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ABSTRACT

Oxidation of ortho-hydroxyphenylketones with two molar equivalentsof
thallium (111) trioxonitrate (v) trihydrate (TTN) in methanol (MeOH)/
trimethyl ortho-formate (TMOF) mixture (1:1) gives the corresponding
2-alkyl-2,3,3-trimethoxy-2,3-dihydrobenzofuran in high yield. This
reaction constitutes a simple and convenient method for the synthesis
of benzofuran derivatives.

The ortho-hydroxyphenylketones are synthesised from the corres-
ponding phenyl esters via Pries rearrangement.

These benzofuran derivatives are isomeric with & -methylene

lactones which are of value in cancer therapy.
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CHAPTER 1
1.0 INTRODUCTION

1.1, Preperties ef Thallium Cempeunds

McKillop and Taylor {(1973) have reviewed the mest impertant
preperties of thallium cempeunds which have been expleited in synthetic
work and are given as follows:

(1) Inorganic thallium compounds are usually more stable in the (+1)
valence state, while covalent organothgllium compounds are stable
only in the (+3) valence state,

(2) The thermmodynamic ease with which transitions among the varieus
oxidation levels can occur is evident from the standard redox
potentials

m?* + 26 —> mt 1257
mnt 4+ e —_— T1 40,33V

From these redox potentials, reduction of thallium (III} to

thallium (I) is thus an especially favourable process, and one

which is of critical importance in the applications of thallium
compounds to organic syntheses.

(3) m* is a asoft cation, and so T1X3 compounds are good Lewis
acids. The electrophilicity of Tlx3 derivatives can be varied
substantially and in a controlled manner by variation of the
nature of X,

(L) C -~ Tl bonda are very weak, probably of the order cf 100 - 130KJm01-1
and cleave under both heterclytic and homolytic conditiens,

(5) The thermodynamic ease of reduction of T1 (111} —> T (I)

ensures that, given siwmple procedures fer the preparation of
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organothallium derivatives of the type RTlxz. convergion of
theae_interncdiatés into organic products,TlX will occur readily.
(6) T1 (I1I) is iscelectronic with Hg (II) and with Pb (IV) and

its redox potential is intermediate between them. Hence,

Tt (II1) functions as efficient 2-electron oxidant, (Lee

and Price, 1964)%

P . 2 —> PP _q6v
m* 4 ¢ —> m* ~1.25V
2B + 26— Hg‘:" -0.92V
2t + 22 —> EP -0.85V

12, Organothallium Compounds

Thallium salts are becoming widely used in organic synthesis
by virtue of the ease of formation and high reactivity of organo-
thallium compounds., Example of thallium salts used in gyntheses
are: thallium (I) ethoxide, T10C He; thallium (I11) trifluoro-
acetate, TTFA, and thallium trioxonitrate (V), TTH.

Noyes and Garner (1936) reported that the conversion of
thallium (III) to thallium (1) is the more powerful oxidizing system
and under comparable reaction conditions, thallium (III) is the more
selective electrophile, They also discovered that the carbon-metal
bond heterolysis takes place more rapidly due to greater electiron
affinity of T1(III).

The efficacy of thallium (Iil) salts,TlXB,a.s oxidants is known
Lo be directly related to the nature of the anlonic group X, and it

has been adequately demonstrated for a wide range of reactions that



the oxidizing power of the commonly avallable and easily handled
thallium (III) salts are in the order:

nitrate > trifluorcacetate>» acetate - chloride (McKillop

and Taylor, 1973).

The use of thallium (III) salts as oxidants for non-aromatic
unsaturated systems is a congequence of the thermal and solvolytic
instability of monoalkyl thallium (III)} compounds which in turn is
apparently dependent on two major factors, namely: the nature of the
asgociated anion and the structure of the alkyl group., Mcst of the
monoelkyl thallium (III) compounds are unstable and very few have
been isolated. Compounds in which the anion is a good bidentate
ligand are moderately stable, for example, alkylthallium dicarbo-
xylates. Alkyl thallium dihalides are however extiremely unstable
and generally decompose instantly. Methyl thallium diacetate, for
example, is reasonably stable in the solid state but decomposes
slowly in solution and rapidly on being heated. (wcKillop and
Taylor, 1973).

Monoaryl- and monovinyl thallium (III) derivatives are con-
siderably more ptable than the corresponding alkyl compounds, usually
isolated and characterized without difficulty. In certain cases
where the organothallium derivatives are not etable enough to be
isolated, thallium ig displaced by a nucleophile in the pxidative
step in one of three possible fashions which are analogous te the
classical SN1, SN2 and SNi mechanisms,.

The simplest and general procedures for the preparation of
monoalkyl and momoaryl thallium {I1I1) compounds are via the

oxythallation and thallation reactions, respectively,
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1¢3. Use of Thallium trifluoroacetate (TTFA) in Organic Syntheses

1.3.1 Thallation of Aromatic Compounds and Synthesis of Aromatic
Iodides.

A solution of TTFA in trifluorocacetic acid (TFA) comstitutes
a powerful reaction mixture for the direct thallation of aromatic

compounds (McKillop et al., 1969).

ATH + T1(0000F3)3 — nwl(mocr3)2 + CpyCOOH.
McKillop et al, (1969) found that reaction with substrates
activated towards eleetrophilic substitution was generally complete
within a few minutes at room temperature, whereas thallation of
mildly deactivated substrates such as the halobenzenes required
longer reaction times at room temperature or 30 minutes at reflux
temperature (730(';) The arylthallium bis-trifluoroacetates isolated
were found to be stable, colourless and crystalline solids. Only a
small amount of ortho-substituted products was observed with those
substirates with ortho-para directing substituents. According to
these workers, the overwhelming preference for para substitution may
be associated with the steric bulk of thallium,

McKillop et al. (1969) also discovered that treatment of the
resulting arylthallium bis-trifluorocacetates with aqueous potassium
iodide at room temperature resulted in rapid precipitation of thallium(III)

iodide and formation of the corresponding aromatic iodide.

7~ YyTi(ccor), 7 T11, + 2KOCOCF,
[ L — | |

.

|

l spontaneous

S |
|

-~

+ KI



Farthermore, they reported distribution rates for iodination
of monosubstituted benzene derivatives under conditions of thermo-
dynamic control (elevated temperature), meta substitution was
observed. Under conditions of kinetic control (room temperature),
a significant preference for para substitution is observed for com-
pounds containing ortho - para directing substituent groups. ortho
Substitution results when chelation of TTFA with the directing
substituent permits intramolecular delivery of the electrophile,

For example, methyl benzoate gives almost exclusively ortho-thallalion

(95%).

CH,Q___0.
3 T
OOCHB T "m(ocOCF3)3
7 _
4 '1-1(0(:005*3)3 — _ R
S
COOCH coocrz3
7 Tl(OCOCF3)2 aq.KI I

Thus, the overall process of thallation followed by treatment
with iodide ion constitutes an extremely simple synthesis of aromatic

iodide.

1.3.2 Oxidative Phenol Coupling with TTFA

TTFA is an effective reagent for intramolecular oxidative phenol

coupling. McKillop et al. (1977) reported the oxidalive coupling of

aromatic ccmpounds using TTFA in TFA or in carbon tetrachloride or



acetonitrile containing borontrifluoride etherate. The reaction
was found to be smooth and rapid. The direct oxidative coupling

gave symmetrical biaryls in good to excellent yield, This method
constitutes a simple and effective procedure for the preparation

of a variety of highly substituted biaryls in which the ring sub-
stituents are either electron donating or mildly electron with-

drawing greups.

R
0 0,5 TTFA
GH.3 7 CH 3 OCH3
fiw 3 3 R2
h=bromoveratrole ,2,2',dibromo-h.b,5,51 tetra-

methoxy biphenyl

Ry = 0H30, R, = H, Ry = Br (88%)

Naphthalene derivative

Ry = Ciy, B, = H (93)

binaphthyls

Kende and Hutledge (1978 ) reported the selective oxidative
cyclisation of diaryl butane. They found that treatment of diaryl
butane derivative with 1.36 equivalents of TTFA in dichloromethane

in the presence of excess boronirifluoride etherate at room teperature
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afferded the 2,2 -dicarbethoxy-1- (4' hydroxy-3,5-dimethoxyphenyl) .

6, 7-methylene dioxytetralin in 59% yield.

1.3.3 Synthesis or‘!:gpinongg

Treatment of 2,6-disubstituted-l~tertbutyl phenols with alight

excess of two molar equivalent of TTFA in either TFA or CClh results
in less of the L-tert butyl subatituenf as isobutene and formatien
in high yield of the cerresponding 2,6-disubstituted para-quinones,
TTFA is highly efficient exidant for the comversion of hydroquinones
and a variety of 2,4,6-trisubstituted phenols into the corresponding

2,6-dieubstituted para-quinone (McKillep et al., 1970).

OH V)
' H.C
H.C CH 3 H
3 3 TTFA ; 3
rt
1 = 2 hrs.
0(CH;) 0

They also observed that such oxidations are possible with other groups
at Cel4 which are capable of departing with the bonding electren pair

(Nﬂz, halogen, ococ:HB).

1.3.4 Synthesis of Phenols and Aromatic Mitriles

Phencls were prepared by treating the aryltballium bis-irifluore-
acetate with lead tetraacetate in TFA. The nixture was ireated with
one equivalent of triphenyl phogphine (Pth), excess TFA removed by
evaporation, and hydrochloric acid added to precipitate chlorobenzene

and thallium (I) chloride. The resulting aryltrifluorcacetate is then



hydrolysed with dilute base and the phenol iselated by extraction

(Tayler et al., 1970).
(1) Pb(OCOGHB)h

arE —FEA S 4m( 0cocE,) P o ATOCOF
372 ] 3
dil. NaOH
ATOH

Treatment of the arylthallium difluoreacetates with an excess of
aqueous potassium cyanide on photolysis gives the corresponding

nitriles (Tayler et al., 1970).

KCN
A:T1(0000F5)2 = AXCN

lei. Use of Thallium (III) Acetate in Organic Syntheses

1s4.1 Preparation of Aromatic Bromides
Thallium (III) acetate displays Lewis acid properties which

enables it to function as a catalyst in electrophilic aromatic sub-
stitution reactions,particularly bremination. McKillep et al., (1969)
synthesiged an aryl bromide by addition of a solution of thallium
acetate in carbon tetrachloride containing benzene derivative. The
reaction mixture was heated under reflux for 0.5 - 1hr,

These workers found that the most important advantage of the
thallium (III) acetate in bromine is the remarkable specificity shown
by the reagent during the electrophilic substitution process. The

reaction yielded a single pure monobrumic isomer in high yield.

Tl(oocc53)3 + 3ArH 4+ 3Br,,

J

3ArBr + BCHBCUOH + T1Br



Thallatien of the aromatic ring dees not eccur with thallium (II.

acetate but with the more electrephilic TTFA

1.4.2 Preparatien of p{=nydroxy carbexylic acids

Reaction of thallium (III) acetate with aliphatic carboxylic
which are

acids results in formation of &-acyloxy carboxylic acids,/readily

hydrolysed to o&{-hydroxy acids (Tayler et al., 1970).

1.5 Use of Thallium (IIT) Trioxenitrate (V) Trihydrate, n;uo3_)_3.3n,o,
(TMN) in Organic Syntheses -

Thallium (III) trioxonitrate (V) has been found te be highly
specific and eoften acts as a unique oxidant to effect a wide range
of organic syntheses., It is an extremely effective oxidizing agent
for alkenes, alkynes, ketones and other non-aromatic unsaturated
systems. The most commonly used solvents for these reacticns have
been dilute trioxonitrate (V) acid, methanol, or aqueous glyme
containing perchloric acid.

Thallium (III) nitrate (V) is capable of rapidly effecting
oxythallation of carbon-carbon double and triple bonds. The resulting
organothallium compound is highly unstable and can undergo decompostion
in a variety of ways, depending on the substituents present. This
cleavage is thought to be heterolytic resulting in the develcpment
of carbonium ion character at the carbon atom of the original C-T1

bond (McKillop and Taylor, 1973).
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1451 Oxidation of Alkenes

McKillop et al. (1972, 1973) reported the rapid oxidative
rearrangement of alkenes using TTN/MeCH to give dimethylacetals or ketals
or in dilute mineral acid to yield carbonyl compound, for example:

" | M\

+  TI{ONO MeOH c —C =8,

2’3 —==>
R R /OMeQ 7

2 4 | )
' \K(l,“oz

H H
@ /
R, | ‘,’ .i‘1
| -—@-—! —_ il R c C R
—> Ry—C i: Ry ——> ; ‘ | 3
| OMe Ry OMe Ry,
?-H ?1 Me OH '? T1
_‘?:9 Rz_(‘: tl: Ry . <|3 By
. OMe Rh Rh

The carbonium ion is comeonly rearranged before capturing a solvent
nucleophile, For example, oxythallation of astyrenes leads to benzyl ketones,
the intermediate carbonium ion being stabilized by phenyl migration.

h "Ph

T1(0N02)3

I J o, B
5 H3O+ Me C CH

[ OH \\\\
TQ—-—ONO
(JgN02

PR | Ph

-ﬁ Me-—C——CH, =————3 Me—C ——CH

I -8

0--H



1

The scope, limitations and synthetic utility of TTN oxidations
were aleo defined, The reactions were characterized by manipulative
simplicity, high field and the high state of purity of the preoducts.
McKillop et al. (1972) discovered that exidatien eccured most rapidly
with disubstituted alkenes and was complete within a few minutes,

while trigubstituted alkenes reacted much more slowly.

1.5.2 Oxidatien of Alkynes
Alkynes are smoothly oxidized by TIN (McKillop et al., 1971).
Terminal alkynes undergo more extensive oxidation with two moles of

TTN to afford carboxylic acids having one carbon atom less than the

starting alkyme,

R-C=®C -8 cﬂzrgﬂm R-G - 0B 80% yield
3
0

Diarylalkyne are converted into benzils in LS - 95% yield by treat-

ment with TTN in either methanol or aqueous acidic (perchloric acid)

&lyme.

+
H.0
Ar-C=C- Ar' + 2ITN —=—> Ar-C - C - Ar'
R L] H

O 0

Dialkylalkynes react with only one mole of TTK to give acyloins

¢

" ]

R-C=C-R TNy R-C - C- B

H
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153, Oxidation of Chalkenes
Oxid;.tion of chalkones with three equivalents of TIN in aqnéma

glyme containing a little perchloric acid medium results in formation
of benzils in about 50% yield (McKillep et al., 1970). They reported
that three of the four distinct steps involve oxidation:

(1) oxidative rearrangement to the ketoaldehyde;

(2) Cleavege to a deoxybenzoin;
| (3) oxythallation to a benzoin and finally

(k) Oxidation to bensil.

PR CHO +
__0"—) ! H
ATCH = CHCOAT H3 AT = CHCOAT' e AICHchAJ:'
keto aldehyde deoxybenzoin
OH

TN !
AYCO-CO-AT €= Ar - CHCOAr
benzil benzoin

1s5.4o Oxidative Reaction of Glycols

McKillep et al. {1972) have examined the oxidative cleavage of
glycols with TTN in ethanoic acide Cleavage occurs only with glycols
containing vicinal aromatic substituents.

OH

> gn
HoaC-C -~ H

, . TTH /HOAc > 2PhCHO

Fh PFh
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1.5.5, Oxj.gg. tion ef S-Pyrasolenes

5-Pyra.zolonea' were cenverted by treatment with two equivalents
of TIN into methylesters of o/ , B-alkynoic acids., Yields are high -

and resction conditiens are extremely mild (Tayler et al., 1972).

R

R
F—'):B —_ = IS pes CC00CH,
-~ ; ! ol
i

* TIONO,, + N

H 2 2

1.5.6. Oxidatien ef X —alkyl-B-keto esters

e{~alkyl-B-keto esters were converited into allenic esters by
treatment with one equivalent of hydrazine to form the 3,L-disub-
stituted-5~pyrazolones and then with a solution of 2 equivalents
of TIN in MeOH (Taylor et al., 1972).

0 N_H /’CH3

"
- =
CHBCﬂzc-?HCOOCHB R On CHyCH = C = C

CH3 CCo CH3

145.7. Oxidatien of Iponitriles

TTN reacts with isonitriles in MeOH solution at room temperature
within a few minutes to give carbamates in high yield (45 - 97%)

(Kinenzle, 1972).

ENC + TIN ;e—gﬂ> RNHCOOCK; + TINOy + 2HNO
2
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105031 Oxigtion of Oximes
Oximes were cenverted into aldehydes and ketones in yields

of 70 - 95% when treated with TTN/MeOH at roem temperature., The

reactien was complete within few minutes (McKillop et al., 1969).

B, R,

\ TN

% = vom T om0
R, )

159 Oxidatien ef Cyclechexanone

Oxidation of cyclohexanone with TIN in ethamoic acid at roem
temperature proceeded rapidly to give 2-hydroxycyclohexanone in

84% yield, (McKillop et al., 1973).

- — 0
7 OH HO )
| dil 08
— TTN - H
W base
or g 85
s 2-hydroxycyclo-
hexanone
COOH

9

Cyclopentane
carboxylic acid

Oxidative rearrangement of alkyl arylketcnes to
methyl phenylacetates,

The oxidative rearrangment of alkyl arylketones to methyl
arylacetates by means of TTN in acidic methanol has been studied

in detail (McKillop et al., 1971; McKillop et al., 1973;
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Taylor et al., 1973; Belanger and Rooney, 1978). The rearrangement
has been found te be applicable to a wide variety of substituted
acetophenones. Hclﬁllop et al., (1973) proposed the mechanism ef
the rearrangement as shown inScheme 1; that is, acid catalysed

enolization of the ketone, oxythallatien of the C = C thus formed,
and oxidative rearrangement by 1,2 aryl migration with simultaneous
reduction of T1 (III) to T1 (I).

Scheme 1: Conversion of Acetophenone te Methylphenylacetate.

Scheme 1
gt o
PhCOCH3 # Ph - C = CH2
enolization
TN /MeOH

{’hf\’ 7}1\102
H—-05-C-2CH i |
\_}‘ ZU\

0N02
OCH
3
0=C -~ CHZPh
CCH
3
Other Oxlidative Heactlons
Un examination of the oxidation of alkenes with TTN in CiiBUEi,

Bertsch and Quellette (1974) discovered that methoxy nitrates and

dinitrate esters are also formed apart from the dimethoxy and carbonyl
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compounds,

Cgll4{CBeCE, — 5 CgH 7CB(OCE, JCH, (0CH, ) +

MeOH, 0% y
1,2 dimethoxy decane 33 « L%

CBH17C00H3 +
2-decanone 34 - LO% +
08317cn(0033)cnz(onoz)

2=-methoxy-1~decyl nitrate 23 - 27%.

Oxidatien of alkenes and cyclopropane with TIN in pentane gave
mainly dinitrate esters such as RCH(OHOZ)CHB'(Onoz) or PhCH(OHOz)Cﬁz-
CH20N02,
there iz a loss of stereospecificity as compared te the similar reaction

where rearrangement products occur to a lesser extent, but

in methanol (Quellette and Bertsch, 1976).

Oxidation of tautomeric imines with TTN in methanol gave, after
hydrolytic work up, ol-methoxy ketones and &X-diketones, Only smail
amounts of methyl ester of carboxylic acids were obtained (Ahlbretch
and Hagena, 1976).

Conversion of hydroquinome monoalkyl ethers to p-benzoquinone mono-
ketals was accomplighed by using TTN in MeQOH in the presence of suspended
potassium hydrogen carbonate, (Buchi et al, 19?8).

Oxidation of vanillins with TIN in methanol gave the dimethyl-
acetals of 6,6-dimethoxy-2,4-cyclohexadien-1-one aldehydes, which

dimerised rapidly at room temperature, {Antus et al., 1978)
CHO CH( OMe )

]
T

HO °%%
Me( OMe

Me

CH(OMe)2 is at position 2, 3 or k.
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McKillep et ml.( 1978) found that oxidation of ketones with TTN
in non-nucloophilicﬂ golvents uu.cl; as acetonitrile or diethyl carbonate
- gave good yields of o~nitrato ketones instead of skeletal rearrange-
zent.

@
RCOCH,B' == RC=CHR' —2> R.GC- CHR'

2 t '
OH - OH m(u03)2

43:} RCOCHR* '1'1(1103)2 ~——>  HCOCHR® ONO,,

Ketones examined include substituted acetophenone, propiophenone and
some aliphatic ketones.
Varma and Varma (1982) obtained flavones (I)a in 70 - 8% yield

by oxidizing the flavanones (2) with 2 moles of TN at room temperature.

0
| 3 o
Flavones _ Flavonones
(1) (2)
R = (Ph, 2,h.ne20633)
n’ = H, Me, OMe
R = H, OMe
R = H, Me

Levai and Tokes {1982) reported the oxidative rearrangement of
2'-hydroxy chalkones with TTN., The oxidation of 2'-hydroxy-3,5'-dichloro-

-4} ,6=dimethoxy-li=benzyloxychalcone with TN gave T1.L% coumaranone (3)
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obtained upon attempted oxidation of cimnnamaldehydé in dilute HHO3,
four ef which were identified as phenylacetaldehyde, phenylglyoxal,
phenylglyoxalic acid and benzaldehyde (McKillop et al., 1973). This
failure led Tayler et al. (1976) to repert the remarkable effective-
ness of MeOH/TMOF (1:1) as solvents for TTN - mediated oxidations.
They described novel oxidative rearrangements of unsaturated organic
substrates with TTN/TMOF which do not proceed in the solvents commenly

used fer the reaction of TTN.

1.6.1. Oxidative Rearrangement of Cimngmaldehydes with TTN in TMOF/
MeOH

The oxidation of cinnamaldehyde using TTN in MeOH/TMOF was found
to proceed rapidly and clearly to give consistently high yields of aryl-
malondialdehyde  tetramethylacetals. The reaction was also found to
be effective for the L-nitro and the L-methoxy derivatives, (Taylor et al.,
1976).

According to these workers, this transformation proceeds by an
initial TT'N-catalysed conversion of the cinnamaldehyde to its dimethyl
acetals; the oxidative rearrangement which then follows methoxythallation
is analogous to the TTN-mediated rearrangement of styrene to phenyl-
acetaldehyde., This reaction constitutes a potential general synthetic
method for the conversion of an aryl - CHO group into a tert-butyl sub-

stituent,

N

// \;_CH=CCH=O Tﬂﬂ/heChji;LF )4F__ﬁQBF.//:4u _AﬂjT

. - Cr'
| I e OLO z;><:_.g/‘
R - >
. R i
R N

0.25 - 2h

NV

CH(LCHBJP
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(a) R=R' = H, 7%
(b) &B= L-CH;0, R' = H, 8l%
(¢) R= L-ON, R' =H, 63%
(d4) R=H, R' = CHy, 83%

(e) R= 3-0N, R'= CHB, 50%

1462, Oxidative Rearrangement of Methyl Cinnamates

Cinnamic esters have been found to rearrange smoothly with

TTN/MeOH/TMOF or TTN/TMOF to methyl q-(dimethoxymethyl) arylacetates,

(Taylor et al., 1976).

’/,COOCHB
B=CHOOOCHS <oz 2 N
R CH( OCH, ) 5

(a) R=H, 96

(b) R = L-CHj, 96%

(e) R =L-CH;0, 90% .
(d) R = 2-F, 8%

(e) R =L-C1, 96

1.6.3. Oxidative Rearrangement of Acetophenones

The oxidative rearrangement of acetophenones has been studied in
detail and found to be solvent dependent. Acetophenones rearrange
gmoothly with one eguivalent of TTN in acidic methanol to give methyl

arylacetates. With MeOH/TMOF as solvent, however, 2 mol. of TTN are
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consumed, and the product is methyl X -methoxy arylacetate.
According to Taylor et. al. (1976), two successive methoxythallation
reactions were involved. The first utilizes ¢ -methoxy styrene as
subgtrate znd involves an aryl migration; the second utilizes phenyl-
ketene dimethylketal as substrate and terminates with oxidative dis-
placement of thallium by methanol. The conversion of acetophenones

to methyl o -methoxy phenylacetates is summarised in Scheme II,

Scheme 1I: Conversion of Acetophenones to Methyl X-methoxy arylacetates.

TTN /MeOH/ TMOF
COCE, _&_H@ / crcooc,
. 1

IC}CH3
(a) R = H, 70%

(v) = h—CHBO, 81%

(e) = L-ON, B8T%

() R = 3-C/HO, 9Tk

They also discovered that, in an enalogous oxidative rearrangement,
butyrophenone is converted to methyl-X-ethyl phenylacetate (93%) and
no & —methoxylation was observed, apparently for steric reasons.
Furthermore, Walker and Pillai (1977) found that arylalkylketones
were converted to 2-arylalkanoic acids through in situ generation of
enol ethers with TTN salts. The enol ether derivatives are oxidized

very selectively to 2-aryl alkanoates:
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e
2 C0,CH,

R TTN/MeOH/TMOF S

They also found that alkyl arylketones were rapidly ketalized
by reagents such as TIN/MeOH/TMOF under anhydrous conditions. These
workers also discovered that the use of anhydrous conditions proved
convenient for the direct conversion of alkyl aryl ketones to 2-aryl
alkancates. Such conditions are not required for the oxidation of
enol ethers with high selectivity. They also found that the inter-
mediacy of enol ether derivatives would appear to be a major controlling
factor in the facile conversion of alkyl aryl ketones to 2-aryl
alkanoates with TTN,

Taylor et al. (1976) observed that TTN adsorbed on acidic mont-
morillonite clay, K=10, is a remarkably effective reagent for oxidative
rearrangement of alkyl arylketones and alkenes. The superiority
of TIN/K~10 over the usual TTN/MeOH system is found in the rapid, highly
selective, high yield and room temperature oxidation with the former
reagent. Alkenes, such as styrene and 1-phenyl-i-propene are extremely

rapid in TTN/K-10 than in MeOH.

CH = CH, c:H2CH(ocn3)2
TTN/K-10
MeOH/MMOF ~
92% yield
Styrene
N ' . CH,
e OH = CHOR 22 ST
T ~T TTN/5=1C Pl '
=, | ¥.eOH/THCF ~ ;
L~¢// ‘\‘-"_x\_ /
-
1%

1-pheny-1-propene
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146.4. Other Oxidative Reactions with TTN H/TMOF

McKillop et al. (1976) reported the result of a detailed
investigation of t.hel reactions of a wide range of phenols with TTN
in MeOH/TMOF. The oxidation of hydroquinones to p-benzoguinones
was found to take place rapidly and proceeded in excellent yields.
The 2,6-disubstituted phenols are also smoothly oxidized to p-benzo-
quinones, while many L-alkylwand L-alkoxyphenols were readily converted
in good yields into L-alkyl-lj-methoxy- and L,4-dimethoxycyclohexa-2,5-

dienones, respectively.

. 0
= .
R %m‘ R + TIONO,
\ )
H 0

Belanger and Rooney (1978) reported that direct rearrangement of
propiophenone to methyl-of-methyl phenyl acetate under the condition
of McKillop and Taylor (1973) gave a poor yield. An attemptedthallium-
catalysed rearrangement of o-hydwroxy acetophenone at room temperature
for twenty-four hours gave no reaction, while the corresponding methyl
ether was converted smoothly to the phenyl acetate derivatives in
fifteen minutes. Thus,blocking of phenolic ortho-hydroxy groups is a

requirement in the TTN reaction.

/\)/OH TTN f! / J
L& | MeOH/ e f

0
r/”\ - OCH,
T ams T
N MeOH / cooc,
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1.6.5. The Role of TMOF in the Oxidstive Reerrangement
The full role of ™OF in oxidative rearrangement ig not yet clear.

With some carbonyl compounds, initial conversion to acetals, ketale or
vinyl ethers (catalysis by TN, are more rapid with T™OF than with

MeOE alone) occurs prier to oxidation. However, an apparently important
role of ™TOF is to lower the dielectric constant of the reaction

medium, thus favouring Sn2 as opposed to-Sui reactions of the methoxy-

thallated intermediate, (Bozimo, 1975; Taylor et al., 1976).

1.7. Oxidative Ring Closure Reactions with TTN/MeOH/TMOF

It has been discovered that reactions involving thallium rearrange-

ment involve at some step, the displacement of thallium by a mucleophile
(McKillop et al., 1970; Lethbridge et al., 1978). Ae a result of this
property, the appropriate nucleophilesare being placed in specific
positions t¢ synthesise intereating heterocyclic compounds especially
in the field of natural products.

Kabbe (1962) eynthesiged a benzofuran system by using a neighbouring
hydroxy group of an ortho-alkenyl phenol to displace thallium from the

adduct.

m1(0sC)y { O T1(0AC),

Therefore, it would be of interest to synthesise benzofuran

derivatives from ortho-hydroxy phenyl ketones using TTN/MeOH/TMOF.
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In the oxidative rearrangement of ortho-hydroxyphenylketones, both
the phenyl and the hydroxy group could conceivably act as internal
micleophiles and participate as neighbouring groups in such reactions
(Bozimeo, 1975). 5

Bowimo (1975) found that the oxidative reaction of ortho-hydroxy-

acetophenone with TTH/HQOH/ MMOF mixture (151) gave ortho-hydrexy methyl

K-—netho:qr phenylacetate . while the ortho-hydroxypropiophenone under-
went oxidative cyelization to yield benzofuran derivative, 2-methyl-2,
3y 3-trimethoxy~2, 3~dihydrobenzofuran, EHe also found that two moles of
TTN would be required for the oxidative reactions of ortho-hydroxy—
phenylketones, .

It is, therefore, desired to extend the oxidative reactions to

higher members of the group. The compounds chosen for the study are:
ortho-hydroxybutyrophenone, ortho-hydroxyvalerophenone,

ortho-hydroxyisovalerophenone and ortho-hydroxyhexanophenone,

1

t.8. Benzofuran

Benzo ZT§7 furan was first synthesised by Perkin in 1870 and
discovered in coal tar by Kraemer and Spilker in 1890, Formation of
2-benzofurans is possible by ortho-condensation of a benzene ring with
furan, depending on whether the benzene ring is condensed on the 2,3
or 3,L positions. The 2, 3 condensation is known as benzo[gfuran or
coumarone and the 3, L derivative gg isobenzofuran or isoccoumarone,
(Elderfield, 1951}. The importance of benzo/ b/furan ring system in
natural and synthetic products with pharmacelogic activities explains

the large number of papers published on these compounds,
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1s8.1. Cene Approach to theges of Bensef

According to Cagniant and Cagniant (1975), syntheses of benzo-

furans zan be classified into three main groups.

Group 13 'The starting molecule is of type A. )

. U

Thie group mainly includes aryloxylated compounds such as aryloxy-

Type A.

acetaldehyde, aryloxyacetone, aryloxyacetic  acids which can be
subjected to thermal or chemical cyclodehydration of aryloxyacetonea,
A typical example is cyclodehydration of aryloxyacetones from the
corresponding phenols and halogenocacetones, which leads to 3-aryl
benzofurans (Singh and Verma, 19633  yorth et al. 1972).

The most frequently used dehydrating media are tetraoxosulphate(VI)

acid, zinc chloride and phosphorous oxychloride,

Group 2: These are gyntheses of benzofurans using type B molecules,

7

Xy oE
(9) Type B

This group includes substituted phenolic compounds, where R is a
saturated or unsaturated alkyl radical. The benzofuran molecule can
be formed by three main methrods:

(a) Using hydroxylated alkyl compounds to form benzofurans or

24 3=dihydrobenzofurans by rimg closure,
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(b) When the side chain R of the type COCH X (where X = C1 or Br,

is formed by Hoesch condensation or Frieg rearrangement from
corresponding molecule of type (A) resulting ip 3(2H)-benzom

furanones,

(¢) when the gide chain R is of the CH,=CO-R type the benzofuran

ring is formed by cyclo dehydration.
(Spoerri, 19H2; Aneja and Mukerjee, 195'[).
Group 3: In this group, the starting molecule is of type C.

0
v R
oR'

This group includes hydroxylated carbonyl compounds with reactive

methylene groups and the ring closure is an intramolecular condensation.

1.8.2 Specific Methods of Synthesising Benzofurans

The most often used route to benzofuran is the intramolecular
cyclisation of a substituted benzeme, Less commonly the system can be

prepared by annulation of a furan derivative (Sergent and Cresp, 1979).

The formation of benzofurans by reaction of an ortho-halophenol
with copper (I) acetylide is an example, where intermolecular coupling
preceeds intramolecular cyclisation (Castro et al., 1969). Schraber and
Stevenson (1976) employed this rettod in a short synthesis of the
natural benzofuran egonol. 4 modification of tiis method eumploys
2-(2—chlor0propenyl) phencls generated by Claisen rearrangement. Acid
catalysed cyclisation follows dehydrogenaticon yielding benzofurans.

- (Anderson et al., 1976).
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Worth et al. (1972) used the method of intramolecular aldol
condensation of phenoxide ions derived from resorcinol and phloro
glucinol monoacetonyl ethers to synthesis benzofuran.

‘Benzofuran may be prepared from salicylaldehyde by initial con-
version into the corresponding aryloxyacetic acid on reaction with
sodium chloroacetate in the presence of alkali, Cyclization of the
product in a mixture of acetic anhydride, acetic acid and sodium
acetate proceeds by way of an internal Perkin reaction accompanied

by a decarboxylative dehydration, (Vogel, 1978).

= CHO CHO
1) NaOH CH.-CO_H
+ Clﬂﬂz.COZH (II) HC1 . / 2 2

(CH300)20
-+

CHyC0, Na

CH,CO,H

N\ b co,
0

Kneen et al., (1986) reported synthesis of L-hydroxy benzofuran
from 1,3-cyclohexadione. The diketone underwent a cyclo condensation
reaction with BrCH200002H to yield benzofuran.

Weartunga, et al. (1987) synthesised dihydrobenzofurans by intra-
molecular conjugate addition method. For example, the ortho-iodo
phenoxycrotonates cyclise to dihydrobenzofuran when subjected to

S - . o,
Lithium-Iodine exchange at =100°C
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COCEt

Me
Me
I CH2002Et
Ml y
0 exchange
) >
Mo (-100%¢)

1.8.3. Closure of ortho-Haloacylphenols Bensofuranones
Coumaran-3-one

Elimination of a hydrogen halide from halogenated ortho-hydroxy
acetophenone derivatives is a common route to benzofurans (Adams and
Rindfusz, 1919). Coumaran-3-one derivatives are prepared by elimination

of hydrogen halides from halogenated acetophenone derivatives.

j
COCHXR
base 9
1 1 0
OR -R X
(10)
where R = H or alkyl
R1 = H or acyl

Ring closure is achieved by treating the ortho-haloacylphenol
with sodium acetate in ethanol or with dilute alkali, for example
potassium hydroxide or with silver acetate in toluene or in acetic acid
(Geissman and iHinreiner, 1951; Ramage and Stead, 1993; Chatterjea

and Mehrota, 1963).
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The ertho-haloacyl phenols are usually obtained from a phenol
either by the Hoesch reaction involving treatment with R-CHC1-CN or
by Fries mmmgm@t; that is, by treating first with chloro acetyl
chloride, then 11013 in nitrobenzene or from ortho-hydroxy acetophenore,

notably by means of cuprous bromide in dioxan.

1.8k, thesis of Benzofurans from 3(2H)-Benzofuranones
fmwggkom[

Benzofuran can be prepared from coumaranones using Stiriner
Anderson method, comprising reduction of 3~acetoxy derivatives. The
coumaran-3j-ones are heated with sodium acetate and acetic anhydride
to give the 3-acetoxy derivatives which is hydrogenated (Pt in acetic

acid) to benzofuran (Horning and Reishner, 1953).

OCOMe

dolle N Pt/H
0 = ()
OCOMe
— (0
0

1.8.5. Importance of the Benzofuran Ring System

~No

Many natural products with benzofuran rings, are of diverse physiological,
pharmacological and toxicological importance, (Cagniant and Cagniant, 1975).
Chemisiry of benzofuran derivatives has therefore developed in a spectacular
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fashion, For example, nitrobenzofurans have been found to possess

antibacterial activity. Also, ¢ =(benzofuryloxy) acetyl derivative

of 7-amino-cephalosporanic acid is a bactericidal agent (Hatteri and
Hirai, 1970).

2, 3-dihydro~2-hydroxy-6-methyl-3-methylene benzofuran, a simple
natural benzofuran has nematocidal properties (Bohlmann et al., 1968).
The 2,2,~dimethyl-2, 3-dihydro benzofuran derivatives have been
synthesised and found to be an effective toxophore (Cruikshmank,
et al., 1970).

Many 3-alkyl-2-aryl benzofurans and 2-alkyl-3-aryl benzofurans
synthesised which are of value are: 2-ethyl-3-(L4-hydroxybenzoyl)
benzofuran or benzorone which is a coronary vasoactive, anti-inflam-
matory and fibronolytic agent and 2-ethyl-3-(3-5-diiodo-L~hydroxy
benzoyl) benzofuran which isicoronary vasodilator. The last two com-
pounds are besides diuretics,

Furochromones such as khellin, a natural benzofuran, is a
spasmolytic agent effective against bronchial asthma. Furocoumarins
such as xanthotoxin increases the sensitivity of Ehrlich tumour cellsg
to gammarays (Bordin et al., 1969). Linear furocoumarins such as
psoralene is a photosenaitlfrilg agent.

2,(h—hydroxy benzoyl) benzofuran and its 3-ethyl derivative are

estrogenic (Bisagni et al., 1955).
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CHAPTER 2
2,0 RESULTS AND DISCUSSION

2¢1 Aim of the Project

Bozimo (1975) reported the oxidative reacticns of ortho-hydroxy-
propiophenone in T™OF/MeOH mixture using TTN. He discovered that ortho-
hydroxypropiophenone undergoes oxidative cyclisation to give benzofuran
derivatives. However, Okeniyi (1983) reported that the oxidative
rearrangement of ortho-hydroxyvalerophenone with TTN/TVMOF/MeOH gave com-
plex product mixtures which were difficult to resolve and characterise.
Thus, it appears that the products formed on oxidation with TTN vary with
experimental conditions,

Based on these findings, tnis work is therefore aimed at confirming
and extending earlier studies of bozimo (1975) on oxidative ring closure
reactions to higher homologues of ortho-hydroxypherylketones, using TTN/
THOF/MeOH mixture,

The first problem was to synthesize the grifg-nydroxyphenylketones
from the corresponding phenyl esters by the Fries rearrangement. Thig
was followed by oxidative cyclization reaction of the griho-hydroxyphenyl-
ketones using two molar equivalents of TTN in TTN in TMOF/MeOH (1:1)

mixture,

242 Previous Results

The cyclisation of axtho-hydroxypnenylketones has been studied, but
the results obtained were not completely satisfactory from stand-point of
yields and number of products. These reactions were initially carried
out by Fries and Plaffendorf (1910), Adams and kindfusz (1919) and

Amstutz (1944). The artho-hydroxyphenylketone was first halogeneted,
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dehydrohalogenated by treating it with powdered potassium hydroxide in
dry ether, The coumaran-3-one obtained was isolated but the yield was
poor, consequently, the reaction is of no preparative value or as syn-
thetic route to coumaran-3-one,

Oxidation of 2-hydroxyacetophenone with 8302 results in the formation
of minor products; 2-hydroxy-3-(2H)-benzofuranone and 2-hydroxyphenyl-
glyoxal as the major product (Fodor and Kovacs, 19L49; Howe et al., 1967).

Bohnlmann and Zodero (1968) reported that the dropwise addition of
w=chloro=l=methyl-2-hydroxyacetophenone in tetrahydrofuran to methyl
magnesium iodide solution resulted in an abnormal Grignard reaction wnich
led to the formation of 2,2,6-trimethyl-2, 3=dihydrobenzofuran.

Nohara et al., (197L) treated a cooled sclution of ortho-hydroxy-
acetophenone in dimethyl formamide with POCIB and allowed it to stand for
thirteen hours at room temperature to obtain chromone-3-carboxyaldehyde.

ortho-Hydroxyphenylketone was thermally cyclised with ClCH200NH2 to
58% yield of coumarilic acid amide, (Rene and Royer, 1973).

Closely related to this route is oxidation of ortho-alkenylphenol.
Kabbe (1962) synthesised a benzofuran system by using a neighbouring
hydroxy group of an ortho-alkenylphencl to displace thallium from the
adduct, The ortho-alkenyl phenol was treated with TTN in acetic acid
medium for short periods., It gave almost quantitative yields of 2,3-dihy-
drobenzo furanyl thallium diacetate.

Kabbe (1978) synthesised L-chromanones by treating 2-hydroxyaceto-

2 2

containing pyrrolidine or with the enamine of R1COR H
2

phenone with R100R

(R = (cH,)NEt,, R® = Me).

2'
Levai and Tokes (1982) reported the oxidative rearrangment of 2' hydro-

xychalcone with TTN to give T1.lL coumarancne.
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Forcellese (1983) found that intramolecular cyclization reaction

of some 2-alkenyl phenols by TTN gave benzofuran derivatives,

2.3 Oxidative Reactions of ortho-iydroxyphenylketones with Thgllium(III)
Nitrate (V) in TMOF/MeOH

2.3+1 Fries Rearrangement

The Fries rearrangement is the name for the very widespread rearrange-

ment of phenyl esters to hydroxyphenylketones.

QCOR OH OH
o
A1C1 i
———m e ——— +
C'§2 N
at 160-170%
COR
(1) o-hydroxyphenyl-  p-hydroxyphenyl
ketone ketone
(2) (3)

where B is alkyl group
(a) R = (-032)2033
(b) B = (-CH,);CH,
(¢) R = CH20H(CH3)2
(d) R = (-Cﬁz)htma
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~-..Both the ortho- and pars- - ' hydroxyphenylkeiones may be
produced, and it is often possible to select conditions so that either
one predominates. The ortho-/pars ratio depends on the temperature,
solvent and amount of catalyst used, Low itemperature generally favoura
the para-isomer whereas high temperature, the ortho-isomer. The rearrange-
ment was therefore done at high temperature (160° -‘170°C). Also the
Lewisg acid, 4&1(313 was applied at 1311 equivalent to the phenylester
since the proportion of the ortho-isomer in the preoduct is found to
decrease as the amount of the aluminium halide is increased from one to
two equivalents; (Hilgeteg and Martini, 1972; Eouse 1972 ; Vogel, 1978).
Moderate amount of the carhbon disulphide sclvent was used, Other
solvents that can be used are nitrobenzene; light petroleum or chloro-
benzene.

The ortho- and para-hydroxyphenylketones were separated by fractional
distillation under reduced pressure through an efficient column., The
ortho-hydroxyphenylketones being chelated are more steam volatile. At
room temperature, the ortheo-isomer is an oil whereas the para-isomer is
a solid, |

The details of the mechanism of the rearrangement are uncertain,
but the reaction probably involves formation and migration of acylium
ion., According to Ogata and Tabuchi (1964 ) and Dewar (1970}, Fries
rearrangemenrt involves both intermolecular and intramolecular iransfer
of the acyl group. A proposed mechanism of rearrangement is as follows

(Ogata and Tabuchi 1964):
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Scheme 111; Mechanism of Fries K m
@
P @ f\lClB
OCOR CIBAI—O-COH 0
AlCl = > @
+ AC0l; —) < > COR
Ha Sa
l 3 I 3
U U
H
COR
H COR
A1012 AlCl2
0
COR
+# HCl + HC1
OR
H20 }120
v Q/
H H
COR
+ AlCl
3 + ﬁLlEZ:l3

COR
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The infra-red spectrogcopic analysis of the griho-~hydroxy

ketons gave the following absorption bands:

3500 - 3100 (strong and broad -OH( stretching)

2960 - 2630 (w) =CH-( stretching)
1620 - 1615 (8) C=0( stretching)
1610 = 1600 () C=C{ stretching)
1380 - 1360 (m) -QH( deformation)

The strong band at 1620 =0 { stretching) indicates z carbonyl in
conjugation with the aromatic ring.

The phenylesters exhibit the ester C=0 band at 17600111-1, while the
C=0 bands of the hydroxyphenylketones were snifted to 1620 - 1615 region.
The shift may be atitributed to the existence of the conjugated chelate
system in the ortho-hydroxyphenylketone. These infra~red data agree very
well with those of Rasmussen et al. (1949) and Hunsberger (1950),

The ortho-hydroxyphenylketones exhibit strong and very bdbroad hydroxy

group {~0H) absorption extending from 35000111"1 to 310-1)0111"1 as a result of

| ‘conjugate chelation' (Rasmussen et al., 1949), According to these workers,
conjugation of C=C to the ketone C=0 group gives rise to typical conjugation
gshifts in the infra-red band and simultanecus conjugation and chelation
lead to a great enhancement of its intensiiy and appearance of broad
strong band,.

The n.m.r, spectra of the gmahydmxyphenylketones. 2a=-d agree
with thelr structures. -For examyle, the n,m,r, spectrum of I-{orthe
hydroxyphenyl) pentan-1i-one {ortho-hydroxyvalerophenone) {Appendix VI)
ghiowed the presence of methyl protons at 6 0.9 (4, 3H), methylene protons

1.6 (m, LH), 3.1 (t, 2H), aromatic protons & 6.7 - 7.8 {m, LE) and &
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12.5 (®8y 1H). These data agree reasonably well with findings of

Porte et al., (1950) and Pouchette and Campel (197L).

2e3e2 0Oxidative Reactions of ortho-~Hydroxyrhenylketones
Using TTN/MeOH/TMOF Mixture

Series of oxidative reactiong of ortho-hydroxyphenylketones using
2 molar equivalents of TTN in MeOH/TMOF mixture (1:1) were carried out,

The results are summarised below; (Table 2.3.2).

*

ove
coC ”
ke 2TTN > »
“TMOF/ MeOH
0H | 0" “ove
L

2
[ ]
@,CH&'OOCH
X{-Meﬂﬂ
(a) R= -CHB
(b) R_ = -CH20H3
(e) R = -CH20H2033
(d) R = -CH(CH3)2
(e} R = -CH,CH,CH.CH

2772723



Gt 98 mmomANmo )- suo-j-uexey ( TAweudixozpAiy-ousio )=|
-] =ye
05 oh % Yo YaO- suo-| -~ueynq
-tdpeu—f ( thoanmhou.uhnloﬁnoulr
ot 98 mmomA mmoul suo-|~requad ( TAusydixoxpAy—oy3io )-i
of 09 mmowmol PUO~| ~trejng A TAusydixorp Ly-oq}Io Vl_.
Ot 9g mmo.. suow =redoxd ( TAueydixoxpAq-oy3lIo }~i
() 83¥SE 2wy () weamyozusg suoy X [AueydLxo X0
JO PIoTA % 30 PIOTA % ! 0% 9% TAusudLxoxpAYg=ouy
FAFAF S L5

6¢



40

Thin-layer chromatography was used to follow the progress of

the réaction“using petroleum-ether (60 - 80°%); diethyl ether (1:1)
developing solvent

as the / This consistently revealed the presence of twe com-

pounds apart from the starting material., The furan was found to

run ahead of the second compound in all the chromatograms and was

eagily isolated,

The crude product was cleaned up by column chromatography and
the two main compenents were separated. The less polar fraction
was obtained as a yellow oil containing largely the 2,3-dihydrobep--
zofursn derivatives. The polar fraction was identified as esters.
Thue, the twe products isolated were the benzofuran, the major com-
ponent, and the ester, The quantity of the benzofuran derivative
obtained in the reaction of griho-hydroxyisovalerophenone can only
be due to steric effect of the isopropyl group. Thisg is in line with
the observation of Bozimo (1975) that steric factors seemed to
determine whether participation by the intermal hydroxy or phenyl will
oceur at flrst oxidation step.

Steric factors play a very important rcle in the second oxidation
step, and that steric bulk, either in the substrate or in the solvent,
can effectively block that step.

The oxidative reactions of TTIN involves a prior attack by thallium
and the asgsociated nucleophile or the solvent at the two emds of the
double or multiple bonds.

1ln mechanistic terms, these oxidative reactions are at first
sight apparently straightforward. A plausible mechanism for the
oxidative cyclization reaction of orthio-hydroxyphenylketone {”; 1o
give the 2-methyl-2,3,3~trimethoxy-2,3~dihydrobenzofuran {4} is out~-

lined in Scheme 1V, This invclves initial methoxythallation of the

enol ether derivative, This is followed by the neighbouring group
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assisted cleavage of the carbonethallium bond by the hydroxy group
to effect ring closure. In this case, the hydroxy group acting
as the internal nmucleophile, displaces thallium in the adduct to

give the benzofuran derivatives (Bozimo, 1975).

Scheme IV: Proposed Mechanism for oxidative ring closure of
ortho-hydroxyphenylketone, -

MeO OMe
COCH,R .
TN
TMOF/MeOH “HeOH
OH OH

ketal enolether
Me Me
e + T1 NO
TN ”“?.L 3
MeOH 5 - ONO2
GH (spuoz
OMe
Ny
~MeCOH - \ R
—_— > .
OMe OMe

N L
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Another simple”alternative rechanism for the oxidative reaction
of ortho-hydroxyphenylketones is oxidative rearrangement, outlined
in Scheme V., In this transformation, a keto carbonium ion is produced
and subsequent attack by the nmucleophile can occur either at the car-
boniuvm ion centre or, provided an aryl migration ¢an occur, at the

adjacent carbonyl carbon.

The formation of the ester involves enclization of the ketone,
followed by oxythallation leading to an unstable alkylihalliumdinitrate.
Decomposition of thie alkylthallium gdductinvolve migration of the
phenyl group. The essential feature of this mechanism is that aromatic
ring migrates to digplace thallium in the adduct to yield a hydroxy

ester (methyl, ortho-hydroxyphenylacetate).

There is usually a variable concentration of enols in equilibrium
with the carbonyl compounds. Gradual depletion of the encls alters

the equilibrium in favour of further enolization,



W

Scheme V3 Proposed Mechanism for Oxidative Rearrangement of
ortho-hydroxyphenylketone to Alkyl, Ortho-hydroxyphenylacetate,

.lr
— ]
ArCOCHzR =— H-0-C = CHR

\L TTN/MeOH/MOF

u;\i

—_— RCoN b % s -+ o,
. h .
T4

Fomoz

ON 2

Ar R

S, O0mC-C-R % ArCHRC - OMe
decomposition via Oée ﬁ

1,2-migration shift

4 thi¥d reaction pathway involves the possibility of the phenyl
group acting as an internal nucleophile, thereby displacing thallium in
the adduct to form the benzocyclobutane derivatives shown in Scheme VI,
No product was obtained that confirms this route, It is probably not
surprising since it invelves higher energy transition states than those

encountered in the formation of the bengoflfurans.
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Scheme VI: Oxidative Reaction of grtho-Hydroxyphenylketone to
Benzocyclobutane Derivatives.

L
/ \ &
i
T f

\ /
H
H OMe o
"
—_— —OMe _MeOH OMe
‘\ R ™ R
H
HO
OMe
7
MeOH ; , OMe
\\\ R
OMe

benzocycl obutgne derivatives.
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The 2,3=dihydrobenzofuran derivatives (4) obtained in this
oxidative reactions were characterised by spectroscopy. The identity
of (4) was established by comparison of n.m.r. data with those obtained
by Bozimo {1975). Most of the benzofurans are oils and possess aromatic
sweet smell.

The n.m.r., spectra patterns observed for compounds La to L& are in
agreement with the structure of the benzofurans, The gpectirum of com~
pound La, (Appendix VIII) for example, showed the presence of methyl
protons © 1.60 (s, 3H), the three methoxy, ~0CH, protons at & 3.07;

(s, 3H), 3.40 (s, 3H), 3.57 (s, 3H) and the aromatic ring protons at
D 6.80 « 7.4ppm (m, 4H). These data agree reasonably well with those
of Bozimo (1975). Signals due to methoxy protons (-OCHB) were very
strong, The presence of oxygen causes a pronounced downfield shift in
ring protons, especially in the o -position.

The characteristic feature of these 2, 3=dihydrobenzofuran derivatives
is that all of them show strong apsorption bands at 1640 - 1620, 1490,
1260, 1120 and 750 em” | in the infraved region (Figure VII). These infra-
red abgorption bands agree reasonabiy well with the infrared absorption
bands for alkyl 2,3~dihydrobenzofuran previously reported (Shulgin and

Baker, 19633 Pouchett, 1975)}.

cm™

The absorption bands at 2870 and 2980 indicate the presence of a
saturated C-H., also, the absorption at 1240 cm"1 is characteristic of
carbon=oxygen bond.

The infrared and n.m,r, spectroscopic dats recorded for each compound
are given in the experimental section,

Further evidence confirming the proposed structures is being awaited

from elemental analyses and mass measurements.
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The other product with lower Ry value obtained from the reaction
was sugpected to be an ester {Appendix IX)., It was however, observed
in all samples that a carbonyl (C=0) absorption at 1798 e | occured.
The corresponding hydroxyl (-OH) absorption peaks for the samples were
obgerved to be weaker than those in the starting ortho-hydroxyphenyl-
ketonea, Even when the esters were tydrolysed to the corresponding
acids, thesge carbonyl peaks were consistently strong, it was then suse
pected that lactonisation had taken place between the hydroxyl (-OH)
group and the carboxyllc ester or scid functions. Lactonisation would
then involve loss of methanol and water respectively.

Further evidence showed that infrared spectrum (Appendix IX) is
infact for a mixture of the ester and the lactone with carbonyl (C=O)
peaks at 1740 on~ ! and 1798 cm;lreapectively. Purer samples obtained

showed complete disappearance of the hydroxyl (-OH) peak at 3375 cml-1

and that of the carbonyl (C=0) of the ester function at 1740 cnr1.
An alternative method to separate the furans from the ester is Ly

- treating the crude product with dilute methanolic sodum hydroxide. The

ester is converted into the sodium salt of the corresponding carboxylic

acid which ie not soluble in diethyl ether, Washing the mixture with

ether extracts the benzofurans neatly as oil. The furan is sc stable

that ring cleavage cannot eagily oceur since the carbonyl group is

being protected with two methoxy (~OCH3) groups. However, the ester

will easily undergo hydrolysis to the corresponding carboxylie acid,
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Finally, it was observed that in the oxidative ring closure
of the grtho-hydroxyphenylketones to the corresponding benzofuran
derivatives, the reactions proceeded cleanly and in high yield
under anhydrous condition and only when solid crystals of TTN were
used. Fbr.example. when the reaction was carried out with ortho-
hydroxyval erophenone without drying the solvents properly, the
reaction was messy and low yield product, 30% of the ester and
unreacted ortho-hydroxyvalerophenone were obtained.

The failure of the reaction to give benzofuran derivatives in
the case of Okeniyi (1983) may be due to presence of water since
the reagents may not have been properly dried..

Therefore, to obtain high yield of the benzofurans, the reaction
must be carried out under anhydrous ccndition and only the solid

crystals of TTN should be used.

2.3 Cyclization of& -bromo-ortho-hydroxyphenylketones

In order to confirm the structure of compound (L)
via oxidative rearrangement of ortho-hydroxyphenylketone using TTN/~
TMOF/Me0H, another cyclization route was followed. This cyclization
route was initially carried out by Fries and Plaffendorf (1910).

The oxidative cyclization of ortho-hydroxyphenylketones was
effected by first brominating the ortho-hydroxyphenylketones, followed
by dehydrobromination ¢f the product. The selective bromination was
carried out using the method of King and Ostrum (196&). This was
effected using copper (II) bromide in chloroform—ethylacetate mixture.
The cyclization resulted in good yields when the p(-bra:n—g-hydroxy-

phenylketones were treated witn sodium ethanoate in absolute ethancl.
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Thus, dehydrobromination of the oX =bromo-o-hydroxypropiophenone (6a)

resulted in 60% yield of methyl coumaran-3-one (2-methyl-2,3-dihydro-

benzofuran—3-one),
OCH,R CHC1, COCHR
b 1
+ 20T,  “Fiohc > Br
H
(2)
COCHR CH,CO0Na
L}
Br absolute ethanol
O
(a) R= CHy

(b) R= (c32)2033

(¢) R= cn(cn3)2

The identity of the methyl benzofuran-3-one (7a) was established
by comparing the infrared spectrum of an authentic sample prepared
action of 1,3M of hydrochloric acid on X-diazo-o-methoxyacetophenone
(Bose and Yates, 1954). The infrared data agree very well with those
of Bose and Yates (1954) Pouchett and Campel (197L). It is interesting
to note that the infrared spectra of coumaran-3-ones exhibit broad car-
bonyl azbsorption bands and capable of further resolution into two peaks
with a better instrument. The carbonyl abscrption band for compound

(7a) is at 1710 cm-1 (Appendix XIII).
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Treatment of the benzofurans (L) with 3M HCl gave 2-alkyl
2-methoxybenzofuran-3-one (8a). The two protecting groups (methoxy
groups at C - 3 were easily removed by acid hydrolysis. The cyclic
ketal is stable to acid hydrolysis since the non-bonded p-electrons on

the ring oxygen interacts favourably with the p- 1 electrons of benzene.

0

(8)

(a) R = 033
(b) R = (CH2)20E[3
(¢) R= CH(CH3)2

Compounds 7 and 8 are similar in structure, except for the methoxy
group which replaces hydrogen atom at position C~2 of the 2-alkyl ben-
zofuran=-3-one, The structure of the compounds were confirmed by comparing
the n.m.r. spectra of compounds (7c¢) and (8c) (Appendix 14 and 16), The
n.m,r, spectrum of compound (7c) snowed the presence of methyl protons
& 1.1 (m, 6H) methine pmtongh.S (my, 1H) and ar-matic protons S—‘6.8-'?.8
(my 4H). While the n.m.r, spectrun of the compound (8c) showed the presence
of methyl protonsi;-O.S (m, 6H), methine proton 5;5.2 (my 1H) and aromatic
protonaf;-G.B-S (my, LH), The n.m.r. of the compounds 7 and 8 agree with
their structures.

Although this process is a unigue transformation wherebty ortho-hydroxy-
phenylketones are transformed into ¢-alkyl benzofuran-3-one, the synthetic
utility is, however, limited when compared with TTN/TMOF/MeOH - effected

oxidation because:

(a) It involves at least a two step reaction, namely: halogenation and
dehydrohalogenation,

(b) The percentage yield was low when compared witn that of TTN - effect
oxidative reaction.
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2¢5. Sumnary
From the examination of the oxidation reaction of ortho-hydroﬁy-

phenylketone with TfN/HeOH}ﬁ!DP mixture, there was a considerable
variation in experimental conditions, The reactions were found to
proceed smoothly cleanly, rapidly and of high yield under anhydrous
condition at room temperature. The reaction was non-exothermic and
was complete within three hours.

Since the yields obtained in each step were excellent this
reaction may constitute a simple and convenient method for the synthesis
of benzofuran derivatives.

The oxidative ring closure was found to be applicable to other
homelogues of acetophenones starting from'3gzgg¢hydroxypropiophenone

and are of great synthetic utility.

2.6, Conclusion

In view of the fact that the starting meterials, ortho-hydroxy- )
phenylketones, can be easily prepared through Fries rearrangement of
the appropriate esters, this route is superior io other known metheds
of synthesising 2,3-dihydrobenzofuran derivatives,

This simple and convenient oxidative feaction metnod for synthesising
benzofuran derivatives resulting in clean, rapid and high yields may be
uged for their commercial preparation since these compounds are isomeric
with «-methylene lactones possessing anticancer property {Bozimo 1975).
It is recomrended that further studies be conducted to test their acute

and chrenic toxicity as well as clinical trials. Afler undergcing these

tests, they may be used as drugs.



3.1. terials P

Nuclear magnetic resonmance (1H N.M.R.) spectra were recorded on
a Varian T-60 MEz ingtrument using tetramethyl silane (TMS) as an
internal standard. All samplees were run in deuteriochlorofora (cnc13).
Peak multiplicities are denoted by s, &, t, q and m; indicating singlet,
doublet, triplet, quartet and multiplet, respectively.

Infra-red spectra (IR) were recorded on a Perkin-Elmer Model 710B
spectrophotometer at FAST scan., All samples were run neat Band
intengities are denoted by s, m, w, for strong, medium and weak, res-
pectively.

Thin-layer chromatography (t.l.c.) was carried out on plates
precoated with Merck silica gel using 1:1 diethylether: petroleum ether
(60 - 80°) or 1:1, diethyether: hexane, mobile phases, unless other-
wise stated.

Column chromatography was performed using silica gel (0.13 to
0.25mm, 60 -~ 120 mesh) as stationary phase using same solvent system
as above.

Selvents for both reactions and extractions were distilled and

dried when required by standard methods,

Re nts
The reagents used and obtained from BEH Chemical [imited

Poole, bngland, were:
Butanoi -~ acid

Pentanoic acid

Hexanoic acid
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Thionyl chloride

Carbon disulphide

i

Copper (II) bromide

Potagsium hydroxide

Hydrochloric acid

Ethyl acetate

Petroleum spirit (b.p. 60 - 80°C)
Chloroform

Methanol

Acetone

Hexane

Isopropylether

Ethanol

Diethylether

Anhydrous aluminium chloride
Thallium trioxonitrate (V), trihydrate
Sodium chloride

Anhydrous sodium tetraoxosulphate (VI)
Sodium hydrogen trioxocarbonate (IV)

Silica gel (60 - 120 mesh).
The following reagents were also used and obtained from Aldrich

Chemicals Company Limited, Gillingham, England.

Trimethyl orthoformite
ortho-Hydroxypropionphenone and

Triethylamine,
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3.2, Preperstion of Acyl Halides

Preparation of butanoyl chloride.

Redistilled thionylchloride (18g, O.15mol) was introduced into
2500m3 two-necked flask equipped with a refiux condenser and dropping
funnel.

The flask was gently heated on a water~bath and butanocic acid
(11.0g, 0.13mol.) was added through a separating funnel, esutiously
over a period of thirty minutes. After the addition was completed,
refluxing continued for another thirty minutes. The product was
isolated by distillation (b.p. 98 - 100°% at  atmospheric pressure,

12.5g, 86%).

RN (cw ')s 2980(s), 1820(3); 4 70(m), 1410(m), 1250(m)},

max .
1120(m), 1000{w), 950(w), 870(m).

' N.M.B. {ppm): 51.0 (t, 38), 1.50 (m, 2H), 2.9 (t, 2H).

The same procedure was used for the preparation of pentanoyl chloride,
3-methylbutanoyl chloride and hexanoyl chloride,

Pentanoyl Chloride
Pentanoic acid (25.5g, 0.25mol.) and redistilled thionylchloride

(36.0g, 0.29mol.). The yield of the title compound was 21.0g {70%),

bopo 123 - 125000

IR “jw(cm”): 2980(s), 1810(s), 1470(m), 1410(m),
1250(m}, 1110(m), 1000(w), 950(w},

870(m), 720{w).

1

™2
.
MG
—
"
-
]
=]
~—
+

H X.%.k. (ppm): %5 1,0 (%, 34}, 1.6 (m, L),
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3-Methyl butanoyl Chloride _

Jmethyl butanoic acid (34.0g, 0.4 mol.) and thionyl chloride
(47.0g, 0.50 mol.) were used. The yield of 3-methyl butanoyl chloride
was 36.0g (76%), b.p. 113 - ti4°C.

IR 1)‘ax(c-‘1)z 2990(s), 1810(s), T(m), 1410(m),
1250(m), 1120(m), 1000(w), 950(m),
870(m)$ 720(“)0

8 N.M.E. (ppm): é; 1.1 (4, 6H), 1.6 - 2.4 {(m, 28), 2.7 (a, 1H.

Hexanoyl Chloride

Hexanoic acid (58.0g, 0.50 mol,) and thionyl chloride (72.0g,
0,6 mol) were used. The yield of the title campound was 56.0g (83%),
b.p. 148 - 150%.

m VY, (e ) 2980(s), 1820(s), wW70(m), W10(m),
1250(m), . 1110(m), 1000(w), 950(w),
870('3): 720("")-

8 N.M.R. (ppm): E; 0.9 (t, 3H), 1.6 (m, 6H), 2.8 (t, 3H).

3.3. Preparation of FPhenyl esters

Preparation of Phenyl Pentanoate

Phenol (9.hg, 0.10 mol.)} was dissolved in petroleum ether (60-8000)
(150 m1,) . in a 250 ml . conical flask; powdered potassium
hydroxide (5.60g, 0.1 mol;) was added to the solution and the mixture

stirred at room temperature for one hour, after which it was cooled in
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ice. Triethylamine (15.15g, 0.15 mol.) wae then added, followed by
pentanoyl chloride S12.053, 0.1 mol.). The mixture was allowed to
stir for another ore hour after which it was shaken with aqueous
sodium trioxocarbonate (IV), extracted with diethyl ether and dried
over anhydrous sodium tetraoxosulphate (VI), 7The mixture was filtered
and concentrated using a rotary evaporator under reduced pressure.

Yield was found to be 15.00g (85%).

3050(w), 2980(s), 2900(m}, 1758(s),
1596(9)9 1&98(8)' 1198(3)! 7h0(w)-

-1
IR ’\)m(cn )

TE N.M.E. (ppm): 51.0 (t, 3H), 1.6 (m, 2H), 2.8 (t, 2H),

606 - 708 (N, 5H)0

The same procedure wae followed for the synthesis of phenyl
butanoate, 3-methyl-1i-phenyl butanocate (isovalerate) and phenyl

hexanoate,

Phenyl butanoate
Phenol (28.2g, 0.30 mol.), potassium hydroxide (16.8g, 0.30 mol.),

triethylamine (36,0g, 0.35 mol,) and butanoyl chloride (31.95g, 0.30 mol).

Yield: (32.0kg, 86%).

IR ‘)mx(cm—1): 3050(w), 2980(s), 2880(m), 1760(s),
1710{w}, 1600(s), 1498(s), 1198(w),
TuO(w).

1

~

H N.M.R. (ppm): S 1.0 {t, 34}, 1.7 (my, 2H), 2.5 {t, ?H),

1)

- e \I,
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1,1-phenylbut te
Phenol (18.8g, 0.20 mol.), potassium hydroxide (11.20g, 0.20mol.),
triethylamine (30.30g, 0.30 mol.) and 3-methylbutanoyl chloride

(24.10g, 0.20 mol.). Yield: 30.1g, B85%.

Inﬂmax(cm‘1)= 3080(w), 2980(s), 2880(w), 1760(s), 1595(s),
1490(m), 1190(w), TLO(w).

g N.M.R. (ppm): & 1.8 (m, 1H), 2.8 (t, 2H), 6.6 - 7.8 (m, SH).

Phenyl hexanoate
Phenol (18.8g, 0.20 mol.), potassium hydroxide (11.3g, 0.20 mol.),

triethylamine (25.25g, 0.25 mol.) and hexanoyl chloride (26.9g, 0.20 mol.).

Yield: (33.02¢, 86%)

mom(cm“ﬁ 3080(w), 2980(s), 2880(w), 1760(s), 1590(s),
1490(m), 1190(m), 740(m). l

' N.M.R. (ppm): © 1.0 (t, 38), 1.8 (m, LH), 2.8 (t, 2H),

6.6 = 7.8 (m, SH).

3.t Preparation of ortho-hydroxyphenylketones

Preparation of 1—(ortho-hydroxypheny1)pentan-1-one ( ortho-hydroxy-

valerophenone ),

A one litre three-necked round bottom flask was equipped with a

dropping funnel, a sturdy mechanical stirrer and an efficient doutle
surface reflux condenser onto wrich a gas trap was also attached.
annydrovs aluminium chloride (24.-07, 0.18 mol,) und earbon disulphide

(150 CIIIIB)u were rlaced in ithe Flosk. The suspensicn was shirred

and the phenyl pentanoate was added dropwise at such a rate that the
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solvent boils vigorously (about hS_ninutes). Much hydrogen chloride
was evolved and it was absorbed by the gas itrap. After the additien
of the ester, the reaction mixture was refluxed on a water bath until
the evolution of the gas ceased (about three hours).

The reflux condenser was then turned downwards and the solvent
(052) wag digtilled off and the water bath was then replaced by oil
bath maintained at 160 — 170°C and heated with stirring for about
three hours, During this period, more hydrogen chloride gas was
evolved, the mixture became very thick and finally became a brown
resinous mass, and the stirring continued as long as possible,

The reaction mixture was then allowed to cool and the aluminium

L)

chloride complex was decomposed by zlowly adding first of dilute
hydrochloric acid(ﬂﬁOcmB) and distilled water (100ml); much heat was
evolved and a dark oil collected on the surface. The mixture was then
allowed to stand overnight and most of the para-hydroxyvalerophenone
in the upper layer solidified and was filtered off.

The mixture was then extracted with diisopropylether

(200 ml1) and the oily layer was separated and dried over anhydrous sodium
tetraoxosulphate (VI). Filteration and evaporation of the solvent gave
the product wirich was distilled under reduced pressure. IR and N,M.R.

spectra were run, The yield of 1-(ortho-hydroxyphenyl)pentan-1-one was

found to be t4.13g (L45%), b.p.s 93.900 at 2.0mm Hg).
1R “)max(cmd): '31450(3), 2980(m), 1620(s), 1600(::), 1580(s)»

1295 - 1150(m), 7u0(w).

4 N.MLR. (ppm): 80.9 (ty 3H), 1.6 (m, LH), 7.1 (1, 29),

60? - ?*8 (m' l‘H)’ 1?«»5 (Sa ”‘:)o
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The same procedure was used for the rearrangement of phenyl

butancate,3-methyl 1-phenyl butanoate and 1-phenyl hexanoate).

=

1= henyl Jbutan-1-one
(ortho-hydroxy butyrophenone)
1-Phenyl butancate (L1.5g, 0.25 mol.) and aluminium chloride
(33.4g, 0.25 mol.).
Yields 18.68g, {L5%)

bop.s 69°¢/1.5mm

1RV (a'); 3300 (w), 3000(w), 620(s), 1220(m),
1670(s), ?SO(m}:

g N.M.E. {ppm): 50.9 (t, 38), 1.55 (m, 2H), 2.8 (t, 2H),
6.6 - 7.8 (m, LH), 12.5 (s, 1H).

1= enyl me thyl butan-t-one
(ortho-hydroxyisovalerophenocne}
3-Methyl 1-phenyl butanoate (24g, 0.13 mol.) and AIC1, (20.11g,

0,135 mol.) were used,

Yield: (9.12g, 38%).
b.p.: 82 - 84°%/2.0mn.
IR\)m(cm-j): 3L00(s), 3050(w), 1640(s), 1600(s),

1500(s), 1220(s), 750(m).

M N.M.R. (ppm): gm (d, 6H), 1.20 (a4, 1H), 2.80 (4, 2H},
6.8 ~ 7.8 (m, 4H}, 10.8 (m).
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1= droxyphenyl Jhexan~1=one

(oztho-hydroxyhexanophenone )

1-Phenylhexancate (4Og, 0,208 mol.) and aluminium chloride (27.8g,
0,208 mol, ).

Yields (18.0g, L5%)
DDt 102°% - 104°c/1.5mn Hg.
IRV, (en™)s  3450(s), 2950(m), 1620(s), 1580(s),

1200(s), 720(m).

'8 N.M.R. (ppm): 50.8 (ty 3H), 1.2 « 1.8 (m, 6H), 2.8 (t, 2H),

6-7 - 7.8 (m’ hH)! 1244 (S’ 1H)-

3.5 Oxidative Rearrangement of priha.hydroxyphenylketone with
N/ TMOF /MeOH

TN (9.8g, 0.022 mol,) was dissolved in 131 TMOF/MeOH mixture
(10 cmjl To the stirred solution was added dropwisely (oztho-hydroxy-
pheryl )pentan-1-one (1.78g, 0.01 mol.) dissolved in the solvent mixture
(TMOF/MeOR) (15 cm3). After the addition was completed, stirring con-
tinued for further 2% hours at room temperature. At the end of the
reaétion time, it was then cooled in an ice bath, and the precipitated
thallium (I) nitrate was filtered off on a medium porosity-sintered
&lass funnel,

To the filterate, chloroform {15 cm3) was added, which was then
extracted with saturated sodium hydreogen tricxocarbonate (IV) (20cm3)
solution, The aqueous lgyer was extracted twice with chloro-

form (15cm3and the combined organic layer was washed three times with
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water (10 cm3) and finally with gaturated sodium shleride solution
{15 cm3). The organic layer was dried with anhydrous sodium tetra-
oxosulphate (VI), The mixture was filtered and concenirated using
rotary evaporator. The compound was obtained as 2il, I[.R.,
NMR, tlc and column chromatography analyses of the regultimg product

were then undertaken,

Yields {2.18g, B6%) |
IR Jm(cm”)s 2980(s), 1620(s), 1500(e), 1470(s),

1120 - 1080 730(m).

"5 N.MR. (ppm): & 0.8 (m, 9H), 3.1 (e, 38), 3.4 (s, 3H),
3.5 (3’ 3H)| 6.80 « 7,40 (ms ‘-lH)-

The same procedure was used for the oxidative rearrangement of
1-( ortho-hydroxyphenyl Jbutan-1-one; 1-(ortho-hydroxyphenyl )3-methyl-
butan-1=-one and 1»(ortho-hydrcxyphenyl)hexan-1-one. The starting

materials, yields, i,r, and n.m.r, data are given below,

Oxidative Rearrangement of 1-(g;;hg—hyq;oxypgenyl)butan-1~one

PN (9.8g, 0.022 mol,) and grtho-hydroxyphenyl-t-butanone (1.6Lg,
0.01 mol.) were used.
Yield:  (1.4Sg, 60%).
RV, (') 2950(s), 620(s), 1600(s), 1LT0(s),
| 1260 - 1180, 730.

L N.M.R. (ppm): S 0.9 (t, 38Y, 1.1 {m, 28), 3.1 (s, 3H)

3.25 (s, 3), 3.7 (s, 38), 6.80- 7.9 (m, LH).
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Oxidative rearrangement of 1-(orthoshydroxyphenyl)3.methyl-
duise- -ons {orthe-hydroxyisevelerophenons)

¥ (9.8g, 0.022 mol.) and 1-(ortho-hydroxyphenyl )-3-methyl-

butan-t1-one (1.78g, ©0.01 mol.) were used.

Yields (0.87¢, LOK¥).
IR .‘)max(al-“)s 2980(s), . 1610(e), 1120 - 1880
(dimer), 730{(m).

B MM, (ppa): 51,00 (m, ), 3.3 (s, 3E), 3.4 (s, 3H),

3.5 (s, 3H), 6.7 = 7.4 (m, LH),

Oxidative rearrangement of ¥ orihg-hydroxyphenyl)hexan-i—one

( orthohgdrog hexanophenone )

TN (4.9g, 0.011 mol.) and ortho-hydroxy 1-phenyl-i-hexanone (1,08g,

0.0056 mol.) were used.
Yield: (1.31g, 85%).

IR \)max(cm-1 : 2980(s), 1620(s), 1000(s), 1L60 - 1440

(dimer), 730(s).

5 N.M.E. {ppm) s 81.0 - 2.1 (m, 11B), 3.30 (s, 3H), 3.50 (s, 3},
3.60 (3! 3H)! 6.80 - 7.40 (m, Ler)-

3.6, Bromination of oriho-hydroxyphenylketones
Bromination of 1(grgpﬂrhydroxyphqgg})propan*1-one

~ Copper (1I) bromide (11.17g, ©.C50 mol,) was placed in a guick-fit
conieal flask fitted with a reflux cendenser on a magnetic stirrer-hot

plate, The ortho-hydroxyketone (l4,50g, 0.03 mol, ) was dissolved or
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diluted with hot chloroform (25@13) and added to the flask. The
resulting reaction mixture was refluxed with vigorocus stirring to ensure
complete exposure of the copper (1I) btromide to the reaction medium until
the reaction was complete as judged by a colour change of the solution
from green to amber, disappearance of all black sclids and cessation of
hydrogen bromide evolution, Thereafter, the reaction was left for about
three hours.
At the end of the reaction time, the solid product (CuBr) was filtered
off at the pump and the filtrate was extracted with diisopropyl ether.
The extract was dried with anhydrous sodium tetrzoxosulphate (VI)., The
mixture was filtered, concentrated at the rotary evaporator, The yield
of crude o{-bromo ortho-hydroxypropiophenone was found to be (6.183g, 90%).
IR ')max cm'1)z 3250(s), 3050(w), 1720(s), 16LO(s),
1480 -« 1440(s/dimer), 1150 - 1280(s),
950(m), 740(s).
The same procedure was used to synthesize the ©¢-bromo 1(-ortho-
hydroxyphenyi)pentan-1-one and &-bromo 1{ortho-nydroxypnenyl)3-methyl-

butan=1-cne,

=Bromo 1=( ortho-hydroxyphenyl )pent an-i-cne
Copper (I1) bromide (L.85g, 0,022 mol.,) and 1-(ortho-hydroxyphenyl)-
pentan-1-one (2,67g, 0.015 mol,) were used.
Yields (3.3758, 90%)
IR "mu(an1)s 3250(s), 1710(s), 16L0(s), 1600(s), 1450(m),
1360(m), 1310(m), TLO(m).
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Copper (II) bromide (L.85g, 0.022 mol,) and 1-(ortho-hydroxyphenyl )-
3-me thylbutan-1-one (2,678, 0.015 mol,) were used.

Yield: (3.19g, 85%).
IR'\)m(cm-1)l 3000(s), 1710(s), 16L40(s), 150(s), 1360(m),
1310(s) , 7]-&0(‘“) .

3.7. Cyclization of X -bromo-1{gribo-hydroxyphenyl)propan-1-one

A mixture of o¢-bromo-o-hydroxyphenylpropan-i-one(8.38 0,03 mol.) of

sodium ethanoate (5.0g, 0.06 mol.,) absolute ethanol in 20cm> was heated under
reflux for thirty minutes, cooled, and poured into cold water (SOcm3).
The crude product was separated and tmated‘ with hoiling water (30“3)
after chilling, glistering yellow crystals of coumaran-3-one

separated and were dried.

Yield: (5.10g, 60%)

IR 0m(cm"1)= 3050(w), 3030(s), 1710(s), 1600(s), 1L50(s),

1350(m), 1310(s), 7L0(m).

"4 NM.R. (ppm): B 1.7 (d, 3H), 6.5 = 7.8 (m, LH).

The same procedure was used for the cyclization of {=bromo 1(ortho—
hydroxyphenyl )pentan-1-one and f{-bromo 1(ortho-hydroxyphenyl)3-methyl-

butan-1i-one.

Cyclization of X~bromo 1-(grtho-hydroxyphenyl )pentan—1-one

P o YA v WY Yives e o [ 4 . 1 &)
.)(-b. omo-o=nyarcxyrnenyl Jpentan-1-one (g, 0.01 mwol.) and (1.6L¢, 0,02 mol.)
of sudium eéthiancvate.

b ]

field: (1e13e, _',uf}_;).
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BV (ei"):  2%9(s), 1700(s), 1602(s), 1WkO(s),
1300(m), 1200{s), 1120(m), 960(s),
8L0(m), TLO( s).

kY

B NMR. (ppmdt & 0.9 (t, 3H), 1.8 - 2.2 (m 20), L.5 (m, 1H),

608 - ?.B (mt SH)'

clization of olabromo 1= d henyl )3-~methylbutan-t-cne
o{-Bromo-o-hydroxyphenyl-3-methylbutan-1-one (6g, 0.02 mol,.) and

(3.28g, 0.04 mol,) of sodium ethanoate,
Yield: (10%8, 51%).

IR")m(cm”): 2980(s), 1710(s), 1610(s), 1LkO(s), 1300(m),
1200(s), 1120(m), 960(s), 8L m), 7T40(s).

8 N.M.E. (ppm): 51.1 {m, 6H), 4.5 (d, 1H), 6.8 - 7.8 (m, LH).
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