solvent to give
the naphthoxy radical (264), which can then undergo carbon-carbon

ortho-ortho-coupling (Scheme 45). Abstractibn of a second hydrogen

atom from the solvent, by the radical (264), explains the formation

- of 2-naphthol,

Br
Q“)

RSN oL

- 263 | | solvent

H.
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264

A solvent

OH

262 Scheme 45

B. Rearc’cion of Bromodurene with "Complex Base'

The reaction of bromodurene with ""complex base' (an |
eqguimolar r'nixture of p'otassium t-butoxide and sodaﬁide) in boiling
tetrahydrofuran gave results similar to those obtained by I—Iallg0 from
the reaction of bromodurene with potassium t-butoxide in an autoclave

at 2200, Thus, '""complex base' enabled the reaction to be carried out

under milder conditions than those used by Iall.
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Although Caubére and Loubinoux suggested the use of
tetrahydrofuran as the soivent in "complex base' reactions they gave
no indication ‘that other, similar solvents should not be employed.
Reactions were carried out in various solvents viz. dioxan, dimethoxy-
ethane and a mixture of tetrahydrofuran and dimethoxyethane,. and the
‘results were comparéd.' The yields of durene,. A2_, 4,5, 21,4, 5'-}1exa-
‘methylbibenzyl and bromo-2, 4, 5, 2',4', 5'-hexamethy1bibenzyl ob\tained“'
in the different solvent systems are shown in Table 10,

Table 1-0

Reaction of Bromodurene with ''Complex Base' in Various Solvents

Solvent Yields - {m/100m)
Durene . Bibenzyl Bromobibenzyl
THF : 19 5.9 , 7,0
Dioxan 24 1. 8.5
DME 15 2.7 A 12.8
50 ; 50 DA
THF | DME 21 28 10,2
THY Tetrahydrofuran
.DME " Dimethoxyethane

From Table 10 it can be seen that the different solvents
lead to sorﬁe variation in the amounts of the produciés obtéined. The
higher-boiling solvent, dioxan; gave an increase in yield of durene
and -corresponding decrease in yield of he#amethylbibenzyl, whereas
dimethoxyethane gave a slight -inérease in yield of bromohexan{ethyl—
bibenzyl and corresponding decrease in yield of hexamethylbibehzyl,

compared to those obtained in tetrahydrofuran. The yields of the three
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products .obtained using the mixture of dimethoxyethane and tetra-
hy‘drofuran are in close agreement with those obtainéd by Hall in -
the reaction of bromodur;ene with potassium t-butoxide in the
autoclalve (Table 11).

Taﬁle 11

Reaction of Bromodurene with Potassium t-butoxide at 2200

Pr'bduct . - Yield (m/ IOOfn)
Durene | a 24,6
Bibenzyl o 27
Bromobibenzyl | ' o 10.7 |

The similarity between the yields of products obtained

using the "complex base' system and those obtained by Hall suggests

 the same mechanism to apply in both cases. The "complex base''

reaction in fetrahydrofuran, which was carried out for seven days,

gave tw;o further Vproducts. The méss spectra éfr the latter two compounds
snggested them to be 2-(2, 4, 5-trimethylbenzyl)-tetrahydrofuran (265) and
the isomer 3-(2, 4, S—trimethylbenzyl)—tetrahydrofuran (268). Both of
thése compounds showed a molecular ion of rn/e. 204, one with base peak
at m/e 71 showing loss of a fragment of Vmass 133. |

"The formation of the substituted tetrahydrofurans (265 and

266) provides evidence for a radical mechanism involving the trimethyl—

benzyl radical (267) which may react with the solvent. This is in
agreement with the radical mechanism postulated by Hall, involving

formation of the carbene intermediate (155) (Scheme 19). .
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Ly o I
CH, cH, 9 cH, _cH,
CH3 CH3 ‘ CH3 CH3

265 266

CHs CH;

- m;133

Since Robertsonl19 obtained results which contradicted

Hall's evidence against an alternative mechanism (Scheme 20)
1nvolv1ng nucleophlllc dlsplacement of bromine, the test for this
evidence was reinvestigated, The nucleophlhc dlsplacement mechanism
(Scheme 20) involves formation of the bromoirimethylbenzyl bromide
(160) which would be expected to react with potassium t-butoxide 1o
give the aryl t-butyl ether (163).

- Br o Br ,

Hy Br ~ ¢ CH,0 B
~ C 2 KO But\ - ‘ 2

AR
160 | - 163 o
A mixture -of isomeric bromotrimethylbenzyl bromides

was added to the reaction of bromodurene and "complex base' in
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tetrahydrofﬁran and the reaction mixture was examined for the
presence of the corresponding t-butyl ethers. Two new peaks were
obtained on examination by g.l.c. coupled with high~resolution mass
spectrometry and identified as 2-bromo—3,4,6-trimethylbenzy1 t-butyl
ether (163} and 3-bromo-2, 4, 5-trimethylbenzyl t-butyl ether (164) by
“their mass spectra, which were identical to those obfained by Hall.

Br -
-~ CH 2OBU’I

|

NN

163
- Br

CH,Br CH,0But
| | 1:_5.4 '

The formation of these t-butyl ethers confirms the result
obtained by Hall and substantiates evideﬁcé against Scheme 20, 'H..alll ’
found that the yields of durene were approximately the same from
reactions in both the presence and absence of the added bromotri-
methylbenzyl bromicies and that the yields of hexamethyibibenzyl afld

bromohexafn‘ethylbibenzyl were less in the reaction in the presence of
the added bromides, In the "'complex base'' system the yields lof all
the products were found to have decreased, durene in particular, in

the reaction in the presence of the added bromides compared to the
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yields obtained in their absence., This is not surprising, however,
since the base may be used in the formation of ethers in preference

to the dehydrobromination of bromodurene.

Conclusions

The products obtained from thermal decompositions of
sodium 2-bromo'phehoxides-ca'n be rationalised by é mechanism
involving formation of a 1, 2-ketocarbene intérmediaté and subsequent
nucleophilic attack at the electron-deficient centre of the 'ketoéarbene.
Good evidence is obtained for the exclusion of benzoxirene inter-
mediates in these decompositions but more experimental evidence
is required to confirm the intermediacy of benzthiirenes in the thermal
décomposition of so‘rdium 2-‘brornothiophenoxides. The formation of
thianthrené, cleanljr, by thermal decompositibn of sodium. 2-bromo-
thiophenoxide and the formation of'diaryl ethers and diaryl sulphides
in the presence of added sodium phenoxides and thiopheno‘xides,‘
respectively, may be of synthetic value. l

Experiments involving the reaction of bromodurene with
"complex base' ga{re resulté consistent with those obtained by Ha1199

and confirm the evidence against a mechanism involving the bromotri-

methylbenzyl anion as an intermediate,.
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