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SUMMARY

The .interaction of some twenty-four aryloxyacetyl chlorides
and in particular 1- andAz-naphthylbxyacetyl chiorides, under
Friedel-Crafts conditions with aluminium chloride in penzené has
been investigated.

| 'Angular' cyclisation to the naphtho[j,2—b]furan-3(2H)one
has been confirmed to be the dominant reaction of 1-naphthyloxy-
acetyl chloride and demonstrated to occur with seven nuclear
substituted derivatives with electron reieasing substituents, as
well as with the side chain alkylated 2—(1-naphthyloxy)isobutyryl
chloride. Chlorides with -E, -M groups, however, acylate the
solvent and peri ring closure has been confirmed to occur when
the 2-position is blocked by halogen.

2-Naphthyloxyacetyl chloride cycl;ses to the 'angular' ketone,
naphtho[?,1-§]furan-1(2H)one, and similar 2,1 ring closure has been
shown to occur with 7- and 8- substituted derivatives with no trace
of the isomeric linear'ketones. 1= Substituted acid chlorides in
this series do not undergo intramolecular acylation, but acylate
the solvent and eliminate éarbon monoxide to give rise to divers
alkylatlon products. |

1-Phenanthryloxyacetyl chloride has been shown to ring close
to the 6—membered ring peri condensed ketone and not to the
5-membered ring product.

An attempt has been made to rationalise these results in terms

‘of,steric electronic and conformational effects.



ii.

The present investigation has also included a study of the
three isomeric monomethoxyphenoxyacetyl chlorides and it has
been shown thatvwhile the substituent at the 3-position gives
rise to exclusive acylafion with cyclisation dominant, a
methoxyl group in the 2- or L-positions promotes extensive
decarbonylation and these.latter reactions are not accompanied by
ring closure. | '

The acetylation of four dimethoxynaphthalenes in benzene
has been examined and a reversible system demonstrated to operate
in the acetylation of 2,7-dimethoxynaphthalene with aluminium _
chloride in benzene or nitrobenzene.

An improved synthesis of 3-iodo-1-naphthol prepared in
admixture with 3-chloro-1-naphthol is reportéd together with a
means of product separation. |

Finally, the preparation of 1-oxaphenalen-3(2H)one and its
6-methox§— derivative have been carried out. A synthesis of the

former has since been recorded in the literature.’



INTRODUCTION



The Friedel-Crafts Reaction

wWith time it has become a generally accepted concept that
any organic reaction brougpt about by the catalytic~action qf
.anhydrous aluminium chloride, or a related catalyst, is a
Friedel-Crafts reaction. The scope of the reéction by this
definition, then, is considerable. More specifically, but still
in fairly broad terms, the Friedel-Crafts reaction involves
atfack by QlectrOphilic carbon promoted by the action of a
catalyst. The electron accepting catalytic species may be a
Lewis acid type acid;c.halide such as aluminium chloride or boron
trifluoride, or a proton acid in the Bronsted-Lowry sense such as}
hydrogen fluoride or sulphuric acid.

The reaction may be applied to aromatic,aliphatic and
alicyclic substrates. Nevertheless it remains in the aromatic
field where the reaction has received the greatest attention and
it is in this connection that the present investigation 1is
~ concerned. | |

in a generalised sense all Friedel-Crafts reactions can be
divided into two main categories; alkylations and acylations.
The alkylation reaction as the name impiies involves the intro-

_ :duction or other reaction brought about by an alkyl group
provided by the action of the catalysf.on a typical alkylating
agent such as an alkyl halide, alkene or alcohol. Little more
will be said of these alkylations here since it is the acylation
reaction which is pertinent to the present work and more

particularly its application to aromatic substrates.



Aromatic Ketone Synthesis

The Friedel-Crafts acylation of aromatic compounds leads to
the formation of aromatic ketones. The acylating agents employéd
are usually acyl halides, acid anhydrides, esters or acids, and

their reactions.may be represented in the following manner :

RCOX + Ar-H —_— RCOAr + HX
(RGO),0 + “Ap-lE  ——3 . RCOAr + RCOOH
RCOOH + Ar-H ——>  RGOAr + HYO

RCOOR' + Ar-H ——> RCOAr + R'CH

Intermolecular acylations, Qhere one molecule of the acyl
component interacts with an aromatic molecule, have been of
considerable synthetic importance. Apart from the obvious ease
of formation of aromatic ketones with a carbdnyl group adjacent
to the ring, feduction of the carbonyl function by either the l
Clemmensen or Wolf-Kishner reductions gives réady access to
alkyl aromatics which may be difficult to prepare by the Friedel-
Crafts alkylation reaction which is often accompanied by
polysubstitution and isomerisation of the side chain. Isomerisa-
stion of this sort 1s rare in acylations and once an acyl group
has been introduced the electron withdrawing effect of the
carbonyl group generally deagtivates the arométic nucleus to
further electrophilicAattack._ '

An important application of the acylation reaction is the

preparation of cyqlic ketones by an intramolecular reaction



involving an aromatic ring with an attached side chain. The
cycliesation of A-phenylpropionic acid (1) and the chloride of
¥ -phenylbutyric acid (3) to 1-hydrindone (2) and 1-tetralone (4)

respectively are two simple'examples.

O
[: 1 o CH
, (CHZ)nCOX | ( 2)n-i
(1) n=2, x = oﬁ - (2) n=2
(3) n=3, x=Cl . (4) n=3

These reactions may be ‘carried out by heating the acid with
a suitable condensing agent such as sulphuric acid, hydrogen
fluoride or stann}c chloride as in (1) to (2), or by first
converting the acid into its chloride and treating the lattef
with a Lewis acid such as aluminium chloride as in (3) to (4).

Intramolecular acylations have been fairly extensively
investigated and diverse types of arylaliphatic acids with
substituentg both in the aromatic nucleus and in the side chain
have been cyclised and hydroaromatic and heterocyclic systems
synthesised. Several factors have been found to influence these .
cyclisations with respect to both the nature and yield of‘the
product or products formed. Clearly the size of the ring to be
formed, the nature of substituents and the position of these ’
substituents in the aromatic ring 6r ;n the side chain are of

importance. The condensing agents t0o0 and even the reaction



conditions for a particular catalyst have also been observed on
Occasions to give rise to different products. Many of these

factors will be discussed in later sections.

Purpose of the Present Investigation

The present investigation is concerned with the products
obtained from the treatment of a number of aryloxyacetyl chlorides

under Friedel-Crafts conditions. The major part of the work has
been directed at studying the products arising from cyclisation of
nuclear substituted 1- and 2-naphthyloxyacetyl chlorides, (5) and:
(6) respectively, where ring closure may give rise to one or both.
of two isomeric tricyclic ketones for each series. These ketones

may be represented by the formulae (7) to (10) below.

(5) (8)
| OCH,COCI o o
3o R e
(6) - (9) | (10)

Cyclisation of 2-naphthyloxyacetyl chloride (5, R = H) has
been effected by Ingham, Stephen and Timpe who obtained as the
sole ketonic, product the angular ketone naphtho[? 1-H]furan-1(2H)one

(8, R = g).!



The sbsence of the linear ketone naphtho [2,3-b] furan-3(2H)one
(7, R=H) has been recently verified by comparison of its Infra
Red and Nuclear Magnetic Resonance spectra with those of the

crude product from cyclisation,2

Ingham et al.1 also investigated the unsubstituted acid.
chloride (6, R=H) on reaction with aluminium chloride in benzene
end obtained the 1,2-ring closed product naphtho [1,2-b] furan-3
:(2H)oné (9, R=H). The peri ring closed ketone 1-oxaphenalen-3 (2H)

one (10, R=H) was not observed in this reaction.

A . Peri ring closure has however been reported by O'Briep and
Smith3 in the cyclisation of 2-chloro-1-nephthyloxyacetyl chloride
with aluminiumichloride blocking of the ortho position ensuring
peri cyclisation.k This reaction was performed with ‘benzene as

solvent and it 1s interesting that none of the intermolecular

ketone (11) was reported from solvent acylation.

CX:Hzﬁx)—{<::::>
a
(11)
The cyclisations of the unsubstituted acid chlorides (5 and
6, R=H) were also conducted in benzene and no solvent acylation
is reported in these cyclisations. Clearly intramolécular

acylation in both series is'likely to occur geadily in the absence

_of strongly deactivating influences.



The object fhen was to'investigaje a number ef suitably
substituted chlorides of (5 and (6) (R various) with a view to
providing electronic activation at the ring closure sites not
attacked in the case of the'unsmbstituted chlorides. Alternative
approaches to obtaining the 'aﬁnormal' ketones were specific
deactivation of the 2-position of the 1-naphthoxyacetyl chloride,
the site normally substituted in this series, and provision ef a
bulky substituent in the 8-position in the/B-series to give rise

to a large steric effect to acetylation at the adjacent X-site.

Although these studies form the major part of the work a
number of other factors have been investigated, the more important

ones being listed below.

i) Reaction of the three isomeric methoxyphenoxyacetyl
chlorides with aluminium chloride in benzene and
rearrangement of the corresponding aryl benzyl

ethers under similar conditions.

ii) .  Acylation studies with acetyl and chloroacetyl
chlorides on methoxynaphthalene derivatives
where this has been considered useful in |
connection with the cyclisation of

naphthyloxyacetyl chlorides.

iii)‘ Investigations into reversibility in Friedel-Crafts

systens. . o B



Interaction of Phenoxyacetyl Chlorides with Aluminium Chloride

In recent years extensive investigations have been carried
out in this Department conce?ning'the interaction of wvarious
phenoxyacetyl chlorides with aluminium chloride in both afomatic
and non-aromatic~solvents.2’ b Those data pertinent to the
preseht research, whiéh is obviously closely related, are summarised

briefly below.

)4,5

Palmef and McVie were able to show that reaction of
phgnoxyacetyl ghloride.(12) with aluminium chloride in a molar
ratio of unity at 5 - 10° C. overi1.5 hours in benzene (15 moles)
~led to the formation of some five products as well as the recovery
(10%) of phenoxyacetic acid after hydrolysis. Isolated and
characterised were the major product benzofuran-3(2H)-one (13)A
from intramolecula; acylation and the intermolecular ketone,
2-phenoxyacetophenone (14), in 16& yleld. . As well as these
acylation pfoducts, small amounts of phenol (39) o-benzylphenol
(17) and diphenylmethane (18) were obtained. The last three
products are considered'to arise from unimolecular loss of carbon
monoxide from the acylium ion (or other reactive species)

followed by alkylation of the solvent and rearrangement of the

resulting benzyl phenyl ether (16) to the observed producté.

Benzyl phenyl ether was shown to be unstable to the
conditions used in the reaction and to give rise to products (17),

(18) and (19). The product distributions in-the ether



rearrangement with aluminium chloride and the acid chloride
experiment were shown to be similar and justified the postulate
that benzyl phenyl ether was the initial decarbonylétion product.
Similar relationships were observed with nuclear substituted'
acid - chlorides and the corresponding aryl benzyl ethers.u’

The entire scheme may be represented in the following way:-

OCH,COCI OCH,c |
— @ (13)
12y - OCHZCOPh
o S lco
+AICIy+ CgHg . (1)
OCH,
\
| (15)
]

N

OCH,Ph

CHZPh N
+ Ph,CH,, + P

(17) (18) (19)



From a study of nineteen nuclear substituted phenokyacetyl
chlqrides under similar conditions the effect of the substituent
. groups was determined. Strongly electron attracting substituents.
(-E, -M resonance polar effects) in the 2- or L-position of (12)
(12, with 2-NO, , h-NOz, 2-CN) gave exclusively the corresponding
2-phenoxyacetophenones (analogues of 14) in 30 - 50% yield, the
remaining material being accounted for as unreacted starting
material isolated as the acid after hydrolysis. ‘The low
conversion is likely to be due'to electron withdrawal from the
aromatic nucleus decreasing the rate of formation of écylium'iOns
by reducing the basicity of the chlorocarbonyl group in (12).
This would imply, of course, that acylium ion formation is rate
determining.' The deficiency of nuclear electrons also acéounts‘
for the lack of dqurbonylation products sincelthe cationié
species (15) wou1d be.expected to be stabllised to a lesser extent

by resonance with the aromatic ring.

In carbon disulphide, nitromethane and other inert solvents,
howéver, it has been demonstrated that phenoxyacetyl chlorides
with -E -M groups in the 2- or L-positions lose carbon monoxide

exclusively and the major product from these reactions is the

chloromethyl ether (20).“’ 7- >
OCH2COC| ‘ ‘ OCH2C|
R 4 — 2 .
inCSo - ) . (20)

R ='2-N02, 4-NO,, 2-CN etc.
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The failure of 2,u—dinitrophenoxyisobutyroyl chloride to
yield a similar product suggested a bimolecular loss of carbon
monoxide from nﬁcleophilic attack by chloride or tetrachloro-

aluminate ions on the acylium ion:

. Cl ~ AICI
o Ty
~ OCH,COCI OCH,~ e |
AIC] AlCIy
R = —=g > R —— (20)+{ >
o G5 ‘ co
- -

2- and 4-Halogeno-phenoxyacetyl chloriaes.aISO gave the
intermolecular ketone as the major product in all cases in
yields of 30 - 89%; The cyclic ketone and decarbonylation
products were alsq\observed in these instances and the overall
conversion to products high as indicated by the low recovery of
acid. . In these instances then net deactivation of the ring is
still the important feature although offset to some extent by

electron release from the halogen.

With alkyl substituted phenoxyacetyl chlorides the cyclic
ketones were obtained as the dominant products. With 3- and
3,4~ disubstituted chlorides Palmer and Scollick 2, 8,
frequently observed mixtures of the isomeric intramolecular
ketones arising from ring closure at both the available ortho
sites. An example is the cyclisation of 3 ,4~dimethyl-

phenoxyacetyl chloride‘(21)lwhich'gave the linear product (22)
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as the major isomer

CH3 coc "3 ' CH3
____.+ N
LH2 - o + o’
o) - CH .
3 (22)
(21) 2L% - T76%

~

‘An 1nteresfing_observation by these workers was the fact
ihat with the polymethylene substituted acid chloriaes of the
type (23) while for n = 3, 5 and 6 the linear product (24) was
the major one; for n = 4 the angular isomer (25) predominated.‘

This is a further extension of the Mills-Nixon Effect.

o o CHz)n
COCJ '

(23) (2u)  (25)

Treatment.éf‘phenoxyacetyl chldrides with aluminium chloride
in aromatic'solvents other than benzene, and in this respect
p-xylene, anisole, m-dimethoxybenzene have 5een’used, indicated a
higher proportion of intermolecular acylation over both
cyclisation and decarbonyiation with respect to benzene.u"9'
Increasing the nucleophilic character of the solvent had enhanced
inﬁermolecular acylation, a resu;t to be expected, and implied a

unimolecular loss of carbon monoxide in decarbonylation with

aromatic-solvents.
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pu _
With chlorobenzene and o-dichlorbenzene, solvents which

do not readily acylate or alkylate, tarry products were obtained
which'were 1arge1y'intractab1e and thought to be due to further
acylation of the initial préductsAformed which were themselves
more nucleophilic than the solvent. AA similar but worse
siltuation was envisaged.with nitrobenzene as solvent and for

this reason its use was not investigated.

The benzofuranones, although fgirly stable to acid, have
been shown to be susceptible to attack under basic conditions on
account of the reactive methylene group. This has been
' demopstrated by the ready ease of formation of the 2-benzylidene

derivative (26) from benzofurah—B(ZH)one on‘condensation with

benzaldehyde.
' N
o | o)
PhCHO, o
— CHPh
o) o
(26)

These - ketones have also been shown to be susceptible to
self condensation under alkaline conditions. Thus the fairly'
rapid dimerisation of the ketone (27) to (28) is observed in
sodium methoxide solution on gentle warming. Immediate |
formation of the anion of the enol form was observed by following

the reaction by N,M.R; spectroscopy.1o
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Me o Me o~
. S s . Q
: o'/
Me ' Me .
. (27)

Syntheses of Tricxclic Ketones.

Two aspects only of tricyclic ketéﬁe synthesis are considered
here. The first section deals with the oxygen containing ketones
represented by the general formulae (7), (8), (9) and (10) and is
a survéy 6f the preparafivé routes which have.Been applied in
their syntheses. A second section surveys the cyclisation of a
number of naphthyl acids or acid.chloridés of the general formulae

(29) and (30) and 1s thus restricted to acylations.

ZG:HZ}ﬁXDX

o Z[CH,)COX
X = OH, C1 . |

(29)i. - (30)

It is not designed to be an exhaustive survey of all such
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recorded acylatiOns'but merely to illustrate a number of fesatures

pertinent to the principal theme of the current investigation.

a) Syntheses of (7), (8). (9) and (10) )

These compounds, 1n common with very many other heterocyclic
systems, are most convenlently prepared from the intact naphthalene
skeleton with addition of the heterocyclic ring. " Three types of
_syntheses may be identified and represented in the following
manner, the broken line indicating the final bond formation

g Il il
U\ PN C
7\r\ /C Ar\ .C Ar\ /C
o) o’ o)

\ .

Type A Type B Type C

Type A syntheses.afe, of course, intréﬁolecular acylations
and form the basis of the present invéstigétion. — Thrée ketones,
naphtho [1,2-b] furan-3(2H)one (9, R-H) , naphtho[? 1-§]furan-1(2H)one
(8, R_H)1 and 9- chloro-1-oxaphena1en-3(2H)one (10, R—9Cl)3
reported to be synthesised by this method.

Anand and Venkataraman11 have synthesised naphtho[1 z-p]furan—
3(2H)one starting from 1—hydroxy—2-naphthoic acid (31) and
proceeding through the diazoketone (32)
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~ OH | OCOCH5
COOH A o/HOAC OO COCHN2 ) (9) .
1. S0C . - mt )
. CHy N, ——
A - .+ (R =H)
(31) (32)

This unambiguous synthesis of Type B gave a product of
identical melting point to that obtained by Ingham and his co-

workers1'from the cyclisation of 41-naphthyloxyacetyl chloride.

A similar synthesis has given rise to the linear ketone (34) from

3-methoxy-2-naphthyl diazomethyl ketone (33)

| A COCHN, -
=
OCH4
(33) o (3W)

The synthesis of the ketone (36), 5-methoxynaphtho[1,2-b] furan-

3(2H)one, from 1,u-dimethpxynaphthalene has been reported by the

following?.sequence13

OCH3
| OCH3

OCH3 OCH3

(35) C(6)
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Treatment of the chloroﬁethyl ketone (35) in boiling
methanol with an aqueous suspension of calcium carbonate the
author claimed leéd to demethylation and cyclisation to (36)
although no:yield is given for this stage. This sequence of
reactions is similar to that employgd by von Auwers and Pohl1u

in the synthesis of the methoxybenzofuranones (37) and (38)

t

o ‘ | e
CH30

: O
CH30

(370 (38)

In the syntheses of the benzofuranones, treatment of both
m- and p-dimethoxybenzene with chloroacetyl chloride in a Friedel-
Crafts reaction gave the phenolic chloromethyl ketones (39) and

(40) respectively where ether fission had occured in the position
ortho to substitution

COCH,CI

/[:::I: | CH3O\I:::I:COCH2CI
CH30 OH | . OH

J

(39) (uo)

Both the above chloromethyl ketones cyclised readily and in
good yield to the benzofuranonés (37) and (38).

It might reasonsbly have been expected by analogy that
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acylation of 1,4-dimethoxynaphthalene with chloroacetyl chloride
would have given the partially demethylated species (uﬁh which
could ring close readily, rather than (35)

OH

COCH,CI
T

’ OCH

Type C syntheses have beenjapplied in the'unambiguous
preparation of both the linear naphthofuranone (7, R=H) and
1-oxaphenalen-3(2H)one (10, R=H). Intermediates in syﬁtheses
of this sort are the diacids such as (u2) or dlesters such as
(43) where R'=R%=alky1.

AN

OCH,COOH |
ool o
(42) ' I (7, R = H)

| | o
ROOC ~ OCH,COOR' o
(43) © (10, R =H

Emmot and Livingstone15 prepared the linear ketone from

the diacid (42) by first converting it into the enol acetate (L44)
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followed by hydrolysis of the cyclic acetate with base.
Acidification yielded the cyclic ketone.

Ac20 L OH™
NCIOAC nH* A
(L2) O Y/ —> (7, R =H)
(Ly)

Possible mechanisms for the ring closure and hydrolysis
steps are suggested in the Discussion. '
The'diester (h3; R1= Et,'R2 =‘Me) has recently been converted
by Alderson and,Livingstone1§ into 1-oxaphenalen-3-one throggh a
Dieckmann cyclisation, an internal Claisen condensation, to

eth&l 3-ox0-2,3-dihydro-1-oxaphenalene~-2-carboxylate (45).
Hydrolysis and decarboxylation of this ylelds the oxaphenalenone

(10, R=H)
H. COOEt
EtOH . OH~
. CaH W H* . ,
(43) —5—/% OO » ‘—H——> (10, R = H)

(r! = Et, |

R® = Me)
(45)

These workers also repoft the syntheSis.of (10, R=H) from
the diacid (43, R1= R2=H) through 1-oxaphenalen-3-yl acétate.16
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b) Intramolecular acylations of compounds of type (29) and (30)

The cyclisations of a large number of 4- and 2-naphthylalkanoic
acids, which may be represented by the general formulse (46) ana (47),
have been reported in the literature either by cyclodehydration of
the free acids themselves or by cyclodehydrohalogenation of the acid

chlorides.

(CHg)cooH

. O

(46) )

__[CH2),COOH.

The natﬁre»of the éyclic Products obtained is outlined
below. N A .

In the 2-naphthyl series the unsubstituted acids (46, R=H)
and their chlorides have been reported to ring close at the
neighbouring - % -position for n=2, 3, 4, 5 and 6.17-20 ‘The |
cbrrespondipg angular ketones (48, R=H, n=2-5) then are the

(products of these cyclisations.

| o
- £ (CHan it
LT 90¢

(18) o w9)

In all the reported cyclisatiohs«of these chain lengths the
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angular ketones are claimed as the sole products with but one

13 has observed that cyclisation of

exception. Bavin |
¥ -(2-naphthyl)-butyric acid (46, R=H, n=3) with hydrogen fluoride
at room temperature and subsequent dehydrogenation with palladised -
.charcoal of the crude product. gave a mixture which analysed by U.V.
spectroscopy to be 2% anthracene. This was a clear indication .
that the linear ketone (u9).was 1n‘fact formed in the cyclisation
since phenanthrene, the dehydrogenation product from the angular

ketone was not isomerised under the conditions employed for

dehydrogenation,

Hulsgen and Rietz 20 have reported a rather different type
of heferonucléar cyclic ketone with the higher'homdlogues of (46)
whefe cyclisation of the acid chloride with n=10 gave annellation
at the 8-position “to yield'the ketone (50). The lauric and
myristic acid chlorides (46, R=H, n=11 andA13) as well as giving
the ketones from ring closure at the 8-position, also gave

detectable amounts of the 2,6-naphthocyc1anones (51).

CH
o 2

b WIS

n = 11 and 13
(50) S . (51)

Thus in large ring systems where the variation in ring
-atrain with ring size is not significant, a prokimity effect of

ﬁhe acylium ion (or other reactive species) to the site of sub-
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:stitution.seems to be all important in their syntheses. A
proximity effect, too, probabiy plays a part in the formation of
the smaller ring 1,2-substituted ketones although in the latter
case a ring strain effect may be rather more significant. The
effect of ring size on cyclisation products will be dealt wifh

later in greater detail.

Peri effects precluding 1,2 cyclisation have been observed
and the ketones substituted at 3-position of the naphthalene
nucleus obtained. Thus the cyclisation of ¥-(8-methyl-2-
naphthyl)butyric acid (52) gives 1-keto-1,2,3,4~tetrahydro-5-
methylanthracene (53) and not the ketophenanthrene derivative

(54) .21
CH N CHs
0 — e
HOO ,
O .
(53) | - (52) | (54)

The relatively small methyl group is sufficient to cause &
prohibitive steric effect to angular cyclisation. Indeed thé
steric effect of the peri hydrogen appears to have been sufficient
to direct the cyclisatioﬁ with polyphosphoric acid of the ketone
(55) to the linear 1-ethylanthracene (56) rather than the expected
L-ethylphenanthrene (57)?2 This last reaction is however an

alkylation and not an acylation and hence a different sort of
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mechanism operates.

HNeook”
4 | ///Z. Et .
' E
S0 R t
O ,
‘ ' (57)
(53 QT

The cyclisation of 1-naphthylacetic acid derivatives appears:

to occur exclusively at the peri-position giving acenapthenones,
1, 2 cyclisation would iead to a severely strained four membered
ring ketone and hence it‘is not surprising that ketones of this'
sort have nof beeq\observed. A number of substituted
1-naphthylacetic acids and their chlorides have been successfully
'cyclised showing the method to be a convenient way to preparing
acenaphthenones. The observation by Green and Hey%3 however,
of the failure of both 4- and 6-methoxy-1-naphthylacetic acids
to cyclise with a number of condensing agents is ;nteresting.

An electronic effect seeﬁs to be operating in these cases
deactivating the peri position to electrophilic substitution
since the unsubstituted acid is cyclised readily under mila
conditions. The acids substituted with a 5- or 7-methoxyl .
group did cyclise readily and this is expected since electron
donating alkoxyl‘groups in these positions would be expected to

increase the reactivity of the peri-position.
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The cyclisation of/e-(1-naphthyl)propionic acids (47, n=2)
aﬁd their derivatives has been‘shown to lead to three types.of
products. The cyclic ketones (58) and (59) have been observed
in these cyclisations arisingAfrom peri- and ortho-acylation
respectively. A third product (60), a phenalenone (peri-

naphthenone), has also been‘isolated in some instances.

o) | ‘ - Ox
‘ | ' o ‘
SO OAES®
‘ (58) » (59)' o (60)

Phenalenone formation has been shown td.be due to dehydro-
genation in situ of the inifially formed dihydro- compound (58)%“
The course of the reaction appears to be consliderably affected by
the cyclisation conditions employed. Thus with the unsubstituted
propionic acid FPieser and Gates 25 isolated 2,3-d1hydropheﬁalenone
(58, R=H) in 81% yield together with a small amount of the .
4,5-benzindanone (59, R=H) with hydrogen fluoride as condensing
agent. Use of stannic chloride or aluminium chloride, however,
in addition to the above compounds gave about 4O% of phenalenoné
(60, R=H).25’ 26 Nonetheless the propof%ion of angular kétone
with the unsubstituted acid is never more than 5%. Similar
results were noted by Wenham and Whitehurstzu on studies of the
7-alkyl series. These authors found that wiph a single catalyst
(polyphosﬁhoric acid) increasing the reaction time from fifteen
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minutes to forty-five minutes and the temﬁerature from 110° to
140° resultead in different products being obtained. At the

lower temperature the alkyl-perinaphthanones were favoured but

at higher temperature the dehydrogenation products (60, R=7-alkyl)
were obtained in highAyield. It was also found that cyclisation

. occurred almost exclusively at the peri-position for the acids
(L7, n=2, R=7 Me, 7 Et, 7-Pri) with a variety of condensing agents‘
and only tfaces of the benzindanone derivatives were formed. Itk |
is interesting particuierly that the 7-isopropyl substituted acid
should give the peri ketone; a clear indication that the
inductive activation of the peri position by the bulky iSOpropyl
group 'is more than sufficient to offset its steric effect.

With the 7-tertiary butyl substituted acid, however, the
benzindanone derivative was formed in preference to the peri-
condensed ketone, a manifestation of the dominating steric effect.27

With both S-methoxy end 7-methoxy-(1-naphthyl) propionic acids
and their chlorides with a variety of catalysts and conditions,
Green and Hey only obtained the peri-cyclised ketones with no trace
of the henzindanones.23 Clearly specific activation by the
substituents of the 8-position over the 2-position accounts for
this. ‘The 6-methoxy substituted acid, however, cyclised to
3‘-mefhcxy-u,5,benzindan—1-one (61) exclusively, presumabl& due
to an amphi-effect, where the methoxyl is able to assist. in
delocalisation of the charge of the incoming acylium group in the
manner depicted in (62).' Nonetheless since,the unsubstituted

acid did give a small amount of the angular ketone it is not solely
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an amphi—effect which operates.

' ‘ll‘ o) . ' ‘Il” 0
4@ o)
+
. CH3O

(61) - (62)

With the 1-naphthyl propionic acids then the inherent
tendency is for peri-riqg closure and a plausible explanation is
the pfeference for éik-~rather than five- membered ring formation.

Cyclisation of the acid chloridé of ¥-(1-naphthyl)butyric
acida (47, R=H, p=3) with aluminium chloride gives only the angular
ketophenanthrene derivative.28 Peri-cyclisation has howevef
' béen observed with\the butyric acids either with a 2-substituent
 blocking the ortho cyclisation site29 or with a methoxyl group
in the 5- or 7-positions. Gilmore and Horton isolated the
homophenalenone (63) in 18% yileld from the cyclisation of the
acid chloride of ¥-(7methoxy-1-naphthyl)butyric acid with
aluminium chloride although the major product (64) was that from
1,2 ring closure in 78% yield.29 r A similar cyclisation with
-, aluminium chloride of the isomeric 5-methoxy acid chloride 1s
reportedso 31 to yield the dihydrohomophenalenone (65) whereas
the use of stannic chloride on the free acid affords the
kefophenanthrene. Later Lockett and Shéfth‘reported only the-
peri—productaby\either method and a subsequent invexstigationz3

with the added refinement of the application of U.V. spectroscopy'
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has confirmed this.

e | -
CH40 CH30

(63) ‘ (6n) (65)

The preferential formation of a seven-membered peri ring

OCH3

over an energétically more fayoured six-membered one across the
,1,2-positions is rationalised by considering the activation_at
the péri—position by the 5-méthoxyl group which appears'to be
just sufficient to overcome the additional ring strain. The
7-methoxyl on the other hand is not quite sufficient and this
might at least in\part be due t§ a proximity effect of the
substitueﬁt to the‘peri-posit;on giving rise to a steriq inter;
action in the intermediate for peri ring closure.

As with the 2-naphthylalkanoic acids of longer ghain length,
"Huisgen and Rietz have reported non-neighbouring ring closures
with the higher homblogues of the 41-naphthyl acids.33' For
n=6, 7, 8 and 9 in (66) high dilution Friedel-Crafts acylation
of these chlorides gave the 1, 7 cyclised prdducts (67). For
n=9 the 1 ,4-naphthocyclanone (68) was also detected. |

| CHz)nCOCl - (CH) -
C .

n=6,7,8,9 ‘ S n=26,7,8,9 L
(66) o (67) (68)
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. Truce and Toren have investigated inter alia the cyclisation'
of 1-naphthylalkanesulphonyl chlorides (69) in the presence of
aluminium chloride in nitrobenzene solution. The products
obtained for n=2, 3 and 4 were only the 1,2 ring closed

sulphones (70) and no preri-annellation was c‘iet:ected..j)4

CHoasoct (CHz)rp
SO J
(69) ‘ - (70)

. A number of derivatives with sulphﬁr in the peri ring have
been reported. Russian investigators claim that cyclisation of
1-naphthylthioace§}c acid (71} R=H) with aluminium chloride in
chlorobenzene at temperatures in excess of 100°,gives the peril
ketone (72, R=H).35 Using stannic chloride in the same solvent
at 80° the 1;2 cyclised product (73, R=H) is aiéo formed.36
Unfortunately no yieids are recorded. Leandri reports a 90%
conversion to the peri ketone (72, R=7,9-(N02) ) on cyclisation
with aluminium chloride of the chloride of the 2,u-din1tro
substituted acid (71, R=2 ,u-(Noz) )27

ol |
SCH,COCH | S . | S

(71) () (73)
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In this connection it is of interest that cycllsation of
/3 -(1-naphthylthio)propionic. acid chloride with stannic chloride
in benzene took place entirely in to 1,2 direction to give (7&)?8,

S/\l |

(7u)

A high conversion to the thianaphthene derivative (76) is
obtained on cyclisation of 6—ethoxy-1-naphthylfhioacetyl chloride
(75) indicating a distinct preference for angular rather than
linear condensation in accord with the corresponding oxygen and

methylene analogues.
. AN

SCH,COCI
T Eto l 'l .

(7). - (76)
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Factors influencing Friedel-Crafts Cyclisations

A number of factors have been reported to affect both
products formed and their distributions in acylation reactions.
Ring size is cleariy an important consideration in cyclisation
reactions and reference has been made to this in earlier sections
éoncerning the cyclisation of naphthylalkanoic acids and their -
chlorides. Fairly extensive studies have been carried ouf on
the ring closure of arylaliphatic acid derivatives(in general
and the folloWing points are relevant.

Since both benzoyl chloride (77) and phenylacetyl chloride
(78) fail to cyclise under Friedel-Crafts conditions, it is
'generally assumed that both three- and four-membered rings are

not favoured’due to the high ring strain involved

\ CQCI . / o ) CO'CI
r/ :
CH2 S l (77)
e A :

Five-, six-~ and seven-membered ring ketones, however, are

all fairly readily formed and eiamples of cyclisations leading
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to the férmation of these have been already given. When there
is a choice between formation of a five-~ or six-membered ring

the latter generally appears to be formed. Thus the cycligationj
of’the diacid (79) with anhydrous hydrogen fluoride gives the
acidic ketone (80) as the sole product of reactionuo - a clear
indication of the pbeference fo: the formation of the six-
membered ring tetralone rather than the five-membered ring

cbo ' /

‘indanone derivative (81) . O
coon ._HF

O

(79) - O’ (81)
- -HOOC(CH2)3 B

The cyclisatidn of /3-(1-naphthy1)propionic acid to give the.
perinaphthanone (58, R=H) as the major product with only a trace
of the angular five-membered ring ketone substantiates the
preference for six-membered rings over five-membered ones.

Seven-membered ring suberone derivatives are known to be
formed readily in cyclisations, however results obtained with
diacid cyclisatioﬁs would indicate that these are formed lesé
readily than tetralones and indanones. lﬂ-Benzyladipic acid
(82) for example yielded on cyclisation only the tetralone
derivative'(83)'and none of the suberone derivative (8&).u1
Likewlse ™-benzylglutaric acid on cyclisation gave the indanocne
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. derivative (85) rather than seven membered ring formation.uz
@)
(83)
. COOH :
7 > (CHaJac00H
(CH2)2COOH\Y\ "
(84)

(82)
CH>COOH

. ' ‘ o) :
COOH .
(CHZ)ZCOOH —_— O. (C H2)2COOH (85)

- Diacid cyclisations éf this sort do not‘imply that certain
ring systems are inherently more stable than others but are
nmerely manifestati;ns bf rateé of reaction, assuming,.of course,
that both acyl groups are equally reactive.

Iﬁ the absence of comparable data it ;s difficult to assess
i the‘ring size effect in the cyclisations of aryloxyaliphatic acid
and their derivatives. There is, however, much evidence
indicating that both five-membered furanone derivatives and six-
membered chromanone derivatives are readily formed. It would be
unwise to assume that cyclisation of 1-naphthyloxyacetyl chioride
(6, R=H) to the naphthofuranone (9, R=H), and not the six-membered
'peri ketone (10, R=H), is necessarily evidence in favour of
universal preference for five-membered ring fgrmation over six.

The 2-position at which ring closure occurs is almost certainly
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activated towards electophilic attack by electron rélease from
the ether oxygen. | Interesting however is the observation that
the chloride of 2-phenylphenoxyacetic acid cyclises with
aluminium chloride to the seven-membered ring oxepinone (86)

rather than five-membered ring benzofuranone <3.erivat.ive.)"'3

‘ OCH,COCI g S

AICI5 AH2

L — o .
g Qe
- (86)

It is thought to be possible that oxepinone formation is
favoured on account of a proximity effect of the reactive tail
to the phenyl substituent which has two effective ring closure
sites. Perhaps, too, there are fewer interactions in the
transition state of the non-planar seven-membered ring.

The effect of nuclear substituents on cyclisation is
similar to other substitution reactions. The presence of an
ortho/para directing group ortho or para to the point of ring
closure activates the nucleus and in consqquencé cyclisation
occurs readily. Bulky substituents prtho to the acylation site
have been claimed to inhibit cyclisation as exemplified by'the ‘
acid (87). Fleser and Bradsher were only able to achieve
cyclisation with hydroéen fluoride in 16% yield and reported complete

fallure to cyclise with a number of other condensing agents.uu
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SVt e e

OCH5 ' | OCH3

(87)

The reluctance to cyclise in this instance may well, in
part, be due to the bulky phenyl group ortho to the point of ring
closure, but a more likely inhibitiné factor is the méthoxyl group.
The following certainly is suggestive of this being so.

Several workers have réported the failure of ¥-(2,4-
dimethoxyphenyl)bu?yric acid (88) to ring close with a variety of
condensing agents,\although more recently its cyclisation has been
achieved with polyphosphoric acid on a 3g sc:ale)+5 in 4-6% yield to
give a somewhat impure product. Increasing the scale of the
reaction,however, led to no tetralone formation. . Obviousiy the

2,4~dimethoxy acid is reluctant to cyclise.

R1 CQOH (88) R, = R-3 = OCH3’ R, = H
(89) Ry = OCH;, R, = Ry = H
Ra | . (90) Ry =R, = H, Ry = OCH,
"3 (91) R, = OH, R, =R, =H

The Y4-methoxy substituted acid (90) cyclises readily through
its chloride with aluminium chlorideuS however Y-(2-methoxyphenyl)-

butyric acid (89) daid not cyclise under these conditions, although -

-~
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it has been cyclised in moderate yield under more vigorous
vconditions.u6 Clearly the 2-substituent has the greater de-
.activating influence at the site meta to itself, presumably on
account of the adjacent side chain. Whether this is a géﬁ-
metric or electronic effect is none tpo'cleaf.

A similar observation has been made by Mitter and De who
failed to cyclise Y-(2-hydroxyphenyl)butyric acid (91).""7
- Indeed deactivation of the position meta to an electron donating
substituent seems to occur on account of the aforementioned
failure 6f 6-methoxy~1-naphthylacetic acid to cyclise and the
'observation that ,8—(6—methoxy—1-naphthyl)propionic acid
cyclises to give predominantly 3'-methoxy-L,5-benzindan-1-one.(61)

The presence of electron-withdrawing substituents, such as
nitro and carbonyl{ deactivates the molecule in general towards
electrophilic attack. This does not, however, preclude the
possibillty of cyclisation since the chloride of the nitro acid
(92) has been cyclised in over 70% yield to the indanone
derivative (93) with aluminium chloride; the p-nitro isomer on
the other hand could not be cyclised.l'L8 In both instances ring .

closure would be meta to the substituent - the least deactivated

position.

coci AlCl3

" NO
NO, - Noz

(92) - ( (93)°
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This difference in réactivity can be readily attributed to
a lack of coplanarity of the 2-nitro group with the aromatic
nucleus on account of ihe steric effect of the acidic side chgin
resulting in reduced resonanbe deactivation of the ring. The
inductive effect alone is insufficient to prevent acylation.

Although an acyl group once introduced tends to deactivate
the nucleus to further électrophilic substitution a number of
‘double cyclisations have, however, been reported. With simple
systems attempted double ring closures have only given low yields
of the diketones or'monocyclisation exclusivgly,.although with
polycyciic systems, notably the phenanthréne series, yields have
been much higher in cases where the ring closures occuf at |
distant points of the molecule. |

Thus cyclisatlon of the diacid (94) with sulphuric acid, or
its dichloride with stannic chloride or aluminium chloride, gave
only the keto acid (95).u9' This keto acid has however been
reported to cyclise with an excess of aluminium.chloride'together
with a little sodium chloride to give about 5% of thé,trioycliC'.
diketone (96) together with much unchanged keto acid, and this is

effectively a double ring closure.50

g ool ¢
L/ | cOon COOH

(on) e (96)
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The phenanthrene derivative (97) however, with poly-
phosphoric acid or stannic chloride 1is reported by Phillips to
give mainly (98) together with some 29% of the isomer (99).51

(CHp)3

COOH

(97) : (98) - (99)

- A number of instances have been recorded where the condensing
agent clearly influences the course of cyclisation and not merely
the yields of products forméd. A striking example of this is
the cyclisation of ¥ -2-phenanthrylbutyric acid (4100) which with
hydrogen fluoride gives the benzanthracene derivative (101) in
78% yield, yet with stannic chloride yields 74% of the chrysene

derivative (102).72

( O C
J UL T e
(CH2)3CO0M | ‘

(100) (101) o

In this particular cyclisation a possible explanation is that

the stannic chloride induced condensation at the 1-position of the
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phenanthrene nucleus in the ‘normal’ course of ring closure on
account of the higher bond order of the 1,2 bond compared with
the 2,3 bond.. This would seem reasonable by analogy with the

‘ lower homologues of the 2—nabhthy1alkanoic acids which show a
distinct preference towards angular cyclisation, presumably a
direct consequence of the shorter 1,2 bond length (higher bond
order). That the angular ketone (4102) is formed in high yield
with hydrogen fluoride may be accounted for by initial éddition
of H-F across the 9,10 bond which is well established to display
a considerable degree of olefinic‘characfer, and that subsequent
cyclisation at the 3-ppsitioh of the addﬁcti (103, a or b) is 

now preferred.

(a) (v)
(103) -
Either adduct, depending on the orientation of H-F addition,

éan reasonably account for predominant 3-acylation; (103 a) on
account of a -I efféct from the nearby fluorine atom and (403 b)
from its similarity to a toluene derivative where the ortho/para
ratios for substitution are generally low. In addition, both

structures would be expected to provide an . increased peri-effect



over the phenanthrene and might reasonable have 41,2 and 2,3 bond
orders of similar magnitude, due to their likeness to biphenyl.
Such an eiplanation, of course, depends on H-F elimination at a
later stage, thié quite likely being able to occur during the
alkéline conditions used to work up the reaction.

Such large differences in product distribution with different
condensing agents are rare and concerned in the main with the |
polycyclic systems. Smaller variations are much‘more usual and
reasonable, but when these depend on actual isolation of products,
unless the Accountability of material is high, the results must
be treated with some degree of caﬁtion. Unfortunately this
condition has not often been met in reported studies.
Quantiﬁative evaluations of crude products by G.L.C. analysis,

" spectroscopic metg?ds or other similar means, combined with
unequivocal identification of the components would‘aléo be ,

desirable, but as yet have been but rarely applied to cyclisations.
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Mechanism of the Friedel-Crafts Acylation Reaction

Despite the fact that numerous studies have been directed at
elucidating the mechanism of the Friedel-Crafts acylation reaction;
there still exists some doubts as to the precise role of the
catalyst and the nature of the acylatihg species. Although no
attempt has been made in the present study to in&estigate either
of these subjJects, it is pertinent to discuss briefly at this point
the current views held over these and other aspeéts of the reaction.
Most of the studies have been concerned with the aiuminium halide
catalysed reaction of acyl halides with aromatic ;ompounds,
although the consideratiohs can often be extended with slight
modification to acylation with other species.

Since the reactiqn is cétalysed by acids and on account of
directive influences, there is little doubt that aéylation involves
electrophilic aromatic substitution. The role of the Lewis acid
in acylation with écyl halides is clearly to act on the chlorocarbonyl

o ‘ :

=

group. - C of the acyl halide in such a way as to render

Cl .
the acyi carbon atom more electrophilic. The precise nature of

the acylating complex, however, has been the subject of much
speculation. Two major structural possibilities are favoured,
both having been substantiated by exﬁerimental evidence. These

are the polarised donor—acceptoricomplex (A) and the acylium ion

(B)

/O ——> MXn - + -

R - C\\ - . | R-C = 0 _MXn*1

(a) (B)
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Other structures have also been proposed in the past,
although no substantial evidence indicating their existence has
been forthcoming, quite in contrast with (A) and (B).

Structural determinations of these acylating complexes have,
of course, made an important contribution to the understanding'of
the mechanism of acylation. In this respect spectroscopic methods
have become increasingly important in the study of such acyl
halide-Lewis acid primary complexes.

Cook, on the basis of infra-red studies on the aluminium
chloride-acetyl chloride system, inferred the presence of both
the donor—accepfbr complex (C) and the ionic\species (D) 53

3 . + -
~ CH3 -C = 0 AlClu
Cl

(c)" (D)

-, 0 — AlC1
4
CH3F- C

With nitrobenzene, a liquid of high dielectric constant, as
solvent, the complex was shown to exist as both (C) and (D),
.whereas in chloroform, Whiéh has a relatively low dielectric
constaht, only the donor-acceptor complex appeared to be bresent.

The structures of a number of other complexes have also been
investigated in recent years and the results have indicated as above
that in some instances the complexes exist as acylium salts (B) and
in other instances with metal atoms bonded to the carbonyl oxygen
‘(structure A). Mixtures too have frequently been observed where
the distribution depends on the physical state of the sample
(whether a s0l1id or a liquid) as well as on the nature of the
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solvent, if in solution.  Olah and his co-workers were able to
show by hilgh resolution proton and fluorine resonance spectroscopy
that while the addition complexes of SbF5, PF5, ASF5 and BF3 with
acetyl, propionyl and.benzoyl fluorides existed as acylium salts
of the form RCO MF(M 6) in the solid state, in solutionszne

strongly polarised complexes of the sort (E) were favoured.

§+ s
R—CO ------- MNF ' '(n=3,5)
| 4 n
F
(E)

Trom the preceding discussion and the observation that
Priedel-Crafts acylations with acyl halides are known to proceed
_ readily in solvents of both high and lou dielectric constant, it
is likely that both the polarised complex (A) and the acylium ion
structure (B) are active entities in acylations, the more
,effective one in a given case depending on 'the reaction conditions.
In relatively non-polar solvents, which would not: easily
" accommodate a high energy cation, acylium ions are not detected,
hence acylations may well proceed via polarised complexes. In
those solvents where both complexes exist there is uncertainty as
to which, if either, is the more successful acylating agent. It
may be that steric and electronic effects in the transition state
leading to the final products is critical. There is also'the
possibility that the reactive intermediate may be some other

species present only in low concentration and in support of this
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a third species resembling the acylium ion and thought to differ

from it by the amount of interaction between

been inferred.

‘anion and cation has

_However, no adeguate explanation regarding its

structure has been offered.

On the basis that the potential acylating species is either

a donor-acceptor

been postulated:

complex or the acylium ion, two mechanisms have

i) A carbonyl addition mechanism -

0
&
R—C
N
Cl
o+
»°
R——C<
Ar

_ 0 —> AlC1
7 _ 3
+ AlC1, — B—C
N
c1
1LArH
e 0 - A101,
3 /
&~ R— C—ArH
N\
+ HC1 c1

ii) An acyl-carbonium ion mechanism -

#° ok £ =
R—C + AlCl = RC==0 AlCl, <«——> RC=0O0 AlC1
D 3 . L L
Cl :
/H/ArH
S+ &- o
| 0-----A1C1, o
R—C — R—C{ 4+ -
Ar + ~ HCl ATH A0,
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The essential features of these pathways i) and ii)were:first
- proposed by Pfeiffer and Meerwein respectively. 55,56 . It should
~be stressed that although these pathways differ in the reactive
intermediate - either an oxonium compound or an acylium ion - the
mechanisms allow for a fapid mobile equilibrium.between both forms,
so that regardless of the priﬁcipal form of the addition complex in
solution, either mechanism may operate for reaction. There exists
considerable evidence that both of the pathways may operate in
acylation reactions, although surprisingly it has not been possible
to ascribe a'particuian mechanism to any one acylation.

The fact that acylation reactions are able to occur with
hindered acyl halides, that constant isomer distributions have been
observed with various catalysts, and that paralléls can be drawn
between sulphonylation reactions, which are known‘to occur by
sulphonylium ions, and acylations, have ﬁeen taken to indicate the
operation of an acylium ion mechanism. |

Features in accord with a carbonyl addition mechanism include
high sensitivity to steric hindrance in the aromatic substrate
which 1is suggestive of a bulky complex, and that chloride exchange
in the bhosgene—aluminium chloride complex (a powerful acylating

agent) occurs only very slowly. \

Although two possible mechanisms are thought to exist, it is
iikely true that the more consiétent pattern for the reaction
involves the acyl cation as the reactive intermediate, and this is
borne out bj frequent reference to this sort of intermediate-iﬁ the -

literature. In accord with this convention, reactive.Friedel-Crafts



intermediates will be represented and referred to as acylium ions

throughout this work.
Acylation with carboxylic acids, their esters and anhydrides

“has been less extensively investigated.  Mechanisms have been

postulated consistent with experimental observations and these

generally involve the acylium ion as the acylating agent.
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The Preparation of Phenols

The most imp&ptant series.of reactions studied has been the
cyclisationbunder Friedel-Crafts conditions of naphthyloxyacetyl
chlorides, these chlorides being readily prepared frdm the
corresponding acids. The acids were generally derived from the

phenols, hence a number of substituted 1- and 2-naphthols were

required to be synthesised.

1) Substituted 1-naphthols

a) 2-Chloro- and h-chloro-1-naphthols

2-Chloro and L-chloro-{-naphthols were prepared in admixture
by the chlorination in chloroform of ﬁ—naphthol with sulphuryl
chloride és chlorinating agent. The pringipal electrophile is
brobably molecular ‘sulphuryl chloride, thch has recently been
shown to be the effective electrophile in the chlorination of
some aromatic ethers and alkylbenzenes,57 although molecular -

chlorine, formed by the pre-equilibrium
. . . : . —
SOZCl2 — 30201 + C1 & 802 + Cl2
or the species'Cl+ from the ionisation

S + -
802012 = Cl17 + 80201

may also contribute. The L-chloro isomer readily separated
from the reaction mixture on cooling, however isolation of the
2-chlofo product in a pure state proved troublesome. Steam
distillation of the reaction mixture, after removal by filtration

of the deposited L-chloro- produét and also of solvent by
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distillation, yielded material highly enriched in 2-chloro-1-naphthol.
' The latter. however, could not be obtained in a pure state free of
the L-chloro isomer by fractional crystallisation as claimed by
Lesser and Gad.58 'The preéence of the L-chloro- substituted |
product in these mixtures was readily inferred from their N.M.R.
spectra, the 2H of the Y-chloro material absorbing as an ortho
doublet at « 3.04 (in acetone) with J2,3‘= 8.2 c.p.s. ‘All
protons in the 2-chloro isomer absorbed below T2.70.

Pure é-éhloro-1-naphthol was obtained by preparing the
mixed tosyl esters of the steam distillate, recrystallisation of
. this material twice from methanol, after which time no L-chloro
ester was deteéted in the N.,M.R. spectrum, and alkaline hydrblysis

of the now pure 2-chloro ester..

\\

b) 3-Nitros 3-chloro- and 3-iodo-i-naphthols

m- Disubstituted naphthalenes generally are not readily
accessible hence their preparation frequéntly necessitafes multi-
stage syntheses. Tﬁe route considered initially in the preparation
of the 3-halogeno-1-naphthols was from 3-nitro-1-naphthol by
- reduction to the /B-naphthylamine and substitution of the amino
group‘through diazotisation and replacement by the reguired.
halogen. | ‘

3—Nitro-1-naphthol was successfully‘synthesised in low overallyJ
yield from 1,2,3,u-tetrahydronaphthélene (tetralin) in nine stages

59.

by the combined methods of Ward and Coulson, and Morrison.

This route, outlined on the follbwing page, required the synthesis
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Oij “ ©£> /H3
COCH4 | C
-

(1ou) N (105) “oH
— Q... —OC
X NHCOCH NHCOCH |
| (106) (107)
‘_(;qu) (109) | (110)
OCH4
——————>
N02'
(111) (112)

of 2,3-dinitronaphthalene (110) as a key intermediate and this was
achieved in 3% overall yield from tetralin.. . VWard and Coulson claim
an optimum yield of ca. 15%‘for fhese stages and the reduced yield
in the present investigation arises principally from two of the

seven stages.
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Nitration of 6-acetamido-1,2,3,4-tetrahydronaphthalene (106)
(440 é.) with nitric acid/acetic anhydride mixture, where the
- +)61

active species may be either the nitronium ion (NO2 or protonated

acetyl nitrate (AcON02H+)§? ‘to the 7-nitro- defivative (107) was
achieved in only 29% yield. Although lower than the yield of 38%

. claimed by Ward and Coulson who operated on a 5 g. écale, the present
yield may be considered good in view of these investigators' claim of
'drastic reductions' in yield on scaling up the reaction.

Replacemént by nitro of an amino group in (108) through
diazotisation and treatment of the isolated diazonium sulphate with
a cupro-cupri sulphate solution in saturated agueous sodium sulphite
gave only a 21% conversion fo'the dinitrotetralin (109).(cf. literature
value of 55%). An eight-fold'inérease in the scale of the reaction
in the present inve§tigation is the most 1ike1y cause of the reduced
yield being a direét consequence of harmful local heating and
presumaﬁly preferential side reactioné.

An attempt to improve this stage by using peracetic acid fér
the oxidation 1led td no improvement ih yield. An impure product was
obtained from which the pure dinitro product was isolated by
fractional recrystallisation from methénol in 19% yield.

An interesting reaction in the synthesis is the rearrangement
and displacement which results from treatment of 2,3-dinitro-
naphthalene (41410) with an excess of sodium methoxide in methanol.
Morrison6o has shown that the direct displacement can be effected
by using dilute methoxide solutions,.although the rearranged

product is always present to a greater or lesser extent. He has
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also shown that simpie displacement does not precede rearrangement
since 2-methoxy-B-nitronaphthaiene is stable to hot concentrated
methoxide solutions. Morrison suggests that the reaction is an

example of a ciné substitution implying loss of HNozhto yield the

90
NO,

(110)2

aryne intermediate (410) 2

.That'addition‘of methanol is specific with strong base, giving
only the K-methoxy naphthalene (4111) may be accounted for by a
| large éteric effect provided by the 3-nitro- substituent so that
the methoxyl moietx\is more réadily accommodated at th¢ less
hindered X -position of the nucleus. | An alternative mechanism is
probably required'to explain the direct diéplacement reaction with;k
dilute methoxide éolutions.

A previous attempt to prepare 3-nitro-i-naphthol from

3-nitro-1-naphthylamine was abandoned in view of the failure to

obtaln the latter compound on partial reduction of {,3- dlnltronanpthalene.

The condltions employed for the reduction were those successfully used

by Rosenblatt and his co-workers with sodium sulphide as the reducing
agent.63 Only 1,3-naphthalenediamine, however, was isolated in the
present work despite repeating the experiment.l

A small amount of 4-methoxy-3-nitronaphthalene (111) was

reduced with aqueous sodium dithionite to L-méthoxy-2-naphthylamine.
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Attempted conversion of this into the hitherto unknown L4-methoxy-2-
naphthol by warming the diazonium salt solution with 50% w/w
sulphuric acid afforded a moderate amount of acidic material, the
N.M.R. spectfum of which poSéessedlno methoxyl resonance indicating
extensive demethylation. _Lack of success in achieving this .
convefsion has been reported pfeviously, but unfortunately no
details are recorded.59

The purpose of synthesising u-methoxy-Z-naphihoi was to
identify positively the twovmaterials from monomethylation of
naphthalene-1,3-diol, since neither product is recorded in the
literature and N.M.R. spectral identification would be indecisive
and likely impossible. In fact, naphthalene-1,3-diol was
methylated with rather moré than one molar equivaleht of dimethyl
sulphate with potaésium carbonate in acetone and a tarry mixture
of monomethylated sbeéies (in the ratio 2 : 1) obtained as
readily seen from the N.M.R. spectrum. Attempted separation by
distillation uhder reduced pressure and by silica gel
chromatography wére both unsuccessful, and neither attempt led to
any substaﬁtial enrichment. The experiment was abandoned
particularly in view of the difficulty in structure determination
even 1f separation were successful. | |

Since it was apparent that very little 3-chloro-1-naphfhol
would be obtainable from 3-nitro-i-naphthol, an earlier report of

6l

the formation of the former by Franzen and Stauble from
,2,3,h-trichioro-1-naphthol on treatment with hydriodic acid in

acetlic acid was considered. This synthesis had previouély been
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neglected on two particular counts. In the first instance it
would not lead to the required 3-nitro- product and secondly the
evidence for.the product appéared dubious. In this respect the
analysis data gave a slightly high halogen-content, and a melting
point of 1340 C. was recorded. This'contrasted markedly with .
the vélue of 1u3° C. observed byAHodgson and Elliot65 ( prepared
from 3-chloro-i-naphthylamine via the diazo-compound) and a more
recent vélue of 108° C. by Bryson and Matthews66 (similarly
prepared from the halonaphthylamine). . Nevqptheleés since the
required 3-nitro- compound had been prepared and since 2,3,4-
trichloro-1-naphthol appeared to be fairly readily accessible by
the method}of Zincke,67 this synthesis was attempted.
2,3,4-Trichloro-1-naphthol was preparea in 30% overall yield

from 4-naphthol

OH OH
- * o cl
1) — (e — O
_ - ~ cl

5\ Cl .

(113)

This route required the complete chlorination of 1-naphthol
in glacial acetic acid solution with dry chlorine gas in the cold
oVer_several hours to give a yellow solid deposit of a
pentachloroketo compound, susﬁected'by Zincke to be (112). The
N.M.R. spectrum of this material was consistent with this - |

structure - although (4114) is equally possible - having four
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singlet at T3.82 (in acetone). There was no OH peak in the
N.M.R. spectrum nor in the I.R. spectrum.

Reduction followed by oxidgtion (i.e. afomatisation) of the
pentachloro combound (1412) to the trichlbronaphthol (113) proceedéd.
readlly with aqueous sodium sulphite in hot acetic acid solution;
the product depositing as a white solid. The most probable |
mechanism involves the reduced intermediate species (4115),

"aromatised by 1,4 and 2,3 elimination of HC1. The analogous
'carbinoi from (114) is able to provide the trichloronaphthol by
1,2 and 3,4 loss of HC1. |

O : HO H

cl cl
Cl Cl
cl Cl
Ci H
H ClI cl’cl
(114) - (115)

Reaction of 2,3,4-trichloro-1-naphthol with hydriodic acid
in acetic acid at reflux over 7 hours according to the conditions
originally employed by Franzen and Stauble, gave a solid product;
which melted over a fairly wide range'(106 - 119° ¢.). The
N.M.R. spectrum of this material was almost identical to a
portion recrystallised several times from light petroleum |
(b.p. 60 - 80°), or carbon tetrachloride. .

| The spectrum in acetone displayed a broad OH resonance near

T1.2, removed by shaking with D0, and which integrated 1 : 6 against
the aromatic region. This was a clear indication of the loss of

two chlorine atoms and replacement by hydrogens. In the aromatic
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region a downfield multiplet at 71.80 was‘élearly visible and
integrated for one proton. Such a résonance is quite
characteristic of the peri proton (8H) in 1-naphthol (T1.82 in
CDClB). In this respect, hydréxyl, alkoxyl and,émino groups as
¥-substituents haﬁe all been observed'td give downfield shifts
~of the peri proton of about 0.5 p.p.m. from the hormal X-resonance
near 72.20. It is Eelieved that such a considerable deshielding
of thé peri proton in these instances is due to the substituent
assuming a preferred trans arrangement leading to the ione pair
electrons of the oxygen or nitrogen lying within 2.40 & from the
péri proton.

The large melting point range implied a mixture and this was
readily seen to be sdtfrom the upfield end of the aromatic region.
where two sharp me?a-split doublets, which when takenAtogether
iﬁtegrated to one proton, were readily discérnible;~ These
= 1.5 c.p.s.) and T3.10 (J = 1.7 c.p.s.)

doublets at T2.73 (J

meta meta

clegrly belonged to two separate 3-substituﬁed 1-naphthols and were
certain to be the 2H signals from each. (It is well establishéd_
that the 2H resonances in 41-naphthols are shifted considerably
upfield on account of the electron release from the adjacent
oxygen atoms.) |

- It seemed not.unreasonable that these materials were the
expeﬁted 3=-chloro- producf and the 3-iodo analogue. N.M.R. data
relatihg tohalogenoquinolines71 supported this possibility, and

these data collected below for two quihaldine derivatives are

pertinent :
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X 6H(cs2) | J6’8
A .
c1r 72,70 2.0 c.p.s.
X N7 CHj : . P.

I T2.35 1.7 c.p.sS.

It is clear that for a g-iodine substituent, the adjacent
/B-prdton absorbs some 21 c.p.s. downfield'frpm the corresponding
signal for a proton similably disposed to a chlorine atom. This
compares well with the observed‘aifferénce in chemical shift with .

the naphthols of 22.2 c.p.s. and would further suggest the
iodonaphthol 2 resonance is the lower of the two meta-doublets
i.e. tﬁat at T2.73. - The meta coupling constants across the
halogens too are in" agreement - a smaller constant being observed
" for the bulkier iodo- substituent.

Attempts to sépafate-the mixture by column chromatography on
silica gel, alumina and alumina deactivated with 7% w/w addition
of water failed, both compounds being éluted together, and rapidly,
with benzene. (benzene : chléroform, L : 1 with deactivated
alumina). Separation was however achieved by slow distillation
under reduced pressure using a short Vigreux column, the lower
molecular weight chloronaphthol, as expected; being the more
volatile component. The iodonaphthol could either be distilled
or alternatively obtained from the distillation residue after
complete removal of the'ﬁhloro-‘compound.

Several experiments were carried out to investigate the
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variation in the cerude product ratio with time. With a seven
hour reaction time, the iodonaphthol was the dominant product
(ca.A7O%) as seen by the N.M.R. integration, however after two
hours the ratio of chloro- : iodo- was approximately 1 : 1.-
Shorter reaction times gave rather complex mixtures apparently
cohtaining di- and possibly tri-halogeno components. A48 houp
reaction time gave veryilittle of the chlofonaphthol although

the crude product was clearly contaminated by spéctroscopically
non-identifiab;e materials. These were not further investigated.
Replacing hydriodic acid by hydrobromic or concentrated
hydréchloric acids led to no halogen removal or replacement,

only stdrting materisal being recovered unchanged even on prolonged
heating.

Formation of tpe 3-chloro-i-naphthol is merely an_example of -
protodehalogenation, a process which has been well established to
be an electrophilic substitution from observéd kinetic isotope
effects72 and the ease of deiodination with hydriodic acid of

73, Th

substituted iodophenols. The mechanism for suéh reactions
is thought to be the exact reverse of the mechanism for halogenation,
and in this case replacement of the 2~chlorine substituent may be

represented in the following manner :

OH - . OH S OH

cogt Cl ' |
< <
Cl : Cl - . Cl

cl ' ct - Cl
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Data relating to Figure 1.

" Pigure 1 on‘thg faciﬁg page illustrates spectroscopically
the effect of time on the reaction of 2,3,4-trichloro-1-naphthol
with hydriodic acid in acetic acid. - Spectrum (a) is the
aromatic region of the N,M.R. sﬁectrum of the crude product after:
1.5 hours reaction. Spectrum (b) is the crude matériai obtained
after 2 hours and (c)_the product after 7 hours. o

The meta-split doublet denoted by A is the 2H in 3-iodo-1-
naphthol and its proportion relative to B -'the 21 in 3-chloro-

f—naphthoi - is readily seen to increase with time.



.Figgire 4. Partial N.M.R. Spectra of‘3—Halogeno-'1-Naphthols N
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The finding that the proporiion of 3—iodo—1-naphthol in the
product mixture increased wifh time indicated that its formation
- occurred from the 3-chloro épecies by halogen feplacément.. A
possible mechanism for this stage inﬁdlves the keto- intermediate
(116)'and‘Markpvnikov addition of HI, with subsequent loss of .

HC1.
o .

+HI
S Cl
, / 1

H H

OH

.1

(417)

The high concentrétiop of iodide ﬁfeseht would account for
the reaction being forced from left to right. Such a mechanism,
hpwever, scarceiy explains the failuré of halogen replacemenf with
HBr and also demands that HI addition is either synchronous,"or
alternatively involves nucieophilic addition, éince initial-"
electrophilic attack by H+ would be expected-to occur at the
B-position to give greater stabilisation of the resultant
carbonium ion by feéonance with-the aromatic ring. (cf. addition
to styrene). |

‘More likely is that addition of free iodine occurs and that



57+

net halogen replaeement arises from‘subeequent loss of iodine

_monochloride .from the adduct (118).

(ne) =

¢) Methoxy- and alkyl- substituted 41-naphthols

5-Methoxy-1-naphthol was readlly prepared from the symmetrical '
1,5~ d101 with dimethyl sulphate in aqueous alkali A'Slmllar but
unsuccessful attempt to prepare. the monomethoxy-1- and 2-naphthols
from the unsymmetrical 1,3-diol has already been descrlbed
7-Methoxy-, 5,6,7—trimethoxy- and 7-methy1-1-naphthols were
all prepéred by a similar route, starting from the substituted

benzenes. -The scheme may be’represented in the following general

fashion:

‘ COOH ‘ COOH
@__)R

(119) o '(120)

—> R

(121) | ‘ (122).
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Syntheses of thls type involving succlnoylatlon of an
aromatic, followed by reductlon of the. ketoproplonic acid (119)
to the substituted butyric acid (120) and ring closure of this or
its chloride to the tetralone'(12'1') are fairly standard in the
preparation of additional rings. Dehydrogenation of the.
4tetralone to the naphthol (122) may be achleved by any one of
~ three routeszx by ‘the use’ of sulphur, palladium on charcoal or
gselenium. - Only sulphur and palladised charcoal,were'used in
the present investigation at temperatures of 240 - 260° C. and
300 - 320 c. respectlvely in the absence of solvent. Reaction
times were short (30 - 40 minutes) with sulphur, however 3 -4
hour periods. were used in the catalytic dehydrogenations_where
30% preparatlons of palladlum on charcoal were used.

It is 1nterest1ng that dehydrogenation of 5,6,7- trimethoxy-
" 41-tetralone (121, R = 5,6,7- (OCHB)B) could not be effected with
palladium on charcoal, only a small amount of alkalil soluble
product being isolated as an uneharacterisab;e tar after
acidification. The ketone was 1argely4recovered unchanged from
the neutral material. Dehydrogenation was successful, however,
with sulphur, although a mlxture of acidic products was obtained.
An attempt to purify by dlstlllatlon with dimlnlshed pressure was
abandoned since there was a clear indication of decompos1t10n
before dlstlllatlon. The mlxture was treated with chloroacetlc
acid in alkaline solution in an attempt to prepare the aryloxyacetic
acid, however, the contaminant - the correspon@ing thionaphthol -

reacted preferentially and on removing the carboxylic acid product
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by bicarbonate extraction, the recovered starting material was

found to be very highly enriched in the naphthol. That the

contaminant was the thionaphthol was seen readily from the N.M.R.

spectrun éf'the acidic producé which displayed é large CH2

resonance at T6.45 - a characteristic value for -S-—CHZ-COOH.u

This acid product also displayed a smaller CH, peak near T5.2

showing it to containlthe ary;oxyacetic acid. Recycling the

recovered and now enriched naphthol with chloroacetate in alkali

_ gave_the.aryldxyacetic acid, which was obtained in a pure state

by recrystallisation from benzene/light petroleum (b.p. 60 - 80°).
' In other sulphur dehydrogenatiéns the thionaphthois were not

- detected, although the products were not examined spectroscopically

until they had been purified by distillation.

Interesting by:products were however observed in the.
cataiytic dehydrogenation of both the 7-methyl- and 7-methoxy-
substitutédj-tetraldnes (121, R = 7-CHy and 7-0CHy) . The
naphthols were isolated from the reaction mixture by 2N. sodium
hydroxide extraction and the neutral material distilled under |
reduced pressure to recover the tetralones. In both instances
the non-volatile and semi solid residues after distillation
 yielded crystalline solids on tfituration with a small amounf of
aéetone. These. materials on recrystallisation from acetone
displayed sharp melting points and were suspected to be single
compounds . The infre-red spectra of both showed total absence

of carbonyl and hydroxyl stretching freguencies, but were clearly

highly aromatic.
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The ﬁ.M.R. specfra of both (reproducea on facing page6$)
integrated in the ratlo of 5 : 3 for aromatic : aliphatic (as
CH3 or OCH3 sznglets) No other lines were present. That the
two compounds were not analogous was apparent on comparison of the
aromatic regions of the spectra. The material obtained from the
methyltetralone gave a remarkably simple aromatic expansion
consistent with fi#e disqreté protons, however the methoxyl-
containing material gave a'rather.more'complex pattern conéistent
with ten different prdtons.

In the absence of mass spectrometric facilities at the time,
molecular weights of 300%3 for the methyi-containing material,‘and
336i3 for the methoxylated product were obtained by vapour pressure .
osmonmetry, clearly indicating theAmolecules to be dimeric. These
molecular weight Va}ues were later found to be in ekcellent
agreement with values ofA296 and 328 respectively from the parent
 peaks in the mass spectra.

"From the N.M.R. spectfal evidence that ten aromatic protons
were present in the dimethoxy- compound it was clear that it at
- least was dimeric¢, however in the case of the dimethyl- substituted
material, which had ohly five identifiably diffefent'protons, the
dimer ev1dence from the molecular weight was of considerable
31gniflcance 31nce it 1mp11ed a symmetrlcal structure. ‘ Indeed
the difference between the two products was considered”to be most-
likely due to this symmetry or lack of it.

Three basic;structures appeared to be probable and abie to bé

formed in a dimerisation; either a dinaphtho [1,24b;2',1'-deuran
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(123), a dinaphtho[1,2-b :1',2'-d|furan (124) or a

divenzo [:c ok 1] xanthene (125).
R R '

(123)

(125)

Of these struqfureé only (123) possesses a plane of
symmetry and hencé‘is the moét iikely structure for the methyl
diﬁer.

It was shown that the dimer obtalned from 7-methoxy-i-tetralone
was most likely to be (124, R = OCHy ) by an independent synthesis
described below, and also on the basis of N.M.R. spectral
interpretaﬁion.

vBy'saturating 1-tetralone with dry gaseous hydrogen chloride
- and heating the mixture on a steam bath for L4 days, ca. 17% of a
white solid of melting point 133 - 135°C. was obtaineditogether
with recovery of 59% of 41-tetralone by distillation under reduced
pressure. This prodﬁct had previousiy been igolated and

described by Friedel and Orchin’? by a similar method, and these



62.

investigators claimed its structure to be 1-keto-2(1Ltetra1ylid¢ne)-

1,2,3,4-tetrahydronaphthalene (126).

The N.M.R. spectrum however, was not consistent with this
struéture since‘it displayed a single vinyl protoﬁ (Th.22, triplet)
as well as seventeen others (eight_aromatic_and nine'aliphatic).
Clearly since there is bﬁt one olefinic proton, the double bond
must be connected to the ring junctions giving rise to two

possibilities, (127) and (128), for its structure.

(127) - (128)
or thesé structures, (128) was faﬁoured-on account of the
carbonyl stretching frequency in the infra-red spectrum. ‘
Structure (127), where the carbonyl is'conjugated both with an
aromatic ring and an <§A~doub1e bond, Would.be expected to

1

displaya bathochromic shift of ca. 35 cm. @ relative to

1-tetralone (V. 1695 em.” 1) A /Qﬂdouble bond, as exists in

(128), wouldd lead to a much smaller shift and indeed the value
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observed (1695 cm.—1) was identical to 1-tetralone.

A similar product was obtained with 7-methoxy-1~-tetralone on
treatment with gaseous hydrogen chloride and it was'shown to
display the charécteristic vinyl triplet near'fu.Z. " Treatment
of this latter product with 30% palladium on chaPCOal for 45
minutes at 300 - 350° C. and chrématography on aluming/celite of
the neutral product after extraction with Strong alkali to
| remove phenolic material, gave on elution with benzene a small
amount (11%) 6f'materia1 identical to that obtained in the
ofiginal dehydrogenation of 7-methoxy-i-tetralone.

Since in this latter preparation one bondAbetween the two
aromatic ring systems was fixed prior to dehydrogenation, and
assuming this bohd tb be stable, only one of two poséibilities
exists for the structure; either the dinaphthofuran (124, R = OCHB)‘
or the dibenzoxanthene (125, R = OCHB) depending on whether the
o or 08' :egpectively.

oxygen at C1 bonds with C
‘ Close,examination of the N,M.R.'spectrum clearly indicated

the structure to be the dinaphthofuran (129).°
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‘The following data is pertinent in this assignment of
structuré; Two apparentiy ortho—meta split quartets Were
visible at the upfield end of the aromatic region, which in
deuterochloroform were nearly, but'not quite, superimposed.
‘Re—running the spectrum in acetbpe gave complete superposition
of these signals indicating clearly that they were quartets.

It is quite reasonable that these protons, by virtue of their
chemical shifts (T2.8), are adjacent to methoxylAgroups and are
consistent with the p-protons H, and H in (129). Such a
situation doés not occur with the xanthene derivative, and on
this basié alone differentiation is possible. |

A similar two-stage réaction waé attempted with 7-methyl-
1-tetralone, although it was not possible to isdlate a siﬁgle
component by chromgﬁography as befofe. Nonétheless it was
apparent by spectroscopic examination of the fractions obtained
that the dimer produéed in the catalytic dehydrogenation of
7-methyl-i-tetralone was hot obtained, and presumably not formed;
in the dehydrogenatibn of“the intermediate species (dimethyl |
analogue of (128)); | |

It is thought’pbssible that the dinaphthofufans formed
during the dehydroéenations of the 7-substituted tetralones 1
arise from the corresponding naphthols and not-necessariiy from
intermédiates such as (128), although proof is lacking. In
this‘respect Woroshtzow76 c¢laims similar yields of some 30% for

the dinaphthofuran (124, R = H) on treatment of either 1-tetralone

or 1-naphthol with selenium under identical conditions supporting

“the above view.
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5,7-Dimethoxy-1-naphthol, which is not described in the
literature, was a much sought after compound. -Its synthesis
from m-dimethoxybenzene according to the route outlined on
page 57 .involving succinoylation, reduction, and ring clesure to
the tetralone followed by dehydrogenation to the naphthol has
not been effected owing to the extreme difficulty encountered in
ring closure of ¥ -(2,4-dimethoxyphenyl)butyric acid.

The only‘successful closure is reported by Davies et al?7using
polyphosphoric a01d with an optimum yleld of less than 6% and
necessitating small scale experimentation. These investigators
also claim7 total failure with either hydrogen fluoride on the
acid, or sta:;ni'c chloride on the scid chloride, confirming
ﬁrevious unsuccessful ring closures With these and other
cmﬂamMgagmm;?’ao .‘

In view of the requirement of several grams of the tetralone
on account of the stages to follow, the polyphosphoric'acid
cyclisation was considered to be impracticable, and other
syntheses were sought.

It was obeerved that the procedure employed by Lockett and
Shortu6 in the preparation of 5-methoxy—1-tetralone in good yield
from the corresponding butyric acid and employing phosphorus
oxyehloride as the condensing agent had never been reported'to be
attempted with the dimethoxy- substituted acid (120, R = 2,u—(OCH3)2).

This was attempted in the present investigatioﬂ, however, none

of the tetralone was formed as seen from N,M.R. and I.R. spectral

examination of the crude product. No other ring closures of this
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sort were attempted. . ‘
The possibility of preparing 5,7-dimethoxy-1-tetralone by

hydrolysis and décarboxylatiop of the ﬁ—ketoester formed -from a
) 1 2

Dieckmann condensation of the diester (130, R and R° = alkyl)
was considered. ‘ ‘
| COOR' , | g
CH0 CQOR* CH40 NHCOCH,
OCH5 — ~ OCHj
(4130) ' (131)

The most accessible synthesis of the required diester seemed
to be from succinoylation of {-acetamido-3,5-dimethoxybenzene (131) -
rather'than the.correspondihg deactivated benzoic acid or ester -
and reduction of the kétopropionic acid formed. Estéfification
and replacement of the acetamido group by an alkoxycarbonyl
substituent would be required to follow to complete the synthesis.
Attempted succinoylation of (131) in nitrobenzene”with'aluminium
chloride, however, did not lead to the expeéted product but instead
gave as the only isolable aéidic material a phenol, the N.M.R.
spectrum of which suggested its structure to be (132), and arising

from methyl migration. = As a result this approach was not -

examined further.
‘CH3O NHCOCH3

| CHg
OH
- (132)
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5,7—Dinitro—1-tetralone appeared to bé a possible precursor
in the synthesis of 5,7-dimethoxy-1-tetralone through reduction
of both nitro groups to amino, replacemen£ by hydroxyi and finaliy
methylation. All.atteﬁpts to prepare the dinitrotetralone,~which_
is not described.in the literature, by nitration of 1—tetfalone
failed. Mono-nitration was confirmed to give a mixture of the
5- ahd.7—nitro-.substituted prod.ucts,81 where the latter is
vastly dominanf, however slightly more vigorous conditions gave
rise‘to'an exothermic reaction and the major product (the onlyA
.one seen to be present by N.M.R;vspectroscopy)was the oxidation
product‘/g-(2-carboXy-u-nitrophenyl)prépioﬁic acid.
- Haworth et al. were able to oxidise, aithough in very low
yield, the trimethoxytetralin_(133) with chromium trioxide to a
" mixture of both trigubstituted 1-tetralones (13L4) and (135),

separated chromatographically as the 2,4-dinitrophenylhydrazones.

(133) (13) (135)
An analogous reaction was cpnsidered with m=dimethothétralin
_aé substrate, however the latter's synthesis was not achieved. |
Cataiytic'reduction of 5,7-dinitrd-1,2,3,u-tétrahyd:onaphthalene
with Raney nickel or with palladium on charéoa} in an atmosphere

of hydrogen under pressure afforded only low yields of the diamine,

- e



68.

and subsequent acid hydrﬁlysis of this in an autoclave at 200 -
250° C. gave only trace amounts of the impure diol.

. The only_reasonable synthesis of 5,7—dimethoxy—1~naphthol
from a naphthalene'deriVativé appears to be from 1-naphthylamine-
-. 5,7-disulphonic acid by alkali fusion of both sulphonate groups
to giﬁe the dihydroxynaphthylaﬁine, thence the di-O-methyl ether
on methylation and finally_fhe required naphthol on replacement
"~ of the amino group by hydroxyl. Sincé this synthesis involves
alkali fusion to give a 1,3-dihydroxynaphtha1ene derivative it is
unlikély to be successful on accduni of such compounds being o
unstable in alkali and rupturing to give o-toluic acid derivatives.82
As a result tﬁis synthesis was not seriously attempted, although
a preliminary experiment to replace the o -sulphonic acld group
was carried out. \Only a small amount of 5—amino-1-naphthol-3-
sulphonic acid was obtained on fusion at 160 - 180° C. over
séveral hours withxstrong caustic.soda solution. -~ The difficulty
in maintaining a constant temperature throughout.and in finding

an ideally suitable reaction vessel were thought to be the main -

causes for the poor conversion.

2) sSubstituted 2_naphthols

a) 8-Substituted-2-naphthols

-. 7—Methoxy-1—tetralone, prepared from anisole in the manner
outl;ned on page 57, was used as a precursor in the preparation
of 8-methyl-, 8-isopropyl- and 8-phenyl-2-naphthols. The scheme

given on the following page indicates the route employed, which
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required 1n1tia1 addition of a suitable Grignard reagent to the
ketone, dehydration of the resultant carbinol (137) with dilute

acid to yield the olefin (138) Whlch was - dehydrogenated catalytically
with palladium on charcoal to glve the methyl naphthyl ether (439)
Demethylation of the ether was achieved by using hydriodic acid in

acetic acid - a fairly standard reagent.

R OH o
OMe . - OMe OMe
- RMgX

(137) o (138)
R
OMe oH
Pd/C HI OAc OO

(139)
_ i ,
R = CH3, Pr~, Ph | .

In this way 8-methyl-2-naphthol was obtained in L41% overall
yield from the tetfalone and 8-phenyl-2-naphthol in 61% yield.
‘The lower yield in the former case arose from'apparent
disproportionation in the dehydrogenation of the olefin
necessitating distillation of the naphthyl ether. A low overall
yield of 13% was obtained in the preparation of the 1sopropy1naphthol
-and here too disproportionation contributed to the poor conver31on,
however the initial Grignard additlon, despite recycling the material

and using an excess of reagent, was disappointingly poor. It was
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found helpful to follow these reactions by N.M.R. spectroscopy.
and to purify products whenever necessary. |
Spectroscopic exémination was also useful in an unsuccessful
‘attempt té prepare the hitherto unknown 8-t-butyl-2-naphthol.
The initial Gfignard reaction gave a complex mixtufe which was
dehydrated and dehydrogenated without purification. Silica gel
chromatography at this point afforded a small amount (ca. 10-{5%
accountability) of a mixture of apparently 1-t-butyl;7- '
methoiynaphthélene and'2-methoxynaphthélene in the ratio 1 : 1
eluted together with benzene. Furthér bands were elufed with
chloroform/beﬁzene ﬁut thése were.mixtures and unidentifiable.
Re-chromatographing the binary mixtﬁre containing the reéuired
material gave-no separation. This mixture after demethylation
in the usual manher\affbrded a phenolic fraction identified by
its N.M.R. spectrum as being the'required t-butylnaphthol and
2-naphthol. It was apparent, however, that the proportion of.
alkylated naphthol,which accounted for less than 10% of the
mixture, was much less than expected indicating drastic loss of
'the't-butyl group during reaction. At this point the synthesis
was dbandoned, since even if the required naphthol had been
isolated in a pure state it was unlikely that sufficient material

‘would be obtained for'subsequent reactions.

b) 4-Methyl-2-naphthol-

1-Methyl-2-naphthol was prepared in one step in moderate

yield on Clemmensen reduqtion'of the commercially available
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2-hydroxy-1-naphthaldehyde.

3) Methoxyphenols

m- and p-Methoxyphenols were prepared by monomethylafion
of the corresponding diols with rather more than one molar
equivalent of dimethyl sulphate in agueous alkali.

o-Methoxyphenol (guaiacol) waé obtained commercially.
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The Preparation of Aryloxyalksnoic Acids and their Chlorides

1) Aryloxyacetic acids

In practically all cases these acids were prepared from the
corresponding phenols according to the general proccedure of Hayes

and Branch, whereby the sodium salt of the phenol is heated at

68

reflux with sodium chloroacetaté in aqueous solution. The

reéction is probably.a bimolecular nucleophilic substitution:

coo COO

N 1

N | . -
Ar—0 ¥ GH,—Cl —> Ar—0-CHy + Cl

The time of reaction varied from three to five houréy hence
conditions were no§ standard and optimum yields were not sought.
Conversion to the ;cids, either obtained as an insoluble sodium
salt or by bicarbonate extraction, was genefally adegquate. It
was observed also that better ylelds were obtained in the main
from 2-naphthols than from'1—naphthols, presumably a manifestation
of the familiar steric effect of the peri-hydrogen in the case of
the latter. Best yields were obtained by maintaining the pH of
the reaction mixture just alkaline (pH 7-8), an.excess of alkalil
giving somewhat réduced amounts of product most brobably on-

v account of destruction of the chloroacetate by hydrolysis to
glycolic acid. |

2-Chlor¢—1—naphthyloxyacetic gcid was prgpared using the more

reactive ethyl bromoaéetate on the dry sodium salt of the phenol.
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Alkaline hydrolysis of the isolated ester provided the acid in
high yield.. A previous reported attempt to preparc the acid
using the ;odium chloroacetate route had given only low cOnVersion.3
This.low reactivity is presuﬁably due to the steric‘effect cagsed
by the 2~subs£ituent as well, of course, as the peri;effect of the
8-hydrogen aton.

2-Nitro-i-naphthyloxyacetic acid similarly is not able to be
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prepared using sodium'chloréacétate on the néphthol, and it was
found in the present study to be inacceséible by the ethyl
bromoacetate procedure, even‘on refluxing the dry salt of the
naphthol in excess reagent with copper bronze 6ver several hours.
The reduced basicity of fhe.naphthoxide ion in this case'is
- likely to be critical and reinforced by a considerable steric
- factor. X :
4-Nitré-1-naphthyloxyacetié acid was best'prepared by
nitration of 41-naphthyloxyacetic acid with concentrated nitric
acid in glacial'acétic acid at low temperature. The sole
product of reaction has recently been shown on the basis of N.M.R.
analysis to be the L-nitro isomer.u ~ .
/-Methoxy-2-naphthyloxyacetic acid was synthes;sed from
naphthalene-2 ,7-diol through 7—hydroxy-2-naphthyloxyacetic acid

and methylation

2) 2-(4-Naphthyloxy)isobutyric acid

This was the oniy acid investigated which was substituted in

the aliphatic side chain. - It was prepared by the method of
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Bargellini in over 90% yield. This p:odedure involves heating
at refiux {-naphthol, potassium hydroxide and chloroform in a molar
ratio of 1 : 1 : 2 in excess of acetone. Two mechanisms are

| possible for the reaction and both in%olve the epoxide intermediate
(140). This species can either arise directly from dichlorocafbene

~ addition to acetone orAalternatively from trichloromethyl carbanion

attack to give initially the carbinol (141).

0 |
KOH - Me~CO /
A CHCl,, —> Ccl —2="5 Me.C (141)
3 3 2%
) J/ CCly
, CCly
KOH / \° (140)

ArOCMe ,COOH

3) Acid chlorides

A recent unsuccessful attemp‘i2 at the cyclisation of
3-methoxyphenoxyacetic acid through its chloride with aluminium
chloride in benzene prompted a re—investigation of this reaction.

It was found that with thionyl chloride both as reagent and
solvent, and consequently present in considerable excess, in the

preparation of the acid chloride from the acid, as well as the

expected replacement of hydroxyl by’halogen at the carboxylic
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fuhction, aromatic substitution had alsovcccurred to the extent

of apparent complete replacement of one aromatic proton. This

was readily seen from the N.M.R. spectrum of the crude acid chloride
which integrated in the’raﬁid of 3 :‘2 . 3 for aromatic : CH2 H OCHB.
That cyclisation had not accompanied this reaction was evident from
an examination of the infrared spectrum of the prodﬁct which
displayed a single carbonyl stretching aebsorption at 1798 cm.-1
. Such a frequency is well established to be characteristic of an
acyl chloride and not of a benzofuranone, the latter invariably
displaying a carbonyl vibration at 1700 - 1715 em.”" The N.M.R.
spectrum, on account of two CH2 and twc CH3 resonances of roughly
similar intensity and separated in each case by 2 - 3 ¢.p.S.,
indicated a mixture of two components. The aromatic region was

- consistent with this observation and by comparison of the
maltiplicity of the resonances and a comparlson of chemlcal shifts
with those of the starting acid it was clear that two possibilities
existed. Either the mixture was one of isomers substituted at the
L~ and 6-positions, or elternatively it was a mixture of non-
isomeric compounds dissimilarly substituted either at the 4- or
6-positions. The esters of this mixture were prepared but
separatlon of these by column chromatography on silica gel proved
impossible. It was not possible then to determlne the precise

nature of the mixture although the failure to achieve separation

would suggest than an isomeric mixture is more likely.

A similar gquantitative substitution reaction occurred with

5-methoxy?1-naphthyloxyacetic acid when refluxed in excess thionyl

N
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chlopride for 1 - 2 hours and it could be determined from the
.N.M.R. spectrum that the substituent had entered an & -position,
although it was not‘possible'to state which of the two vacanit
sites had reacted. | |
To determine the nature of the incoming group in these -

reactions,; 1 ,5;dimethoxynaphthalene was examined aﬁd it was
found that on warmlng this latter materlal to 30 - 35 C. in
excess thionyl chloride for only a few minutes, gquantitative
convérsion tb u—chloro—1g5-dimethoxynaphtha1ene occurred.

| It is most probable then that chlorination accompanies
conversion to the acid chlorldes. Clearly on directive
influences, electrophilic attack ocecurs, p0331bly by Cl from-

the dissociation

soc1, —> cit  + soc1l

The observation that 4-naphthyloxyacetic acid when heated
at feflux over several hours in thionyl chloride only underwent
a small amount of ring substitution (from N.M.R. spectral
integration) suggests that a peri effect'may assist the facile
substltutlons., Thus with 1 5—dimethoxynaphtha1éne, for example,
where the preferred orientation of substituents is trans w1th
the molecule planer,111 it may be that the non-bonding electrons
at the oxygen assist electrophilic substitution at the peri
positionkin similar fashion to the ‘dipole effect' of
‘1?nitronaphthalene which nitrates predominantly at the 8-
position.

In view of these observations, acid chlorides were prepared



77.

in benzene with 1.3 molar équivalents 6f thibhyl chloride and
this was found to be satisfactory in giving exclusive reaction
at the carbonyl function. Deactivated acids, i.e. those with
nitro—Asubstituents, were best prepared with an eicess of -

reagent in the absence of solvent.
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The Reactions of Aryloxyacetjl Chlorides with Aluminium Chloride

1) General experimental considerations

An early study2 of the Friedel-Crafts acylation reaction
when applied to substituted phenoxyacetyl chlorides in aromatic
solvents established that the presence of weakly,electron—
donating substituents in the aromatic nucleus resulted in
exclusive, or near exclusive, formatlon of the intramolecular
acylation product, excepting those cases where the aromatlc
solvent was itself mdre reactive to electrophilic attack than
the acylating species. In these latter instances intermolecular
.acylation was observed.

It was further established that optimum yields of the
cycllc ketones were obtained with aluminium chloride as the
Lewis acid catalyst, and in this respect the use of zinec chloride,
stannic chloride and antlmony pentachlorlde were investigated,
and that the best conditions involved d4ry benzene as solvent,
whereby intermolecular acylation was minimal, at temperatures Qf
5 = 10° C. over 1 - 3 hours.

For this reason these conditions for acylation were
dupllcated with little modlflcatlon in the initial stages of the
present 1nvest1gat10n 1nto the preparatlon of trlcycllc ketones
-from naphthyloxyacetyl chlorldes. Satisfactory results were
obtained in these preliminary experiments confirming thap the
choice of reaction conditions was an entirely suitable one. In

consequence other Lewis acid catalysts were not investigated in
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the current study. The use of other condensing agents, such as
sulphuric acid and polypﬁosphoric acid, on the free aclds was.
héwever examined, but more will be said of these elsewhere.'

As far as preparative aspects of the aluminium chloride
catalysed acylation are'concerned, only a little need be said.

The sequence of addition of reactants was invariable and
involved final addition of the substrate in dry benzepe to a
stirred, chilled suspension of powdered anhydrous aluminium
| chloride in a further guantity of dry benzene. The molar
proportion of acid chloride ¢ gluminium chloride : benzene was
kept constant at 4 : 1.1 : 30. The addition was carried out
drop-wise over 15'— 30 minutes to minimise local heating effects.
The heterogeneous dark blue, green, or red reaction mixture was
then'stirred for 2.5 - 3 hours before terminating the reaction
by decomposing the ;omplex with crushed ice and dilute
hydrochloric acid and stirring the mixture for 0.5 - 1 hour.
These conditions were generally sufficient to hydrolyse unreacted
acid chloride to the carboxylic acia ﬁhich was recovered by
extraction into saturated bicarbonate solution and subéequent
acidification. | |

The crude product, after removal of the aryloxyacetic acid,
was examined carefully by N.M.R. and I.R. spectroscopy. o
Spectral examination was critical since it was considered
desirable to accouﬁt for the entire range of products present.

The usefulness of infra-red spectroscopy }ay primarily in

its identification of carbonyl stretching frequencies. The
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cyclic ketones are characterised by carbonyl stretching bands
near, and generally slightly above, 1700 cm. 1, whereas the
intermolecular acylatlon products display such absorptlons
between 1680 and 1700 cm. 1. : Unhydrolysed acid chloride was
‘inferred.by the presence of an absorption, generally broad, neaf
1800 cm.-1, and residual aryloxyacetic acid by one or two lines
between 1710 and 1750 om.”V. The region near 35Od’cm.—1 was
alco examined, particularly with solution spectra, for the
presence of hydroxyl stretching bands. .

The infra—red spectrum by itself was of limited value bﬁt
was used in the main to supplement data collected from thé N.M.R.
spectrum. The latter not only provided evidence of the humber
of species present on account of the number of lines observed
for a particular refonance (-O4CH2-CO-, or CH3 if a methyl or
methoxyl resonance were presént), but also gave an indication of
. the proportions of such products. The identity of these
products, too, was often pcssicle on account of observed chemical
shifts. Thus cyclic ketones afé characterised by a CH,
resonance between‘tS,Q and t5.4, whereas the intermolecular
ketones absorb further downfield, generally between T4.6 and
T4.9. These latter ketones also display a charécteristic
multiplet near 741.8 - 2.0, corresponding to the two protons in
the posifions ortho to the carbonyl function.

The nature of the work up procedure for the crude reaction -
mixtures depended largely upon the range and nature of the'

products inferred spectrosccpically. These procedures and
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product identification are described in some detail in the‘

sections which follow.

2) 4-Naphthyloxyacetyl chlorides

(a) R =H

(p) R = 2-Cl

(¢) R = 3-Cl

< (a) R = L-Cl

OCH,COCI (e) R = 7-CHj
‘ - "~ (f) R = L-OCHjz
SCLN 5
(h) R = 7-0CH

- : (i) R = L-NO,
(6) (3) R = 3-NO,

(k) R = 3-I
: (1) R = 6-OCH
N (m) R = 5,6,7-(0CHz)z

 Acylation of the 1-naphthyloxyacetyl chlorides (6a - 6n),
inclusive, gave crude products, obtained in the manner outlined
in the preceding section, whose N.M.R. spec£ra'indicated, with
-but two exceptions, the presence of a 31ngle component on the

basis of one CH2 resonance near 5.2, which 1nferred that this

was a cycllc ketone consistent with the integration ratio. The
I.R. spectra, too, all.displayed carbonyl absorptions at, or |
slightly above 1700 cm. 1, corroborating this inference. Only

in the cyclisations of 5-methoxy- and 7—methoxy—1—naphthyloxyacetyl
chlorides (6g and 6h) was there evidence of-a second component

from a CH, resonance (singlet) at T4.8 and TL.7 respectively.
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Separate methoxyl resonances were also observable corresponding
to these peaks as well as multiplets near 12.0. These
combonents were confidently predicted to be the intermolecﬁlar
ketones on the above evidence, and in the case of the 7-methoxy-
substituted acid chloride cyclisation a small amount of material,
whose integrated N.ﬁ.R. spectrum corresponded to such a product
was isolated by chromatography on silica gel. Elution was
effected with benzene/chloroform (9 : 4 by volume), the material
being eluted slightly ahead of the main component, a cyciic ketone.
No separation was achieved on similar chromatography of the
5-methoxy product mixture. |

In all éight.cycliacylatiohs the cyclic ketones were obtained
.in a pure state by a single re?crystallisation from a suitable
solvént (usually etpanol). Identification of the cyclic product
was based on interpfetatibn of the aromatic region of the N.M.R.
spectrum and showing it to be consistent with the angular_ketone
(9, R various), except in the case of (6b) where cyclisation was
only possible at the peri position. | The spectrum in this latter
.instance, although displaying a degenerate éromatic region, was
nevertheless consistent with the product being the peri-acylated
ketone (10, R = Cl). The following N.M.R. spectral data are
presented in accord with assignments of structure. -

That the unsubstituted acid chloride (6a) cyclised to the
angular ketone was evident from a comparison of the product
spectrum with that of the acid (or acid chlorige). The acid

- spectrum (in DMSO) shows a 2H resonance at 73.10 (quartet) and
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8H signal at 71.70 (multiplet), these chemical shifts being a
direct consequence of the O-alkyl side chain. In the ketone

the naphthalene o pesonance is absent on account of substitution,-
whereas the 8H of the naphthalene nucleus (9H in the
naphthofuranone) is still evident and absorbs at 71.82 (in CDCl3).

A similaf argument held for the cyclisation product from .
3-ch10ro-1-naphthyloxyacetyl chloride (6c) which has an obvious
9H multiplet at 71.85 (in CDClB) - ef. the corresponding 8H at
74.65 in acetone for the acid - and absence of the 2H resonance
clearly visible as a meta-splitAdoublet near 73.0 in the acid.
Further proof of structure came from the 5H resonance of the
ketone which appears as a single line at 72.57 in the whole
spectrum, yet on expansion is a doublet with an observable
'inter—rlng coupling of 0.8 c.p.s.

That the L- chloro- substituted chlorlde (6d) gave the angular
ketone was amply evident from a singlet attributable to the U4H,
and two groups of multiplets, each multiplet.corpesponding to two
protons, arising from the remaining K- (6H and 9H) and A- (7 and
8H) protons. A similar arrangement of'M—-and.ﬂ— protons appears
in the spectra of L-chloro-1-naphthol and O-alkylated derivatives.

Conclusive evidence in favour of anguler cyclisation in the
case of the 7-methyl-, L-methoxy- and 7-methoxy- substituted‘acid .
chlorides (6e,6f and 6h respectively) came from the loss of the
naphthalene nucleus °oH which in all spectra of the acids and
their chlorides appears as the most upfield arqmatic resonance.

A complete first order.analysis was possible for the aromatic
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expansion of the ketone from the cyclisation of H-methoxy-1-
naphthyloxyacetyl chloride (6g). The whole specﬁrum and
expansion are reproduced on the facing page. From the loss
of one of the A~ protons from the position ortho to an
O-glkyl substituent, and the presence of an inter-ring
coupling, it was quire clear that angular cyclisation had
occurred. Synthesis of the corresponding peri ketone, vide
infra, and showing it to be different, confirmed the assignment
of structure. |

Two cyclisstions were attempted where the aromatic nucleus
was deactivated towards electrophilic attéck on account of the
presence -of a nitro- substituent at C3 or Ch' ‘In these
instances - the intermolecular ketones were the sole products.of
reaction although cgnversiOn to products was in each case low and
less than 20%. Only in the case of the L-nitro cyclisation was
the product obtained in a pure state, since in working up the
reaction mixture of the 3-substituted isomer, chloroform was
added to the System which gave risé of a gquantity of the ethyl
ester. (Ethanol is added as a stabiliser to solvent chlorofornm).
That the ester had been formed was readily seen from the N.M.R.
spectrum (ethyl triplet and gquartet resonances at typical ester
chemical shifts and associated O-CH2-CO singlet) and from thé
I.R. spectrum (1100»1755 em.”1). An attempt to hydrolyse the
ester with warm 1Q% aqueous sodium hydroxide and a little ethanol
decomposed the intermolecular ketone and no material was isolated-

.té be positively identified. A repeat of the reaction on a very
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small scale (0.2 g.), but at reflux over 2-hours in an endeavour
to increase the yield, gave an intractable tar with a complex
N.M.R. spectrum, presumably on account of decarbonylation or
further acylafion of initially formed products at increased
temperature.
‘ It was found that in those acylations of nitro-substituted
substrates carried out at low temperature and where the major
component after reaction was unreacted acyl halide, the normal
conditions of decomposition and hydrolysis (ca. 3‘- L N.
hydrochloric acid at room temperature for 1 hour) were.insufficient
to effect complete hydrdlysis of the acid chloride to fhe acid.
Stirring for many hours (overnight) at room temperature, or 4 - 6
hours at 60 - 70° C. with the same strength of acid, or
alternatively for Q.5 - 1 hour with 2N. aqueéus sodium hydroxide
at room temperature were required; |

Cyclisation of 3-iodo-1-naphthyloxyacetyl chloride (6k)
prodeeded smoothly to give a mixture of three components after
complete removal of chloride and acid. The three products
‘seen to. be present all héd singlets charaéteristic of O-CHQ-CO
resonances in the N.M.R. spectrum at shifts of ¢ l.yly, 4.98 and
5.03. Unfortunately on account of the exceedingly low
solubility of the crude product a good spectrum was not poséible,
and the above values aré for a weak solution in dimethylsulphoxide.

The major component (CH, at‘fu.98) was -readily isolated from
the mixture on recrystallisation from benzene. A further |

reérystallisation from the same solvent afforded material of
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sharp melting. point which analysed for a cyclic ketone and which
displayed a carbonyl absorption at 1698 cm.-1 (nujol mull) in the
infra-red spectrum. A satisfactory N.M.R. spectrum was obtained
with a dilute solution in DMSO at-1OO Mc/sec. consistent with the
material being the angular ketone, on account of a sharp singlet
at T¥4.85, integrating for one proton,which could on1y be the
5H in the angular product. The four adjacent aromatic protons
in the second rihg in such a structure would be expected to be
degenerate and this too Wés consistent with the observed spectrun.
Initially structure éssignment was dubious on'account~of a
second singlet at‘t2;60, too far from the other aromatic
absorptions fo be coupled to them, however this was shown to be
due to a trace of benzene (solvent for'recrystallisation) which
had been retained‘qﬁongly in the crystal structure. It was'»
removed entireiy by drying at 1500 C. for two hours. lThe
evaporated filtraﬁe from the first recrystallisation was applied
to a short column of silica gel in a large quantity of benzene
but no material wés able to be eluted,.even with neat methanol.
The major product did howéver account for more than 50% of that
material which had reacted. Assigdﬁents of structure'to the
two minor components cannot be made with any certainty however
the likeliest structures would be the intermolecular ketoneband
the peri-condensed ‘cyclic ketone. The further downfield of the
two CHZ absorétions (TL4.4L) is characteristic of the former and
the absorption at T5.03 is most probably é rea§onable value for

the latter. A meta-split doublet at 72.80 in the mixture could
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arise from either structure, being tﬁe proton in the position ortho
' to both the halogen and the oxygenated substituent. This signal
however, was clearly present in only one of the minor products bj
integratién, yet both structubes would require its presence. | A
further possible product would be the unsubstituted angular cyclic
ketone from loss of iodine either before or after cyclisatlon,

but this was excluded with certainty on comparison with the N.M.R.
spéctrum of an aufhentic sample. Decarbonylation too seemed
unlikely, since no diphenylmethane was detected. .

Cyclisatioh of 6-methoxy-1-naphthyloxyacetyl chloride (61)
was attempted on three occasions under identical conditiohs, each
run being characterised by considerable, unaccountable loss of
material. | Non-reproducible results were also typical and the
only common feature\was an apparent excess of"OCH3 resqnances |
over CH,- On account of the low amounts of material obtained
(ca. 15 - 4Omg. from 1 - 2 g. of écid) as mixtures, no attempt
‘was made to isolate and identify components. _

The trimethoxy- substituted acid chloride (6m) on reaction
with 1.1 molar equivalents of aluminium chloride in the usual
manner afforded a pfoduét mixture identified speétroscopically
as being at least 85% acid chloride. Two other components with
CH, resonances near T4.7 (acetophenone?) and near 75.0 (a cjclic‘
ketone?) Wére evident and seemed to account for the remainder of
the material. The product mixture was re-cycled with 2.5 molar
equivalents of aluminium chloride, for it was thought possible

that the low conversion to products was due to the catalysi
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preferentially complexing with one or more methoxyl substituents
rendering it inactive for acylation. The second product
obtained, free from acid chloride and acid, was a mixture of

two components aé before, yeﬂ only 35 mg. was obtained from 1.46 g.
of acid. No material was obtained on chromatography of this
entire neutral product on silica gel‘ahd.the experiment was
abandoned. ‘Since no more of the acid was aﬁailable the

cyclisation was not able to be repeated.

3) 2-Naphthyloxyacetyl chlorides

(a) . R=H
' OCH,COCI (b) R = 7-0CH;
. (¢) R = 8-CH
Oe R o (d) R = 8-isoPr
_ : | (e) R = 8-Ph
(5) ' (f) R = 1-C1
(g) R = 1-CH

Treétment of the nuclear substituted Z;naphthyloxyaéetyl
chlorides <5b - 5e), inclusive, as well as the parent.chloride (5a),
with aluminium chloride in benzene under the usual conditions
affordedrhigh yields of the angular cyclic ketones (8, R vafious).
with no trace of the linear isomers. The cyclisations of :

(5a, 5b and 5¢), but not (54 and 5e), were accompanied by a
small amount of solvent acylation to give the éorfesponding
acetophenones, which were not isolated but inferred on account of
low intensity CH2 resonaﬁces'neaf'?u.7 in the N.M.R. spectrum.

in CDClg) . In sll instances the proportion of solvent acylated
3 .
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product was less than 10%. The cyclic.ketones were obtained
in a pure state by recrystallisation, generally only once, from
a suitable solvent and their struétures,verified by N.M.R.

" spectroscopy.

Thaf cyclisation to the angular naphthofuranone had occurred
was sbundantly élear from the presence of two mutually coupled
ortho-split doublets in the spectra of the products from ring
closure of the unsubstituted and 8-substituted acid chlorides.

In these instances the doublet near v 2.8 was attributed to the

LH, and the downfield doublet near T2.0 to the 5H on account of
ité being both ano(-proton:and para with respect to the introduced
carbonyl function. A notsble feature of the unsubstituted
naphtho[?,ﬁ—&ﬂfvraﬁ-1(2H)one was the considerable downfield shift
of the proton attaqped to 09 whigh absorbed some 35 c.p.s. below
the 5H at T¥1.30, on account of its proximity to the carbonyl
group of the five-membered ring.

This latter feature was.obvious also in the spectrum of
B-methoxynaphtho[?,1-§]furan—1(2H)one from cyclisation of (5b)
where, despiie the conjugative +M effect of the neighbouring '
methdxyl'group, the 9H absorbed as the most downfield proton below
T2.0. The remainder of the spectrum was first order confirming
structure assignnment.

Attempted cyclisation of 1-chloro-2-naphthyloxyacetyl
chloride (5f) gave only the intermolecular ketone (isolated in
65% yield) as the sole acylation product. Competitivei

'decarbonylation had also occurred as was clear from the N.M.R.
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spectrum of the crude product. Extraction of the crude material
with N. sodium hydroxide provided a phenolic fraction on
acidification identified spectrbscopically as mostly 1-chloro-2-
- naphthol. Peaks néar 6.0 in the N.M.R. spectrum indicated the
presence of benzylphenolic products but these were present only
in very low concentration. The material neutral to the dilgte
alkaline wash consisted of diphenylmethane and the acetophenone;
separation of these compdnents was achieved by silica gel
chromatography.

Spectroscopic examination of the crude product obtained from
the interaction of 1-methyi—z-naphthyloxyacetyl chloride (Bg) with _
aluminium ¢chloride in benzene; showed the presence of a complex
mixtﬁre where it was clear that decarbonylation had occurred to
a very considerable\extent and probably predominated over acylation.
On account of the complexity of the mixture, the fact that little
or no cyclic ketone appeared to be present énd owing to initial
separations with alkali faiiing to produce encouraging results,

the experiment was discontinued.

4) 2-(1-Naphthyloxy)isobutyryl chloride
OC(CH3z),cocl

(142) .
Cyclisation of 2-(41-naphthyloxy)isobutyryl chloride (1L42),
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the only side chain substituted halide investigated, proceeded‘
smoothly to give a single component. The N.M.R. spectrum
clearly showed this product by integration to be a ring closed
material, identified on account of the absence of the naphthalene
" nuecleus 2H and retention of the very much downfield BH, as the

" angular ketone. Although this was the only acylation péoduct
of (142), a second material was obtained on chromatography of

the filtrate used to recrystallise the major component. This
small amount of material,which was eluted prior tQ the méin band,
was identified by mass spectrometry as a chloroé_derivativeiof
the cyclic ketone. Identification was based on the correct
molecular weight for such a compound supplemented by a 3 : 1
isotopic ratio of the higher mass ions separated by two mass unité
quite characterlstic of monochlorinated compounds. The N.M.R.
spectrum indicated that the materlal was 5-chloro-2,2- dlmethylnaphtho
[# ,2-b] furan-3( 2H)one by virtue of a singlet at ¥2.84 (in CDC1s)
(L4H) . This material had clearly come from ring closure of the
Ly-chloro- subétituted.acid chloride, which in turn was prepared,
apparently in less .than 1% yield (from the yield of chlorinated
ketone), as a by-product in the treatment‘of the naphthyloxyiso-~
butyric acid with 5.3 molar equivalents of thionyl chloride in

benzene solution.



'92.

5)- 41-Phenanthryloxyacetyl chloride

OO OCH,COCI

(143)

The 6rude cyclisation product from 1-phenanthryloxyacetyl
chloride (143) was readily seen from N.M.R. spectroscopy to be
a mixture of two CH2 containing components on account of two
‘singlets at T4.40 and TL.91 (in DMSO). A high recovery of
acid (70%) indicated a low conversion and it was found that for
complete removal of the acid, warming the mixture in ajlarge
quantity of benzene with bicarbonate solution was required. The
I.R. spectrum (nujol mull) showed two , apparently carbonyl;

" absorptions at 1700 and 1760 em.” V.

Recrystallisation of the crude product from benzene gave a_
‘mixture highly enriched in the TL.9 component - the major
component - and a further recrystallisation afforded this material -
in a pure state. It analysed excellently for C16H1O o &8s
required fér‘a ring closed product, although the carbonyl
stretching fregquency of 1760 cﬁ.-1.was higher than the expected
value of ca. 1700 cm.” ! which is observed for both benzo- and

naphthofuranones. Mass spectrometry confirmed the cyclic structure

with a parent peak at % = 234.
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The N.M.R. spectrum was critical in structure determination.
Comparison of the aromatic region of the spectrum with the
corresponding region in 41-phenanthrol, 41-phenanthryloxyacetic
acid and its chloride stfongly'suggested that the ring closed
product was the benzoxaphenalenone derivative (144) rather than

the isomeric phenanthro [1,2-b] furan-3(2H)one (1L5).

This assignment was based on the presence of an ortho-meta
split quartet at T2.90 which was the most upfield proton and

thought to be the 141H in (144). The corresponding protons at

C., in 41-phenanthrol and its derivatives all absorbed furthest

2
upfield as guartets near this chemical shift. Pertinent data
are tabulated below.

- TeH - solvent
1-phenanthrol ‘ ) 2.91 : acetone
1-phenanthryloxyacetic acid 2.89 acetone
1-phenanthryloxyacetyl chloride 3.26 cs,

A wel; established solvent effect accounts for the
relatively higher value of the chemical shift observed for the
chloride in carbon disulphide solution.

_The L4H singlet reqﬁired’by (144) could no£ be definitely
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attributed to a particular resonance, althﬁugh lines of the
expected intensity ét't2.10 and.f2.25 were evident.

The Mass Spectrum of the crude reaction mixture displayed
no peak at m/e 312 which‘woula correspond to the mélecular ion-
radical for the intermolecular product suspected to be the minor
compoﬁent. The peak of highest mass was at m/e 280 corresponding
to (P-32) for the acetophenohe. Loss of oxygen, however, does
not seem to be likely. The only neutral molecule with a
molecular weight of 280 is-thé ethyl ester, however this gould
be clearly ruled out on the basis of the N.M.R. spectrum.. The

"nature of the minor component remains uncertain.
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6) - Methoxyphenoxyacetyl chlorides
cocl - (a) OCHs at C,
CH30 /Cl:Hz (p) OCHy at Cy
oo o - (¢) OCHz at C)

(146)

i) Treatment of 3-methoxyphenoxyacetyl chloride (146Db)

with aluminium chloride in benzene in the usual manner afforded

a mixture of fhree products. The major product,
6—methoxybenzofurané3(2H)one (147), was isolated in 58% yield

by récrystallisat;on from ethanol, alfhough present in over 90%
yield in the crudé product from integration of the N.M.R. spectrum.
~ The two minor components were isolated by silica gel chromatography
of the residue from.the filtrate of the recrystallisation and
jdentified as 2-phenoxy-3'-methoxyacetophenone (148) (3.7%) and

3-phenyl-6-methoxybenzofuran (149) in similar yield.

Ph
\ .
o

CHy07 "CH30 o

COoPn
CHy

7

(147) (149) (148)
The benzofuéan (149) was an unexpected product and its
structure, apparent from the N.M.R. spectruﬁ, was confirméd‘by
the parent peak in the mass spectrum at % 22k, It is a known

compound having been synthesised by Baker et al. from (148) on
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treatment with concentrated sulphuric acid, and a melting point
of u3° C. is record.ed.&L The material obtained in the present
investigation, as a clear oil, resisted all attempts at '
recrystallisation, and even on chilling at -10° c. over a
prolonged period it could not be induced to solidify. That it
was the same compound, however; was shown from an independent
synthesis through a Grignard reaction with phenyl magnesium
bromide on the cyclic ketone (147). Dehydration occurred in situ.
| The synthesis by Baker and his co-workers suggested a self-
alkylation of the intermolecular ketone (148) in the formation of
the benzofuran in the present investigation, rathér.than
alkylation of the solvent by the complexed intramolecular ketone
(147), although either is feasible. Treatment of both (147) and
(148) separately with 1 molar eguivalent of aluminium chloride
in an excess of dry\benzene'at~reflux over 10 minutes éonfirmed'

that the acetophenone was the intermediate since it alone -

afforded the alkylated species;

ii) Acylation of L-methoxyphenoxyacetyl chloride (146c) gave no
detectable cyclic ketone, however solvent écylation to the
acetophenone accoﬁnted for rather more than 50% of the material
which had reacted. " The date collected are for reaction with 2.2
molar equivalents of eluminium chloride, otherwise reaction
conditions are identical. A synchronous experiment with 1.1
molar equivalents of catalyst led to 29% recovery of starting
acid, whereas the recovery with twice this guantity of aluminium

chloride was merely 6%. The spectra of the crude products in
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each case were similar. It is assumed that complexing of the
aluminium chloride with the methoxyl group - cf. (6m) page 87 -

to some degree renders it less avallable for reaction as reflected
in the lower conversion to products. A'similar sluggish reaction
was observed on reaction of the isomeric (146a) with 1.1 molar
equivélents of catalyst as seen by the high recovery (68%) of
acid, vide infra.

As well as the intermolecular product, p-methoxyphenol (20%),
diphenylmeﬁhane (22%) and benzylphenolic material (21%) were also
isolated. The procedure employed in the isolétion of these
products involved, after initial extraction with a bicarbonate
solution to remove unreacted aryloxyacetic acid, extraction with
N. agueous sodium hydroxide and with concentfated alcoholic
potassium hydroxide\(from KOH pellets (35 g.) in methanél (75 ml.)
and water (25 ml.)). The dilute alkaline wash, previéusly found
to be sucéessful in obtaining the simple phenols in a high state
of purity from similar mixturesu, afforded a mixture of phenol
and benzylphenolic material. The strgng alkaline wash, as well
és removing the remainder of the benzylphenol, also extracted a
~small quantity of écetophenone. The neutral material was
chromatographed on silica gel to obtain diphenylmethane and the

bulk of the acetophenone. The isolation procedure was foliowed

closely by N.M.R. spectroscopy.

iii) 2-Methoxyphenoxyacetyl chloride (146a) on treatment with
1.1 moles of aluminium chloride in the usual manner afforded a

complex mixture as seen readily from‘the N.M.R. spectrum of the
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crude product after complete removal of unfeacted chloride as the
aryloxyacetic acld (68%). . N. sodium hydroxide extraction of the
crude product gave a phenolic fraction, mostly o—methoxyphenol
(5% by N.M.R. integration). ’Chromatography on silica gel of the
neutral material, without a strong alkali extraction, afforded in
order of elution with benzene diphenylmethane (5%), 2-benzyl-6-
methoxyphenol (L%), a mixture of benzylphenols (less than 1%) and
finally a fraction rich in the intermolecular ketone. This final
fraction could not be separated into its components on further
chromatography but gave the acetophenone on recrystallisation from
ethanol in 9% isolated yield. The minor components were not
positively identified. It is possible that one of these products
was the diacylated species (150), on accountAof the presence of
two équally intense.single%s at T4.63 and T4.78, one either side

of the acetophenone CH2 absorption.

OCH,COPh
OCHy

O—CH,—CO™"
(150)

An analogue of (150) with similar spectral features was'
isolated from the reéction of 3-methylphenoxyacetyl chloride
under similar conditions.u A methylene absorption at T 5.10
of very low intensity in the final fraction mi;ture may arise from

the cyclic ketone. This was the only evidence of the ring closed
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product, but if correct in this assignment which at any rate is

'dubious, its proportion is less than 2%.

iv) The rearrangement of the benzyl methoxyphenyl ethers (151, a-c)
with aluminium chloride in benzene was also investigated and the

major prdducts shown to be diphenylmethane, the phenol and a

mixtﬁfe of benzylphenols where ortho isomers predominated in each

' case.
) (a) OCH at C,
| » (b) OCH, at C
O OCH., at C
(151)

AN

A discussion of the cyclisations and attempted cyclisatlons

described in the preceding pages appears on page 128 et seq.
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Attempted Cyclisations of Naphthyvloxyacetic Acids

In an attempt to investigate the products of cyclisation of
. naphthyloxyacetic acids, as opposed to their chlorldes, the use
of sulphurlc acid and polyphosphoric ac1d (PPA) were
1nvestigated. , .
Treatment of 1-néphthyloxyacefic acid with sulphuric acid
gave only water-soluble products, presumably formed by sulphonation,
despite a variation in acid concentration and reaction conditions.
Its use as a condensing agent was abandoned in conseguence of these
préliminary investigations which were to some extent surprising in
view of Hurd and Hayao's successful application of concentrated
“sulphuric acid to the ring closure of p-substituted phenoxypropionic
acids.a5 . |
Polyphosphoric acid has been increasingly used as a_condensing
agent in ring élosures of arylaliphatic acids and has been

successfully applied to the syntheses of tricyclic oxygenated

ketones. = Thus Bell and Duewell prepared a series of 8—subst1tuted

6 ,7-benzochromanones (153). by cyclisation of the corresponding

nuclear substituted Y-(2-naphthyloxy)propionic acids (152).86

average
5 yield
O[CH,),COOH 2 = 2301}31 ‘ 63?
_ = OCH,  70%
. R = Br 12%
R = NO 5%

2

(152)
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The‘coﬁditions used for cyclisation by these investigators
Were essentially those previously applied by Loudon and Razdan87
some years previously in chrpmanone syntheses, and réquired
heating the acid with PPA at 1'OO0 cC. for 30 minutes. |

Reaction of 1-naphthyloxyacetic acid at such a temperature
but for two hours with PPA afforded only 3% of the angular ketonic
product, the remainder of the material being unreacted acid and
rgcovered in the usual way. Increasing the temperature to 120o C.
and with a similar period of reaction gave a yield of 12.5% of the
same ketone, as the sole product.of reaction. Heating at 1300 cC.
or above, or increasing the time of reéction, afforded complex
mixtures of products apparent by N.M.ﬁ. spectroscopic examination
and no attemjt was made to investigate these materials.

Cyclisation of 5-methoxy-, u—chlbro-, o2-chloro- and L-nitro-
1-naphthyloxyacetic ;cids were attempted at 110 - 120O C. over
three hours. bark green or red colourations developed within a
few minutes in all instances. The angular ketones as the sole
prdducts were obtained in yields of 9% and 14% respectively in the
first two cases, however only starting material was obtained from
the L-nitro- and-2-chloro— substituted acids. Thus cyclisation
when successful with PPA proceeds in an analogous fashion to ring

closure of the chlorides with aluminium chloride.
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Syntheses of Cyclic Ketones

The synthesis of naphtho(},zJ@ furan-3(2H)one (9, R = H)
from the commercially availsble 1-hydroxy-2-naphthoic acid (31)
and previously described by Anand and Venkataraman11 was repeated.

It was shown conclusively, both spectroscopically and by
mixed melting point, that the product ketone obtained in this way
was identical to that obtained by cyclisation of 1-naphthyloxyacetyl
chloride. It had previously only been demonstrated that the
melting points (119° C.) were similar, although U11mann®® haa
.reported the melting point of 91 - 92o C. in a synthesis from
alkaline ring closure of 2-bromoacetyl—1—naphthyl~acetate.

The ring closure in the unambiguous synthesis reported by

Anend et al. proceeds through acid hydrolysis of the diazoketone

(32) and the following mechanism is suggested :

OCOCH5 'OCOCH4

+ - , - 4+
COCH=N=N COCH—N=N
(32) N o lH“"
COCH,

0 | .O\\ /-Ji

| O ~Ny COCH, —N=N
O |
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Both 5- and 6-methoxybenzofuran-3(2H)one were prepared
by the literature'method1u already described in the Introductidn
( page 16). The former ketone was confirmed to be absent in the
crude product from the reaction of L4-methoxyphenoxyacetyl chloride
with aluminium, chloride in benzene, -and the latter was confirmed
to be the major product on similar reaction of the 3-methoxy-

substituted acid chloride.

6-Methoxy-1-oxaphenalen-3(2H)one (154) was fdund to be the
minor product on acylation of 1,5—dimethoxynaphtha1éne with
chloroacetyl chloride. in carbon disulphide. \ The major component,
and only other product observed in the N.M.R. spectrum of the crude

product, was the w-chloroacetophenone -derivative (155).

o
o \ CICH,0C ~ OCHz CICH,OC ~ OH
(154) | (155) (156)

. Acylation, as'expected, had occurred exclusively para and
peri with respect to the methbxyl group§, similar to the observed
acetylation of the 1,5-dimethyl ether. Interesting, howevef, was
that ether cleavage of thé methoxyl group peri to the introduced
substituent had occurred only to the extent of some 20%, and
furﬁhermore that ring closure had occurred in situ since none of

the naphthol (4156) was detected. Increasing the amount.of
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catalyst (aluminium chloride) to twice the theoretical amount,
or lengthening the time of reaction, did not slter significantly
the product ratio. The low amount of peri demethylation is
surprising in view of o:tho ether cleavage occurring‘to over 85%
in the chloroacetylation of both{m- and p-dimethoxybenzene under
similar~conditions19 It seems to be iikely that fission
" arises from relief of steric compression and would certainly be
facilitated under the acidic conditions. However; on steric
grounds alone, peri demethylation might reasonably be expected to
be greater than ortho cleavage since it is well established that'
substituents with a peri relationship ére in much closer
proximity, oné with another, than similar substituents located
ortho to each other. Indeed such proximity effects are
responsible for many\of the unﬁsual properties of naphthalene
derivatives and are manifested too in many naphthalene reactions.89
It is possible that with the naphthalene derivative described above
the chloroacetyl substituent provides a considerable shielding of
the peri methoxyl group in such a way that the aluminium chloride
cannot complex readilyAwith its ether oxygen and facilitate loss
of the methyl group. 4

That cyclisation accompanies demethylation in the naphthalene
system, but not in the benzene systems, may well be due to a ﬁore

" favourable geometry with the former and it cannot be oVerlooked

that six- rather than five-membered ring formation ensues.
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- 1-Oxaphenalen-3(2H)one (10, R = H), the six-membered ring
Aperi condensed ketone which could arise from peri cyciisation
of 1-naphthyloxyacetic acid, was prepared in a manner similar to
that subsequently reported in ‘the literature by Alderson and

Livingstone,16 and illustrated below.

iii iii[) > NH ‘3 o
(157) - (158) | (159)

HOOC OCH2COOH

O

(160) - (161) (10, R = H)

l
O
Wa
|
8 0
Qo

The starting material in the present synthesis was naphthalic
aﬁhydride (157) which was converted in nearly quantitative yield
to the lactam of 1-amino-8-naphthoic acid (158) by a method

similar to that employed by Birch et al.9o

This route involves
initial condensation with hydroxylamine in pyridine to give

| N-hydfoxynaphthalimide followed in situ by O-esterification with
toluene-p-sulphonyl chloride and a Lossen-type rearrangement of
the resultant ester with methanolic sodium hydroxide;

decarboxylation and lactam formation in acid giving the final

product. This route was found to be far sﬁperior than the



106.

alternative proéeaures initially attemptéd fhfough naphthalimi@e
which require the use of hypochlorite91 or chlorine.92 A
similar observation was made by Birch and his co-workers.

The lactam (158)-was ring opened in alkaline solution,
diazotised and heated with acid to yield the lactone of
8—hydroxy;1-héphthoic acid (159) in over 60% yield. Preparation
of this lactone from 8-bromo-1-naphthoic acid by the method of
Ruie and BarnettBo by replacement of the‘halogen on heating in
alkaline solutign.with copper bronze was not able td be repeated.
A yellow solid product of melting point 152 - 1530 C. with no
lactone carbonyl stfetching frequency in the infra-red waé
obtained. This materisl was insoluble in common organic solvents
and no N.M.R. spectrum was obtained. The product remains
uncharacterised. . |

The lactone was converted into the diacid (160) with a vasf
excess of .chloroacetic acid in alkaline solution. Acidification
of the reaction mixture led to a salt being deposited from which
the diacid was obtained by heating in strong acid solution.
Recrystallisation from methanol gave materia1~of melting point
25l - 256o C. which could not be raised by.further recrystallisation.
The I.R. and N.M.R. spectra were quite consistent with the material
being 8-carboxy-1-naphthyloxyacetic acid for which O'Brién ahd
s'mith3 record a melting point of 272 - 274° C. and Alderson and
Livingstone © a value of 263 - 265° C.

In one recrystallisation of the diacid from methanol,

presumably due to the presence of free acid, a monomethyl ester
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was deposited (melting point 156 - 157° c.). This was subéequently
identified és‘methyl 8-carboxy-1-naphthyloxyacetate (164) rather
than the isomeric 8-methoxycarbonyl-i-naphthyloxyacetic acid (165).
This was achieved by an unambiguous synthesis‘bf (165) by the

scheme outlined below :

MeOOC MeoOC OCHzcooa;

(159) ~ . (162) X
HOOC AOCHZCOOMe o  Me0OC OCQZCOOH‘
D — w0 — I
(164) o (165)

Although the product monoester in this synthesis was not
obtained in a pure state - it was contaminated by the diacid (4160) -
the methyl resonance in the N.M.R. spectrum (in.acetone) absorbed
at'f6.06. This compared favourably with the methyl resonanée in
the intermediate phenolic ester (162).at.‘f6.05 and contrasted
markedly with the shift of T6.20 observed.with the esterifiéd
diacid suspected to be (164). This result has since been
confirmed by Alderson and Livingstone who aléo claim (4164) as the
product of esterification of (160). Their evidence for the

assignment of structufe was based on the isolation of some 7% of
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the isomeric ester (165) on treatment of (162) with ethyl
bromoacetate and sodium méthoxide over many hours and showing it
to be of different melting point to the esterification product.
Treatment of the di-potaésium salt of (160) with potassium
acetate and acetic anhydride gave 3~acetoxy—1—oxaphenalene (161)
in 50% yield. This type of rlng closure is not novel but no
mechanism appears to have been postulated for the reaction.

The following is suggested :

| COOAC | - COOAc
AcO_ CHZ o CH
- AcO\\
0ocC OCHZCOO Neo o
QOR:
. F-_
. - o (B
o+ )

e l‘

0> | ’ co——o
AcO p .
o ‘ AcO
(161) (D)_ ~ (c)
+OAc +CO,

The initial stage in the reaction is almost certainly

' formation of the mixed enhydride (A). Acetate ion, being a
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sufficiently strong base to remove =z protonvfrom the activated
methylene of this species, would lead to.ths carbanion (B) which
is then thought to add to the & -carbonyl at the peri position
to give the species (C). . Such a sequence of svents is formally~
similar to current views concerning the initial mechanistic
.stages of the Perkin reactioﬁ for the preparation of
m/g—unsaturated acids from aromatic aldehydes and aliphatic
anhydrides under basic condltions. FTormation of the enol
acetate (161) from the ring closed speciles (C) may possibl&
occur through (D) which arises from acetyl'migratioh to the
alkoxide function. (D), which possesses a carboxylate anion
and heﬁce stabilised by resonahce, would be favoured over its
immediate precursor,’snd can then lose carbon dioxide and acetate
ion to give the observed product This seems the most feasible
procedure for the loss of the superfluous side chains present in
the intermediate (c).

Hydrolysis of the enol acetate was effected with lithium
aluminium hydride in ether at room .temperature. ~ The N.M.R.
spectrum of the crude product indicated a high yield of the
oxaphenalenone which was obtained in a pufe state by silica gel
chromatography in 46% yield. The I.R. spectrum indicated that
the product existed in the keto form with ¥, 1700 cm.f1. |

Previous attempts to hydrolyse the acetate in ethanol at
Oo C; with 410% aqueous sodium hydrokide over five seconds and two
seconds followed by iﬁmédiate'acidificafion leq to only small

amounts of the ketone being formed as seen from an examination of
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the N.M.R. spectfum. In both instances the major product
displayed a”singlet at TL.2, élthough this material could not
be isolated either chromatographically on silica gel or alumina,
or by recrystallisation.  In 'the two second expériment the -
major component of the mixture was unreactqd enol acetate.
Nevertheless, since total removal of the acetate had occurred
with a five'Second'reaction time, its conversion to products is
rapid. The component absorbing‘at ‘{u.z may well be a dimer
formed in the alkaline reaction mixture.

Alderson and Livingstone have since reported a 38% isolated
yield of.the ketone on hydrolysis of the enol acetate in methanol
at -5°'C. with 5% sodium hydroxide solution over 3Q seconds. No

.other product is reported to be formed by these investigators.
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Acetylation of Dimethoxynaphthalenes and Reversibility Considerétions

The observation that 5-methoxy-1-naphthyloxyacetic acid
cyclised with polyphosphqric a¢id, or with aluminium chloride on
its chloride,.to the angular ketone and not at all to the peri-
condensed product seemed a very interesting result in view of the
fact that the isoelectronic 1,5-dimethoxynaphthalene is reported
to acetylate in.nitrobenzene solution at the o-position. ' The
acetylation in benzene was carried out and confirmed the above

observation, although its validity could scarcely be doubted on
account of the mass of data assimilated which indicates that
O(-naphthyl ethers acylate at the para position with acylating
agents of many types and with a variety of catalysts.9u

Nonefheless this excursion into the field of simple
acet&lation reaction; revealed an interesting report by'Buu-Hoi

95

.and Lavit that 2,7-dimethoxynaphthalene (166) acetylates at the

3-position to give (167) and not at the 1—pos;tion, which would

lead to (168), when catalysed by aluminium chloride in nitrobenzene

solution.

COCH3

COCH, N

(166) o (167) | | (168)
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This seems not'uhreasonable sinée 2-methoxynaphthalene has
been reported to acetylate at the 6-position in nitrobenzene
reactions by a number of investigators, and a recent re—investigafion
of this latter acylation has shown by G.L.C. identification that the
amphi- substituted ketone accounts for over 90% of ketonic products.9
Since this analogy with 2-ﬁethoxynaphtha1ene appeared to be
Buu-Hoil's main evidence in support of structure assignment to the
product he obtained, it was decided to repeat the acetylation of
2,7—dimethoxynéphthalene; There were two main reasons for doing
this. In the first place, 1-acetylation has been observed with
2-methoxynaphthalene in s&lvents other than nitrobénzene-(e.g.'uu%
with carbon disulphide96) and secondly if ,B-acétylation does in
fact occur with 2,7-dimethoxynaphthalene, then 7-methoxy-2—
naphthyloxyacetic éc;d might wéll be expected to cyclise to the
linear ketone on account of amphi-activation of ﬁhe 3-position by
the 7;methoxyl substituent.

| Thé initial acetylation studied used benzene as solvent with
a reaction time of 2.5 hours and the crude N.M.R. spectrun
ihdicated high, indeed almost gquantitative, acetylation.
Recrystallisation of the product twice from betroleum ether
(b.p. 60 - 800), or from agueous ethanol, gave a highly
crystalline solid of sharp ﬁelting point (62,5 - 63° c.). fhe
N.M.R. spectrum (in CDC1;) revealed that this material was the
1-substituted ketone (168). This assignment of structure was
based on an inﬁerpretation of the aromatic region of the spectrum

which had the general appeérance of two discrete groups of resonances.
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E The downfieid lines, Wh;ch integrated for two protons, appeared
clearly as two overlapping ortho-split doublets at 72,27 and T2.38
with coupling constants of 9.0, and 8.7 c.p.s. respectively. The
only structure consistent with' this is 1-aqety1-2,7-dimethoxynéphth—
alene, where the protons concerned are the 4H and SH. Furthermore
these protons are both X-protons and their chemical shifts would be
expected to be near this valge. (ef. 2,7-dimethoxynaphthalene where
the 4H and 5H are identical and absorbed (in CDCl3) at T2.40.)
The three upfield protons all ortho to methoxyl groups; absorbed
between 7v2.7 and T3.1, and could be ascribed to the 3H, 6H,and 8H
on account of the multiplicity observed. The 3H resonance had
J3,u 9.0 c.p.s. and identified the L4H in the downfield region.

Conmparisoh of the‘spectrum of the recrystailised'material with
the crude product éeyealed the presence ©of a second éomponent (not
the starting dimethyi ether) on account of a singlet at T1.9. This
was suspected at an early stage to be the 1H in the isomeric ketone,
2-acetyl-3,6-dimethoxynaphthalene (167) - the product claimed from |
the acetylation in nitrobenzene solution'by Buu—Hoi. Repeating'
the reaction in nitrobenzene once more with a 2.5 hour reaction
time at room temperature gave a similar crude product to that
obtéined with benzene on complete removal of solvent by steam
distillation. The proportion of material absorbing at 'f1.§,
however, had increased slightly over the benzene run.

APerforming the reaction yet again in nitrobenzene, but with
a period of reaction of 14 hours to duplicate aé nearly as

possible the conditibns reported by Buu-Hoi,'gave yet again a
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similar mixture although, significantly, the minor product, as
indicated by the T 1.9 peak, had increased in amount. The
acetyl CH3- resonance (’t?.u) in this instance displayed a
shoulder which appeared as a sécond line on expansion (1line
separation 1 c.p.s.). This observation added weight to the theory
that the second componept was. indeed the isomeric A-substituted |
ketone (not a diacetylated species froﬁ the integration); but
more interesting was its increased proportion withllonger time
of reaction.

Such an alteration in product distribution is indicative of
a reversible system and to test this theory two reactions were set
‘up, one in benzene and the other in nitrobenzene, where pure
1-acety1—2,7—dimethoxynaphthalene was stirred in a dry atﬁoephere
with aluminium ehloriee (molar ratio 1 : 1.1) for 48 hours. A
stream of dry hydrogen chloride was bubbled into these mixtures
for a few minutes at the beginning of the experiments and at
roughly eight hourly intervals during the course of the reactions.
The products obtained in both cases were mixtures, where the 1’1;9
peak was clearly visible. A shortage of ecetyl to methoxyl by
integration suggested thet'the acetylated products were present
to the extent of 72% (nitrobenzene) and 77% (benzene). It was
assumed the remainder existed as non-acetylated dimethyl ethef.-
The aromatic region indicated the presence of 8% /G—acylated
product'and 69% recovered A -substituted starting material with
benzene. The nitrobenzene run gave 21% and 51% respectively.

Attempts to separate the ketonic mixtures by column
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chromatography on silica gel and alumina ohly afforded mixtures
identical to the material applied,even on slow development and
elution. Distillation under rgduced pressure afforded ho
enrichment of the minor prdducﬁ; Gas chromatographié analysis
using columns of Apiezon L (15%) on Celite and PegA (15%) on
Celite at operating témperatures near 200o C. afforded no
separation of the products. ‘ |

The A -acetylated producf,was obtained ih a nearly pure state
by performiné the acylation in_nitrobenzene over several days.
The course of the’reéction was followed by withdrawing a small
sample at suitable intervals, ﬁorking up in the usual manner and
analysing by N.M.R. spectroscopy. To eﬂsureAthat the samples-
withdrawn were representative of the whole, the reaction mixture -
'was previously saturqﬁed with'dry.hydrégen chloride. For
reveréibility_in the system the presence of HC1l is mandatory,
aithough it also had the effecﬁ of providing a homogeneous solution
in nitrobenzene. |

After six days at room temperature'the LB —acetylated product
predominated over the“original A -substituted species. ' The
appearanée"ofvtwo sharp singlets at 6.3 and T76.55 of equal
intensity after four days indicated.the presence of a third (and
possible a fourth) product species. This product (or producis)
increased in proportibn Qith time and'although never isolated was
thought to be a dimeric dypnone-like molecﬁle. Novak and Protiva,97
in this connection, réport the‘fo:mation of a dypnone produced by

self-condensation of 2-acetyl-6-methoxynaphthalene as a by-product



116,

in the acetylation:of 2-methoxynaphthalene in'nitrobenzeﬁe. It
is probable in this instance that the dypnone is that formed from
the less stericly hindered A-acetylated ether and this is
consistent with the experimentél observation that it only appeared
when the A-ketone was present in reasonable quantity.

After eighteen days the reaction mixture was decompoéed and‘
solvent removed by steam distillation. The dérk 0oil obtained wés
extracted with a small amount of cold benzene, and on removal of
solvent, recryStallised from petroleum ether (p.p. 60 - 800). The
solid obtained was clearly a mixture from the N.M.R} spectrum’
consisting of some 75% 2-acetyl-3,6-dimethoxynaphthalene, the
remainder being the 3-demethylated analogue (OH at T-1.7,

'COCH3 at T7.30 and 1H at T1 82)‘ A further small amoﬁnt of
material was obtalned on. concentration of the flltrate, which
consisted of over 90% of the dlmethoxy ketone similarly
contaminated. ’

An attempt to prepare unamblguously 2-acetyl-3,6- dimethoxynaph—

thalene from 2,7-dimethoxynaphthalene was unsuccessful.

. MeO'" OMe
v n-Buli
: mCO
COOH

(166) - | | (169)

Although the acid (169) was prepared in 20% yield through
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Data relating to Figure 2

Figure 2 on the facing page consists of a number of
pertial:N.M.R. spectra (range 1.6 - ca. -2.7) relating to
products obtained in. studies into the acetylation of
2 7-d1methoxynaphtha1ene. The'singlet below 2.0 in all
spectra except (f) is attributed to the 1H in 2-acety1-3 6=
dimethoxynaphthalene,’ The spectra,clearly indiqate_that~
reversibility exists in the system.

Legend :

(a) Product from 2.5 hour run in nitrobenzene at 25° c.
(b) ‘As (a) but over 14 hours.
| (¢) As (a) but over 2L hours.
(d) As (a)‘but over 48 hours.
(e) - As (&) but over 312 hburs. |
(f) Pure 1-acetyl-2, Y—dimethoxynaphthalene.
(g) Nearly pure 2-acety1-3 6—dimethoxynaphtha1ene.
(h) = Product obtained on treating pure 1-acetyl-2,7-
dimethoxynaphthalene with aluminium chloride
in nitrobénzene éaturated with hydrogen chloride

gas for U8 houfs.
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carbonation.of the lithium derivative of:(166) by the method of
Gilman,98 treatment of its chloride with dimethyl cadmium in benzene
at reflux for 1.3 hours gave no detectable methyl ketone (4167), .
even'on repeating the reaction with a fresh batch of reagent. This
approach was abandoned. | '

The Fries reaction of the acetate of 7-methoxy-2-néphthol was
investigated'ih nitrobenzene solution and the crude products
examined spectroscopically. With one holar equivalent of
aluminium chloride at room temperaturevover 2 hours the prodﬁct
obtained was a mixture of 1-acetyl-2-hydroxy-7-methoxynaphthalene
(82%) by rearrangement, and 7 me thoxy-2-naphthol (18%). Repeating
the reaction at 100 - 110° over one hour afforded in almost
quantitative yield the 1-acetyl derivative together with a small
emount (ca. 5%) of the isomeric 2-acetyl—3-hydroxy-6fmethoxynaph—
thalene, identified by the characteriétic T1.9 singlet. The
Fries rearrangement then had sﬁbstitufed the aromatic nucleus in
the same manner as the short reaction time acetylation of the
dimethoxynaphthalene and presumably the presence of the small
amount of /ﬂ-substituted product arises from reversibility in‘the
system at increased ﬁemperature.' |

The concept of féversibility in.Friédel-Cfafts acylations is
not a new one, having first been proposed by Gore in 1955.99 |
Even so only a few systems have been demonstrated to display ‘this
phenomenon, although in fairness, it would appear from the
literaiure that it has been rarely investhga@ed.

Thextheory was originally put forward to account for'apparently
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abnormal acylations in polycyclic systems. It is held that
acylation is most likely to occur rapidly and predominantly at the
most reactive aromatic position. In instances where this position
is also hindered, resbnance stabilisation would be expected to.be
reduced and deaéylation would énsue, followed by resynthesis at a
less hindered aﬁd, of course, less reactive position. This is
tantamount to saying that <x-s#bstitution in the system currently
being reported is under kinetic control and /3-substitution’ﬁnder

thermodynamic control. The system may be represented in the

I
77N

following manner :

! ) CHjD OCH3

COCH3
. CH30 - _OCH4 o ‘,CH§D ' OCH3
. g ‘ | ] ‘ COCHS4
Kinetic product Thermodynamic product

| The sulphonation of naphthalene is a well established
example of this sort of reversible system.

Proof of the experimental‘importahce of’ reversible acylation

has been given for the acetylation of 1—naphthol1oo and of

101, 102, 103

anthracene and has also been demonstrated to

occur to a very slow and almost insignificant extent with -
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2-methoxynaphtha‘lene.96 Oﬁ the other hand; reversibility has
been shown to be unimportant in inter alia the benzoylation of
naphthalene1ou and anthracene102 and in the acetylation of
naphthalene1o5 and varomonaphﬁhalene.105 This is indeed
interesting since the theory was originally expounded with
naphthalene itself as a'typical example - clearly in the absence

of supporting evidence.

The observation that reversibility is trivial in the acetylation
‘of 2-methoxynaphthalene requires elaboration. It apbears that this
system was only tested for reversibility with chloroform as solvent.
The rearranged ketone, 6-acetyl-2-methoxynaphthalene, was obtained
in 3%‘yie1d as indicated by G.L.C. analysis of the crude product
mixture after much longer heaiing than the normal acetylation where
the amphi- substitutgd ketone was obtained in 14% Yieldﬁ The only
conclusion that can be dréwn is thaﬁ reversibility is of little
éignificance with this particular solvent. With nitrobenzene the
yield of amphi- substituted ketone on normal acetylation was MB%,
but, étrangely, reversibility was not exaﬁined in this solvent.

It seems reasonable that the solubility of the ketone-aluminium
chloride complex is an important factor for reversibility. In |
instances where the initial product is precipitated rapidly from
the reaction mixture as a largely insoluble complex With the |
catalyst, furthér féaction may be prevented or at best controlled
by the finite solubility of the complex in the solvent employed.

In this éuthor's experience solubility is greater ( generally

completej with nitrobenzene than with most other solvents,



120.

e.g. benzene, chloroform, carbon diéulphide, commonly used in .
acylations. That solubility does seem to be important is
supported by the observation thét rearrangement of (168) to
(167) in the current.stud& proéeeded at a greater rate in
nitrobenzene (homogeneous system) than in benzene (grossly
heterogeneous throughout).

An examination of the écetylation of 2,7-dimethoxynaphthalene
in other solvent$ such as cafbon_disulphide, ethylene dichloride ‘
"or chloroform, might well be instructive. A study, too, of
the reaction with various addition seguences might well be
found to influence the proportion of products formed. In this
latter connection the proportion of catalysf to acylating agent,
the molar ratio (Q), hay well be found to be an important factor.
Since the above were\not considered to be relevant to the main
theme of the present investigation, these studies were not
undertaken.

Another system worthy of further study is the acetylation of

106 report isolation

2 ,3-dimethoxynaphthalene. Buu-Hoi and Lavit
of the 6-acetyl derivative in 66% yield with nitrobenzene as
"solvent. The position of substitution was not proven but based
on analogy with 2-methoxynaphthalene, supported by comparison of

" melting points. The acetylation was undertaken in thé present
study'with benzene as solvent over 2.5 hours, and the sole product
. obtained, purified by recrystallisétion, shown by N.M.R. spectros-
copy to be 6-acetyl—2,3-dimethoxynaphthalene on;account‘of a first

order analysis being possible.
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Whether or not the 41-acetyl derivative rearranges under
Friedel-Crafts conditions was not investigated. It is certainly
true that an acetyl substituent at the 1-position would be
subjected to strong desfabilising influences and would be expected
to migrate by analogy with 1-acetyl-2,7-dimethoxynaphthalene. It
is also likely to be true that steric repulsions would be so great
at the 1-position, on accounf of the two adjacent methoxyl groups, .
that the 1-acetyl derivative wouldAnot be at‘all favoured in an

acetylation and that’the product observed is both the kinetic and

thermodynamic one.
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Mass Spectra of Naphthofuranones and Related Compounds

A number of the tricyclic ketones prepared in the course of
the present investigation were examined mass spectrometrically
and the following data are recorded.

With the unsubstituted systems, naphtho[1,2-b]furan-3(2H)one,
naphtho[2,1-b] furan-1(2H)one and 1-oxaphenalen-3(2H)one, a strong
resemblance was observed in the initial fragmenfation pattern.

In all three cases the molecular ion-radical, also the base peak,
is found at m/e 18u+, and the main pathway for breakdown of this
ion involves loss of a radical of mass. 29 (CHO) to give the even
electron species at m/e 155+. Further fragmentation of this
latter species occurs through,expulsion of carbon monoxide to

give the fragmentvof mass 127+. That such a seqguence occurs was
verified in all caées by metastable ions at m/e 130.6'(184+-—;155+)
and m/e 104.1 (1557 — 127°). An abundant peak at m/e 126"
probably arises from loss of a hydrogen atqm from the species

at we 1275, |

In the absence of data relating to labelled c