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ABSTRACT:

A detailed study of the synthesis of hydroxydiarylketones by the Fries
rearrangement of esters containing methoxy and nitro group has been carried out,
Under specific conditions methoxy esters rearranged to give methoxy
hydroxydiarylketones and dihydroxydiarylketones as the major and minor products
respectively. These reaction conditions are also responsible for the cleavage of the
methyl group on the methoxy group. Suitable conditions were established for
esters containing -OMe group(s) to minimize cleavage. These conditions were
studied and adjustments were made to optimize the yields of the required methoxy
hydroxydiarylketones. The yields of the methoxy hydroxydiarylketones were
higher when chlorobenzene (b.p. 133 °C) was used as the solvent.

Oxidation of methoxy hydroxydiarylketones and nitro
hydroxydiarylketones with lead tetraacetate in a variety of solvents and solvent
mixtures has been studied. Acetoxylation occurred exclusively at C2 1o give
2-acetoxylated derivatives. The nature of the group substituted on the second

phenyl ring (MeO-, O,N-, H) did not affect the acetoxylation position. The
solvent/solvent mixture used for the reactions seemed to have a great effect on the
yields and cleanness of the reaction. It was found that the yields were higher when
acetic acid was used as the solvent.

When ceric ammonium nitrate was used as oxidant, all
hydroxydiarylketones were oxidized to give the cleaved acids. The yield of acid
depended on the reaction solvent used. The highest yield was obtained when
acetic acid methanol mixture was used as the solvent, The phenyl ring containing
the hydroxy group was not recovered, nothing was detected which corresponded to
the phenol used.

Bromine was also used to oxidize the hydroxydiarylketones. As one of the




characteristic properties of phenols is the rapidity with which they undergo nuclear
substitution in available ortho and para - positions by electrophilic reagents such
as bromine, bromo substituted hydroxydiarylketones were obtained.

In general, no compound (product) was detected consistcﬁt Jwith a
retro-Fries rearrangement. At the same time, the possibility of a retro-Fries
rearrangement cannot been excluded, especially when ceric ammonium nitrate was

used as an oxidant.
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INTRODUCTION
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The main objective of this research was to develop efficient syntheses of
hydroxxdiarylketones and to study their reaction under selected oxidizing
conditions. The hydroxydiarylketones have many industrial appﬁcation§ and also
may be potent bactericides. They find very important applications as stabilizers in
the manufacturing of paints and vanishes, plastics, films, natural or synthetic
rubbers. Many hydroxydiarylketones and some of their derivertives are used in the
metallurgical industry, either for the extraction and separation of metals or for their
selective estimation in ores and alloys. Some hydroxydiarylketones have
properties which are useful in the pharmaceutical industry and in perfumery.
Moreover, hydroxydiarylketones are important, mainly as starting materials in
organic synthesis. Some hydroxydiarylketones occur naturally.

Although several reactions allow the preparation of hydroxydiarylketones
(Friedel-Crafis reaction, Fries rearrangement, Hoesch and Nencki reactions), the
Fries rearrangement is the most suitable process. It is €asy to perform, the isomer
separation is straightforward and the yields arc good. The Fries rearrangement has
--also been carried out photochemically. The last review on Fries rearrangement
dates from 1992.} In this section the Fries reaction is discussed.

Hydroxydiarylketones prepared by Fries rearrangement can be oxidized
with a variety of oxidants. Bromine (Bry), lead tetraacetate (LTA), and ceric
ammonium nitrate (CAN), are some of the oxidants which are expected to oxidize
these compounds. - A literature survey was made and the specific oxidative
behaviors of these oxidants towards hydroxydiarylketones were identified. A
Teview on oxidation of compounds related to hydroxydiarylketones using the
mentioned oxidants is given in this secon. Simple phenols and phenols with

substituents at ortho and para position are good examples.




1.1: Preparation of hydroxydiarylketones:

A literature survey was made on methods for the preparaﬁonl of the
hydroxydiarylketones. We chose the Fries reamangement method as the best
method for hydroxydiarylketone preparation. The method is well documented!-13
and wvarions types of esters have been reported to rearrange to the
hydroxydiarylketones under Fries conditions. AlCl; is the most commonly used
catalyst to carry out the Fries rearrangement. The solid reagent is easier to handle
compared to other Lewis acids. Some specific catalysts have been used for
rearrangement of esters (zeolites and sulfonated cation exchange resins) but the
yields obtained are not of preparative interest. In general, phenyl esters provide
ortho-hydroxydiarylketones and para-hydroxydiarylketones. The yields of ortho
&/or para products depends on the experimental conditions. Temperature and
time are the two main factors which determine the product(s). On the other hand,
in carrying out the reaction in refluxing solvents (temperature conftrol), the
" formation of the desired products is preponderant. The solvents are chosen so that
the intended temperature can be attained and easly maintained for the required
length of time (until the reaction is completed). :

Only in one example, published in 19618, was it suggested that the reaction
was intermolecular. Munavalli® in 1972 suggested that in the Fries rearrangement
intermolecular and intramolecular acylation are competitive, and that one or other
can be almost totally suppressed by lowering or rising the temperature. In 1974
Martin 19 reviewed the Fries rearrangement and concluded that the mechanism was
intermolecular. A literature survey showed that a predominantly

10-13

intramolecular rearrangement mechanism was favored by most authors. A
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recent review by Martin! summarized enough evidence to support an

intramolecular mechanism. The proposed mechanism is given below;

0 o+ AICk
AlCl3
0
Gy i -<—-——---—---—— Gy |
G,
AICL
0 A-J\(‘Jl;;
- o+’ AlCl3 . o
Gy I 20

eI

@ ‘OH

o-and /or p-Hydroxyketone

Scheme 1 Fries Rearrangement
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Nothing has been mentioned in the literature on how to best prevent or
reduce Jthe cleavage of cleavable groups under the reaction conditions, e.g. Me on
methoxy group. This research has developed suitable conditions for Friés reaction
of diaryl esters containing methoxy group. These conditions are given in the

Results and Discussion section.

1.2: Bromination of Phenols:

Electrophilic bromination of simple phenols to produce brominated phenols
is well known and documented. Bromination is confirmed to proceed via
2,5-cyclohexadienone  intermediates. The intermediate derived from
2,6-dimethylphenol behaves similarly to the intermediate derived from
unsubstituted phenol. The only difference is that the former rearranges more
slowly. This means that the intermediate is less labile (has a longer lifetime) than
.*a derivative derived from a simple phenol. In general, phenols bearing bulky
groups at position 2 and 6 react with bromine to give cyclohexadienone of
sufficient lifetime to be observable.'* These “ipso-dienones” (cyclohexadienones)
are also formed during bromination of phenols and phenols bearing alkyl groups at
position 2, 3, 5 and/or 6. These ipso-dienones account for about 10% of the initial
consumption of bromine.1>

Scheme 2 below shows the two possible products when phenols with an
alkyl group at the para position are subjected to bromination conditions. Only

ortho bromo-products are isolated.




OH 0 OH )
Br, Br
 —— +
H,O
R R Br R

Scheme 2 Bromination of Phenol

Under the reaction conditions ipso-dienones are labile and decompose by
debromination which is induced by Br and catalyzed by proton and general acids.
As a consequence they are converted to ortho-bromo products. A debromination

mechanism suggested by Tee’s group!® is shown below in Scheme 3.

O/JHA OH A-
R —
2 .
R Br R Br - Br

)

Scheme 3 Debromination Mechanism

Br

Based on these facts we decided to study the bromination of the

hydroxydiarylketones prepared by Fries rearrangement. Hydroxydiarylketones are
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expected to behave like simple phenols, ie. ipso-dienones are expected to form
during bromination. These ipso-dienones are possible intermediates for the
retro-Fries reaction. o
Beside electrophilic bromination of phenols, bromine dehydrogenates
alcohols to carbonyl compounds!? (secondary alcohols in preference to primary
alcohols!™®) and hydrazo compounds to azo compounds*®and oxidizes sulfides to
sulfoxides!” and disulfides to sulfonic acids.2 Benzyl alkyl ethers are degraded to

benzaldehyde.!* Phenols are oxidized to quinones.2!

1.3: Oxidation with Lead Tetraacetate (ILTA):

Systematic studies, especially by Wessely? and his group, have brought
order to the data on phenol oxidation. In reaction the of lead tetraacetate, acetoxy
radicals are the reactive species.

A number of mechanism speculations has been reported. %  Using
electron spin resonance (est) spectroscopy, some authors? found that radicals were
present during the oxidation of phenols by LTA. However, the work of other
authors® made it probable that the observed radicals were formed by air oxidation
and were not involved in the main reaction. These authors® regarded the latter as
ionic because of the solvent dependence, catalysis by boron trifluoride, and very
high rate of reaction . Most authors®2* assume that the aryl intermediates
dissociate into radicals (AcO);Pb- and ArQ-. The aryl radical exists in two
resonance structures which react with acetoxy radicals to form ortho and para

quinone. Scheme 4 below is the general mechanism proposed by Criegee.23




8

LTA causes one electron oxidatious resulting in the formation of quinones from

phenols and from aromatic amino compounds with p-amino groups.



9

As mentioned above, the nature of the groups, Ry, Ry and R; controls the
ac&toxxlation preference. It has been reported that the introducton of a Me - group
into the ortho or para position of a simple phenol generally results m z; higher
proportion of acetoxylation at that position. 22

This phenol oxidation, which has become known as Wessely?
acetoxylation, has been the subject of a number of studies*® due to interest in the
mechanism of the reaction and its synthetic potential. Despite this, only a few
such oxidations have been reported.

Lead tetraacetate oxidizes a variety of compounds, some of which are listed
below. The addition of acetoxy radicals across double bonds produces vicinal
diacetates, and their attack at benzylic positions and at o positions with respect to
carbonyl groups produces benzylic acetates and o-acetoxy ketones respectively.
Primary alcohols are converted (dehydrogenated) to aldehydes, and primary
amines are converted into nitriles. Ketone hydrazones are transformed into diazo
compounds. Also, vicinal diols undergo oxidative cleavage of the carbon chains in
_“nonaqueous media.

Among the few authors who have reported on the oxidation of the phenolic
compounds with lead tetraacetate were Pinhey and his group,® who performed a
detailed study on the acetoxylation of 1-naphthols. In the case of 1-naphthol the
main product was 4-acetoxy-1-naphthol (atiack at C4) and the minor product was
2,2-diacetoxynaphthalen-1(2H)-one (attack at G,).  4-Acetoxy-1-naphthol was
oxidized further to 1,4-naphthoquinone (attack at Cy).
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OH 0
Pb(OAc) 4 OAc

OO = O

R

Scheme 5 Acetoxylation of phenols with a methyl group substituent

They also found that when the ortho position to the hydroxy!l group was
substituted by an alkyl group other than Me group and the para position is
unsubstituted, the acetoxylation preference changes. Scheme 6 below shows that

acetoxylation occurred at para position only.

OH OH
- R;  PB(OAc), Ry
- LI
HOAc R
R, 2 Major _
OAc product (79%)
(R, R, =Me)

Scheme 6 Acetoxylation of phenols with alkyl groups other than methyl group

The oxidation of phenolic compounds with lead tetraacetate is well
documented. We investigated the oxidation of hydroxydiarylketones with and
without methyl groups at ortho position to the hydroxyl group.
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1.4: Oxidation with Ceric Ammonium Nifrate (CAN):

The cerium (IV) ion is a typical one equivalent oxidant which has p;ovcd to
be useful for the synthesis of certain aryl aldehydes from the corresponding
substituted toluenes wherein selective oxidation of the methyl group is achieved 3!
In some cases, when the reaction was left for a long time, both aldehydes and
carboxylic acids were produced.!? However, in aqueous acetic acid, the reaction
was reported as unsuccessful with strong electron donating groups. In contrast,
other workers have reported successful oxidations of both of these types of
compounds with CAN, and the reagent has been applied in steroid chemistry,18
CAN is useful for acetoxylation of aromatic side chains in benzylic positions 31632
oxidizes alcohols to aldehydes™ and phenols to quinones.3* The reagent also
oxidizes methylene or methyl groups that are adjacent to aromatic rings to carbonyl
groups,3! cleaves vicinal diols to aldehydes or ketones, and ¢-hydroxy ketones to
acids.3® Diaryl sulfides can be converted to sulfoxides,3¢ carbonyl compounds can
- be recovered from their oximes and semicarbazones™*37 and carboxylic acids
from their hydrazides®® under mild conditions. More frequently, the benzylic
hydrogen is replaced by an acetoxy group on refluxing with ceric ammonium
nitrate in 100% acetic acid or with lead tetraacetate.

Ceric ammonium nitrate is a common oxidant used to generate radical
cations from a variety of aromatic hydrocarbons. It has been used as a method of
nitration, to catalyze opening of unsaturated epoxides, to remove a protecting
group  (N-protecting  group e.g. di-(4-methoxyphenyl)methyl or
(‘dimethoxybenzhydryl’, DMB)* and to effect oxidative-cleavage of

1,2-diarylethanols to cormresponding aldehydes. The appearance of a red color has
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been cited as a marker for the complex formation between Ce(IV) and hydroxylic
substrates.**4l The oxidation mechanism has been studied by various researchers.
At first, the mechanism of this type of reaction was assumed to be a twoelectron

42 Later, in 1988, Fisher's group®™ gave evidence to support a

process.
one-electron process instead of a two-electron process. They proposed that the
mechanism of oxidative cleavage of 1,2-diarylethanols by ceric ammonium nitrate
was a one-electron process - shown as Scheme 7 below. Up to this time, there are
no clearly documented two-electron oxidative cleavage of alcohols. There have

been no reports so far about the oxidation of phenols with ceric ammonium nitrate,




OH Cet3

el
4.—--——
~ Ar A
0 No r

Ar +
/Ce+3 Al'm, &HZ ?e Al CH2 Cet Afes CH Cet+t
I
— AP PUTRE
!
0+
OMe OMe OMe ~CH,
| —
H 0 l

]
+ Ar—CH, + Ceot3

£l

OMe

Scheme 7 Mechanism of oxidative cleavage of benzylic alcohol
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Due to its chemical behavior described above, CAN was chosen as one of

the oxidants in this study.



15

1.5: Retro-Fries Reaction:

The main goal of this work is to prepare the hydroxydiarylketonés ’zmd use
them (as starting materials) to study the retro-Fries reaction. In the time since the
Fries reaction was discovered, there has only been a few attempts made to perform
(cffect) the reverse reaction i.e. retro-Fries reaction. The attempts performed by
heating the hydroxydiarylketones in presence of a Lewis acid at a high
temperature, were unsuccessful. 'We have chosen to use the oxidation method to
reverse this reaction. The oxidants are carefully chosen to suit this goal.

Hydroxydiarylketones are commonly prepared in high yields by Fries
rearrangement of the corresponding esters. As each step in the reaction is known
to be reversible, as shown in the reaction mechanism (Scheme 1), it should be
possible, with the right reagent and under suitable conditions to reverse the Fries
reaction. That is, it should be possible, starting with the hydroxydiarylketones to
form the corresponding esters. Bromine, Lead Tetraacetate and Ceric Ammonium
."Nitrate are known to be good oxidants (as indicated above) due to their individual
oxidative behaviors, i.e. bromination, acetoxylation, nitration and oxidative
cleavage, respectively. These oxidants are expected to be able to introduce a
substituent on the phenyl ring or possibly to cleave the bond and make it possible
to reverse the Fries reaction.

Before the experimental work began, a mechanism was proposed for each
oxidant, to show the putative course of the reaction. These mechanisms were
derived from the documented facts from the literature, and the cxperimental
conditions were designed accordingly. Expected mechanisms for retro-Fries

rearrangement {for each individual oxidant) are shown in the results and discussion
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section. For each oxidant, one or two expected mechanisms are given to explain
how r.hci oxidant could cause the reverse reaction.

In general, the mechanism is expected to proceed to give a retro-Fries
reaction (Scheme 8). As documented in the literature, the reactive species X (for

the chosen oxidants) are either radicals or positively charged (electrophiles).




Ry

OH %
Oxidant 0 0
0 R 0] X " 0
| 2 (XtorX) R, R,
Rs

m
+ 0
3
X R,

+
LGS N

Where, — —_ R,
R;=R,=HorMe

R, = Me, p-Methoxy phenyl, p+Nitro phenyl

Ll

‘l’
Scheme 8 The expected mechanism for a retro-Fries reaction
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As systems (of chemical reactants) tend to move towards their most stable
state, we might expect that the more stable the products are compared with the
starﬁné materials, that the further over to the former’s favor any equ]hbnum
between them might be expected to lie. In seeking their most stable condition,
systems tend towards minimum energy and maximum entropy.

Under Fries conditions the hydroxydiarylketone products, would be more
stable than the intermediate(s), thus favoring the reaction. A big challenge for a
retro-Frics process (the goal of this project) is the decomposition of an
intermediate into products (esters). Since free energy of activation NG,¥ is larger
than AG,* (sce diagram 1 below), suitable conditions have to be established /
chosen to make it possible for the intermediate(s) to be converted into product(s)

(esters).



Free Energy
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A
ortho
Intermediates

para

Starting Materials -

(esters) (hydroxydiarylketones)

»-
Time
Diagram 1

Three oxidants are used in the process of oxidizing the conf';_)ounds
prepared by the Fries-rearrangement method. A survey of literature on these three
oxidizing agents (as indicated above) allowed us to come up with three possible
reactions all of whicil have the potential for reversing the Fries rearrangement. - So
far only a few attempts’>*347  have been reported on retro-Fries reaction. The
reaction was performed with a strong protic acid (trifluoromethanesulfonic acid
(TEMS)), as catalyst. Apart from isomeric ketones and esters, phenols and

ketoesters were also isolated. The authors!3 suggested a dissociative mechanism
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and an intermolecular process. This shows that it is possible to reverse the Fries
reaction provided the reaction conditions are carefully designed/selected. We
propose three equations to show how retro-Fries reaction is expected to ﬁée place

which are given in the Discussion part of this thesis.
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Chapter 2

RESULTS AND DISCUSSION
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2.1: Fries Rearrangement;

As mentioned in the Introduction, hydroxydiarylketones were pfc;;arcd by
Fries reaction because it is the most suitable method. In 1608, Fries discovered the
rearrangement of the ester to ketone when subjected to a Lewis acid.*® There is no
doubt that the mechanism involved is intramolecular, as indicated in the
Introduction.

Carboxylic acids used to prepare the esters had one of the following
para-substtuents; H, -NO,, and -OMe. Esters without a nitro group were prepared
by using the Schotten - Baumann technique; i.e. the acid chloride was added in
portons followed by vigorous shaking to a mixture of equivalent moles of phenol
in pyridine. The mixture was left to cool to room temperature, and the ester

subsequently precipated on addition of cold water. See a general Scheme below;
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COOH coct
soct, U
Y —
Y

reflux
3hrs
OH
R R
pyridine
v R
Where Y=H or -OMe
R=H or Me
0

R
s

Scheme 9 Preparation of esters with no nitro group substituent

This method of preparation was not satisfactory for esters with a nitro
group at position 4. As yields were very low we decided to prepare them by using
another method; para-nitrobenzoic acid was dissolved in pyridine and two
molecular equivalents of TsCl was added. The solution was then chilled in ice and
one molecular equivalent of the phenol was added. The solution was kept cold or

warm (depending on the ester prepared) for one hour and then poured into three
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volumes of an ice and water mixture. Solid esters were collected by filtradon.
This method is convenient for the in sity preparation of acid anhydrides in pyridine

for use in formation of esters. Refer to Scheme 10.

0
J_k R’OH
(R ),0 > RCOOH + RCOQR-
CsHN
TsCl

Scheme 10 Preparation of esters with a nitro group substituent

We studicd the rearrangement of these esters subjected to two Lewis acids
- AlCl; and BF;. The reaction was performed at different temperatures and was
repeated several times to make sure the results can be reproduced. The first
attempts (with AlCl;) were performed using the following method. The reaction
was started in refluxing CS,, the solvent was distilled off after 3 hours and then the
solid residue was heated at 150 °C for three hours. As the methyl group on
methoxy group showed a tendency of being cleaved (100% cleavage) at this
temperature, the reaction was repeated at different temperatures lower than 150 °C.

The results are shown in Table { and 2 below;
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TABLE I:
Starting ]
Products (%) Recovered
Material
s.m. %
(s.m.)
Compound II
Temperature |Time| I v A% Vi
oC (hr)
23 (Roomtemp.){ 3 - - - - 95
and 90
120 3 - 19 - - 74 W
120 12 10 32 - - 50 |
125 3 uaéc 46 - - 43
125 12 14- 49 - - 26
130 3 29 20 race trace 40
135 3 50 - trace - 40
135 5 63 - 1S - : l
140 3 - - 78 - 0
145 6 - - &3 - 0
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TABLE 2:
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Starting Material Products (%) Recovered
(s.m.) VIl s.m. J(%)
Temperature Time VI IX
(°C) (hr)

23 {(Room temp.) 3 - - 20
and 90

90- 95 3 20 - 70

125 3 42 - 50

125 6 56 - 35

135 3 58 trace 20

135 6 62 12 11

140 3 18 48 14

> 140 3 - 82 0

) 0
0
o B
HiC
H;C ~0 oH
~o
(Vi) (VIID)

O
HO l I OH

{Ix)
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The methyl ether cleavage mechanism is shown below:

CH; - \

0: o
N\ AlCl3 Yo+ ¢
— ~ Al
¢« Cl
R, i

CI
|
Cl- AI-Cl
!
OH 0
H;0: 0
-
Ry Ry
+ AOH)3 + CH,Cl

Scheme 11 Methy! ether cleavage mechanism

Another attempt was made to maximize the yields of the products
containing methoxy group(s), by finding a suitable solvent which could be used for
this reaction. Chlorobenzene, which boils at 133 °C, was found to be a highly
suitable one. As the the boiling temperature is sufficiently close to 135 °C the

temperature at which the highest yield of the methoxy hydroxyketone was obtained
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when the residue was heated without a solvent (the first attempt).

As esters without methoxy group can be rearranged readily to
hydroxydiarylketones at higher ternperatures, there is no cleavage to worry about.
Conversely, as electron withdrawing groups (like -NO,) slow the reaction, more
time for the reaction is needed in order to obtain reasonable yield. Nitro esters,
when heated for too long (with or without solvent) under Fries conditions, form
tarry materials, from which it is difficult to isolate products. When both para and
ortho hydroxy products are possible, the time of reaction becomes a factor on the
paralortho ratio. When nitro esters were subjected to Fries conditions at 133 °C
(refluxing chlorobenzene), six hours and thirty minutes were found to be the
appropriate time for the maximum yield of the para hydroxy product. Beyond
that, the yield of para hydroxy product starts to decrease and the ortho hydroxy
product starts to increase.

Another attempt was made to synthesize the hydroxydiarylketones at a
lower temperature (than when AICl; was used as a Lewis acid). The esters were
~dissolved in nitrobenzene (b.p. 210.9 °C) and BF; gas was bubbled through until
the solution was saturated. The reaction was completed after heating the saturated
solution for 45 minutes at 80 °C in a sealed container. The reaction was very clean
and no cleavage of methoxy groups was observed. See Table 3 and 4. This
procedure is not useful for the compounds with an electron withdrawing group, ¢.g.
NO,. The temperature is not high enough to drive the reaction forward, and higher

temperatures and longer reaction times are needed to obtain the same yields.
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Nitrobenzene

H,CO

1) BF;

2) Temperature and time

3) H,0

III: R = R2:R3ZH
OH vim: R ;=R,= Me,R;=H
X1V: Rl'--v" RZZHs R:}:OH

TABLE 3: -
=
R1 R2 R3 Temperature| Time Product| Yield
°C) (t) %
H H H 80 14 hr i 92
H H -OH 80 45 min. X1V - 94
-CHj3 -CH3 H 80 i4 hr -- 0
-CHs -CH3 H 125-130 S hr VI 61
-CH3 -CH3 H 125-130 10 hr VIII 76
COOH R,
,‘ /i: + OoH .
H,CO Rs
R,
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TABLE 4:
r1 R2 Temperature Time Product | Yield
C) {3 %
H H 80 6 hr I 92
H H 110 4 hr 111 9-2
-CH3 -CH3 80 Shr VI 94
-CH3 -CH3 110 3hr VI 92

O R,
H; CO R,

nitrobenzene

A

1) BF,

2) Temperature (T)
Time (t)
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2.2; Bromination of p-hydroxydiarvlketones:

Bromination of simple phenols, as mentioned earlier, proceeds via
ipso-dienone intermediates. This fact led us to invesatigate whether ipso-dienones

would be formed during bromination of phenols bearing a ketone group at position

4 (hydroxydiarylketones).

The above statement means that the following occurs when the

hydroxydiarylketone is undergoing bromination;

(§)
H,CO g g oH
Br2
0
0
Br

Scheme 12 Formation of the ipso-dienone
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The ipso-dienones have only been observed when the bromination is
pcrforrr}ed in aqueous solution. It is also known that these ipso-dienones are labile
and undergo debromination to regenerate the aromatic ring. We dccidcd to utilize
their existence, and use harsher conditions (than those described in the literature)
to try to convert the dienones into esters (retro-Fries rearrangement) or the acid
and phenol. In order for this to happen, the acyl-aryl bond must be broken.
Electron donating groups were considered appropriate substituents in the
hydroxydiarylketone to assist in breaking the bond (methoxy group was used in our
case). A second factor considered to be of help is the reaction temperature. Thus
the reaction was performed at different high temperatures, The reaction time was
the third factor considered, and the reaction was performed for different time
length (from a few minutes to several weeks). In general, the experimental

conditions were designed with a hope that the following might occur:




H, CO

4—--..--.--.

o+
-~
~ Br
- L
H;CO O
o — 1 Solvent
: cage
v
8
O
H,CO
Br

Scheme 13 Retro-Fries reaction by bromination
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Since the bromination is made in the presence of water, direct nucleophilic
attack on the carbonyl is possible. If the attack occurs the following mechanism is
expected;

G(O:Br

Ik

=
b
o

\

o
+
<

fanl
+

H_-,_((?)

*I“.Il-

=]
e=

o
ot
o
o
=)

=]
-

Scheme 14 Bromination in the presence of water
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Both predictions are possible and this study was performed with a view to
determine the products.

Bromine substituted hydroxydiarylketones were obtained (in a high yield)
in case of the compounds with available ortho positions. Compounds with
unavailable ortho positions did not give any new products and the starting

materials were recovered (see Table 5).
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TABLE S: o
F
Starting | Solvent | Temperature | Bromine Product | % Yield
Material eC) (mole of
t{s.m,) equivalents) product
X=H& |1EOH }Room 2equivalents | Y=DBr 98
R = CH3 2)EtOH,, | temperature
(rt) 23
" 35 2equivalents | Y =Br 98 ]l
55 3equivalents | Y=Br 97 I
X=CH3z}| - r.t. 2 equivalents |Y =Br 99
& R= -
oo L7
55 2 equivalents | Y =Br 99 "
! 55 3 equivalents | Y=RBr - 97 "
X=CH3| L.t 2 equivalents | Y =Br 79
&R =
by ﬁ‘
35 - l2equivalents |Y=Br 35 ]
55 3 equivalents { Y= Br S0 l
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XJ Bromine \ solvent

HO Temperature (T) HO

Where; X = H, and Me
Y = Br, and Me

OMe and (NO,)

Scheme 15 Bromination of p-hydroxydiarylketones and

p-hydroxyacetophenone

It was found that experimental results were not in our favor, Le. the
.expected / predicted (retro-Fries rearrangement) reaction did not oceur. Since it is
| known that ipso-dienones are formed during aqueous bromination of the phenols
having alkyl groups at position 4, it is possible that hydroxydiarylketones also do
form the ipso-dienones during bromination. As with the reported4-16
ipso-dienones, the ipso-dienones formed by the hydroxydiarylketones are also
expected to be labile,

The life time of known ipso-dienones has not yet been reported but it is
known that these ipso-dienones do account for about 10% of the inidal
consumption of bromine. Qur results suggest several reasons why the anticipated
products wére not obtained, and those reasons are:

First; the lifetime of the ipso-dienones is too short for any other reaction to
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take place. Le. bromination is very fast.

Second; it may be that the experimental conditions are not suitable for the
reaction and a temperature lower than the room temperature may be needed for the
reaction to take place. Since the ipso-dienones are labile, they may be less labile at
lower temperature - and this will increase their lifetime.

Third; the bond to be broken (acyl-aryl bond), in order for the retro-Fries
rearrangement to occur, may be too strong i.e. it will never be broken even if the
lifetime of the ipso-dienones is reasonably long.

Although its reported that the rate of decomposition of the ipso-dienones
and of the attack on position 4 are not sensitive to the nature of the alkyl
substituents, the hydroxydiarylketones (phenols with a ketone at position 4) may
behave differently.

Fourth; possibly hydroxydiarylketones do not form the ipso-dienones
during bromination. The existence of ipso-dienones during the bromination of the
phenols having a ketone at position 4, has not been confirmed yet. This point

- would be worth further investigation with smaller models.
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2.3: Acetoxylation with Lead Tetraacetate:

Lead tetraacetate is known to perform acetoxylation of phenols at ortho & /
para positions. It is also confirmed that the introduction of a Me group into the
ortho or para position of a simple phenol generally results in a higher proportion of
acetoxylation at that position. In fact, a position with a methyl group is more
preferred than any other alkyl group.?®3® Studies have not been made on the
phenols with a ketone group at any position. Based on known work we thus

investigated whether, when lead tetraacetate is used to _oxidize

hydroxydiarylketones (phenols with a ketone substituent in para position),

acetoxylation would be produced at para position.

If the above statement is true, it is reasonable to propose Scheme 16.
p-Dienone acetates are expected to undergo cleavage of the bond (as indicated in

Scheme 16) to allow the retro-Fries reaction to take place as shown below;




LTA /Solvent

0
SReG—
D -
X OH

~
0 OAc
0 oo
X
X

o
o

OH

g,
£

Where; X- -OMe, - NO»

0O OAc
YRS
X (9]

Scheme 16 Retro-Fries reaction by acetoxylation
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Phenols used in this work had a ketone group at para position
(hydroxydiarylketones), with or without methyl groups at ortho posiﬁox}s. The
ketone group did not change the acetoxylation preference, e.g. for the
hydroxydiarylketones with methyl groups at the ortho positions, the acetoxylation
was exclusively at the ortho position. See Table 6 and Scheme 17 below. The
same was observed for hydroxydiarylketones without methyl groups, where the
preference of acetoxylation was exclusively at the unsubstituted ortho position.
The introduction of a ketone group at the para position of a phenol did not

influence acetoxylation at that position.

LTA

o 0
SASY

X 0]

Scheme 17 Wessely oxidation.

Where;
X - -OMe, -NOZ
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TABLE ¢:

Starting Experimental Condition Time | % Yield | Recovered

material (hrs) s.am %

(s.m)

X=-0-CH3 | Benzene / Reflux 15 55 21
Benzene / MeOH / 650C 6 78 5
Benzene / MeOH / Reflux 6 78 0
Benzene / AcOH / Reflux 6 60 0
Benzene / AcOH / MeOH /6 77 0
Reflux
AcOH / Reflux 6 70 0
AcOH / MeOH / Reflux 6 89 0
MeOH / Reflux 6 81 0 .

X=-NOy Benzene / Reflux 15 31 15
Benzene / MeOH / 650C 6 70 8
Benzene / MeOH / Reflux 6 71 5 ]
Benzene / ACOH / Reflux 6 56 5
Benzene / AcOH / MeOH /Y6 72 6
Reflux .
AcOH / Reflux 6 70 3
AcOH / MeOH / Reflux 6 76 0
MeOH / Reflux 6 72 0 |
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The experimental results can be explained by considering the steric effect
and the stability of the intermediates of the reaction. The ketone substtuent on the
phenol may be a very large group, and thus may block the acetate groﬁp from
attacking the para position. Alternatively if the attack at para position did occur,

the intermediates are perhaps too labile to produce the acetoxylated products,
Phenols with alkyl groups other than methyl group and unsubstituted para
position react with LTA to give para-dienone monoacetate. Para-dienone
diacetates have never been found, possibly because they are too unstable. The
phenyl ketone group on the para position of the phenol is much bigger than one
acetate group. If para-dienone diacetate is too unstable to exist, it may be assumed
that the expected ihtermediatc (compound) is also too unstable to form. Scheme
18 explains the most reasonable mechanism for the reaction. The aryl intermediate
dissociates into the radicals (AcO);Pb- and ArO-. The aryl radical is a hybrid of
three resonance stuctures of which two can form two possible products.
Para-dienone acetate, as mentioned above is very unstable, therefore it

,decomposes back to the parg-aryl radical.




Rl Rl

OH Pb(0OAc), / Solvent . 0-Pb(OAc),; - HOAc
-
R, R, Ry Ry
R1 Rl RI
0 o) O
 ——— <+
Ry R, Rj R, R R,
+ T ‘OAC l 'OAC + 'Pb(OAC)B
R1 RI
o 0
R,
R R
3 OAe 2 R3 OAc

Scheme 18 Acetoxylation of p-hydroxyketones
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2.4; Oxidation with Ceric Ammonium Nitrate:

Ceric ammonium nitrate is a common oxidant used to gcncratcﬂ radical
cations from a variety of aromatic hydrocarbons. It has been reported® that the
oxidant does cleave some conjugated ketones to give two carboxylic acids. The
same author””  reported the nitration of the phenolic group of the
2’-hydroxychalcone at the position para to the hydroxyl group. From these and
other facts mentioned in the Introduction, it would be expected that Ceric

ammonium nitrate will nitrate the hydroxydiarylketone, and / or cleave the

acyl-aryl bond to make retro-Fries rearrangement possible.

0
u o, R1

ray

R? )
OH
R 2
Dhar®® suggested a mechanism for each of their observations. Some of the
processes in their mechanisms can take place during the reaction of the
hydroxydiarylketone with ceric ammonium nitrate. At the same time the cicavagc
of the benzylic alcohols with this oxidant may be of help in predicting what will
happen to hydroxydiarylketones when subjected to the same conditions. Scheme

19 is what we anticipated would happen;




O 0 =
QA — LY.
X 9:2 X \(?:
Ce * Ce
:(:
0
LI 0 — LV Ty
Ce™ ~O:
Ce 2

Scheme 19 Cleavage of the acyl-aryl bond
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and hopefully, the following would ensue

b
'
C:o
+
|
|
|
|
t
|
|
\ 4
P4
C

H,0

4—-—-—-——

O OH

N E
[
Q
==
+

Where;
X =-0Me,-NO,

Scheme 20 Retro-Fries reaction and / or formation of the acid and phenol.

When selected hydroxydiarylketones were treated with CAN, neither
nitration products nor the correponding esters were detected. In gcnéral; rit was
found that the physical data and spectral information of the products obtained
matched with that of the corresponding acids used to prepare the compounds. The
phenolic part of the inolcculc (hydroxydiarylketone) was not detected. See Table
7.
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TABLE 7:

Starting Experimental Condition | Time | % Yield | Recovered

Material (hr) of s.m %

{(s.m) the acid

X=-O-CH3 | AcOH/MeOH / Reflux 8 90 0
AcOH / Reflux 8 77 12
AcOH / HyO / Reflux 8 80 0
MeOH / H20 / Reflux 8 69 0
MeOH / Reflux 8 67 0
THF / Reflux 8 72 0
THF,q / Reflux 8 67 0
MeCN / Reflux 8 62 15
MeCN,q / Reflux 8 67 5

X=-NO» AcOH /MeOH / Reflux 8 82 0
AcOH / Reflux 8 72 0
AcOH / HRO / Reflux 8 72 0
MeOH / H50 / Reflux 8 67 0
MeOH / Reflux 8 62 0
THF / Reflux 8 72 0
THE,, / Reflux 8 64 0
MeCN / Reflux 8 56 10
MeCNyq / Reflux 8 56 O
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0
CAN
Spe et
X OH X
Where;
X =-OMe, -NO,

Scheme 21 Oxidative cleavage of p-hydroxydiarylketones to acids

OH
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The acyl cation was determined to be the intermediate in the case of
oxidatve cleavage. This was established by camrying out the reaction in the
presence of pure (redistiled and dried) alcohol (methanol and tertiary butyl
alcohol) instead of other solvents indicated in Table 7. The products were
identified as esters of the corresponding acids (the methyl ester (XX) and the
tertiary butyl ester (XXT)). These observations suggest that the mode of cleavage
takes place via the acyl cation as shown in Scheme 21.

One question is still unanswered, that of the fate of the other part of the
molecule, as nothing was detected corresponded to the part which had a hydroxyl
group. To possibly answer this an experiment was made under the same
conditions using a simple phenol instead of the hydroxydiarylketone. Phenol was
oxidized to the quinone and then the dienone was further oxidized to smaller
molecules. An attempt was made 0 scparate the components without any success
as the mixture was very complex. Scheme 22 below is a speculation of what

might have happened to the quinone.

OH 0
———p b | e - e >
3 decomposition to smaller molecules.

CAN

Scheme 22 Decomposition of phenol to smaller molecules.

It is also known that, ceric ammonium nitrate oxidizes methyl groups that
are adjacent to aromatic rings to aldehydes or carboxylic acids. It is therefore
possible . that the methyl groups on the hydroxydiarylketones were oxidized to
carbonyl groups (aldehydes and maybe further to carboxylic acids). If this

happened, the sequence of the oxidation is not known. The question is whether the
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oxidant oxidizes the methyl groups first before cleaving the bond (Scheme 23), or
cleaves the bond first to produce the acyl cation and then oxidizes the methyl
groups substituted on the phenolic ring (Scheme 24). Another possibility is that all

oxidation processes occur simultaneously to produce the isolated product. -
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O oY o O O

COOH
CAN

coou |¥F
COO-t-Bu

Ce"’
-———
X -BuOH COOH
v

: ,COOH Decompoasition
X

Scheme 23 Oxidation of the methyl group before the decomposition-of the

phenolic ring,
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CAN / solvent

—— oF

Z o*
~ Cet
+
X +
w|

COOH Decomposition

X :

Scheme 24 Cleavage of acyl-aryl bond before the decomposition of the

 phenolicring
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As we have seen above, it does not matter which process takes place first,
since all routes end with the same product, i.. the corresponding carboxylic acid.
The other part of the molecule, the part containing the hydroxyl g;oup, is
completely destroyed. No aromatic or quinone compounds were detected.

There is another possible explanation on how the oxidaton could have
taken place, and that is after retro-Fries rearrangement. If the oxidative cleavage to
produce the acy! cation is faster than the oxidation of the phenolic ring {destruction
of the other part of the molecule, i.e. the phenolic part), it is possible that the
corresponding esters were formed. These esters were not detected / isolated
because they were subjected to further oxidation. It has been reported that ceric
ammonium nitrate cleaves esters to give the corresponding carboxylic acids.
Nothing was reported in this paper>® about the other part of the molecule. They
only reported the isolation of the corresponding acids.

Since the esters formed are reactive to the oxidant, they may undergo
further oxidation (oxidative cleavage) to produce the corresponding carboxylic
-"acids. This possibility of ester formation (retro-Fries rearrangement) is only
possible, as said before, if the process is faster than the decomposition process.
Oxidative cleavage of esters with ceric ammonium nitrate also gives the
corresponding carboxylic acids.

The nature of X (electron withdrawing or electron donating group) did in
fact influence the yields of the products but not the results. The corresponding
carboxylic acid was isolated in each case. From our results, we cannot

conclusively say that the retro-Fries rearrangement did not take place.
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Chapter 3

CONCLUSION
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CONCLUSION:

In fact, we verified that the experimental conditions statéd ‘can be
optimized to transform the esters containing a methoxy group(s) into
hydroxydiarylketones without demethylation. This is effected by controlling the
temperature. Chlorobenzene as solvent was very effective for the rearrangement of
the methoxy esters. Chlorobenzene boils at 133 °C, which is an ideal temperature
for effecting the Fries rearrangement without demethylation. Temperatures higher
than 133 °C were found not suitable, as then demethylated products were isolated
in a higher yield. Time was another factor that needed to be monitored, as too
brief reaction times led to higher yields of ortho-hydroxydiarylketones and too
long periods of reaction led to demethylation. In refluxing chlorobenzene,
methoxy esters needed 2.5 hours to give the highest yield of the
hydroxydiarylketones without demethylation. On the other hand, solvents like
nitrobenzene are suitable when the esters do not contain a methoxy group. For the
.- esters prepared from phenols with substituted ortho position, and also which lack
methoxy groups, there is no concern about the time and temperature. This is
because there is only one possible product, para hydroxydiarylketone,

Bromination reaction gave the bromine substituted products. Thus the
results are not in our favor. Only ring bromination reaction took place, and no
cleavage of the bond was detected. The nature of the substituent (electron
donating or electron withdrawing group) on the ring did not affect the products and
the yields of products.

The methoxy substituent on p-hydroxydiarylketones does not influence the

course of the rearrangement. No product was obtained with a substituent at para
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position. CAN did not nitrate, LTA did not acetoxylate at para position, bromine
did not brominate the hydroxydiarylketone at the para position. _

It appears that, in general, these oxidants do not induce the rf;tro~Fries
rearrangement of p-hydroxydiarylketones.



Chapter 4

EXPERIMENTAL PROCEDURE

58
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GENERAL:
Where more than one product were obtained flash chromatography v;as used
to separate the products. The column (diameter = 1 cm) packed with silica gel 60
{25 cm long) was used and the eluent was ethyl acetate : hexane (3:2). All solid
products were recrystallized from ethanol, and distillation was used to purify liquid
products.

Melting points (m.p.) were determined on a Gallenkamp melting point
apparatus. Infrared (ir) spectra were recorded on a Parkin-Elmer model 881. Ir
samples were run as thin films (KBr plates). Proton nuclear magnetic resonance
('H nmr) were recorded on Brucker Aspect 3000 spectrometer at 300 MHz and
carbon thirteen nuclear magnetic resonance (3C nmr) at 7547 MHz. Except
where otherwise stated the spectra were obtained on solutions in denterated
chloroform with tetramethylsilane as internal reference.  The following
abbreviations are used: s = singlet, d = doublet and m = multiplet. Mass spectra

- were obtained on a V.G analytical 7070E mass spectrometer using electron impact.
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FRIES REARRANGEMENT USING AICI; AS A LEWIS ACID:

A)_4-Methoxybenzoyl chloride (I)

(i) 4-Methoxybenzoic acid (6.09 g, 0.04 mol) was dissolved in thionyl
chloride (9.52 g, 0.08 mol) then suspended in petroleum ether (50 mL), and dry
AlCl; (0.8 g, 0.003 mol) was added. After three hours of heating at reflux
temperature, the petroleum ether and excess thionyl chloride were removed by
distillation. A pale yellow oil, which solidified at room temperature (25 °C), was
obtained. Infrared and nmr spectra characteristics were identical to those reported
in the literature.

(ii) Compound I can also be obtained by dissolving the acid in excess
thionyl chloride and then heating under reflux for five hours. The excess solvent
was removed by distillation.

The acid chloride was purified by distillation under high vacuum. The
observed boiling point at 1.0 mm pressure was 90 °C ( 262 °C at 760 mm

pressure). =



61

: Ccodi
MeO

D

B) 4-Methoxyphenyl benzoate (ID)

The reaction of 4-methoxybenzoyl chloride with phenol was carried out
using the Schotten-Baumann technique. The acid chloride (2.5 g, 0.015 mol) was
added in portions followed by vigorous shaking to a mixture of phenol (1.41 £,
0.015 mol) and pyridine (25 ml). The mixture was left to cool to room
- temperature, the ester subsequently precipitated out on addition of cold water 100
ml. The product was filtered, washed with cold water and recrystallized from
ethanol. Compound II (3.05 g, 0.0134 mol,89%) was obtained which melted at
70-71 °C. Compound IT had;

IH-nmr (CCly) (5,ppm): 3.87 (s, 3H), 6.90 (m, 2H}, 7.16 (m, 3H), 7.34 (m, 2H);
BC-nmr (CCly) (5, ppm): C; (55.10), C; & C¢ (162.39, 162.22), C; (114.18), C,
& Cg (128.11, 131.25), C5 (121.81), C; (149.97), Cy (121.4), C,0(126.55);

MS(ED: 228 (2), 135 (100), 107 (6.1), 77 (12.5). Exact mass calculated for
compound (II): 228.0783; found 228.0778.
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10

C) _4-Hydroxy-4’-methoxybenzophenone (111}

To a stirred mixture of AlCI3 (2.66 g, 0.02 mol) in CS, (40 mL) placed in a2
100 mL round bottomed flask was added slowly compound IT (2.28 g, 0.02 mol) in
of CS, (15 mL). When all the ester (in 15 mL CS,) was introduced, the reaction
mixture was refluxed gently on the water bath for three hours (until the evolution
of HCI ceased). The solvent was distilled off and the flask was placed in a
graphite bath maintained at 149-152 °C for 3 hours, cooled and treated with cold
5% HCI (50 mL) to decompose the AICl,. The mixture was allowed o stand
overnight so that the product could solidify. The product was filtered, dissolved in
10% NaOH (15 mL) and the non phenolic products were extracted Wll’il three
portions of ether (15 mL each). Acidification with 50% HCl (10 mL) of the
alkaline solution afforded 4,4’-dihydroxybenzophenone (V) (m.p. 204-6 °C)
instead of the cxpe;:tcd compound (II). 'H-nmr did not show the three-methyl
protons (-O-CHz) but only the aromatic protons; 6.9 (m, 4H), 7.7 (m, 4H).
The experiment was repeated at different temperatures and four products

were detected as shown in Table 1 (page 25).
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Compound I melts at 153 °C and had ir (KBr): 3260-3380 cm-! (O-H),
2840 cm! ( O-CHy), 1620-1645 cm™! (C=0). )
H.nmr (CDCl3 + DMSO-Dg) (3,ppm): 3.87 (5, 3H), 6.85 (m, 2H), 6.98 (,2H),
7.61 (, 2H), 7.70 (, 2H):
BC-nmr (DMSO-D(5, ppm): C, (55.36), G, & Cyg (16131, 162.17), C5 & C,
(128.39, 130.18), Cq 192.92), C; & Cy (113.54, 114.96), C; & Cq (131.52, 131.99);
MS(ED): 228 (66.20), 197 (10.0), 135 (100), 93 (10.8), 77 (13.8). Exact mass
calculated 228.0783; found 228.0799




D) 4-Meth0xmhenﬂ-2',6’-dimethglbenzovate {(VIDH

In a manner similar to that described above for synthesis of the ’estcr II,
4-methoxybenzoylchloride (2.50 g, 0.015 mol) and 2,6-dimethylphenol (1.83 g,
0.015 mol) were used. The product was recrystallized from ethanol and the yield
was 3.02 g (0.012 mol, 79%) and m.p. 43 °C,

Compound (VII had ir (KBr); 2838 cm™! (-OCH,), 2875 cm'! (-CHy), 1640 cml
(C=0).

IH-nmr (CCLY (3, ppm): 2.14 (s, 6H), 3.80 (s, 3H), 6.89 (m, 2H), 6.98 (m, 3H),
8.10 (m, 2H);

BConmr (DMSO-D)(8, ppm): C; (54.78), C, & Cg (162.44,163.31), C; (113.44),
C4 & G4 (128.07, 131.78), C5 (121.67), C, (148.29), G4 (129.92), Cyg (125.15), Cyy
(16.25).

MS(EID): 256 (2), 180 (3.6), 152 (3.6), 135 (100), 107 (5.7), 92 (7.8), 77 (12.2).
Exact mass calculated 256.1095; found 256.1086.

0
5
6 0 10
1 7
H3C
8 9
~07 4 o\
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E) 4-Hydroxy-3,5-dimethy!-4’-methoxybenzophenone (VIIT)

In a manner similar to that described above for synthesis of III, the Fries
rearrangement was conducted to the point where the reaction mixture was treated
with 5% HCL. The solid residue was extracted with three portions of ether (15 mL
each), the ether solution was then extracted with two portions of 10% NaOH (15
mL each). Acidification of the alkaline extracts with dilute HCl afforded
4,4’-dihydroxy-3,5-dimethylbenzophenone (IX) (90%) m.p. 204 °C instead of the
expected compound VIIL.

Compound IX had ir (KBr): 2810-3215 cm! (O-H), 1690 cm! (C=0), 2868 cm -1
(-CHs):

H-nmr (DMSO-Dg) (5, ppm): 2.22 (s,6H), 6.88 (5, 2H), 7.33 (s, 2H), 7.59 (d,
2H), 9.05 (s,1B), 10.23 (s, 1H);

BConmr (DMSO-Dg): (8, ppm): Cj & Cg (157.07,160.99), Co (114.82), G &
C7 (131.60, 130.26),C4 & Cg (128.84,128.70), C5 (193.25), Cg (123.18) and Cio
~(16.50). MS(EID: 242 (11.2), 121 (100), 93 (21.1), 77 (40.0). Exact mass
calculated 242.0939; found 242.1007.
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Compound VII was obtained at lower temperatures as indicated in Table 2.
Compound VIII melted at 124-125 °C and had ir (KBr): 3255- 3370 cm™ (O-H),
2838 et (O-CH; ), 1625-1645 cm™! (C=0) o
"H-nmr (DMSO-Dg) (5, ppm): 2.18 (s, 6H), 3.89 (s, 3H), 6.98 (m, 2H), 7.35 (s,
1H), 8.18 (m, 2H);
BC-nmr (DMSO-Dg) (3, ppm): C; (55.36), C, & C;o (161.31,160.99), C,
(113.54), C¢ & Cg (131.52, 130.25), Cs & C; (128.39, 130.30), Cg (193.25), Cg
(123.62), Cy, (16.50);
MS(EI): 256 (8), 242 (3), 135 (100), 121 (96), 107 (60), 93 (19), 77 (39.5). Exact
mass calculated 256.1095; found 256.1110.

As the two tables (1 and 2 page 23 and 25 respectively) show, the required
compounds are obtained at a higher yield at a reaction temperature of135 °C. To
utilize this, the experiment was repeated using chlorobenzene as a solvent which
boils at 133 °C. All esters used dissolve in chlorobenzene,
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F) General procedure:

To a stirring mixture of AlCl; (0.133 g, 0.001 mol) in chlorobén;cne (35
mL) placed in a 100 mL round bottomed flask was added slowly the ester (0.0005
mol) chlorobenzene (15 mL). When all the ester was introduced, the reaction
mixture was refluxed gently for S hours. The mixture was cooled and treated with
5% HCI (50 mL) and allowed to cool to room temperature. The mixture was then
extracted by diethyl ether. The organic extract was washed by cold water and then
extracted by 10% NaOH (methoxy group containing compounds) or by 15% NaOH
(nitro group containing compounds). Acidification (with dilute HCl) of the
alkaline extracts afforded the corresponding methoxy hydroxydiarylketone
compounds Il and VIII were obtained in yields of 70% and 78% respectively).

G) Phenyl-4-nitrobenzoate X)

4-Nitrobenzoic acid (3,34 g, 0.02 mol) was dissolved in pyridine (50 ml.)
and two molecular equivalent of p-TsCl was added. The solution was chilled in an
ice bath and one molar equivalent of phenol was added. The solution was kept
cold (in ice water bath) for one hour and then poured into an ice water mixture
(150 mL). The ester was collected by filtration, white solid m.p. 128-9 °C (75%).
When the solution was heated and maintained at 64 °C for 1 hour, the yield was
raised to 90%.

The compound had ir (KBr); 1690,1240 cm! (C=0), 1510, 1390 cm!
(-NOy);
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IH-nmr (CDCly) (5, ppm): 7.22 (m, 2H), 7.24 (m, 1H), 7.46 (m, 2H) and 8.37
(m,4H);
BCnmr (CC1y) (5, ppm): C; & C¢ (150.88, 150.49), Cy (126.38); é & G
(125.64, 131.25), C, & C;(123.68, 121.38), C, (134.96), C5 (163.26);
MS(ED): 243 (12.5), 151 (8.0), 150 (100), 104 (29.1), 92 (11.4), 76 (20.8). Exact
mass calculated; 243.0529; found 243.0544.

X)

.~ H) 4-Hydroxy-4’-nitrobenzophenone (XI)

Phenyl 4-nitrobenzoate (2.43 g, 0.01 mol) was heated with anhydrous
AlCl3 (1.71 g, 0.013 mol) at 125 °C for two hours and then cooled to room
temperature. The solid mixture was treated with 5% HCl followed by three
extractions with ethyl acetate (25 mL each). The organic layer was then extracted
with 5% NaHCO, (25 mL) to remove the acid (if any), then two extractions of 5%
Na,COj3 (25 mL each) 1o remove 4-hydroxy-4’ -nitrobenzophenone. The last two
cxtractions were made with of 5% NaOH (25 mL each) to remove

2-hydroxy-4’-nitrobenzophenone. The basic extracts were acidified by HCI to
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recover the two products, 4-hydroxy-4’-nitrobenzophenone (0.68 g, 28%, m.p.
193.5-194.5 °C) and 2-hydroxy-4’-nitrobenzophenone (0.18 g, 7.4%, m.p. 113 °C)

were obtained. 50% of the ester was recovered.

1) 2,6-Dimethylphenyl-4’-ni trobenzoate {XII)

Using the same procedure described for compound X, the solution was
heated and maintained at 65 °C for three hours a slightly yellow product (crystals)
was obtained (96%, m.p. 92-93 °C).

The compound had ir (KBr): 1692, 1239 cm -1 (C=0), 1512, 1391 cm ! (-NOy),
2870 cm "1 (-CH 5);
"H-nmr (CDCly) (5, ppm): 2.19 (s, 6H), 7.12 (m, 3H), 8.37 (m, 4H);
BCamr (CDC1y) (3, ppm): C, (126.48), C, & C; (128.77,131.22), C; (129.99),
Caq & C5(147.96, 150.92), Cs (162.91), C, (134.57), G (123.77), C4(15.87)
- MS(EI): 271 (10), 151 (8), 150 (100), 149 (17),122 (20),121 (11), 120 (15), 107
(18), 104 (24), 92 (9),

91 (10), 79 (26), 77(13), 76 (76). Exact mass calculated: 271.0841; found
271.08517.
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J) 4-Hydroxy-3,5-dimethylphenyl-4’-nitrobenzophenone [9.411))

2,6-Dimethylphenyl 4-nitrobenzoate (2.71 g, 0.01 mol) was hched with
anhydrous AICl; (1.71 g, 0.013 mol) at 125 °C for two hours and then cooled to
room temperature. The solid mixture was treated with 5% HCl followed by three
extractions with ethyl acetate (25 mL each). The organic layer was then extracted
with 5% NaHCO; (25 mL) to remove the acid (if any), then two extractions of
warm 10 % NaOH (25 mL each) to remove 4-hydroxy-3,5 -
dimethylphenyl-4’-nitrobenzophenone. The basic extract was then acidified by
HCI to recover the product, 4-hydroxy-3,5-dimethylphenyl-4’ -nitrobenzophenone
(1.45 g, 59%, m.p. 155-156.5 °C) was obtained. 31% of the ester was recovered.
Compound XTI had ir (KBr): 1691, 1241 (C=0), 1510, 1391 cm -1 (-NO,),
2812-3390 cm ! (O-H);
IH-nmr (CDCl3) (3, ppm): 2.29 (s, 6H), 5.21 (s, 1H), 7.49 (s, 2H), 7.85 (m, 2H),
8.32 (m, 2H).
. BComr (CDCI3) (3, ppm): C, (123.22), G (123.39), C; & C; (130.24), C, & Cs
(129.10, 130.50), C5(193.80), Cg (122.80), Gy (157.19) and C (15.85).

|
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4.2: FRIES REARRANGEMENT USING BF; AS A LEWIS ACID:

K) 4-Hydroxy-4’-methoxybenzophenone (HI)

(i) Phenol (1.00 g, 0.01 mol) and p-methoxybenzoic acid (3.00 g, 0.02 mol)
were suspended in nitrobenzene (30 mL), and then BF; gas was bubbled through
untl all the starting materials were dissolved (saturation). The mixture was heated
at 80 °C (in the water bath) for 14 hours. The reaction was monitored by TLC to
ensure the completion. The reaction mixture was cooled to room temperature
before the addition of water. The solid product was filtered from the solution
mixture and washed with a very dilute Na,CO; solution and then dried (m.p. 153
°C). The spectra obtained were identical those obtained previous for compound III.

(ii) The reaction was completed faster (5 hours) when the ester was used as

the starting material. See Table 3 and 4 (page 30 and 31 respectively).

L) 4-Hydroxy-3,5-dimethyl-4’-methoxybenzophenone (V) -

In a manner to that described above for compound I, the Fries

rearrangement was conducted to afford compound VIIL Again see Table 3 and 4.
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M) 2,4-Dihydroxg-4’-methonghenxlbenmphenone (XIY)

In a manner to that described above for compound III, resorcinoi was used
instead of phenol to obtain compound XIV by hearing the reaction mixture for only
45 minutes. The pure compound melts at 165 °C (94% yield). Compound XIV had
ir (KBr): 2810 - 3400 cm "1 (O-H), 1645 cm™! (C=0), 2840 cm - (-OCHj);
'H-nmr (DMSO-Dg) (8,ppm): 3.85 (s, 3H), 6.39 (m, 2H), 7.08 (m, 2H), 7.41 (d,
1H), 7.63 (m, 2H), 10.58 (s, 1H), 12.10 (, 1H);

BC.nmr (DMSO-Dy) (3, ppm): C, C5 & C;; (152.02, 163.78, 164.09), C, & G,
(107.76, 102.63) C, (134.70), C4 (112.77), C; (197.08), G (130.21), Gy (131.09),
Cio (113.57), Cy5 (55.37).

MS(ED: 244 (64.3), 243 (46.7), 137 (56.6), 136 (36.2), 135 (54.6), 108 (100), 92
(10.9), 77 (14.9). Exact mass calculated 244.0781: found 244.0783.
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4.3: OXIDATION OF THE  p-HYDROXYDIARYLKETONES:

at

The oxidation was made by using the following oxidants;

(a) Bromine - Br,,

(b) Lead Tetraacetate - LTA and

(c) Ceric Ammonium Nitrate - CAN

The oxidation was made under different experimental conditions. The
experimental procedures given below are general and were followed when all
individual experiment were made. Refer to Tables 5, 6 and 7 (page 37, 43 and 48
respectively).

4.3 (a): OXIDATION WITH BROMINE - Br,:

-~General procedure;

The hydroxydiarylketone (1.95 X 10 mol) was dissolved in an aqueous
solvent and 2 (or 4) equivalents of Br, were added, depending on how many
bromine substitutions are anticipated to take place. The orange solution was left to
stand uniil the color disappeared and then a saturated solution of NaHSO3 was
added to remove any traces of elemental bromine present. Solid products were
obtained and analyzed as indicated below. The same procedure was followed
when excess bromine was used and solid products were obtained and analyzed.

See Table 3 (page 37).
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i) 3,5-Dibromo p-hydroxyacetophenone (XY)

The compound has a m.p. of 174-175 °C and had the following
characteristics;
"H-nmr (DMSO-Dy) (5,ppm): 2.6 (s, 3H), 6.4 (s, 1H), 8.2 (s, 2H);
BC-nmr (DMSO-Dg) (5, ppm): C, (2623), C, (194.14), C; (131.92), C,
(132.57), C5 (110.07), C¢ (153.26)
MS(ED): 294 (36.3), 281 (50.9), 279 (100.0), 277 (51.5), 62 (21). Exact mass
calculated 293.8714; found 293.8699

ii) 3,5-Dibromo-4.4’-dihvdroxy-3’,5’-dimeth viphenylbenzophenone (XVI)

Compound XVI melts at 216-218 °C and had the following spectral
chamctcxis_dcs;

H-nmr (CDCIL,) (8, ppm): 2.30 (s, 6H), 5.15 (s, 1H), 6.25 (s, 1H), 7.44 (s, 21D,



76
7.90 (s, 2H);
BCnmr (CDCY,) (5, ppm): C, & Cy(156.23, 160.89), C, (110.11), C; &
C;(133.01, 129.81), C; & C4 (133.86, 129.81), Cs (192.99), Cg (123. 36), G
(16.89); MS(EI): 400 (11.4), 150 (10.6), 149 (100.0), 91 (11.7), 77 (13.9). Exact
mass calculated 399.9133; found 399.9146.

(XVI)

iii) 3,5-Dibromo-2,4-dihydroxy-4’-methoxyphenylbenzophenone (XVID)

Compound XVII melts at 157-158.5 °C and had the following spectral
characteristics;
'H-nmr (CDCly) (5, ppm): 3.9 (s, 3H), 6.0 (s, 1H), 6.4 (s, 1H), 6.98 (s, 2H), 7.78
(m, 2H), 791 (s, 1H);
BC-nmr (CDCLy) (3, ppm): Cy, Cs & Cy; (157.79, 158.12, 160.04), C, & Cy
(95.81, 101.63), C4 & Cq (132.94, 130.01), C4 & Cg (120.55, 129.07), C; (196.78),
Cjo (110.87), 160.89), &), C;, (55.44);
MS(EI): 402 (8.2), 294 (10.8), 135 (31.4), 108 (100), 92 (10.6), 77 (17.7). Exact
mass calculated 401.8925; found 401.8954.
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4.3 (b): OXIDATION WITH LEAD TETRAACETATE - LTA:

General procedure:

The hydroxydiarylketone (3.9 X 104 mol) was dissolved in the desired
solvent (15 mL) and LTA (2 equivalents) were added to a stirring solution. A
brownish solution was obtained which was heated under reflux for a period shown
in Table 6 (page 4%)). The hot solution was left to cool to room temperature and
then diluted with cold water (50 mL). The product was obtained by filtration.

When compound VII was used as the starting materia! the product obtained
(XVIII) melted at 152-153 °C and the following spectral values were obtained;
ir (KBr): 2838 cm! ( -OCHj), 1400-1450, 2870 cm ! (-CH;), 1680 cm! (-C=C-),
1660-1750 cm'! (-C=0);

'H-nmr (CDCI,) (5, ppm): 1.45 (s, 3H), 2.02 (s, 3H), 2.14 (s, 3H), 3.88 (s, 3H),
.+ 6.57 (m, 1H), 6.95 (m,2H), 7.26 (m, 1H), 7.78 {m, 2H).

BConmr (CDCly) (8, ppm): C,(55.51), G, (163.58), C5(113.82), C, (132.09), Cs,
Cr & Cyo( 128.89, 132.35), Cg & Cy, (192.66, 197.83), C 3 (169.91), G & Cy
(135.68, 145.63),C,1(78.66), C,4 & Cy¢ (20.74, 23.28), Cy5(15.44)

MS(EI): 314 (2), 272 (9), 257 (9.9), 256 (58.8), 241 (19.9), 230 (13.7), 149 (76.2),
135 (100.0), 92 (13. 1) 77 (24.1). Exact mass calculated 314.3412; found
314.1125.
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Xvmy

For various compounds and conditions, see Table 6 page 43.
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4.3 (¢): OXIDATION WITH CERIC AMMONIUM NITRATE - CAN:

General procedure;

The hydroxydiarylketone (3.9 X 10 mol) was dissolved in the desired
solvent (15 mL) and CAN (2 equivalents) were added to a stirring solution. A
yellow solution was obtained which was heated under reflux for 8 hours.- The hot
solution was left to cool to room temperature and then diluted with cold water (50
mL). The product was obtained by filtration or extraction by ethyl acetate (20 mL)
depending on the solvent (or mixture of the solvents) used. This was made because
with some solvents the product did not precipitate. When the product was obtained
by filration, the aqueous layer was extracted with ethyl acetate and the analysis
was done on the residue. With a few experimental conditions the starting material
was recovered in a low percentage and with other conditions the spectra were too
- complex to identify the components. The solid products obtained were found to be
acidic and melting points were also found.

When compound VII was used as the starting material the product ebtained
(XIX) melted at 182 °C and the following spectra values were obtained:

Ir (KBr): 2830 cm™! (-OCHj3), 1600 cm™? (-C=0);

"H-nmr (CDCl) (5, ppm): 3.88 (s, 3H), 6.94 (m, 2H), 8.07 (m, 2H);

BC.nmr (CDCL) (5, ppm): C, (55.47), C; (164.00), C5(113.73), C4 (132.32), Cs
(121.60), Cg (171.35). Exact mass found was 152.1801. The above information

matches with that of 4-methoxybenzoic acid.
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(XIX)

Other acids formed during the oxidation of the hydroxydiarylketones corresponded

to the acids used to prepare their esters.
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SAMPLE N2 1~H AT 300 MHZ IN CDCL3
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§3-C AT 75,47 MK2 IN CDCL3
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13«C AT 75,47 MKL IN DMSO-DB
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SAMPLE K3 1-H AT 300 MHZ IN DMSO0-D8
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“AMPLE MEE 1-H AT 340 MHZ IN CDCL3
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TAMPLE  MEE  13-CTAT 75.47 MHZ IN CDCL2

-+
{eg]
“riva|n O]

I~
I""-I"N

PPM

m)
il

LAMEEC. 001

Al PROG:
POWSTORE. AU
DATE 20~-12-94

SF 75.469 *
SY 112.0500000
01  47000.000
SI 32768

TO 32768

SW 17857143
HZ/PT 1.080

Py 6:9
RO 0.0
AQ .948
RG 100

NS 320

TE ao0e

FW 22400
02 ' 5000000
DR 1BH CPD

LB 1.000
B 1750 0O

CX 36.00

cy 16.00

Fi  223.225p

Fo -4.770pP 0]
HZ/CM 452 802 l
PPM/CM  6.000 ~

50 30614.27 0O

.131.24¢
113,289

"

N TP IOV TR O TN ! | PPN PPV TUUT PO U |

220" 210 200 180 180 170 160 150

1407 130 120 10~ 100 a0 80 70 60 50 40 30 20 10 :




REFERENCES

96



AN N

10.
11.

s 12,
13.

14.
15.

97
R. Martin, Organic Preparations and Procedures Int, 24(4), 369-435
(1992).
H. A. Biatt, Chem. Rev. 27, 43 (1940).
Y. Ogata, Chem. Rev. Japan 9, 199 (1943).
Y. Ogata and H. Tabuchi, Tetrahedron, 20, 1661 (1964).
IH. A. Blatt, Organic Reactions, 342 (1942).
A. Gerecs in Friedel-Crafts and Related Reactions, G. A. Olah Ed,
Interscience Publishers, New York, 1964, 111, part I, 499.
K. Nakazawa and S. Baba, Yakagaku Zasshi. 75, 378-381 (1955); Chem.
Abstr., 50, 2510b (1956).
A. M. El-Abbady, F. G. Baddar and A. Labib. J. Chem. Soc. 1083 (1961).
S. Munavalli, Chem. and Ind. 293-294 (1972).
R. Martin, Bull. Soc. Chim. Fr. 983 (1974).
J. Yamamoto, Y. Okamoto and T. Ishikawa, Nippon Kagaku Kaishi, 11,
1870-1875 (1989); Chem. Abstr., 112, 197772p (1990).
V. Auwers and W. Mauss, Ann. 464, 293 (1928).
R. Martin, J. R. Lafrance and P. Demerserman, Bull. Soc. Chim. Belg.
100, 7, 539-548 (1991). -
D. G. Markees, J. Org. Chem. 23, 1490 (1958).
a. P. B. de la Mare, Acc. Chem. Res. 7, 361 (1974).
b. C. A. Fyfe and L. Veen Jr., J. Am, Chem. Soc. 99, 3366 (1977).
¢. A. Fischer and G. N. Hunderson, Can. J. Chem.57, 552 (1979).
d. 8. O. Tee, R. N. Iyenga and M. Pavent, J. Org. Chem. 48, 759-761
(1983).
¢. A. Fischer and G. N. Hunderson, Can. J. Chem. 61, 1054 (1983).



16.
17.

~18.

19

20.
21
22.
23.

98
f. O.S. Tee and R. N. Iyenga, J. Am. Chem. Soc. 107, 455 (1985).
g S. O. Tee, R. N. Iyenga and M. J. Bannett, J. Org. Chem. 51, 2585-2589
(1986). o
h. O. 8. Tee and R. N. Iyenga, Can. J. Chem. 65, 1714 (1987).
i. 0. 8. Tee and M. Paventi, J. Am. Chem. Soc. 110, 3226 (1988).
J- O. S. Tee, M. Paventi and M. J. Bannett, J. Am. Chem. Soc. 111,
2233-2240 (1989).
O. S. Tee and N. R. Iyenga, Can. J. Chem. 68, 10, 1769-1773 (1990).
a. J. P. Wineburg, C. Abrams and D. Swern, J. Heterocyl. Chem. 12, 749
(1975).
b. M. A. Neirabeyeh, J. -C. Zeigler and B. Gross, Synthesis, 811 (1976).
c. L. K. Blair, J. Baldwin and W. C. Smith, Jr., J. Org. Chem. 42, 1816
(1977).
d. Y. Tsuda, N. Matsuhira and K. Kanemitsu, Chem. Pharm. bull. 33, 4095
(1985).
C. G. Overberger, P. -t. Huang and M. B. Berenbaum, Org. Synth,,
Collective Volume 4, 66 (1963).
a. B. Smith and S. Hernestam, Acta Chem. Scand. 8, 1111 (1954). -
b. 8. Oae, Y. Ohnishi, S. Kozuka and W. Tagaki, Bull. Chem. Soc. Jpn. 39,
364 (1969).
H. T. Clarke, Org. Synth., Collective Volume 3, 226 (1955).
T. Zicke and W. Walter, Liebigs Ann. Chem. 334, 367 (1904).
F. Wessely and F. Sinwel, Monatsh. 81, 1055 (1950).
a. G W. Cavill, E. R. Cole, P. T. Gilham and D. I. McHugh, J. Chem. Soc.
2785 (1954).



25.
26.

27.

28.

29,

30.

31.

32.
33.

99
b. R. Criegee, Angew. Chem. 70, 173 (1958).

G. N. Bogdanov, M. S. Postnikova and N. M. Emanuel, Izv. Akad. Nauk

SSSR 173 (1963).

E. Hecker and R. Lattrell, Ann. 662, 48 (1963).

a. B. T. Gillis and M. P. LaMontagne, J. Org. Chem. 33, 762-766 (1968).

b. B. T. Gillis and M. P. LaMontagne, J. Org. Chem. 33, 1294-1295 (1968).
D. C. Iffland, L. Salisbury and W.R. Schafer, J. Am. Chem. Soc. 83,
747-749 (1961).

H. Greenland, J. T. Pinhey and S. Sternhell, Aust. J. Chem. 39, 2067-2074
(1986).

a. L. L Smith and H. H. Hochn, J. Am. Chem. Soc. 61, 2619 (1939).

b. H. Schmid and M. Bunger, Helv. Chim. Acta, 35, 928 (1952).

a. R. Criegee, in ‘Newer methods of Preparative Organic Chemistry’ (Ed.
W. Foerst) vol. 2, 367 (Academic Press: New York 1963).

b. R. Criegee, in ‘Oxidation in Organic Chemistry’ (Ed. K. B. Wiberg) Part
A, 277 (Ademic Press: New York 1965).

c. A.J. Waring, Adv. Alicyclic Chem. 1, 129 (1966).

d. G. M. Rubottom, in ‘Oxidation in Organic Chemistry’ (Ed.- W. S.
Trahanovsky) Part D, p 1 (Academic Press: New York 1982)

a. W. S. Trahanovsky and L. B. Young, J. Org. Chem. 31, 2033 (1966).

b. L. Syper, Tetrahedron Lett. 4493 (1966).

¢. L. K. Sydnes, L C. Burkow and S. H. Hansen, Tetrahedron, 41, 5703
(1985).

E. Baciocchi, L. Mandolini and C. Rol, J Org. Chem. 45, 3906 (1980).

a. L. B. Young and W. S. Trahanovsky, J. Chem. Soc. S777 (1965).



34.

35.

36.

37.

38.
39.

41

42.

43.

45.
46.

47.

100
b.L.B. Young and W. S. Trahanovsky, J. Org. Chem. 32, 2349 (1967)
c. L. B. Young, W. S. Trahanovsky and G. L. Brown, J Org. Chem. 32,
3865 (1967). )
d. T. L. Ho, Synthesis, 936 (1978).
a. T. L. Ho, Synthesis, 341 (1973).
b. H. Laatsch, Liebigs Ann. Chem. 1655, 1669 (1986).
a. W. S. Trahanovsky, L. B. Young and M. H. Bierman, J. Org. Chem. 34,
869 (1969).
b. T. L. Ho, Synthesis, 560 (1972).
T. L. Ho, Synthesis, 561 (1972).
J. W.Bird and D. G. Diaper, Can. J. Chem. 47, 145 (1969).
T. L. Ho, C. H. Ho and C. M. Wong, Synthesis, 562 (1972).
K. AbuSbeih, C. Bleasdale, B. T. Golding and S. L. Kitson, Tetrahedron
Lett. 33, 4807-4810 (1992).
T. H. Fisher and S. M. Dershem, J. Org. Chem. 53, 1504-1507 (1988).
L. B. Young and W, S. Trahanovsky, J. Am. Chem. Soc. 91, 5060 (1969)
H. M. Chang and G. G. Allan, Lignins-Occurance, Formation structures
and Reactions; Sarkanen, K. V., Ludwig, C. H., Eds. Wiley Interscience:
New York, 1971; Chapter 11.
K. W. Rosenmung and W. Schunurr, Liebigs Ann. Chem. 460, 56 {1928).
S. Skraup, K. Poller. Chem. Ber. 57, 2033 (1924).
E. H. Cox, J. Am. Chem. Soc. 52, 352 (1930).
A. W. Ralston, M. R. McCorkle and S. T. Bauer, J. Org. Chem. 5, 645
(1940).
D. S Tarbell and P. E. Fanta, J. Am. Chem. Soc. 65, 2165 (1943).



48.

49,

50.

101
a. K. Fries and G. Finck, Ber. 41, 4271 (1908).

b. K. Fries and W. Pfaffendorf, Ber. 43, 212 (1910).

D. N. Dhar, P. Dwivedi and S. Joshi, Indian J. Chem. 26, 6, 539-541
(1987).
A. K. Bag, D. N. Dhar and S. R. Gupta, Indian J. Chem. 25, 4, 433-434
(1986).



