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SUMMARY

The reactions of benzyne and tetrachlorobenzyne with
af-unsaturated aldehydes which form 2-H-chromen derivatives
have been investigated. The mechanism was established by
[1401 and [EH] labelling experiments and proceeds initially
through a benzoxeten imtermediate., Subsequent opening of
these intermediates followed by thermal cyélisation of an
o-quinone methide gave the products. A degradation of
5,6,7,8-tetrachloro-2-H-flaven to a tetrachlorosalicylic
acid derivative was carried out, to confirm the position
of the [1uC] radlolabel. Also described are a number of
rearrangement reactions of 5,6,7,8«tetrachloro-4-H-flaven
in which 2-benzoyl-dihydrobenzofuran, or 2«benzoyl-benzofuran
derivatives were obtained if bromine was present In the
reaction mixture.

2,4-Disubstituted-tetrachloro-1l,3-benzodioxan derivatives
have been obtained when a number of aromatic aldehydes were
used to trap tetrachlorobenzyne. These adducts were shown
to contain two molecules of aldehyde to one of tetrachloro-
benzyne. In the presence of simple ketones 2,3-butandione
or para-nitrobenzaldehyde vere found to react with tetra-
chlorobenzyne to form l,4-benzodioxan derivatives. Ie
established the structure of these adducts by degradations
and showed that the para-nitrobenzaldehyde or 2,3-butandione

moiety resided at position-4., The mechanism of formation

ii.



0of these adducts 1s suggested as Involving the addltion
of the simple ketone to form a 1,4-dipolar intermediate
foliowed by reaction with the 2,3-butandione or para=-
-nitrobenzaldehyde. Under acldie conditions the
5,6,7,8-tetrachloro~-2,2-dialkyl-4~methyl-4-acetyl-1,3-
~benzodloxans were found to rearrange to benzofuran
derivatives and the mechanism of this reaction was studied
using deuterio-sulphuric acid.

Enol ethers have also been obtained from the
reaction of tetrachlorobenzyne with siﬁple keton es and
we have establighed their struetures. Tetrachloroanthranilic
acid has been mainly used as the aryne precursor. However
as tetrachloroanthranilic aclid will condense with carbonyl
compounds to form 2-substituted-l,2-dihydro-3,l-benzoxazin-
~ld-ones we have therefore developed alternative aryne
precursors; namely -« 2«carboxytetrachlorobenzenediazonium-
chloride and 1-(2'-carboxytetrachlorophenyl )-3,3-dimethyl-

triazene,

iii.
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INTRODUCTION




The chemistry of benzyne has become well established
over the past twenty years.l Reactions of arynes with
carbonyl compounds could provide possible syntheses of
oxygen heterocycles.

Industrial processes such as the hydrolysis of non-
activated aryl halides which were in use at the end of the
19th century were known to involve rearrangements,2 but
the intermediacy of an aryne was not suggested. Roberts

3

and his co-workers in 1953, showed by using radio-
labelled chlorobenzene, tha£ the amination of chlorobenzene
proceeded via benzyne. This was the first confirmation of
the intermedlacy of benzyne. More recent evldence for the
exlstence of aryne intermediates includes the preparation
of nickel carbonyl complexes of both benzyne and tetrafliuoro-
benzyn.e.4 Appropriate peaks have also been observed in the
mass spectra of known aryne precursors;5 and the half-1ife
of benzyne has been measured by time of flight mass-spectro-
metry6 and by the flash photolysis of benzenedlazonium-2-
carboxylateT and phthalic anhydride.8

The structure of benzyne has been discussed extensively.9
The removal of the two adJjacent hydrogen atoms from benzene
leaves two spe-orbitals orthogonal to the 'Tr cloud of the
arcmatic ring. These sp?-orbitals can Interact to give a
singlet or a triplet species, but recent calculations predict

that benzyne Qg-dehydrobenzene) is a ground state singlet



spacies with the two electrons in the lower symmetric orbital.10

Thermal cflcloaddition reactions of benzyne with 1,3-
diénes.ére allowed concerted processes'by the conservatlion
of orbital symmetry.ll Conversely the thermal 277s cyclo-
addition reactions of benzyne with isolated olefins are not
thermally aiiowed éoncerted processes and should occur by
stepwise mechanlsms. The expected stereospecificlity has been

obgserved ln the reactions of benzyne with trans-trans-hexa-

2,4-diene.12’l3 However with cls and trans--l,2-dichloroethylene13

benzyne has been found to add in a nonstefeospecific fashion
to give a moderate, but not complete, loss of stereochemistry.
The cis-olefin gave 35% of the trans-benzocyclobutene, and
the trans-olefin gave 20% of the cis-benzocyclobutene. The
results obtained in the 1,4-cycloaddition reactions of the
tetrahalogencobenzynes clearly indicate ‘that the latter are
substituted benzynes.ll‘L

Earlier theories which postulated that benzyne generated
from different precursors could have different structures have
now been discounted in the light of more recent evidence.15 _
As benzynes can be generated from a number of different
p:r'ecur..~'-so::-sls"22 s0 tetrahalogenobenzynes are also available
from several sources. All methods of generation of benzynes
involve the abstraction of atoms or groups from adjacent carbon
atoms in the aromatic nucleus, The abstracted specles are
small thermodynamically stable moleties such as metal halides,
nitrogen, carbon dioxide, and sulphur dioxide, The use of

organcmetallic precursors has proved convenlent for the studles

2.



of reactions of tetrafluorobenzyne and tetrachlorobenzyné with
arenes,14 but this type of precursor does not allow reactions
to be undertaken involving carbonyi compéunds.
‘ X o | . X
X Y
—C— ' + w

X =ForCl ' Y = F, Ci1, Br M = Li, Na, MgCl,
: MgBr

A number of precursors are available which do not redct
with carbonyl compounds, amongst them are: 1~aminobenzotriazole,l6
behzenediazoniumeE-carboxylate,17 l,2,3-benzothiadiazole-l,l—dioxide,18

19 and ¢1phenyliodonium-

benzenédiazoniumue-carboxylate hydrochloride,
Efcarboxylate.go Anthranilic acid may be diazotised in situ to form
the thermally unstable benzenediazonium-2-carboxylate which decomposes
to form benzyne;El however anthranilic acid22 and tetrachloro-

anthranilic acid23 are known to condénse with formaldehyde to form

a dihydro-3,l-benzoxazin-4-one.

X=Hor Cl

This reaction has been used to synthesise substituted dihydro-3,1-

‘ 2
benzoxazin-t-ones.



Tetrachloroanthranilic acid has however been used in
the majority of cases for the generation of tetrachlorobenzyne
by aprotic diazotisatlon in situ. The orlginal preparation
of tetrachloroanthranilic acida3 has been modified to give
reproducibly an almost quantitative yield, and thus provides
a convenient precursor. The possibility of using 3,4,5,6-
tetrachlorobenzenedliazonium-2-carboxylate as a precursor was
examined, but it was not used as it is extremely shock
sensitive, 3,4,5,6-Tbtrachloroben2ene-diazonium—Q-carboxylate
hydrochloride has been prepar‘ed,25 but it has also been found
to be unstable, contrary to expectations, and was only used
when other methods proved unsatisfactory. The thermal
decomposition of l-(2-carboxyphenyl )-3,3-dimethyltriazene

to form benzyne in good yleld has been reported recently.26
It has been found possible to form the tetrachloro analogue
from 3,4,5,6-tetrachlorobenzene-diazonium~-2-carboxylate
hydrochloride, and to compare the efficiency of 1t with that
of tetrachlorobenzyne genefated from the aforementloned
precursors.

Tbtrafluoro-,27 tetrabromo-,28 and tetralodo-
anthran111029 acids are reported in the literature. Tetrabromo-
and tetraiodo-anthranilic acids have been used to generate
the respective tetrahalogenobenzynes, and reasctions of these
arynes have been studied in this laboratory.jo No reactions
involving carbonyl compounds have been undertaken however.

The Increased electrophilicity of the tetrahalogenobenzynes

compared to that of benzyne, caused by the presence of four

4.



'Jelectron withdrawing substituents, has fesulted in significantly
higher fields of products in reactions analogous to those of
benzyne. Different productsBl have aléo been observed in some
reactlons and in certain instances cycloaddition reactions have
oceurred with system532 which did not react with benzyne.

Benzynes are'known to react with strong nucleophilesl and
zwitterionie intermedia%es have been reported for the reaction
of benzyne with thio~ethers.33 With thicanisole tetrachlorobenzyne
.and tetrafluorobenzyne do not form cycloadducts;instead 1,2,3,4-

34

tetrahalogeno-5-phenylthiobenzenes are formed.

T

X S ' ' .
‘\Ph X ::bCH
X H

X=For Cl

With ethers benzyne is known to cleave only l,2-dimethoxyethane;55
however a number of aliphatic ethers are cleaved in good yield

when tetrahalogenocanthranilic acids are dilazotised in situ.31’36

5.



The reaction of benzyne with bicyclohept[2.2,1]ene and
bicyclohepta[2.2.1]diene in which a (2 + 2) 77 concerted
cycloadditidn wag suggested to explain the exclusive formation

37

of exo-adducts, has been examined using tetrafluofobenzyne

and tetrachlorobenzjne.38 The:products‘obtained were analogous
" to those of the benzyne reactions except that a further preduct
was obtained with bzpycloheptatE.2.l]diene, which was presumed to

be formed by'an'GEbital symmétry allowed 2 TT s+ 2 T s +

2 T s concerted cycloaddition.

X L . X

X AN o | % \\\_‘ X

The suggestion that a (2 + 2} TI'  concerted cycloaddition
oceurred violates the Woodward and Hoffmamn rules. It is known
however that a number of (2 + 2) TT cycloadditions involving
arynes, although stereoselective, aré not stereospecific.39
* The stereospecificity of the (2 + 2) 77 cycloadditions undoubtedly

arises from the steric impossibility of forming a trans-benzocyclo-

butene which is itself fused to a highly strained system. The



absence of rearrangement products must arise from the very rapld
collapse of the intermediate dipolar Species.uo
| The publication,41 from this laboratory, of the formation

of a 2-H-chromen derivati#e, when either crotonaldehyde or acrolein

was used to trap tetrachlorobenzyne, was unexpected and the mechanism

invoked without direct precedent.
o
clL ' C
+ e S
Cl C

ClL

Cl

A 4;H—chromen derivative would be the expected product of a
Diels~Alder type reaction. o, f-Unsaturated carbonyl compounds are
known t6 undergo Diels-Alder type condensations with many types
of dienophiles, in particular with simple olefins.42

It was to examine the above reaction further, and also the
reaction of tetrachlorobenzyne with other carbonyl compounds, that

the work described in this thesis was undertaken.



SECTION T

The Reaction of Tbtrachlorobenzyﬁe with
af-Unsaturated Aldehydes and Investigation

of the Mechanism Involved,



INTRODUCTION

Interest in the chemistry of chromen derivatives has in many
cases been confined to the field of natural produc-tss-43
Most 2-H-chromens found naturally are 2,2-dimethy1chromeﬁ
derivatives; the biosymthetic pathway of their formation
involving the condensation of an isoprene unit with a phenolic
residue. When the Z-position of the chromen Is not di-
substituted oxidation of the heterocyclic ring occurs easily.
This is found with 2-phgny1-2-H-chromens, more commonly known
as 2-H-flavens, which, as the flavylium salts, are present
in a large variety of plants.

The reduction of chromens to chromans is also easily
accomplished. In the laboratory catalytlc hydrogenation at
atmospheric pressure has usually glven high yields of the
chz:-cuna.n-m‘l Naturally occurring chromans have alsc been
studied, in particular the polyhydroxylated specles which
provide the fundamental structure of the tocopherols. |
Recently interest has been shown in the stereochemistry of
substituted chromans and flavans, particularly flavan-3,4-
d101$mu5

The synthesis of 2«-H«chromen systems has involved in many
cases a chalcone or_dihydro-chalcone intermediate and con-
commitant ring closure to the chromen derivative. However, '
1t has been suggested that the blosynthetic pathway to
2-H~chromens involves an o-quinone methide intermediate.Lls
This type of intermediate was also postulated In the fbrmation
of 5,6,7,8-tetrach;oro-2-H-ehromen and 5,6,7,8-tetrachloro-

2-methyl-2-H-chromen from the reaction of tetrachlorobenzyne
8



with acroleln and erotanaldehyde redpectivély.ul

Subsequent t¢ the publication of the above synthesis of
2-H-chromens an o-quincne methide intermediate has been
postulated to explain the cyclodehydrogenation of certain

47 Sclweizer and his co-w':arkez:-su8

o0-allyl phenols.
have also shown that when cis-butadiene-phenol (scheme 1)
was heated a 2-H-chromen was formed, in which the deuterium
originally present on the phenol was found totally in the
methyl group at the C-2 position.

Flow pyrolysis of o-hydroxybenzyl methyl ether produces
o-quinone methide which has been trapped in liquid nitrogen-49

At these low temperatures g-quinone methide is stable

and may for example by reduced with lithium aluminium hydride.
-§9 . Allowing 1t to warm up in the presence of styrene
has been shown to give flavan.50 Above -20° o~quinone
methide 1s thermally unstable, and it reacts with 1tself to
yleld A trimer.5l

Orbital symmejry considerations 1 prediet that the
o=quinone methide exemplified_in scheme 1 should cyeclise
by a thermal;y allowed concerted disrotatory process. This
requires that the exocyelic diene must exist in a cis
configuration. An analogy for this cyclisation is available.
gggggrp-ionone is thermally stable, however upon irradiation
(scheme 2)isomerisation oceurs to yleld a eis situation which

52

can readily cyclise thermally, This type of electrocyclic

_ring closure has also been postulated tq explain the formation
53

of iso-chromens.

9-
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DISCUSSION
We undertook +o confirin the generallity of the reaction of
o B-unsaturated aldehydes with tetrachlorobonzyne, and to
establish conclusively the mechanism involved (scheme 3).

The structures of the adducts (I and II) obtailned from
acrolein and erotonaldehyde reépectively had been established
by Jablonski by means of the following evidence. The ultra-
violet spectra of the 2-H-chromens showed the presence of a
étyrene chromophore, which was ﬁot present in the respeétive
chromans (VI end VII) obtained by hydrogenation of the
2-H-chromens in the presence of palladium on carbon catalyst,
Elemental analysis of the chromens and chromans confirmed
their composition. Further evidence was obtained from the
lH n.m.r. spectrum of 5,6,7,8-tetrachloro-2-H-chromen (I),
Analysis of the spectrum by first order methods (table 1) and
comparison with that of 2-H-chromen5u and 4-H-chromen55
confirmed the 2-H-chromen structure. The position of
substitution of the methyl group in 5,6,7,8-tetrachloro-2-
methyl-2-H~chromen was confirmed from spin-spin decoupling
experiments on the lH n.m.r. spectrum of the chroman (VII).
The multiplet centred at 7T 5.78 (methine proton} was shown

to be spin-spin coupled to the methyl group { T 8.52).

1L,
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Table 1

Chemical Shifts (7T) (miltiplieity) Coupling Constants (Hz.)
Com- 2-H 3-H by 2-Me Other J. J. J, o, J
pggnd e 2-3 3-4 “2-4 © other
(1) 5.05 (dxd) 4.00 (axt) 3.15 (axt) - - 3.4 10.3 1.7 -
(11) 4,91 (dxdxq) 4.19 {dxd) = 3.32 (dxd) 8.5{d) - 3.4 10.3 1.7 32-33:5.4
(1) - 4,27 (d) - 3.36 (d) 8.54(s) - - 10.8 - -
(v)  5.15(axq) - 3.63(s) 8.63(d) (5-Me )8.12(s) - - 1.7 112-33-46.4
(v»  ba5(s™ %0 () 3.15(a") - (2-Pn)2.71(b.s.) - - - -
(VI)  5.76(%) 7-9(m) T.16(t) - - 5.4 6.8 - -
(vir) 5.78(m) 8.0(m) 7.2(m) 8.52(d) - - - - R,-R,=6.0
(viir) - 8.21(t) T.27(t) 8.68(s) - - 7.2 = -
(IX)  5.70(dxq) 7.8(m) 7.3(m) - B.4(A)  (53-Me)9.04(d) 3.0 - - Ry RgbS
. R,-H =6,0
(x) 41,78 (axd) 7.7(m) 7.05(m) - (2-Pn)2.51(b.s.) 4.0 and - - -
9.0

*
Determined at 100 M Hz. by P,C.M.U,
s = singlet; 4= doublet; t=triplet; g=quartet; b=broadened; + = apparent multiplicity.



The adducts (III and IV), obtained when 3,3-dimethyl-
acroleln and 2,3-dimethylacrolein respectively were used as
trapping agents for tetr#chlofdbeniyne, were shown to have
the same molecular formulae from an examination of their mass
spectra and elemental analyses. The chromans derived by
catalytic hydrogenation of the 2-H-chromens were also isomeric,
The ulfraviolet spectra of 5,6,7,8-tetrachloro-2,2-dimethyl-
-2-H-chromen (III) and 5,6,7,8-tetrachioro-2,3-dimethyl-2-
~Huchromen (IV) showed the presence of styrene chromophores

which were absent in the respective chromans (VIII and IX).
| Analysis of the lH n.m.r, spectra of the adducts (IIi,
IV, VIII and IX) by first order methods was possible (table
1), The spectrum of the 2,2-dimethylchromen (III) showed
the expected AB quartet assoclated with a cis~B-substituted
styrene. In the corresponding chroman (VIII) spectrum the
methylene protons appeared as broadened triplets (7 7.27

and 7 8.21), the half chair 2°

conformation of the heterocyclic
ring causing the non-equivalence of these protons. As would

be expected from the suggested mechanism there was no methine
proton in the lH n.m.,r. spectrum of 5,6,7,8-tetrachloro-2,2-
~dimethylchroman. The spectrum of 5,6,7,8-tetrachloro~2,3-
=dimethyl-2«-H-chromen indicated that the two methine proions

("7 3.63 and 775.15) were vinylically coupled (1.7 Hz).

The lH n.m.,r. spectrun of the 2,3-dimethylchroman confirmed

that there was one methyl group {7 8.74) at position-2

spin~-spin coupled to the methine proton at T 5.70.

14,



Consideration of these two pleces of information indicetes
that the other methyl group (7" 9.04) must be attached
at position«3>.

To examine the reaction of tetrachlorobenzyne with
a f-unsaturated aldehydes further, cimmamaldehyde was used
as co-reactant, There were now three distinct pathways by
which the tetrachlorobenzyne could react, Cyoloaddition
across the benzene ring could occur,57 or & phenanthrene
dérivétive may be formed'by a styrene type reaction,jl
or a 2-H-chromen derivative could be formed. The only adduct
isolated when tetrachlorocanthranilic acid was aprotically
diazotised in the presence of cinnamaldehyde was 5,6,7,8«
-tetrachloro-2-H-flaven (V). The molecular formula was
established by mass spectrometry and elemental analysis; as
was that of the reduced adduct, 5,6,7,8-tetrachloroflavan (X).
The ultraviolet spectrum of adduct (V) was similar to the
2-H-chromens discussed previously, and the styrene chromow
phore was absent in the flavan (X). Analysis of the i nuamer.
spectra by first order methods was not possible, however
comparison of the respective spectra of the adducts (V)and
(X) with spectra of 2—H-f1aven58', and flavan,59
confirmed their structures.

In order to confirm conclusively that the compounds we
had prepared were 2-H-chromens we decided to synthesise one

of the aryne products by using a classlcal 2-H-chromen

synthesis. Tetrachlorosalicylaldehyde would be an acceptable

159



precursor, and a convenlent synthesis of this was found to
be the aprotic diazotisation of tetrachlorecanthranilic acid
in dry dimethylformamide. Benzenediazonium-2-carboxylate
WAaS reported6o to react with dry dimethylformamide ta
give an immonium ion intermediate which ecould be hydrolysed
to sallcylaldehyde in low yield (17%) (scheme 4). In our
izolation procedure we did not use a separate hydrolysis
stage. The oll obtained on removal of excess of
dimethylformamide was immediately eluted through a silica
columm with benzéne, the conditions on the colum causing
the hydrolysis.

A Perkin condensation with triethylamine as the
base 6L converted the tetrachloroéalicylaldehyde into
5,6,7,8-tetrachlorobenzo=-2-pyrone (scheme 5), With

62

excess of methylmagnesium lodide a carblinol was

produced which was cyclised by heating in a solution of

methanol containing hydrochloric a.c:!.:iﬁ'3

to glve
5,6,7,8-tetrachloro-2,2-dimethyl-2—H-cﬁr0men (111). A
comparison of the 1.r., u;v., lH n.m.r. and mass speétra of
this synthetic product and that obtained from the reaction
of tetrachlorobenzyne with 3,3—dimethyiacrolein showed them

to be ldentlical.

16.
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Scheme 5
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The method employed in our initial experiments used
dlathyl ether as solvent for the tetrachloroanthranilic acid,
and excess of 3J-methylbutyl nitrite to effect the diazotisation,
with the result that 2,3,4%,5-tetrachlorophenyl ethyl ether
ard 2,3,4,5-tetrachlorophenyl~3"-methylbutyl ether65
were major by-products. We modified the condltions and
changed the solvent systems 1o a concurrent addition of
tetrachlorcanthranllic acid, dissolved in acetonitrilg,
and 3-methylbutyl nitrite in dichloromethane. This modification
had produced an increase in yield of from 27% to 67% when
benzene was used as co-reactant.66 . We found however that
the yleld of 5,6,7,8-tetrachloro-2-ﬁ—f1aven was only increased
from 32% to 373 by this procedure.

It was known that tetrachlorcanthranilic acid will
react with formaldehyde 2 to form 5,6,7,8«tetrachloro-
~1,2-dthydro-3,l-benzoxazin-4-one. Alsc with anthranilic
acid a large number of aldehydes and Xetones have been
reported to condense to form the benzylidene derivatives but

67

cyclisation has not occurred . N-acyl-benzoxazin-l4-ones
have been obtained from these benzylidene compounds by
heating in the presence of acetic anhydride 67 {scheme 6),
the mechanism suggested involving acetylation as an
intermediate in the ring eclosure.

We believed that either a benzylidene derivative of
tetrachloroanthranilic acid and the respective aldehyde,

or the corresponding benzoxazin-%-one, might have been the

19,
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-cause for the low yilelds of 2-H-chromen derivatives. The
isolation technique used in our reactions had always
involved column chromatography of the crude material, and
as the benzylidene type compounds would not be expected
to be easily eluted they may not have been detected. To
test the postulate we heated cinnamaldehyde and tetrachloro-
anthranilic acid under reflux in ether for 24 hours. The
crude oil obtained after removal of solvent showed only
one peak in the infrared spectrum at 3400 cm._l; there was
no doublet present, assoclated with the primary amine of
tetrachloroanthranilic acid. When kept, the oil crystallised
amd was purified by recrystallisation from chloroform., It
was found impossible to obtain a 1H n.m.r. spectrum as the
material was not sufficiently Boluble in any of the usual_
solvents. The 1pfrared spectrum suggested that the coméound
was a dihydro-benzoxazin-l-one derivative (NH 3400 cm.'l,
C=0 17%0 cm.-l) and an accurate mass measurement of the M-l
ion, together with an elemental analysis, confirmed the
molecular formula. The behaviour of 5,6,7,B8-tetrachloro-
~2-styryl-1,2-dihydro=3,l-benzoxazin-4-one (XI) on thin layer
chromatography, where 1t remained on the base line
irrespective of which solvent was used to elute the plate,
explains why these dihydrobenzoxazin-l-ones were not isoclated
from the tetrachlorobenzyne reactlons.

A number of other carbonyl compounds were found to
react with tetrachlorcanthranilic acid, and are described

in section 3. One reaction does warrant mention here.

2x,



Tetrachlorcanthranilioc acid was added to a solution of phenyl-
propargyl aldehyde and J-methylbutyl nitrite in acetonitrile.
The only product obtained invelving phenylpropargyl aldehyde
was 5,6,7,8-tetrachloro-2-phenylpropargyl-l,2-dihydro-3,1-
benzoxazin-4-one (XII) which separated from the reaction
mixture overnight. Infrared spectroscopy showed the presence
of a primary amine (3400 cm.-l), an acetylene linkage {2240
cm.-l), and an ester carbonyl (1735 cm.-l);and the molecular
formula was confirmed from the mass spectrum and elemental
analyses. The yleld of adduct (XIY) was 36% which indicates
that the addition of tetrachloroanthranilic acid to the
aldehyde must be occurring rapldly.

As dihydro-j,l—benzoxazin;h—ones cquld not be isolated from
reactions involving aprotic diazotisation of tetrachlorcanthranilic
acid in the presence of aB-unsaturated aldehydes; we decided to
compare the ylelds of 5,6,7,B-tetrachloro-2-H-flaven when other
precursors were used to generate tetrachlorcbenzyne in the
presence of cinnamaldehydea. Tetrachlorobenzenediazonium«2«
carboxylate was t&o unstable to be of value, however 2«carboxy-
tetrachlorobenzenediazonium chloride (XIII)25 was easily
prepared, Tetrachloroanthranilic acid was converted to the
hydrochloride with dry hydrogen chloride in tetrahydrofuran,
and then diazotised below 0° with S-methylbutyl nitrite. The
diazonium chloride (XIII) was filtered off and washed well with
ether. It was kept wet with ether until required as it
decomposed verj slowly at room temperature to form tetrachloro-

benzyne, and_in a dry state was found to be easily detonated.
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Determination of the chloride lon content by titration
of the solid, suspended in aqueous solution, with standardised
silver nitrate was the only form of analysis we were able to
obtaln; due to the instability of the compound.

1-(2'-carboxyphenyl )-3,3-dimethyltriazene has reéently
been reported26 and the tetrachloro analogue appeared an
attractive precursor. We found that the diazontum chloride (XIIT)
could be converted to l-(2'-carboxytetrachlorophenyl)-3,3- -
dimethyltriazene (XIV) by slowly adding it to a cold aqueous
solution of dimethylamine. The triazene structure was confirmed
from the following data. Mass spectra and elemental analyses
confirmed the molecular formula of (XIV), and also that of the
methyl ester formed by treatment of (XIV) with ethereal diazomethane.
The i.r. spectrum of (XIV) showed an acid carbonyl (1705 cm."l),
and an ester carbonyl (1742 cm.-l) was found for the methylated-
product. The triazene (XIV) was stable at room temperature but
decomposed to tetrachlorobenzyne smoothly when heated under
reflux in p-xylene for 1 hr., giving a 60% yield of 1,4-dihydro-
2.10—dimethy1-5,6,7,B-tetrachloro-l,4-ethenonaphthalene?7
The diazonium chloride (XIII) when heated under reflux in
pxylene for 1 hr, gave T1¥ yield of adduct, Both compounds
were thus found to be satisfactorw'tetracﬁlorobenzyne precursors.

When 2-carboxytetrachlorobenzenediazonium chloride (XIII)
was thermally decomposgd in a refluxing chloroform solution -
containing cinnamaldehyde a 58% yield of 5,6,7,8-tetrachloro-
2-H-flaven was obtained. This increased yield, compared to 375

yield when aprotic diazotisatibn of tetrachlorocanthranilic acid
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wag used as precursor, aonﬁfméd our view that there was a
competing reactionfor the anthranilic acid.
1-(2'-carboxytetrachlorophenyl )-3,3-dimethyltriazene (XIV)
gave only a 354 yield of adduct (V) when 1t was decomposed by -
heating under reflux in tetrachloroethylene (b.p. 120°)
containing cirmamaldehyde. To attempt to lmprove this yield
we heated the triazene (XIV) under reflux in cinnamaldehyde
for 15 min.. No 5,6,7,8-tetrachloro-2-H-flaven (V) was found,
instead there was a 22% yield of compound (XV) which ran
faster on thin layer chromatography, but because of low

solubility, rrequired heating to 800 to obtain a lﬂ N.M.T.

spectrum in deuteriochloroform. The mass spectrum and elemental

analysis indicated that adducts (V) and (XV) were isomeric,
Hydrogenation of adduct (XV) over ﬁalladium on carbon catalyst
gave 5,6,7,8-tetrachloroflavan (X). The lH n.m.r. speetrum
contained a methine proton {7 4.47) coupled (J= 4.0 Hz.) to
methylene protons (7 6.47), and coﬁfirmed that the product was
5,6,7,8-tetrachloro~-4-H-flaven (XV) (scheme 7).

Subsequently we were able to show that the 2-H-flaven (V)
was isomerised to the 4~H-flaven (XV) if heated for 15 min. |

under reflux in cinnamaldehyde, however only a 50% recovery

68

was obtained. A simllar rearrangement of +this type was reported

during the course of this work. A substituted phenoxymagnesium
bromide when reacted with cinnamaldehyde gave a 2-H-flaven
which then rearranged to the 4-H-flaven in the presence of

excess of phenoxymagnesium bromide.

24,



We found that elutiom of the 2-H-flaven (V) with 1ight
petroleun from aotivated alumina (Brockman activity I) gave
an al.mos.t quantitative conversion to 5,6,_7,8-tetracl’;loro-li-
H-flaven (XV). To investigate this further 2~deuterio-5,6,7,8-
tetrachlﬁro-a—H-flaven was prepared (scheme 8).

Phenylmorpholine acetonitrile was prepared from benzalde-
hyde, morpholine perchliorate, and sodium cyanide, The formyl
proton was exchanged for a deuterium atom by treatment with
sodium hydride and quenching the reaction mixture with
deuterium oxide.69 The morpholinonitrile was hydrolysed to
return benzaldehyde deuterated at the formyleposition. A
mixed aldol condensation with acetaldehyde and fractional
distillation of the product gave}[% leinnamaldehyde containing
964 deuterium (by mass spectrometry). Treatment of this with
excess tetrachlorcbenzyne gave an oil which was eluted from
a short colum of activated alumina., Two products were
obtalned and were separated by preparative layer chromatography -
on silica to give ..5 ,0,7,8-tetrachloro~4-H-flaven (XV) containing
no deuterium, and 5,6,7,8-tetrachloro-2-[2ﬂ} flaven (XVI) cont-
aining 944 deuterium, Thié indicated that the rearrangement
was an inte:molecula: process, PFurther confirmation of this
was obtailned when 5,6,7,8~tetrachloro-2-H-flaven was eluted
through an alumina ccoclum which had been deactlvated with
deuterium oxide. A 19% incorporation of deuterium was found
in the 4-H-flaven obtained from the column, and the 2-H-flaven
(V) which had not rearranged was found to contain no deuterium

(by mass spectrometry).
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The T3 nui.r. of 5,6,7,8~tetrachloro~24?H]flaven (xv1)
was much simpler than that for the adduct (V). The AB quartet
for the gcis-f-substituted styrene system, which was no longer
part of an AB{ system, could now be analysed by first order
methods (scheme T).

The sugsested'ﬁrechanismul for the reaction which occurred
when tetrachlorcanthranilic acid was aprotically diazotised
in the presence of certain aldehydes is shown 1ln scheme 3.

An alternative formation of the benzoxetene intermediate may
be a stepwise mechanism, as suggested for the reaction of
benzenediazonium-2-carboxylate with dimethylformamide (scheme
4),60 Qf the precursors we had used to generate tetrachloro=-
benzyne both tetrachloroanthranilic acid and l-carboxy-2,3,4,5-
tetrachlorobenzenediazonium chloride (XIII), by analogy with

the unchlorinated pt'ecux's’.cn's.’-?0

may be expected to decompose
in a stepwise manner. The mode of decomposition of 1-(2'-
garboxybenzenediazonium)-3,3~dimethyltriazene (XIV) was
suggestedaé (scheme 9) as involving protonation of the tertiary
nitrogen to form a dipolar intermediate. This may then decompose
to form the benzenediazonium-2-carboxylate and hence benzyne.

The decomposition of (XIV) at 120° in the presence of

dimethylaniline was negl:tg:tb:l_,«a,7:L

the dimethylaniline belng
a stronger base than the triazene would, we presume, '
prefermtially abstract the 'carboxylio proton and so prevent
zwitterion formation.

We also examined the reaction of (XIII) with dimethyl~

aniline, At low temperature (300) the only product obtained
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by Ward25 was (4'<N,N-dimethylaminobenzens }-2~carboxy=3,4,5,6-
tetrachloroazobenzene. We added the diazonium chloride (XIII)
to dimethylaniline at 100° in minute quantities, as (XIII)
exploded on contact with the hot reaction solution; The only
product we obtained was the same as that found by Ward, no
tetrachlorobenzyne products could be detected (scheme 10).
Therefore, to test the mechanism of benzoxetene formation
we generated benzyne from three different precursors in the
présence of cinnamaldehyde. Anthranilic acla’t gave 2-H-flaven
in 15% yield, which was confirmed by elemental analysis, and
by comparison of the 1H n.m.r. spectrum with published spectral

data,?® 59,72

and also reduction to the crystalline flavan.
A 15% yileld of 2-H-flaven was also obtained when 1,2,3-benzo=-
thiadiazole-l,l-dioxide was used as the benzyne.precursor-

The mechanism of fragmentation of benzothiadiazole--l,l-dioxide18
almost certainly Involves the concerted loss of nitrogen and
sulphur dioxide., Diphenyliodonium—Eécarboxylate was also used,
as the mode of decomposition may involve an anionic intermedlate,
formed by ﬁhe initial loss of earbon dioxide.eo The yleld
however in the latter's case was only of the order of 6%.

This was most probably due to the high temperature required
(200°) to decompose the diphenyliodonium-2-carboxylate. The
compatible ylelds obtained in the above three reactions confirmed
in our minds that the reactions do involve benzynel5 and, by
analogy, tetrachlorobenzyne.

The mechanism suggested earlier (scheme 3) is supported

by our results using various af-unsaturated aldehydes.

29.



i

j —
; COOH
i
+ C02+N2+ MeQNH
Scheme 9
L |
+ .61 :
c N, - .
—F- NMe2
Cl COOH
Cl
XIII _ '
c1
C1
NN
\ / NM62
Cl COOH

Scheme 10

20



Alternative mechanisms, for example an initial 1,4-cyclo-
addition of tetrachlorobenzyne to the ap-unsaturated aldehyde
followed by migration to form the relevant 2-H-chromen seem

mosé-unlikely. To obtain final confirmation of the mechanism

we decided to use cimmamaldehyde labelled with l#c in the

formyl group. This would prove that an initial 1,2-addition
to form the benzoxetene and subsequent opening to an o~quinone
methide occurred, as the labelled carbon atom would be found
at position~l in the 2-H-flaven.

Before we could attempt a labelled synthesis of
5,6,7,8-tetrachloro~-2-H-flaven (V),it was necessary to obtain
a satisfactory degradation (scheme 11) (the asterisk indicates
the 140 atom). A large number of deg;adations of 2-H--f1avens73
and 2-H-chromens are reported in the literature, but & number
of trial experiments showed that none of these enabled us to
degrade the tetrachlorochromens to a derivative of tetrachloro-
salicylic acid in good yleld. For example, the oxidation of
tetrachloro-2-H-chromen by excess potassium permanganate in
acetoneTjd gave only a 1% yield of the chromandiol. Most of
the degradations described in the literature involved oxidation.
This 1s known to cause extensiéé decomposition of chromens which
are not disubstifuted at position -2; the intermediate
suggesteduja is the chromylium salt.

However, a modification of the previously reported74
hydrolytic ring opening of a 4-H-flaven to the corresponding
o-hydroxydihydrochalcone was found to be successful with the

compound (XV). A suspension of (XV) in acetic acid and
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hydrochloric aqid was heated under reflux until the initial
yellow colouration disappeared. A quantitative yield of
phenyl-2'-(2-hydroxy-3,4,5,6-tetrachlorophenyl }~ethyl ketone
(XVIII) was obtained which was methylated to give (XIX).

The structures of these two compounds were confirmed from
the fbllowingﬂdata. Mass spectra and elemental analyses
confirmed”their respective molecular formilae. The hydrogen
bonding between the phenolic hydrogen and the carbonyl group
of (XVIII) gave rise in the 1.r. spectrum to a low carbonyl
stretching frequency (1666 cm.-l), which in (XIX) appeared
at 1678 cm.-l, as would be expecfed for a phenyl alkyl ketone,
The lH n.m.r. spectrum of (XVIII) showed an exchangeable
proton (7° 1.1), five aromatic protons, and a multiplet
(76.35 - 6.95) of four protons. The hydrogen bonding
between the phenolic hydrogen and the carbonyl group may
cause the extra multiplicity of the methylene protons in the
alkyl side chain as free rotation would be restricted. With
(XIX) as there was no hydrogen bonding,the four protons

may have been expected folappear as two triplets; however
only a singlet (776.77) of four protons was seen.
Coincidentally the flelds experienced by the twolmethylene
groups must have been identical.

The 1H n.m.r. of the oxime (XX),obtained from the ketone
(XIX) by treatment with hydroxylamine hydrochloride and
pyridine, also showed a four proton singlet (77 7.0l). The
exchangeable oxime proton was seen at 7 -1.22, U.v., i.r.,

and mass spectra, together with an elemental analysis
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vonfirmed the structure of (XX). The oxime was found to exist
as only one of the isomers, namely g._r_lj_:_:!_._-phenyl-E'-'(E—methoxy-
3,4,5,6-tetrachlorophenyl) ethyl ketoxime, by an examination
of the products obtained from a Beckmann rearrangement and
subsequent hydrolysis.

Treatment of (XX) with a 4-molar excess of phosphorus
pentachloride in dry diethyl ether gave a mixture of two
producfs separable by preparative layer chromatography. The
less mobile product was N-phenyl-2- (2-metho:cy-3;1&,5,6-tetra-
chlorophenyl) ethylamide (XXI ),the expected amide for an
anti-oxime. The more mobile I;I;Oduct (XxX1T), was the 2-chloro-
derivative of (XXI). Mass spectra indicated their respective
molecular structures, and elemental apalysis confirmed that
of adduct (XXII). The amide stretching frequencies in the
i.r. spectra were noticeably different (XXI) {(C=0, 1646 cm.-l),
(xxII) (Cc=0, 1675 cm.-l) the 2-chlorine atom causing the shift
to higher frequency. The lI-I n.m.r. spectrum of the amide
(XXI) showed two multiplets each of 2 protons, which were not
possible to analyse by first order methods. In the lH n.m.r.
spectrum of the a-chloro-amide (XXII) the methine proton was
seen as a doublet of doubiets (7"5.67) (329.0 and 6.0 Hz.),
whilst the methylene protons were a muitiplet.

When the Beckmann rearrangement was carried out using a
fifteen-fold excess of phosphorus pentachloride only the
2-chloro-amide (XXII) was obtained, and crystallised in be'ttei-

than 90% yield from the hydrolysed reaction mixture. The
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mechanism of the chlorination is not lmown. The expected
chlorination by phosphorus pentachloride of the amide (XXI)
does not occur, and carefully controlled Beckmann rearrangements
of (XX) gave only (XXI), (XXII), or unreacted starting material,
Attempted chlorination of the oxime (XX) with, for example,
N-chlorosuccinimide was not succeszul;-no reaction occurred.
A choice of mechanisms appears possible, either an initial
chlorination occurs, the oxime of which rearranged spontanecously:
or an Intermediate in the rearrangement is chlorinated. We
have no evidence to prove or disprove either mechanism.

Hydrolysis of the amides ylelded respectively the acid
(XXIII) and a-chloro-acid (XXIV), and aniline was obtained -
in both cases. This was confirmed by the conversion to acetenilide.
The structure of 3'-(2-methoxy-3,%4,5,6-tetrachlorophenyl )-
propanoic acid (XAIIT) was confirmed from the following
information. The mass spectrum and elemental analysis indicated
the molecular formula, and the i.r. spectrum showed the presence
of an acid carbonyl (1710 cm.‘l) which was shifted to 1735 P
uﬁon methylation with ethereal diazomethane. The two methylene
signals of the aromatic side chain in the lH n.m.r. spectrum
appeared as multiplets, as had been found with the amide (XXI).
Oxidation of (JOXII) with alkaline potassium permanganate
did not give the salicylic acid derivative (XXVII), instead
l-methoxy-2,3,4,5-tetrachlorobenzene was obtained in 50%
yield., This method of degradation was thus of no use with

respect to confirming the poattion of -the 14c label.



The a-chloro-acid (XXIV) was not analysed, but the mass
spectrum indicated the correct molecular.weight and the 1.r.
spectrum showed the presence of an a-chloro-acid (C=0,

17%0 cm.'l); The lH n.m.r. gave, in this.casé, the expected
Sharp doublet (T 6.4k, 2H) and triplet (7 5.24, 1H) (J=7.0
Hz.). Treatment of (XXIV) with methanolic potassium hydroxide
gave the ciﬁnamic acid (XXV), in 987 yield from the amide (XXII).
Elemental analysis and mass spectrometry confirmed the -
molecular formula and the 1.r. spectrum indicated an af=
unsaturated acid{ C=0, 1700 cm.-l). The H n.m.r. showed

the presence of a trans-AB quartet (J 17.0 Hz., < 0.98),

a 3-proton singlet (76.21), and an exchangeable proton (7 2.4
2.7) as would be expected for (OXV).

To obtain 2-methoxy-3,4,5,6-tetrachlorocbenzoic acid
(XXVII) from (XXV) ozonolysis and oxidation of the molozonide
intermediate by performic acid was found to be satisfactory.
The acid was not analysed, but the 1.r., lH n.m,r., and mass
spectra were in agreement with the purposed structure.
Esterification with ethereal dilazomethane gave methyl-2-
methoxy-~3,4,5,6-tetrachlorobenzoate (XXVIIL); the structure
of which was confirmed from the i.r., lH n.m.r., arxl mass
spectra together with an elemental analysis. PFurther as
(XXVIII) was a key compound; it would be required to have the
same speclific activity as that of the 140 formyl labellgd
cinnamaldehyde starting material to prove our mechanism;

we synthesised 1t by an alternative route to confirm conclusively

the structure.
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Tetrachlorosslicylaldehyde, previously described, was used
and after methylation with ethereal dlazomethane was oxidised
by chromium III oxide in acetic acid. Further methylation gave
methleQ-methoxy;3,4,5,6a£etrachlorobenzoaté identical to
(XXVIII) by L1.r. spectroscopy.

We had now established a satisfactory degradative route
of the 2-H+flaven (V), and by optimisation and non-isolation
of many of the intermediates we were able to obtain a 67% yield
of the cinnamlc acld (XXV), and an overall yield to the o-
me thoxy-benzoate CXXViII) of 35%.

lﬁc Formyl labelled clnnamaldehyde was then prepared
(scheme 12). The stages which are now described briefly were
again optimised before thé.radioiabelling experiment was
undertaken. Acetiec acid containing Cl-luc] sodium acetate was
converted to acetamide61 and then to_acetonitrile,sl
Addition of 2«methyl~2,4%-pentane diol to an acidic solution
of the acetonitrile gave a dihydro-oxazine.75 Treatment of
the dihydro-oxazine with n-butyl lithium, followed by benz-
aldehyde has been shown76 to add the benzaldehyde to the methyl
group at pesition-2. Reduction of this adduct with sodium
borochydride at pH T gave a tetrahydro-oxazine, and this was
hydrolysed to form [l-luc]cinnamaldehyde. Steam distillatioh
from the reaction mixture gave a 6% overall yield of the aldehyde.

To confirm that the 1401abe1 was in the formyl position
a portion of the active cinnamaldehyde was coxidlsed to cinnamic
acid. After dilution the cimnamic acid was converted to di-

bromo-dihydrocinnamie acid, and thence to eis-ﬁ-bromostyrene77

which was shown to contain no activity (scheme 12).
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fhe reaction ?f tetrachlorabenzyne generated by aprotle
Aiazotisation‘gglgigg with the [1—140 }einnamaldehyde gave
(V), and this was degraded aS'describéd (scheme 11). The
specific activities of a number of intermediates were obtailned
and are recorded (table 2). As einnamaldehyde would be difficult
to obtain sufficiently pure for counting purposes the semi-
carbazone was formed; thils was the only derivative found to be
sufficiently soluble in the scintillation solution.

Table of Specific Aotivities of Intermediates

Acetic acid(a) . 2.64 X 1ogdis.min.'1mol.’1

Cinnamaldehyde Semicarbazone 2.53 ¥ 0.13 "

5,6,7,8-tetrachloro-2-H-flaven 2.76 * 0,13 "

(V)

5,6,7,8-tetrachloro-4-HEf1aven 2.73 t 0.13 i
o . - {xv) :

Phenyl-2'-(2-methoxy-3,4,5,6= 2.78 ¥ 0.13 "
tetrachlorophenyl )-ethyl
ketone (XX)
3'~(2-methoxy-3,4,5,6- 2.78 £ 0.13 "
tetrachlorophenyl }-propenoic
acid (XXV)
Me thyl-2-methoxy=3,%,5,6- 2.54 £ o,13 "

tetrachlorobenzoate (XXVIII)

(&) The specific activity of acetie acid is that calculated
from the dilution of the purchased [luluc] sodium acetate in
acetic acid.

Table 2

It can be seen from the table that the specific activities
of the varlous Intermediates are constant within experimental
error, and hence we feel confident that the mechanism proposed

.‘l.n:I.1:.‘I.a.1lyul is correct.
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One final question now remained to be énswered. The
1,2-cycloaddition of an aryne to the carbonyl function of an
af-unsaturated aldehyde cannot be considered as an allowed
thermal concerted process,ll unless some type of 2TMs +2 T a
cyclisation is envisaged. To explain the formation of a benz-
oxetene Intermedliate stepwlse mechanisms may be considered
(scheme 13). Nucleophilic attack by the carbonyl group would
lead to the dipolar specles (XXIX), the carbonium ion of
which is allylically stabilised (X0X). Cyclisation could then
oceur in tﬁo fashions, elther (XXTX) could ring close to
'give.the requiréd fenzoxatene, or the;e is the aftr&ctive
possibility of (XXX) cyclising to form (XXXI). We have
conclusively established that there are no 4-substituted
adducts of the type (0XXI) and hence we believe that this
stepwise mechanism is unlikely. Alternatively the aryne may
act as the nucleophile, and the intermediate dipolar species
{XXXIT) could then only cyclise to the benzoxetene, ‘There
are a small number of reportsl of nuclecphilic benzyne,
but in our situation where we have four chlorine atoms attached
to the arématic nucleus, nucleophiilic behaviour seems most
unlikely. |

A further mechanism may be considerea where a lone pair
of électrons on the carbonyl oxygen becomes involved in the

eyelisation (scheme 14).
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When a number of af-unsaturated ketcnes, for example styryle
methyl ketone and styryl-t-butyl ketone, were used as coreactants
for the trapping of tetrachlorobenzyne, no 2-H-chromen type
adducts were obtained. An examination of scale molecular models
indicates that the aldehyde function is able to approach the
aryne more closely than a ketone. The only expected type of
addition for a ketone would be a stepwise nucieophilic attack by
the ox&gen and this has been found with certaln simple ketones,
and is described in section 3. With the aldehyde, by using
the oxygen lone pair to attack the aryne {scheme 14) a
situation is set up such that the position ortho to attack
is electron rich and the carbonyl oxygen is electron deficient.
As the 77 cloud of the carbonyl bond migrates towards the
oxygen the Iinciplent carbonium ion, which would be expected
to be allylically stabllised, could then be attacked by the
electron rich aromatic site; *the hydrogen atom on the carbonyl
carbon élldwing the atom to bhe Qlose enough to the aromatic ring
to allow this Eyclisation. Thus an_extremely rapid stepwise
ring closure could occur to give the fequired benzoxetene.

The benzoxetene could theﬁ open thermally in a concertedll
fashioh to form the quinone methide and a six.electron electro=-

eyelic ring closure would yleld the 2-H-chromen product.
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EXPERIMENTAL

General Methods

Infrared spectra were determined using potassium bromlde
dises for solids; or solutions in chlorﬁform for liquids,
on Perkin-Elmer 237 or 257 grating spectrophotometeré. Ultra-
violet spectra for hexans sclutions, except where stated,
were determined in a Unicam SP800 spectrophotometer.

1H n.m.r. spectra were determined at 60 M Hz., except
where stated, for solutions in deuteriochloroform, using
@£QRethylsilane as Internal standard, with a Perkin-Elmer
R10 spectrometer. Mass spectra were determined with A.E.I.
MS9O and MS12 spectrometers. The observed molecular welights
of ‘adducts from tetrachlorobenzyne, as determined by mass
spectrometry, refér to the major molecular ion in the
isotoplc cluster.

Light petroleum (b.p. 60-80%), diethyl ether and benzene
were dried ovef sodium wire. Tetrahydrofuran was dried
initially over sodium wire, then distilled from lithium
aluminium hydride. Dimethylformamide was dried by heating
under reflux for five hours with calcium hydride. Acetone
was stored over aphydrous magnesium sulphate, and as such
was used as dry acetone., Organlc extracts from agueous
phases were dried over anhydrous magnesium sulphate unless
otherwise stated.

All compounds described are colourless solids,
unless otherwlse specified. Melting points are uncorrected _

and were determined on a Kofler hot stage.
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Preparative layer chromatography used silica (Merck
PFéSu) as support spread as 0.5 mm. layers on Im. x 20 cm.
plates.

Radicactive assays were determined by scintiilation
counting using a Beckman CPM 100 instrument. The efficiency
of counting was determined using [l-luc]hexadecane of

1

specific activity {1.73 x 10” dis. min." mg.'l) The

comﬁound.(gg. 0.5 mg.) was dissolved in dry dimethylformamide
(0.1 mL.) and scintillator solution (5 mi.) added and Ve
activity:determined. Scintillator solution was prepared

Sy dissolving 2,5-diphenyloxazole (1.9 g.) and dimethyl-
1,4-d1-2- (5-phenyloxazolyl )-benzene in toluens (500 ml.).

Preparation of Tetrachloroanthranilié'acid

Ammonia (20 ml., 0.88 ) was added to tetrachloro-
phthalic anhydride (28.5 g., 0.1 mol.) and the mixture
stirred vigorously for 30 sec., by which time most of the
solid had reacted. The reaction was then stopped by addition
to a solution of sulphuric acid (20 ml.) in ice/water (200
g.). The white precipitgte.whicﬁ fbrmed was filtered off
and wasped well w;th wéter befbre‘addipg to an alkaline
spiutioﬁ_pf sodium hypobromite. This wéﬁ prepared by
gddiﬁg broﬁine (8 ml., 0.15 mol.) to a cold Qolution of
sodium hydroxide (30 g., 0.75 moi.) in_wﬁter (ﬁOO mls)s
Aftef standing for 10 min. the solution was digested at
80° for 2 hr. When cool the red solution was flltered and
the filtrate acidified with hydrochloric gcid. Tetrachloro-

anthranilic acid came eut of solution and was extracted

"'"7.



into diethyl ether., The diethyl ether layer was filtered to
remove tetrachloro-o-phenylenediemine, washed with water,

and concentrated to leave a light brown solid. Crystallisation.
from methanol:water (4#il) gave tetrachlorcanthranilic acid

(25 ., 90%), 2s a pale amber solid m.p. 178-180°, (lit.23
mepe 1820).

Preparation of 2-Carboxy-3,%,5,6~tetrachlorobenzenediazonium

chloride (XIII)

Dry hydrogen chloride was passed through a stirred solution of
tetrachloroanthranilic acid (4.0 g.) in dry tetrahydrofuran
(60 ml.) until a precipitate formed ( about 1-1% hr.). The
suspension was then cooled to -10° and 3-methylbutyl nitrite
(4 ml.) added dropwise. After stirring for a further 15 min.
at ---100 the pale yellow preciplitate was filtered off and
washed well wilth ether, ensuring that the solid never became
dry.* The product was removed from the sinter whilst still
‘wet with dlethyl ether, and alr dried. This'gave-Q-carbozx-

3,4,5,6-tetréchlbrobenzenediazonium chloride (XIII)} (2.2 g.,

41%), an initially cream amporphous solid, which rapidly
dérkened.

.Deterﬁination of the éhloride ion'content by'titration
of an aqueous suspension of the compound (XTII) with
standardised silver nitrate solution gave Cl, 10.5%.

C7H'015Né02 requires €1 11.0%.

* The dry compound was found to DETONATE if heated or
scratched.
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Preparation of 1- (2'-carboxytetrachlorophenyl)—313-

dimethyltriazene (xTV)-

Dry hydrogen chloride was passed througl'i a.' soiution of
tetrachloroanthranilic acid (27.5 ., 0.1 mwol:) in dry
tetrahydromran (300 ml } for 2 hr. The suspension formed

was then cooled to -10 and j-methyibutyl nitrite (20 ml.)

was added. After stirring at -10 for 15 min. the precipitate
was filtered off and whilst still wet added in small portions
to a stirred solution of sodium carbonate (20 g.) in ice/water
(500 g.) containing dimethylamine (35 ml.). The mixture was
stirred for 1 hr. to dissolve all of the solid and then allowed
to warm to room temperaturé. The solution was acidified with
hydrochloric acid (5N) and extracted with diethyl ether

(3 x 100 ml.). The combined extracts were dried and concentrated

to give: 1-(2'~-carboxytetrachlorophenyl )«3,3-dimethyltriazene

(KIV) (14.8 g., 43.5%), m.p. 155-160° with decomposition (from

benzene:petrol, 5:1).

(Found: C, 32.75; H, 2.3: N, 12.6%; M {mass spectrometry]

331. H'ch'li 0 requires C, 32.65; H, 2.15; N, 12.7%;

M33)., T -2.70 (s, 1H), 6.45 (b.s., 3H), 6.74 (b.s., 3H).

V) max. 3300-2700, 1705, 1450, 1485, 1435, 1394, 1350,

1335, 1275, 1100, 812, 665 cm. ™
An excess of a solution of diazomethane in diethyl

ether was added to the compound (XIV) (465 mg.) in diethyl

ether,and gave on removal of.the solvent 1l- (2'-earboxymethyl-

tetrachlorophenyl )-3,3-dimethyltriazene (450 mg., 91%),
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Map. 88--89o (from light petroleum).
(Found: C, 34.75; H,2.7; N, 12.3%; M [mass spectrometry] 345.

10 9014N 0. requires C, 34.8; H, 2.6; N, 12.2;: M 345),

\Jnmx 2940-2900, 1742, 1465, 1420, 1364, 1320, 1235, 1225,

1104, 1083, 955, 860, 680 cm.™t

Reaction of Tetrachlorobenzyne with Cinnamaldehyde

Method I. A solution of tetrachlorcanthranilic acid
(10.0 g., 0.036 mol.) in diethyl ether (40 ml.) énd
dichloromethane (120 ml.) was added dropwise during 1 hr.
to a stirred solution of cinnamaldehyde (50 ml., 0.5 mol.)
and 3-methylbutyl nitrite (10 ml.) in dichloromethane
maintained at 40°., After stirring the reaction mixture
for a further & hr. at 403 removal of the solvents and
distillation of the residue under reduced pressure,to remove
excess c] nnamaldehyde, a red oll was obtained. An
examination 6f the oll by analytical thin layer chromatography
1ndicated that three ﬁroducts wares present. A comparison
with authentic samples showed that the two fast moving products
were 2,3 4 +D= tetrachlorophenyl-ethyl eth:er'sbr and

2,3,4,5-tetrachlorophenyl-(3'-methylbutyl ) etherod
Elution from a colum of silica with light petfoieum gave,

in order of decreasing R_ value: 2,3,4,5-tetrachlorophenyl-

f
ethyl ether (2.1 z., 23%), 2.3.4.5-tetrachlorophenyl-

(3 -methylbutyl) ether (1.0 g., 9”), and a pale yellow

oil which crystallised on standing. Recrystallisation from

1ight petroleum gave: 5,6,7,8~tetrachloro-2-H-flaven (V)

(4.0 ges 32¢4), m. p. 98-99° (from light petroleum).
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(Pound: C, 52.3; H, 2-35%§.ﬁ[masé spestrometry] 346.
Cy5HgCL0 requives C, 52.05} H, 2.35%; M 346).

A max, (MeOH) 234 (log) € 4,56), 238 (4.59), 247 (4.47),
282 (3.89), 289 (3.83), 327 (3.53), 335 (3.50) nm.
W pax, 2860, 1637, 1564, 1413, 1403, 1210, 1045, 884,

758, 705 em.”t

Method IT. A solufion of tétraehloroanthranilic acld
(2.13 g., 0,008 mol.) in dichloromethane (10 ml.) and
acetonitrile (30 ml.), and a solution of J-methylbutyl nitrite
(1 m., 0,009 mol,) in dichorome thane (10 m1.), were
added concurrently, during 15 min., to a stirred solution
of cimmamaldehyde (6.1 g., 0.004 mol.) in dichloromethane
(10 ml.), which was maintained at 40°., After a further 15
min., the solvents were removed to leave a red oil. Examination
of the oil by analytical thin layer chromatography indicated
the presence of one major product and a trace of a faster
moving compound, which was shown to be 2,3,4,5-tetrachlorophenyl-
(3'-methylbutyl) ether by comparison with an authiletic sample.
Elution from a colum of silica gave the adduet (V) (0.997 g.,
37.5%).

Method ITII. A solution of l-(2'fcarboxytetrachlorophenyl)-
3,3-dimethyltriazene (2.4 g,, 0.007 mol.) and ecinnamaldehyde -
(2.0 g., 0.015 mol.) in tetrachlorcethylene (30 ml.) was heated
under reflux for 1 hr. The solvent was removed by distillation
under reduced pressure to leave a red oll. Elution from a

column of silica gave adduet (V) (0.77 g., 35%).



Method IV. 2-Carboxy-3,4,5,6-tetrachlorobehzenediazontin
chloride (0.% ., 0.0012 mol.) was added to a solution of
cinnamaldehyde (1.0 g., 0.008 mol.) in chloroform (30 ml.).

The mixture was heated under reflux for 15 min., during which
time the solid went into solution. Removal of the solvent
left & red oil which was eluted from a colum of silica and
gave the adduct (V) (0.247 g., 58%).

The adduct (V) (165 mg.) was hydrogenatsd in ethanol
(20 “‘}mla) in the presence of a palladium on carbon catalyst
(io }ng., 1043) to give, after the removal of the catalyst

and solvent, 5,6,7,8-tetrachloroflavan (X} (164 mg., 974),

m.p. 121.122° (from methanol).

(Found: C, 51.8; H, 3.‘05;'5: M[mass spectrometry] 348.
°15ﬁ1o°14° required G, 51.7; H, 2.9; M 348).

Ym. 3050, 2980, 2940, 1540, 1499, 1404, 1315, 1187,
1015, 903, 833, T78, 758, 697 cm.™

Reaction of Tetrachlorocbenzyne with Acrolein

The procedure described for Method I was followed using
tetrachloroanthranilic acid (5.5 g., 0.02 mol.) and acrolein
(50 ml.) to give: 5,6,T,B-tetrachloro-e-ﬂ-chromgn () (17%),
65 m.p. 1500).

Adduct (I) was hydrogenated in ethanol in the presence of

m.Pe. 150° (from ethanol), (1it.
palladium on charcoal catalyst, to give after the removal

of the catalyst and solvent: §,6,7,8-tetrachlorochroman (VI),

M. Do 102° (from ethanol) (111:.65 m.p. 1020).
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Reaction of Tetrachlorobenzyne with Crotonaldehyde

The procedure described for Method I was followed using
tetrachloroanthranilic acid (5.5 g., 0.02 mol.) and crotonaldehyde
(50 ml.) to give: 5,6,7,8-tetrachloro~2~-methyl-2-H-chromen (II)
| (3455), mp. 56° (from ethanol), (114.%5 m.p. 56°).

‘Adduct (IT) was hydrogenéted in ethanol in the presence
of palladium on charcoal catalyst, to give after the removal
of the catalyst and solvent: 5,6,7,8-tetrachloro-2-methyl~

chroman (VII); m.p. 82° (from ethanol), (lit.65

m.p. 82°).
78 )

Freparation of 3,3-Dimethylacrolein.
Sodium (23 g., i.o mol.) was added in small portions to
lliquid ammonia (1,000 ml.) wﬁilst a stream of dry acetylene
was passed through. The addition rate was such that the
solution never became entirely blue. Dry acetone (64 g.,
1.1 mo;.) was then added slowly to the stirred ammonia sélution.
Acetylene was still passed through during the addition of
acetone and for a further 1 hr. The ammonla was allowed to
evaporate overnight and the residue hydrolysed with water and
then acidified with sulphuric acid (50%). The aqueous phase
was extracted with.diethyl ether and the combined ether extracts
were dried over anhydrous potassium carbonate. Concentration
left an oll which was distilled under reduced pressure to give
dimethyl ethynyl carbinol (49 g., 58%), b.p. 58-63" 140 mm.Hg.
(11t.79 b.p. 120 mm. Hg.). |
A mixture of acetic anhydride (12.2 g.) and ortho-
phosphoric acid (0.18 g.) was added to dimethyl ethynyl
carblnol stirred under nltrogen, which was warmed gently

to initiate the reaction and then maintained at 50o for 1 hr.
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The mixture was then added to a suspension of silver acetate
(0.1 g.) a..n;d sodium carbonate (0.5 &.) in .acetic écid (29.5 Bas
80%) and heated under reflux in a hitrogén atmosphere for 1 hr.
Aftér.codling, the mixture was poured into water (200 m1.) and
extracted with 1ight petroleum, The combined extracts we;e
washed with water, dried, and concentrated to leave 3,)-
¢1methylaerolein (2.6 g., 31%).

Reaction of Tetraehlorobenzyne with 3,3-dimethylacrolein

The précédure desceribed for Method I was followed using
tetrachloroanthranilic acid (5.5 g., 0.02 mol.) and 3,3~
dimethylacrolein (2.5 g.) and gave 5, ,7,8-tetrachloro-2 2w
| imegggl~2-H-chromen (III) (0. 65 e, ll%), m.p. 58-59°( from
4light petroleum).

(Fbund C, 4%, 2, H, 2.75%; M[mass spectrometfy] 208.
C19HgOlL,0 requires C, L4 .3, H, 2.7%: M 298).
Ama.x 210 (108105 4.17), 231 (4 53). 37 (4 56) 245 (4.36 ),
278 (3.92), 290 (3. 86), 328 (3. 50): 340 (3. 47) nm.

V oy, 2985, 2940, 1640, 1400, 1365, 1355, 1203, 1111, 883,
867, 79 em.™

Adduet (IIT) (37 mg.) was hydrogenated in ethanol
(15 ml.) in the presence of paliadium on carbon catalyst

(5 mg., 10%) to give after the removal of the catalyst and

solvent, 5,6,7,8-tetrachloro~2,2-dimethylchroman (VIII) (37 mz.,
95%), m.D. 104-105° (from ethanol). ‘

(Found: C, 43.89; H, 3.27%; M [mass spectrometry] 300.
c11H10014° requires C, 44.03; H, 3.36%; M 300).

'p — 2085, 2950, 1564, 1543, 1408, 1386, 1345, 1195, 1098,

-1
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Preparation of 2,3—Dimetw1acrolein.80

A mixture of acetaldehyde (22 g,, 0.5 mol.) and propanal
(29 g+, 0.5 mol.) was added dropwlse to a stirred solution of
sodium hydroxide (50 ml., 4%) maintained at 10°. The solution
was cooled to 0° and extractéd with ether. The combined extracts
were washed with water, dried, and concentrated to leave an oil
which was distilled to give 2,3-dimethylacrolein 8 g., 193 ),

80

b.p. 117-122° (11t. bepe 117-118°).

Reaction of Tetrachlorobenzyne with 2,3-Dimethylacrolein

The procedure described for Method I was followed using
tetrachloroanthranilic acid (5.5 g., 0.02 mol.) and 2,3-dimethyl-

acrolein (8.0 g,) and gave 5,6,7,8-tetrachloro~2,3~-dimethyl-

2-H-chromen (IV) (0.24 g., 49 ), m.p. 80-81° (£rom methanol:
benzene, 1l:1).

(Found: C, 44.3f H, 2.8%; M [mass spectrometry] 298.
Cy,HgCl,0 requires C, 44.3; H, 2.7%; M 298).

X max. 208 (los, & 4.20), 232 (4.51),238 (4.53), 246 (4.35),
261 (3.99), 202 (3.93), 326 (3.52), 336 (3.51) mm. |

2980, 1660, 1537, 1416, 1392, 1203, 1045, 845, 820,
-1

V nax,

T35, 660 em.
Adduct (IV) (101 mg.) was hydrogenated in ethanol (20 ml.)
in the presence of palladium on carbon catalyst to give after

the removal of the catalyst and solvent, 5.6.7.8-tetrachloro-

2,3-dimethylchroman (IX) (85 mg., 83%), m.p. 64-66° (from
methanol :benzene, 3:1).

(Found: C, 44.15; H, 3.45%; M [mass spectrometry] 300.

Cy4H; (€10 requires C, 44 .05; H, 3.35%; M 300).

Y max 2980, 2940, 1565, 1539, 1409, 1385, 1194, 1096, 1001,

886, 814, 788, 674 cm."*
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Preparation of tetrachlorosalicylaldehyde

A solution of tetrachloroanthfénilic acid (5.5 g., 0.02 mol.)
in dry dimethylformamide (25 ml.), and a solution of 3-methyl-
butyl nitrite (3.5 ml.) in dry dihefhylfbrmamide (il.S mi.),
were added concurréntly to dry dimethylformamide stirred aé
hOo. When the additions were complete the solution was
stirred for a further 30 mins. Removal of excess dimethyl-
formamlde by distillation undef réduced pressure left a red
oll which upoﬁ elution from a column of silica with benzene

gave tetrachlorosalicylaldehyde (1.% g., 25%), pale yellow

erystals, m.p. 178-180° (from diethyl ether).

(Found: C, 32.15; H, 0.8%. M [mass spectrometry] 260,
CTH,‘__,CII}O2 requires C, 32.4; H, 0.8%; M 260).

3 max, (MeOH) 241 (log, £ 3.81), 278 (3.70), 303 (3.28),

326 (3.28), 352 (3.14) nm,

Y max.(CH°13) 3200-2500 , 1653, 1600, 1587, 1413, 1390, 13T,
1280, 1270, 1187, 1000, 938 em."L

Preparation of 5,6,7,8-tetrachlorobenzo-2-pyrone

A solution of acetie anhydride (10 ml.) and trimethylamine
(4 ml.) containing tetrachlorosalicylaldehyde (1.1 g.) was
heated-under reflux for 3 hr. The cold solutlon was ;dded to
sodium bicarbonate solution (100 ml. 20%) and extracted with
diethyl ether (3 x 507ml.). The combined extracts were shaken
with hydrochloric acid (2 x 25 ml.), washed with water and
dried. Removal of the solvent left an oil which was purified
by preparative layer chromatography to give: 5,6,7,8-tetra-

chlorobenzo-2-pyrone (376 mg., 31%), Mm.p. 189--1900 (from
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benzene :1ight petroleuwn 1:1),

(Fourd: C, 38.15; H, 0.8%; M [mass spectrometry] 284.
CgHoCL)0, requires C, 38.05; H, 0.7%; M 284).

Y 2.64 (ABq. [ = 1.40 p.pum., J = 10.5 Hz.], 2H).
A mase, (MeCH) 232 (log, & 4.19), 291 (4.14), 333 (3.58_) nm,
\’nmx. 1790, 1762, 1750, 1715, 1613, 1565, 1393, 1377, 1226,
1180, 1102, 1012, 970, 890, 835, 755, 680 cm. *

Preparation of 5,6,7,8-tetrachloro-2,2-dimethylchromen (ITIL)

To a solution of methylmagnesium iodide, prepared by
the addition of a solution of methyl iodide (0.7 g.) in dry
diethyl ether (10 ml.) to magnesium (0.1 g.) stirred in dry
diethyl ether (10 ml.) under nitrogen, was added a solution of
5+6,T7,8«tetrachlorobenzo-2-pyrone (350 mg.) in dry benzene
(%0 ml.). After stirring for 1 hr. at room temperature the
solution wae heated under reflux for 30 min. When cool,
water (20 ml.) was added and the organic phase separated.
Removal of the solvent gave an oil which was dissolved in
methanol (20 ml.) containing hydrochloric acid (10 ml., 2N),
and heated under reflux for 3 hr. The solution was concehtrated
and extracted with chloroform (2 x 25 ml.). The combined
extracts were washed with water and dried to leave, on removal
of solvent, an oll which was purified by preparative layer
chromatography to give: 5,6,7,8+tetrachloro-2,2-dimethyl~2-H-
chromen (IIT) (60 mg., 14%),m.p. 58-59 (from light petroleum).
This was ldentical by i.r., u.v,., 1H n.m.r, and mass spectroxﬁetry
to the product obtained from the reaction of tetrachlorobenzyne

with 3,3-dimethylacrolein.



Reaction‘ofibtrachloroanthranilic acid witﬁlCinnaméldehyde

A solution of tetrachloroanthranilic adid (2.7 g., 0,01
mol.) and éinnamaldehyde (1.32 g., 0.01 moi.) in diethyl ether
was heated:under reflux for 24 hr. Removal of the solvent
left a red oii which crystallised. Recerystallisation from

benzene gave: 5,6,7,8-tetrachloro-2-styryl-1,2-dihydro~3,1l=-

benzoxazin-4-one (XT) (1.75 g., 45%), pale cream solid m.p.
175-177°.
(Found: C, 49.3; H, 2.4; N, 3.55%; M [mass spectrometry] 389.

Cy g 0,01, Tequives C, 49.4; H, 2.75; N, 3.6%; M 389).
(/e 385.9314, ¢y HoN O, Pe1,  requires Mlze 85,9311 ).
Y max, 300, 1735, 1580, 1455, 1400, 1330, 1250, 1215, 1200,
1145, 975, 860, 785, 680 cm._-l |

Attempted Diazotisation of Tetrachlorcanthranilic acid in the

presence of Phenylpropargylaldehyde.8l

A solution of tefrachloroanthranilic acid (5.5 g., 0,02
mol.) in acetonitrile (60 ml.) was added dropwise to a stirred
soiu%ion of acetonitrile (20 ﬁl.) containing phenylpropargyl-
aldehyde (7.0 g.) and j-methylbufyl nitrite maintained at 20°,
After the addition was complete stirring was continued for
& further 30 min. The solution, when cool, was filtered to
remove octachloroacridone (200 mg.) and concentrated to leave
an oil, which crystallised, and was recrystallised from
chloroform. Examination of the mother liquors by thin layer
chromatography indicated one product, which was found to be:
2,3,4 ,5-tetrachlorophenyl~ (3'~methylbutyl) ether by comparison

with an authentie sample. Recrystallisation from chloroform

-+
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gaves 5, 6,7,8=-tetrachloro-2-phenyl propaz&l‘-l ’ 2-dilg;£dro-3,l—'

benzoxazin-4~one (XII) 2.8 g., 36%), pale cream crystals

m.p. 180-182°,
(Found: C, 49.65; H, 1,7%; M{mass spectrometry] 387.
016H7014N 0, requives C, 49.65; H, 1.8%; M 387).

V e, 3400, 2240, 2190, 1725, 1550, 1490, 1465, 1400,
1364, 1275, 1215, 1140, 940, 815, 780, T50, 680 cm. ™

Decompes:!.tion of 2-Carboxy-3,4,5,6~-tetrachlorobenzene=~

diazonium chloride (XIII) in p-xylene

Compound (XIII) (1.2 g.) was sﬁspended in p_-x.:vlehe (20
ml.) and then heated to luoo-over % hr, and kept at this
temperature for a further * hr, during which time the solid
(XIIT) dissolved. Removal of the p-xylene under reduced
presst-xre left a pale amber solid which was taken up in light
petroluum. Elution from a short column of alumina gave-

Q—dihydro-e, O—dimethyl-s, ,T,S-tetra.chloro-l l&-ethenona.phthalene

(0.86 &., T%), m.p. 128-120° (11t. 77 128-1%°). Identical
by i.r. and 1H n.m.r. spectra to authentic spectre.. |

Decomposition of l-(2'~carboxytetrachlorophenyl )-3,3-

-dimethyltriazene (XIV) in Cinnamaldehyde 7

| Compound (XIV) (1.0 g.) was heated under reflux for 15 min.
Ina solution of cinnamaldehyde (5 0 g ) The excess
cinnamaldehyde wa.s nemoved under reduced pressure and the
residue was placed on a column of silica. Elu‘bion with light

petroleum gave 5,6 7,8-tetra.chloro-4-H-flaven (xv ) (0 Y g,

22%), mePs 184.186° (from chloroform)



(Found: C, 51.7: H, 2.55%; M [mass spectrometry] 346,
CyHg0 014 requires C, 52.1; H, 2.3%; M 346).
A max. (MeOH) 222 (103105 3.58), 250 (3.48), 247 (3.36?,
306 (2.22) nm. B
V .y, 2880, 1688, 1554, 1408, 1190, 1059, T84, 754, 748,
707, 684 emi™t
Adduct. (Xv) (67 mg.) was hydrogenated in_chloroform
(25 ml.) in the presence of palladium on carbon catalyst
(5 mg., 10%) and gave after the removal 'olf catalyst. and solvent,
5.6,7‘,8-tetrachlorbf1avan (x) (60 mZ., 86%), mepe 121-122°
(from methanol). Identical‘by i.r, and lH n.m.r. spectroscopy
with the reduced adduet of 5,6,7,8-tetrachloro-2~-H-flaven (V).

Decomposition of l-{2'-carboxytetrachlorophenyl )=3,3-

dimethyltriazene (XIV) in p-xylene

Compound (XIV) (500 mg.) was heated under reflux for 1 hr.
in p-xylene {20 ml.). Remové.l of the p-xylene by distillation
under reduced pressure left a light brown solid s which was
dissolved in light petrolewn.. Elution fr-;)m a short colum of
alumina gave: l,4%-dihydro-2,10-dimethyl-5,6,7,8-tetrachloro-
1,4-ethenonaphthalene (280 mg., 60%), m.p. 128-129° (14t.27
128-130° )» identical by i.r. and lH'n.m.r. spectra %o
authentlic spectra,

Rearrangement of 5,6,7,8-tetrachloro-2-H-flaver{ V)

Method A. A solution of the adduet (V) (235 mg.) in
einnamaldehyde (5 ml.) was heated under reflux for 5 min.

The solvent was removed under reduced pressure and the residue
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was placed on a eolumn of silica, Elution with light petroleum
gave the compound (XV) (115 mz., 50%).

Method B. Adduet (V) (200 mg.).was taken up in diethyl
ether (5 ml.) and placed on a colum of alumina (100 g.,
Brockman activity 1). Elution with light petroleum gave a
mixture of two products which were separated by preparative
layer chromatography to give:

(a) Rg 0.25 compound (XV) (160 mg., 80%), and
(b) Rp 0.7 unrearranged~adduct(V)(}# mg., 17%).

Preparation of [3-2HJCinnamaldehyde

(2) Phenylmorpholino [1—2H]acetonitrile.69 Sodium cyanide

(5.3 2., 0,11 mol.) in water (10 ml,) was added to a solution

of benzaldehyde (10;6 g4, 0.1 mol;) and morpholine perchlorate
(20.6 g., 0.11 mol.) in morpholine (100 ml.). The solution was
heated at 80o for lé-hr. When cool the solution was poured into
ice/water (500 ml.) and the precipitate separated by filtration.
Crystallisation from ether/light petroleum gave phenylmorpholino-
acetonitrile (16.1 g., 83%). The product (9.7 g., 0.05 mol.)

in dry dimethylformamide (150 ml.) was stirred with sodium
hydride (4.8 g., 0.1 mol.) under nitrogen at 50° for 2 hr.
Deuterium oxide was then added and the solution stirred at

room temperature for 20 min., and acidified with thionyl chloride.
Hydrochloric acid (200 ml., 2N) was then added and the aqueous
phase was extracted with 1,2-dichloroethane (3 x 100 mi.). The
combined extracts were dried over anhydrous sodium sulphﬁte and
concentrated to leave a solid which when crystallised from

ether/light petroleum gave: phenylmorpholino[l-2H]acetonitrile
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(7.7 8+, T9%) (containing 9T7% % by mass spectrometry).

(b) [l-eH]Eenzaldéhyde.69 Phenylmorpholino[l—EH]
acetonitrile (11.2 é., 0.25 mol,) was heated under reflux

in hydrochloric acid (300 ml,, 2N) for 1 hr. After cooling
to 10° the acidic phase was extracted with chloroform (3 x
100 mL.)}. ‘The combined extracts were dried and concentrated
to leave [1-2H]benzaldehyde (5.5 g., 93%).

(e) [3-2H]c1nnama1dehyde.82 Acetaldehyde (22 g., 0.5 mol,)

was added to a stirred‘aqueous solution of sodium hydroxidei
(100 ml., 1%) containing [l-°H]benzaldehyde (5.5 g., 0.052

mol, ) maintained &t 500. The mixture was stirred for 5 min.,
poured into Lce/water (200 ml.), and acidified with hydrochloric
acid (15 ml;, 2N )¢ The aqpeéus phase was extracted with
chloroform (3 x 50 ml.) and the combined extracts washed with
water (2 x 50 ml.) and dried, Removal of the solvent left a

red oil which was distilled under reduced pressure and gave
[3-“H]einnamaldehyde (1.5 g., 23%), b.p. 81-96° 2.5 mm.
(containing 96% 2H by mass spectrometry).

Reaction of Tetrachlorobenzyne with [3—2H101nnamaldehyde

The procedure as described for Method I was followed,and
the reaction was carried out using tetrachloroanthranilic acid
(5.5 g., 0.02 mol.) and [3-2H]cinnamaldehyde (1.5 g., 0.0lL
mol.) to give upon elution from an activated alumina column
(Eroékman grade I)

(a) 5,6,7,8-tetrachloro-4-H-flaven (XV} (50 mg., 1.33)

(containing no 2H by mass spectrometry)
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and (b) 5,6,7,8-tetraéhloro-{2-2H]flaveri (XVI) (200 mg., 5.2%)
(éontainins 4% %H by mass spectrometry) o
Adduet (XVI) was hydrogenated in ethanol in ‘the presence

'of pailadium on carbon catalyst, to give on‘ removal of

solvent and catalyst, 5;6;7,8-tefrachloro-[2H]f1avan (XvII)

(containing 94% & by mass spectrometry).

Rearrangement.of 5,6,7,8«tetrachloro-2-H-flaven (V) in

the presence of deuterium oxide

Alumina (100 g.) was dried at 200° for 3 days,cooled
to room temperature and shalen with deuterium oxide (0.5 ml.).
It was then heated to 450O for 3 hr. and again allowed to cool
to room temperature before adding deuterium oxide (1 ml.),
The alumina was shaken for 2 hr. to ensure complete mixiﬁg.
A solution of adduct (IV)} (250 mg.) in light petroleum was placed
on a colum of this alumina (100 g.}. Elution with light petroleum
and recrystallisation gave,
{a) adduct (XV) (158 mg., 63%), {containing 19% [4—2H] by
mass spectrometry and lH ﬁ.m.r.), and
(b) adduct (V) (85 mg., 34%), (containing no 2H by mass
‘spectrometry);

High temperature decomposition of 2-carboxy-3,4,5,6-tetrachioro=-

benzenediazonium chloride (XTII) in dimethylaniline.

Compound (XIIT)} (1.0 g.) was added in very small portions to

stifred dimethylaniline (15 g.) maintained at 100°. Each
addition was accompanied by a small explosion. When the
addlition was complete tﬁe excess of dimethylaniline was

remcved by distillation under reduced pressure to leave a red oil.
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The oil wag_tgken.up in sodium carbonate splution (100 ml.,

5%) and extracted with diethyl ether, (2 x 50 ml,), Examination
of the concentrated, comblned, organic extrécts by thiﬁ layer
chromatography indicated that there were none of the expected
tetrachlorobenzyne adducts. The aqueous phase was acidified
with hydrochloric acid (2N.) and extracted wifh benzene {3 x

25 ml.). The combined gxtfacts were dried and concentrated

to lea%e a réd oil which crystallised on trituration with ether
to give (4'-N,N-dimethylamino )-2-carboxy~-3,4,5,6~tetrachloroazo~
benzene (196 mg., 16%). The i.r. and 1H n.m.r. spectra trere
identical to those obtained at a lower temperature using
2,3,4,5-tetrachlorobenzenediazonium-z-carboxylate hydrochloride.25

Reaction of Benzyne with Cinnamaldehyde

Method I. A solution of anthranilie acid (6.65 g., 0.05 mol,)
in diethyl ether (40 ml.) and dichloromethane (80 ml.) was
added dropwise to a stirred solution of cinnamaldehyde (26.4 g.)
in dichloromethane (50 ml.) containing 3-methylbutyl nitrite
(8.5 ml,) which was maintained at 40° during 30 min. The
solution was stirred for a further 30 min., Removal of the
solvents left a red oll which was filtered through a deactivated
alumina coluwmn before elution from an activated alumina column
(Brockman activity I) to give a pale yellow oil. Purification
of the oll by preparative layer ch?omatography gave
2-H-flaven (1.2 g., 15%), oil
(Found: ¢, 88.2; H, 6.3%. ClSHlEO requires €, 86.5; H,5.88).
72.6 - 2,9 (m, 5H), 2.95 -~ 3,45 (m, 4H), 3.65 (@xa [ J

AB

= 9.0 HZ.], [ J = 1.0 HZ.], ZH), 4-2 - 1".5 (m, 2H),

AX
identical with the published spectrum.58
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Method IT. Diphenyliodonium-2-carboxylate (1.5 g.) was
heated under reflux in cinnamaldehyde (15 ml.) for 10 min.
When cool the solutlon ﬁas filtered through a column of
deactivated alumina. The oil obtained was examined by thin
layer chromatography and showed the presence of two products.
Separation by preparative layer chromatography gave:

(a) iodobenzene (0.47 g., 53%), and
(b) 2-H-flaven {52 mg., 5.7 %).

Method III. To é prereduced suspension of freshly
prepared palladium II oxide (0.5 g.)} in water (10 ml.)
was added a solution of o-nitrobenzenesulphinic acid (1.87 g.)
in water (50 ml.), adjusted to pH 9 with sodium hydroxide
(2N. ), and hydrogenated at atmospheric pressure. The catalyst
was femoved by filtration and sulphuric acid (16.5 ml., 2il.)
and glycerocl (23 ml.) were added to the filtrate., This
selution was then cooled to -15o before a saturated aqueous
solution of sodium niirite (0.57 g.) was added dropwise wiiile
keeping the temperature of the solution at -15o ¥ 30. The
time for addition was 5 min. and the reaction mixture was
stirred for a further 2 hr. at -150. 1,2,3~Benzothiadlazole~
1,1-dloxide was extracted with dlethyl ether (6 x 20 ml,)
keeping the temperature below -60. Aftérldrying the comﬁined
extracts over calcium chloride at -20° for 4 hr. cinnamaldehyde
(5 g.) was added and the solution allowed to warm to room
temperature. Removal of solvent left a red oil which was
eluted from an alumina column to give

2-H-flaven (0.28 g., 15%).
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2-H-flaven (1.03 g.) was hydrogenated in ethanol in the
presence of palladium on carbon catalyst (50 mg., 105), to
give after the removal of the solvent and catalyst, fiavan
(0.6% mg., 60%) m.p. 43-45° (116,57 m.p. 44-45°)
(Found: C, 85.8; H, 6.85%. G.H,,0 requires C, 85.7; H, G.T%).

Oxidation of 5,6,7,8-Tetrachloro=2-H-chromen {I) with

Potassium Permianganate

Potassium permanganate (0.81 g.) was added to a solution
of the adduct (I) (1.39 g.) in acetone (20 ml.) and water
(2 ml.) and stirred for 12 hr., at ambient temperature.
Excess sodium bisulphlte solution was added and the aqueous
rhase extracted with chlorofbrm (3 x 20 ml.). 'The combined
extracts were dried and concentrated to leave a pale yellow

oll which crystallised and gave 5,06,7,8-tetrachlorochroman-

3,4-dlol (100 mg. 1%), m.p. 174-175° (from acetone),
(Found: C, 35.65; H, 2.1%; M [mass spectrometry}‘BOM.
09H601403 requires C, 35.55; H, 2.0%; M 304).

T (0.M.8.0.) 4.4 (b.s., 1H), 5.7 (b.s., 1H),

5.2-5.3 (m, 1H), 5.75-6.2 (m, 3H).

Viax, 350-3050, 1570, 1550, 1415, 1185, 1055, 760 cm.”

Hydrolytic cleavage of 5,6,7,8-tetrachloro-2-H~flaven(XV)

1

5,6,7,8-Tetrachloro-2~-H-flaven {XV) (623 mg.) was a&ded
to a solution of acetic acid (20 ml.) containing hydrochloric
acid (5 ml.) and heated under reflux for 45 min. After this
time a homogeneous solution was obtained. Water (50 mi.)

was added to the cold solution and the aqueous phase was

extracted with chloroform (3 x 20 ml.). The combined
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extracts were concentrated, and the acetic acid removed by
azeotroﬁié distillation with benzene to leave a white solid.
Recrystallisation from benzene gave : Egégzéra'-(a-ggdrogx-
-3,4, 5,6-t§trachlorophenyl )-ethyl ketone, (XVIII).

(650 mg., 99%), m.p., 184-185°,

(Found: C, 49.55; H, 3.1%; M [mass spectrémetry] 360,

CusthC140p Teautres C, 49.5; H, 2.9%; M 364?.

“T'1.10 (s, 1H), 1.9-2.6 (m, 5H), 6.35-6.95 (m, 4H).
M nax.
299 (2.45), 318 (2.17) nm.

V oy, 3500, 3360-3060, 1666, 1597, 1448, 1390, 1175,
1 ,

(MeOH) 213 (Log , € 4.66), 241 (4.33), 290 (2.44),

956 cm,.

The compound (XVIII) (200 mg.) in diethyl ether (20 ml.)
and methanol (0,5 ml,) was methylated by the addition of an
excess of an ethereal solution of diazomethane, to glve after
the removal of solvent, phenyl-2'-(2-methoxy-3,4,5,6-

tetrachlorophenyl )=ethyl ketone (XIX) (196 mg., 94%), m.p.

84.85° (from methanol).

(Found: C, 50.8; H, 3.35%; M [mass spectrometry] 378.

Cp g €240, requires C, 50.85; H, 3.2%; M378).

7'1.9-2.6 (m, 5H), 6.14 (s, 3H), 6.77 (s, 4H).

A max. (MeOH) 214 (1og10 £ 3.62), 240 (3.30), 283 (2.15) nm.
Y max 2060, 2920, 2865, 1678, 1601, 1454, 1388, 1378, 1367,
1215, 1027, 746, 689 cm. - '

Reaction of the ketone (XIX) with hydroxylamine

The compound (XIX) (924 mg., 2.4% m mol.) was heated

in benzene (5 ml.) and ethanol (30 ml.) until it dissolved,
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and hydroxylaminehydrochloride (930 mg., 12 m mol.) and
pyridine (1.5 ml., 17 m mol.) was added. The solution was
heated under refiux for 10 min. The solution was concentrated

to one third of 1ts volume and set aside to crystallise.

Reerystallisation from chloroform gave: anti-phenyl-2'-

(E-methog-j,ll-,5,6-tetrachlorophe‘nyl)-ethyl ketoxime (XX)

(900 mBe sy 95%)1 MaPe 175"'17600

(Found: C, 49.0: H, 3.45; N, 3.5%, M [mass spectrometry]

393, CygHysCLN O, requires C, 48,9; H, 3.35; N, 3.55%; M 393).
T -1.22 (s, 1H), 2.1-2.6 (m, 5H), 6.11 (s, 34), T.01

(s, 4H).

M ax, (MeOH) 23¥(log, (€ 3.16), 239 (3.15), 293 (1.87? nm.
Vmax, 3950-3000, 29%0, 1453, 1445, 1380, 1345, 1023, 1011,

939, T6L, 687 em.™t

Peckman rearrangement of the oxime (XX)

Methed I. Phosphorus peﬁtachloride (1.0 g., 4.8 m.mol.)
was added to a solution of the oxime (XX) (490 mg., 1.25m
mol.) in dry diethyl ether and the mixture was heated under
reflﬁx for 1 hr. Water was then added and the diethyl
ethef layer separated, washed with water {10 ml.) and dried.
Examination of the oll remaining after removal of the solvent
by analytical thin layer chromatography indicated the presence
of two pfoducts, which were separated by preparative layer
chromatography and gave :

(2) R, 0.3 N-phenyl~l'-chloro~2'(2-methoxy-3,4,5,6-tctra~

chiorophenyl)-ethylamide (xXx1I) (229 mg., #3%), m.p.

156-161° (from benzene:light petroleum)
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(Found: €, 45.3; H, 2.75; N, 3.2%; M.[méss spectrometfy]‘#éé;
C16h1C150, requires C, 45,05; H, 2.6; N, 3 .3%L M 4?6)

T - 0.08 (s, 1H), 2.2=3.0 (m, 5H), 5.07 @xal & AB
= 9.0 Hz.], [ J ,u1 = 6.0 Hz.], 1H), 6.08 (s, 3H),

6.2-6.6 (m, 2H). | .

V pax, 3290, 2940, 2860, 1675, 1604, 1545, 1447, 1376,

1022, 902, 811, 758, 750, 708, 690 em,~t
and
(b) R. 0,05 N-phenyl2'.(2-methoxy-3,4,5,6~tetrachloro-~

£
phényl)-ethylamide (oCT) (275 mg., 56%), m.p, 211-212°,
(M [mass spectrometry] 393, Cy gHy oCLy N0, requires M 393?.
“T 0.2-0.4 (b.s., 1H), 2.2-3.0 (m, SH), 6.08 (s, ),
6.6-7.0 (m, 2H), T.2-T.6 (m, 2H). '
»}max. 3290, 2940, 2860, 1646, 1605, 1598, 1537, 1445,
1385, 1375, 1020, 1010, 808, 786, 753, 707, 688 em.™*

Method TI. The procedure described for Method I was
used with phosphorus pentachloride (3.0 g., 1.4 m mol,) and
the oxime (XX) (373 mg., 0.98 m mol.), and gave only thé
amide (XXII) (370 mg., 927%).

Attempted Reaction of the Amide (XXT) with Phosphorus

Pentachloride

Phosphorus pentachloride (20 mg.) and the amide (XXI)
were heated under reflux for 30 min. in dry diethyl ether.
Water (5 ml,) was added and the diethyl ether solution
separated, washed with waler, and dried. Removal of the
solvent left a white crystalline solid (20 mg.) identical

by i.r. spectroscopy with starting material.
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Hydrolysis of the Amide (XXT)

The amide (XXI) (300 mg;, 0.76Am mol.) was heated wder
reflux for 2 hr, in a solution of acetic acid (10 ml.) and
concentrated hydrochlorie acid {10 ml.). When cool the
solution was made alkaline by the addition of sodium carbonate
solution and extracted with chloroform (3 x 15 ml.). The
combined extracts were washed with water, drigd and concentrated
to leave an oil (50 mg.). The oll was warmed gently for
10 min. in a solutlon of diethyl ether (1 ml.) containing
acetic anhydride (1 ml.)., Purification of the product by
preparative layer chromatography gave acetanilide (30 mg.,

34%), m.p. and mixed m.p. 114°,  The 1.r. spectrum was also
ideﬁtical to that of an authentic sample.

The aqueous phase was then acidified with hydrochlorie
~acld (2N) and extracted with chloroform (3 x 25 ml.). The
combined extracts were washed with water, dried and concentrated

to glve: 3‘{2—methq£@€5,4,5,6-tetrachlorophenyl)-propanoic acid

(XAII) (120 mg., 50%) m.p. 160-163° (from benzene ).
(Found: C, 37.9; H; 2.3%: M [mass spectrometry] 318.
010H8014°3 requires C, 37.75; H, 2.55%; M 318).
“T(D.M.8.0.) 0.8-1.2 (b.s., 1H), 6.12 (s, 3H), 6.6-7.0
(m, 2H), 7.2-T.T (m, 2H).

yma.x
1225, 1028, 1008, 800, 790, T1T cm.

. 3300~2500, 2945, 2860, 1710, 1445, 1385, 1375, 1310,
1

The acid (XXIIT) was methylated In dlethyl ether with
an excess of an ethereal solution of diazomethane and gave after
the removal of solvent, methyl-3'-(2~-methoxy-3,4,5,6-
tetrachlorophenyl )propancate (XXVI) (58 mg., 99%), oil.
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T6.13 (s, 3H), 6.30 (s, 3H), 6.6-7.0 (m, 2H) T7.0-T7.7
(m, 2H).
V ax. 2945, 2855, 1735, 1448, 1438, 1375, 1172, 1030 em ™t

Oxidation of the Ester (XXVI)

The ester (XXVI) (62 mg.) was added to a solution of
potassium hydroxide (10 ml., 50%) containing potassium
permanganate (250 mg.) and heated under reflux for 2 hr.

The cold solutlion was acidified with hydrechlorie acid

(21) and extracted with chloroform (3 x 20 ml.). The combined
extfacts were dried and concentrated to leave an oill: l-methoxy-
2,3,4,5«tetrachlorobenzene (23 mg., 50%).65

T5.04 (s, 1H), 6,11 (s, 7H)

Vinax, 2950, 2855, 1575, 1427, 1355, 1046, 840, 830 cm.™

Hydrolysis of the Amide (XXIT)

The amide (XOXII) (300 mg;)'was heated under reflux in a
solution of acetic acid (20 ml.) and concentrated hydrochloric
acid (10 ml.) for 13 hr, The cold solution was neutralised with
a sclution of sodium hydrogen carbonate and extracted with
chloroform (3 x 10 ml.). The combined extracts were washed
with water, dried, and concentrated to leave aniline (45 mg.
70%), (1.r. spectrum identical with that of an authentic sample),
and-conversion to acetanilide (i.r. spectrum ldentical with
that of an authentic sample). The aqueous phase was acidified
wilth hydrochloric acid (EN)-and extracted with chloroform
(3 x 25 ml.). The combined extracts were washed with water,
dried, and concentrated to leave an oil: l'-chloro-3'«(2-

methoxy-3,4,5,6-tetrachlorophenyl Jpropancic acid (XXIv) (L¥img.,62%).
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T0.1-0.2 (busi, 1), 524 (¢ [ J = T.0 Hz.], 1H), 6.08

(s, 5H), 6.4 (@[ J = 7.0 Hz.], 2H).

Vv mAK. 3300-2500, 2945, 2860, 1740, 1555, 1538, 1445, 1432,

1376, 1300, 1208, 1195, 1023, 1011, 901, 806, 735, 708 cm.
The acid (XXIV) (90 mg.) was heated under reflux for

l'}g hr. in methanol (30 ml.) containing potassium hydroxide

(200 mg.). The cold solt;.tion was acidified with hydrochloric

acid (2N) and the concentrated s—olution was extracted with

chloroform (3 x 20 ml.). The combined extracts were washed,

dried, concentrated, and gave trans-3'-(2-methoxy-3,%4,5,6-

tetrachloropherwl)-;-propenoic acid (XXV) (78 mg., 98%), m.p.
205206 (from benzene ). ‘
(Found: C, 38.1; H, 2.0%; M [mass spectrometry] 316,
010H601403 requires C, 58.0; H, 1.9%; M 316).
T2.4-2,7 (bos. 1H), 2,77 (B a [ & = 0.98 p.p.m.,

J = 17.0 Hz.], 2H), 6.2 (s, 3H).
V pax, 3300-2800, 2940, 2860, 1700, 1664, 1630, 1600, 1540,
47, 1382, 1370, 1296, 1210, 1023, 982, 972, 05, T12, T50,
690 em.™t

Ozonolysis of olefinic acid (XXV)

onne enriched oxygen was passed for 5 min through a
solution of the compound (XXV)} (312 mg,) in methanol (25 ml.)
and chloroform (10 mi.), at o®. Removal of the solvents left
an oil which was taken up in formic acid (10 ml., 98%) and
hydrogen peroxide (5 ml., 100 vol.,) was added. The sc;lution

" was heated gently to initiate the reaction, then heated under
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reflux for 10 min. Water {10 #l.) was added to the cold solution
and the precipitate which formed was extracted into chloroform.
(3 x 20 ml.) The combined extracts were then extracted with
potassium hydroxide solution (2 x.30 ml., 5%)s The extracts
were combined and acidified with hydrochloric acid (2N), and
the precipitate again extracted into chloroform (3 x ééfml.).
The combined extracts were washed, dried and concentrated to
leave an ﬁff-white solid: 2-methoxy-3,4,5,6-tetrachlorobenzoic
acid (OVIT) (150 mg., 52%).
T5.1-3.7 (b.s., 1H), 6.05 (s, 3H).
V pax, 3500-3200, 2955, 2860, 1730, 1680, 1555, 1455, 1432,
1398, 1311, 1220, 1022, 974, 908, 801, 755, 668 cm,™

The acid (XXVII) (140 mg.) was methylated in diethyl ether
(5 ml.j by the addition of an excess of an éthereal solution

of diazomethane, and gave, after the removal of solvent,

methyl 2-methoxy-3,4,5,6-tetrachlorobenzoate (XXVIII) (141

mg., 95%), m.p. 88-90° (from light petroleum).
(Found: C, 35.45; H, 2.1%; M[mass. spectrometry] 304,

CgHlCLy0 requives C, 35.55; H, 2.0 M 204).

g 3
T 6.05 (s, 6H).

Vax, 2960, 2865, 1750, 1455, 1440, 1392, 1380, 1210, 11705

1024, 945, TT4, 720 om.”t

Preparation of the ester (XXVIII)
Tetrachlorosalicylaldehyde (400 mg.) was methylated by
the addition of ethereal dizazomethane to glve on rémoval of

solvent, 2-methoxy-3,4%,5,6-tetrachlorobenzaldehyde (8% mgz.,20%).
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“T0.21 (s, 1H), 6.21 (s, ZH):

Y ax, 2950, 2860, 1718, 1448, 1381, 1031, 1010, 980, 912, 880,
7750m.-l: chromium (III) oxide (200 mg.) in acetic acid (20

-'ml.) was added to a solution of the aldehyde in bénzene (20 ml.).
Aftér 30 min. water (50 ml.) was added and tﬁe aqueous phase

was extracte& with benzene k} % 20 ml.), The combined extracts
were conceéntrated and excess acetic acid was removed by
azeotroplc distiliation with benzene. The oil remaining was
taken up in diethyl ether {10 ml.) and methanol (OQS ml.) and
treated with an excess of an ethereal solution of dlazomethane.
Removal of the solvents gave an oll which was purified by
preparative layer chromatography and gave methyl-Zemethoxy-
3,4,5,6~tetrachlorobenzoate (10 mg., 11%), identical by i.r.
spactroscopy with the.ester (XXVIII) obtained from the
degradation of 5,6,7,8-te£rachloro~2-H-flaven {v).

Attempted Reaction of Tetrachlorobenzyne with Styryl-t-butyl

ketone.

A solution of tetrachlorocanthranilic acid (10 g.) in
diethyl ether (35 ml.) and dichloromethane (115 ml.) &as
added dropwise to a stirred solution of styryl-t-bu£y1 ketone
(20.8 g.) in dichloromethane (100 ml.) containing 3-methylbutyl
nitrite (11 ml.) which was maintained at 40°. The solution was
stirred for a further 30 min. ailter the addition was complete.
The solution was concentrated to leave a red oil which was
filtered through a column of deactivated alumina and then eluted
from a column of silica with light petroleum to give an oil.
This was crystallised from methanol and was shown to be 2,3,4%,5-

tetrachlorophenylethyl ether (1.6 g.) m.p. and mixed m.p.55—56°.
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Formation of [1a140]01nnama1dehyde.

Sodium acetate (0.5 m.Ci.) was taken up in acetic acid
(A.R.) (25 g.), and allowed to stand for two days., This solution

9

had theoretically a specific activity of 2.64 x 10 dis.min.-l

1 Urea (30 g.) was added to the acetic acid and the

mol.
mixture was heated in an air bath at a rate such that the
temperature rose étéﬁdily to 210o during 30 min. The reactlon
mixture was maintained at this temperature for a further 2 hr.,;
and allowed to cool to room temperature. The reflux condenser
was replaced by a short path air condenser and the product
distilled,and dried 1in vacuoc and gave acetamide, 22.2 g.,

(920%) {specific activity of this crude material 2.29 x 109

dts.min,”t mcl.-ll.
The acetamide was mixed with phosphorus pentoxide (56 g.)

in a 100 ml. long necked flask, Cautious‘heating applied with

a flame initiated the dehydration of the acetamide. The acetonitrile

distilled over as it formed and was collected in a cooled receiver,

When no more liquid came over water (5 ml.) was added to the

distillate, followed by potassium carbonate (10 g.) in small

portions. The upper acetonitrile layer was then separated and

added immediately to concentrated sulphuric acid (115 g.),

malntained below 0°. 2—Methyl-2,4-pentanedidl (4% g.) was then

added at such a rate as to ensure the temperature remained below

00; The solutlon was stirred at thils temperature for 30 min.,

then half neutralised by the additilon of sodium hydroxide solution

(100 ml., 40%). Unreacted organic material was extracted with

chloroform (3 x 50 ml.) and the aqueous phase was made alkaline

while keeping the temperature below Oo. The solution was then
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extracted with diethyl ether (3 x 100 ml.)‘aqd the combined
extracts washed with water (100 ml,) and dried over anhydrous
potassium carbonate., Removal df'the-sblvent and distillation
of the residue gave 2,4,4,6-tetramethyl-5,6-dihydro-1,3-oxazine .
10.7 g., (20% from acetamide) b.p. 55-60°, 3-4 mm, Hz.

The dihydro-l,3-oxazine (10.7 g.) was dissolved in dry
tetrahydrofuran (80 ml.) and cooled to -78°. n-Butyl lithium
(57 ml., 1.8 molar) was added slowly to the stirred solution
under'nitrogen. About 10 min. after the additlion was completed
a yellow precipltate was obtained, Benzaldehyde (20 g.) was
then added in dry tetrahydrofuran (25 ml.), to give a ciear
red solution, This was allowed to warm to room temperature
overnight when it was poured onto ice (100 g.) and brought to
pH 2 with hydrochloric acid (9N). The organic phase was
separated and the acidic phase further extracted with petrol
(2 x 100 ml.). The aqueous phase was made alkaline, keeplng
the temperature below 100, and extracted with diethyl ether
(3 x 100 ml.). The combined extracts were washed with water
(100 ml.) and dried over anhydrous potassium carbonate.
Removal of the solvent left an oil which was taken up in a
mixture of tetrahydrofuran (80 ml.) and ethanol (80 ml.),
and brought to pH7 with hydrochloric acid (9N). The soiution
was cooled to -40° and stirred with an efficient mechanical
stirrer, while a solution containing sodium borohydride (3 g.)
and sodium hydroxide solution (0.1 ml., #0%) in water (10 ml.)

was added slowly. During this stage pH was continually moniltored
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so that the solution was kept neutral by the addition of
hydrochloric acid (9N). After the addition of sodium borohydride
solution was completed the mixture was stirred for a further

30 min. before it was allowed to warm to room temperature.

The mixture was then made alkaline and extracted with diethyl
ether (3 x 100 ml.), the combined extracts were shaken with a
saturated sodium chloride solution (2 x 50 ml.) and then dried
over anhydrous potassium carbonate. Removal of the solvgnt

left a red oil (20.5 g.) which was added under nitrogen to a
boiling solution of oxalic acid (50 g.) in water (100 ml.).

The cinnamaldehyde which formed steam distilled and the distillate
was extracted with dlethyl ether (3 x 100 ml.)., The combined
extracts were dried over anhydrous magnesium sulphate and
concentrated under vacuum at room temperature to leave

[1_140]

¢innamaldehyde (3.3 g. 33% from dihydro-l,3-oxazine;
6% from acetlc acid).

Treatﬁent of [l-luc]cinnamaldehyde (103 mg.) in ethanol
(5 ml.) with a solution containing semicarbazide hydrochloride
(0.2 g.) and sodium acetate (0.25 gf) in water (5 ml,) gave
einnamaldehyde semicarbazone (103 mg. TO%) m.p. 208° érystallised
from the reaction solution. Three successive recrystallisations
from ethanol gave a material with a specific activity 2.065
ats.min,”t mo1,”t

A further sample of [l-luc]cinnamaldéhyde (145.5 mg. ) was
dlssolved in diethyl ether (10 ml.) and oxygen bubbled through
for 5 hr. The resultant mixture ﬁas allowed to stand for

10 days and then cinnamic acid (355 mg.) was added and the mixture
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erystallised from ether/petrol; The specific activity of the

8 dis.min.” "t mo1.”t. Reerystallisation

cinnamic acld was 2.58 x 10

gave a sample with specific activity 2.52 x lO8 dis;min.‘l mol.-l.
The cinnamic acid (500 mg.) was dispersed in gently refluxing

dry carboqketrachloride (30 ml:) and bromine (0.5 g.) in dry

carboqﬁetrachloride (10 ml,) added. After 1 hr, the-solutiOn

was allowed to cool and the.cr-ystals which formed colleected to

glive dibromo-dihydrocinnamic acid (710 mg., 68%). This compound

was dissolved in dry acetone (20 ml.) and heated under reflux

for 18 hr. with sodium hydrogen carbonate (0.6 g.). Removal

of the acetone followed by the addition of water tS mi,) and

 extraction with ether gave cls-P-bromostyrene., Purification of

the product by preparative layer chromatography gave cls«f«

4 1

bromostyrene with a specific activity of 6.8 x 10 d:i.s.m:Ln."l mol,.

which may be compared with the specific activity of cls-f-
bromostyrene {ex., Koch Light) 3.9 x lO4 dis.min.-l mol.-l.

Reaction of [1-140]01nnamaldehyde with Tetrachlorobenzyne and

Degradation of the Product (V).

[1~1uC]Cinnamaldehyde (Blg.) was dissolved in acetonitrile
(25 ml,) and stirred at %0-50°, while tetrachloroanthranilic
acid (10.0 g.) in acetonitrile (100 ml.) and 3-methylbutyl
nitrite (5.5 ml.) in acetonitrile (10 ml.) were added concurrently.
The resultant solution was sfirred oﬁernight. Removal of the
solvent left a red oil (12.8 g.) which was eluted from a column
of silica with light petroleum to give 5,6,7,8-tetrachloro-
2-H-flaven (V) (1 g., 17%), Three successive crystallisations

from petrol gave a material with specifle activity 2.70 x 109

78,
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dis.min.-l mol. .

The 2-H-flaven (V) was eluted in light petroleum through a
colum containing alumina which had been dried at iFSOo for 12 hr.
prior to use. The 5,6,7,B-tetrachloro-H-H-fléven obtained from the
colum was crystallised from acetone/petrol and had a speecific
activity of 2,71 x 109 dis.min,”t mor,”t Recrystallisation

9

gave a material with specific activity of 2.66 x 10 dis.min.-l

lmol.-l for two samples of the

mol.™  and 2.79 x 107 dis.min,”
same material.

A portion of 5,6,7,8-tetrachloro-4-H-flaven (XV) (352.2 mg. )
in acetic acid (20 ml,) and hydrochloric acld (5 hi.j was
heated under reflux for 5 min, After allowing the sélution
to cool to room temperature, water (20 ml,) was added, and
the white solid which formed was extracted into chloroform
.(3 x 25 ml.). Removal of the solvent and azeotropic
distillation with benzene left a white solid (XVIII) which was
dissolved in ether (30 ml,) and treated with an excess of
an ethereal solutlon of diazomethane. After 30 min. the solvent
was removed to leave an oil (XIX), which was dissolved in a
mixture of ethanol (15 ml.) and benzene (10 ml.). Hydroxylamine
hydrochloride (360 mg.) in ethanol (10 ml.) and pyridine (0.5
ml.) were added and the solution was heated under reflux for
10 min. The oxime (XX) crystallised from the solution and had
a specific activity of 2,78 dtsanin. T mo1.”t
The oxime (XX) (179 mg.) was warmed in a mixture of dry

diethyl ether (10 ml.) and dry benzene (10 ml.) until dissolved

9.



and phosphorus pentachloride (0.5 g.) was added and the mixture
was heated under reflux for 1.5 hr. Water (20 ml.) was then
added dropwise and the organic phase separated. The agquaous
layer was further extracted with ether (20 ml.) and the
combined organic phases dried and concentrated to leave an oil
(X0{1I) which crystallised on standing., This oil was dissolved
in acétic acid (20 ml.) and hydrochloric acid ( 5 ml.) was
added. The sclution was heated to reflux for 30 min.‘and kept
at 80o overnight to ensure éomplete hydrolysis of the amlde
(OII)., Water (50 ml.) was added to the cold solution and the
mixtu;e was extracted with chloroform (3 x 25 ml.). Removal
of the solvent and azeotropic distillation with benzene left a
pale yellow oll (XXIV) which was dissolved in methanol (50 ml.)
and potassium hydroxide (1 g.)s The solution was heated under
reflux for 1 hr., then concén£rated to about 10 ml. Dilute
hydrochloric acid (20 ml., 2N.) was added to the cold solution
and the mixture was extracted with chloroform (3 x 25 ml,)e The
combined exﬁfacts ﬁére ﬁashe& wifh water (25 m1.), drié&:éhd
concentrated to leave a white solid which was crystallised from
. dlethyl ether/iight petroleum, and gave the cinnamic acid
derivative (XXV) with a specific activity of 2.78 afs.min. tmol. T
A solution of this acid (120 mg.) in chloroform (20 ml.)
was treated with ozone for 10 min. at Oo and gave, on reﬁoval
of the solvent, a pale yellow oifl. This was dissolved in formic
acid (10 ml.); hydrogen peroxide (5 ml., 98%) was then added
and the solutlon was warmed to inltiate the ensulng exothermie

reaction. Water (50 ml.) was added to the cold solution and

8o,



thé mixture was ex%racted with chloroform (3 x 20 ml,) The
éoﬁbined chloroform extracts were then shaken with a solution
of sodium hydroxide (20 ml., 5% x2) and the aqueous phases
were separated; The combined alkaline solutions were then
acidifled with dilute hydrochloric acid and extracted with
chloroform (3 x 25 ml.). The combined chloroform extracts
were washed with water (20 mli); dried and concentrated to
leave an oil (93 mg.) (XkVII); The oil was dissolved in
dlethyl cther (20 ml.) and téeated with an excess of an ethereal
solution of diazomethane. After 36 rmin. the solvent was
removed and the product was purified by preparative layer
chromatography using benzene as eluant to give nethyl-2-
methoxy~tetrachlorobenzoate (XXVIII) (46 mg.), specific

9 1

activity 2.54 x 10 dis.min.-l mols .

81.



SECTION 2

Some Rearrangement Reactions of 5,6,7,8-

Tetrachloro-4-H-flaven



INTRODUCTION

In the previous section a successful degradation
of 5;6,7,8-tetra¢hloro-4-ﬁ-flaven was described. As
with most problems in chemlstry the answer was not
achieved immediately. In this section some of the
other attempted degradation reactions are described.

43

As has been previously mentioned - oxidation of

2-H-chromen systehs was known to be a poor method pf

cleaving the heteroecyclic ring system. We therefore

confined our atteﬁ%ion to a hydrolytic ring opening.

In order that, at a later stage, we could generate an
unsaturated centre a number of brominations were

attempted and it was these and hydrolysis of the

compounds that provided a number of interesting reactions.

8z,



DISCUSSION

The eduilibrium which exlsts between a ketal,hemiketal

and ketone is well established.S3

With 5,6,7,3-tetrachloro-~
4.H-flaven (XV) the addition of an alcohol across the vinyl
double bond should generate a ketal (XXXIII);84 alternatively
water would generate the hemiketal (XXXIV). In strong acld
elther of these should form the ketone (XVIII). Our initial
reaction involved heating adduct (XV) in methanolle hydrochloric
acld from which was obtained an 80% yield of the ketal (XXXIII,
R=Me) (scheme 1l). We were also able to show that treating the
ketone (XVIII) ﬁnder similar conditions gave a T8% yleld of
the ketal (XXiIII, R=Me ). When ethanol was used in place of
methanol a mixture of the ketal (XXXTITI, R=Et) and the ketone
(XVIII) was obtained. |

Acid catalysed ring closures of 2-(g—hydroxyphenyl)-ethyl
aryl ketones to form the hemiketals and subsequent dehydrations
to 4-H-flavens have been reported in the literature.85
However, we had hoped to force the equilibrium between the
open c¢hain form and c¢yclic hemiketal towards the open chain
form., As described in the previocus section hydrochlorie
acid in acetic acld was 1n fact found to give an almost
quantitative yleld of the dihydrochalcone (XVIII). Another
method of opening a %4-H-flaven to a phenolic dihydrochalcone

4P

derivative was describe using hydrogen peroxide in acetic
acid. This was found to form the ketone (XVIII) but only in

medlocre yleld.

83.



The structures of the ketals (XX{IIT R=Me and R=Et) were
established by elemental analysls and an examihation of their
i.r., lH n.m.r;, u.v. and mass spectra. The absence of a
carbonyl stretching frequency and also of a hydroxy function
indicated that the products were not in an open chain form and
thelr respective mass spectra show a similar deccmposition
pattern (scheme 2) which is in agreement with the proposed
structures,

We had, at this stage, an efficient method of opening the
4 H-flaven ring, and our thoughts turned to finding a method
of degrading the tetrachlorophenyl side chain. A bromine
atom elther in the « or B positioh to the carbonyl group of
the compound (XVIII) would provide a precursor to a chalcone
derivative, which could then be oxldised to a salicylic acid
derivative. The brominating agent which we chose to react
with compound (XV) was N-bromosuceinimide. It is known to

undergo either a homolytic dissoclation to free radicalsBG or

87 The

& heterolytic dissociation to give bromenium ions.
reaction most often observed with this reagent. and simple
olefinss6 is an allylic substitution of bromine by a free
radical mechanism. The presence of an electron releasing group
adJacent to the double bond should, however, increase the
tendency towards a polar mechanlsm with an electrophilic
reagent such as positive bromine. Dihydropyran, which may

be conéidered as a model compound for our system, has been

shown88 to react by a polar mechanism to give a T.6% yield
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of 3-bromo-5,6-dihydro-4-H-pyran. An adduct (XCXV) formed
batween the succlinimide and the brominated dihydropyran,'

was also obtained in 7% yield.

Br
0
0 N
0

XV

When- the reaction was carried out in ethanol a 58% yield
of 2-ethoxy-3-bromotetrahydropyran was isolated.88b We treated
the cbmpound (XV) with N-bromosuccihimide in chloroform as
solvent and obtained an almost quantitative yield of 5,6,7,8-
tetrachloro-E-ethoxy-}-bromoflavan_(XXXVI) (scheme 3). The
structure of this unexpected compound was obtained from the
following data. The mass spectrum and elemental analysis
confirmed the molecular formula, and the u.v, sSpectrum was
similar to that of the ketal (XXXIIT, R=Me). Analysis of the
lH n.m.r. spectrum by first ordér methods was possible; the
methylene protons were in different environments and the spectrum
obtained could be analysed as an AMX system with ( J =

gem.
18,0 Hz.,, J = 5,0 and 2.5 Hz.). Chemical evidence, which

vie.
wlll be presented later, confirmed. that the bromine atom was at
position-3.
We found no trace of an adduct betwsen the flavan and

succinimide; and when the reaction was attempted in dichloroethane

only starting material was recovered.
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The mechanism suggested {scheme 3) shows ag initial bromonium
ion, and we belleve that this intérmediate is attacked by
ethanol (present as a stabiliser in chloroform) to form the
product (JOXVI). The alternative mechanism which would
involve a carbonium ion at position-2 may be discounted as
apparently only one isomer is formed, on the basis of an
examination of the lH n.m.r. spectrum and the sharp melting
point of the product.

Scheme % also 1llustrates the reaction which ocecurred
when the 4-H-flaven (XV) was allowed to stand overnight in
a solution of chloroform containing bromine. The dibromoketal
(XXXVIII) could not be obtained from the bromoketal (XCOIVI)
under similar conditions. This leads us to speculate that after
an initial bromination of the double bond the system is thermally
unstable in favour of the unsaturated systém. In returning
to the unsaturated conjugated state the loss of hydrogen
bromide occurs more easily than loss of molecular bromine
and hence the intermediate (XXXVII) is formed. Attack on
this by electrophilic bromine woula generate a bromonlum
ion which may then be attacked by the ethanol present to
yleld the dibromoketal (XXXVIII). This should be stable under
these faintly aclid conditions. We confirmed that this
compound contained two bromine atoms by mass spectrometry
and elemental analysis gave the molecular formila. The u.v.
spectrum was similar to the other ketal spectra with

characteristic peaks at 289 and 299 nm., The lH NellieTs
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Spectruﬁ sﬁowed an AB quartét ( J = l7.d Hz., = 0;4 p.p.m;)
for the methylene protons. -
We also ohtained a high yleld of the dibromoketal (XXXVIIT)
when the ketone (XVIII) was allowed to stand in chloroform -
containing bromine, A possible mechanism for this reactlon may
be initial dibromination via encl ketohe tautomerism and
subsequent ring closure to the hemiketal and hence to the ketal,
We prefer to discount this mechanism in the light of the reaction
of the ketone (XVIII) with bromihe in acetic aqid.. The only
product we obtained was the a-bromoketone (IXL) (scheme 4) in
98% yield. No dibromination had oceurred as would be expected
if the above mechanism were correct. An alternative mechanism
involves the initial ring closure to the hemiketal (OOIV),
an equllibrium system is known to exist,gs arnd dehydration
of this would return us to the 4-H-flaven which could react
as exemplified in scheme %, We have no evidence that this
mechanism is operating other than analogy with the formation

of 4-H~flaven where sodium sulphate85a 85b

or acetic anhydride
will dehydrate the hemiketal intermediate.
The structure of the a-bromoketone (IXL) was established

from the following data. Elemental analysis and mass spectrometry
confirmed the molecular formula. The bromine atom was shown to
be o to the carbony grouprfrom an examination of the i.r. spectrum,
the carbonyl stretching frequency (1682 cm._l) has been shifted

to higher energy compared to the non-brominated ketone (XVIII)

(c=0, 1770 cm.'l). The 1H n.m.r. spectrum showed one



exchangeable proton in the aromatice reglon, es expected for the
phenolic proton, a two proton doublet (7T 6.31), and a me thine
triplet (T°4.38). This compound was uhstable and was found to
dehydrobrominate readily to form a dihydrobenzofuran derivative
(XL) (scheme 4). The formation of dihydrobénzofurans is well
43

documented in the literature, “° and a method often employed

has been an acid catalysed elimination of hydrogen bromide to

89 The tieatment of the ketone

effect the ring closure.
(XVIII)lwith bromine in acetic acld contalning hydrochloric acid,
or alternatively with hydrobromic acid in acetic acld, resulted

in the formation of the dihydrobenzofuran (XL). Hydrobromomic

acid in acetic acid was also found to react with the 4-H-flaven
(XV) to glve a mixture of the ketone (XVIIT) and the dihydro-
benzofuran (XL). There is sufficient free bromine in hydrobromic
acid to a-brominate the ketone (XVIII).

We established the structure of fhe dihydrobenzofuran (XL)
from the following data. Elemental analysis and the mass |
spectrum confirmed the molecular formula. The l.r. spectrum
showed a carbonyl absorption af 1687 cm.—l characteristic of
an aromatlc ketone, The lH n.m.r. spectrum was analysed by first
order methods. The methine proton at position-2 appeared as
two doublets (J = 8.0 Hz. and 10,0 Hz.) centred at T~ 3.90,
but the méthylene protons did not appe%r to be geminally
coupled, only two overlapping doublets were observed (7 6.31).

When the ketone (XVIII) was heated under reflux with bromine
in acetic anhydride containing deuterium chloride a T2% yleld
of the [2-2H]-dihydrobenzofUran (XLT) was obtained containing

98% [QH] by mass spectrometry. The Y nom.r. spectrum of this
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compound showed five aromatic protons and a singlet (776.33)
for the two protons at position-3. Further, spin-spin -
decoupling experiments on the lH NeMele spedtrum of the
dihydrobenzofuran (XL) showed that when the methine proton
was irradiated the methylene protons appeared as a singlet
and not a.geminally eoupled doublet,

That the dihydrobenzofuran (XL) is formed is further
confirmation that the position of bromination of #e ketone
(XVIII) 1= o to the carbonyl group. This argument may alsc
be extended to the position of bromination for the reaction
involving N-bromosuceinimide. When elther the a-bromoketone
(IXL.) or the bromoketal (XXXVI) were heated under reflux in
a solution of acetic anhydride containing concentrated hydrochloriec
acid high-yields of the dihydrobenzofuran (XL) were obtained.

Reduction of the dihydrobenzofuran (XL) with sodium
beréhydridee.gave the expected alcohol (XLII). |

In. the formation of the dihydrobenzofuran (XL)
the intermediate a-bromoketone (IXL) which we isolated,
was studled further (scheme 5). Methylation of the phenol
with diazomethane followed by treatmetitr with sodium borohydride
gave the alcohol (XLIV), whose molecular formula was confirmed
by accﬁrate mass measurement. The 1H nDeMer. Spectra of the
aleohol (XLIV) and the intermediate methoxyketone (XLIIT),
which could be isolated, could not be analysed by first
order methods. ‘The i.r..spectrum of the compound (XLIII)

showed a carbonyl absorption at 1690 czm."l which is
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higher than for the phenolic-a~bromoketone (IXL) ( C=0.
1682 cm.-l) indicating that there may be some hydrogen bonding
from the pﬁenol to the ketone.

The a-bromoketone (IXL) was also treated with sodium
boronh&dride in an attempt to form a phenolic alcohol (XLV).
The mass spectrum of the product shoﬁed that bromine was |
not present. Elemental analysis indicated that the molecular
formula was 015H1001402 and the i.r, spectrum confirmed that
the carbonyl functlon had been reduced to an dlcohol. The
lH n.n.rs could not be analysed by first order methods, but
was ldentical, as was the other data, with that obtained for
the alcohol (XLII). The ring closure of the a-bromoketone
(IXT,) to form the dihydrobenzofuran (XL) is obviously extremely
rapid under baslc conditions as well as in an acidic mediun.

Enol ketone tautomerlsm may be either base or acid

catalysed;s3

we found that o-bromination of the ketone
(XVIII) required the presence of acld. We treated the ketone
(XVIII) with a solution of acetic anhydride containing bromine
and obfained only the acetate (XIVI) in 95% yield (scheme 6),
the molecular formula of which was confirmed by mass spectfo-
metry and elemental analysis, and the 1.r. spectrum indicated
an ester carbonyl (C=0, 1770 em.”t) and an  aromatic ketone
(Cc=0, 1680 cm.-l). The “H n.m.r. speétrum showed a four
proton singlet (7" 6.84), which has been found with similar
compounds (XIX and XX) described in Section 1.

When the reaction was repeated and a small amount of
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dilute hydrochloric acid was present in the reaction sclution.
the a-bromoketo-acetate (XIVII) was obtained {scheme 6) together
with the dihydrobenzofuran (XL). As expected further treatment
6f the a-bromoketo-acetate wifh acetic acid containing hydro-
chloric acid did not give the dihydrobenzofuran (XL) and
unchanged starting material was recovered, The lH N.m.r,
spectrun of compound (XILVII) was analysed by first order

methods for an AMX system with ( J n = 15.0 Hz.,

ge

J = 800 Hz. and 6.0 HZ.).

vie,
Having examined in some detall the bromination of

the ketone (XVIII) and the subsequent cyclisation by loss

of hydrogen bromide we turned our attention te the dibromoketal

- (XOOVIII). This compound, when reacted with & solution of
acetic aﬁhydride and hydrochloric acld gave a poor yleld of
2-benzoyl-4,5,6,7-tetrachlorobenzofuran (XLVIII)., We

found however that by allowing the dihydrobenzofuran (XL)to
react in a solutlon of chloroform contalning bromine, a ﬁigh

yileld of the benzofuran was obtained (scheme 7).

The dibromoketal (XXXVIII) also reacted with methanolic
potassium hydroxide and we obtained the expected 2-H«flaven
(IL) (scheme 8). As there was now an unsaturated centre
present nucleophilic attack by the oxygen lone pair to
eliminate bromide te form a benzofuran should not ocecur,

We treated the 2-H-flaven (IL) under the usual acid in

acetlc anhydride conditicns and obtained a mixture of products,

the major one of which was 1solated and shown to be the hemiketal

o7.
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-

(L)(scheme 8). The other minor products were not identified,
As anticipated the benzofuran (XLVIII) was not formed, and
in thedbsence of this driving force the equilibrlium between
ketone and hemiketal can be seen to firmly favour the cyclilc
hemiketal form. |

None of these derivatives appeared to be useful inter-
mediates in the degradation of the ketone (XVIII) to a
salicylic acid deriva.ti#e 3 and as at this time the
degradation via the oxime (XX) was successful we left

this particular aspect of the wcn.:'k.
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EXPERIMENTAL

General Methbds

General methods are as described in section 1
(experimental ) with the following exception. U,v.
spectra are for methdnol solutions.

Reaction of 5,6,7,8-tetrachloro~d-H-flaven (XV) with

Methanolic Hydrochloric acid

A solution of the compound (XV) (825 mg.) in methanol
(20 ml.) and chloroform (50 ml.) containing cencentrated
hydrochloric acid (5 ml.) was héated under reflux for 1l hr,
The solution gave, after cooling, 5,6,7,8«tetrachloro-2-

me thoxy flavan (3CXXT, R=Me) (TL7 mg., 80%), m.p. 156-158°

(from acetone).,

{(Found: C, 50.9; H, 3.2%; M[mass spectrometry] 378.
T 2.25-2.75 (m, 3H), 6.98 (s, 3H), 6.9-8.5 (m, b4H).
X pax, 216 (log € 4.63), 228 (3.95), 290 (3.12), 299 (3.20) rm.,
\)max 2980, 2950, 2840, 1565, 1x45, 1452, 1428, 1400, 1355,

1325, 1270, 1250, 1200, 1175, 1150, 1058, lo4s, 1030, 1012,

930, 905, 880, 785, T75, T02 cm.™t

Reaction of the Compound (XV) with Ethanolic Hydrochloric acid

A solution of the compound (XV) (160 mg.) in ethanol
(20 ml.) and chloroform (30 ml.) containing concentrated

hydrochloric acid (2.5 ml.) was heated under reflux for 5 min.
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Water (10 ml.) was added to the cold solution, the chloroform
layer separated and the agueocus phase further extracted with
chloroform (2 x 10 ml.)., The combined extracts were washed
wilth water, dried and concentrated to leave an oil,which on
examination by thin layer chromatography showed the presence
of two products. Separation by preparative layer chroma-
tography gave:

(a) 5,6,7,8-tetrachloro-2-ethoxyflaven (XXIII,R-Et)

(46 mg., 26%), m.p. 124-125° (from benzene:light petroleum 1:1).
(Found: C, 52.2; H, 3.5%; M [mass spectrometry] 392,

017Hi4014°2 requires C, 52.05; H, 3.6%; M 392).

T2.25-2.75 (m, 5H), 6.53 (@[ J = 7.0 Hz.], 2H),

6.9 - 8.5 (m, 4H), 8.80 (t[ & = 7.0 Hz.l, 3H).

V pax. 2980, 2950, 1550, 1430, 1400, 1352, 1268, 1245, 1200,
1156, 1056, 1020, 970, 930, 885, T70, 705 om.™t

and (b) FPhenyl-2'-(2-hydroxy-3,4,5,6-tetrachlorophenyl )~ethyl

ketone'(XVIII) (40 mg., 23%).

Resction of the ketone (XVIIT) with Methanolie hydrochloric acid

A solution of the ketone (XVIII)l(BO mg.) in methanol
(20 ml.) and chloroform (5 ml.) containing concentrated hydrochloric
acid (5lml.) was heated under feflux for 15 min. Water (10 mi.)
was added to the cold solution aﬁd the chloroform layer separated.
The aqueous phase was further extracted with chloroform (2 x
10 ml.), The combined extracts were dried and concentrated
to leave.an oll which was purified by preparative layer
chromatography to give 5,6,7,8-tetrachloro-2-methoxyflavan
(XXXIII, R=Me) (40 mg., 78%).
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Reaction of the compound {XV) with Hydrogen péroxide

Hydrogen peroxide (0.5 ml., 30%) was added to a warm
solution of the compound (XV) in acetic acid (10 ml.) and
chloroform (5 ml.), and the solution was allowed to stand for
30 min. The solution was then neutralised by the cautious
addition of sodium hydroxide solution (2N.) and extracted
with chloroform (2 x 10 ml.), The combined extracts were
dried and concentrated to leave a solid which was crystallised
from benzene to give the ketone (XVIII) (56 mg., 21%).

Reaction of the Compound (XV) with N-bromosuccinimide

Method I. A solution of the compound (XV) (140 mg.)
in chloroform* containing N-bromosuccinimide (72 mg.) was
heated under reflux for 1 hr., When cool water (10 ml.)
was added, the chloroform layer separated, dried and
concentrated., Separation of the product from suceinimide
by preparative layer chromatography gave: 5,6,7,8-tetrachloro-

2-ethoxy-3-bromoflavan (XXXVI) (198 mg. 98%), m.p. 143-1440

(from light petroleum).
(Found: C, 43,25; H, 2.85%; Mlmass spectrometry] 470

G

T 2.2-2,7 (m, BH), 5.52 (AMX q [ J gy = 5.0 Hz., Jyn =

2.5 Hz},1H) 6.18 (AMX q [J . = 5.0 Hz., = 18.0 Hz.],

Ay zBr C1,0, requires C, 43,603 H, 2.75%; M 470).

M Jma

= 2.5 HZ.; J = 1800 HZ.], lH).

1,H), 6.60 (AMX q [ J AM

AX

* Chloroform contalns epproximately 5% ethanol to act as
a stabllising agent.
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A oy, 226 (10310(:‘ 4.31), 288 (2.78), 298 (2.89) nm.
Vimax., 2990, 1545, 1450, 1418, 1395, 1335, 1310, 1240,
1

1187, 1160, 1150, 1055, 1040, 1005, 940, 770, TOO em.

Reaction of the Compound (XV) with Bromine in chloroform

A solution of the compound (XV) (201 mg.) in chloroform *
(20‘ml.) containing bromine (1 ml.) was allowed to stand at
room temperature for 2% days. Rémoval of solvent and
azeotrople distillation with benzehe left a pale yellow solid.
Crystallisation from light petroleum gave: 5,6,7,8-tetrachloro-

2-ethogg-},j;dibromoflavan (XXXVIII) (310 mg., 94%), m.p.

173-174°,

(Found: C, 37.2; H, 2.15%; M lmass spectrometry] 548.

Oyt Br,C1)0, Tequires C, 37.45; H, 2.25 % M 548).

T 1.95 -2.65 (m, SH), 5.77 (ABq. [ T =17.0 Hz., & =
0.4 p.p.m.], 2H), 6,56 (¢ f & = 7.0 Hz.], 2H), 8.98

(t+ [ 7 =7.0Hz.], 3H).

)~ max, 222 (log; € #.17), 289 (3.12), 299 (3.18) nm.

V pax, 2990, 2950, 2900, 1550, 1450, 1420, 1390, 1303,
1245, 1198, 1130, 1100, 1080, 1032, 1010, 970, 958, 885,
874, 790, 765, 740, 720, T00, 675, 660 cm. ™™

Reactlon of the ketone (XVIII) with Bromine in Chloroform

A solution of the ketone (XVIII) (142 mg.) in chloroform *
(10 ml.) containing bromine (1 ml.) was allowed to stand at
room temperature for 16 hr., BRemoval of the solvent and

crystallisation from light petroleum gave the product (XXVIII)

* See footnote to page 103
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(210 mg., 95%).

Attempted Reaction of the Ketal (30O(VI) with Bromine in

Chloroform

A solution of the ketal (XXXXVI) (50 mz.) in chloroform
(20 ml.) containing bromine (0.5 ml;) was allowed to stand
at room temperature for 24 hr. Removal of the solvent gave
unchanged starting material (48 mz.).

Reaction of the Ketone (XVIII) with Bromine in Acetic acid

A solution of the ketone (XVIII) (103 mg.) in acetic
acid (3 ml.) containing bromine (1 ml,) was allowed to stand at
room temperéture for 15 hr. Removal of the acetic acid by
azeotrople distillation with benzene left an oil which, after
crystallisation from light petroleum/diethyl ether gave :
phenyl-1'-bromo-2'-(2-hydroxy-3,4,5,6-tetrachlorophenyl )-ethyl
ketone (IXL) (120 mg., 98%) m.p. 152-153 .
(M [mass spectrometry] 442. Cl5H9Br C1,0 requires M 4429,
T 1.9 - 2.6 {m, 6H [one exchangeable by D20]), 438 (¢, [ T =
7.0 Hz.], 1H), 6.3L (@, [ J = 7.0 Hz.], 2H).
A o, 217 (log o € 4.76), 240 (438), 295 (3.63), 304
(3.65) nm.
V ax, 3450-3350, 1682, 1598, 1565, 1450, 1417, 1390, 1290,
1170, 984, 907, 835, T4, T20, 700, 680, 655 om.™

Reaction of the Ketone (XVIII) with Bromine in the presence

of Mineral acid

Method I. A solutfon of the ketore (XVIII) (50 mg.),
bromine (0.5 ml.) and concentrated hydrochloric acid (5 ml.)
in acetic acid (5 ml.) was heated under reflux for 2 min., pourcd
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onto tce (20 g.),and extracted with chloroform (3 x 10 ml.).
The comblned extracts werg washad with water, dried and
concentrated to leave an oll which was purified by preparative
layer chrométography and gave: 2-benzoxl-4,5,6,7-tetrach10ro-

2,3-dihydrobenzofuran (XL) (36 mg., T33), m.p. 145-146° (from

light petroleum:diethyl ether, 3:1).
(Found: C, 49.9; H, 2.25%; M [mass spectrometry] 362,
ClsHBCluoe requires C, 49.75; H, 2.25%; M 362).
T 1.7-2.6 {m, 5H), 3.90 (d xd) [ & =8.0Hz., J =10.0
Hz,l, 1H), 6.3 d[ J =8.0Hz.], 634 @[ J = 10.0
Hz.], lﬁ).
N .. 225 (log (€ h.24), 281 (4.24), 29% (3.55), 304 (358) mm,
\)max' 1687, 1600, 1450, 1417, 1390, 1255, 1235, 1175, 1015,
984, 915, 785, 687 om.”™t

Method IT. A solution of the ketone (XVIII) (73 mg.) in
acetlc acid (10 ml.) containing hydrobromic acid (5 ml., 48%3)
was heated under reflux for 15 min. Work up as Iin Method T éave

the dihydrobenzofuran (XL) (24 mg., 35%).

Reaction of the Compound (XV) with Hydrobromic acid in Acetic acid

The procedure was as in Method II using the compound (XV)
(180 mg.) and gave two products:
(a) the ketone (XVIII) (130 mg., G4%), and

(b) the dihydrobenzofuran (XL) (4% mg., 22%).
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Reaction of the a-Bromoketone (IXT,) with Hydrochloric aecid

in Acetic Anhydride

Concentrated hydrechloric acid (5 ml, ) was added dropwise
to a solution of the a-bromoketone (IXL) (28 mg.) in acetic
anhydride (5 ml.) and the solution heated under reflux for
2 min,, poured onto ice (20 g.), and extracted with chloroform
(3x10m.). The combined extracte were washed with water
and dried: Azeotropic distillation with benzene left an oll
which was erystallised from 1ight pétroleum/diethyl ether to |

give the dihydrobenzofuran {(xr) (21 mg., 93%).

Reaction of the Bromoketal (XOOWVI) with Hydrochloriec acid

in Acetic Anhydride

The procedure was as described above using the ketal
(oxvI) (218 mg.), and gave the dihydrobenzomran (XL) (176 mg.,
90%).

Reaction of the Ketone (XVIIT) with Bromine in the presence of

Deuterium Chloride

rhe procedure wasras described above using the ketone
(XviIr) (126 mg.) and deuterium chloride (1.8 ml., 20% in
D20) and gave 2-benzoy1-[2-2H]-4,5,6,7-tetrachloro-2,3~
dihydrobenzofuran (XII), (87 mg., 72%) [2H = 98% by mass
spectrometry] .
T°1.85-2.6 (m, 5H), 6.33 (b.s., 2H).

Reduction of the Dihydrobenzofuran (XL) with Sodium Borohydride

A solution of sodium borohydride (90 mg.) in sodium hydroxide
(5 m.., 2\1) was added to a solution of the dihydrobenzofuran (J(I.)

(150 mg. in warm methanol (50 ml. ) The solution was allowed
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to stand at room temperature for 3 hr, before neutralisation
with hydrochloric acid (2N). The solution was extracted
with chloroform {2 x 20 ml.) and the combined extracts washed

"with water, dried and concentrated to leave an oll, which was
purified by preparative layer chromatography and gave :

2-(4,5,6,T-tetrachloro~2,3-dihydrobenzofuryl )phenylearbinol

(XLII) (67 mg., 44%), m.p. 133-234° (from light petroleums:
diethyl ether 5:1). -
(Found: C, 49.25; H, 2.8%; M [mass spectrometry] 364.
01531001402 requires C, 49.5; H, 2.8%; M 364).

T 2.62 (s, 5H) 4.7-5.3 (m, 2H), 6.92 (@ [ J = 8.5 Hz.], 2H),
7.10 (bes., 1H [exchangeable with DEOI).

N o, 216 (1og £ 4.47),239 (4.34), 28L (3.03) nm.

\/max 3300-3000, 1593, 1422, 1388, 1180, 1050, 1025, 988,

855, 830, 785, 750, 69% cm,™t

Preparation of l-Phenyl-2-bromo~3-(2'-hydroxy-3',4.5,6"'~

tetrachlorophenyl. )-1-propanol (XTLIV)

An excess of an ethereal solution of diazomethane was
added to a solution of the a-bromoketone (IXL) (188 mg.) in
diethyl ether (10 ml.) and methanol (0.5 ml.). Removal of
the solvents left an oil which was corystallised from light
petroleun/diethyl ether and gave the methoxy derivative
(XLITT) (199 ng. 89%) m.p. 105-106°.

T71.9-2,6 (m, 5H), 4.35 (ABX q [ J J = 8.0 Hz.],

ax ¥ o9 mx
1H), 5.9-6,5 (m, 2H), 6.10 (s, 3H).
)\max. 216 (log,,, € 4,68), 240 (%4.27), 294 (3.54), 303

(3.53) nm,
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AV} max. 1690, 1600, 1453, 1420, 1390, 1235, 1175, 1015, 985,
910, 785, 690 cm.™

Sodium borohydride (400 mg.) was added to a solution
of compound (XLIII) (650 mg.) in éhloroform (10 ml,) and
methancl (20 ml.). After 30 min. the solutién was neutralised
by the careful addition of sulphuric acid (2N) and extracted
with chloroform (3 x 30 ml.), The combined extracts were
washed with water, dried, and concentrated to leave an oil
which was purified by preparative layer chromatography and gave:

1-phenyl~-2-bromo-3-(2"-hydroxy-3*,4',5",6'~tetrachlorophenyl )-1~-

propanol (XLIV) (200 mg., 31%) m.p. 88-89° (from light petréleum :
diethyl ether 2:1).

(Found M/ e 455.8863. Cl6H1379Br3501402 requires

e 155.8853).

T 2.66 (s, 5H), 4.8-5.45 (m, 2H), 6.28 (s, 3H), 6.5 - T.l

(m, 2H), 7.0 (b.s., 1H [exchangeéble by DEO])’

V max. (CH013) 3600-3500, 1595, 1450, 1420, 1375, 1170, 1016,

985, 905, 695 cm. -

Attempted Reduction of the a-Bromoketone (IXL) with Sodium

Borohydride

Sodium borohydride (6 mg.) was added to a solution of the
a~bromoketone (IXL) (130 mg.) in methanol (10 ml.) and
thé solution was allowed to stand at room temperature for
15 min., The solution was neutralised by the careful addition
of hydrochloric acid (0.1N) and concentrated before éxtracting
with chloroform (2 x 10 ml.). The combined extracts were

washed with water, dried, and concentrated to leave an oil
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which was purified by thin layer chromatography and gave the
compound (XLIT) (50 mg., 38%), m.p. 133-134° (from light
petroleun, diethyl ether). |

(Found: C, 49.7; H, 2.8% M [mass spectrometry] 364.

Cy 5t oCly0p Tequires C, 49.55 H, 2.75% M 364),

]H NdMule, V., and L.r. spectra ldentdcal to that of éompound
(XLII) derived from the dihydrobenzofuran (XL). “

Reaction of the Ketone (XVIII) with Bromine in Acetic Anhydride

A solution of the ketone (XvIII) (57 mg.) in acetic
anhydride (2 mil.) containing brominer(o.l ml.) was swirled at
room temperature for 10 min. Removal of the co-reactants by
azeotropic distillation with benzene left an oll which, upon
erystallisation from light petroleum, gave : phenyl-2'-(2-

acetoxy-3,4,5,6-tetrachlorophenyl )-e thyl ketone (XLVI)

(60 mg., 95%) m.p. 104-;060.

(Found: C, 50.35; H, 3.2% M [mass spectrometry] 406.
CyHy5CL,05 requires C, 50.3; H, 3.0%; M 406). |

T 1.95-2.6 (m, 5H), 6.84 (s, M), 7.66 (s, 3H).

V pax, 1770, 1680, 1600, 1449, 1392, 1370, 1208, 1271, 1018,
878, 748, ThO, 683 cm.”

Reaction of the Ketone (XVIII) with Bromine in Acetic Anhydride

contalning Hydrochioric acid

Hydfochloric acid (1 ml., 20%) was added to a solution
of the ketone (XVIII)} (127 mg.) in acetic anhydride (2 ml.)
econtaining bromine (0.1 ml.)} and the solution waé heated uﬁder
reflux for 2 min. before fce/water (L0 ml,) was added. The

aquéous mixture was extracted with chloroform (3 x 10 ml,) and
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the combined extracts were washed with water and concentrated,
After azeotrople distillation with benzene the o0il which was
left was separated inte two major products by preparative
layer chromatography, and éave in order of decreasing Rf value:

(a) Phenyl-1'-bromo-2'-(2-acetoxy-3,4,5,6-tetrachlorophenyl )~

ethyl ketone (XIVIT) (67 mg., 39%), m.p. 89-90° (from light

petroleun).
(Found: C, 42.65;H,2.45%; M [mass spectrometry] 484,
Gy Br C1,05 requires C, 42.1; H, 2.33%; M 484).

T1.9-2,65 (m, 5H), 4.49 (AMX . [ J = 8.0 Hz., J

XM XA

= 8.0 HZ.; J .= 6.0 HZ.,

= 6.0 Hz.], 1H), 6.37 (AMX o.[ J X

MX

J = 15.0 Hz.], 2H), 7.60 (s, 2H).

AM
V pax, 1787, 1693, 1600, 1450, 1435, 1392, 1379, 1358, 1306,
1230, 1198, 1155, 1013, 948, 862, 826, 763, 720, 680 emet and
(b) The dihydrobenzofuran (XL) (20 mg., 15%).

Reaction of the Dibromoketal (XXXVIII) with Hydrochloric

gcid in Acetic Anhydride

Concentrated hydrochloric acid (2 ml.) was added to a
solution of the dibromoketal (XOIVIII) (120 mg.) in acetic
anhydride (2 ml.) and the mixture was heated under reflux
for 30 min. Water (10 ml.) was added to the cold solution
which was then extracted with chloroform (2 x 10 ml.). The
combined extracts were washed with water, dried, and concentrated
to leave an oll which was shown to contaln two compounds by
thin layer chromatography. Separation by preparative layer

chromatography gave, in order of decreasing Rf :

(a) 2-benzoyl-4,5,6,7-tetrachlorcbenzofuran (XLVIII) (17 mg.,

22%) m.p. 141-143° (from ethanol).
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(Fbﬁnd: ¢, 50.8; H, 1.85%; M [mass spectrometry] 360.

€4 HeCLy 0, rquires C, 50.05; H, 1.7%; M 360),

‘T' 108"2.6 (m, 6H).

Anmx. o1 (1ogloé 4;55), 254 (4.21), 311 (4.37) nm.

Vma.x 3170, 1662, 1600, 1548, 1450, 1418, 1378, 1285,
1275, 1268, 1240, 1186, 970, 870, 798, 710, 680 cm.”l and
(b) unreacted starting material (87 mg.)

Reaction of the Dihydrobenzofuran (XL) with Bromine in

Chloroform

A solution of the dihydrobenzofuran (XL) (%40 mg.) in
chloroform (10 ml.) containing bromine (0.2 ml.) was allowed
to stand overnight. Removal of the solvent and bromine left
a pale yellow solid., Purification by preparative layer
chromatography gave: the benzofuran (XLVIII) (35 mg., 98%).
Reaction of the Dibromoketal (XXO{VIIT) with Methanolic Poéassium

Hydroxide
Potassium hydroxide (128 mg.) was added to a solution of

the dibromoketal (XXOWWIII) (350 mé.) in methanol (10 ml.)

and chloroform (10 ml.), and the mixture was heated under reflux
for 45 min., The ccld solution was made acidic with hydrochloric
acid (0,l¥) and extracted with chloroform (2 x 10 ml.,).

The combinéd extracts were washed with water, dried, and
concentrated to leave a pale yellow oil, Purification by
preparative layer chromatography gave : 5,6,7,8-tetrachloro-

2-ethoxy-3-bromo~2-H-flaven (IL)} (188 mg., 42%), m.p. 105~

106° (from light petroleum:diethyl ether 3:1).
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(Found: ¢, 43.55; H, 2.5%; M [mass spectrometry] 468,
Cl7HllBr C1,0, requireé C, 43.55; H, 2.35%; M 468).
T2.4-2.75 (m, 64), 7.36 (¢ [ J = 7.0 Hz.], 2H),

8.7 (t[ J = 7.0Hz.], 3H).

N pax. 237 (1oglo'é 4,49), 250 (4.38), 285 (4.22), 296
(4.22), 330 (3.58) nm.

V max. 2980, 2900, 1630, 1560, 1539, 1495, 1451, 1400, 1350,
1308, 1240, 1222, 1130, 1111, 1068, 1055, 1020, 962, 950,
890, 865, 765, 155, 727, 695, 668, 650 om,™

Reaction of the Flaven (IL) with Hydrochloric acid in Acetic

Anhydride

A solution of the flaven (IL) (153 mg.) in acetic anhydride
(5 mlL.) containing concentrated h&drochloric acid (4 ml.) was
heated under reflux for 20 min, The solution was then poured
into ice/water (20 ml.) and extracted with chloroform (3 x 10 ml.).
The combined extracts were washed with water, concentrated and
distilled with benzene te leave an oil., Purification of the
major preduct by preparative layer chromatography gave @

5,6,7,8-tetrachloro~-2-hydroxy-3-bromo-2-H-flaven (L) (72 mg.,

50%), meDe 957-96o (from ethanol).
(Found: C, 40.85; H,.l-TS%; M [ﬁass spectrometry] 440,
ClsHﬁﬁr 01402 requires C, 40.85; 1,6%; M 440).

T 2.25-2.7 (m, 6H), 5.75 (b.s., 1H [exchangeable by D,0].

A pax, 338 (log & h.45), 350 (4.31), 283 (4.18), 29t
(4.16), 324 (%.55), 333 (4.54) mm,

\/max 3400-3300, 1450, 1400, 1295, 1216, 1090, 1080, 1010,
970, 950, 910, 870, 765, T30, 700 em.”t
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SECTION

The Formation and Rearrangement of some

5,6,7,8-Tetrachloro-l,3-benzodioxans,.



INTRODUCTION

The diazotisation of anthranilic acid in aqueous acetone

90

haé been reported to yield 2,2-dimethyl-l,3-benzodioxan-
~4-one. The acetone addiné to the 1,4-dipolar intermediate
generated by the stepwise loss of nitrogen from the benzene—
diazonium—e-carboxylaté intermediate. Similarly, the formation

of 2,2—diphenyl—3,1-benzoxathian-4—one9l from thicbenzophenone

and benzenediazonium~2—carboxylate_is known.

Other worker592 have also reported trapping the 1,4-dipolar
Intermediate.

We have found no products analogous to those reported9o’9l
Wﬁen tetrachloroanthranilic acid was aprotically diazotised
“in the presénce of carbonyl compounds. The products obtained

and reactions undertaken involving these products are described

in this section.
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DISCUSSION

To further examine‘the reaction botween tetrachlorobenzyne
and carbonyl compounds we used as co-reactants a number of
aromatic aldehydes. A. priorl predictions from the behaviour
of, for example, cinnamaldehyde with tctrachlorobenzyne led
us to expect an o-quinone methide intermediate (LI).93
Alternatively a stepwise addition by the carbonyl to tetra-
chlorobenzyne should lead to a 1,4-dipolar species (LII)
(Scheme 1). Neither of these Intermediates would be expected
to undergo Intramolecular rearrangements; as in the case of
the o-quinone methide formed from the reaction of tetrachloro-
benzyne with an of-unsaturated aldehyde; unless participation
of the aromatic ring is considered. Should the latter occur
the product expecied would be identlcal to that which would be
obtained of a l1,4-cycloaddition reaction analogous to that of
tetrachlorobenzyne with styrene.jl '

9-Quinone methide is reported50 to react with the exocyclic
double bond of styrene to yield a flavan; and by analogy one
may expect a benzodloxan derivative as the product from the
reaction of the intermediate (LI) with a furcher molecule of
aldehyde., The dipolar intermediate {LII) may also react with
another molecule of ‘the aldehyde to yleld the same benzodioxan
(Scheme 1). The only adduct we obtained from the reaction
between tetrachlorobenzyne and benzaldehyde was 5,6,7,8-
tetrachloro-2,4-diphenyl-l,3-benzodioxan (LIII,R1=32=H).94

We established the structures of the adducts (LIII)

from the following data. Elemental analyses confirmed their
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respeative molecular formulae. The mass spectra showed
extremely weak molecular ions; the favoured breakdown was
loss equivalent to one molecule of aldehyde precursor.
Analysis of the lH n.m,r. spectra was possible by flrst order
methods. The methine protons at positions 2 and 4 were seen
to resconate at different chemical shifts. They were assignad

from a consideration of the Schooclery rules95

which predict
that the dibenzylic methine proton adjacent to an ether linkage
at position-4 should be more shielded than +the benzylic methine
proton at position-2 which 1s adjacent to two ether links. the
phenyl groups also resonate at slightly dlfferent chemlcal shifts,
for example, for the adduct (LIII,R1 = R, =H) (T 2.47 and 2.42).
The substituted adduct (LIII, Rl = OH, RE = OMe) gave a .
complex miltiplet in the aromatic region; but for the adduct
(LI1I, Bl =0Me, R, = H) a para-substituted pattern could be
distinguished (7 , o= 9.0 Hz, ¢§ = 0.5 p.pum.) in which the
peaks were broadened., The u.v.spectra showed a characteristic
peak at 301 nm. (1oglo'E‘ 3.4) in all cases.

The yield of adduct (LIII), by either mechanism, may be
expected to lncrease if an electron releasing group €8s
methoxyl is present on the aromatic aldehyde ring in either
the ortho or para position. This was found when anisaldehyde
was used as co-reactant, the yleld increased from 13%, for
benzaldehyde, to 20%. However, when o-methoxybenzaldehyde wa s
used only a 3% yleld was obtained. In this connection it is
noteworthy to mentlon that no product was obtained in an
attempted reaction between tetrachlorobenzyne and
phenylpropargyl aldehyde (section 1, p. 19 ).
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In all cases the yields were low and we believe this
is due to the formation of a dihydro-3,l-benzoxazin-4-one
by the reaction of tetrachlorocanthranilic acid with the
| respective aldehyde. Berizaldehyde was found to react readily
with tetrachloroanthranilic acid to form 5,6,7,8-tetrachloro~
~2~-phenyl-1,2-dihydro-3,1l-benzoxazin-4-one, a compound of low
solubility and negligible mobility on thin layer chromatography.
However, we generated tetrachlorobenzyne by the thermolysis
of 2-carboxytetrachlorobenzenediazonium chloride in boilinm
chloroform containing benzaldehyde and were able to Isolate
a 54% yield of the adduct (LIII, R, = H, R2 = H). This confirmed
our suspiclons that a condensation reaction of tetrachloroanthranilic
acid was occurring in competition with diazotisation,

When p-nitrobenzaldehyde was used as co-reactant, as may
be expected from the electron withdrawing effect of the nitro
group, no aryne adduct was obtained. However, when acetone
was present as solvent an adduct (LIV) was obtained albeit in

9% The 1H n.m.r. spectrun indicated the presence

low yield.
of two methyl groups (7 8.38 and 8.43), a para di-substituted
benzene ring, and a methine singlet (7 4.08). The infra-red
spectrum confirmed the absence of a carbonyl group and the u.v.
spectrhm was similar to adducts (LIII). The mass spectrum and
an elemental analysils confirmed that the adduct (LIV) contained
a molecule of p-nitrobenzaldehyde, one of acetone, and one of

tetrachlorcbenzyne. Two isomerie structures may be consldered

and the actual structure of the product might b2 expected to
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depend on precise mechanistic detalls (Scheme 2). Alkaline

hydroly51597 or a reductive cleavage98

had been reported to
open the 1,3~dioxan ring but we found them to be unsatisfactory
in this case. A satlsfactory degradation was achieved by
treating the adduct (LIV) in acetic anhydride with conceuirated
sulphurid acid, The structure of the diacetate (LV) obtalned
was confirmed from the followlng data. A loﬁ voltage mass
spectrum (20 e.v.) indicated a M** ion of 467, whereas a mte
ion of 483 would have been anticipated 1f the dlacetate was
cbtained from the alternative isomef (LIva). In any case ons
might have anticipated that an acidic cleavage of the compound
(LIVa) under acetylating conditions would have resulted in

the loss of the p-nitrobenzaldehyde residue (Scheme 2). e

lH n.m.r. spectrum confirmed that the para-disubstituted
benzene residue was still present together with two acetate
groups ("T 7.74 and T7.84) and a methine singlet (7 2.45).

In the adduct (LIV) this methine protoﬁ was at T 4.08

which i3 comparable to the chemical shift valges obtained

for the methine protons at position-# in the adducts (LIII).
The infra-red spectrum indicated that the two acetate groups
were in different molecular environments (C = 0 1793 em.™t

and 1747 cm.”l) as would be expected for a benzylic and a phenyl
acetate respecfively. Finally elemental analysis confirmed

the molecuiar formila.

Since we had shown that para—nitrobenzaldéhyde does not

react with tetrachlorobenzyne, these results suggest that the

mechanlsm of the above reaction involves initial attack by acetone.

119.



Cl

| 1 Me Me
+ + |
Cl@I | L 02

Cl

NO

LIV LIV(a)

1 OAc
L
Cl QAc N02
ol or
LV Cl Me Me
¢l QAc
Cl Ac
Cl
Scheme 2

120. o ] ' .



To obtain the product (LIV) a l,4-dipolar species must have been
formed which could then attack the para-nitrobenzaldehyde to

yield the preduct isolated. We cannot however comment on the
mechanism of formation of the adducts (LIIT) where two molecules of
aldehyde are present In the preduct, except to say that the
presence of acetone does not affect the yield of these products,
and neither does the presence of 2,3~butandione.

99

It was known”” that tetrachlorobenzyne would react with
2,3=-butandione in the presence of simple ketones to glve two
products (Scheme 3), one of which was possibly an enol ether,
and the other had heen shown to contain a carbonyl group. We
reinvestigated the reaction in order to establish the structure
of the unknown product (LVIII), and to confirm the structures of

~the enol ethers- (IVII). -We have also shown that the acetone
and diethyl ketone will react with tetrachloroanthranilic acid
to form 2,2-disubstituted-l,2-dihydro~3,l~benzoxazin-4-ones,
as previously discussed (section 1 p. 19 and this section
p. 117 ).

The enol ethers (LVII) were unstable and rapidly hydrolysed
to tetrachlorophenol-0°  Also their behaviour on thin layer
chromatography was eXtremely similar to 2,3;4,5-tetrachloro-
-(3'-methyl )-butyl ether, formed by the attack of either
3-methylbutyl nitrite or 3-methylbutyl aleohol on tetrachloro-
benzyne.66 To 1solate them more easily tetrachlorocanthranilic

acld was diazotised by the concurrent addition of 3-methylbutyl

nitrite and tetrachloroanthranilic acid to a large excess of the
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ketone. The molecular formulae of the enol ethers were
established by accurate mass measurements. fhe lH N.m.r,

of all three onol ethers showed a methine singlet (7 ca.
2.8) for the aromatic proton. -Both compounds (LVII(a) and
IVII(b)) could be analysed by first order methods and

showed two olefinic pfotons {7 5.75 and 6.13) which are
coupled (2.5 Hz). The compound (LVII(c)}) derived from
dlethyl ketone showed a methine quartet (7T 5.23, I = 7.5 Hz)
couplea to'a methji doublet,

ﬂe have also been able to cbtain-in very low yileld
(1.5%) an adduct containing two molecules of acetone and one
molecule of tetrachlorobenzyne. The structure of this
tetramethyl adduct (LIX) was established from an accurate
mass measurement of the melecular ion. The lH n.m.r. spectrun
showed the presence of two equal Intensity singletis (7’7.27
and 7.48). The mechanism of the reaction most probably
goes by the 1,l-dipolar intermediate (LVI) but the nature
of the product does not allow us to be more certain of the
mechanism.

We have mentioned that the enol ethers are easily hydrolysed
to tetrachlorophenol, and when fetrachlorobenzyne was
generated by the thermolysis of 2-carboxytetrachlorobenzene-
diazoniumbchloride (XIII)in warm dry acetone, we obtained a
98% yield of the phenol. . We confirmed that the proton present
on the aromatic ring in the enol ethers (IVIL) came from

the ketone, and was not pleked up from extraneous sources,
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by ﬁsing hexadeuterio-acetone. Thermolysis of the aryme
precursor {XIII) in deuterio-acetone and methylation of the
product with etﬁereal diazomethane gave tetrachloroanisole
containing less than 10% [1H] by mass spectrometry and lH N,
The deuterio-acetoﬁe was shown by mass spectrometry to
cmme%HMbﬁwemmﬂmaMI%{%]ﬁ%rmmﬂm.
Hence in the formation of the enol ethers (LVIT) the aromatic
proton is obtained solely from the ketone; most probably by
an intramolecular proton migration. Alterﬁatively, a thermally
allowed concerted 'ene-like' 27T s + 2T s + 2 {7"s reaction
may be involved.

The other adducts (LVIII) which we obtained from the
aprotic dlazotisation of tetrachloroanthranilic acid in the
presence of simple ketones and 2,3-butandione and which were

knowns

9 to contalin a carbonyl group, could, by analogy with our
other results, have the structure (LIV) (Scheme 3) or be an
isomer with the functions at positions 2 and % interchanged.
Treatment of the adduct (LVIII(2)) with sodium methoxide
resulted only in the cleavage of the acetyl group to leave
5,6,7,8-tetrachloro—trimethyl-l,3-benzodioxan.

Treatment of the adduct (LVIII(a)) in acetic anhydride
with concentrated sulphuric acid gave'£ monoacetate (LX)
(V ¢ =017k cm.'l). When the reaction was repeated ’using
acetic acid and hydrobromic aclid a monobromo -compound was
obtained. By bubbling a stream of nitrogen through the former

reaction mixture and the effluent gas through a solution of
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2,4-dinitrophenylhydrazine we we?e able t¢risolate the

2, 4-d1ni trophenylhydrazone of acetone. ,TreatMent of the

other adducts (LVIII(b) and LVIII{c)) in acetlc anhydride with
concentrated sulphuric acid also gavé the ldentical monoacetate
(IX). The lH n.m.r. of the compounds {IX) and (IXI) were
similar, both showed the presence of methyl singlets (T 745
and T~ 7.50), and also methylene singlets (7 4.75 and 7T~ 5.\'30')
respectively. Compound (IX) aléoéhoﬁed the presence of an |
acetyl group { T°7.95).

The adduct (ILVIII(a)) could be reduced with sodium
borohydride +to give a pair of diasterdoisomeric aleohols
(LXII) which were separable by thin layer chromatography.
Treatment of these, or the acetates (IXITI) derived from them,
in acetle anhydride with concentrated sulphuric acld gave
4,5,6,7-tetrachloro-2,%-dimethyl-benzofuran (IXIV), the
structure of which was established from the following data.

The mass spectrum and elemental analysis confirmed the molecular
formula, and the expected extended styrene chromophore%OI‘

was found in the u.v. spectrum. This was also present in

the u.v. spectra of the compounds (LX) and (IXI). The

lH n.m.r., spectrum showsd two methyl éinglets {(TT1.62

and 7.7L) which were assigned by analogy with known data.

The methyl rescnance in 3-methybenzofuran occurs at higher

field than does the methyl of the 2-isomer.1o2 We were also
able to confirm this by synthesis. 2-lMethyl-J-bromomethylbenzo-
furan {scheme %), was prepared and the 1H n.m.r. spectrum

showed the presence of a methyl and a methylene singlet at
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“T"7.73 and 5.62 respectively. Reaction of this compound with
lithium aluminium hydride gave a partial conversion to
2,3-dimethylbenzofuran, the lH NeMm.r, spectrum of which
showed the presence of the second methyl resonance at 7°7.80.

Comparison of the lH nnre. spectra of 2«-methyl-3-bromo-
methylbenzofuran and fhe tetraéhlofg,ana;ogue (IXT) also
showed close agreement. To conclusively establlish the .
structures of the adducts (LX) and (IXI) we converted the -
acetate (IX) into the bromo compound (LXI) with hydrobromic
acid., BReaction of the bromo compound with lithium saluminiunm
deuteride gave the benzofuran (LKIV) in which the singlet in
the lH n.m.r. spectrum at 7 7.7% for the methyl group at
position<3, was replaced by the expected two proton multiplet.

The mechanism of these rearrangements to benzofuran
derivatives was inyestigated.. Scheme 5 1llustrates two
possible mechanlsms for the formation of the 2,3-dimethyl-
benzofuran (IXIV). There 1s the possibility that intermediate
(LXV) may dehydrate (or de-acetylate) in a number of ways.
Loss of the secondary oxygen function, however, is unlikely
as there is a tertiary function present. This was confirmed by
using deuterio sulphuric acid to effeet the rearrangement; no
deuterium incorporation was found. Should the enol (ILXVI)
be formed, rearrangement would lead to a ketone which can
then eyelise and dehydrate to give the product (IXIV).

To rationalise the formation of either the acetate

(IX) or the bromocompound (LXI) (Scheme 6) we again suggest
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initial loss of, for example, acetone, to form a carbonium

ion {IXVII). The unsaturated intermediate (LXVIII) may then

be formed by loss of proton or by deacetylation of the tertiary
acetate, which would lead to the same intermediate (IXVIII).
Cyciisation could then oceur, and a nucleophilic addition

of elther acetate or bromide fon at the vinyl double bond,
accompanied by the loss of water, would afford the respective

benzofuran derivatives.
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EXPERTMENTAL

General methods

General methods are as deseribed in Section 1 (experimental).

Reaction of Tetrachlorobenzyne with Benzaldehyde

A solution of tetrachloroanthranilic acid (2.75 g..
0.0L mol.) in diethyl ether (10-ml.) and dichloromethane
(30 ml.) was added dropwise to a stirred solution of benzaldehyde
(30 g., 0.3 mol.) and 3-methylbutyl nitrite (3 ml.) in dichloro-
methane (10 ml.) maintained at 50°, After the addition was
complete stirring was continued for a further 15 min. Removal
of solvent and excess of co-reactant left a red oil which was
eluted from a colum of active alumina (Brockman grade 1) in
light petroleum and gave, (a) 2,3,4,5-tetrachlorophenyl- -

ethyl ethe:§4(440 mz.,l7%and (b) 5,6,7,8-tetrachloro-2,4-

—diphenyl-1,3-benzodioxan (LIII, R, =R, = H) (571 ms., 13.4%),
m.p. 222-224° {from chloroform). -
(Found: C, 56.6; H, 3.0%; M [mass spectrometry] 426.

Cpotly €140, Trequires C, 56.4; H, 2.85%; M 426).

T2.48 (s, 5H), 2.53 (s, 5H), 3.63 (s, 1H), 4.02 (s,1H).
A pax, 220 (tog g € 4.26), 291 (3.03), 301 (3.13) nm.

max
1}max 1572, 1548, 1455, 1415, 1400, 1348, 1315, 1265, 1202,

1058, 1040, 1025, 995, 795, T70, 750, T35, T10 cm.-l

Reaction of Tetrachlorobenzyne with Anisaldehyde

The procedure deseribed for benzaldehyde was followed
using anisaldehyde (13.6 g., 0.1 mol.) and gave,

i

(a) 2,3,4,5-tetrachlorophenyl ethyl etherﬁT (202 mg., T7.8%), and
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{b) 5,6,7,8-tetrachloro-2,4-d1-{}4"-methoxyphenyl )-1,3-benzodioxan

(_LiII R, = OMe, R, -H) (1.0 g., 20%), m.p. L7L-173" (from
chlofoform);

(Found: C, S54.33 H, 3.35%; M [mass spectrometry] 486,

CppHly €10, requires C, Sh.4; H, 3.3%; M 486).

T2.88 (p. sub. pattern [ J , = 8.0 Hz, c( apt 05 pepem.l,
iy, 3.92 (s, 1H), 4.17 (s, 1H), 6.21 (s, 3H), 6.23 (s,3H).

X\ oy, 237 (logy E B.41), 273 (3.55), 276 (3.54), 219 (3.53),
282 (3.52), 292 (3.40), 301 (3.47) nm. | |

V max. 1615, 1515, 1415, 1395, 1326, 1306, 1254, 1203, 1175,
1114, 1058, 1030, 998, 965, 960, 915, 908, 840T 815, 780, T64 em.”t

Reaction of Tetrachlorobenzyne with o-Methoxybenzaldehyde

The procedure described for benzaldehyde was followed
using o-methoxybenzaldehyde (12 g., 0.1 mol.) and gave,

5,6,7,8-tetrachloro-2,4-di-(2"-me thoxyphenyl )-1,3-benzodioxan

(LIII R, = H, R, = OMe) (160 mg., 3%), m.p. 208-209° (£rom
ehloroform).
(Found: C, 54.6; H, 3.45%; M [mass spectrometry, 20 e.v.] 486.

CooHy €10, requires C, sh.4; H, 3.3%; M 486).

T50° 2.2-3.2 (m, 8H), 3.45 (s, 1H), 3.63 (s, 1H), 6.14 (s, 3H),
6,50 (s, 3H).

A oy, 228 (10g,,€ 4.28), 275 (3.77), 281 (3.75?, 301 (3.41) nm.
V. .y, 1610, 1592, 1497, 1470, 1395, 1283, 1350, 1305, 1291, 1255,

1075, 1035, 1025, 958, 918, 767, 758, 750 cm.™t
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Reaction of Tetrachlorcanthraniliec acid with Benzaldehyde

A solution of tetrachloroanthranilic acid (1.5 g.) and
benzaldehyde- (0.7 g.) in diethyl ether (20 ml,) was heated
under reflux for 16 hr, Removal of solvent left a ved oil

which erystallised to give 5,6,7,8-tetrachloro~2-phenyld,2-

-dihxdro-j;1-behzoxazin-4-one (1.7 ., 89%),‘ﬁ:p. 180-181

(from chloroform:benzene, 1l:l). .

(Found: C, 46.25; H, 2.05; N, 3.85%; M [mass spectrometry] 363.
014H7014N02 requires C, 46.3; H, 2.0; N, 3.86%; M 363).

\}max. 3410, 1735, 1580, 1462, 1450, 1350, 1330, 1270, 1250,
1200, 1023, 1010, 990, 784, 697 cm.”

Thermolysis of 2-Carboxytetrachlorobenzenediazoniumchloride

(XITT) in the presence of Benzaldehyde

Compound (XITI) (L.l g.) was added to a solution of
benzaldehyde (5.0 g.) in chloroform (50 ml.), which was then
heated under refilux for 15 min. Removal of the solvent left
a red oll, elution of which from a column of silica gave the
adduct (LIII, Ry =Ry = H) (0.8 g., 54%).

Attempted Reactlion of Tetrachlorobenzyne with p-Nitrobenzaldehyde

The procedure described for benzaldehyde was followed
using p-nitrobenzaldehyde (15.1 g., 0.1 mol.) and gave only
I

6"
5,6,7,8~tetrachlorophenyl ethyl ether (842 mg., 32.5%).

Reaction of Tetrachlorobenzyne with p-Nitrobenzaldehyde in Acetone

A solution of tetrachloroanthranilic acid (5.5 g., 0.02 mol.)
in dry acetone (50 ml.) was added dropwise to a stirred solution

of p-nitrobenzaldehyde (15.1 g., 0.1 mol.) and 3-methylbutyl
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nitrite (6 ml.) in dry acetone (50 ml.) maintained at 50°.
Stirring was continued for 1 hr. after the complete
addition of tetrachlorcanthranilic acid solution,

Removal o6f solvent left a red solid which was eluted from

a coiumh of deactivated alumina with light petroleum:benzene
(1:1),  The yellow oil which was obtained was purified by
preparative layer chromatography and gave,

(2) 2,3,4,5-tetrachlorophenyl-(3'-methylbutyl) ether65
(378 mg., 6%), and

(b) 5,6,7,8-tetrachioro~2,2-dimethyl-4- (4" -nitrophenyl )-

-1,3-benzodioxan (LIV) (389 mg., 4.8%, m.p. 178-179° (from
benzene ).

(Found: C, 45.2; H, 2.6; N, 3.4%; M [mass spectrometry] 423.
C, 6y, CLyNO;, requires C, 45.5; H, 2.6; N, 5.3%; M 423).

T 2,16 (p.disub.pattern [ J ap = 90 Hz., (fAA, =

0.77 p.p.m.}, 4H), 4.08 (s, 1H), 8.39 (s, 3H), 8.44 (s,3H).
%ax. 222 (log) € 4.26), 255 (4.12), 284 (3.65), 302
(3.85) nm.

vmax
1290, 1205, 1140, 1053, 883, 870, 854, 838, 790, T48, 695, 660

-1
CMe

1610, 1568, 1540, 1533, 1404, 1375, 1358, 1350,

Reaction of the Adduct (LIV) with Sulphuric acid in Acetic

Anhydride
Concentrated sulphuric acld (2.5 ml.)} was added to a

solution of the adduct (LIV) (98 mg.}in acetic anhydride

(10 ml.). The solution became hot and rapidly darkened
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and after 3 min. was poured onto ice (20 g.). The aqueous
mixture was extracted with ether (3 x 25 ml.) and the
combined extracts washed with water and concentrated to
léave an acetic acid solution from which erystallised

(2-acetoxy-3,4,5,6-tetrachlorophenyl )~! ' -nitrophenyl-methyl~

-acetate, (LV) (53 mg., 48%), m.p. 158-160° (from ethanol:
benzene, l:1).

" (Found: C, h}.ﬁ;rH, 2.25; N, 3.1%; M [mass spectrometry,
20 e.v.] U6T. 'Cl.THllClI;NOG requires C, 43.7; H, 2.35;
N, 3.0%; M 467).

“T°2.13 (p. disub. pattern [ J =9.0 Hz,

7 aB AA' T

0.8 p.p.m.}, 2H), 2,44 (s, 1H), 7.73 (s, 3H), 7.84 (s,

3H).

V... 3130, 3100, 1793, 1746, 1612, 1604, 1530, 1394,

1370, 1350, 1223, 1182, 1163, 1040, 1010, 945, 876, 863, 854,
782, 743, 693 cm.”t |

Reaction of Tetrachlorcanthraniliec acid with Diethyl ketdne

A solution of tetrachloroanthranilic acid (0.5 g.) in
diethyl ketone {20 ml.) was heated under reflux for 24 hr.
Removal of solvent left a red oll which crystallised to

glve 5,6,7,8-tetrachloro-2,2-diethyl-1,2-dihydro-3,1-

~benzoxazin-4-one (0.6 g., 95%), m.p. 185-187° (ﬁrom benzene ).

(Found: C, 41.85; H, 3.1; N, 4.1%; M [mass spectrometry]

343, € H),CL,N0, requires C, 42.0; H, 3.25; N, 4.1%; M 343).

V pax, 3320, 2980, 2950, 1718, 1580, 1480, 1465, 1330,

1200, 1230, 1180, 1105, 1015, 995, 785, 690 cm.
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Reaction of Tetrachlorcanthranilic acid with Acetone

The procedure described for diethyl ketone was followed
using dry acetone {20 ml.) and gave 5,6,7,8-tetrachloro-
2,2-dimethyl-1,2-dihydro-3,l-benzoxazin-4-one (0.5 g., 87%),
MePs 208-2106(from benzene).

M [mass spectrometry] 315.
Vimag, 2400, 1725, 1680, 1480, 1450, 1393, 1370, 1270,

1220, 1190, 1090, 830, 800, 785, 690, 678 om.™

Reactlon of Tetrachlorcbenzyne with 2,%-butandione in Acetone

A solution of tetrachlorocanthranilic acid {5.5 g., 0.02
mol.) in dry acetone (50 ml.) was added dropwise to a
stirred solution of 2,3-butandione (8.6 g., 0.1 mol.,) and
3-methylbutyl nitrite (2.5 ml.) in dry acetone (30 ml.)
maintained at 400. Stirring was continued for a further
30 min, after the additlon was complete. Removal of the
co-reactants left a red oll, examination of which by thin
layer chromatography indicated the presence of four products.
The oll was éluﬁed from a columm of silica in light petfoleum
and gavé in order of decreasing Rf value,

(2) a mixture of two products which was separated by
preparative layer chromatography into

(1) 2,3,4,5-tetrachlorophenyl-l'-methylvinyl ether (IVII(a))
(415 ng., T.5%), oil. |

(Found M/e 269;9180. CQHG 350140 requires M/e 269.9175).

T 2.8 (s, 1), 5.80 (m, ), 6.13 (@ [ 7 _ =258H],

1H), 8,00 (a [ o = 1.0 Hz], 3H).

allyl
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b e 214 (1og10€ 4.38), 293 (3.06), 300 (2.85) nmé, and
(11) 2,3,4%,5-tetrachlorophenyl«{3"'-methylbutyl) ether 5 (300 ng.
4y,

(b) 5,6,7,8~tetrachloro-2,2,4-trimethyl~4-acetyl-1,3-benzodioxan

(IvIII(a)) (1.7 &., 23%), m.p. T5-76° (from light petroleum).
(Found: C, 43.8; H, 3.35; €1, 3976; M [mass spectrometry] 358.
Cy ot €105 requires C, 43,8; H 3.38; C1, 39.9%; M 358).
7.9 (s, 34), 8.10 (s, 3H), 8.40 (s, 3H), 8.47 (s, ZH).

A pax, 23 (tog), € 4.03), 294 (3.36), 202 (3.45) nm.

x;max 3020, 2960, 1728, 1563, 1539, 1300, 1375, 1280,
11200, 1162, 1103, 1020, 1000, 980, 873, 793, 675 cm.
Further elution of the colum with benzene gave
{c) 2,3,4,5—tetrachlorophenolloo (1.1 g., 23%)

Reaction of Tetrachlorobenzyne with 2,3-Butandione in Methyl

ethyl ketone

The procedure desceribed for acetone was followed using
methyl ethyl ketone and gave
(a) 2,3,4,5-tetrachlorophenyl-2'-ethylvinyl ether (LVII(b))
(247 mg., 14%) oil,
(Found: Ve 283.9333, ¢ oHg 35‘(:1,,{0 requires ‘e 283.9329).

T2.84 (s, 1H), 577 @ [ J gom = 2+5 Hz.], 1H), 6.12

@ [ 7 gn=25 Hz,l, 1H), 7.68 (@ [ J = 7.0 Hz.],
2H), 7.80 (¢t [ J = 7.0 Hz.], 3H). ,
Vmax' ol 2990, 1650, 1570, 1535, 1420, 1355, 1265, 1220,
1157, 1103, 1065, 1000, 915, 840, T45, 703 cm.
(b) 2,3,4,5-tetrachlorophenyl-(3"-methylbutyl ) ether65

(426 mg., 5%).
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(¢) 5,6,7,8-tetrachlore-2,4-dimethyl-2~ethyl-4-acetyl-1,3-

_benzodioxan (IVIII (b)) (1.2 g., 17%) m.p. 102-103° (from
light petroleuﬁ).

(Found:C, 45.15; H, 3.95; C1, 37.9%; M [ﬁass spectrometry ]
372, O14H), L0, requires C, 45.15; H, 3.75; C1, 38.2%

M 372). | )

T17.9 (s, 2H), 7.99 (¢, [ 7 = 7.5 Hz], 2H), 8.08

(s, 3H), 8.47 (s, 3H), 9.00 (t, 3H).

N rag. 230 (Logy € £.07), 295 (3.28), 305 (3.39) ma.
V... 2990, 2950, 1740, 1558, 1537, 1400, 1385, 1352, 1250,
1216, 1166, 1150, 1100, 1055, 1032, 1003, 985, 890, 880, 790 cm.™t
and (e) 2,3,4,5-tetrachlorophenol (0.8 g., 17%)

Reaction of Tetrachlorobenzyne with 2,3-Butandione ln Diethyl ketone

The procedure described for acetone was followed using
diethyl ketone and gave
(a) 2,3,4,5-tetrachlorophenyl-2-ethyl~2-propenyl ether (ILVII)
{e)) (828 mg., 14%) oil.
(Found: /o 297.9486, ¢ 3561,0 requires 7o 297.9486)
2 Vo 291986, Cp o 0Ly (9H486).

T 2.9 (s, 1), 5.24 (@ 7 =7.5H], W), WA @[ J =
7.0 Hzl, 2H), 8.36 (& [ J =T7.5Hz.], 3H), 8.87 (+ [ J =
7.0 Hz.], 3H). |

(b) 2,3,4,5-tetrachlorophenyl-(3'-methylbutyl) ether65 (430 mg.,
%)

(e} 5,6,7,8-tetrachloro-2,2~diethyl-4%-methyl-~4-acetyl~l,3~

benzodioxan (IVIII(c)) (0.9 g., 12%) m.p. 123-124° (from light
petroleum)
(Found: ¢, 46.7; H, 4.2; Cl, 36.7%; M [mass spectrometry] 386.

clb_Hlscl,p3 c, 46.65; H, 4.15; C1, 36.8%; M 386).

138.



T 7.88 (s, 3H), 8.10 (s, 3H), 8.3 (m, 4H), 9.05 (m, €H).
Aax. 2% (log) E 4.06), 295 (3.25), 303 (3.39) nm.
v

max.

3000, 2960, 1740, 1407, 1310, 1065, 915, 790, 680 cm.™

Reaction of Tetrachlorcbenzyne with Acetone

A solution of 3-methylbutyl nitrite (2.5 mi.) in dry
acetone (10 ml.) was added dropwise to & stirred solution of
tetrachloroanthranilic acid (5.5 g.) in dry acetone (50 ml.)
maintained aﬁ 40°, Removal of the solvent left a red oil
which was eluted from a silica colum to give an oil.
Separation of the products present In the oll by preparative
layer chromatography gave, In order of decreasing Rf value,
(a) the enol ether (IVII(a)) (400 mg., T%)

(v) 2,3,4,5-tetrachlorophenyl-(3'-methylbutyl) ether 65
(300 mg., 4%), and

(¢) 5,6,7,8-tetrachloro-2,2,4,4-tetrame thyl-1,3-benzodioxan
(Lix) (110 mg., 1.5%), m.p. 173-176° (from light petromeul).
(Found My 327.9596.' C10H1 5 3501402 requires M/e 327.9501).
T 8.26 (s, 6H), 8.48 (s, 6H). '
A .. 220 (logy, € 4.64), 240 (4.00), 295 (4.26), 304

(4.39), 318 (4.41) nm.

Thermolysis of 2-Carboxytetrachlorobenzenediazonium chloride

(XIII) in Acetone

The compound (XIII) (1.8 g.) was warmed in dry acetone
(20 ml.) until complete solution occurred (5 min.). Removal
of the solvent left a so0lid which was purified by preparative

layer chromatography and gave 2,3,4,5-tetrachlorophenol (1.12 g.,

100

98%), m.p. 116°, (1it. m.p. 116°).
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Thermolysis of the Compound (XIII) in Hexadueterio-acetone

The compound (XIII) (153 mg.) was warmed in hexadeuterio-
-acetone (2 ml.), containing 8% [1H] [by mass spectrometry],
for 5 min. The hexadeuterlo-acetone was then distilled off
and found to contain 14% [lH] [by mass spectrometry]. The
cll remaining was treated with excess of ethereal dlazomethane.
Removal of the solvent left an oil which was purified by
preparative layer chromatography and gave l-methoxy-[e-aﬁ]-
—3,4,5,6-tetrachlorobenzene65 containing 90% [2H] {by mass
spectrometryl.

Reaction of the Adduct (LVIII(2)) with Sodium Methoxide

The adduct (LVIII (a)) (400 mg.) was added to a solution
of methanol (50 ml.) in which sodium (2.5 g.)} had been dissolved.
The solution was heated under reflux for 2 days. When cool
the solution was neutralised with hydrochloric acid (2N) and
extracted with chloroform (3 x 50 ml.). The combined extracts
were washed with water, dried, and concentrated to leave an oil.
Separation of the major fraction from thls oil by preparative
layer chromatography gave 5,6,7,8-tetrachloro-2,2,4-trimethyl-1,3-

-benzodioxan (90 mg., 20%) m.p. 68-T0° (from light petroleun).

(Found: €, 41.75; H, 3.25%; M [mass spectrometry] 316.

CllH1001402 requires C, 41.8; H, 3.2%; M 316).

T498 (@[ J =6.0Hz]l, 1H), 8.9 (s, 3H), 8.4 (4

[ & = 6.0 Hz], 1H), 8.63 (s, 3H),

A ox, 222 (log £ 4.22), 284 (3.26), 202 (3.37) nm.

Vma_x 3000, 1568, 1407, 1380, 1278, 1215, 1150, 1004,

975, 854, 795, 665 cm.~>
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Reaction of the Adduet (LVIIZ{a)) with Sulphuric acid

in Acetic Anhydride

Concentrated sulphuric acid (2 ml.) was added to a solution
of the adduct (LVIII(a)) (372 mg.) in acetic anhydride (15 ml.).
After 2 min. the brown solution was poured onto ice and
extracted with chloroform (3 x 20 ml.). Removal of solvent
and azeotrople distillation with benzene left an oil which was
purified by preparative layer chromatography and gave

4,5,6,7~tetrachloro-3-acetoxymethyl-2-methylbenzofuran (IX)

(174 mg., 50%), m.p. 131-132 (from light petroleum:diethyl
ether, 3:1),

{(Found: C, 42.0; H, 2.55%; M [mass spectrometry)] 342,

€ HglLy05 requires C, 42,15; H, 2.35%; M 342).

Th.75 (s, 2H), T.45 (s, 3H), 7.95 (s, 3H).

)\max. 209 (1og10£ 4.,35), 267 .(4.1‘_4), 272 (4.11),

292 (3.38), 303 (3.23). |

Vmax 2980, 1740, 1625, 1430, 1495, 1485, 1300, 1232,
1193, 1025, 855, 805 em.™™

Reaction of the Adduct (IVIIT (b)) with Sulphuric acid in

Acetic Anhydride

The procedure described for the adduect (LVIII(a)) was
followed using the adduet (LVIII(b)) (327 mg.) and gave the
compound (IX) (108 mg. 39%).

Reaction of the Adduct (IVITI(c)) with Sulphuric acid in

Acetic Anhydride

The procedure described for the adduct (LVIII(a)) was
followed using the adduct (IVIII(b)) (205 mg.) and gave the

compound (IX) (60 mg., 29%4).
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Identification of Acetone Foi’mé.tion in the Reaction of the

Adduct (IVIII(a)) with Sulphuric acid and Acetic Anhydride

The procedure described for the above reactions was
followed using the adduct (LVIII(a)) (480 mg.). Nitrogen
was bubbled through the reaction solution for 10 min., and
the effluent gas passed through a hot solution of 2,4-dinitro-
phenylhydrazine (0.25 g.) in ethanol (5 ml.) containing
hydrochloric acid (0.5 ml.). Removal of the solvent and
gseparation by preparative layer chromatograrhy gave acetone-
-2,4-dinl trophenylhydrazone m.p. 126-128° (lit.lo3 m.p. 128°).
A control experiment Indicated that the acetone did not come
from the reactlion of concentrated sulphurle acid upon acetic
anhydride.

Reaction of the Adduct (IVIII(a)) with Hydrobromic acid in

Acetic acid

Hydrobromic acid (10 ml., 48%) was added to a solution of the
adduet (LVIII(a)) (700 mg.).in acetic acid (25 ml.) and the
mixture heated under reflux for 2 hr. Water (50 ml.) wasl
added to thercooled solution and extracted with chloroform
(3 x 25 ml.), The combined extracts‘were washed with.water,
dried, and concentrated. Acetic acid was removed by azeotropie

distillation to leave, 4,5,6,T7~tetrachloro-3-bromomethyl-2-

methylbenzofuran (IXI) (500 mg., T1%), m.p. 140.142° (from
benzene: light petroleum, l:l). :
(Found: C, 33.25; H, 1.45%; M [mass spectrometry] 362.

°10H5B? €1,0 rgquires C, 33.1; E, 1.&%: M 362).
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T5.30 (s, 2H), 7.50 (s, 3H).
;/max 2950, 1615, 1417, 1395, 1380, 1295, 1208, 1000,
837, 805, 670 cm.”>

Reduction of the Adduct (IVIII(a)) with Sodium Borohydride

A solution of sodium borohydride (310 mg.) in sodium
hydroxide (2 ml., 2N.) was added to a solution of the adduct
{(zvi1i({a)) (450 mg¢).in methanol (20 ml.) and stirred at room
temperature for 3 hﬁ. After neutralisation with hydrochloric
acid (2N.) the solution was extracted with chloroform (2 x
25 ml.). The combined extracts were washed with water, dried,

and concentrated to give 5,6,7,8-tetrachloro-4-(1'-hydroxyethyl )-

2,2,4%-trimethyl-1,3-benzodioxan (IXII) (400 mg., 89%), m.p.
118-119° (from benzene).

(Found: €, 43.3; H, 3.95; Cl, 39.15%.

c13H1401403 requires C, 43.3; H, 3.9; Cl, 39.45%).
Separation of the diastereolsomers by preparative layer
chromatography on silica, wlth benzene as eluant gave,

() Rp0.215 (300 mg.) 7'5.58 (a [ J = 6.5Hz.], 1H),
8.0 (b.s., 1H [exchangeable by D,01), 8.18 (s, 3H), 8.30
(s, }H), 8.51 (s, 3H) 8.71 @l J = 6.5 Hz.), 3H).

Y . 3580, 3000, i560, 1534, 1400,‘1277: 1215, 1173, 1115,
1082, 1025, 973, 870, 785 em.”L , and |

max

(b) R, 0.10 (100 mg.) T 5.49 (q_{ J = 6.5 Hz.], 1H),

7.8 (b.s., 1H [exchangeable by D,01), 7.99 (s, ZH), 8.28 (s,

), 849 (s, ), 911 (@ [ 7 = 6.5 Ha.], ), _

V3610, 3500-3300, 3010, 1555, 1400, 1280, 1215, 1170,
1

1030, 975, 895, 870, 785 cm.”
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Acetylation of the Alcohol {LXII)

A séluticn of the aleohol (ILXII) (115 mg.) in acetic
acid (10 ml.) and acetic anhydride (10 ml.) was heated
under reflux for 30 min., The solvent was removed by azeo-
tropic distillation with benzene to leave 5,6,7,8-tetrachloro-

4-{1'~acetoxyethyl )-2,2,4-trimethyl-1,?benzodioxan (LXIII)

(120 mg., 90%) m.p. 185-187° (from light petroleum).
(Fbund:lé, 44.8; H, 4.05%; M [mass spectrometry] 402.

CyHy 01,0y requires C, 44.8; H, 4.0%; M 4o2).

Separation of the diastereoisomers by preparative layer
chromatography on silica, with benzene as eluant gave,

(a) R, 0.445 (95 mg.) T4.30 (a [ J = 6.5Hz.], 10),
8.15 (s, 3H), 8.27 (s, 3H), 8.30 (s, 3H), 8,50 (s, 3H),
8.65 (A J =6.5Hz.], 3H), and

(v) R, 0.33 (5 mg.) TH10 (@ [ J =6.58Hz.], 1H),

7.85 (s, ), 8.12 (s, 3H), 8.26 (s, 3H), 8.52 (s, ), 9.05
(@ [ o =6.5Hz], 3H).

V), ax, 3000, 1743, 1555, 1400, 1375, 1252, 1053, 875, 785 om.™"

max
Reaction of the Alcohol (IXIT) with Sulphuric acid in Acetile

Anhydride
The procedure described for the adduct (LVIII(a)) was

followed using the alcohol (IXTI) (165 mg.) and gave,

4,5,6,T-tetrachloro-2,3-dimethylbenzofuran (IXIV) (38 mg.

30%) m.p. 182-184° (from light petroleum).

(Found: ¢, 42.5; H, 2.35%; M [mass spectrometry] 284,
G ggCly0 requires C, 42.6; H, 2.15%; M 284).

T1.62 (s, 3H), T.TL (s, 2H).
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A m;x, 228 (log,, £1.42), 233 (4.38), 272 (4.12), 293
(5.54), 305 (3.19) nm.
VY iax, 2980, 2940, 1630, 1415, 1400, 1380, 1293, 1183, 1095,

835, 810 em, =t

Reaction of the Acetate (IXITI) with Sulphuric acid in Acetie
Anhxﬁride |

The procedure deseribed for the adduct (IXITI(a)) was
followed ﬂ%ing the acetate (IXTII) (70 mg.) and gavegéhe henzo-
furan (IXIV) (17 mg., 24%).

Reaction of the Alcochol (IXII) with Deuteriosulphuric acid in

Acetic Anhydride

The procedure described for the adduct (IVIII(a)) was followed
using the aleochol (LXTI) (175 mg.) and deuterio—sulpﬁﬁric acid
(3 ml.) to give the benéofuran (IXIV) (35 mg. 11%) containing
no dautérium [by mass spectrometry and 14 n.m.r.].

Reaction of the acetate (LX) with Hydrobromic acid

Hydrobromic acid (10 ml, 48%) was added to a solution of
the acetate (IX) (50 mg.) in acetic acid (5 ml.). The
mixture was stirred at réom temperature for 5 min., poured
onto ice {20 g.) and extracted with ehloroform (2 x 20 ml.).
The combined extracis were washed with water, dried, and con-
centrated to leave the bromo compound (IXI) (29 mz. 56:).

The i.r. spectrum was identical to that of the product -
obtained by treating adduct (IVIII(a)}) with hydrobromic

acid in acetic acid.
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Reaction of the Bromo compound (LXI) with Lithium aluminium

hydride

Lithium aluminium hydride (0.1 g.) was added to'a solution
of thé bromo compound (IXI) (363 mg.) in dry dilethyl ether
(10 mi.). The mixture waé stirred at room temperature for
1 hr, before water (10 ml.) was added. The ether layer was
separated, dried, and concéntrated to leave a mixture of two
compounds. Separation by preparative layer chromatography gave,
{a) +the benzofuran (LXIV) (180 mg.) and
(b) unreacted starting méterial (120 mg. )

Reaction of the Bromo compound {IXT) with Lithium aluminium

deuteride

The procedure described above was followed using the
bromo compound (200 mg.) and lithium aluminium deuteride
(5 mg.) and gave, |
(a) 4,5,6,T-tetrachloro—Q—methyl-}-[1-2H] methylbenzofuran.
(89 mg.) containing 98% [1—2H] by mass spectrometryl,
T7.63 (s, 3H), 7.7L (m, 2H), and
(b) unreacted starting material (53 mg.).

Preparation of 3-Bromomethyl-2-methylbenzofuran

Potassium carbonate (100 g.) was added to a solubion
of phenol (47 g., 0.5 mol.) and allylbromide (60.5 g.,
0.5 mol.) in acetone (200 %1.), and the mixture heated
under reflux for 2% hr. The cooléd solution was filtered
and concentrated, dissolved in diethyl ether {200 ml.) and

extracted with sodium hydroxide (2N ) The organic phase
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was washed with water, dried, concentrated and distilled +ta
gilve phenyl allyl etherlou. (26 g., 40%) b.p. 80-82°,
20 mm,. Hg,

The ether was heated at 220-2300 for 5 hr. to form
ggallylphenol.lou The cold mixture was dissolved in
sodiun hydroxide (200 ml., 2N )} and extracted with diethyl
ether (2 x 100 ml.). The alkaline phase was acidified with
hydrochloric acid (2N ) and extracted with diethyl ether
(2 x 100 ml.)a The combined extracts were washed with water,
dried, and concentrated to leave a brown liquid (7.3 g.),
which was heated under reflux in acetic anhydride (25 g.)
for 43 hr. Distillation of the reaction mixture gave |
o-allyl phenyl acetate (18.%4 g.) b.p. 73-760, 0.4 m. Hg.
The acetate was dissolved in carbon disulphide {80 ml.) and
the solution cooled to 0°. Bromine (168 g.) was added drop-
wise to the stirred solution, which was stirred for a further
% hr, after addition was complete. 'The brown oil left
after removal of the solvent was extracted with hot light
petroleum (3 x 100 ml.). The dibromide {24 g.) crystallised
from the light petroleum, and was added to a solution of
potassium hydroxide (20 g.) in ethanol (200 ml,) and heated
under reflux for 1 hr, Water (150 ml.) was added to the
concentrated solution and the mixture extracted with chloro-
~ form (2 x 100 ml.). The combined extracts were washed
with water, dried, concentrated and distilled to give

2"methylbenzoﬂlran105 (3 g*; 32%), b-po 56-600 2-5 mn. HS-
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Stirring the 2-methylbenzofuran (2.9 g.) with trioxane
(2 g.) in hydrobromic acid (40 ml.) at room temperature for
13 hr, gave a pale yellow solution.106 This was extracted
with dlethyl ether (2 x 25 ml.) and the combined extracts
washed with water, dried, concentrated and distilled to glve
3~bromome thyl-2-methylbenzofuran (1.35 g., 30%) b.p, 102-103°
0.8 mm, Hg.
(Found: C, 55.75; H, 4.05%; M [mass spectrometry] 224,
CiofigBr O requires C, 53.35; H, 4.05%; M 224).
T 2.5-3.0 (m, #1) 5.62 (s, 2H), T.73 (s, 3H).

Reaction of B-Bromomethxlez-matbylbenzqfuran with_Liphium

aluminium hydride

Lithium aluminium hydride (80 mg.) was added to a solution
of 3-bromomethyl-2-methylbenzofuran (1.35 g.) in dry
dilethyl ether (25 ml.) and the mixture heated under reflux
for 2 hr. Water (10 ml.) was added to the cooled solution
and the organie phase sepérated, dried, and concentrated to
leave a mixture of starting material and 2,3-dimethylbenzo-

furan.t07 7 2.5.3.1 (m), 5.62 (s), 7.73 (s), 7.00 (s).
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