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OF HYDROXYARYLKETONES. A REVIEW
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Service de Chimie de I'Institut Curie
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26 rue d’Ulm
F-75231 Paris Cedex 05, FRANCE

INTRODUCTION

The hydroxyarylketones have many industrial applications. Some of these compounds have
properties which are useful in the pharmaceutical industry and in perfumery.! Hydroxybenzophenones
find very important applications in paints and vamishes manufacturing, plastics, films, natural or
synthetic rubbers by improving their stability.2 Many hydroxyarylketones® and some of their deriva-
tives* are used in the metallurgical industry, either for the extraction and separation of metals or for
their selective estimation in ores and alloys. However, hydroxyarylketones are important, mainly as
synthons in organic synthesis. Some hydroxyarylketones exist in the natural state.’ Although several
reactions allow the preparation of hydroxyarylketones (Friedel-Crafts reaction, Fries rearrangement,
Hoesch and Nencki reactions, etc.), the Fries rearrangement is usually the most suitable process. It is
easy to perform, isomer separation is easy and yields are good. The Fries rearrangement has been also
made by photochemistry.® The last survey on Fries rearrangement dates back to 19647 and the purpose
of our study is to review recent progress in this field.

L PREPARATION OF o- AND p-HYDROXYARYLKETONES FROM MONOPHENOL
ESTERS

The Fries reaction consists in the rearrangement of a phenolic ester to o- and/or p-phenolic
ketones, by heating with aluminum chloride or other Lewis acid catalysts (Eq. 1).2

OCOR OH OH
AlCI CoR
— + (n
COR

Some protic acids, namely hydrofluoric, perchloric, polyphosphoric and sulfonic acids also
catalyze the Fries reaction, which is an intermolecular electrophilic substitution reaction.?

1. Phenyl Esters

The phenyl esters of aliphatic acids, when treated with aluminum chloride at room tempera-
ture, give p-hydroxyarylketones, the para isomer being kinetically favored without any other
substituent on the aromatic ring. High temperatures, on the other hand, promote the formation of o-
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hydroxyarylketones, since the p-hydroxyarylketones rearrange to o-hydroxyarylketones with
aluminum chloride (Eq. 2).1°

OH
COR
AlC] 3 @
A
COR

The behavior of phenyl propionate 1 with aluminum chloride!! is illustrative (Eq. 3). Treat-
ment of ester 1 with ZrCl, at 120° also gives the ketone 2 (83%).!

OCOEt OH OH
COEt
~d
© Al ©/ " 3)
; COEt
2
MeNO,/20° 80% 20%
180-200° - 8%

The Fries rearrangement of phenyl acetate 3 leads to o- and p-hydroxyketones 4 1 and § * (Eq. 4)

OH
HE
—
OCOMe
COMe
4
— 94% “
3 m
COMe
AICl,
———»
140-150°
5
63%

o-Hydroxyketone § has been reported to be formed in 80% yield by action of AICL, on phenyl acetate
3 in petroleum ether solution,'® but this result remains unreliable. Some specific catalysts have been
used for rearrangement of ester 3 (zeolites,'® sulfonated cation exchange resins'’), but the yields
obtained are not of preparative interest. The action of AICl, on phenyl esters of greater molecular
weight (from phenyl butanoate up to phenyl dodecanoate) in nitrobenzene gives p-hydroxyketones
(60-80%)."® Treatment of phenyl 2-methylpentanoate with AICL, under mild conditions affords the
expected optically active p-hydroxyketone (59%).!* On the other hand, previous reports of the
rearrangement of esters of greater molecular weight with AICL, at 140-150° led to mixtures of isomers
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(Eq. 5).2° The phenyl esters, prepared from unsaturated aliphatic acids have been subjected to the
Fries rearrangement. In the case of phenyl cinnamate, a mixture of isomers is obtained, and the
solvent polarity influences the ratio of isomers (Eq. 6).2!

OCOR

AlCl3 )
1401505

= n-CoH 46% 32%
nC”H23 33% 42%
OH OH
COCH=CHPh
PhOCOCH=CHPh  —C3 @ + © (6
COCH=CHPh
PhNQO,/130° 2% 36%
PhMe/110° 24% 10%

Phenyl dichloroacrylate, on treatment with AICL, at 130° affords the expected isomeric
ketones, without cyclization (Eq. 7).22

OCOCH=CCl, OH
cocu-ccn,
.
130° ™
COCH=CCl,
43% 38%

In the case of unsaturated phenyl esters of very high molecular weight, besides the isomeric
ketones, much tar is formed. Pheny! erucate and stearolate, treated with AICL between 115-120° led
to mixtures of the following o- and p-hydroxyketones: (27:7% and 43:4% respectively).> Action of
AICL, on phenyl 3-butenoate gave the o-hydroxyketone to which hydrogen chioride had added to the
double bond (Eq. 8).#

OCOCH,CH=CH, OH
COCH2CHCICH;
AICl; ®
80-130°
38%

The action of AICL, on phenyl cyclohexanecarboxylate at 120° only affords the o-hydroxyke-
tone (46%).2° On the other hand, with phenyl phenylacetate, either of the expected isomers may be
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obtained depending on the conditions (Eq. 9) %%

OCOCH2Ph OH

Al COCH,Ph
— 9)
COCH2Ph
EtNO,/120° 13% 70%
80-130° 2% —_

Phenyl diphenylacetate, treated with AICL/EtNO, at 20°, gives exclusively the p-hydroxyke-
tone (86%).% Phenyl 3-phenylpropanoate on the other hand, upon action of AICL between 80 and
130°, leads only to o-hydroxyketone (84%).* When treated with AICl, at 100° in nitrobenzene, phenyl
3-cyclohexylpropanoate and phenyl 4-cyclohexylbutanoate, afford the corresponding p-hydroxyke-
tones (70-75%).4

The Fries rearrangement of phenyl benzoate with HF at 55°% or AICL, at 140°% yields p-
hydroxybenzophenone (70%). On the other hand, when the reaction is carried out with AICL, at 180-
200°% or CF,SO,H at 170° in a sealed tube,” o-hydroxybenzophenone (38-39%) is formed. A
rearrangement of phenyl benzoate with All;, leads to both isomeric benzophenones (70%)(Eq. 10).%!

1) AllyMeCN, 82° coph
3 ’
PhOCOPhO
2) H,0 (10)

COPh

23%
It is worth noting that treatment of phenyl benzoate with ion exchange resins (Nafion-H,

Nafion-XR, Amberlite 200 C)*? or with ion-exchanged stratified clay catalyst (synthetic mica treated
with aluminum nitrate)*® gives the expected hydroxybenzophenones. The Fries rearrangement of
substituted phenyl benzoates carried out in different conditions in all cases favors the production of p-
hydroxybenzophenone (Eq. 11).%

OH OH R
n -
PhOCO @ —_— + (an
R
29,

R Conditions % %
4-MeO TiCl,/MeNO,/20+ 76 -
4-F HF/20-40° 66 33
4-F AICL/PhNO,/140-150° 65 35
3-NO, AICL/160° 55 17
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Specific phenyl esters have been rearranged with protic acids. Thus, ester 6, treated with HF
leads to ketone 7 (96%)(Eq. 12),whereas ester 8, with MeSO,H or HF affords the ketone 9 (67-
94%)(Eq. 13).%

R VA UL O L
-10°0

96%
TSy S o S v S e S g St

MeSO,H/120° 6%

HF/-10°to 0° 94%

The phenyl 2-, 3- and 4-pyridinecarboxylates have been treated with AICL, at 180°.3 Phenyl
picolinate lead to a mixture of o- and p-hydroxyketones (40:19%), whereas phenyl nicotinate and
phenyl isonicotinate afford the p-hydroxyketones (60%), a small amount of the o-hydroxyketone
(15%) being formed in the first case.

By action of AICL, on phenyl 2-thiophenecarboxylate at 160°, one obtains a mixture of o- and
p-hydroxyketones (16% and 5%).”” Finally, phenyl N,N-diethylcarbamate when treated with AICL, at
175-180° leads to a mixture of isomer ketones, in addition to the p-amide ester (Eq. 14).®

OCONEt,
AIC] CONEt,
PhOCONEt, 3
14)
175- 180°
cone:, comst2

43%

2. Monosubstituted Phenyl Esters
a) o-Substituted Phenyl Esters

During Fries transposition of monosubstituted phenyl esters, the position of substituent
related to the ester group is of main importance on the course of reaction.” Thus, the presence of a
substituent in the 2-position related to hydroxyl group of the original phenol favors rearrangement
to the para position®; with halophenyl esters, the yields of p-hydroxyketones are in many case
nearly quantitative (Table 1).

The parent o-hydroxyketones are easily preformed with the following processes (Scheme 1).

The 2-t-butylphenyl propionate 10, under Fries conditions, follows an usual pathway. While
the p-hydroxyketone 11 is formed, the o-hydroxyketone 12 is rarely obtained; but the unexpected
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TABLE 1. Fries Rearrangement of 2-Substituted Phenol Esters

OCOR; OH OH
Ry Ry RO Ry
—_—

COR,
R, R, Conditions Yield  Yield Ref.
(%)
Me -Me AIC,/PhNO,/30° 86 2 40
Me -Me AICL/165° 61 24 - 40
Me -Et AICL/MeNO,/20° 58 18 41
Me -Et AlCL/165° 22 41 11
Me -CH,Ph AICL/EtNO,/20° 74 — 26
Me -CH,Ph AlClL/140° 30 45 42
Me -CH,C;HOMe(o)  AICL/MeNO,/20° 60 12 43
Me -CH,C(H,OMe(p)  AIC1L/MeNO,/20° 71 11 43
Me -Ph AICL/PhNO,/60° 91 — 40
Me -Ph AICL/140° 86 — 40
Me -Ph TiCl/MeNO,/reflux 86 — 44
Me -Ph Nafion-XR/175° 45 — 32
Me -Ph AICL,/PhCl/reflux 46 6 45
Me -C,H,OMe(p) TiCl,/MeNO,/20° 84 — 34
Me -C,H,NO,(m) AICL/160° 56 4 34
Cl -Me AlCL,/140° 81 9 46
Cl -Et AICL/165° 98 — 41
Cl -Ph AICL/155° 88 6 47
Br -Me AICL/140° 80 13 46
Br -Et AlCL,/100° 95 — 48
CO,H -Me AICL/PhNO,/O° 82 — 49
CO,H -Me AICL/PhNO,/60° 70 — 50
OCOEt OH OH
Etco\©)( Etco\@
MeNO,
70° + + (19
COEt
10 11 12 13
catalyst % % %
TiCl, 81 - -
SnCl, 49 - _
NbCl, 34 -
ZiCl, - - 7
GaCl, 15 73

378



09: 35 27 January 2011

Downl oaded At:

FRIES REARRANGEMENT FOR THE PREPARATION OF HYDROXYARYLKETONES. A REVIEW

Scheme 1
1. Dealkylation of 2,4-Disubstituted Hydroxyketones®!

OCOEt OH OH
EtCO EtCO
\@/ AlCl, t \(5/ Me
| I 165° 190°
44%) (77%) A
OCOEt OH

EtCO AlC, Etco
_, —3
165° 190°
(25%) (80%)

2. Oxidation of 2-Allylphenols by Perbenzoic Acid™
OH

CH2=CHCH
2 2 C6H5COOH/E(20 EtCO Me

0o 25°

69%
3. Acylation of Benzene According to Friedel-Crafts™

OH
cico
_AC, Me
co
T401050°

2%

o-hydroxyketone 13 (Eq. 15)%is generated with some catalysts by migration of the ¢-butyl group prior
to the Fries rearrangement (Eq. 16).34
OCOEt OCOEt OCOEt OCOEt

COEt
MeNO,
2 MClIx, 20° @ @( @ @ (16)

10
Yet the Fries rearrangement of o-cresyl esters (picolinate and isonicotinate,* cyclohexanecar-
boxylate,” 2-methoxybenzoate, erucate and stearolate®), o-ethylpheny! chloroacetate,’ o-isopropy-
Iphenyl propionate,* 2-n-propylphenyl propionate,”” and 2-chlorophenyl esters (2-methylvalerate,'
nicotinate and isonicotinate®) occurs normally.
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b) m-Substituted Phenyl Esters
The presence of a meta-substituent favors the formation of o-hydroxyketone, by a combina-
tion of electronic effects and steric hindrance at the para-position. Thus it should be more difficult to
prepare the p-hydroxyketone (Table 2).
Theoretically, the Fries rearrangement of a phenyl ester carrying a meta-substituent to the
ester function should provide two o-hydroxyketones. The carbonyl group may enter either at the 2-
position and lead to vicinal o-hydroxyketone or at the 6-position. In this case, only o-hydroxyketone
(6-position) is obtained in practice (Eq. 17).
OCOR,

@\ " R,co\©\ @cm, @\ "

COR,
In only one case, after thirty-five years of experimentation, have we ever observed a vicinal o-

hydroxyketone by Fries rearrangement of such a monosubstituted phenyl ester (Eq. 18).

OCOCH,Ph OH OH OH
COCH,Ph PhCH,CO
_ MO, s
+
“PhCl, 1405 1907 * (18)
Me Me
COCHPh
1% 12% 5%

There are several ways to prepare vicinal o-hydroxyketones,3% two of which are easy to carry out
prep ydroxy y ary

(Eq. 19)(Eg. 20).5%%

OH OH OH
Br CN COMe
CuCN MeMgBr
——p —_— 19)
DMF THF
Me Me Me

94% 67%
OCOEt
COEt COEt
_TiClyPhCl A1C13/MeN02
(20
1000
55-60%

Finally one should also note the normal pattern of the Fries rearrangement of mera-cresyl esters
(erucate and stearolate, picolinate, nicotinate and isonicotinate®), 3-methoxyphenyl benzoate*” o-
chlorophenyl picolinate, nicotinate and isonicotinate* and 3-(benzoyloxy)biphenyl.*®
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TABLE 2. Fries Rearrangement of 3-Substituted Phenol Esters

OCOR; OH OH
R,CO
©\ Ri \©\ Ry ©\ Ry
COR,
R, R, Conditions Yield Yield  Ref.
(%)
Me -Me AICL/65° 1 88 59
Me -Me AICL/165° 95 — 59
Me -Et AICL/MeNO,/20° 81 3 58
Me -Et TiCl,/100° 96 — 39
Me -C(Me), HCI-SnC1/MeNO,/20° 60 — 41
Me -CH,Ph AICL/MeNO,/reflux 49 3 45
Me -CH,Ph AlCL/140° 50 10 42
Me -C, H,,(n) AICL,/180° 70 — 60
Me -Ph Nafion-XR/150° 1 67 32
Me -Ph AICL/175° 83 6 44
Me -C{H,NO,(m) AICL/160° 43 12 34
t-Bu -Et TiCl,/MeNO,/20° 91 — 4
t-Bu -Ph HF/25° 40 — 28
Br -Et AICL/100° 87 - 41
Br -Et AICL/165 97 — 48
a -Et AICL/165° 82 — 41
Ci -Et AICL/100° 92 — 11
ol -Ph AICL/175° 80 8 4
c -CH,NO,(m) AICL/160° 40 11 34
I -Me AICL/120° 65 — 61
NO, -Ph AICL/170° 11 — 62

¢) p-Substituted Phenyl Esters
The presence of substituent in 4-position to ester group almost always leads to o-hydroxyke-
tone. The results of the Fries rearrangement obtained with usual esters are reported in Table 3. In
some cases, one observes a migration (Eq. 21)* or the loss of an alkyl group (Eq. 22 and 23)®3#, even

OCOCH,CI OH
COCH,CI
AICL,
— 21)
140°
Et
Et 45%
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a peculiar acylation (Eq. 24).4

OCOPh
Ph
AlCl, co 2
130-135° + @2
n- CgHyg n- CoHyg COPh
33% 52%
OMe OH
OH
oco co
AlC,
—_— 23)
185°
cl
cl 67%
[ MeO
R—@OCOCH, MeO
MeO COCH,

TiCl, 30-35%

MCNOz +
om0, a»
RO 0COCH, MeO

COCH, MeO

5-10% °°°"2‘©
3. Disubstituted Phenyl Esters

The Fries rearrangement of dimethylphenyl esters has already been the subject of many
studies. There have been recent interesting progress in this area, namely:

a) 2,3-Dimethylphenyl Esters, see references 34, 39, 41, 58 and 88

b) 2,4-Dimethylphenyl Esters, see references 34, 39, 43, 58 and 89

The Fries rearrangement of 2,4-xylenyl succinate leads to the formation of four compounds
(Scheme 2).%°
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TABLE 3. Fries Rearrangement of 4-Substituted Phenol Esters

OCOR; OH
COR,
Ry Ry
R, R, Conditions Yield(%) Ref.
Me -Me AlCL/120° 95 59
Me -Et AlICL/170° 96 69
Me -n-Pr AICL/170° 90 69
Me -i-Pr AlCL/170° 92 69
Me -CH,CH,Br AICL/115° 93 70
Me -CH=CCl, AICL/130° 78 22
Me -CH=CHMe AICL,/140-150° 61 71
Me - -CH=CHPh AICL/PhCI/130° 36 21
Me -CHBrCH,, AICL/120-125° 82 70
Me -CH,Ph AICL/PhCl/reflux 87 72
Me -CH,CH,kp) AICL,/PhNO,/20° 70 4?2
Me -Ph AICL,/1,2-CH,Cl,/freflux 89 72
Me -C,H Me(p) Nafion-H/PhNO freflux 1y 32
Me -CH,Cl(m) Nafion-H/PhNO,/reflux 71 32
Me -C,H,0Me(p) TiCl,/120° 89 M
Me -C,H,NO, AICL/160° 70 4
Me -a-naphthyl AICL/1,2-C.H,Cl freflux 95 72
Et -Et AICL/170° 82 69
Et -CHCICH, AICL/135-140° 48 55
t-Bu -Et TiCl,/PhNO,/50° 93 73
CH, -Me AICL/PhNO,/85° 55 49
Ph -Me AICL,/C1,CHCHCI,/140° 83 74
Ph -C,H,Cl(p) AlC1/1,2-CH,CL/120° 67 75
Ph -C;H,F(p) AlCL/1.2-CH,CL,/120° 63 75
Br -Me AlCL/150° 90 76
Br -Et AICl,/165° 97 48
Cl -Me AICL/120° 96 77
Cl -Et AICL/165° 95 11
Cl -CH,CH,Br AICL/95-105° 95 70
Ci -Ph AICL/155° 90 47
Cl -CsH,F(p) AICL/200° 88 78
Ci -C,H,NO,(m) AlCL/160° 70 34
F -] AIC1/CICH,CH,CI/100° 83 79
F -CH | AICL/130° 88 80
F -CH,, AICL/130° 95 80
F -CH=CHPh AlCL/130° 52 80
F -C¢H,Cl(o) AICl,/130° 96 80
F -C,H,F(p) AICL/130° 83 80
F -CsH Me(m) AICL/130° 93 80
NO, -Me AlCL,/140-150° 28 81
NO, -Ph AIClL/130-160° 26 82
SMe -Et TiC1 /150° 36 73

383



09: 35 27 January 2011

Downl oaded At:

MARTIN

3. Disubstituted Phenyl Esters

Scheme 2
B OH OH OH
Me CO(CH3),CO Mo Me CO(CH3)2CO0
+ Me
OCO(CH2),C Me Me
2
Me Me 41% 30% Me
_—

OH OCO{CH2),COH

Me Me Mo CO(CH),C0H Mo
+ +
Me Me
1% 10%

c) 2,5-Dimethylphenyl Esters, see references 34, 57, 58 and 91
When 2,5-xylenyl propionate 14 is treated by AIC, at high temperatures gives o-hydroxyke-
tone 17 owing to migration of the methyl group on o-hydroxyketone 16 (Eq. 25).

OCOEt OH OH OH
Me Me EtCO Me EtCO Me
_— + + (25)
Me Me Me

COEt Me

14 15 16 17
Conditions % % %
AIC1,/PhNO,/20° 70 - -
TiCly/120° 17 76 -
AICL/170° _ _ 96

d) 2,6-Dimethylpheny! Esters, see references 34, 41, 43, 58, 91 and 92
¢) 3,4-Dimethylphenyl Esters, see references 34, 41, 58, 91, 93, 94, and 95

The Fries rearrangement of 3,4-xylenyl propionate 18 provides only the o-hydroxyketone 19.
The vicinal o-hydroxyketone isomer 22 can be obtained by a two-step synthesis (Eq. 26). During the
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OCOEt
EtCo
————
Me Me
Me Mo
18 19
Conditions %
AICL/MeNO,/20° 89 (26)
AlCl3/ 165° 92
OCOEt
COEt COEt
TlCl4/PhCl AlClyMeNoz
100°
20 21
52% 100%

f) 3,5-Dimethylphenyl Esters, see references 34, 39, 58, 95 and 96
transposition of 3,5-xylenyl propionate, the o-hydroxyketone is the sole product, the para position
being sterically hindered. p-Hydroxyketone may be obtained by an indirect way.’” The Fries rearrange-
ment of other disubstituted esters has been carried out and the results obtained are listed in Table 4.
Many esters of 2-bromo- and 2-chloro-4-fluorophenol have also been submitted to the Fries reac-
tion.!”2 Moreover, a disubstituted o-hydroxyketone has been obtained in an interesting way by action
of AICL, on 4-fluorophenyl n-butyrate (Eq. 27).”

OCOPTr OH
AICl,/EtBr
_— » 27
20°
Et
F
30%

Thymyl propionate treated with TiCl, gives the p- or o-hydroxyketone depending on the
experimental conditions (Eq. 28).

OCOEt OH OH
EtCO
TiCly
—_— + (28)
Me Me Me
COEt
Conditions % %
MeNO,/20° 61 10
120° 14 79
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TABLE 4. Fries Rearrangement of Disubstituted Phenol Esters

OCOR
Ry RCO
Ry, R2 ———p Ry, R2

R R, R, Conditions Yield(%) Ref.
Me 2-Me 5-Me AICL/PhNO,/20° 40 57
Et 2-i-Pr 3-Me AICL/MeNO,/20° 98 98
Et 2-i-Pr 4-Me TiCl,/100° 95 98
Me 3-Me 4-i-Pr TiCl/MeNO,/20° 95 98
Et 3-Me 4-i-Pr TiCl/MeNO,/20° 99 95
n-CH,, 3-Me 4-i-Pr TiCl,MeNO,/20° 95 98
CH,OMe(p) 3-Me 4-i-Pr TiCl,/MeNO,/20° 66 98
Et 3-Me 5-i-Pr TiCl,/120° 98 95
Et 3-Me 6-i-Pr TiC1,/120° 76 95
Me 2-Et 4-Me AICL/A 40 99
Me 2-Et 5-Me AICL/A 30 99
Et 2-n-Pr 4-n-Pr AICL/130-150° 75 57
Et 2-Me 4-t-Bu AIC1,/MeNO,/20° 83 51
Me 2-t-Bu 4-Me AICL/105° 47 100
Et 2-t-Bu 5-Me TiCl/PhCl/100° 60 66
Me 2-CO,H 4-Me AICL/170° 61 101
Et 2-COH 4-Me AICL/170° 30 101
Me 2-CO,H 4-Br AICL/170° 26 101
Me 2-CO,H 4-Cl AICL/170° 18 101
Me 2-Et 4-Br AICL/A 40 99
Me 2-Et 4-Cl AICL/A 50 99
Me 2-Et 5-Cl AICL/A 40 99
Et 2-Cl 4-t-Bu AICL/140° 28 51

Et 2-Br 4-Br AICL/100° 88 48
n-CH,, 2-Br 4-F AICL/130-140° 90 102
n-CH 2-Br 4-F AICL/130-140° 85 102

CH=CHMe 2-C1 4-F AICL/130-140° 86 102
n-CH, 2-Cl 4-F AIC1/130-140° 94 102
n-CH,, 2-Cl 4-F AICL/130-140° 90 102

Vicinal o-hydroxyketones of para-thymol have been prepared by a two-step synthesis (Eq. 29).5%
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OCOR OH oH
COR COR
TiCly/PhCl AlCly/MeNO, 29
B —
(-] o
we 100 e 20 "o
R % %

Me 23 84
Et 57 99
n-CéH 13 67 82

One should recall the great mobility of the ¢-butyl group. One notes the elimination of the r-
butyl group in the 2-position to the ester function, when the di-r-butylphenyl propionates are treated
with AlCL,, SnCl, and ZrCl, (Eq. 30).1%

EtCO EtCO
MeN02
20°

Catalyst
T1C14 69 -
SnCl, 5 59
OCOEt OH
MeNO, COEt (30)
——
20°
Catalyst %
ZCl, 67
OCOE! OH OH OH
EtCO EtCO
MeNO,
—_— + +
20°
COEt
Catalyst %
TiCl, 66 17 _
AICl, - 5 50

4. Trisubstituted Phenyl Esters
Some trisubstituted phenyl esters have also been treated with AICL,. Thus, the Fries rearrange-
ment of 4-chloro-3,5-dimethylphenyl acetate'® and 4-bromo-3,5-dimethylphenyl propionate®® gives
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the o-hydroxyketones (90% and 79%). The Fries rearrangement of miscellaneous methyl dimethy-
lacetoxybenzoates!™ leads to o- and p-hydroxyketones (Eq. 31).

OCOMe OH
MeO,C Me MeO,C Me
AIC1,/PhNO,
——eeei
Me 80-85° Mo
COMe
66%
COzMe MeCO CO.Me
AICL/PhNO,
_—
Q50 31
Mo 80-85 "o @31
Me Me
55%
OCOMe OH OH
Me0,C MeO.C COMe HO.C COMe
AICl;/PhNOz
e *
Me Me
Me Me
70% 20%

II.  PREPARATION OF o- AND p-HYDROXYARYLKETONES FROM DIPHENOL AND
POLYPHENOL ESTERS

The Fries rearrangement of diphenol and polyphenol esters has been subject of many studies.
Recent results of interest in this area are discussed below.

1. Diphenol Esters

a) Pyrocatechol Esters

The Fries rearrangement of pyrocatechol dibenzoate,”? diisobutyrate,'% and dipropionate!'?’
only leads to 4-acyl derivatives (Eq. 32).

OH
OCOR OH
(32
COR
R Conditions %
Et AICL/130° 83

Et AIC13/MeNO,/20° 86
i-Pr AICl/PhCI/110-115° 41
Ph Nafion-XR/175 38
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Use of BF, at 160° on 2-methoxy-4-methylphenol in acetic acid solution gives the 2,3-dihydroxy-5-
methylacetophenone (78%)'% via acetic ester formation.

b) Resorcinol Esters
The Fries rearrangement of resorcinol monoesters, e.g. acetate,!%!'? benzoate,32111-113 2 4.
dihydroxybenzoate,!'* nicotinate and isonicotinate,* leads to 4-acylresorcinols (70-90%). The Fries
rearrangement of resorcinol diesters, e.g. diacetate,'’>'¢ dinicotinate and diisonicotinate,* dipheny-
lacetate!'® and dipropionate,'” also provides the 4-acylresorcinols (15-65%). The Fries rearrangement
of resorcinol dipropionate gives three compounds (Eq. 33).

OCOEt OH
' COEt EtCO
@\ TiCly/MeNO, -
OCOE! OH
coa coe: COE!
25
18% 74% 8%

The 4-propionylresorcinol 23 (83%) is obtained by heating a mixture of resorcinol, propionic acid and
ZnCl, at reflux.!” The diketone 25 (63%) is obtained by heating a mixture of resorcinol, propionic
anhydride and SnCl, at reflux.

The resorcinol monomethylethers, such as nicotinate and isonicotinate,* treated with AIC, at
180-190° also lead to 4-acylresorcinols (80-90%) owing to demethylation. One should note that there
exist two other monoacylresorcinol isomers: namely 2-acyl and 5-acylresorcinols.

One prepares the vicinal 2-acylresorcinols'!? by saponification of 8-acyl-7-hydroxycoumarins,
themselves being obtained by Fries rearrangement of corresponding 7-acyloxycoumarins (Eq. 34),

COR COR
00 (o} o} HO 0 (o]
ACL NaoH "° oA
e I — . 34)
= Z
Me Me

The vicinal trimethylated ketone 26 has been isolated from an unexpected Fries rearrangement
of 2,3,5-trimethylhydroquinone diacetate (AICL,, 220°) to 2,6-dihydroxy-3,4,5-trimethylacetophe-
none; the expected 2,5-dihydroxy-3,4,6-trimethylacetophenone (Eq. 35) was not detected.

OCOMe
Me MeCO
A1C13 (35)
220°
Me Me
OCOMe

Resorcinol 26 arises via subsequent rearrangement of the normal produc:ts.”8 5-Acylresorcinols are
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prepared by means of organocadmium derivatives (45-65%).!'®
The Fries rearrangement of monosubstituted resorcinol diacetates, as for resorcinol dipropi-
onate, easily yields diketones (Eq. 36).'2

OCOMe OH

Ry MeCO Ry
- . (36)
R; OCOMe Ry OH
COMe
R, R, Conditions %
Me H AICI3/PhNO,/65-75° 63-77
H OMe BFy/E,0/75° 66
¢) Hydroquinone Esters

The Fries rearrangement of hydroquinone diesters leads either to ketoester or to monoketone
or to a mixture of both compounds. No diketones are obtained (Eq. 37).10712112

OCOR OH OH
COR COR
_—— + (€))

OCOR OCOR OH

R Conditions % %

Me AlCl,/120° 31 >30

Me BF,/Et,0/120° 90 -

Me AICl;/PhNO,/160-165° - 89-90

Et AlC1/CICH,CH,C1/20° 91 -

Et AIC1,/180° 3 89

The Fries rearrangement of substituted hydroquinone diacetates, such as 2-bromo,'?* 3-bromo
and 3-chloro,'® 2-methoxy,'® 2,6-dimethoxy'® and 2,6-dimethyl,'”’ leads to corresponding monoke-
tones (30-70%). One should point out that a dinitrohydroquinone monoacetate, treated by AICL, leads
to the corresponding monoketone (61%)(Eq. 38).!2

OH
NO, NO2 AIC1/PhNO, NO; NO2 )
100° (
COMe
OCOMe
61%

d) 4,4"-Dihydroxybiphenol Esters
Treatment of many 4,4 "-dihydroxybiphenyl diesters'?® (from diacetate up to dihexadecanoate,
and dibenzoate) with AICl, gives the 3,3 -diacyl-4,4"-biphenols (30-100%).
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2. Triphenol Esters
Pyrogallol Esters
The Fries rearrangement of pyrogallol monoesters, e.g. benzoate’? and phenylacetate,'!®
provides the expected monoketones.

Hl. PREPARATION OF m-HYDROXYARYLKETONES

1. By Fries Rearrangement
The Fries rearrangement of phenyl esters generally leads to the formation of o- and p-hydro-
xyketones, formation of m-hydroxyketones in this reaction rarely occurs. It is related to the presence
of a methoxy group on the ring in the 2-position to the ester function.'*® The -COR carbocations that
appear during the heterolysis of those esters proceed to the p- (or o-) positions of oxygenated func-
tions. The acylation of the phenoxy anions p- (or o-) positions is particularly favored.

a) Of Guaiacol Esters
The Fries rearrangement of guaiacol acetate’ and propionate!® affords 6-10% yield of m-
hydroxyketone besides the p-hydroxyketone as the major product. 5-Acylguaiacols are readily
prepared by acylation of ester, followed by saponification of the ketoesters obtained (Eq. 39).1%

OCOR OCOR OH
OMe RCOCVSnCl4 _MeOH OMe
TMeNO,, 20° 20 T KOH 39
RCO
R %
Me 79 90-100
Et 89 "
n-CH g 61 "
CH,Ph 76 "
Ph 82 "

b) Of Creosol and Isocreosol Esters
The Fries rearrangement of creosol acetate!®®!32 and propionate'*? provides the m-hydroxyke-
tones directly (Eq. 40), the intermediate ketoesters undergoing hydrolysis during the course of reaction.

OCOR OH OH
OMe OMe OMe
— — (40)
RCO RCO
Me Me Me
R Conditions %
Me BF,/25° 90
Me BF4y/CH,Cl,/120° 82
Et AICl,/CH,Cl,/20° 59
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In the case of isocreosol, the 5-acyl derivative is prepared by a two-step synthesis (Eq. 41),12

OMe _HNO, NaN02 »
TAR0, 155 15° SnClz 4D
Me COEt COEt COEt

c) Of 4-Methoxyphenol Esters
The Fries rearrangement of 4-methoxyphenol esters only provides o-hydroxyketones, One
prepares the m-hydroxyketones by treatment of these esters in the same way as for those of guaiacol

(Eq 42)'133
OCOR OCOR
_Rcocusacl, MeOH
TMeNO;, 20° “2)
OMe
R
Et 56 90-100
ﬂ'CgH 19 41 "
CH,Ph 74 "
Ph 90 "
C¢H/NO,(p) 49 "
CH,OMe(p) 73 "

2. By Other Methods
a) Diazotation of m-Aminoketones
However, generally, the preparation of m-hydroxyketones may be carried out through two
different methods. From the aromatic ketone, the sequence nitration, reduction and diazotation is
achieved, which allows the introduction of an hydroxy group in the meta-position to carbonyl group.!*

b) Action of an Organometallic Compound on m-Hydroxybenzoic Acids
In the other case, starting from m-hydroxybenzoic acid, one achieves a synthesis using either
an organometallic compound with Mg or Cd'* (70-80%).

¢) From 4-Acyl-2,6-heptadienone
The 3-hydroxy-5-methylacetophenone is obtained by an original synthesis from 4-acetyl-2,6-
heptanedione (Eq. 43).1%

(o] (o]
CuBr,/LiBr
o Me KOHMeOH MeCN/N, @3)
20° reflux
Me COMe Me COMe Me COMe
77% 46%
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IV. FRIES REARRANGEMENT OF POLYCYCLIC AND HETEROCYCLIC ESTERS

1. Polycyclic Esters
a) Acyloxynaphthalenes
The Fries rearrangement of 1-acyloxynaphthalenes leads to 2-acyl and 4-acyl-1-naphthols.
The o-hydroxyketones are always the major compounds (50-90%).13 Two disubstituted 1-naphthol
acetates, treated by BF,, lead to unusual compounds. The acylation is strongly influenced by the pres-
ence of other substituents (OH, OMe) on 1-naphthol esters (Eq. 44)(Eq. 45).'%

MeO OCOMe MeO OH MeO OH
COM
BF,-E1,0 °
32 + (44)
60°
Me Me Me
COMe
74% 10%
OCOMe OH
R BF R
—_ 45)
65°
COMe
MeO OH R=H, OMe MeO OH

One also obtains in some cases ketoesters. Thus, the 3-methoxy-2-methyl-1-naphthol acetate and
benzoate provide the corresponding 7-acyl-3-methoxy-2-methyl-1-naphthol esters (35 and 22%
respectively) with AICL,.'%

The Fries rearrangement of 2-acyloxynaphthalenes leads to 1-acyl and 6-acyl-2-naphthols;
AICL favors the formation of o-hydroxyketone (60%),*® whereas HF gives mainly 6-acylnaphthols
(60-70%).!! The 1,3-dioxy-2-methylnaphthalene diacetate with AICl, provides the 4-acetyl and 4,7-
diacetyl-3-hydroxy-2-methyl-1-naphthyl acetate.!®

In the series of 1,4-diacetoxynaphthalenes (with H or Me in 2-position), only one acyloxy
group participates in the reaction. Thus one obtains the corresponding o-ketoesters (80-90%).'4?
2,3-Dioxynaphthalene dibenzoate and diacetate with AlBr, lead to 1-acyl-2,3-dioxynaphthalenes
(75 and 80%).143

b) Acyloxyanthracenes

2-Acetoxyanthracene with AICL, leads to 1-acetyl and 3-acetylanthracenes.'* By action of
Lewis acids on 9-acyloxyanthracenes, one obtains 10-acylanthrones.!#
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¢) Acyloxyphenanthrenes
AlBr, transforms the 9-oxyphenanthrene benzoate in 9-benzoyl-10-hydroxyphenanthrene. !4
Fries rearrangement of 4H-cyclopenta[def] phenanthren-1-yl acetate gives 2- and 7-acetyl derivatives.
The reaction of isomeric 2-acetoxy compounds afford 1- and 7-acetyl derivatives. The acetyl group of
the 3- and 8-acetoxy compounds rearranges into the 2- and 9-position respectively.'’

d) Acyloxyfluoranthenes
Fries rearrangement of mono, di and triacyloxyfluoranthenes with AICL, was the subject of an
important study. Various hydroxyketones are obtained, sometimes a ketoester but never diketones.!*®

2. Heterocyclic Esters
a) Acyloxybenzofurans

Fries rearrangement of 5-acetoxy-2-ethylbenzofuran leads to a mixture of three compounds,
namely the 3-, 4- and 6-acyl derivatives.'¥

The Fries rearrangement of various esters of 2,3-disubstituted monohydroxybenzofuran has
been investigated. In this series, the Fries rearrangement of 2,3-dimethyl-4-acetoxybenzofurans
provides the o- and p-hydroxyketones, whereas the 2,3-disubstituted-5-acyloxybenzofurans give only
the 6-acyl derivatives.'S

The Fries rearrangement of 2,3-disubstituted-6-acyloxybenzofurans leads to S-acyl deriva-
tives;'® on the other hand, when the 5-position is occupied, the isomeric o-hydroxyketone, i.e. the 7-
acyl derivatives is obtained.' The 7-acetoxy-2,3-dimethylbenzofuran when treated with AICI,,
provides o- and p-hydroxyketones.'5

b) Acyloxycoumarins

A number of substituted acyloxycoumarins have been submitted to Fries rearrangement. The
substituted 7-alkyl-5-acyloxycoumarins lead to 6-acyl derivatives with AIC1,.'*2 The Fries rearrange-
ment of 7-acyloxycoumarins provides mainly the 8-acyl derivative (50-70%),%!33 with sometimes
small quantities of the 6-acyl derivative (5-10%),'™ except when this position on the aromatic ring is
occupied.'! Yields are severely lowered in the case of substituted 7-oxycoumarin crotonates (20-
40%).'>* The 4-substituted-5,7-diacetoxycoumarins lead to 5,7-diacetyl-4,6-dihydroxycoumarins
when treated with AIBr, or AICL,$2155

¢) Acyloxythianaphthenes
The result of Fries rearrangement (AICL/PhH) of 4-acetoxythianaphthene 27 is dependent
upon experimental conditions. While the o- and p-hydroxyketones 28-29 are easily obtained, the
formation of unusual compounds 30, 31 and 32 is also observed at room temperature.'*® However,
under the normal in Fries rearrangement conditions (20 hours, reflux), 29 is almost quantitatively
(95%) converted into compound 30 (Eq. 46).!%
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[ COMe
S
/" ©:> @D
MeCO
OH
28
s 4 hrs, reflux - 90% 7%
PhCl 24 hrs, reflux 70% 25% - (46)
/ ACl, o
OCOMe S S
/ +
MeCO
P ocome "
3 32
ﬂ& hrs, room temperature 17% 8%

In the Fries rearrangement of 4-acetoxy-3-methylthianaphthene, the acetyl group migrates mostly to
the 2-position (Eq. 47).!%¢

COMe

__ACIyPhH S com 8 “@

e

2 hrs, reﬂux Y, * /

ocome M oH M o Me
68% 21%

The treatment of 5-acetoxy-3-methylthianaphthene (AICL,, PhH, reflux) leads only to 2-

acetyl-5-hydroxy-3-methylthianaphthene (90%)."'
Fries rearrangement of 6-acetoxythianaphthene is specific (Eq. 48).!%¢

MOOOO

PhH \©/\)_ KI?_
.5 hr, reflux
4 hrs, reflux - 57%

MeCOO S, AlCk L_
/ g (48)

MeCOO s  Mecoo s

N G VI @ Ve

COMe

L 8% 16%

The Fries rearrangement of 7-acetoxythianaphthene (AICL,, PhH, reflux) leads to a mixture of
three compounds (Eq. 49).1%
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OCOMe OH
S S
+
OCOMe
Ph Ph
S\ AIClPHH 10% S1% .
—_— 4
/ 4 hrs, reflux “9)
OH OH
S S
/ +
COMe COMe
- 10% 10%

On the other hand, under the same conditions, the 7-acetoxy-3-methylthianaphthene only provides 2-
acetyl -7-hydroxy-3-methylthianaphthene (78%).1%

3. Miscellaneous Esters

Several 3-acyloxythiophenes substituted at the 4- or/and 5-position have been treated by
AICL,. They all lead to substituted 2-acyl-3-hydroxythiophene (30-80%).!*® The Fries rearrangement
of 6-acetoxy-3-methylbenz(1,2]isoxazole (AICL,, 140°) leads to 7-acetyl-6-hydroxy-3-methyl-
benz[1,2]isoxazole (75-85%).'* The treatment of 2-phenyl-4 (4 -acetoxybenzylidene)-5(4H)-
oxazolone (AICL, PhNO,, 100°) likewise provides the expected o-hydroxyketone (51%).'s!

8-Acetoxyquinoline-5-aldehyde,!s? 5-acyloxy-1,4-benzodioxanes,'®® 2- and 4-acetoxy-o—
benzylidene-8-butyrolactones'®* and 4- and 5-acetoxy-2,1,3-benzothiadiazoles'®* were converted by
Fries rearrangement into the corresponding o- and p-hydroxyketones. Solutions of phenolphthalein
and of bisphenol A dibenzoates in PhANO,, treated with AICL, at 170°, provide the expected di-o-
hydroxyketones (57% and 45%) 166

H
!
N
MeCOO
COMe
Cl,CHCHCly/ reflux 78%
PhNO,/20° - 66%
COMo COMo OMe I (50)
NaOH N
/
OCOR OH
(MeC0),0H,S0, H,S0, 86%
(EtC0),0/H,S0O, H,S0, 86%
PhCOCH AlCI, 68%
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The Fries rearrangement of substituted 3- and 5-hydroxyindole esters leads to different
hydroxyketones according to the experimental conditions (70-85%)(Eg. 50).'¢

V. CYCLIZATION REACTION IN THE COURSE OF THE FRIES REACTION

1. From Phenolic Esters of a.-Ethylenic Acids
The phenolic esters prepared from o,B-ethylenic acids under Fries conditions lead to
different cyclizations. The compounds obtained vary according to the experimental conditions.
Thus, the Fries rearrangement of phenyl and naphthyl cinnamates is strongly influenced by the
nature of solvent,'®
Pheny] crotonate and 3-methyl-2-butenoate provide the chromanones (Eq. 51).'%°

OCOCH=CHCH, [ Me
o s
10
Me % Me

o
83% (&33)
MeOQ OCOCH=C(CHj); MeO. o Me
U MeSOH
i Me
70°
R R
o
R %
H 79
OH 92

The Fries rearrangement of 4-substituted phenyl furylacrylates (AICL,, PhCI, reflux) leads to 6-substi-
tuted coumarins (65-80%).'"°

2. From Phenolic Esters of a-Halogenated Acids
The phenolic esters obtained from o-halogenated acids undergo cyclization under the action
of AICl, with formation of indanones (Eq. 52)'"! or coumaranones. Some m-cresol and tar are also

P cu
Al ]
cl oH 4
CHg
_ﬂ' Me
90-100°
Me Me
549
Br Y (52)
OCOCHCH,CH; oH ¢
AlCl,
—ty
120-125°
Me Me Me
62%

formed from m-cresyl a-chloropropionate (Eq. 53).% The action of SnCl, on p-tolyl acetate may lead
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? Me Me
OCOCHCH; o o o OH
120° COCHCH, o o COCH,CH,
—_— + + +
Me Me Me Me Me (53)
Catalyst % % % 9,
AICL, 15 25 10 -
TiCl, 31 - - 12

directly to anthocyanin compounds, via the formation of 2-hydroxy-5-methylacetophenone.!™ The
Fries rearrangement of some specific esters gives complex polycyclic quinones (Scheme 3).13

Scheme 3
co,u
coo-@ AlCl
@ _Cl,CHCHCI,
s
60% 13% 6%
OAc OAc OH O Me o
OAc AICl; . ~ OH
0 oH = oH
OAc OAc OH O Me o
50% 25%
o 0 OH
Y 220 0
MeO 90°
oH MO O OH
60-80%
MO O OH (o)
o
+
0 o BF Y .
3 MO O OH H O OH #i
COaMe il 2% 15%
Meo 100% 0 OH MeO O OH
OH
9000900 S
MeO 0 OH 0 OH
2% 1%
0
o
=240 00
.S reflux
MeO o 0%
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VL. FORMATION OF HYDROXYARYLSULFONES FROM ARYLSULFONATES

1. Phenyl and Naphthyl Arylsulfonates
The action of AICL, on arylsulfonates leads to o- and p-hydroxyarylsulfones. The reaction is
carried out either in PhNO, at 100° or without solvent between 120 and 160° (Eq. 54).The phenyl and
naphthyl benzenesulfonates provide the hydroxyarylsulfones in low yields (<20%).'7* The presence of
halogens on the phenolic part of the ester, or the presence of a substituent in para-position (Me,
halogen) of the arylsulfonic acid usually promotes the rearrangement (20-60%).

0SO0,Ph OH
Al SO,Ph
3 + (54)
A
SO,Ph

Many p-halo substituted pheny! phenylsulfonates,'” p-methoxyphenylsulfonates,'” o- and 8-
naphthylsulfonates'’*!7¢ and p-toluenesulfonates'’*!7” have been subjected to the action of AICL,.
Cation-exchanged montmorillonite clays have been used as Lewis acid catalysts in the Fries
rearrangement of phenyl p-toluenesulfonates to o-hydroxyarylsulfones (<5%).!”®

The action of AICL, on arylsulfonates involving methoxy and carbomethoxy groups usually
induces partial cleavage of methyl groups (Eq. 55).

OH OH
oso,@ cl COMe COH
AICI, or
_
CO,Me 140°
%2~®— Ci 302@_

cl
with PhANO, 62% -
without PhNO, - 40%
(55)
OH OH
oson OMe COMe CoH
AICI, or
—_—
CO,Me 140°
so,—@—ou so,—@—ou
with PNO, 35% -
without PhNO, - 85%

The presence of carbomethoxy, carboxy, cyano and nitro on the phenolic part of the ester does
not seem to modify the course of reaction. The Fries rearrangement of resorcinol and hydroquinone
di-p-bromophenylsulfonates does not provide the disulfones but only tars.!”s
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The Fries rearrangement of 4-acylphenyl arylsulfonates leads to 2-hydroxy-5-ketoarylsulfones.
However, the nature of acyl group influences the course of the reaction (Eq. 56).!”

OSO;R,
SO2R,
A1C13 (56)
COR; COR;
R B
Me 20-60
Et 85-100

Rl = Ph, C6H4Me(p), C6H4Hal.(p), C10H7((l) and (B)

2. 8-Hydroxyquinolinyl Arylsulfonates
The Fries rearrangement of eight 8-quinolinyl arylsulfonates leads to 5- or 7-arylsulfonyl-8-
hydroxyquinolines (15-20%) (Eq. 57).1%

OSO2R; OH OH
RSO
Ny A N3 ? NS
_ + 57
Z 170-180° P y
SO,R

R = Ph, C¢HMe(p), C¢H4Hal.(p), CeH4OMe(p), CjoH;() and (B)

VII. MISCELLANEOUS REACTIONS

1. Preparation of Diketones
In some cases, the Fries rearrangement of a phenyl monoester provides, in addition to the
expected compounds, small quantities of hydroxyaryldiketones (<20%). The most rational process to
get these compounds is to treat ketoesters with AICl, between 120° and 160°.

a) 2,6-Diacylphenols
The o-ketoesters having an halogen atom (Cl, F) or a methyl group in the para position to the ester
function lead to 2,6-diacylphenols (60-80%).1181 The nature of the acyl groups is of no importance.
Sometimes the reaction proceeds with demethylation when one of the rings carries a MeO group (Eq. 58).

OMe OH OH
AlCl;  MecCO co
0co W (58)
MeCC
OMe
R OH
R %
R Cl 62
Me 65
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b) 2,4-Diacylphenols
An acyl group is in the para position to ester function. The acyl groups may be of identical or
different nature. The phenolic part of the ketoester may carry a substituent (halogen, methyl) in 2- or
3-position to the ester function.%'¥2 One may also treat a p-acylphenol according to Friedel-Crafts
(Eq. 59).'* Yields may vary between 40 and 80%.

OCOPh OH OH
PhCOCI
COPh
AlCl, AICl,
_— -— 59)
120-160° 100-150°
COPh COPh COPh

2. Migration of Acyl Group on Another Ring in the Fries Reaction
In benzene, SnCl, causes the migration of the acetyl group of 2-(4"-acetoxybenzyl)thiophene
(Eq. 60).'8

SuCl mm—@—cn,*@

MWW—OCHQ‘Q — + (60)
7\

l'm.<\j>_c"|2’<sj\com«

3. Behavior of Amides and Sulfamides in Relation to the Fries Reaction

Aromatic amides when treated by PPA, TiCl,, ThCl,, ZrOCl, lead to o- and p-acylani-
lines.'® Two specific cases will be pointed out. The Fries rearrangement of benzoylacetanilide with
PPA does not stop at the o-amino-2-benzoylacetophenone step, but directly leads to 4-hydrox-
yquinoline (Eq. 61).18

NHCOCH,COPh NH2 N Ph
PPA N
— _— (61)
140° y/
COCH,COPh

20%

In the same manner, the action of BiCl, (160-245°) on the amides does not always stop at the o- or
p-acylaniline step, but may lead to a condensation product (Eq. 62).1%
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NHCOCH,@ NH2
_ COCH;Z
B1C13
—
160-180°

Me

85%

(62)
Me
NHCOCH;,3 NH,
Me Me C=N Me
H |
2 BlCl3 Me
200-210°
Me
40%

The Fries rearrangement of N-benzoylsulfonylanilines with AICl, at 180-200° leads to 4-
aminodiphenylsulfones. 58

1-Arylazetidin-2-ones, at reflux in F,CCO,H give a reaction related to the Fries rearrange-
ment. They provide the furo[3,2-c]quinolines or the 2,3-dihydro-4-(1H)-quinolones (Eq. 63).1%

CH,
CHj
CHCH,0H o
\
N 5 F3;CCO,H N
reflux _
N
60%
(63)
(o]
©\ [o] F;CCO,H
N ’
| | 100° N
|
H
80%

4. Synthesis of Polymeric Hydroxyarylketones

a) Cyclic
Calix[4]arene tetraalkanoates 33 undergo Fries rearrangement (AICL, 150° or AICL,, PANO,,
20°) to yield p-acylcalix[4]arenes 34 (60-80%)(Eq. 64).'%
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33 R = Me, Et, n-Pr, i-Pr, Ph 34
60-80%

A method is described for the selective functionalization of calix[4]arene at the para-positions of the

phenyl rings (70%)(Eq. 65).'!
Ac

OH
-ich_. O OMe MeO Q (65)
OH

Ac
70%

The Fries rearrangement of hexakis (acyloxy) calix[6]arene (AICL, PhCl, 45-50°) leads to hexaacyl-
calix[6}arene (30-35%).192

b) Acyclic
The Fries rearrangement has been used for the preparation of new polymers by action of AICl,
on polyesters (30-60%) (Eq. 66).1°

oac [ OAc | o [ OH |
AICkL

- CH,

PhNO,

—_—
40-60%

= A

=H, Me

403

—R
(66)
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Oligomer-analogous Fries rearrangement of oligomeric-2-acetoxy-1,3-phenylenemethylenes leads to
two poly(5-chloro-2-hydroxy-1,3-phenylenemethylenes (MW 1500-2300) (Eq. 67).%

AcO-1-CH,

OAc

-

n

MW 1500-2300

HO-1-CH2

OH

Ac

(67)

n

Fries rearrangement of phenyl 4-vinylbenzoate polymer (I) and 3-methoxy 4-vinylbenzoate

polymer (II) resulted in formation of polymer containing hydroxybenzoylphenyl groups and a
large number of the derivatives were p-substituted in the case of (I) and o-substituted in the case

of (II) (Eq. 68).1%

- CH,—CH L 4 cH,—CH L 1 CcH,—CH L
AICL,
PhNO, .
— 6
° 80-100° It ¥ g %)
(o] R OH
R OH R
| _ n | _ n | A n

The Fries rearrangement of vanillin acetate 35 proceeds via the formation of 3-acetyl-4-
hydroxy-5-methoxybenzaldehyde 36 and it spontaneously condenses to an equilibrium mixture of a
polychalcone 37 and a poly(8-methoxydihydrobenzopyrone) 38 (Eq. 69).!%

OMe

OMe
i :OH i :OH
---=CH COCH=CH COCH= ---
38

OMe

OMe
ocoMe AIChL OH (69
PhNO,
—_—
OHC 50-150° | oue COMe
35

[o] OMe
o
OMe o]
37

Specific ion-exchange resins containing hydroxy oxime groups were prepared from 4-methyl-
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2-nitropheny] or 4-chloropheny! acrylate polymers via the Fries rearrangement (Eq. 70).!’

—(—cn,—cn-)n—-

o—g-

—(—cn,—cu-)— —(-cnz—-cu-)—

NO, =NOH
1) AICl,, PhNO.
3 2 (10)
2) melhylcyclohexane
100°
Me

One can increase the photochemical and thermal stability of polymers by introduction of
esters groups in chain. Thus one obtains self-protecting polyacrylates. After the Fries rearrangement,
phenolphthalein terephthalate polymers and dimethylsiloxane-phenolphthalein terephthalate block
copolymers contain carbonyl and hydroxyl groups ortho to each other.!*® Thus, by reaction on poly-

acrylates, polymers containing inhibiting groups in the chain were obtained.'®

5. Anionic ortho-Fries Rearrangement
o-Halogenopheny] esters undergo an intramolecular acyl migration to produce, after hydrol-
ysis, the corresponding o-hydroxyketone (50-90%) (Eq. 71).!

1 ) n-BuLi, THF/ether/Hexanes
-70°
NH,Cl

81%
an
COC|CH 2CH3y OH
Me 1) sec-BuLi
e '|‘°
Me Br 2) H;O Mo

COCCH2CH,
|

Me
76%

ortho-Lithiated O-arylcarbamates constitute new synthetic intermediates which provide sali-

cylamides by rearrangement (Eq. 72).2%

OCONEt, OCONEt,
/©/ sec-BuLi, TMEDA, THF /@: CHUNHYCL /@ o
R CONEtg

H 75
p-OMe 60
p-Cl 65

N,N-Dialkylcarbamoyloxyquinolines after metalation and normal work up lead to miscella-
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neous compounds (substituted quinolines and quinolones depending on the position of substituent
relative to nitrogen and to the work-up treatment) (Eq. 73).2%!

Me;NCOO HO
? m DIPAL, THF ]: I \]
”,
NF -78° Me,NCO N

CONMe,

Me;NCOO 1) t-BuLl, THF
2) DIPAL, TMCIS
@fl "
————r
OCONMoz

OCONMe,
Gé o

Some 2-substituted N-acylphenothiazines undergo a rapid intramolecular N— C migration of
reaction with lithium N,N-dialkylamides at -78° to give rearrangement acylphenothiazines (Eq. 74).2%

ses NN oe D

R= CF3 R, =H, Cl, CF, 30-45%
R=3-pyridyl  R,;=Cl

(73)

CONMe,

Ir—2 ::O IT—Z

VIII. PHOTO-INDUCED FRIES REARRANGEMENT

The photo-Fries reaction of phenolic esters proceeds by a radical mechanism. The solvents
used are mainly hydrocarbons and alcohols, Polar solvents favor rearrangement and the non-polar
solvents to lead mostly the formation of phenol.® The photo-Fries reaction leads most often to the
same compounds as the Fries reaction catalyzed by acids. However, one may observe decarbonylation
and decarboxylation reactions in the course of rearrangement,? as well as cyclization sometimes with
the formation of unusual compounds.
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1. Irradiation of Aryl Esters in Solution

a) Monophenol Esters

Various phenol esters have been subjected to photo-Fries rearrangement, namely phenyl
acetate,5? phenyl benzoate,5% phenyl p-chlorobenzoate (2-acyl: 49%, 4-acyl: 6%).® phenyl cinna-
mate,® phenyl p-methoxycinnamate,”® phenyl ferrocenoate (4-acyl: 44%),° phenyl o-toluate® and
phenyl nicotinate, isonicotinate and picolinate,”? as well as simple or mixed diesters: diphenyl
malonate,?® ethyl pheny! carbonate®® and methyl phenyl oxalate.?!°

The photo-Fries reaction has been also applied to the following esters: 1-naphthyl acetate,?"!
cinnamate?" and 4-methylcinnamate (2-acyl: 35%),%'2 as well as 2-naphthyl acetate?®® and benzoate.!?
The 2-naphthyl esters always provide a mixture of three isomeric hydroxyketones (Eq. 75).

COPh COPh
OCOPh OH OH OH
hv
QT - AT
MeOH PhCO
2% 18% 12%

Various monosubstituted phenyl esters have been irradiated by UV-light in solution. Under
these conditions, 2-r-butylphenyl pivalate yields, besides hydroxyketones (4-acyl: 3%, 6-acyl: 14%)
and 2-r-butylphenol, a mixture of di-t-butylbenzene isomers,”'* whereas 2-phenylphenyl formate and
acetate give only 2-phenylphenol by heterolysis.?'* The photo-Fries reaction has also been applied to o-
tolyl nicotinate,2”” 2-chloropheny! ethylcarbonate,” as well as 2-methoxyphenyl 2,3-dimethoxyben-
zoate and acetate.?! In the last case, 52% of 2-methoxyphenyl acetate is recovered after photo-Fries
reaction. However, 2-hydroxy-3-methoxyacetophenone obtained represents 48% of the total of the
other compounds, which is of obvious preparative interest. Indeed, this ketone is obtained with a very
low yield (1%) by action of AIC, on the ester.!! The acetate and benzoate of o-hydroxyacetophenone,
whose ketone function has been protected, were irradiated. Thus, the enol-acetate of 2-benzoyloxy-
acetophenone afforded the hydroxydiketones as the major products (2,4-diacyl: 24%, 2,6-diacyl: 27%),
by way of photo-Fries rearrangement of the acyl ester group, followed by intramolecular transacetyla-
tion of the resulting hydroxyketones and hydrolysis.?'” Similar results are obtained with the enol-
acetate of 2-acetoxyacetophenone.?'” The cyclic ethylene acetals of o-acetoxyacetophenone give upon
irradiation and hydrolysis the expected diacetylphenols (2,4-diacyl: 13%, 2,6-diacyl: 17%) (Eq. 76).2"
By contrast, o-acetoxyacetophenone does not undergo any appreciable change upon irradiation,
showing the deactivating effect of the acetyl side-chain. Some m-substituted phenyl esters -
benzoate,* ethylcarbonate?® and nicotinate?”’ - have been subjected to the photo-Fries.

On the other hand, the irradiation of several p-substituted phenyl esters has been performed
and leads to the expected o-hydroxyketones or to the formation of heterocyclic compounds. So p-tolyl
acetate,'® benzoate,5?'32!% 2-butynoate,”® p-chlorobenzoate,?! cinnamate,?® dihydrocinnamate,222
indole-2-carboxylate,*”® propynoate,??® hemisuccinate and methylsuccinate,? have been treated simi-
larly and all lead to o-hydroxyketones with various yields. In the case of p-tolyl acetate, a discordance
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OAc OAc [~ OAc OAc OAc OAGT

A

_ .

é"%
g

Ac
OAc OAc
Ac Ac Ac
+
Ac (76)
H,0
OH OH
Ac Ac Ac
+
Ac
[HZO
OAc © OH O OH O
> Ac >
o hv Mo o o]
—
Me n-CeHyq + Me

Ac

does appear; irradiation according to Pathak and Khanna®* does not afford the expected product;
instead 4-hydroxy-2-methylacetophenone is obtained (26%). 7-Methyi-4-azaxanthone (28%) was
prepared by UV irradiation of p-tolyl 2-chloronicotinate by way of the photo-Fries product.’® The
photo-Fries reaction of di-p-tolyl malonate gave 4-hydroxy-6-methylcoumarin.®® The p-tolyl phtha-
late also affords an heterocyclic compound (Eq. 77).2%

g - T

Similarly the irradiation has been carried out on 4--butylphenyl,$2'4 p-chlorophenyl,62%52% and p-
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methoxyphenyl esters,20521622022224227 The 5-methoxy-1-naphthyl esters gave the 2-acyl-5-methoxy-
1-naphthols (50-70%) by irradiation.??®

Miscellaneous disubstituted pheny] esters have been subjected to the photo-Fries reaction and
led to the formation of a-hydroxyketones. These esters were 3,5-di-r-butylphenyl benzoate (2-acyl:
48%),2" carvacryl nicotinate,?®” 2,4-dimethoxyphenyl acetate (6-acyl: 61%),2'¢ 2,4-dimethylphenyl
acetate (6-acyl: 54%),21® 2,4-dimethylphenyl hemisuccinate (6-acyl: 60%),2>*" creosol acetate (6-
acyl: 68%), benzoate (6-acyl: 63%) and isocreosol butyrate (4-acyl: 16%, 6-acyl: 24%),*'¢ orcinol
esters (Eq. 78)2° and various thymy] esters. 20723

OCOPh oH oH OH
) COPh PhCO
\Y
v 78)
EtOH * * ¢
MeO Me MeO Me Moo Me  MeO Me
COPh
21% 14% 8%

b) Diand Polyphenol Esters
The normal acid-catalyzed Fries rearrangement of catechol acetate yields predominantly
3,4-dihydroxyacetophenone, whereas the photochemical rearrangement apparently favors the

OCOMe OH OH
COMe COMe
L, e AL, -
—_—
Me McOH Me Me
OCOMe OCOMe OH
40%
OCOMe OH OH
COMe COMe
A QL 00
—_—
OCOMe EtOH OCOMe OH
OCOMe OCOMe OH
70% (79)
MeCOO OCOMe MeCOO OH OH OH
COMe COMe
hy O H,0
— —_—
MeOH
MeCOO OCOMe MeCOO OCOMe OH OH
60%
MeCOO OCOMe MeCOO OH OH OH
COMe COMe
L, = QO =0
—_—
EtOH/
oM glycerol OMe OMe
OMe OCOMe OMe OCOMe OMe OH
0%
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2,3-dihydroxyacetophenone isomer.2® The irradiation of various hydroquinone esters,?! 32 pyro-
gallol, hydroxyquinol and phloroglucinol esters has been effected.”2 The photo-Fries rearrangement
of several polyacetoxynaphthalenes offers preparative possibilities (Eq. 79).53

In all the cases, it was observed that the acetyl group migrates to an available B-position and only one
acetyl group migrates.

2. Irradiation of Various Compounds in Solution

a) Heterocyclic Esters
The photo-Fries reaction of 7-furoyloxy-4-methylcoumarin gave 6-furoyl-7-hydroxy-4-
methylcoumarin as major product (75%). The isomeric 8-furoyl-7-hydroxy-4-methylcoumarin on the
other hand dominates in the normal Fries migration.>
The irradiation of 6-acetoxyindole leads to a mixture of 5-acetyl-6-hydroxyindole (7%) and
7-acetyl-6-hydroxyindole (66%).%° 3-Benzoyloxypyridine also has been photolyzed under Fries

condition (Eq. 80).2%
COAr

OCOA OH OH OH
% " hv = % Z
| —_— | + | + | (80)
N N COAr N ArCO N
Ar % % %
CeHs 12 11 9
CgH,-Me(0) 16 14 14

The photochemical reactions of N-acetyldiphenylamine and N-acetylcarbazole,”” N-acetyl
and N,N-diacetylbenzimidazolones™? in solution have been studied. The reaction products consist of
the ortho and para-acyl isomers.

b) Various Amides

The irradiation of acetanilide leads to o- and p-acetylanilines (36% and 32%),%° whereas N,N-
diacetylaniline gives o- and p-acetylanilides (30% and 25%).2* 2,4-Dimethoxyacetanilide is irradiated
in CH, to give three photo-Fries rearrangement products: 2-amino-3,5-dimethoxyacetophenone
(63%), 2-amino-5-methoxyacetophenone (5%) and 4-amino-3-methoxyacetophenone (11%) from
displaced ortho and para methoxy photo-Fries reaction.”*' The Fries rearrangement of 2-acetami-
dobenzoic acid gave o- and p-photoproducts expected when the reaction is carried out in CH,CN or 2-
methyl-4H-3,1-benzoxazin-4-one in benzene medium.*2

The irradiation of bis (2-acetylaminophenyl) disulfide leads to the formation of heterocycles
(Eq. 81)2°

While 2-chlorobenzanilides were photocyclized, benzanilide, 2- and 2"-methylbenzanilides,
N,N-dibenzoylaniline and N,N-di-(2-chlorobenzoyl)aniline gave photo-Fries type reaction products
efficiently.?* o-Nitrobenzanilide rearranges to 2(-2-hydroxyphenylazo)benzoic acid, via an
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e

NHAc AcHN s
g N\>—m @1
E—
MeOH
s——s NHAc S
intermediate azoxybenzene derivative, under the influence of light (Eq. 82).%

\© E-NO — C[::J%H) ”

While 3-benzoylaminopyridine gave only normal rearrangement products, 2- and 4-benzoy-
laminopyridines, by photolytic rearrangement, gave heterocyclic compounds (Eq. 83).4

COPh PhCO
L= - CL E/I\i
N * \S
N NH, N I|{ o]
H

NHCOPh
h 83)
NHCOPh
HN
-~ hv
| -_— =z
.
N >
N

¢) Aryl Sulfonates and Sulfamides
Phenyl p-toluenesulfonate rearranges to o- and p-hydroxyphenyl-p-tolylsulfones.’ 2-Alkyl-4-
[(arylsulfonyl)oxy]pyrimidines underwent photochemical Fries rearrangement to give the corre-
sponding 2-Alkyl-5-(arylsulfonyl)pyrimidines.>® The photo-Fries reaction of 2-dialkylamino-4-
pyrimidinyl esters of alkyl and arylsulfonic acids, in which the pyrimidine S-position is unsubstituted,
affords the corresponding 5-alkylsulfonyl and 5-arylsulfonyl-2-dialkylamino-4-hydroxypyrimidines
respectively, in yields of up to 60% (Eq. 84).2%
SO.R,

OSO,R
|é\"/ 2 by %YO
—_—
N%(" NQr NH @9
Rz Rz
R, = Aryl, R, = Alkyl or N-dialkyl

411



09: 35 27 January 2011

Downl oaded At:

MARTIN

Irradiation of N-aryl, -aroyl and -ethoxycarbonyl derivatives of SH-dibenz[b,f]azepine
(iminostilbene) gives good yields of trans-cyclobutane dimers 39, whereas the N-tosyl compound
undergoes photo-Fries rearrangement to afford 40 (Eq. 85).%°

502%"4“0(?)
(1) R = acyl, Bz, CO,Et g

(2) R = SO,C4H Me(p)

b)

::—z

40

Photo-Fries rearrangement of N-sulfonylcarbazoles afforded the respectively 1- and 3-
sulfonylcarbazoles in 29-55% yield.2* The photolysis of 2-benzotriazol-2-yl-4-t-octylphenyl benzene-
sulfonate gave 66% 2-benzotriazol-2-yl-4-t-octyl-6-(phenylsulfonyl)phenol. %!

d) Aryl Thioesters
I I
Ar—C—S—Ar (and Ar—C—0—Ar)

Irradiation of S-pheny! thiolacetate gave both o- and p-isomers, unlike S-phenyl thiolbenzoate which

gave only the p-isomer (Eq. 86).%2
( ) || ( ) ( )
o
' :

OO Oy

4"-Tolyl-2-methylsulfono-thio-benzoate undergoes a photo-rearrangement 10 give 2-methyl-
thiaxanthone (34%). The isomeric 4-tolyl-3-methyl-sulfono-thio-benzoate form bis-4 -tolyl disulfide
(42%) and 3-methylsulfono-benzaldehyde (32%). No thiaphoto-Fries products are formed by the photol-
ysis of these.?* Irradiation of O-phenylthiobenzoate gave the ortho photo-Fries product (Eq. 86).%

o=0

(86)

O
{¢]
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e) Aryl Selencesters
o
Ar——IC-So—Ar
Se-p-tolyl selenobenzoate 41 upon irradiation gives the selenophoto-Fries product 42, p-
selenocresol 43 and benzaldehyde (12%). Immediate separation of the reaction products by chro-
matography yields the sensitive selenols 42 and 43, which form the isolatable diselenide 44 and 45 in

33% and 46% yield, respectively, on air oxidation (Eq. 87).25

= LOAAY
OO Qg@ ©<j
O OO

Irradiation of Se-phenyl-2-chloroselenobenzoate with UV light gives 19% selenoxanthone.

f) Aryl Telluroesters

(o]
Ar— g —Te—Ar

Telluro ester 46 undergoes photo-induced o-cleavage and tellurophoto-Fries reactions with

the formation of tellurides (47: 2%) or ditellurides (48: 33%, 49: 11%) and 2-methylthioxanthone (50:

22%)(Eq. 88).%%
SMe

g — oo

| @ﬁdb@%

50
3. Irradiation of Aryl Esters and Amides in particular conditions

a) In the Presence of -Cyclodextrin
Photo-Fries rearrangement of phenyl acetate 51 ' in aqueous B-cyclodextrin medium, where
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less than one equivalent of B-cyclodextrin was present in the aqueous medium, per each equivalent of
the substrate, takes place with predominant formation of p-hydroxyacetophenone (Table 5). However,
in the presence of an excess of B-cyclodextrin, photo-Fries rearrangement of 51 shows a remarkable
ortho-selectivity (Table 5).2%¢

TABLE 5. Influence of B-cyclodextrin on the Course of the Photochemical Fries Rearrangement of

Phenyl Acetate 52
Relative Yields (%)
Reaction Mixture Conversion  o-Hydroxy-  p-Hydroxy-  Phenol p-lo-
(molar ratio) (%) acetophenone acetophenone
52 12 25.7 25.7 48.6 1:1
B-cyclodextrin:52

(0.45:1) 41 11.2 69.0 19.8 6.2:1
(10:1) 20 89.0 11.0 0 0.1:1

The irradiation of some phenyl and m-tolyl esters as well as diverse anilides in the presence of
an excess of B-cyclodextrin confirms the previous observation.?® Photolysis of benzenesulfoanilides
upon cyclodextrin encapsulation in solid phase yields exclusively 2-aminodiphenylsulfone. >

b) In the Presence of Sodium Dodecylsulfate
Photo-Fries rearrangement of phenyl benzoate and phenyl cinnamate in micellar environment
in aqueous sodium dodecylsulfate (SDS) results in an efficient and high yield synthesis of the corre-
sponding 2"-hydroxyketones (Table 6).2%°

TABLE 6. Influence of Sodium Dedecylsulfate (SDS) on the Course of the Photochemical Fries

Rearrangement of Phenyl Esters
Relative Yields (%)

Reaction Mixture Conversion (%)  o-Hydroxyacetophenone  p-Hydroxyacetophenone
Phenyl Benzoate

-in Ph 13 20

- in EtOH 20 28

- with SDS 100 74 23
Phenyl Cinnamate

-in Ph 10 2

- in MeOH 23 <1

- with SDS 90 70 15

Photo-reaction of benzanilide in micellar environment of SDS gives selective formation of 2-
aminobenzophenone as a major product (80%) and 4-aminobenzophenone (15%).%!
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¢) In the Presence of Potassium Carbonate

When the irradiation is carried out in the presence of K,CO,, phenyl acetates are converted
into the corresponding o-hydroxyacetophenones in very high yields.26? The irradiation of the cyclic
ethylene ketals of the acetoxyacetophenones in presence of potassium carbonate ieads to the ortho-
rearranged products with an average yield of 70%. Addition of K,CO, inhibits the hydrolysis of the
ketal group which inhibits the deactivating effect of the keto group. This method led to an improved
procedure for the synthesis of diacylphenols.?*

The photo-Fries rearrangement of esters of a.,B-unsaturated carboxylic acids and meta-
oxygenated phenol was studied as a key step in the synthesis of precocenes and related compounds.
Photolysis in hexane did not give any observable transformation, but in the presence of K,CO,, the
acyl group migrates to the two ortho positions.?* Similarly, the acetoxy-2,2-dimethylchromans on
irradiation with UV light in the presence of K,CO, underwent photo-Fries rearrangement to afford
acetyl hydroxy-2,2-dimethylchromans.?*®

d) in the presence of Sodium Hydroxide
The 4-chromanones were obtained in 91 and 82% yield respectively by photolysis of 4-
methoxyphenyl crotonate and 3-methylcrotonate in C;H,-10% aqueous NaOH. When photolysis was
carried out in homogeneous medium in C.H,, the Fries rearrangement products were obtained in only
low yield. 6

¢) In the Presence of Silica Gel
The photo-Fries rearrangement of aryl benzoates was performed in pentane, in a SiO, gel-
pentane slurry and on dry SiO, gel. All yields in pentane were low.%’
The photo-Fries rearrangement of various anilides on the surface on dry silica gel leads to o-

and p-acylanilines.?®

4. Use of Photochemical Fries Rearrangement for Stabilization of Various Polymers and
Copolymers

a) Grafting of Aromatic Esters on Polymers
p-Benzoyloxystyrene was grafted on cotton and nylon to impart improved UV stability. The
grafted benzoyloxyphenyl moiety underwent the photo-Fries rearrangement to a hydroxybenzophe-
none moiety to give further improvement in UV stability.26°

b) Addition of Aromatic Esters and Polyesters in Polymers
Poly (3-methoxyphenyl 4-vinylbenzoate) was an effective UV stabilizer for the copolymer of
4-vinylbenzaldehyde and malonic acid.?™
Photodegradation of high-density polyethylene in air was delayed with nearly the same effec-
tiveness by the aryl benzoate or decanoate as by the hydroxyketones. The effectiveness of aryl esters
was ascribed to their light-induced rearrangement to hydroxyketones.?”! Sheets of aromatic polycar-
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bonates and/or thermoplastic from UV by lamination with sheets of aromatic polyesters undergo
photochemical rearrangement.?’

Pendant phenol groups were introduced on polymer chains by photo-Fries rearrangement of
the pendant Ph ester groups. Upon UV irradiation copolymers form from Ph methacrylate with Me
methacrylate or styrene, 2- or 4-acylphenol groups were introduced as pendant groups.?’”> The photo-
chemical Fries rearrangement of 2-naphthyl acetate in glassy poly (methyl methacrylate) converted
this compound into products that acted as long-range quenchers.2’

¢) Presence of Aromatic Esters in Polymer Chains

Poly (1-naphthyl acrylate), poly (2-naphthyl acrylate) and the corresponding methacrylate
polymers undergo a photochemical Fries rearrangement, introducing quenching groups into the
polymer chain. Because the photolysis products have high extinction coefficients throughout the near-
ultraviolet region, the irradiation of copolymerized naphthyl esters constitutes a potentially useful
method for in situ generation of photo-stabilizers.?”

In general, retardation of light aging during UV photolysis of polymers and copolymers was
due to formation of a o-hydroxyarylketones via the Fries photorearrangement producing a self-stabi-
lizing effect. Thus, poly [9,9-bis-(4-hydroxyphenyl)fluorene terephthalate and isophthalate], ¢ phenyl
polyesters of mixed polyesters (from tere- and isophthalic acids and various phenol: phenol *’
bisphenol A or resorcinol,?”’ 2,2-bis-(4-hydroxyphenyl)propane),?’’ various phenyl acrylate and
methacrylate,”>27128 poly (p-acyloxystyrene)?’®?” and p-isopropenylphenyl acetate or benzoate -
styrene copolymer?” and bisphenol A polycarbonate®® underwent Fries rearrangement in the pres-
ence of UV radiation to give o-hydroxyarylketone side groups which improved the light stability of
the copolymers.

Polybenzoxazoles containing adamantane rings and their photochemical degradation was
compared to that of monomer model compounds. Formation of Ni complexes increased the solar irra-
diation stability.?8!

Double-stranded P-containing homo- and copolyesters were prepared from 2,8-dihydroxy-5-
phenyl-5H-dibenzophosphole-5-oxide, tere- or isophthaloyl chloride and optionally bisphenol A. The
presence of dibenzophosphole ring in the polyester backbone improved the flame resistance and the
stability to UV light.””

CONCLUSION

Aluminum chloride is the most used catalyst to carry out Fries reaction. In general, phenyl
esters provide the o-hydroxyarylketones (>80%) at high temperature (180°). On the other hand, in
carrying out the reaction in nitrobenzene or nitroalkane medium at room temperature, the formation of
p-hydroxyarylketones isomers is preponderant. Under these mild conditions, optically active phenolic
2-methylvalerates when subjected to Fries migration gave optically active phenolic ketones (60%).
Fries rearrangement of phenyl dichloroacrylate with aluminum chloride at 130° gave the ortho- and
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para-hydroxyarylketones (80%), whereas phenyl crotonate treated by polyphosphoric acid or
methanesulfonic acid leads to chromanones (80-90%).

4,4"-bis (p-Hydroxybenzoyl)diphenyl and 4,4°-bis (p-hydroxybenzoyl)diphenyl ether are
prepared in good yields (95%) by treating 4,4"-bis (phenoxycarbonyl)diphenyl or 4,4 -bis (phenoxy-
carbonyl)diphenyl ether between -10° and 0° in the presence of liquid hydrofluoric acid. Fries
rearrangement of 2-acyloxynaphthalenes with aluminum chloride leads to 1-acyl-2-naphthols (60%)
or 6-acyl-2-naphthols in liquid hydrofluoric acid (60-70%). 2,4- and 4,6-Diacylphenols are obtained
by treatment of corresponding ketoesters with aluminum chloride at 160° (60-80%).

The Fries rearrangement of monosubstituted pheny! esters in 2-position gave above all p-
hydroxyarylketones, whereas those substituted in 3-position led to o-hydroxyarylketones. Quantitative
yields of hydroxyarylketones are obtained by Fries rearrangement of monohalophenyl esters. Fries
rearrangement of some 5 -alkyl- and 4°,5"-dialkyl-2"-t-butylpheny] alkanoates with titanium tetrachlo-
ride proves to be a convenient route to hindered 2 -alkyl- and 2,3 -dialkyl-6-hydroxyalkanophe-
nones. The sequential use of "soft” titanium tetrachloride to perform the Fries rearrangement followed
by "hard" aluminum chloride to achieve the elimination of a protecting ¢-butyl group allows the
synthesis of some 2"-alkyl- and 2,3 -dialkyl-6"-hydroxyalkanophenones (60%).

The Fries rearrangement of guaiacol esters gives above all para-acylguaiacols, whereas para-
methoxyphenyl esters lead only to ortho-acylated phenol. The corresponding meta-acylated phenols
were prepared in two steps. First, the ester is acylated with the corresponding acyl chloride and
stannic chloride in nitromethane. In the second step, the resulting ketoesters are hydrolyzed (60-80%).
The resorcinol esters upon Fries rearrangement give 4-acylresorcinols and 2,4- and 4,6-diacylresorci-
nols. The saponification of 8-acyl-7-hydroxycoumarins - obtained by Fries rearrangement of 7-
acyloxycoumarins with aluminum chloride - leads to 2-acylresorcinols. Several diesters of 4,4 "-dihy-
droxybiphenyl with aluminum chloride give 3,3 -diacyl-4,4"-biphenols (80%).

Calix[4]arene tetraalkanoates undergo Fries rearrangement with aluminum chloride to yield p-
acylcalix[4]arenes (60-80%). The Fries rearrangement of aryl sulfonates leads to o- and p-hydrox-
yarylsulfones. Likewise, anilides by treatment with polyphosphoric acid gave o- and p-acylanilines.

Upon reaction with sec-butyllithium at low temperature o-bromophenyl esters undergo an
intramolecular acyl migration to produce, after hydrolysis, the commesponding o-hydroxyarylketones
(60-90%). This is metal-promoted Fries rearrangement. ortho-Lithiated O-aryl carbamates constitute
new synthetic intermediates which by treatment with a variety of electrophiles lead to ortho-substi-
tuted carbamates and by rearrangement provide salicylamides.

Aryl esters of aliphatic and aromatic carboxylic acids undergo UV-light catalyzed Fries reac-
tion in solution and provide o- and p-hydroxyarylketones. A predominantly intramolecular mecha-
nism of rearrangement is favored. Irradiation of guaiacol acetate gives predominantly 2-hydroxy-3-
methoxyacetophenone; this compound is not obtained by acid catalyzed Fries reaction. Likewise, the
Fries rearrangement of catechol acetate yields predominantly 3,4-dihydroxyacetophenone, whereas
the photochemical rearrangement apparently favors the 2,3-dihydroxyacetophenone isomer.
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The photo-Fries rearrangement of aryl sulfonates leads to o- and p-hydroxyarylsulfones. Like-
wise, anilides gave o- and p-acylanilines by irradiation to UV-light. o-Nitrobenzanilide rearranges to
2-(2-hydroxyphenylazo)benzoic acid, via an intermediate azoxybenzene derivative under the influ-
ence of light.

The influence of f-cyclodextrin, sodium dodecylsulfate, potassium carbonate and sodium
hydroxide on the course of the photochemical rearrangement of phenyl esters has been siudied. These
bring an improvement in this process. Likewise, photo-Fries rearrangement of aryl benzoates and
various anilides was effected in the presence of silica gel. The introduction of aryl esters in polymer
and copolymer chains increases the UV-stability. In general, retardation of light aging during UV-
photolysis of polymers and copolymers was due to formation of a o-hydroxyarylketone via the photo-
Fries rearrangement producing a self-stabilizing effect.

REFERENCES
' Retired; inquiries should be addressed at 11 rue Langlois, 92160-Antony, FRANCE,

1. (a) G. Lang, A. Malaval and M. Leduc (Oreal S. A.) Belg. BE 893,250 (1982); Chem. Abstr.
98, 95499¢ (1983); (b) Index Nominum 1987. Compiled by Scientific Documentation Center
of the Swiss Pharmaceutical Society, Zurich; (c) The Merck Index, 11* Ed., 1989, Merck &
Co., Inc. Rahway, NJ, USA; (d) Dictionnaire Vidal 1991, Editions du Vidal, France.

2. (a)J. H. Chaudet and J. W, Tamblyn (Eastman Kodak Co., Kingsport, Tenn.), SPE (Soc. Plas-
tics Engrs.) Trans., 1, 57-62 (1961); Chem.Abstr., 56, 4936¢ (1962); (b) W. J. Uhde and G.
Zydek, Z. Analyt. Chem., 239, 25 (1968); (c) F. S. Head, J. Chem. Soc. (C) 34 (1969); (d) T.
Akira, Japan Kokai 7400,251 (1974); Chem. Abstr., 80, 95503¢ (1974); (e)Asahi-Dow Lid.
Jpn. Kokai Tokkyo Koho JP 57,105,452 [82,105,452] (1982); Chem. Abstr., 98, 5082m
(1983); (f) D. Bhavsar Madhury and B. Vijaykant Desai, Man-Made Text. India, 31, 529
(1988).

3. (a)R.T. Sane, K. D. Deodhar, P. N. Trakru and V. S. Burkule, J. Indian Chem. Soc., 55, 511
(1978); (b) M. Mittal, S. R. Malhotra, K. Lal and S. P, Gupta, Natl. Acad. Sci. Lett. (India), 2,
381 (1979); (c) C. Beldie, N. Aelenei, N. Foca, A. Onu, G. Nemtoi and N. Antohi, Rev. Chim,
(Bucharest), 36, 523 (1985).

4. (a) K.Sharma, G, S. Bhuee, S. N. Rastogi and J. Singh, I. Inst. Chem, (India), 54, 178 (1982);
(b) K. Lal and S. R, Mathotra, J. Indian Chem. Soc., 60, 308 (1983); G. S. Bhuee, J. Singh and
S. N. Rastogi, J. Inst. Chem. (India), 56, 163 (1984); (d) B. K. Deshmukh, Indian J. Chem.
Sect.A, 23A, 52 (1984),

5. (a)J. Amiel,"Traité de Chimie Organique", Masson, Paris, 8 (2) 1163 (1938); (b) Y. R. Naves,
Helv, Chim. Acta, 32, 1351 (1949); (c) A. Spada, R. Cameroni and M. T. Bemnabei, Gazz.
Chim, Ital,, 86, 46 (1956); (d) A. Aebi, J. Biichi and A. Kapoor, Helv. Chim. Acta, 40, 266
(1957); (e) T. Kariyone, M. Takashi, T. Ito and K. Masutani, Yakugaku Zasshi, 79, 394
(1959); Chem. Abstr., 53, 14096i (1959); (f) A. Penttila and J. Sundman, Acta. Chem. Scand.,
17, 1886 (1963); (g) F. Bohlmann, P. K. Mahanta, Albert Suwita, Antoinette Suwita, A, A.

418



09: 35 27 January 2011

Downl oaded At:

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

FRIES REARRANGEMENT FOR THE PREPARATION OF HYDROXYARYLKETONES. A REVIEW

Natu, C. Zdero, W. Domer, D. Ehlersand and M. Grenz, Phytochemistry, 16, 1973 (1977).

(a) H. Kobsa, J. Org. Chem., 27, 2293 (1962); (b) J. C. Anderson and C. B. Reese, J. Chem.
Soc., 1781 (1963); (c) R. A. Finnegan and J. J. Mattice, Tetrahedron, 21, 1015 (1965); (d) Don
A. Plank, Tetrahedron Lett., 52, 5423 (1968); (e) D. Bellus, Adv. Photochem., 8, 109 (1971);
(f) E. L. Loveridge, Diss. Abstr. Int. B, 37 (10) 5087 (1977).

(a) C. A, Thomas, "Anhydrous Aluminum Chloride in Organic Chemistry", Reinhold
Publishing Corporation, New-York 1941; (b) A. H. Blatt, "Organic Reactions”, Wiley, New-
York, 1942, vol.1, Chapter 11, pp.342-369; (c) L. Prajer, Wiadomosci Chemiczne, 11, 177
(1957); Chem. Abstr., 52, 2790a (1958); (d) A. Gerecs, "Friedel-Crafts and Related Reac-
tions", G. A. Olah Ed., Interscience Publishers, New York, 1964, Vol. 3, Part 1, pp.499-533.

(a) K. Fries and G. Fink, Ber., 41, 4271 (1908); (b) K. Fries and W. Pfaffendorf, ibid., 43, 212
(1910).

R. Martin, Bull. Soc. Chim. Fr., 983 (1974).

(a) F. Krausz and R. Martin, C. R. Acad.Sci., 257, 693 (1963); (b) R. Martin, Bull. Soc. Chim.
Fr., 1503 (1968).

(a) F. Krausz and R. Martin, ibid., 2192 (1965); (b) R. Martin and G. Coton, ibid., 1438
(1973).

Mitsui Petrochemical Industries Ltd., Jpn. Kokai Tokkyo Koho JP 59,118,7301 [84,118,730]
(1984); Chem. Abstr., 101, 230146k (1984).

K. G. Davenport and C. B. Hilton, US Pat. 4,560,789 (1985); Chem. Abstr., 104, 148552t
(1986).

P. Niviére, P. Tronche and J. Couquelet, Bull. Soc. Chim. Fr., 3658 (1965).

L. Szekeres and B. Karsay, Gazz. Chim. Ital., 77,471 (1947).

(a) P. S. Landis and P. B, Venuto, US Pat. 3,354,221 (1967); Chem. Abstr., 68, 95514m
(1968); (b) Y. Pouilloux, N. S. Gnep, P. Magnoux and G. Perot, J. Mol. Catal., 40, 231
(1987); (c) C. S. Cundy, R. Higgins, Sarah A. M. Kibby, Barric M. Lowe and R. Michael
Paton, Tetrahedron Lett., 30, 2281 (1989).

M. B. Hocking, J. Chem. Technol. Biotechnol., 30, 626 (1980).

(a) D. Stepniak-Biniakiewicz, Polish J. Chemistry, 54, 1567 (1980); (b) W. Sucrow, H.
Monas, H. Stegemeyer, P. Geschwinder, H. R. Murawski and C. Kriiger, Chem. Ber., 118,
3332 (1985).

N. M. Mistry and K. A. Thaker, J. Inst. Chemists (India), 44, 100 (1972).

(a) K. Adachi, Yuki Gosei Kagaku Kyokai Shi, 25, 247 (1967); Chem. Abstr., 67, 11309s

419



09: 35 27 January 2011

Downl oaded At:

MARTIN

21,

22.

23,

25.

26.

27.

28.

29,

30.

31.

32.

3.

34,

35

36.

37.

(1967); (b) K. Hanabusa, K. Kondo and K. Takemoto, Makromol. Chem., 180, 307 (1979).
J. Yamamoto, K. Takahara and K. Baba , Chem. Express., 5, 365 (1990).

(a) M. Levas and E. Levas, C. R. Acad. Sci., 250, 2819 (1960); (b) A. Lecog, M. Levas and E.
Levas, Bull. Soc. Chim, Fr., 2134 (1963).

A. Km. Lekha and N, Bhola, J. Indian Chem. Soc., 46, 669 (1969).

M. Alvaro, V. Baldovi, H. Garcia, M. A. Miranda and J. Primo, Monatsh. Chem., 121, 267
(1990).

S. S. Bhargava, S. K. Jain and G. S. Saharia, Indian J. Chem., 5, 543 (1967).

J. Yamamoto, M. Asano, Y. Okamoto and K. Sugita, Chem. Express, 4, 37 (1989).

S. S. Tiwari and A. Singh, J. Indian Chem. Soc., 38, 53 (1961).

J.R. Norell, J. Org. Chem., 38, 1924 (1973).

P. H. Gore, G. H. Smith and S. T. Thorbum, J. Chem. Soc., 650 (1971).

F. Effenberger, H. Klenk and P. L. Reiter, Angew. Chem., 85, 819 (1973).

A. R. Mahajan, D. K. Dutta, R. Boniah and J. S. Sandu, Tetrahedron Lett., 31, 3943 (1990).
(a) G. A. Olah, A. Massoud and V. V. Krishnamurthy, J. Org. Chem., 48, 3359 (1983); (b)
Sekiguchi Tatsuo and Tanaka Motoo, Nippon Kagaku Kaishi, 4, 742 (1985); Chem. Abstr.,

104, 109139n (1986).

Fujita Terunori, Ishiguro Masaharu, Takahata Kazunori and Saeki Kenji, Jpn. Kokai Tokkyo
Koho JP 60,252,444 [85,252,444] (1985); Chem. Abstr., 104, 1681444 (1986).

(a) R. Martin, N. Gros, V. Boshmer and H. Kimmerer, Monatsh. Chem., 110, 1057 (1979); (b)
Fukuoka Shinsuke, Shimizu Atsushi and Yamataka Kazunori, Jpn. Kokai Tokkyo Koho JP
62,114,927 [87,114,927] (1987); Chem. Abstr., 108, 21502d (1988); (c) Fukuoka Shinsuke
and Tojo Masahiro, Jpn. Kokai Tokkyo Koho JP 61,221,147 [86,221,147] (1986); Chem.
Abstr., 106, 84169 (1987); (d) P. Maguer, Bull. Soc. Chim. Fr., 199 (1987).

(a) Kusuda Mikio and Matsuoka Yugi, Jpn. Kokai Tokkyo Koho JP 63,99,033 [88,99,033]
(1988); Chem. Abstr,, 109, 210704c (1988); (b) Kusuda Mikio and Matsuoka Yugi, Jpn.
Kokai Tokkyo Koho JP 62,234,041 [87,234,041] (1987); Chem. Abstr., 109, 170034a (1988);
(c) Kusuda Mikio and Matsuoka Yugi, Jpn. Kokai Tokkyo Koho JP 62,234,042 [87,234,042]
(1988); Chem. Abstr., 109, 149056z (1988).

M. D. Bhavsar, V. B. Desai and B. M. Shah, Man-Made Text. India, 19, 217 (1976).

Anil Prakash, G. S. Saharia and H. R. Sharma, Defence Science Journal, 21, 143 (1971).

420



09: 35 27 January 2011

Downl oaded At:

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49,

50.

51,

52,

53.

54.

55.

56.

FRIES REARRANGEMENT FOR THE PREPARATION OF HYDROXYARYLKETONES. A REVIEW

A. P. Isakova, Yu. A. Naumov, S. V. Nikeryasova and A. A. Stepanova, Zh. Org. Khim,, 18,
1287 (1982).

F. Krausz and R. Martin, C. R. Acad. Sci., 256, 5594 (1963).

(a) N. M. Cullinane, B. F. R. Edwards and V. V. Bailey-Wood, Rec. Trav. Chim., 79, 1174
(1960); (b) N. M. Cullinane and B. F. R. Edwards, J. Chem. Soc., 2926 (1958).

R. Mattin, Bull. Soc. Chim. Fr., 373 (1979).

(a) Le Van-Thoi and Nguyen-Van-Hoang, Israel J. Chem., 1, 418 (1963); (b) Le Van-Thoi
and Nguyen-Van-Hoang, Ann. Fac. Sci., Univ. Saigon, 1, 19 (1963-1964); (c) Le Van-Thoi
and Nguyen-Van-Hoang, Viemamica Chim. Acta., 87 (1966).

R. Martin, N. Gros, V. Bohmer and H. Kimmerer, Monatsh. Chem., 111, 81 (1980).

Yamamoto Jiro, lIkeda Yoshitake, Inohara Tadanari, Nakata Hideaki and Umezu Masahiro,
Nippon Kagaku Kaishi, 12, 1911 (1981); Chem. Abstr.,96, 85136d (1982).

Yamamoto Jiro, Kisida Masaru, Takenaka Yoshitomi and Okamoto Yuzo, Nippon Kagaku
Kaishi, 3, 288 (1988); Chem. Abstr., 110, 134837b (1989).

J. A. Donnelly and J. J. Murphy, J. Chem. Soc. (C) 2596 (1970).

M. D. Bhavsar and V. B. Desai, Man-Made Text. India, 31, 8 (1989).

R. Martin and J. M. Betoux, Bull. Soc. Chim. Fr., 2079 (1969).

G. Leclerc and J. C. Bizec, J. Med. Chem,, 23, 738 (1980).

D. Lesieur, Y. Blain and J. P. Bonte, Bull. Soc. Chim. Ther., 3, 215 (1971).
R. Martin and G. Coton, Bull. Soc. Chim, Fr., 1442 (1973).

Hans-Joachim Timpe, Carmelo Garcia and Ekkehard Kustermann, Z. Chem. (Leipzig), 23,
51(1983).

D. A. Reich and D. V. Nightingale, J. Org. Chem., 21, 825 (1956).

(a) R. Martin and J. M. Betoux, C. R. Acad. Sci., 269, 1571 (1969); (b) R. Martin and J. M.
Betoux, C.R. Acad. Sci., 270, 1243 (1970); (c) R. Martin and J. M. Betoux, Bull. Soc. Chim.
Fr., 3648 (1971); (d) R. Martin, J. M. Betoux and G. Coton, ibid., 4319 (1972).

J. N. Chatterjea, S. N. P. Gupta and V. N. Mehrotra, J. Indian Chem. Soc., 42, 205 (1965).

E. N. Marwell, B. Richardson, R. Anderson, J. C. Stephenson and T. Grandall, J. Org. Chem.,,
30, 1032 (1965).

421



09: 35 27 January 2011

Downl oaded At:

MARTIN

57

58.

59.

61.
62.

63.

65.

67.
68.

69.

70.

71,

72,

7.

74,

P. Demerseman, J. P. Lechartier, R. Reynaud, A. Cheutin, R. Royer and P. Rumpf, Bull. Soc.
Chim. Fr., 2559 (1963).

R. Martin and G. Coton, ibid., 1438 (1973).

Takeshi Yoshino, Ichiro Kijima, Michio Sugura and Toru Shoji, Yuki Gosei Kagaku Shi, 21,
463 (1963); Chem. Abstr., 59, 7416g (1963).

Goszczynski Stefan, Juskowiak Michal, Judejko Maria and Raciborski Maciej, Pol. 101,981
(1979); Chem. Abstr., 92, 76115m (1980).

K. A. Thakar, J. Indian Chem. Soc., 40, 539 (1963).
A. Furka and T. Szell, Acta Physica et Chemica, VII (1-2) 70 (1961).
S. E. Cremer and D, S. Tarbell, J. Org. Chem., 26, 3653 (1961).

B. Arventiev, L. Singurel, H. Offenberg and T. Nicolaescu, Analen Stiint. Univ. Al "I. Cuza"
Sect 1, 13, 135 (1967); Chem. Abstr., 74, 86153 (1968).

T. H. Jones, M. S. Blum and H. M. Fales, Synth. Commun., 11, 889 (1981).

(a) R. Martin, Bull. Soc. Chim. Fr., 3087 (1973); (b} R. Martin, J. R. Lafrance and P.
Demerseman, Bull, Soc. Chim. Belg., 100, 539 (1991).

L. N. Zenzina and L. V. Karaul'nykh, Zh. Org. Khim., 9, 2163 (1973).
Terada Akira, Japan Kokai 7400,251 (1974); Chem. Abstr., 80, 95503¢ (1974).

(a) Kodak Ltd., Brit. Pat., 1,470,665 (1977); Chem. Abstr., 87, 134545m (1977); (b) K.
Burdeska, Synthesis, 11, 940 (1982).

Clarence Rinehart Dick, Univ. Microfilms (Ann. Arbor, Mich.), Publ. N° 23564, 80 pp.;
Dissertation Abstr., 17, 2416 (1957); Chem. Abstr., 52, 2788g (1958).

C. Van de Sande and M. Vandewalle, Bull. Soc. Chim. Belg., 82, 299 (1973).

Yamamoto Jiro, Nakane Isao, Nakashima Mitsuharu, Asano Mitsuhiro, Akamatsu Hiroshi,
Okamoto Yuzo and Sugita Kaichiro, Nippon Kagaku Kaishi, 9, 1587 (1989); Chem. Abstr.,
112, 178284q (1990).

Itoh Hiroyuki, Konno Mitoshi, Tokuhiro Takao, Iguchi Sadahiko and Hayashi Masaki, Brit.
UK. Pat. Appl. 2,026,480 (1980); Chem. Abstr., 93, 167893a (1980).

Heller Harry George, Oliver Stephen Nigel, Whittall John and Tomlinson lan, Eur. Pat. Appl.
EP 246,114 (1987); Chem. Abstr., 108, 206269b (1988).

422



09: 35 27 January 2011

Downl oaded At:

15.

76.

1.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91

92.

93,

94.

95.

FRIES REARRANGEMENT FOR THE PREPARATION OF HYDROXYARYLKETONES. A REVIEW

Colquhonn Howard Matthew, Daniels James Anthony and Lewis David Frank, Eur, Pat.
Appl. EP 232,992 (1987); Chem. Abstr., 109, 149073c (1988).

J. P. Begue and H. Fetizon, Bull. Soc. Chim. Fr., 781 (1969).
M. Flammang and C. M. Wermuth, ibid., 4927 (1968).

J. Allen and D. Giffard, Joumal of Labeled Compounds and Radiopharmaceuticals, 19, 301
(1982).

R. Martin, Bull. Soc. Chim. Fr., 239 (1985).
K. C. Joshi and S. C. Bahel, J. Indian Chem. Soc., 37, 687 (1960).
A. Furka and T. Szell, Acta Physica et Chemica, 6, 123 (1960).

Yamamoto Jiro, Ishikawa Tatsuya and Okamoto Yuzo, Nippon Kagaku Kaishi, 11, 1870
(1989); Chem. Abstr., 112, 197772p (1990).

Reizus Alexandru C., Arvay Zsolt, Bartha Emeric, Condein Cristian and Glatz Alice M., Rev.
Chim. (Bucharest), 36, 299 (1985).

D. Chakravarti, Chakravarti Anjali and Sarkar Usha, J. Indian Chem. Soc., 48, 1017 (1971).
S. S. Tiwari and V. K. Pandey, ibid., 52, 1069 (1975).

Mueller Alfred K., Henning Gerald and Ziegler Erich, Ann., 195 (1974).

A. M. El-Abbady, F. G. Baddar and A. Labib, J. Chem. Soc., 1083 (1961).

J. Véne, M. Kerfanto and D. Raphalen, Bull. Soc. Chim. Fr., 1813 (1963).

E. Zbiral, O. Saiko and F. Wessely, Monatsh. Chem., 95, 512 (1964).

Inoue Hajime and Ishimura Koshiro, Seikei Daigaku Kogakubu Kogaku Hokoku, §, 343
(1967); Chem. Abstr., 70, 36854r (1969).

F. Krausz, R. Martin and J. P. Gavard, Bull. Soc. Chim. Fr., 640 (1966).

Fukuoka Shinsuke and Matsuda Hideki, Jpn. Kokai Tokkyo Koho, JP 6107,230 [8607,230]
(1986); Chem. Abstr., 104, 206905y (1986).

(a) R. Royer and L. René, Bull. Soc. Chim. Fr., 1029 (1970); (b) R. Royer, L. René and P.
Demerseman, Chim. Therap., 2, 139 (1973).

E. N. Marvell, J. K. Reed, W. Ganzler and H. Tong, J. Org. Chem., 42, 3783 (1977).

R. Martin and P. Demerseman, Synthesis, 25 (1989).

423



09: 35 27 January 2011

Downl oaded At:

MARTIN

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111,

112,

113.

114

115.

116.

Nakamura Nobuo and Oki Michinori, Bull. Chem. Soc. Japan, 48, 2565 (1972).

{(a) K. v. Auwers and W. Mauss, Ann., 460, 240 (1928); (b) M. De Clerq and N. G. Buu-Hoi,
C.R. Acad. Sci., 227, 1377 (1948).

R. Martin and P. Demerseman, Monatsh. Chem,, 121, 227 (1990).

K. A. Thakar and B. C. Joshi, J. Indian Chem. Soc., 59, 77 (1982).

Osvaldo Cicchetti and Giovanni Moggi, Chim. Ind. (Milan), 48, 952 (1966).
K. C. Amin, G. S. Patel and S. R. Patel, J. Indian Chem. Soc., 41, 833 (1964).
K. C. Joshi and J. S. Gupta, ibid., 40, 851 (1963).

R. Martin, J. M. Betoux and G. Coton, Bull. Soc. Chim, Fr., 4694 (1972).
A.B. Sen and S. B. Singh, J. Indian Chem. Soc., 41, 461 (1964).

(a) D. Raphalen, P. Maguer and M. Kerfanto, C. R. Acad. Sci., 263, 1446 (1966); (b) P.
Maguer, D. Raphalen and M. Kerfanto, ibid., 265, 871 (1967).

E. H. Wooddruff and P. H. Seay, US Pat. 2,929,848 (1960); Chem. Abstr., 54, 14192b (1960).
G. Coton, Thése Ingénieur CNAM, Paris (1977).
P. Da Re and L. Cimatoribus, J. Org. Chem., 26, 3650 (1961).

M. Leonte, M. Beschia, E. Pascaru and M., Stoica, Studia Univ. Babes-Bolyai, Ser. Chem., 8,
291 (1963).

G. N. Dorofeenko and V. V. Tkachenko, Khimiya Geterotsiklicheskikh Soedineii, 2, 176
(1974).

H. L. Nufer, US Pat. 3,407,235 (1968); Chem. Abstr., 70, 19805h (1969).

Sekiguchi Tatsuo and Tanaka Motoo, Jpn. Kokai Tokkyo Koho, JP 60,185,743 [85,185,743)
(1985); Chem. Abstr., 104, 68598x (1986).

M. D. Bhavsar and V. B. Desai, Man-Made Text. India, 31, 529 (1988).

Inoue Yasuhiko, Hata Kazuhiko and Oishi Toshiro, Jpn. 61,293,945 [86,293,945] (1986);
Chem. Abstr., 107, 39397a (1987).

P. Price and S. S. Israelstam, J. Org. Chem., 29, 2800 (1964).

V. V. Mezheritskii and G. N. Dorofeenko, Zh. Org. Khim.,, 5, 515 (1969).

424



09: 35 27 January 2011

Downl oaded At:

117.

118.

119,

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132,

133,

FRIES REARRANGEMENT FOR THE PREPARATION OF HYDROXYARYLKETONES. A REVIEW

(a) A. Russel, J. R. Frye and W. M. Mauldin, J. Am. Chem. Soc., 62, 1443 (1940); (b) A. A.
Shamshurin and Y. M. Revenko, Izk. Akad. Nauk. Noldvosk. SSR, 10, 86 (1962); Chem.
Abstr., 62, 16102h (1965); (c) A. Russel, J. R. Frye, R. C. Shriner and M. Witte, "Organic
Syntheses"”, Coll. Vol. 3, 283 (1965).

N. Cohen, R. J. Lopresti and T. H. Williams, J. Org. Chem., 43, 3723 (1978).

R. Huls and A. H. Hubert, Bull. Soc. Chim. Belg., 65, 596 (1956).

(a) L. R. Worden, A. W. Burgstahler, K. D. Kaufman, J. A. Weiss and T. K. Schaaf, J. Hetero-
cyclic Chem., 6, 191 (1969); (b) N. P. Peet, G. A. Dickerson, A. H. Abdallah, J. W. Daly and
D. Ukena, J. Med. Chem., 31, 2034 (1988); (c) M. Hauteville and M. Chaudenson, Bull. Soc.
Chim, Fr., 1780 (1973).

(a) R. S. Schreiber and W, W, Prichard, "Organic Syntheses", Coll. Vol. 3, 280 (1965); (b) G.
C. Misra, S. D. Sharma and G. C. Joshi, LABDEYV, Part A, 6, 117 (1968); Chem. Abstr., 70,
37381w (1969).

A. G. Ismailov and B. A. Salimova, Zh. Org. Khim., 4, 85 (1968); Chem. Abstr., 68, 8694 1w
(1968).

R. V. Ghate, V. D. Sarlashkar and T. R. Ingle, J. Indian Chem. Soc., 50, 598 (1973).

P. R. Shah and N. M. Shah, Indian J. Chem., 2, 296 (1964).

A. S. Ayub, Pak. J. Sci. Ind Res., 23, 38 (1979).

Isoma Chikako, Gifu Yakka Daigaku Kiyo, 17, 147 (1967); Chem. Abstr., 70, 37385a (1969).
G. Manecke and G. Bourwieg, Chem. Ber., 95, 1413 (1962).

(a) G. Zemplen and J. Shawartz, Acta Chim. Acad. Sci. Hung., 3, 487 (1953); (b) R. P.
Evstigneeva, V. M. Rzheznikov and N. A. Preobrazhenskii, J. Gen. Chem. USSR, 31, 1534
(1961); Chem. Abstr., 55, 122206h (1961).

(a) R. Pakkal, F. D. Thomas and W. C. Femelius, J. Org. Chem., 25, 282 (1960); (b) G. C.
Misra, L. M. Pande, G. C. Joshi and A. K. Misra, Aust. J. Chem., 25, 1579 (1972).

R. Martin, Bull. Soc. Chim, Fr., 901 (1977).
T. Reichstein, Helv. Chim. Acta, 10, 392 (1927).

R. Martin, J. P. Gavard, M. Delfly, P. Demerseman and A. Tromelin, Bull. Soc. Chim, Fr.,
659 (1986).

R. Martin, Monatsh. Chem., 112, 1155 (1981).

425



09: 35 27 January 2011

Downl oaded At:

MARTIN

134.

135.

136.

137.

138.

139,

140.

141.

142.

143.

145.

146.

147.

148,

(a) W. H. Hartung, J. C. Munch, E. Miller and F. Crossley, J. Am. Chem. Soc., 53, 4149
(1931); (b) G. T. Morgan and A. E. J. Pettet, J. Chem. Soc., 418 (1934); (c) F. Wessely, A.
Bauer, Ch. Chwala, I. Plaichinger and R. Schonbeck, Monatsh. Chem., 79, 596 (1948); (d) E.
Merck A. G., Fr. M 3687 (1965); Chem. Abstr., 68, 12685u (1968).

M. P. L. Couturier, Ann. de Chimie, 11* Ser., 10, 559 (1938).
M. Renson and R. Huls, Bull. Soc. Chim. Belg., 61, 599 (1952).
J. E. Baldwin and M. J. Lusch, Tetrahedron, 38, 2939 (1982).

(a) O' Mara Michael M., Thesis Ph. D., Cincinnati (USA) (1968); Chem, Abstr., 70, 56939a
(1969); (b) A. Prakash and G. S. Saharia, Def. Sci. J., 19, 187 (1969); (c) R. A, Akhmedova,
Katal. Prevrashch. Kislorod., Azot. Forforsoderzh Org. Soedin, 7 (1982); Chem. Abstr., 101,
191275¢ (1984).

(a) M. A. Rizzacata and M. V. Sargent, Aust. J. Chem,, 41, 1087 (1988); (b) T. A. Chorn,
R.G.F. Giles, I. R. Green, V. 1. Hugo and P. R. K. Mitchell, Tetrahedron Lett., 23,
3299(1982); (c) T. A. Chorn, R. G. F. Giles, I. R. Green, V. 1. Hugo, P. R. K. Mitchell and S.
C. York, J. Chem. Soc., Perkin Trans 1, 6, 1339 (1984).

T. Bisanz and J. Prejzner, Roczniki Chem., 40, 987 (1966).

(a) K. G. Davenport, US 4,675,449 (1987); Chem. Abstr. 107, 134046f (1987); (b) Yanagawa
Tatsuhiko, Jpn. Kokai Tokkyo Koho, JP 63,132,855 [88,132,855] (1988); Chem. Abstr., 110,
23566t (1989); (c) H.R.Gerberich, Eur. Pat. Appl. EP 265,220 (1988); Chem. Abstr., 110,
94710w (1989).

G. Read and V. M. Ruiz, J. Chem. Soc., Perkin Trans. 1, 235 (1973).

L. Prajer-Janczenska, Roczniki Chem., 35, 553 (1961).

J. L. Ferrari and 1. M. Hunsberger, J. Org. Chem.,, 25, 485 (1960).

M. Tamano, M. Nakabayashi and J. Koketsu, Nippon Kagaku Kaishi, §, 891 (1989); Chem.
Abstr., 111, 114825p (1989).

N. Campbell and A. Thomson, Proc. Roy. Soc. Edinburger Sect. A, 68, 245 (1970).

Minabe Masahiro, Yoshida Masaaki, Amimoto Tsukasa, Nagata Toshihiro and Kobori-
Masamichi, Bull. Chem. Soc. Japan, 61, 879 (1988).

(a) M. L. Shenbor, V. I. Tikhnov and A. S. Azarov, Zh, Org. Khim,, 12, 1069 (1976); (b) M. L.
Shenbor, A. S. Azarov and S. N. Denisenko, ibid., 13, 2411 (1977); (c) A. S. Azarov, M. L.
Shenbor, N. L. Zaichenko, M. 1. Cherkashin and A. V. Prosyanik, Ukr. Khim. Zh,, 47, 971
(1981); (d) A. S. Azarov, M. L. Shenbor, N, L. Zaichenko, M.L.Cherkashin and A. V.
Prosyanik, ibid., 47, 1282 (1981); (e) A. S. Azarov, M. L. Shenbor, S. A. Epshtein, N. L.
Zaichenko and M. I. Cherkashin, Zh. Org. Khim., 18, 2179 (1982); (f) A. S. Azarov, M. L.

426



09: 35 27 January 2011

Downl oaded At:

149.

150.

151,

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

FRIES REARRANGEMENT FOR THE PREPARATION OF HYDROXYARYLKETONES. A REVIEW

Shenbor, N. L. Zaichenko, M. I. Cherkashin and S. A. Epshtein, ibid., 19, 1717 (1983).

Nakanishi Teruo, Kimura Kazuhiko, Ito Kiyoshi, Ikemoto Masahiko and Qishi Yoshiyaka,
Bull. Chem. Soc. Japan, 42, 3600 (1969).

(a) A. Mustafa, W. Asker, O. H. Hismat, M. 1. Ali, A. K. E. Mansour, N. M. Abed, K. M. A.
Khalil and S. M. Samy, Tetrahedron, 21, 849 (1965); (b) Nanbu Mutsuma, Yamaguchi Seiji,
Sugimata Yasuo, Miyaura Tatsuya and Kawase Yoshiyuki, Bull. Chem. Soc. Japan, 48, 3423
(1975).

N. M. Shah and P. M. Shah, Chem. Ber., 93, 18 (1960).

(a) B. M. Desai and P. R. Desai, J. Indian Chem. Soc., 37, 550 (1960); (b) M. D. Bhavsar and
V. Chandini, Man-Made Text. India, 32, 183 (1989); (c) V. K. Ahluwalia, Kumara Devendra
& Sunita, Indian J. Chem., 13, 546 (1975).

(a) A. A. Shamshurin and Yu. M. Revenko, Izv. Akad. Nauk Moldavsk. SSR, 10, 86 (1962);
(b) A. Cascaval and S. C. Bibian, Rev. Roum. Chim., 33, 911 (1988); (c) Fisons Pharmaceuti-
cals Ltd., Fr. 1,559,722 (1969); Chem. Abstr., 72, 43452c (1970).

A. S. Majumdar and R. N. Usgaonkar, Indian J. Chem., 9, 1227 (1971).

C. W. Bird, H. L. Buttler and A. Haur, Chem. Ind. (London), 145 (1984).

(a) P. D. Clark, L. K. A. Rahman and R. M. Scrowston, J. Chem. Soc., Perkin Trans.1, 815
(1982); (b) K. Clarke, R. M. Scrowston and T. M. Sutton, ibid., 1196 (1973).

P. M. Chakrabarti, N. B. Chapman and K. Clarke, J. Chem. Soc. (C), 1 (1969).
N. B. Chapman, K. Clarke and A. Manolis, J. Chem. Soc., Perkin Trans. 1, 2593 (1972).
M. R. Bankao, ibid., 507 (1986).

S. Subhadra Kumari, K. S. R. Krishna Mohan Rao and N. V. Subba Rao, Indian J. Chem., 11,
541 (1973).

R. Filler and Y. Shyamsunda Rao, J. Heterocyclic Chem., 1, 292 (1964).
H. S. Patel, Proc. Indian Acad. Sci., Chem. Sci., 96, 321 (1986).

V. Danskas, R. Audeiute and V. Salniene, Liet. TSR Aukst. Mokyklu Mokslo Darb., Chem.
Chem. Technol., 11, 211 (1970); Chem. Abstr., 75, 140769f (1971).

H. Zimmer, M. E. Aler and J. Rothe, Chem. Ber., 94, 2569 (1961).

1. A. Belen'kaya, G. P. Krokhina, S. A. Sirik and S. A. Andronati, Khim. Geterotsikl. Soedin,
12, 1683 (1987); Chem. Abstr., 110, 231576y (1989).

427



09: 35 27 January 2011

Downl oaded At:

MARTIN

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

S. V. Vinogradova, V. V. Korshak, S. A. Siling and B. V. Lokshin, Zh. Org. Khim,, 2, 1441
(1966); Chem. Abstr., 66, 55155x (1967).

(a) M. Julia and J. Y. Lallemand, Bull. Soc. Chim, Fr., 2046 (1973); (b) V. S. Velezheva,V.
Yu. Smushkevich, O. B. Romanova, L. N. Kurkovskaya and N. N. Suvorov, Zh. Org. Khim,,
22,2434 (1986).

(a) C. M. Christian and G. C. Amin, J. Sci. Ind. Research (India), 19B, 175 (1960); (b) T.
Manimaran, T. Jayachandran and V. T. Ramakrishnan, Proc. Indian Acad. Sci., 89, 301
(1980).

(a) C. Van de Sande and M. Vandewalle, Bull. Soc. Chim. Belg., 82, 705 (1973); (b) F.
Camps, J. Coll, O. Colomina and A. Messeguer, J. Heterocyclic Chem., 22, 363 (1985); (c) P.
Teixidor, F. Camps and A. Messeguer, Heterocycles, 27, 2459 (1988).

D. H. Desai, P. L. Lakhlani, K. S. Varma and P. S. Fernandes, J. Indian Chem. Soc., 58, 93
(1981).

(a) E. B. W. Ovist, Thesis Ph. D., Idaho (USA) (1955); Chem. Abstr., 50, 1649e (1956); (b) C.
R. Dick, These Ph. D., Kansas (USA) (1957); Chem. Abstr., 52, 2788g (1958); (¢) A. K.
Sarkar, N. C. Sinha and L. N. Dutta, Indian J. Chem,, 24B, 1061 (1985).

H. Jolibois, F. Theobald, J. Vebrel, A. Laarif and C. Devin, J. Chem. Res., 2, 746 (1986).

(a) H. Inone and K. Ishimura, Seikei Daigaku Kogakubu Kogaku Hokoku, 7, 455 (1969);
Chem. Abstr., 71, 48989x (1969); (b) R. Huot and P. Brassard, Can. J. Chem., 52, 838 (1974);
(c) D. G. Miller, S. Trenbeath and C. J. Sih, Tetrahedron Lett., 20, 1637 (1976); (d) R. D.
Gleim, S. Trenbeath, R. S. D. Mittal and C. J. Sih, ibid., 38, 3385 (1976); (e) A. V. Rama Rao,
A. R. Mehendale and K. Bal Reddy, ibid., 23, 2415 (1982).

(a) Le Van-Thoi and Co Tan Long, Ann. Fac. Sci., Univ. Saigon, 73 (1962); (b) V. Baliah and
M. Uma, Rec. Trav. Chim. Pays-Bas, 80, 139 (1961); (c) V. Balasubramaniyan and V. Baliah,
J. Indian Chem. Soc., 37, 722 (1960).

(a) A. R. Parikh, K. A, Thakar and R. D. Desai, Indian J. Appl. Chem., 35, 87 (1972); (b) A.
R. Parikh, K. A. Thaker and R. D. Desai, J. Inst. Chem., Calcutta, 43, 183 (1971); (c) B. S.
Patwa and A. R. Parikh, ibid., 46, 140 (1974); (d) B. S. Patwa and A. R. Parikh, J. Indian
Chem. Soc., §3, 602 (1976); (e) K. C. Joshi and S. Giri, ibid., 38, 117 (1961); (f) M. H.
Goghari and A. R. Parikh, Chem.Era, 11, 34 (1975); (g) M. H. Goghari and A. R, Parikh, J.
Inst. Chemiists (India), 48,73 (1976).

A. R. Parikh, K. A. Thaker and R. D. Desai, J. Inst. Chemists (India), 45, 99 (1973).

(a) A. Emdt and M. Zubek, Rocz. Chem., 50, 973 (1976); (b) A. R. Parikh, K. A. Thaker and
R. D. Desai, J. Inst. Chem., Calcutta, 45, 91 (1973).

P. Kasi and A. Pandian, Chem. Commun., 1613 (1990).

428



09: 35 27 January 2011

Downl oaded At:

179.

180.

181.

182.

183.

184,

185.

186.

187.

188.

189.

190.

191.

192,

193.

194,

195,

196.

FRIES REARRANGEMENT FOR THE PREPARATION OF HYDROXYARYLKETONES. A REVIEW

(a) N. K. Undavia, M. L. Dhanani and K. A. Thaker, J. Inst. Chem. India, 49, 109 (1977); (b)
N. K. Undavia, M. L. Dhanani and K. A. Thaker, ibid., 50, 38 (1978).

B. S. Patwa and A. R. Parikh, J. Inst. Chem. Calcutta, 48, 116 (1976).

(a) A. B. Sen and S. K. Gupta, J. Indian Chem. Soc., 38, 825 (1961); (b) A. B. Sen and S. B.
Singh, ibid., 41, 461 (1964); (c) S. P. Sacchar and A. K. Singh, Indian J. Pharm. Sci., 48, 1
(1986).

K. C. Amin and G. C. Amin, J. Indian Chem. Soc., 37, 469 (1960); (b) R. Royer and L. René,
Bull. Soc. Chim, Fr., 3601 (1970); (c) F. Bohlmann and E. Vorwerk, Chem. Ber., 113, 261
(1980).

A. Pieroni, Gazz. Chim. Ital., 62, 387 (1932).

R. Royer and P. Demerseman, C. R. Acad. Sci., 250, 1290 (1960).

(a) K. Desai and C. M. Desai, J. Indian Chem. Soc., 48, 863 (1971); (b) S. Ravi, N. Saravanan,
A. Shanthi, N. Dharmaraj and A. J. Lakshmanan, Indian J. Chem., Sect. B, 30B, 443 (1991).

B. Staskun and S. S. Israelstam, J. Org. Chem., 26, 3191 (1961).
A. Basha, S. S. Ahmed and T. A. Farooqui, Tetrahedron Lett., 36, 3217 (1976).
C. Srinivasem, Acta Cienc. India, 3, 18 (1977).

(a) S. Kano, S. Shibuya and T. Ebata, Heterocycles, 15, 1011 (1981); (b) S. Kano, T. Ebata
and S. Shibuya, J. Chem. Soc., Perkin Trans.1, 2105 (1980).

(a) N. Kwanghyun, N. Yeoungjoo and K. Yarhee, Bull. Korean Chem. Soc., 7, 442 (1986);
Chem. Abstr., 107, 96418u (1987); (b) N. Kwanghyun and K. Younhee, Bull. Korean Chem,
Soc., 9, 52 (1988); Chem, Abstr., 109, 230499t (1988).

N. Kwanghyun and H. M. Sook, Bull. Korean Chem. Soc., 11, 58 (1990); Chem. Abstr., 113,
58659q (1990).

T. Arimura, S. Shinkai, T. Matsuda, Y. Hirata, H. Sato and O. Manabe, Bull. Chem. Soc.
Japan, 61, 3733 (1988); Chem. Abstr., 111, 133751¢ (1989).

(a) W. Niemann, V. Béhmer, H. Evers and H. Kimmerer, Makromol. Chem., 158, 123
(1972); (b) H. Evers, W. Niemann, V. Bshmer and H. Kimmerer, ibid., 175, 2255 (1974).

H. Kiimmerer, H. Evers and V. Bohmer, ibid., 180, 1859 (1979).
C. Pinazzi and A. Fernandez, ibid., 177, 3089 (1976).

Malm Bo, ibid., 182, 1307 (1981).

429



09: 35 27 January 2011

Downl oaded At:

MARTIN

197.

198.

199.

200.

201,

202,
203.

204.

205.

206.

207.

208.

209.

210.

211,

212,

213

D. J. Walsh, P. Crosby and R. F. Dalton, Polymer, 24, 423 (1983).

(a) V. V. Korshak, S. V. Vinogradova, S. A. Siling, S. R. Rafikov, Z. Ya Fomina and V. V.
Rode, J. Polym. Sci., Part A 1, 7, 157 (1969); (b) I. A. Metkin, S. B. Dolgoplosk, V. P.
Mileshkevich, K. V. Nel'son, G. N. Nikiforova and V. I. Nemanov, Vysokomol Soedin, Sect.
B, 19, 340 (1977); Chem. Abstr., 87, 40112r (1977).

(a) J. A. Miller, J. Org. Chem., 52, 322 (1987); (b) H. Stephen and R. Russell, ibid., 55, 4520
(1990).

(a) M. P. Sibi and V. Snieckus, ibid., 48, 1937 (1983); (b) V. Snieckus, Bull. Soc. Chim. Fr.,
67 (1988); (c) V. Snieckus, Chem. Revs, 90, 879 (1990).

(a) A. Godard, Y. Robin and G. Queguiner, J. Organomet. Chem., 336, 1 (1987); (b) J. M.
Jacquelin, Y. Robin, A. Godard and G. Queguiner, Can. J. Chem., 66, 1135 (1988).

A. Hallberg, A. Svensson and A. R. Martin, Tetrahedron Lett., 27, 1959 (1986).
R. A. Finnegan and D. Knutson, J. Am. Chem. Soc., 89, 1970 (1967).

(a) C. E. Kalmus and D. M. Hercules, ibid., 96, 449 (1974); (b) S. M. Beck and L. E. Brus,
ibid., 104, 1805 (1982).

(a) D. Bellus, K. Schaffner and J. Hoigne, Helv. Chim. Acta, 51, 1980 (1968); (b) P. Slama,
D. Bellus and P. Hrdlovic, Coll. Czech. Chem. Commun., 33, 3752 (1968); (c) A. S. Kende
and J. L. Belletire, Tetrahedron Lett., 21, 2145 (1972).

(a) H. Obara and H. Takahashi, Bull. Chem. Soc. Japan, 40, 1012 (1967); (b) V. T. Ramakr-
ishnan and J. Kagan, J. Org. Chem., 35, 2901 (1970).

(a) M. T. Le Goff and R. Beugelmans, Tetrahedron Lett., 16, 1355 (1970); (b) M. T. Le Goff
and R. Beugelmans, Bull. Soc. Chim. Fr., 1115 (1972); (c) K. Yuichi and H. Yasumaru, Hete-
rocycles, 2,423 (1974).

R. J. Scham and H. Junek, Monatsh. Chem., 103, 855 (1972).

E. A, Caress and I. E. Rosenberg, J. Org. Chem., 36, 769 (1971).

T. Inoue, Y. Shigemitsu and Y. Odaira, Chem. Commun., 668 (1972).

R. Nakagaki, M. Hiramatsu, T. Watanabe, Y. Tanimoto and S. Nagakura, J. Phys. Chem., 89,
3222 (1985).

T. Jayachandran, T. Manimaran and V. T. Ramakrishnan, Proc. Indian Acad. Sci., 97, 41
(1986).

(a) K. S. Sharma and V. K. Goel, Indian J. Chem., 21B, 674 (1982); (b) V. P, Pathak, T. R.
Saini and R. N. Khanna, Monatsh. Chem., 114, 1269 (1983).

430



09: 35 27 January 2011

Downl oaded At:

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

FRIES REARRANGEMENT FOR THE PREPARATION OF HYDROXYARYLKETONES. A REVIEW

(a) R. A. Finnegan and D. Knutson, Chem. Commun., 172 (1966); (b) R. A. Finnegan and D.
Knutson, Tetrahedron Lett., 30, 3429 (1968).

V. A. Kuz'min, I. V. Khudyakov, G. Hageman, P. P. Levin and K. De Jonge, Izv. Akad. Nauk
SSSR, Ser. Khim., 5, 1148 (1979); Chem. Abstr., 91, 132000p (1979).

(a) J. S. Bradshaw, E. L. Loveridge and L. White, J. Org. Chem., 33, 4127 (1968); (b) H. T. J.
Chan and J. A. Elix, Aust. J. Chem., 26, 1069 (1973).

(a) H. Garcia, R. Martinez-Utrilla, M. A. Miranda and M. F. Roquet-Jalmar, J. Chem. Res.,
Synop., 12, 350 (1982); (b) H. Garcia, R. Martinez-Utrilla and M. Miranda, Tetrahedron, 41,
3131 (1985).

(a) M. R. Sandner and D. J. Treker, J. Am. Chem. Soc., 89, 5725 (1967); (b) M. R. Sandner,
E. Hedaya and D. J. Treker, ibid., 90, 7249 (1968).

D. Bellus, P. Hrdlovic and P. Slama, Coll. Czech. Chem. Commun., 33, 2646 (1968).
M. Alvaro, H. Garcia, S. Iborra, M. A, Miranda and J. Primo, Tetrahedron, 43, 143 (1987).

(a) A. Waldemar and J. Arce de Sanabia, J. Org. Chem., 38, 2571 (1973); (b) J. K. Vollen-
weider and H. Fisher, Chem. Phys., 124, 333 (1988).

H. Garcia, S. Iborra, M. A. Miranda and J. Primo, Heterocycles, 23, 1983 (1985).

C. Thal, D. Papacosta and R. Beugelmans, C. R. Acad. Sci., Ser. C., 274, 532 (1972).

R. Martinez-Utrilla and M. A. Miranda, Tetrahedron Lett., 21, 2281 (1980).

V. P. Pathak and R. N. Khanna, Synthesis, 882 (1981).

K. Beeletz and K. Praefcke, Ann., 7, 1081 (1979).

(a) G. M. Coppinger and E. R. Bell, J. Phys. Chem., 70, 3479 (1966); (b) L. Schutte and E.
Havinga, Tetrahedron, 23, 2281 (1967); (c) M. T. Le Goff and R. Beugelmans, Bull. Soc.
Chim. Fr., 2056 (1974); (d) H. J. Shine and W. Subotkowski, J. Org. Chem., 52, 3815
(1987); (e) M. Alvaro, H. Garcia, M. A. Miranda and J, Primo, Rec. Trav. Chim, Pays-Bas,
105, 233 (1986); (f) L. Fillol, R. Martinez-Utrilla, M. A. Miranda and 1. M. Morera,
Monatsh. Chem., 120, 863 (1989).

(a) D. J. Crouse, S. L. Hurlbut and D. M. S. Wheeler, Synth. Commun., 9, 877 (1979); (b) D.
J. Crouse, S. L. Hurlbut and D. M. S. Wheeler, J. Org. Chem., 46, 374 (1981); (c) P. K.
Sharma and R. N. Khanna, Monatsh. Chem., 116, 353 (1985); (d) Gotthard Wurmand Uve
Geres, Archiv. Pharm., 319, 97 (1986).

M. Afzal, J. S. Davies and C, H. Hassall, J. Chem. Soc. (C), 1721 (1969).

431



Downl oaded At: 09:35 27 January 2011

MARTIN

230.
231
232,

233,

234,

235.

236.

237.

238.

239.

240.

241.

242,

243,

244,

245.

246.

2417,

248.

J. C. Anderson and C. B. Reese, Proc. Chem. Soc., 217 (1960).

J.R. Lewis and J. G. Paul, J. Chem. Soc., Perkin Trans. 1, 3, 770 (1981).

P. K. Sharma and R. N. Khanna, Acta Chim. Hung., 120, 159 (1985).

(a) C. Escobar, F. Farina, R, Martinez-Utrilla and M. C. Paredes, J. Chem. Res. (8), 11, 266
(1977); (b) F. Farina, R. Martinez-Utrilla and C. Paredes, Tetrahedron, 38, 1531 (1982); (c) P.
K. Sharma and R. N. Khanna, Indian J. Chem., 23B, 891 (1984).

S. K. Kulshrestha, P, Dureja and S. K. Mukerjee, ibid., 23B, 1064 (1984),

A. C. Chan and P. R. Hilliard Jr., Tetrahedron Lett., 30, 6483 (1989).

(a) R. Beugelmans and M. T. Le Goff, Bull. Soc. Chim. Fr., 1106 (1972); (b) M. T. Le Goff
and R. Beugelmans, ibid., 2047 (1974).

H. Shizuka, M. Kato, T. Ochiai, K. Matsui and T. Morita, Bull. Chem. Soc. Japan, 43, 67
(1970).

P. Bouchet, G. Joncheray, R. Jacquier and J. Elguero, J. Heterocyclic Chem.,, 15, 625 (1978).

(a) H. J. Hageman, Rec. Trav. Chim,, 91, 1447 (1972); (b) H. M. Chawla, A. Mittal, K.
Chakrabarty and S. S. Chibber, Curr. Sci., 49, 497 (1980).

K. Yutaka, M. Hirokazu, S. Yasuo and O. Yoshinobu, Tetrahedron Lett., 16, 1323 (1973).

J. 8. Bradshaw, R, D. Knudsen and E. L. Loveridge, J. Org. Chem., 35, 1219 (1970).

R. Standenmayer and T. D. Roberts, Tetrahedron Lett., 13, 1141 (1974).

Y. Maki and M. Sako, J. Chem. Soc., Perkin Trans. 1, 1478 (1979).

(a) P. Y. Tae, Y. H. Chun, D. S. Rok and K. Y. Du, Tachan Hwahakhoe Chi, 29, 441 (1985);
Chem. Abstr., 104, 68329k (1986); (b) D. Lohse, E. Kuehler and K.Schwetlick, Z. Phys.
Chem,, 259, 762 (1978); D. J. Carlsson, L. H. Gan and D. M., Wiles, Can. J. Chem.,, §3, 2337
(1975).

(a) B. C. Gunn and M. F. G. Stevens, Chem, Commun., 835 (1972); (b) B. C. Gunn and M. F.
G. Stevens, J. Chem. Soc., Perkin Trans., 1, 1682 (1973).

Itoh Kazuhiko and Kanaoka Yuichi, Chem. Pharm, Bull. Japan, 22, 1431 (1974); Chem.
Abstr., 81, 119509k (1974).

J. L. Stratenus and E. Havinga, Rec. Trav. Chim, Pays-Bas, 85, 434 (1966).

(a) R. Nasielski-Hinkens, J. Maeck and M. Tenvoorde, Tetrahedron, 28, 5025 (1972); (b) B.
K. Snell, J. Chem, Soc. (C), 2367 (1968).

432



09: 35 27 January 2011

Downl oaded At:

249,

250.

251.

252,

253.

254.

255.

256.

257.

258,

259.

260.

261,

262,

263.

264

265.

266.

267.

268,

269.

FRIES REARRANGEMENT FOR THE PREPARATION OF HYDROXYARYLKETONES. A REVIEW

L. J. Kricka, M. C. Lambert and A. Ledwith, Chem. Commun., 244 (1973).

A. Chakrabarti, G. K. Biswas and D. Chakrabarty, Tetrahedron, 45, 5059 (1989).

D. R. Olson, Org. Coat. Plast. Chem., 43, 808 (1980); Chem. Abstr., 96, 219317z (1982).
R.R. Pillai and K. C. Eapen, Curr. Sci., 46, 75 (1977).

J. Martens and K. Praefcke, Tetrahedron, 30, 2565 (1974).

D. Rungwerth and K. Schwetlick, Z. Chem., 14, 17 (1974).

(a) J. Martens, K. Praefcke and H. Simon, Z. Naturforsch., 31B, 1717 (1976); (b) J. Martens,
K. Praefcke and H. Simon, Chem. Zig., 102, 108 (1978).

(a) W. Lohner, J. Martens, K. Praefcke and H. Simon, J. Organomet. Chem., 154, 263 (1978);
(b) G. Hoehne, W. Lohner, K. Praefcke, U. Schulze and H. Simon, Tetrahedron Lett., 7, 613
(1978).

(a) O. Masaoki and W. Kugako, Angew. Chem., 87, 880 (1975); (b) A. V. Veglia, A. M.
Sanchez and R. H. Rossi, J. Org. Chem.,, 55, 4083 (1990).

(a) M. S. Syamala, B. N. Rao and V. Ramamurthy, Tetrahedron, 44, 7234 (1988); (b) M.
Nassetta and R. H. de Rossi, Can, J. Chem., 66, 2794 (1988).

K. Pitchumani, M. C, Durai and C. Srinivasan, Tetrahedron Lett., 32, 2975 (1991),

(a) A. K. Singh and S. M. Sonar, Synth, Commun., 15, 1113 (1985); (b) A. K. Singh and T. S.
Raghuraman, Tetrahedron Lett., 26, 4125 (1985).

A. K. Singh and T. S. Raghuraman, Synth. Commun., 16, 485 (1986).

H. Garcia, J. Primi and M. A. Miranda, Synthesis, 901 (1985).

H. Garcia, M. A. Miranda and J. Primo, J. Chem. Res. (S), 3, 100 (1986).

M. A. Miranda, J. Primo and R. Tormos, Heterocycles, 27, 673 (1988).

C.S. Vijayalakshmi, P. Shanmugam and K. J. R. Prasad, Indian J. Chem., 28B, 510 (1989).
J. Primo, R. Tormo and M. A. Miranda, Heterocycles, 19, 1819 (1982).

D. Avnir, P. De Mayo and 1. Ono, Chem. Commun., 1109 (1978).

M. M. Abdel-Malik and P. De Mayo, Can. J. Chem., 62, 1275 (1984).

Tonami Hiroaki, Watamoto Hamo and Chidambaram Sadasivan, Kogyo Kagaku Zasshi, 74,

433



09: 35 27 January 2011

Downl oaded At:

MARTIN

270.

2.

272,

273,

274,

275.

276,

271,

278.

279.

280.

1462 (1971); Chem. Abstr., 75, 119118h (1972).

C. P. Pinazzi and A. Fernandez, ACS Symp. Ser. 1976, 25 (Ultraviolet Light Induced React.
Polym., Int. Symp., 1975, 37-51; Chem, Abstr., 85, 124407n (1976).

1. G. Arzamanova, M. 1. Naiman, R. M. Logvinenko, S. T. Kumok, A. Yu. Gurvich and Yu.
B. Zimin, Plast. Massy, §, 69 (1976).

B. L. Dickinson, L. M. Robeson and M. E. Saners, Eur, Pat. Appl. EP 193,176 (1986); Chem,
Abstr., 106, 103481n (1987).

M. Tsunooka, S. Venishi and M. Tanaka, Kobunshi Ronbunshu, 44, 745 (1987); Chem.
Abstr., 108, 22394¢ (1988).

Wang Zhiyu, D. A. Holden and F. R. W. Mc Coust, Macromolecules, 23, 3773 (1990).
L. Metle-Aubry, D. A. Holden, J. Merle and J. E. Guillet, ibid., 13, 1138 (1980).

(a) E. E. Said-Galiev, V. V. Rode and V. V. Korshak, Vyskomol. Soedin, Ser. A, 13, 2466
(1971); Chem. Abstr., 76, 3136d (1972); (b) J. Lo, S. N. Lee and E. M. Pearce, J. Appl.
Polym. Sci,, 29, 35 (1984).

(a) S. M. Cohen, R. H. Young and A. H. Markhart, J. Polym. Sci., Part. A, 9, 3263 (1971); (b)
S. M. Cohen, R. H. Young and A, H. Markhart, Amer. Chem. Soc., Div. Org. Coatings Plast.
Chem., Pap., 31, 637 (1971); Chem. Abstr., 78, 160979q (1973); (c) Makoto Okawara, Sumio
Tani and Eiji Imoto, Kogyo Kagaku Zasshi, 68, 223 (1965); Chem. Abstr., 63, 3068g (1965);
(d) H. Kondo, M. Sato and H. Yokoyama, Eur. Polym. J., 17, 583 (1981).

(a) D. Bellus, P. Slama, P. Hrdlovic, Z. Manasek and L. Durisinova, J. Polym. Sci., Part. C,
22, 629 (1967); (b) E. G. Gilazhov, N. P. Ivanova, N, V. Zubko and I. A. Arbuzova, lzv.
Akad. Nauk Kaz, SSR, Ser. Khim, 28, 81 (1978); Chem. Abstr., 89, 164160r (1978); (c) E. G.
Gilazhov, N. P. Ivanova, V. N. Zubko, S. K. Zakharov and I. A. Arbuzova, Plast. Massy, 6, 26
(1979); Chem. Abstr., 91, 75177a (1979); (d) Japan Synthetic Rubber Co., Ltd, Jpn. Kokai
Tokkyo Koho JP 60,65,005 [85,65,005] (1985); Chem. Abstr., 103, 45848n (1985); (e} S. K.
L. Liand J. E. Guillet, Macromolecules, 10, 840 (1977); (f) C. David, F. Debie, P. Pastiels and
G. Genskens, Radiat. Phys. Chem., 11, 275 (1978); (g) D. A. Holden, K. Jordan and A.
Safarzadeh-Amiri, Macromolecules, 19, 895 (1986).

(a) T. G. Tessier, J. M. J. Frechet, C. G. Willson and H. Ito, ACS Symp. Ser., (Mater.
Microlithogr.) 266, 269 (1984); Chem. Abstr., 102, 176358m (1985); (b) M. R. Bairamov, S.
M. Alien, Sh. Z. Gasymova, La Yu Panova, R. A, Akhmedova and S. G. Alieva, Vysokomol.
Soedin, Ser. B, 25, 118 (1983). Chem. Abstr., 98, 180023q (1983); (c) T. Tessier, J. M. .
Frechet, H. Ho and C. G. Willson, Polym. Prep., 25, 313 (1984) (Am. Chem. Soc., Div.
Polym. Chem.); (d} J. M. Frechet, T. G. Tessier, C. Willson and H. Ito, Macromolecules, 18,
317 (1985); (¢) Loong Wen An and Chen Rong Hsiung, Mol. Cryst. Lig. Cryst., 183, 481
(1990).

(a) A. Torikai, T. Murata and K. Fueki, Polym. Photochem., 4, 255 (1984); (b) J. S. Humphrey

434



09: 35 27 January 2011

Downl oaded At:

FRIES REARRANGEMENT FOR THE PREPARATION OF HYDROXYARYLKETONES. A REVIEW

Jr., Polym, Prepr., Amer. Chem. Soc., Div. Polym. Chem., 9, 453 (1968); (c) J. S. Humphrey
Jr., A. R. Schultz and D. B. G. Jacquiss, Macromolecules, 6, 305 (1973); (d) K. Tsubakiyam,
Y. Sasaki, S. Hiraki and C. Kujirai, Kobunshi Ronbunshu, 31, 629 (1974); Chem. Abstr., 82,
58647a (1975); (e} A. Gupta, R. Liang, J. Moacanin, R. Goldbeck and D. Kliger, Macromole-
cules, 13, 262 (1980); (f) J. E. Moore, ACS Symp. Ser. (Photodegradation Photostab, Coat.),
151, 97 (1981); Chem. Abstr., 94, 192896g (1981); (g) D. T. Clark and H. S. Muuro, Polym.
Degrad. Stab., 4, 441 (1982); (h) A. Rivaton, D. Sallet and J. Lemaire, Polym. Photochem., 3,
463 (1983).

281. B. Desfax, N. Paillous, A. Lattes and A. Paillous, J. Polym. Sci., Polym. Chem. Ed., 18, 593
(1980).

(Received on September 27, 1991, in revised form March 27, 1992)

435



