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1. INTRODUCTION

Non-steroidal antiinflammatory (NSAI) agents are one of the largest class of drugs both due to
their high number and to their therapeutic interest. All these compounds have a similar mode of
action: by cyclooxygenase inhibition they stop the arachidonic acid cascade to prostaglandins
and thromboxane A, which are responsible for the inflammation mechanism. Non-steroidal anti-
inflammatory agents can be classified according to their chemical structure. Except for the latest
class of oxicams with piroxicam and isoxicam, most of the more thoroughly studied NSAI agents
can be categorized into three main classes.

(1) Benzoic derivatives with : salicylic group where aspirin is often the highlight and with the
new diflunisal compound ; anthranilic compounds with mefenamic and niflumic acids.

(2) Aryl acetic acid compounds among which the most represéntative ones are indomethacin,
sulindac, ibufenac and diclofenac.

(3) a-Aryl propionic acids with ibuprofen as the first representative.

Methyl group introduction into the aliphatic side chain of substituted aryl acetic acids seems
beneficial since ibuprofen has a higher activity than ibufenac. This property was widely developed
and several derivatives, whose structural formulas are given in Table 1 were marketed.

This success probably explains the proliferation of synthetic methods for these types of struc-
tures. The development, at the Fabre Research Center, of an original and potent antiinflammatory
compound from this class' led us to search various synthetic methods of access to this structure.

According to the building mode for the aliphatic side chain it was possible to differentiate four
main synthetic methods.

(1) Final introduction of methyl radical from phenylacetic acid derivatives.

Ar~"NCOOMH — A.)\coon

(2) Terminal building of the carboxylic function either by functionalization

A./Lx — A'*coon
Ar)\/x — Ar/l\COOH

(3) Simultaneous introduction of the propanoic group.

Ar—X —> Ar)\COON

(4) Transposition of propiophenones and their derivatives.

A./ﬂ\/ — Ar/Lcoon

or by oxidation.
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2. METHODS BY METHYL GROUP INTRODUCTION
2.1. Direct Methylation of Aryl Acetic Acid Derivatives

Giving relatively easy access to aryl acetic acid derivatives, it seemed the best method to the
carlier authors. It was founded on the formation of the aryl acetic acid carbanion of benzylic type
stabilized by resonance with the aromatic nucleus, and then reaction with a methylating reagent.
The difficulty of this nucleophilic substitution reaction was the dialkylated side product formed by
the second -alkylation of the tertiary carbanion prepared in situ. The techniques described only
differed by the type of aryl acetic acid derivatives and the reaction conditions.

2.1.1. Aryl acetonitriles

At first, carbanion formation was carried out in anhydrous conditions with sodium amide or
hydride. Most of the time, the reaction product was soiled by the dialkylated derivative ; usual alkylating
agents were methyl iodide or dimethyl sulfate®? using ether as solvent (Scheme 1). Application to

Scheme 1. Reagents: (i) NaNH,, Mel, Et,0, reflux 12 h; (i) H,SO,, AcOH, H,0, reflux 15 h.

the synthesis of ketoprofen*® and naproxen derivatives® has been claimed. The monoalkylation
reaction was also studied in aqueous solvents by phase transfer catalysis. Using substituted a-
naphthyl acetonitriles alkylation was selective and hydrolysis gave expected carboxylic acids in good
yields? (Scheme 2). This reaction was optimized and adapted to the synthesis of ibuprofen.®'

Scheme 2. Reagents: (i) aq 50% NaOH, PhCH,N*Et,Cl~; 5 h at 45°; (ii) NaOH, HOCH,CH,OH, reflux.

Nevertheless monoalkylation selectivity was dependent on the catalyst and temperature.® For ex-
ample, when this reaction was performed using dimethyl sulfate and 50% aqueous sodium hy-
droxide the best yield was obtained at 20° during 2 h when t-butyl ammonium bromide was
added as catalyst. The yield of the reaction was 65 and 10% respectively, for the mono- and
dialkylated products, whereas the same composition was obtained at 70° using methyl triphenyl
phosphonium iodide. m-Benzoyl phenyl acetonitrile could be alkylated in the same way with average
yields to give a ketoprofen intermediate.'!~!3

2.1.2. Aryl acetic acid esters

To avoid hydrolysis of the ester the reaction had to be carried out in an anhydrous medium.
Alkylation of ethyl phenylacetate was performed by Kenyon et al.!* using sodium amide in a mixture
of liquid ammonia and ether. Under such conditions some dimethylated derivative was obtained
(Scheme 3). This method was used to synthesize ethyl 2-(3-chloro-4-piperidinophenyl)propionate'’

OOEt COOEt COOEt
— +
(69%) (97%) (3%)
Scheme 3. Reagents : (i) NaNH,, liq NH;, Et,0, 0.5 h.

in a similar yield. Alcoholic potash hydrolysis gave the corresponding acid. Yields (86%) and
selectivity (100%) were improved when methylation was carried out from ethyl p-methoxyphenyl
acetate or its equivalent t-butylic ester.'® The carbanion formation is easier with sodium amide
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than with sodium hydride. This process was applied to naproxene synthesis'™'® with average

yields (Scheme 4) and patented. '*2° 2-(3-Cyclohexylphenyl)propionic acid was formed in the same

°°-—» SO

Scheme 4. Reagents: (i) NaH, Mel, MeOCH ,CH ,OMe; (it) KOH, EtOH-H 0, refiuxed 0.5 h.

manner.?' Powdered potassium hydroxide can be used to generate the carbanion reagent as in the
synthesis of 2-(4-(2-thiazolylphenyl))propionic acid.?? The alkylation reaction seemed more selective
when the carbanion was prepared from a lithium compound as in the case of ketoprofen derivatives?’
(Scheme 5) and in the 2-(4-cyclohexyl-2-methoxyphenyl)propionic acid® synthesis. In spite of the

1
T O™ U™
c O‘K (93%) ¢l ‘/\
Scheme 5. Reagents: (i) BuLi+ Et,NH, THF/HMPT, 0.5 h at —40°, then 20°.

fast hydrolysis of esters in basic medium, alkylation can be successfully conducted in an aqueous
mixture by phase transfer catalysis.?>* A formylation reaction of ethyl (6-methoxy-2-naphthyl)
acetate via an enolether and then hydrogenation over palladium catalyst?” gave the ethyl ester of
naproxene in moderate yield (Scheme 6).

L0
COOEt i OO Et
—_—
MeO MeO

DEt
ii OO COOEt iii /“)\OO COOEt
MeO MeO

Scheme 6. Reagents: (i) NaH, HCOOEt; (ii) EtOH, TosOH, reflux ; (iii) H,, Pd/C, EtOH.

2.1.3. Aryl acetic acids

The lithium salt of substituted aryl acetic acids was able to generate a benzylic carbanion when
it was reacted with lithium diisopropylamide as a base. The heterocyclic derivative?® (Scheme 7) was
obtained in lower yield, but this alkylation reaction was optimized in the synthesis of flurbiprofen®
and ibuprofen3®*! (Scheme 8).

N U e
oou i coon
—
ci (18%) ¢
Scheme 7. Reagents: (i) i-Pr,NH, BuLi, HMPT/THF —30° Mel, then 1.5 h at 5°.

O OOH | O COOH

—

(84%)
F F

O0H ij COOH

—

(90%)

Scheme 8. Reagents: (i) i-Pr,NH, BuLi, HMPT/THF —20°; Mel 2 h at 20°; ii) i-Pr,NH, BuLi, THF, 0°
then Mefl 25°.
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2.1.4. Alkylation of aryl propanones

1-Aryl 2-propanones generally obtained by aryl halide condensation with acetyl acetone in
strong basic media were sclectively methylated either under phase transfer catalysis in a heterogene-
ous aqueous system or in an anhydrous media using an alcoholate as a base to give intermediary
3-aryl 2-butanones easily oxidized to substituted hydratropic acid in high yield. This reaction was
used to synthesize ketoprofen®? (Scheme 9), naproxen, ibuprofen®** and flurbiprofen.

o (2] o
Ph i Ph. 4 Ph .
o (98%) (89%)

Scheme 9. Reagents: (i) Mel, PhH ; 50% aq NaOH, PhCH,NE,Cl; (ii) CIONa/MeOH, —10° then 5 h at
-5

2.2. Indirect Methylation of Aryl Acetic Acid Derivatives

The introduction of an attracting functional group on the benzylic carbon of an aryl acetic acid
derivative permitted the easy formation of a tertiary carbanion. In such conditions the reaction was
unequivocal and only led to the monoalkylated derivative.

2.2.1. From aryl malonic and a-aryl cyanoacetic acid derivatives

It was a classical and unequivocal method to synthesize hydratropic acids. Diethyl «-aryl
malonates were easily prepared by aryl acetate carboxylation using ethyl carbonate®”*® or oxalate®
and sodium ethanolate as a base. The tertiary carbanion formed in situ reacted with the alkylating
methyl iodide or bromide and then the dialkylated malonic derivative was hydrolysed and decar-
boxylated to hydratropic acid® (Scheme 10) in excellent yield. This type of reaction was applied to

COOEt Et
@/\coost i ©/<coost ii 00Et  ;;; OO0H
— R ——
(86%) (99%) (93%)

Scheme 10. Reagents : (i) O=C(OEt),, EtOH/EtONa, reflux; (ii) EtOH/EtONa, — 10°, then Mel; 0.5 h at
20°; (iii) KOH, EtOH/H,0, reflux 3 h.

the synthesis of ibuprofen*' and analogues,*? flurbiprofen,*** ketoprofen,*® isoprofen* and then to
the 2-(2-(2,4-dichlorophenoxy)phenyl)propionic acid.*’

The carbonation of commercial aryl acetonitriles leads to a-aryl cyanacetate intermediates which
can be easily methylated, saponified and decarboxylated in a process similar to the one described
above. Generally methyl iodide was used as alkylating agent as in the preparation of flurbiprofen*®
(Scheme 11), naproxen,* ketoprofen® and their derivatives’! and gave good yields but dimethyl
sulfate was also advised.3>%

°::' o z:os. o m,.

Scheme 11. Reagents: (i) Na/EtOH, Mel, reflux 2 h; (ii) H,SO,, H,0, reflux 3.5 h.

2.2.2. From a-acetoxy a-aryl malonic acid esters

Diethyl ketomalonate reacted selectively with aromatic substrates according to a Friedel-Crafts
type reaction using stannic chloride as catalyst to give, after acetylation, diethyl a-acetoxy a-aryl
malonates.* These lose the acetoxy group on reaction with sodium to give a carbanion allowing the
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methylation reaction. This method was successfully applied to synthesize ibuprofen in good yields*
(Scheme 12).

COOEt

COOEt o
' O0Et — = dd
)\/@(e )\/©/L\< oo (98%)
OOE!
0OEt _iti_
98%)

Scheme 12. Reagents: (i) Na, HMPT, I-(dimethylamino)naphthalene, PhH, 20°, 15 h; (ii) Mel, 20°,
0.5 h; (iii) KOH/H,O0, reftux 4 h.

2.2.3. From a-alkyl (or a-aryl) thio aryl acetic acids

Condensation of aromatic aldehydes with methyl methylthlomethyl sulfoxide (MMTS) led easily
to a-aryl a-methylthio acetic acids. These derivatives could be alkylated in good to excellent yields
with methyl iodide after carbanion formation by reaction of sodium hydride or amide.*
Desulfuration was carried out with nascent hydrogen (Scheme 13). For the fenoprofen syn-

Me Sie
COOMe /©><@on. 4 J@/LCOOH
— —liee
B (858) .y - i-Bu

Scheme 13. Reagents: (i) NaH, Mel, aq DMF; (ii) NaOH, MeOH/H,O, reflux ; Zn/AcOH, reflux 40 h.

thesis, the reaction occurred with the more easily accessible a-arylthio a-aryl acetic acid* (Scheme
14) or with the nitrile analogue in the case of ketoprofen.’” Alkylsulfur elimination could also be
achieved by using Ni—Al alloy*® or the sodium salt of ethanethiol.*®

",

Ph-§ i1
PhO ——=* Ph " Ph

Scheme 14. Reagents: (i) NaNH,/NH; —40°, 1 h; Mel/Et,0; (ii) Zn/AcOH, reflux.

2.2.4. From a-(dimethylaminomethyl) aryl acetic acids

Mannich’s reaction applied to aryl acetic acids gave a-(dimethylaminomethyl) aryl acetic acids
whose dealkylamination led to a-aryl acrylic acids in good yields and then catalytic hydrogenation
furnished hydratropic acid as in the synthesis of an alminoprofen intermediate® (Scheme 15).

Me, N

t
.. |
COOH _ i COoOH| _ii_ COOH
(85%) (72%)
NO; NO NO

i OMe iv /©/Lcoom
—— —_—
(77%) NO; (99%) o

Scheme 5. Reagents: (i) HCHO, Me,NH, 50°, 0.5 h; (ii) H,0*, reflux 1 h; (iii) APTS, McOi{, reflux -
16 h; (iv) H,, Pd/C, MeOH.
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When piperidine was used in place of dimethylamine, the yield was lowered.®' Avoidance of
organic base gave the corresponding substituted tropic acid directly but the yields were lower as in
the synthesis of indoprofen®? (Scheme 16). This latest process was claimed for the production of

[}

CO .. a5 OO 2
cooet  (50%) COOH  (55%)
O0OH O. O DOH

Scheme 16. Reagents: (i HCHO, DMSO/EtOH, 20°, 0.25 h; NaOH, aq EtOH, reflux 8 h; (ii) 50% aq
NaOH, reflux 1 h; ag HCI, 20°, 16 h; (iii) H,, Pd/C, EtOH.

ibuprofen®® and naproxen.5 Better yields were obtained when the reaction was carried out with
potassium bicarbonate as base, quaternary ammonium salt as catalyst and heating for 3 h at 80°.
Thus ethyl atropate was obtained in 74% yield from ethyl phenylacetate.® When the carboxylic
function was protected as 2-oxazoline, the reaction proceeded with less selectivity® and a dialkylated
side product was obtained (Scheme 17).

Nevertheless the reaction was improved for the synthesis of ibuprofen.®’

1
ii {74 idi OOH
(69%) (90%

Scheme 17. Reagents : (i) HCHO, KOH, EtOH, 75° 1 h; (ii) xylene, Dean Stark reflux 2.5h; (iii)ag9 N
HCl, AcOH, reflux 16 h under N,.

2.2.5. From a-aryl acetylacetonitriles

Hydratropic acids were formed from arylacetonitriles by acetylation according to Claisen’s
reaction. As in the preceding method the carbanion was formed in situ and then submitted to the
action of methyl iodide. Hydration of the nitrile gave the corresponding amide which was then
hydrolysed to the carboxylic acid. This process was applied to the manufacture of ibuprofen®®

(Scheme 18).
o )
/@cu i N _di /©>2;
Bu TR e R
)
ki /©>Z;~n, v /@/Lwou
(79%) iBu (83%) , g,

Scheme 18. Reagents: (i) EtOAc, Na, EtOH at 70°, 0.5 h; (i) Mel, i-PrOH/DMF ; (iii) 84% H,SO,at 70°;
(iv) conc HCl—AcOH at 100°.

2.3. Grignard Compounds Condensation with Arylglyoxylic Acids or Esters

Ethyl chloroglyoxylate prepared from diethyl oxalate was easily condensed with aromatic sub-
strates according to a Friedel-Crafts reaction,® to give after hydrolysis aryl glyoxylic acid in good
yields. The acids obtained in this way were combined in an unequivocal manner with Grignard
compounds to give the corresponding atrolactic acids. The expected hydratropic acids were prepared
directly or indirectly (via a-aryl acrylic acid) by reduction of precedent acids as for example in the
cicloprofen’® (Scheme 19), thiaprofenic acid’’ {Scheme 20) and isoprofen*® synthesis (Scheme 21).
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ov
COOH i
O

Scheme 19. Reagents: (i) MeMgl, Et,0, 20°, 2 h; (ii) H,SO,, dioxane, reflux 2 h; (iii) dioxane, H,, Pd/C,
50 psi.

i OH ii
@/Ecoon oRr @><coou G ) COOH

Scheme 20. Reagents: (i) MeMgl, Et,0 at —5°, 20°, 1 h, reflux 2 h; (ii) SnCl,, AcOH, conc HCl, 20°, 5 h.

0 H
oow __ 1, OOH
(78%)
ii iii Na
(95%) (40%)

Scheme 21. Reagents: (i) MeMgl, Et,0, 0°, 1 h, then 2 h at 25°; (ii) H,SO,, dioxane, reflux 2 h; (iii) H,,
Raney Ni, 50 atm, MeOH, 7 h at 80°, then EtONa/EtOH.

Application to the preparation of ibuprofen was claimed, the reduction was carried out either
directly using stannous chloride;” with phosphorus and iodine™ or indirectly via a substituted
atrolactic acid.” The same was true for flurbiprofen and its derivatives.**>"

3. METHODS BY CARBOXYLIC FUNCTION INTRODUCTION

a-Aryl propionic acids were obtained from functionalization of the aromatic side chain by
carboxylic group introduction. This principle required two carbon atoms in the lateral chain. The
methods were classified according to the structural complexity of the side aliphatic chain.

3.1. From Ethyl Arenes

The process of Biere and Russe™ consisted of combining N,N-dimethylformamide dimethyl
acetal with 4-ethylnitrobenzene. The intermediate enamine so obtained was treated with hydroxyl-
amine-O-sulfonic acid which led to the hydratroponitrile precursor in good yield (Scheme 22).

Scheme 22. Reagents: (i) MeO),CH—NMe,; (i) NH,0—SO;H, H,0, 25°.
When the enamine intermediate was hydrolysed by hydrochloric acid, hydratropaldehyde was

easily formed and its oxidation gave the corresponding acid as claimed for the ibuprofen synthesis”
(Scheme 23) in improved yields.

Bu
n/@)\/l\gu i /©)\CHO i D)\Qm‘
8 (80%) [ .gy (96%) .8y

Scheme 23. Reagents: (i) 1 N HCI,; reflux 5 h; (ii) AgNO,, NaOH, EtOH/H,0, reflux 4 h.
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3.2. From a-Halo Ethyl Arenes

3.2.1. Via the synthesis of nitrile precursors

There are many ways to synthesize 2-aryl propionic acids from secondary a-aryl alkyl halide
using classical organic methods. The preparation of these halides was also derived from standard
procedures : acetophenone reduction into corresponding secondary alcohols and then halogenation
with a halohydric acid®*®! (Scheme 24).

Halogeno compounds were also obtained by the addition reaction of hydrochloric acid to styrene
using a quaternary ammonium salt® as catalyst (Scheme 25) and then according to the bromination

Jen el Nontar
oo

Scheme 24. Reagents: (i) NaBH,, McOH ; (ii) 48% HBr.
a
~N i
(94%)
Scheme 25. Reagents: (i) aq HC), (C,H,,);N+*Me Cl-, reflux 0.5 h.
reaction of ethyl arenes promoted by UV light.®* To attempt condensation of secondary benzylic

halides with cyanides, polar atropic solvents are generally recommended. Yields are poor®# (Scheme
26), or were increased when the process was applied to the synthesis of ibuprofen® (Scheme 27) and

' ' O00H
o] o

Ct
Il
0

Reagents: (i) NaCN, DMSO, 50°, 2 h; (ii) H,SO,, AcOH/H,0, reflux 2 h.

Br i CN ii O0H
(108
S 0

Scheme 26. Reagents: (i) NaCN, DMF, 25°, 24 h; (ii)) KOH, EtOH/H,0, reflux 3 h, then H*.
its analogues®”®® and in a lower extent to the manufacture of fenoprofen®® and 3-nitrohy-

dratroponitrile.®! Yields were also improved by using a strong polar aprotic complexing solvent
such as HMPT for the synthesis of analogues of ibuprofen®® (Scheme 28). When cyanide ion was

Cl i CN i
. (97%) (97%)

Scheme 27. Reagents: (i) NaCN, HMPT, 90°, 2 h; (ii) NaOH, EtOH/H,0, reflux 2 h.

4 (+] i
E"<:©/L ( B8 "‘<I>/LM

Scheme 28. Reagents: (i) NaCN, HMPT, 90°, 5 h.
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complexed as a quaternary ammonium salt, the condensation reaction proceeded with good
yield$28% (Scheme 29). This condensation could be monitored in a continuous process in improved
yields using phase transfer catalysis®' (Scheme 30).

i
—_— CN

Scheme 29. Reagents: (i) Et;N*CN-, MeCN, 50°, 18 h.

Q Cl (%05 Q N T:%;T
C' c cl

Scheme 30. Reagents : (i) NaCN, Me;N, NaOH, PhCH,N +*Me, OH -, 0-15°; (ii) KOH, EtOH/H,0, reflux
16 b

3.2.2. Via organometallics
This mode of synthesis was investigated by Bakshi and Turner®? for the preparation of hydra-
tropic acid in moderate yields (Scheme 31). This method was improved upon and permitted the

©/Lcn i COOH
—i
(58%)

Scheme 31. Reagents: (i) Mg, Et,0, CO,, H*.

preparation of ibuprofen®% in greater than 80% yield, and of naproxen from the bromo derivative.*
Condensation of the Grignard reagent with ethyl orthoformate gave the hydratropaldéhyde inter-
mediate”” (Scheme 32). The aldehyde could also be formed by substituting ethyl orthoformate for
dimethylformamide with sodium®® (Scheme 33). Secondary benzyl halidés were combined with
nickel carbonyl using a strong base to give the expected acids : naproxen®® (Scheme 34) and hydra-

i HO
(70%)

Scheme 32. Reagents: (i) Mg, Et,0, HC(OEt),, 78% acid yield.

Necadb N ¢'e e

Scheme 33. Reagents: (i) DMF, Na, THF at <10°, 65% overall acid yield.

O oy e

Scheme 34. Reagent : (i) Ni(CO),, t-BuOH/t-BuONa.

tropic acid'® or ketoprofen'®' with cobalt carbonyl as reagent. This reaction mode was achieved by
phase transfer catalysis in the presence of cobalt carbonyl. The selectivity was improved using
butanol as solvent and phenyl trimethylammonium bromide or iodide as catalyst. In this case the
side product formed by the f-carboxylation of double bond was avoided. Moderate yields were
obtained!® (Scheme 35).

B8r i OOH
(55%) (1005)

Scheme 35. Reagents: (i) 50% aq KOH, PhNMe,Br » Cox(CQ),, BuOH, 35° 4 h.
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The reaction mechanism proceeded with inversion of configuration and was accompanied by
extensive racemization.'®® Application to the synthesis of many antiinflammatory substituted
hydratropic acids was claimed by the same authors.'%%'%*

3.2.3. Via the styrenes (0xo process)

Generally catalytic condensation of styrene compounds with carbon monoxide and a labile
hydrogen derivative (hydrogen, alcohol, water . . .) led selectively to the corresponding hydratropic
aldehyde or acid. The expected product was usually obtained in greater than 90% grade. Using
carbon monoxide and hydrogen, the aldehyde was obtained as in the preparation of ibuprofen'®
(Scheme 36). Replacement of hydrogen by. ethyl alcohol furnished the expected ethyl ester. Thus
the ethyl ester of naproxen was prepared in good yield'?"'® (Scheme 37).

|
i cwo i, COOH
(90%) (50%)

Scheme 36. Reagents: (i) CO+H,, Rh(CO),Cl,, PhH, 80°, 2 h/100 kg; (ii) KMnO,/H,SO,, 15°, 2.5 h.

A COO0 Et
OO (69%) OO
0 MeO

Scheme 37. Reagents: (i) CO + EtOH, (Ph,P)PACl,, BF,/Et,0, pressure, 120°.

Similar methods were described when styrene was prepared in situ by secondary benzylic alcohol
dehydration.!®''° This reaction was successfully applied to the preparation of a-thiophene propionic
acid.!"! Use of a chiral catalyst such as (+)-diphenyl neomenthylphosphine was an enantioselective
method to synthesize chiral hydratropic acid.'® At last, a trimolecular reaction between an aromatic
Grignard reagent, ethylene and carbon dioxide gave rise to a-aryl propionic acid''?"*# (Scheme 38).

i
Ar-MgBr + CH—CH, + CO, — A»)\coon
Scheme 38. Reagent: (i) NiCl,, at —10°.

3.3. From Acetophenones

Acetophenones readily prepared by the Friedel-Crafts reaction were raw materials of choice for
hydratropic acid synthesis. First they could be converted into the nitrile through either the secondary
alcohol''’ (Scheme 39) or the substituted benzylamine according to a reductive amination''¢ (Scheme
40) but most of the processes described needed a more complex synthesis course.

o HO
oL & oL - LT
—_— ——
. N OH OH

Scheme 39. Reagents: (i) EtOH, H,, catalyst ; (ii) NaCN, 100-150°, then hydrolysis in alkali at 75-125° to
carboxylic acid.

ot gt s o

Scheme 40. Reagents : (i) MeNH,, H,, Pd/C; (ii) NaCN, then hydrolysis in alkali to carboxylic acid.

3.3.1. Via cyanohydrin (Urech method)
Cyanohydrins readily obtained by nucleophilic addition of a cyamde to an acetophenone were
converted to a-aryl propionic in two different ways. :
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3.3.1.1. Through atrolactic acids (2-aryl lactic acid). In this conventional way, hydration of the
nitrile function and hydrogenolysis of the alcoholic function were involved. This excellent process
was applied to the synthesis of ibuprofen'!” (Scheme 41) and naproxen.''®

o HO
i R
(87%)
HO,
/K/(>)<t - /K/©)\< >
(94%)

Scheme 41. Reagents: (i) NaCN, DMF, HCl, 30°, 3 h; (ii) conc HCI, HCl gas, 3 h, 27°, then 45% NaOH,
80°, 3 h; (iii) H,, Raney Ni, aqg NaOH, 150-160°.

Terminal hydrogenolysis of the secondary functional alcohol was performed using either stan-
nous chloride,'"® iodine with phosphorus,'?® hydroiodic acid with phosphorus,'?' or catalytic hydro-
genation with palladium on charcoal.'?

3.3.1.2. Through amino acid intermediates. The Bucherer—Bergs reaction was applied to
substituted acetophenones to give hydantoin intermediates and these were decomposed into a-
amino acids which were readily converted to the expected substituted hydratropic acid, as shown
for instance in the ibuprofen'?*!2* (Scheme 42) or naproxen'? synthesis.

o o, NE
i i
(95%)
H
coom| _iii COOH
(70%)

Scheme 42. Reagents: (i) (NH),CO,, KCN, aq EtOH, reflux 24 h; (i) aq NaOH, 160°, 6 h; (iii) 25% aq
HCOOH, HCHO, 3 h, then H,, Pd/C, 50°, 7 h.

Conversion of the a-amino acid to a-hydroxy acid was possible by nitrous deamination using a
mixture of sodium nitrite with hydrogen chloride.'?¢ Modified Strecker’s reaction with aniline gave
rise to the a-phenyl amino hydratropic acid in excellent yield'2"!?® passing through an a-amino nitrile
intermediate (Scheme 43).

M-Ph H-Ph
L O s oy
(85%) (87%)
: H-Ph
iii iv
PVl BUra

Scheme 43. Reagents : (i) PhANH,, NaCN, AcOH, 45°, 8 h; (i) H,SO,, 45°, 7 h;; (iii) aq NaOH, reflux 7 h;
(iv) HC, H,, Pd/C, P = 25 kg, 40-50°, S h.

3.3.2. Via the epoxides
3.3.2.1. Corey’s procedure. Trimethylsulfonium iodide was added to acetophenones in a basic
medium to give 1-aryl, 1-methyl epoxy ethane'?® intermusdiates which were rearranged into hydra-
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tropaldehydes' (Scheme 44). The oxidation of aldehydes to the corresponding acids was a new
synthetic method to these compounds.

79%5_(;_;3%

Scheme 44. Reagents: (i) Me,S*1-, NaH, DMSO/THF, 0°, 0.25 h then 25°, 1.5 h; (ii) fluorisil PhH.

This process was applied to the synthesis of ibuprofen’*? in almost quantitative yield (Scheme
45), the epoxide was also prepared from the corresponding chlorohydrine.!*

i
. L cHO
(84%) (96%)
Ve
(82%)

Scheme 45. Reagents: (i) Me,S* ~SO,Me, MeONa/MeCN, 25°, 0.15 h; (i) ALSiOs, PhMe, reflux; (iii)
NaOCHAcOH/Me,CO.

Naproxen'* and ketoprofen'>*13¢ were also prepared according to the same method. Other
oxidative reagents were used such as: sodium hypochlorite,'¥1* silver nitrate,'**!* the pair sodium
chlorite-sulfonic acid'*' and then selenium oxide.'4?

3.3.2.2. Darzens’ reaction. Chloroacetonitrile was condensed with ketones and especially with
acetophenones' according to Darzens’ reaction.'¥>!* Glycidic derivatives formed in basic medium
were rearranged easily into aldehydes.'® This process was improved using acetonitrile by sodation
with sodium tertiomylate. This glycido nitrile was successfully rearranged into an «-keto nitrile in
the presence of lithium perchlorate and then readily suffered an oxidation to hydratropic acid in
basic medium'* (Scheme 46).

0o
_._j—'-o N -...'Ei'.., ™
{95%)
m /‘\/@L‘MH
(72%)

Scheme 46. Reagents: (i) CICH,CN, t-AmONa/t-AmOH ; (i) LiClO,, PhMe, reflux ; (iii) ag NaOH, refiux.

These authors have claimed the application to the synthesis of ibuprofen'#” and its derivatives.'®
Glycidyl nitriles were also readily prepared in excellent yield by phase transfer catalysis.'*

Substitution of chloroacetonitrile by ethyl chloroacetate gave rise directly to ethyl aryl-
glycidates!*® (Scheme 47).

9
i OOEt u HO
(524)
i COOH
(72%)

Scheme 47 Reagents: (i} CICH,COOEt, PhH, EtONa, 25°; (i) EtONa/EtOH H;0, 0.5 hthen AcOH/H,0
-refluxed ; (iii) Et,0, Na,Cr,0,/H,0 < 3° then H O+ H, SO,
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Application to the synthesis of flurbiprofen,'s! ibuprofen'4%!52!53 or naproxen derivatives'>® was
also claimed. A modification of the procedure consisted in rearranging alkyl arylglycidates using
boron trifluoride etherate. The alkyl (3-aryl-2-hydroxy-3-butenoate) thus formed was easily iso-
merized to alkyl (3-aryl-2-oxobutyrate) whose oxidation furnished the expected 2-aryl propionic
acids as in the case of the ibuprofen synthesis (Scheme 48) in improved yields.!*!%

/@/v\ i /@)d/coom ii /@)I\rooom
i-Bu (73%) i-Bu (90%) i-Bu HO .
1id Me iv COOH_ v O0H
(84%) (84%) o (8s9) <
é-Bu B ¢-Bu

Scheme 48. Reagents: (i) CICH,COOMe, hexane, MeONa/N,, 0° then 50°, 0.5 h; (ii) BF,, H,O/DMSO,
25° 2 h; (iii) MeONa/MeOH refiux, 0.3 h; (iv) KOH/H,0, 25°, 0.5 h; (v) 3% aq NaOH, 30% aq H,0,,
0° then 25°, 18 h.

This method was patented'**'$? by Nisshing Flour Co. investigators and adaptation to the
naproxen's and ketoprofen'*'® syntheses was also claimed by the same authors. Mercuric chlor-
ide's! was also used to perform rearrangement of glycidic esters. The patent was got round using
ethyl a-chloropropionate and the penultimate step gave a 3-aryl 2-butanone whose oxidation
produced substituted hydratropic acid'®’ (Scheme 49).

L, Bt _1i COONa
(85%) (87%)
iii iv
Y

Scheme 49. Reagents : (i) CICHMeCOOEt, t-BuOK /t-BuOH, 10°, 4.5 h, reflux 2h ; (ii) EtOH/EtONa, H,0,
0°; (iif) aq HCI then Cu, 80-140°, 2.5 h; (iv) Br,, aqg NaOH/dioxane, 0°, 3 h.

3.3.2.3. Cope’s procedure. Knoevenagel’s reaction was modified by Cope and applied to the
condensation of ketones with ethyl cyanacetate.!$*!% This process involved analogous final inter-
mediates as in Darzens’ reaction. The process and intermediates were mainly claimed by Grelan
Pharmaceuticals and applied to many antiinflammatory aryl 2-propionic acids such as naproxen'®’
(Scheme 50) and ibuprofen'® for example, in good yields.

o
I i SCN i
O
MeO MeO COOEt
Q conn, it Q _conu,
sepmiolqe
MeO COOEt . COOH
O eamt Weea
Bsh . o (86%)

Scheme 50. R ts: (i) CNQH,COOE!, AcONa, A@H/Pl!l:l, reflux 43 h; (ii) Na,PQ,, EtOH, H,0,,
75°, 4 Yr; Gify KOH-EtOH, §5° 1 h; Gv) dry, 1?;- several min} (iv) 10% aq NaOH; 30% B,0,, (°, then
°, ¥6h: '
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Epoxidation was also made with sodium tungstate as catalyst.'®” In an-alternative method,
ibuprofen was obtained directly from the epoxide in moderate yield'®® (Scheme 51).

/k/©>§/' CN ¢ :‘) )\/©)\ o
COOEt 4

Scheme 51. Reagents: (i) KOH/EtOH, 25°, then PhMe reflux, 0.25 h.

3.3.3. Via tertiary a,a,a-trichloroalcohols _

Attempts to condense chloroform on acetophenones failed at first'®® but it succeeded using
caustic soda and quaternary ammonium salt as catalyst (Scheme 52). This method gave rise to
atrolactic'™ or atropic acid as intermediate according to reaction conditions and reduction or
hydrogenolysis furnished the expected acid.

i
@/K -—>( ) ©>&pn
Scheme 52. Reagents: (i) PhH/50% NaOH, CHCl,, Et,N+CH,PhCl-, 25°, 2.5 h.

This synthetic route with fewer stages was applied to the synthesis of many compounds in good
yields such as: ibuprofen!”’ substituting chloroform by bromoform!'™ (Scheme 53) or naproxen.!?>17

o OH
i ii 00H
(66%) (69%)

Scheme 53. Reagents: (i) 50% KOH, CHBr,, LiCl, PhCH,N *Et,Cl -, 0°, 20 h then 20°, 18 h; (ii) H,, Pd/C,
EtOH, 60°/30 kg.
In other cases the reaction was further pushed beyond the atrolactic acid stage to give the
corresponding dehydrated atrolactic acid as in the synthesis flurbiprofen'” (Scheme 54) or
ibuprofen.!7677

r,‘;:m“(;—;,;m

Scheme 54. Reagents: (i) 50% NaOH, CHCI;, PhCH,0H, CH,Cl,, PACH,N*Me,Cl-, 20°, 12 h; (ii) 10%
aq NaOH, H,, Pd/C at 25°.

3.3.4. Via l-hydroxy ethers

The Grignard reagent obtained from chloromethyl ethyl ether was condensed with substituted
acetophenones to give f-hydroxy ether intermediates which were readily hydrolysed to hydra-
tropaldehyde precursors of acids in good yields as in the preparation of ibuprofen'”!” (Scheme 55).

[+]
2.
Et
ii » i -
(89%) (76%)

Scheme 55. Reagents; (i) CICH,OEt, Mg, HgCl,, THF, Etl, 0-5°; (ii) aqg NH,C] then HCOOH ; (ii)
H,NSO,H aq NaClO,.

3.3.5. With sulfur reggents _
3.3.5.1. Modified. fnoevenagel’s reaction. The condensation of methyl methylthiomethyl sulf-
oxide (MMTS) was at first carried out with aldehydes leading to alkyl arylacetates. This reaction
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was then extended to the alkyl a-aryl propionate synthesis, using acetophenones and the lithium
derivative to promote carbanion formation.'*® The hydroxy intermediate was isolated as the acetate
ester, then ‘deacetoxylated to a sulfur olefin product whose ready hydrolysis gave the substi-
tuted hydratropic acid. Yields were generally improved as in the preparation of ibuprofen for
example'®-1#? (Scheme 56).

o L AcO
3 SMe | 4 Me
—— B d
OSMe {100%) OSNe
X . Aiv
(735) (92%)

Scheme 56. Reagents: (i) MeSCH(Li)SOMe, THF, —75°, 0.33 b; (ii) Ac,0, —75°, then 25°, 1 h; (iii) |
t-BuONa/t-BuOH, 25°, 0.15 h; (iv) HCI/MeOH, 25°, 15 h.

3.3.5.2. Using rhodanine as reagent. Acetophenones were successfully condensed with rhodanine
leading after basic hydrolysis to thiocinnamic acid intermediates, then converted into the keto acid
which suffered a degradative oxidation into the expected acid as in the preparation of ibuprofen'®
(Scheme 57), naproxen'®® and ketoprofen. '8

0
Ot e - e
. by o —d .
i-Bu Bax) g i-Bu H
o
(% QH\K‘ (90:) W e (@J\‘n‘
. S
iBu

Scheme 57. Reagents: (i) rhodamine, NH.OAC, AcOH/PhMe, reflux 8 h; (i) 15% NaOH 95°, 0.5 h; (i)
5 N NaOH, 75°, 0.5 h; (iv) 30% H,0,, aq I N NaOH at 0" then 25°, §

3.3.6. Using phosphine derivatives according to Wittig's reaction

Functionalized phosphonium salts were combined to acetophenones leading either to enol ethers
or to protected ketenes under thioketal or dichloroform.

From methoxymethylene triphenyl phosphorane. This reagent was condensed with 2-acetyl 6-
methoxy naphthalene to give the unstable enol ether which was readily hydrolysed to the cor-
responding aldehyde whose oxidation gave naproxen (dl)'* (Scheme 58). In a modified procedure,

BecanPeoan
S e [Ty e

Scheme 58. Reagents : (i) PhyP==CHOMe; (ii) HCI; (iii)) Na,Cr,0;.
use of dxethyi (t-butoxycyano) methyl phosphonate was preferred as the %tU&Homef reagent. 1-

t-Butoxy-1-cyano-2-aryl propene obtained as the intermediate’® product was transformed into the
acetate and then easily hydrolysed to hydratropic acid in almost quantitative yield!® (Scheme 59).

[+
i CN  id ' o
4, X M Xy O0H
: @K ) mﬂw (%) ©/H/ ‘ T @J\

Scheme 59. Reagents: (i) (EtO),P(O)CH(CNYO—t-Bu, NaH; (i} ZnCl,, Ac,0; (iii) 20% ag KOH.
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From the dimethyl 8,S-thicacetal of dimethyl formyl phosphonate. This versatile reagent was
condensed to carbonyl compounds and more specifically with acctophenone to give readily .the
hydratropic acig throtgh the ketene $,S-dimethyl ketal intermediate!®'?? in excellent yield, as in the
naproxen synthesis!*? (Scheme 60).

.,.o' = .,.o) o, SO

Scheme 60. Reagents: (i) (McO),P(O)CH(SMe),, THF, BuLi, —78°/N,, then 25°, 1 h; (ii) H,0, H;0*.

From tributyl dikalomethylene phosphorane. Aryl methyl ketene halides were obtained by con-
densation of substituted acetophenones with the appropriate Wittig reagent.'* For example, tributyl
difluoro methylene phosphorane was condensed to p-isobutyl acetophenone to give the related a-
methyl f,B-difluorostyrene according to a Wittig reaction. This unstable intermediate was readily
hydrolysed to ibuprofen in good yield'®s as shown in Schéme 61. The dichloro derivative was

JSralNVsad BCean

Scheme 61. Reagents: (i) Bu,P—=CF,; (ii) H,SO,at —10°, then 25°, 3 h,

prepared in an analogous process.'® Nevertheless an attempt to hydrolyse this halo intermediate
failed. The preparation of hydratropic acid succeeded in oxidizing'®’ the organo borane derivative
obtained from the dichloro compound according to Scheme 62. This procedure was improved by
oxidizing with hydrogen peroxide in a basic medium and applied to the manufacture of ibuprofen.'*

0
e S (O
ct (71%)
1 My i, OO0H
4[)\/©/k} (78‘))\/@*‘
3

Scheme 62. Reagents: (i) PhyP==CCl,; (i) B,H,, THF/N,, 60°, 4 h; (ili) CrO,/AcMe H,SO,, 25°, 20 h.

3.3.7. Reaction with tosylmethylisocyanide (TosMIC)

This versatile reagent was readily synthesized in two steps from sodium p-toluenesulfinate
and was condensed to acetophenones in a strong basic medium to the substituted hydratroponitrile
as end products through a complex mechanism (Scheme 63). Yields were dependent on the organic
base used as shown in Table 2.

198

[+
¢ i /L
Ar/K e Ar COOM

Scheme 63. Reagents: (i) tosylmethylisocyanate, base, solvent, —60°, 0.25 h.

Table 2
Temperature/ Yield
Ar Base Solvent ' hours (%) Reference
CoHy— BuLi THF —65°;025h 50 200
CHe— - “BuLi THF -—65%;025h 42 .200
CH— MeONa MeOH reflux;0.25 h 69 201
. t-BuOH .o o .

CHe— +BuOK MeO(CH,),0Me -20°;1h . 80 202

EtOH o_250. :
CH— t-BuOK MeO(CH,),0Me —35°; }).5 h 68 203

EtOH o_aco. )
4 BrCH t-BuOK MeO(CH,),0Me ~35°;0.5h 0] 203
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3.4. Formation of Carboxylic Function by Oxidation

Oxidation is a usual method for the formation of carboxylic acid compounds. Many raw
materials have been used, thus oxidation of aldehydes (see Sections 2.1, 2.2.3 and 2.3.2) and
aryl propanones and butanones (see Sections 2.3.2.2 and 2.3.5.2) was already considered. Other
compounds were recommended as intermediates to give hydratropic acids after oxidation.

3.4.1. 2-Aryl propanol oxidation

Firstly alcohols were prepared from a halide obtained according to a Friedel-Crafts reaction?®
(Scheme 64). This 2-aryl propanol was best obtained in a straight Friedel-Crafts alkylation reaction
from propene oxide?**2% (Scheme 65). In another method methyl styrenes underwent hydroboration

G s IS %
(80%) (90%)
A m N

O (51%)

Scheme 64. Reagents: (i) F—(CH,),—Br, BF, at 10°, 2 h; (iij) NaOAc, HMPT, 25° then aq NaOH;
(iii) Na,Cr,0,.

S Ssas

Scheme 65. Reagents : (i) propylene oxide, CS,, AICI; at —10° to 5° during 3 h, then 1.5 h.

I oM
)\/@’K o )\/QA

Scheme 66. Reagents : (i) NaBH,/BF,, diglyme, 20°.

to give the expected alcohol®”” (Scheme 66) in good yield. Oxidation was carried out with classical
reagents:

(@) chromium trioxide ;?%%
(b) potassium dicliromate or potassium permanganate ;2'°
(c) oxygen of air using palladium as catalyst.?"!

3.4.2. 3-Aryl 1-butene oxidation

These unsaturated derivatives were obtained from 4-aryl valeric acids, themselves prepared from
lactones and aromatic compounds by a Friedel-Crafts reaction. Generally alkylations were poorly
selective, nevertheless the process was patented by Yoshimura er al.2'2 and applied to the synthesis
of ibuprofen (Scheme 67). A modified procedure was recommended using 3-aryl 1,1-disubstituted
butenes as illustrated in Scheme 68 for the preparation of fenoprofen.?!?

U e
RPU s

Scheme 67. Reagents: (i) y-valerolactone, AICl,, 130°, 3 h; (ii) Cu(OAc),;, C;H;N, PhH, 1.5 h/N,, then
Pb(OAc),, PhH, 6-8 h at 50°; (iii) t-BuOH, NalO,+ trace KMnO, aq H;O at pH 8, 5.5 h.

& b
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®
—‘*

Scheme 68. Reagents: (i) O,/O,, CH;Cl,, —78°, then 30% H;0; in aq H,SO,.

3.4.3. Oxidation of nitrogen compounds
Oxidation of 2-arylpropylamines?'* was carried out using a mixture of hydrogen peroxide and
ferrous sulfate as oxidizing agent in basic medium as in the ibuprofen synthesis (Scheme 69).

IVcaunSUran

Scheme 69. Reagents: (i) KOH, Fe,SO,, 7H,0 ; MeOH, 30% H,0,, 25°, 4 h.

Substituted nitrostyrenes were easily obtained from aldehydes and nitromethane according to a
Claisen—Schmidt modified reaction. This product was condensed with methylmagnesium iodide to
give 2-aryl nitropropane, whose hydrolysis was performed with concentrated hydrochloric acid to
give hydratropic®'® acid in excellent yield (Scheme 70).

i X NO ii R iii R
. r p _ddi
(86%) L) OOH

Scheme 70. Reagents: (i) EtNO,, NH,OAc/AcOH; (ii) McMgl, Et;0, 0°, 1 h then 25° 1 h and reflux
0.66 h; (iii) 12 N HCl reflux 3 days.

4. METHODS BY INTRODUCTION OF THE PROPANOIC GROUP

In this synthesis mode a tricarbon chain was used which permitted the introduction of the whole
chain directly on the aromatic nucleus. This was obtained using either an electrophilic (Friedel-
Crafts type) or nucleophilic substitution from halo aryl compounds under activated form or by
reaction in a Grignard reagent form.

4.1. Arndi-Eistert Reaction

This method was an exception because it only permitted the introduction of two additional
carbons thanks to the condensation of diazoethane with benzoyl chloride.

This method should be classified in a special section but the anomaly is small because it was
only used at the laboratory stage for sample synthesis in moderate yield (Scheme 71 and Table 3).

o
! ———i. )\C
Ariﬂ i AVC}Fu-N - Ar OOH

Scheme 71. Reagents: (i) CH,CHN,, Et,0, —20°, 0.5 h; (ii) R—OH-Ag,0, then hydrolysis.

4.2. Electrophilic Substitution According to Friedel-Crafts Reaction

4.2.1. From lactic acid derivatives
These types of alkylation reactions were generally poorly selective, nevertheless two alkylating
compounds were recommended.

Table 3

Ar B-CoH— p-CICH— m-NO,CH— p-NO,CH,— l-Fllgomyl— 4-Fluorenyl—

Yield (%) S8 85 48 36 41 62
Reference 216~ 216 217 217 70 70
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(1) Lactide was condensed with isobutylbenzene to give ibuprofen directly in moderate yield
(Scheme 72) using polyphosphoric acid as reagent.?'®

i
R ol
1 D) @
Scheme 72. Reagents: (i) 2,5-dioxo-3,6-dimethyl-1,4-dioxane, PPA, 70°, 12 h.

(2) Tosyl esters of lactic acid esters were better leaving groups than hydroxyls. Improved yields
were obtained using the tosyl ester of methyl lactate when it was condensed with isobutyl benzene
to give ibuprofen (Scheme 73) for example.?'%-2%!

i OOMe
(68%)

Scheme 73. Reagents: (i) 4-MeCH,SO,CH(Me)COOMe, AICI;, 0-3°, 6 h.

When tosylates of lactic acid were used as alkylating reagents, hydratropic acid was directly
prepared but in smaller yields.??2-2 Similar results were obtained using the benzene sulfonate ester®?’
whereas alkylation with the mesylate derivative gave poor yields.??® Nevertheless recently, adaptation
of this reaction to (S)-CH ,—CH(0OSO,Me)COOMe with benzene gave (S)-methyl hydratropate in
80% yield and with high stereospecificity.22%

4.2.2. From 2-halopropionic acids

This alkylation reaction was not very selective??’ (Scheme 74), but the condensation with isobutyl
benzene using 2-bromopropionic anhydride as reagent and ferric bromide as catalyst, was claimed
to give a 39% yield??® (Scheme 75). a-Chloropropionic acid also reacted similarly.?”® Nevertheless,

o m

Scheme 74, Reagents: (i) CH,CHCICOOH, FeCl,, KBr, 200°, 16 h.

Scheme 75. Reagents: (i) 2-bromopropionic anhydride, FeBr;, KBr, 170-200°, 2 h; (ii) 10% aq NaOH
reflux 2 h.

Arai et al. have recommended ethyl a-alkylthio a-chloropropionate as a selective alkylating reagent,
using stannic chloride as catalyst (Scheme 76). Improved yields of ethyl 2-methylthio-2-(6-methoxy-
2-naphthyl)propionate were obtained and successive desulfurization and saponification reactions
were almost quantitative.?*

s n

Scheme 76. Reagents: (i) ethyl-2-chloro~2—methylthlopropnomtc SnCl,, CH,Cl,/CCL, 45°, 0.5 h; (ii) H,,
Raney Ni, EtOH ; (iii) KOH, EtOH, H,0.
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4.2.3. From pyruvic acid

Pyruvic acid was condensed with isobutylbenzene, for example, according to the Friedel~Crafts
reaction to leave an atrolactic acid which on hydrogenolysis gave the expected hydratropic acid?!
(Scheme 77). Red phosphorus in hydroiodic acid medium was a good substituting reagent for
hydrogenolysis.?** The latest step was also conducted via the dehydrated tropic acid intermediate
which was then hydrogenated.??

H
i CooH _ii - H
. (38%) (98%)

Scheme 77. Reagents: (i) CH,COCOOH, CH,Cl,, AICl,, 0°, 4 h; (ii) 50% AcOH, Raney Ni, H,, 170°,
16 h, 16 kgcm ™2

4.3. Reactions with Nucleophilic Character

4.3.1. From aromatic Grignard reagents

An aryl Grignard reagent was directly coupled with the reactive a-halopropionic salt according
to a substitution reaction or indirectly with a pyruvic acid derivative by an addition reaction
mechanism. _

4.3.1.1. Condensation with a-bromopropionic acid. An aryl Grignard reagent was coupled to a
bromomagnesium or a sodium salt of a-bromopropionic acid to give naproxen?* (Scheme 78) or

Scheme 78. Reagents: (i) Mg, THF ; (ii) CH;CHBrCOOH, PhMe, MeMgBr THF/PhMe.

flurbiprofen.?*52* The carboxylic acid function was also protected by converting it to an oxazolin.?>’
Many types of organometallics were used as organozinc,?*?* organocopper,?® organocadmium?!
and organoboron compounds?**? to synthesize naproxen for example.

a-Methylated Meldrum’s acid was easily coupled with an aryl lead triacetate to give ibuprofen
in good yield** (Scheme 79). Condensation of an «-halopropionic acid compound was also per-
formed with an aryl halide using a chiral transition metal derivative to an enantioselective reaction, 2
resolution of the racemic mixture was thus avoided.

0,
Pb(oAC), i ii OOH
/©/ (95%) p (80%)
B +-Bu +-Bu

Scheme 79. Reagents: (i) methyl Meldrum’s acid, CHCl,, C,H;N, 40°, 1 h; (ii) hydrolysis.

4.3.1.2. Reaction with ethyl pyruvate or its derivatives. Substituted aryl magnesium bromides
were condensed with ethyl pyruvate and lead to atrolactic acid intermediates; this reaction was
performed in ether at low temperature or in tetrahydrofuran in an ice bath.2*’ Substituted atrolactic
acid was either acetylated and reduced with lithium amidure* (Scheme 80) or directly hydro-
genolysed using phosphorus with hydroiodic acid as in the preparation of flurbiprofen.?®

N H u AcO
Br . £t -t 00Et —iii,
/@m (65%)/[:?4‘” (85%) /@)4 (91%) cooH

Scheme 80. Reagents : (iy CH;COCOOEL, Et,0, —78° then 20°, 16 b; (i) Ac,0, CsH N, 4-Me,N-C;H,N;
(iii) Li, liq NH,, Et,0, then NH,Cl and aq HCl at 0°.
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In another route, sodium?® or lithium salts?*’ of pyruvic acid, successfully gave the substituted
hydratropic acids (Scheme 81) in fewer steps and good yields.

H
MgBr i OOH ii COOH
(70%) (80%)

Scheme 81. Reagents : (i) MeCOCOOLI, THF/HMPT, 0° then 45°, 2 h; (i) KI/red P, H,PO, heated 5 h.

4.3.1.3. Reaction with methoxy propanone. When less vigorous procedures were required,
methoxy propanone was reacted according to Ellison’s process to give 2-aryl 2-hydroxy propyl
methyl ether in a first step ; the latter was readily hydrolysed to an aldehyde whose protected cyclic
thio ketal was thio alkylated and then hydrolysed as shown to give the substituted acid®*® in Scheme

82.
Hi
B 1 oMe _ii
m (78°) [I_\_E)}(’ -
o = oo

Schems 82. Reagents (i) BuLi, bexane/Et,0, 0°, MeOCH,Ac, reflux 1.5 b, then H*; (i) 48% aq HBr

reflux/N,, 0.33 b ; (iii) H8(CH,),SH, CHCl;, HCl gas, 0.5 h; (iv) BuLi, hexane/THF, 7 >/Ar, 0.15h, then

MeS—8Me, 25°, 0.5 h; (v) Hp(l,, Hg,O, 95% EtQH, reﬂux/N,, 53 h then 10% aq NaOH, EtOH, reflux
1.2 b and finally H,, Pd/C, dioxane.

4.3.2. From activated halogeno arenes
The presence of an electron-withdrawing group (such as —NO,. /CO —COOR) in ¢- or p-

halo arene permitted the removal of the halogen and the alkylation with an active hydrogen
compound such as a dialkyl sodiomethyl malonate according to a nucleophilic reaction. The p-
substitution was easier than o-substitution. Nitro compounds were used as actlvatmg reagents
and permitted the preparation after reduction of amino hydratropic acids as in the synthesis of
pirprofen?*2% (Scheme 83), alminoprofen® or pyridyl derivatives.”®' Fluorine was the better leaving

0O Et “ '
Ci

”‘:@f (e:m B T ULM&
NO;

Scheme 83, Reagents: (i) MeCH(COOEt),, NaH, DMF, 100°, 15 h; (ii) NaOH aq EtOH, HCI then
EtOBR/HCI reflux.

group and condensation with 2,4-difluoro nitrobenzene was easily carried out in aqueous sodium
hydroxide?**?3"2% 1o give a flurbiprofen intermediate.

Aromatic ketones—a lower electron-withdrawing group—were also used as raw materials as in
the suprofen synthesis® (Scheme 84) and in the:preparation of a keto derivative of ibuprofen.?*

Scheme 84. Reagents: (i) NaH, HMPT, MeCH(COOEL),, 100°, 10 h; (ii) 5% aq NaOH, reffux 6 h.
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Activation with a carboxylic group in the-o-position led to a-methyl homophthalic?** acid in good
yields (Scheme 85).

OO0Et
Br —1> ) OEQ L.
(:( (83%) (78%) 00H
COOH O0H COOH

Scheme 85. Reagents: (i) NaH, PhH, MeCH(COOE),, CuBr, 70°, 5 h; (i) 2 N aq NaOH, EtOH, 60°,
12 b, then H,0*.

4.4. Miscellaneous Substitution Reactions

4.4.1. Gassman'’s procedure

Orthoamino hydratropic acids were readily prepared from aniline and ethyl a-thiomethyl pro-
pionate using t-butyl hypochlorite through a 3-methyl oxindole intermediate?*?*’ (Scheme 86). This
reaction was applied to the synthesis of 2-(2-amino 3-benzoyl)propionic acid?*® a methyl derivative
of amfenac, using an o-aminobenzophenone as starting material.

i Me ii idi
NH, —>» —_— e
@ H Toan) @éo (70%) ©:§-=o (:(Lcoom
' H NH,

Scheme 86. Reagents : (i) CH;SCH(Me)COOEt, t-BuOCl, Et,N, Et,0, —65°, 1 h, then aq HCI; (i) Raney
Ni, H,, EtOH; (iii) 1 N NaOH, EtOH, reflux.

4.4.2. Cine substitution

When propionitrile was condensed with 2-chlorobenzoic acid, 2-(3-carboxyphenyl)propionitrile
was formed in 49% yield when sodium amide was used as coupling reagent®® (Scheme 87). Migration
to the m-position was probably due to a cine type mechanism (Scheme 87). The procedure was

CN
cl .
©:coo “n
H COOH
Scheme 87. Reagents: (i) Na, lig NH;, Fe(NO,),, Et—CN, 1 h, then NH,Cl and H,0*.

extended to an electron-donating group in the aromatic such as 2,5-dimethoxy bromobenzene to
give the expected nitrile in good yield.2** This method was successfully applied to the ketoprofen
synthesis?® by shortening the number of steps. ‘

4.4.3. “Vicarious” nucleophilic substitution

Condensation of the carbanion prepared in situ from ethyl a-chloropropionate®' or a-chloro-
propionitrile?s? with a strong base permitted the nucleophilic attack principally in the electron
depleted p-position of a nitro aromatic compound. The mechanism probably proceeded through a
Meisenheimer salt intermediate. With the most suitable base, i.e. sodium hydride and potassium or
sodium t-butoxide, high yields were obtained using an aprotic polar solvent such as DMF*!
(Scheme 88). Many o-substituted nitrobenzenes were used as substrates in good yields. When

NO, _ 1 COOEt
O w -
NO

?
Scheme 88. Reagents : (i) CHyCH(CI)COOEt, t-BuOK, DMF, -5 to 0°, then H,0*.

orthofluoronitrobenzene was coupled with a-chloropropionitrile, 2-(3-fluoro-4-nitrophenyl)
propionitrile was prepared in 44% yield. Reduction of the nitro group into the amino group gave
rise to a key intermediate in the synthesis of flurbiprofen?? which was synthesized according to the
Gomberg-Bachmann reaction.
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5. REABRANGEMENT OF PROPIOPHENONES AND THEIR DERIVATIVES

Rearrangément of propiophenones and their derivatives to substituted 2-aryl propionic acids
was a recent and very attractive method to readily accede to these compounds. Improvement and
development of this technique already justified a review.?s?

5.1. Principles
«-Thallio, halo or diazopropiophenones were submitted to a rearrangement which proceeded
through a carbocation intermediate and then through a cyclic transient state. The new rearranged
carbocation was finally submitted to the solvent attack to directly give 2-aryl propionic acid with
water or the corresponding ester when the reaction occurred in an alcohol (Scheme 89). This

= o ok
e — Pt =

Scheme 89. Reagents: (i) Br,; (ii) ROH.

rearrangement was applied either to propiophenones or to their a-functionalized substituted
derivatives; often specificity was improved when the carbonyl group was protected as the ketal,
enol ether or enamine form.

5.2. Rearrangement of Propiophenones

5.2.1. VKia a-metallo or metalloido propiophenones

The preparation of aryl acetic acids from acetophenones and thallium(III) nitrate according to
MacKillop et al.’s propess? was extrapolated by them to propiophenones giving rise to esters of
hydratropic acid?* according to Scheme 90 in 31% yield. According to these authors after enolization

cadica
Scheme 90. Reagents : (i) TI(NO,);, MeOH, 70% aq HCIO,, 25°, 24 h.
of propiophenoxie and oxythallation of the double bond, oxidative rearrangement proceeded through
aryl migration with simultaneous reduction of thallium(III) into thallium(I). A competing reaction
was direct substitution (without rearrangement) where the enol ether was generated as a side product

in low yield (Scheme 91).

Me

HO . HO u
©/K/ — —
Ti{No,),
—— ©)\£.3” —_— I\ COOMe
Rz +H®
HO OMe
iv

+H®
Scheme 91. Reagents: (iy TIINO,), ; (ii) — | TINO,; (iii) MeOH ; (iv) H;O+.

9
|
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The process was improved by the same authors using thallium(III) nitrate supported on mont-
morillonite clay in a mixture of methanol and trimethyl orthoformate followed by evaporation to
dryness. The reaction was performed in methyléne chloride at room temperature in almost quan-
titative yield.2$

This procedure was claimed and adapted to the synthesis of

(a) ibuprofen or flurbiprofen using perchloric acid, ¢ sodium perchlorate?*’ as reagent or with
the preparation of the thallium(III) salt in- sitw ;%

(b) ketoprofen ;-2

(c) nmaproxen.?”

The reaction mechanism was reviewed by Higgins and Thomas.?? According to these authors
rearrangement proceeded through a-thallio ketals, while a side reaction was induced from a-
thallioketones. As pointed out by Giordano er al.,”* the price and toxicity of thallium salts induced
limited industrial application of this process ; therefore other polyvalent reagents were considered.

Thus lead tetraacetate was investigated for the rearrangement of propiophenone. Equimolar
quantities of ketone and anhydrous lead tetraacetate were used in a mixture of trimethyl ortho-
formate and perchloric acid. The reaction was performed at room temperature in excellent yield?”
(Scheme 92). The process was claimed by these authors and applied to the synthesis of the usual

Scheme 92. Reagents: (i) P6(OAc),, 70% HCIO,, HC(OMe),, 25°, 20 h; (i) 2 N aq NaOH reflux 3 h, then
H,0".

antiinflammatory hydratropic acids.?**”* An improved procedure was perfected by Japanese?”
authors who recommended the use of a polyvalent iodide derivative devoid of toxicity. Diace-
toxyphenyl iodide, a versatile oxidizing agent, was used for this rearrangement. This compound was
readily prepared from jodobenzene and peracetic -acid.?’® Transposition proceeded through an
iodoketal intermediate according to a similar mechanism with a thallium salt. Yields were generally
higher than 80% whatever the substituting group at the aromatic level (H, Me, MeO)?"? could be.
Application to p-isobutylacetophenone led to the methyl ester of ibuprofen in 81% yield (Scheme

93).
o Me! Me
i i SPh i
A By

Scheme 93. Reagents: (i) PhI(OAc),, HC(OMe),, H,SO,, 60°, 0.15 h; (ii) H,O; then hydrolysis refluxing
in 2 N NaOH for 3.5 h gave the pure acid in 87% yield.

5.2.2. From a-halopropiophenones

At first, rearrangément of a-halopropiophenones was carried out in the presence of a silver salt
in methanol to give a mixture of methyl 2-aryl propionate and 2-methoxy propiophenone.?” Yields
and selectivity were raised by replacement of the silver salt by a trivalent thallium salt>® or better
still with anhydrous zinc bromide?*%=#28! ysing methanol as solvent (Scheme 94). Good yields were
obtained with electron-donating groups in the substrate?®® (Table 4). As in the previous case
probably the hemiketal or ketal intermediate formed in situ controls the transposition reaction.?’
This assumption was widely confirmed by the use of ketals as raw materials.

A [A/Lcoo... . »ﬂ

Scheme 94. Reagents: (i) ZnBr,, McOH, 115°, 4 h; (ii) NaOH, aq EtOH, 25°, 7 h.
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Table 4

Ar 6-MeO—2-C,(H— 4McO—CH— 4-MeCH,— CeH—

Yield (%) 86 80 58 48

5.3. Ketal Rearrangement

5.3.1. Ketals of propiophenones

As with propiophenones, oxidative rearrangement of their ketals was carried out with thal-
lium(HI) nitrate under the same conditions but with improved yield?2 (Scheme 95). Enol ether
obtained from the ketal was also rearranged under similar conditions to give substituted methyl 2-
arylpropionate?® (Scheme 96).

MeQ OMe ;N
i ii
)\/@)&/ - /Uij/LCOOMQ (87%) )ﬁ*@ou

Scheme 95. Reagents : (i) HC(OMe),/MeOH, TI(NO,),, 3H,0, 55°, 1.5 h; (ii) NaOH, aq EtOH.

Me OMe
i N ii
/k/&é/ (94%) /k/©*/ (80%) /‘\/©/L\coom

Scheme 96. Reagents: (i) NH,Cl, 130-135° under vacuum ; (ii) TL,(SO,);, MeOH, 0° then 25°, 3 h at pH
3-5 (MeONa).

5.3.2. Ketal of a-halopropiophenones
This easy transposition was achieved in high yield using silver salts and in particular the
fluoborate®’ according to Scheme 97 and Table 5. As in the case of propiophenone salts were looked

M Me J\c
A:;&rx . Ar OOMe

Scheme 97. Reagents: (i) AgY (see Table 5), HC(OMe),/MeOH, 40°.

for with low toxicity and not too high a price. This process was improved by using the zinc
salt (chloride or bromide) as catalyst and generally a-bromoketone was often more advisable.?
Enhancement of the rearrangement (Scheme 98) rate was favoured with an electron-donating group

Ar)\COOIh

+ZnBr, + MeBr

- Scheme 98. Reagents: (i) ZnBr,, PhMe; 115°, reaction time see Table 6.

Table 5

Reaction time Yield

Ar X Ag—Y (h) (%)
6-MeO—2-C ;He— Br AgBF, i 96
4i-Bu—CH,— a AgBF, 16 82
4-MeQO—CH — Br AgBF, 1.5 97
4MeO—CH— Br AgNO, 4 89
6-MecO—2-C,;H— Br AgNO, 3 95
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Table 6
Ar 6-MeO—2-C,]H— 4McO—CH— 4Me—CH— CH,~— 4Cl—CH
Reaction time (h) 0.5 0.5 1.5 5 24
Yield (%) 98 98 96 80 78

“Overall yield from a-haloketals of a-arylpropionic acids obtained after hydrolysis of the crude methyl
ester intermediates.

at the level of aromatic substrate. The rate of reaction was around 50 times lower with the chloro-
derivative than with the methoxy compound (Table 6). Generally yields were higher than 80%.
Application procedure was claimed for ibuprofen, naproxen?®’ and their derivatives.*¥ This process
was improved by use of cyclic ketals and particularly 1,3-dioxane prepared from inexpensive
neopentyl glycol. When the reaction was applied to p-isobutyl a-chloropropiophenone, the 3-chloro
2,2-dimethyl propy! ester of ibuprofen was formed as intermediate. Rearrangement was carried out
in dry conditions at 140° using a zinc organic soluble salt as catalyst. The expected acid was prepared
in 82% yield from the substituted propiophenone.?®

Halogenation could be achieved in situ using iodine monochloride,?® this permitted the sim-
ultaneous rearrangement. The presumed mechanism is shown in Scheme 99. When an a-iodoketone

0 A —_ O — O
ph%/ Ph% ‘_ P&; Pth'

[}
—
Q< ,5 © /kg/"’ ~¢l
Y3 (93%)
Scheme 99. Reagents: I—Cl (excess), CH,Cl, at reflux.

was used as starting material, the ketal intermediate was spontaneously rearranged in the presence of
the acid catalyst used in the preparation such as p-toluenesulfonic acid in the naproxen synthesis*’!
(Scheme 100). These authors have investigated rearrangement of a-haloketals in weak basic media

fson

| OO (wx) Oe o

Scheme 100. Reagents: (i) HC(OMe),, MeOH, APTS, reflux 24 h; (ii) 30% aq NaOH reflux 4 h.

using protic solvents such as alcohols. Best results were obtained using potassium acetate and glycol
as solvent, the crude acid was prepared in almost quantitative yield2°? (Scheme 101). This process
was applied successfully to the synthesis of ibuprofen and naproxen. 292t

i ii
—- ——i
O/©)\:no/><\on (88%) COOH
Me Be Me M

Scheme 101. Reagents: (i) KOAc, HOCH,CH,OH, 125°, 8 h; (ii) 30% aq NaOH, McOH, reflux 4 h.
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5.3.3. Ketals of a-sulfonyloxy propiophenones
Rearrangement of ketals using a weak base was first described by Tsuchihashi ez al.2® for the

synthesis of ibuprofen and naproxen. Good yields of hydratropic acids were thus obtained (Scheme

OOH
/k/(ﬁﬂ’/ (94;) @)\ (90%)
OSOMe

Scheme 102. Reagents: (i) CaCO,, ag MeOH, reflux 72 h; (ii) KOH, aq MeOH, reflux 3 h.

102). This process was applied to many marketed hydratropic acids.?9%+?°42%5 When d-10-
camphorsulfonyl chloride was used as leaving group, the diastereoisormeric camphosulfonyloxy ketone
was obtained, the R-(+)-isomer of which was isolated by recrystallization, This intermediate was
submitted to rearrangement to give the R-(—)-derivative of naproxen?®® according to Scheme 103.
The enantiomeric /-sulfonyl chloride was used to obtain the marketed S-(+ )-naproxen?’® isomer.

ii oomMe —iit e
(80%) (63%)
MeO R MeO R

Scheme 103. Reagents: (i) recrystallization from MeOH ; (ii) CaCO,, DMF/H,0, reflux 14 h; (iii) HCI,
MeOCH,CH,OMe, 50°, 23 h.

It was pointed out that rearrangement proceeded with 100% inversion of configuration? of the
carbon atom at the 2-position, according to an intramolecular Sy2 type substitution as represented
in Scheme 104.

weg [0

M OMe i Me
Aé&foso,a T Al . 8sor| ——= Ar_cOOMe
\ ~ /

Scheme 104, Reagents: (i) CaCQ,, ag DMF, reflux.

5.4. 1-Aryl Propynes Rearrangement

Oxidative rearrangement of 1-aryl propynes was also investigated by McKillop et al.?°7 and
then behaved like the reaction with ketals which also occurred with thallium(III) nitrate as shown
in Scheme 105. Yields were excellent,”’ therefore this reaction was claimed for the preparation of
fenoprofen®® and ketoprofen®® for example.

A i
©/ o COOMe

Scheme 105. Reagents: (i) T{NO,);, MeOH, reflux 2 h.

\
\\

5.5. Enamine Rearrangement

Diphenyl phosphorazidate (DPPA) easily prepared from phenol®®! was combined with
enamines obtained from propiophenones and pyrrolidine to give after rearrangement the corres-
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ponding hydratropic acid*® according to Scheme 106. When 1-isobutyl 4-propiony! benzene and
6-methoxy-2-propionyl naphthalene were used as starting materials the expected ibuprofen and
naproxen were prepared in 63 and 70% overall yields.*? The process**¥* and the intermediate
enamines®® were claimed.

i 1i
Arj\/ —_— Ar o —  ar —_— A'j/&“
-
iii A'\rcoou

Scheme 106. Reagents : (i) pyrrolidine, BF;/Et,0, refluxing toluene;; (ii) diphenyl phosphorazidate (DPPA
or (PhO),P(O)N,), THF, 25° 1 h, 40°, 1 h, then reflux 2 h; (iii) aqg KOH in refluxing ethylene glycol, H+.

6. MISCELLANEOUS METHODS

6.1. Terminal Aromatization

6.1.1. From cyclanones

When 3-phenyl cyclohexanone was condensed at reflux with ethyl pyruvate in acetic hydrochloric
acid 3-methyl-6-phenyl-5,6-dihydro-2(4H)-benzofuranone was prepared in 50% yield. Aroma-
tization® of this intermediate was performed in pyridine at reflux for 6 h according to Scheme 107.

A OOH
(60%)

Scheme 107. Reagents: (i) MeCOCOOEt, 12 N HCI, AcOH, reftux 12 h; (ii) C;H,N-HCI, 230°, 6 h.

When 3-isobutylcyclohexanone was used as starting material the dehydrated intermediate was mixed
with the hydrated side product, but the crude mixture was satisfactorily aromatized to hydratropic
acid®’ (Scheme 108). When the reaction was performed with 3-benzoylcyclohexanone and pyruvic

OH M (63%) COOH
é-Bu i-Bu ¢-Bu B

Scheme 108. Reagents: (i) MeCOCOOEL, 150°, 14 h; (ii) C;H;N-HC], reflux 4.5 h.

acid a key intermediate®® was obtained whose aromatization led to ketoprofen (Scheme 109).
Preparation of the preceding open intermediate was also claimed.’®3"! Naproxen was also syn-
thesized by a similar process using 6-methoxy-1-tetralones as starting material.’'?

A As

Scheme 109. Reagents: (i) MeCOCOOH ; (ii) C;H,N-HC], 200-230°.
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6.1.2. From diethyl a-acetyl B-methyl succinate

Diethyl a-acetyl f-methyl succinate readily produced from ethyl acetoacetate and ethyl a-
chloropropionate undergoes a Michael reaction with vinyl isobutylketone to give a mixture of
products in variable dehydrated stages (Scheme 110).

(o]
)’\/OOOEQ i ii

(828)E COOEt  (90%)

[] b [ d
Al
. + + (78%)
E t g t E t
t

Scheme 110. Reagents: (i) MeCH(CI)COOEt, NaH, EtOH; (i) CH,—CHCOCH,CHMe¢,, DMSO;
(iii) APTS, PhMe, reflux 6 h.

Crude product was involved for aromatization into ibuprofen in 78% overall yield®**'*¢ using
APTS as catalyst. Acid intermediates were also claimed,?'® whereas in other cases Michael’s reaction
seemed more selective,’'® since only the expected undehydrated product was formed. (2-Diethyl-
aminoethyl) isobutyl ketone, a precursor of vinyl isobutyl ketone, was selectively condensed with
diethyl a-methyl f-acetyl succinate using potassium carbonate to give 2-(4-isobutyl, 2-oxo 3-
cyclohexenyl)propionic acid whose aromatization with succinic anhydride produced ibuprofen’'’
(Scheme 111).

i o] ii
—_— —_—
OOFt OOH COOM
COOEt

Scheme 111. Reagents: (i) Et,NCH,CH,COCH,CHMe, EtOH, K,CO, Me,SO,; (i) succinic
anhydride, 205-240°.

6.1.3. From maleic derivatives
When «-(4-benzoylbutyl) S-methyl maleic anhydride was heated in pyridine hydrochloride at
reflux for 6 h, aromatization proceeded in good yield*'® according to Scheme 112.

Scheme 112. Reagents: (i) C;H,N-HCI, 200-230°, 6 h.

6.2. Dethiation of Substituted 3-Benzothiophene Carboxylic Acid
Hannoun er al.>"® performed the dethiation of 5-benzyl 3-benzothiophene carboxylic acid to 2-

(3-benzyl phenyl)propionic acid using nascent hydrogen produced from Raney nickel in sodium
hydroxide with excellent yield (Scheme 113).

Scheme [13. Reagents: (i) Raney Ni, 5% aq NaOH, EtOH, 70-80°, 34 h, then H*.
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7. CONCLUSION

The number of methods proposed to prepare 2-aryl propionic acids demonstrates the importance
of these derivatives used in therapeutics as NSAIs.

Many of the described processes expressed the imagination capacities necessary to get round the
protection scope of the previous patents. This step has created methods which have extended the
field of knowledge in organic chemistry. It also showed that the chemist’s interest was gradually
transferred from conventional step-by-step synthesis by introduction of methyl or carboxyl groups
to suitable precursors, to more global sometimes more specific methods. It was the reason why
recent rearrangement methods of propiophenones seemed attractive due to their improved yield,
specificity and easy working. In the same way procedures using acetophenones as raw materials or
the use of Grignard reagents were well controlled and widely used.

There is no versatile method available for the chemist in “first intention”. The selection will
always be dependent on the aromatic substrate and the structural character of the lateral chains in
the cycle; the approach to the raw materials, the price and the possible harm these reagents may
cause humans and the surroundings. But they are the old parameters controlling the decisions of
any industrial chemist.

Acknowledgements—The assistance of Monique Palaysi for secretarial work and Eliane Kriner for translation were greatly
acknowledged.

REFERENCES

'H. Cousse, G. Mouzin, J. P. Tarayre and J. P. Rieu (P. Fabre S.A.), EP 77,720 (27 Apr. 1983), Chem. Abstr. 99, 158028u.

*G. Cavallini, E. Massarini, D. Nardi and R. D’Ambrosio, J. Am. Chem. Soc. 79, 3514 (1957).

3G. Cavallini and E. Massarini (Maggioni SpA), IT 616,253 (7 Apr. 1956).

*G. Zoni (Ttalfarmaco Spa), BE 839,634 (16 Jul. 1976), Chem. Abstr. 86, 171099u.

*G. A. Pinna, M. Loriga, G. Paglietti and G. Cignarella, Farmaco, Ed. Sci. 3%(8), 694 (1980).

¢W. Buchowiecki, M. Zajak and J. Zjawiony (Politechnika Lodzka), PL 77,201 (30 Jun. 1977), Chem. Abstr. 90, 103721y.

"M. Makosza, M. Ludwikow and A. Urniaz, Roczniki Chemi. 49, 297 (1975).

#M. Sabbatini, E. Cesarotti and M. Pizzotti, Boll. Chim. Farm. 117, 325 (1978).

M. Sabbatini, JP 76,122,036 (25 Oct. 1976), Chem. Abstr. 88, 37433m.

"W. Dowd and D. H. Naffziger (Dow Chem. Co.), US 4,186,270 (29 Jan. 1980), Chem. Abstr. 93, 7856n.

"'B. Zupancic (LEK Tovarna Farmaceutskih in Kemicnik Izdeikov), DE 2,744,833 (20 Apr. 1978), Chem. Abstr. 89,
42815n.

2talfarmaco SpA, BE 833,266 (31 Dec. 1975), Chem. Abstr. 88, 123605p.

3Sigurta Farmaceutici SpA, BE 837,624 (14 May 1976), Chem. Abstr. 86, 106189j.

“W. G. Kenyon, R. B. Meyer and Ch. R. Hauser, J. Org. Chem. 28(11), 3108 (1963).

ST. A. Hicks, C. E. Smith, W. R. N. Williamson and E. H. Day, J. Med. Chem. 22(12), 1460 (1979).

'*W. G. Kenyon, E. M. Kaiser and Ch. R. Hauser, J. Org. Chem. 30(9), 2937 (1965).

1. T. Harrison, B. Lewis, P. Nelson, W. Rooks, A. Roszkowski, A. Tomolonis and J. H. Fried, J. Med. Chem. 13, 203
(1969).

'8W. Hafferl and A. Hary, J. Labelled Compounds 9(2), 293 (1973).

'°J. H. Fried and 1. T. Harrison (Syntex Corp.), DE 2,005,454 (15 Oct. 1970), Chem. Abstr. 74, 3436k.

2], H. Fried and I. T. Harrison (Syntex Corp.), US 3,958,012 (18 May 1976), Chem. Abstr. 85, 46259z.

1'W. L. Bencze (Ciba Ltd.), DE 1,946,084 (26 Mar. 1970), Chem. Abstr. 73, 25136u.

22Y. Hamada and S. Ando (Shionogi and Co.), EP 88,008 (7 Sep. 1983), Chem. Abstr. 99, 194952z,

BA. Allais, G. Rousseau, J. Meier, R. Deraedt, J. Benzoni and L. Chiffiot, Eur. J. Med. Chem. %(4), 381 (1974).

A, Closse, W. Haefliger, D. Hauser, H. U. Gubler, B. Dewald and M. Baggiolini, J. Med. Chem. 24(12), 1465 (1981).

Y. Tamura, Y. Yoshimoto, K. Kunimoto, 8. Tada, S. Matsumura, M. Murayama, Y. Shibata and H. Enomoto, J. Med.
Chem. 24(1), 43 (1981).

26 Agency of Industrial Sciences and Technology, JP 59,46,242 (15 Mar. 1984), Chem. Abstr. 101, 110552t.

27P. H. Nelson (Syntex Corp.), US 3,681,432 (1 Aug. 1972), Chem. Abstr. 77, 126317s.

#]. C. Saunders and W. R. N. Williamson, J. Med. Chem. 22(12), 1554 (1979).

K. Miura, Y. Kondo, M. Ban and E. Suenaga (Sanwa Kagaku Kenkyusho Co.), JP 79,09,249 (24 Jan. 1979), Chem.
Abstr. 90, 168311j.

%M. Kurono, M. Toda and H. Niwa (Ono Pharm. Co.), JP 77,53,833 (30 Apr. 1977), Chem. Abstr. 87, 134662x.

3IN. Kasahara, K. Suzuki and K. Kamiya (Sanwa Chem. Lab.), JP 76,29,466 (24 Jan. 1976), Chem. Abstr. 85, 77910;.

20Ohta Pharmaceutical Co., JP 81,97,249 (5 Aug. 1981), Chem. Abstr. 95, 203559y.

3T. Oe and M. Tsuruta (Yoshitomi Pharm. Ind. Ltd.), JP 76,56,436 (18 May 1976), Chem. Abstr. 88, 108456x.

3T. Matsumura and K. Tani (Daito Koeki Co.), JP 77,83,426 (12 Jul. 1977), Chem. Abstr. 87,201111g.

Y. Yamada (Mitsui Toatsu Chem. Inc.), JP 77,108,949 (12 Sep. 1977), Chem. Abstr. 88, 169781h.

3T. Soga, K. Okada and I. Masuyama (Nikken Chem. Co.), JP 79,112,842 (4 Sep. 1979), Chem. Abstr. 92, 76122m.

37y, H. Wallingford, A. M. Homeyer and D. M. Jones, J. Am. Chem. Soc. 63, 2056 (1941).

3 A. Philip and F. 1. Carroll, Org. Prep. Proc. Int. 1(3), 117 (1975).

¥P. Charpentier (Rhone Poulenc), FR 980,507 (15 May 1951).

“J. M. Domagala and R. D. Bach, J. Org. Chem. 44(14), 2429 (1979).



Methods for the synthesis of antiinflammatory 2-aryl propionic acids 4127

4 Boots Pure Drug Co., BE 621,255 (11 Feb. 1963), Chem. Abstr. 59, 8659f and GB 971,700 (1964), Chem. Abstr. 61,
14591. :
M. Kuchar, B. Brunova, V. Rejholec, Z. Roubal and O. Nemecek, Coll. Czechoslov. Chem. Commum. 46, 1173 (1981).
4Boots Pure Drug Co., FR M 5737 (4 Mar. 1968), Chem. Abstr. 70, 114837 and NL 65,00,865 (1965), Chem. Abstr. 64,
5005f.
43 S. Adams, J. Bernard, J. S. Nicholson and A. R. Blancafort (Boots Co. Ltd.), US 3,755,427 (28 Aug. 1975), Chem.
Abstr. 9, 104952j.
4T. Soga, M. Hanehiro and M. Iwamoto (Nikken Chem. Co. Ltd.), JP 80,24,117 (21 Feb. 1980), Chem. Abstr. 93, 167938u.
4J. M. Teulon, J. C. Cognacq, F. Hertz, J. M. Lwoff, M. Foulon, F. Baert, M. J. Bricnne, L. Lacombe and J. Jacques, J.
Med. Chem. 21(9), 901 (1978).
“D. C. Atkinson, K. E. Godfrey, B. Meek, J. F. Saville and M. R. Stillings, J. Med. Chem. 26(10), 1353 (1983).
“8T. Nakamura, T. Soga and K. Okada (Nikken Chem. Co. Ltd.), JP 78,116,352 (11 Oct. 1978), Chem. Abstr. 90, 71914v.
#¥K. Noda, A. Nakagawa, M. Hirano, S. Miyata, Y. Nakajima and H. Ide (Hisamitsu Pharm. Co. Inc.), JP 78,50,148 (8
May 1978), Chem. Abstr. 89, 108829d.
%D. Farge, M. N. Messer and C. Moutonnier (Rhone Poulenc S.A.), ZA 68,00,524 (25 Jun. 1968), Chem. Abstr. 10,
77597c.
$'D. E. Bays and R. V. Foster (Allen and Hamburys Ltd.), ZA 68,04,682 (15 Jan. 1969), Chem. Abstr. 71, 91097s.
2P, Vila, X. Francisco, R. F. Abello and C. J. A. Caniclo (Ricorvi S.A.), ES 464,905 (1 Sep. 1978), Chem. Abstr. 90,
121227w.
$3K. Noda, A. Nakagawa, Y. Zaitsu and H. Ide (Hisamitsu Pharm. Co. Ltd.), JP 77,46,037 (12 Apr. 1977), Chem. Abstr.
87, 134659b.
%4S. Ghosh, S. N. Pardo and R. G. Salomon, J. Org. Chem. 47(24), 4692 (1982).
“$5G. Tsuchihashi, K. Ogura and S. Mitamura (Sagami Chem. Res. Center), DE 2,746,754 (27 Apr. 1978), Chem. Abstr.
89, 108711;.
%K. Kondo, M. Suda, D. Tunemoto, A. Negishi and K. Kishi (Sagami Chem. Center), DE 2,836,257 (1 Mar. 1979), Chem.
Abstr. 90, 203693;.
M. Hannoun, N. Blazevic, D. Kolbah and F. Kajfez, Acta Pharm. Jugoslav. 31(2), 59 (1981).
8Nissan Chemical Industries Ltd., JP 81,08,345 (28 Jan. 1981), Chem. Abstr. 95, 61796x.
$¥K. Ogura, G. Tsuchihashi and S. Mitamura (Sagami Chem. Res. Center), JP 79,103,851 (3 Feb. 1978), Chem. Abstr.
92, 94227d.
B, Dumaitre, A. Fouquet, C. Perrin, P. J. Cornu, A. Boucherle, C. Plotka, G. Domage and G. Streichenberger, Eur. J.
Med. Chem. 14(3), 207 (1979).
¢1J. H. Schauble and E. Hertz, J. Org. Chem. 35(8), 2529 (1970).
©2G, Nannini, P. N. Giraldi, G. Molgora, G. Biasoli, F. Spinelli, W. Logemann, E. Dradi, G. Zanni, A. Buttinoni and R.
Tommasini, Arzneim. Forsch. (Drug Res.) 23(8), 1090 (1973).
63M. Sekiya, A. Sekiya and T. Morimoto, JP 77,77,028 (29 Jun. 1977), Chem. Abstr. 87, 201109n.
&“Syntex Corp., GB 1,274,273 (17 May 1972), Chem. Abstr. 77, 88157e.
$5W., Seitz and A. Michel (BASF A.G.), DE 3,317,356 (17 Nov. 1983), Chem. Abstr. 100, 174450v.
%S, Serota, J. R. Simon, E. B. Muray and W. M. Lindfield, J. Org. Chem. 46(21), 4147 (1981).
$7A. Yamada, T. Date, N. Takemoto and K. Fujii (Kyowa Hakko Co. Ltd.), JP 78,34,743 (31 Mar. 1978), Chem. Abstr.
89, 108687f.
#Y. Yamada (Mitsui Toatsu Chemicals Inc.), JP 78,63,344 (6 Jun. 1978), Chem. Abstr. 89, 146621n.
¥R. G. Micetich, Org. Prep. Proc. 2(4), 249 (1970).
E. T. Stiller, P. A. Diassi, D. Gerschutz, D. Meikle, J. Moetz, P. A. Principe and S. D. Levine, J. Med. Chem. 15(10),
1029 (1972).
T'F. Clemence, O. Le Martret, R. Fournex, G. Plassard and M. Dagnaux, Eur. J. Med. Chem. %(4), 390 (1974).
11§, Ida and K. Fujimoto (Fujimoto Pharmaceutical Co.), JP 76,41,338 (7 Apr. 1976), Chem. Abstr. 85, 123598p.
M. Hamada, M. Umeno, M. Yajima, T. Nakamura and Y. Hayakawa (Hokko Chemical Industry Co.), JP 78,18,532
(20 Feb. 1978), Chem. Absr. 89, 75320a.
8. Ida and K. Fujimoto (Fujimoto Pharmaceutical Co.), JP 76,41,339 (7 Apr. 1976), Chem. Abstr. 85, 77909r.
*T. Y. Shen and C. P. Dorn (Merck Co. Inc.), BE 664,187 (1965), Chem. Abstr. 68, 658b.
*Merck & Co. Inc., NL 65,11,845 (11 Mar. 1966).
7'F. F. Blicke and N. Grier, J. Am. Chem. Soc. 65, 1725 (1943).
H. Biere and R. Russe, Tetrahedron Lett. 16, 1361 (1979).
7. Sakakida, JP 76,136,645 (26 Nov. 1976), Chem. Abstr. 87, 22785h.
8§, Tanaka and K. Hashimoto (Eisai Co. Ltd.), JP 76,70,744 (18 Jun. 1976), Chem. Abstr. 88, 142843f.
81E. Felder, D. Pitre, L. Fumagalli and E. Lorenzotti, J. Med. Chem. 13(3), 559 (1970).
82 Nissan Chemical Industries Ltd., JP 84,46,257 (15 Mar. 1984), Chem. Abstr. 101, 90603e.
B Rhone Poulenc S.A., FR M 6444 (16 Dec. 1968), Chem. Abstr. 75, 5528m.
“P. G. H. Van Daele, J. M. Boey, V. K. Sipido, M. F. L. De Bruyne and P. A. J. Janssen, Arzneim. Forsch. 25(10), 1495
(1975).
8@G. Rovnyak, P. A. Diassi, S. D. Levine and J. T. Sheehan, J. Med. Chem. 16(5), 487 (1973).
8N. Tokutake (Shionogi and Co. Ltd.), JP 77,111,536 (19 Sep. 1977), Chem. Abstr. 88, 50512f.
#7S. Kotlicki, W. Buchowiecki, H. Zajac and J. Zjawiony (Pabianickie Zaklady Farmaceutyczne “Polfa”), PL 95,673 (15
Apr. 1978), Chem. Abstr. 90, 103652b.
8T, Amano, J. Sawada and M. Sasajima (Taisho Pharm. Co. Ltd.), JP 79,163,545 (26 Dec. 1979), Chem. Abstr. 93, 26117p.
8H. Kobler, K. M. Schuster and G. Simchen, Liebigs Annin Chem. 1946 (1978).
% Nissan Chemical Industries Ltd., JP 84,36,653 (28 Feb. 1984), Chem. Abstr. 101, 6855h.
91J. A. Foulkes and J. Hutton, Synth. Commun. 9(7), 625 (1979).
928, P. Bakshi and E. E. Turner, J. Chem. Soc. 171 (1961).
M. Sato, T. Inoue, Y. Watanabe and K. Imai (Nippon Soda Co. Ltd.), JP 79,24,848 (24 Feb. 1979), Chem. Absir. 90,
203703n.
%T. Miyatake and S. Tanaka (Osaka Aerosol Ind. Co.), JP 72,39,050 (6 Dec. 1972), Chem. Abstr. 78, 110915v.
% A. Gay (Industria Chimica Prodotti Francis S.p.A.), DE 2,605,650 (9 Dec. 1976), Chem. Abstr. 86, 89413h.



4128 J-P. ReU et al.

%1, T. Harrisson (Syntex Corp.), US 3,651,106 (21 Mar. 1972), Chem. Abstr. 77, 34201w.

9"M. Sabatini, JP 77,131,553 (4 Nov. 1977), Chem. Abstr. 88, 190402v.

#T. Shimazaki and H. Kondo (Daito Kocki Co. Ltd.), JP 79,115,358 (7 Sep. 1979), Chem. Abstr. 92, 110735a.

#1. T. Harrisson (Syntex Corp.), US 3,652,683 (28 Mar. 1972), Chem. Abstr. T7, 5232f.

19M. El-Chahawi, U. Prange, H. Richtzenhain and W. Vogt (Dynamit Nobel A.G.), DE 2,557,011 (23 Jun. 1977), Chem.
Abstr. 87, 134698p.

101§ C. Ferrer and A. P. Axerio (Ferrer International S.A.), ES 452,500 (16 Nov. 1977), Chem. Abstr. 89, 42817q.

'2F. Francalanci and M. Foa, J. Electroanalyt. Chem. 232, 59 (1982).

163F. Francalanci, A. Gardano, L. Abis, T. Fiorani and M. Foa, J. Organomet. Chem. 243, 87 (1983).

'%F. Francalanci, M. Foa and A. Gardano (Mondedison S.p.A.), EP 76,721 (13 Apr. 1983), Chem. Abstr. 99, 104978k.

105 A, Gardano, F. Francalanci and M. Foa (Montedison S.p.A.), EP 76,722 (13 Apr. 1983), Chem. Abstr. 99, 70391w.

15M. Arakawa (Nado Kenkyusho), JP 77,97,930 (17 Aug. 1977).

19M. Takeda, M. Uchide and H. Iwane (Mitsubishi Petrochem. Co.), DE 2,646,792 (29 Apr. 1977), Chem. Abstr. 87,
67848x,

1% Montedison S.p.A., JP 83,26,841 (17 Feb. 1983), Chem. Abstr. 99, 22131q.

19 H, Shibatini, T. Yokoi and Y. Okago (Mitsubishi Petrochem. Co.), JP 80,27,147 (27 Feb. 1980), Chem. Abstr. 93,
185971d.

119Mitsubishi Petrochemical Co., JP 84,95,238 (1 Jun. 1984), Chem. Abstr. 101, 130408d ; Ibid. JP 84,95,239, Chem. Abstr.
101, 170908y.

1 Mitsubishi Petrochemical Co., JP 84,76,081 (28 Apr. 1984), Chem. Abstr. 101, 171080j.

12D, Y. Cha (Upjohn Co.), DE 3,216,851 (2 Dec. 1982), Chem. Abstr. 98, 14312%h.

13T, A. Hylton (Upjohn Co.), FR 2,473,507 (17 Jul. 1981), Chem. Abstr. 96, 19840c.

Y4T, A. Hylton (Upjohn Co.), FR 2,471,962 (26 Jun, 1982), Chem. Abstr. 96, 34806q.

1SE. Lilly, EP 89,805 (28 Sep. 1983).

116§, M. Greene (Lilly E. Corp.), EP 62,440 (13 Oct. 1982), Chem. Abstr. 98, 106983m.

17Y. Yamada (Mitsui Pharmac. Inc.), JP 76,95,035 (20 Aug. 1976), Chem. Abstr. 86, 5174v.

Mg S, Alvarez (Syntex Corp.), US 3,994,968 (30 Nov. 1976), Chem. Abstr. 87, 5718w.

""Thomae Dr Karl G.m.b.H., BE 837,403 (8 Jul. 1976), Chem. Abstr. 87, 67981k.

120y, Kuroyanagi and K. Suzuki (Sanwa Kajaku Kenkyusho Co.), JP 78,53,646 (16 May 1978), Chem. Abstr. 89, 146661a.

121y, Kuroyanagi, T. Yamaguchi, M. Ban and K. Suzuki (Sanwa Chem. Lab.), JP 77,105,144 (3 Sep. 1977), Chem. Abstr.
88, 37499n.

12K Kobayashi and Y. Yamada (Mitsui Petrochem. Ind.), JP 77,139,036 (19 Nov. 1977), Chem. Abstr. 88, 104921;.

BT, Omiya and M. M. Sabakini (Fujikawa and Co.), JP 76,65,731 (7 Jun. 1976), Chem. Abstr. 86, 29495b.

1%Boots Pure Drug Co., FR 1,549,728 (13 Dec. 1968), Chem. Abstr. 73, 12388g.

1230), Halpern, US 3,720,708 (13 Mar. 1973), Chem. Abstr. 78, 147662m.

126 A, Yamada, T. Date, N. Takemoto and K. Fujii (Kyowa Hakko Kogyo Co.), JP 78,34,745 (31 Mar. 1978), Chem. Abstr.
89, 108684c.

A Yamada, N. Takemoto and K. Fujii (Kyowa Hakko Kogyo Co.), JP 77,139,037 (19 Nov. 1977), Chem. Abstr. 88,
136315f.

1BA. Yamada, T. Date, N. Takemoto and K. Fujii (Kyowa Hakko Kogyo Co.), JP 77,139,038-(19 Nov. 1977), Chem.
Abstr. 88, 120804d.

12T, Kutsuma, I. Nagayama, T. Okazaki, T. Sakamoto and S. Akaboshi, Heterocycles 8, 397 (1977).

135, Pataki, M. Konieczny and R. G. Harney, J. Org. Chem. 47, 1133 (1982).

1], Nagayama, T. Okazaki, T. Sakamoto and T. Kutsuma (Ota Pharmaceut. Co.), JP 78,18,535 (20 Feb. 1978), Chem.
Abstr. 89, 129051;.

12T Kawashima, M. Miyake, Y. lizuka and Y. Sawa (Kanebo Ltd.), JP 76,100,040 (3 Sep. 1976), Chem. Abstr. 86, 72212u.

133§, Miura, T. Kawashima, Y. lizuka and Y. Sawa (Kanebo Ltd.), JP 76,100,042 (3 Sep. 1976), Chem. Abstr. 86, 8939%h.

IME. S, Alvarez (Syntex Corp.), DE 1,934,460 (5 Feb. 1970), Chem. Abstr. T2, 100364b.

13T, Kutsuma, S. Sugai, H. Ikawa and T. Kodama (Ota Pharmaceut. Co.), JP 80,04,311 (12 Jan. 1980), Chem. Abstr. 92,
215047f.

13Otha Pharmaceutical Co., JP 81,110,644 (1 Sep. 1981), Chem. Abstr. 96, 68795a.

37T, Okazaki, T. Sakamoto, I. Nagayama and T. Kutsuma (Ota Pharmaceut. Co.), JP 78,18,534 (20 Feb. 1978), Chem.
Abstr. 89, 23979c¢.

138Politechnika Lodzka Pabianickie Zaklady Farmaceutyczne Polfa, JP 78,149,962 (27 Dec. 1978), Chem. Abstr. 90,
137563p.

13D, Beu, G. Bora, I. Farcassanu and J. Russus (Intrepindera de Medicamente “Terapia”) RO 67,262 (26 Nov. 1979),
Chem. Abstr. 96, 68605p.

40T, Omiya and M. M. Sabakini (Fujikawa Co.), JP 76,65,730 (7 Jun. 1976), Chem. Abstr. 86, 29496¢.

141W. Buchowiecki, S. Chachula, S. Kotlicki, H. Zajac and J. Zjawiony (Pabianickie Zaklady Farmaceutyczne “Polfa™),
PL 93,841 (31 Dec. 1977), Chem. Abstr. 80, 87061a.

142G, Quadro, CH 605,545 (29 Sep. 1978), Chem. Abstr. 90, 87131y.

3G, Darzens, Compt. Rend. 142, 214 (1906).

144M. S. Newman and B. J. Magerlein, Org. React. V, 413 (1949).

WsC, F. H. Allen and J. Van Allan, Org. Synth. Coll. Vol. I, 727 and 733 (1955).

4D, R. White and K. Wu, J. Chem. Soc. Chem. Commun. 988 (1974).

4D, R. White (Upjohn Co.), US 3,975,431 (17 Aug. 1976), Chem. Abstr. 86, 5168w.

14 Upjohn Co., JP 74,55,622 (30 May 1974), Chem. Abstr. 84, 150358w.

4 A Jonczyk, M. Fedorynski and M. Makosza, Tetrahedron Lett. 23, 2395 (1972).

1%M. Langlois, M. Rapin, J. P. Meingan, T. Vo Van, J. Maillard, R. Morin, C. Manvez and C. Mazmanian, Eur. J. Med.
Chem. 11(6), 493 (1976).

151 Boots Pure Drug Co., FR 1,545,270 (8 Nov. 1968), Chem. Abstr. 72, 21492p.

12H, Cassebaum and H. Hilger, DD 113,889 (5 Jul. 1975), Chem. Abstr. 84, 121480g.

159N, Suzuki, K. Sako, T. Sone, I. Himeno, M. Wakabayashi and T. Sowa (Asahi Chem. Ind. Co.), JP 77,71,435 (14 Jun.
1977), Chem. Abstr. 87, 167742b ; Ibid. JP 77,71,437, Chem. Abstr. 87, 167743c.



Methods for the synthesis of antiinflammatory 2-aryl propionic acids 4129

K. Kogure, K. Nakagawa and H. Fukawa, Agr. Biol. Chem. 3(7), 1427 (1975).

155K. Kogure, N. Sueda, K. Nakagawa and H. Fukuwa, Agr. Biol. Chem. 48(2), 435 (1976).

1%K. Kogure and K. Nakagawa (Nisshin Flour Milling Co.), DE 2,404,158 (1 Aug. 1974), Chem. Abstr. 81, 120221s.

157y, Ishii, N. Sueda, S. Himoto, Y. Yoshino and K. Nakagawa (Nisshin Flour Milling Co.), JP 76,16,634 (10 Feb. 1976),
Chem. Abstr. 88, 94072e.

18K . Kogure (Nisshing Flour Milling Co.), JP 75,18,448 (26 Feb. 1975), Chem. Abstr. 83, 78954x.

1%9Nisshing Flour Milling Co., JP 82,165,339 (12 Oct. 1982), Chem. Abstr. 98, 53411q.

19T, Ueyama and S. Horiuchi (Hamari Yukuohin Kogyo), JP 80,36,450 (14 Mar. 1980), Chem. Abstr. 93, 132249t.

14 Nisshing Flour Milling Co., JP 82,93,933 (1982), Chem. Abstr. 97, 215803c.

1628, Yoshimura, S. Ichino and T. Nakamura (Kohjin Co. Ltd.), JP 74,108,040 (14 Oct. 1974), Chem. Abstr. 83, 43053a.

18A. C. Cope, J. Am. Chem. Soc. 89, 2327 (1937).

194 A, C. Cope, C. M. Hofman, C. Wyckoff and E. Hardenberg, J. Am. Chem. Soc. 63, 3452 (1941).

165K, Kigazawa, M. Hiiragi, H. Ishimaru, S. Haga and K. Shirayama (Grelan Pharmaceut. Co.), JP 78,07,655 (24 Jan.
1978), Chem. Abstr. 88, 169826b.

%K. Kigazawa, M. Hiiragi, H. Ishimaru, S. Haga and K. Torihara (Grelan Pharmaceut. Co.), JP 77,118,444 (4 Oct. 1977),
Chem. Abstr. 88, 62168m.

197K, Kigazawa, H. Kazuo, M. Hiiragi, H. Ishimaru, S. Haga and K. Torihara (Grelan Pharmaceut. Co.), JP 78,05,135 (18
Jan. 1978), Chem. Abstr. 89, 43087p ; Ibid. JP 78,05,136 (18 Jan. 1978), Chem. Abstr. 89, 42844 ; Ibid. JP 78,05,133 (18
Jan. 1978), Chem. Abstr. 89, 42804h.

M. Kurono, M. Toda and H. Niwa (Ono Pharmaceutical Co.), JP 77,77,027 (29 Jun. 1977), Chem. Abstr. 88, 6557a.

19 A, Merz and R. Tomahogh, Chem. Ber. 110, 96 (1977).

0D, Jyotsna and A. V. Subba Rao, Curr. Sci. 48(10), 439 (1979).

1M A, Yamada, T. Date, N. Takemoto and K. Fujii (Kyowa Hakko Kogyo Co.), JP 78,34,744 (31 Mar. 1978), Chem. Abstr.
89, 108685d.

2N, Sueta and K. Kogure (Nisshin Flour Milling Co.), JP 76,105,028 (17 Sep. 1978), Chem. Abstr. 86, 29502b.

" Prodotti Chimici Sabatini S.r.1., JP 81,16,437 (17 Feb. 1981), Chem. Abstr. 95, 42761r.

1745, Campolmi, M. G. Felicioli, V. Carletti and R. Santi (Montedison S.p.A.), DE 2,919,919 (29 Nov. 1979), Chem. Abstr.
92, 146491g.

1758. Kudo, T. Naraoka and H. Nishido (Sanpo Kagaku Kenkyusho K.K.), JP 80,07,225 (19 Jan. 1980), Chem. Abstr. 93,
95001h.

1768, Kudo and H. Nishino (Sanpo Kagaku Kenkyusho K.K.), JP 78,90,237 (8 Aug. 1978), Chem. Abstr. 90, 22609r.

P, Vila (Ricorvi S.A.), ES 462,396 (1 Jun. 1978), Chem. Abstr. 90, 103638b.

'"®@G. Bruzzi and P. Vila (Valles Quimica S.A.), DE 2,724,702 (15 Dec. 1977).

19K, Ogura, S. Mitamura, K. Kishi and G. 1. Tsuchihashi, Synthesis 880 (1979).

81 G, Tsuchihashi, K. Ogura, S. Mitamura and K. Kishi (Sagami Chem. Res. Center), JP 78,59,647 (29 May 1978), Chem.
Abstr. 89, 215067a.

182G. Tsuchibashi and K. Ogura (Sagami Chem. Res. Center), JP 78,50,137 (8 May 1978), Chem. Abstr. 89, 179712w.

18Y. Tanaka, Y. Hamada and S. Venaka (Shiono Koryo Kaisha Ltd.), JP 77,14,742 (3 Feb. 1977), Chem. Abstr. 817,
52949g.

%H. Yamada and T. Sonoda (Hamari Yakuhin Kogyo K.K.), JP 79,22,338 (20 Feb. 1979), Chem. Abstr. 91, 56637;.

185C. Kita and H. Yamada (Hamari Yakuhin Kogyo K.K.), JP 80,36,429 (14 Mar. 1980), Chem. Abstr. 93, 150045c.

18T, Veyama and S. Horiuchi (Hamari Yakuhin Kogyo K.K.), JP 80,36,360 (17 Mar. 1980), Chem. Abstr. 93, 167939v.

$7T. Sonoda and T. Veyama (Hamari Yakuhin Kogyo K.K.), JP 80,38,359 (17 Mar. 1980), Chem. Abstr. 93, 132254r.

8P H. Nelson (Syntex Corp.), US 3,562,336 (9 Feb. 1971), Chem. Abstr. 74, 141387u.

18, E. Dinizo, R. W. Freerksen and W. E. Pabst, J. Org. Chem. 41(17), 2846 (1976).

198, E. Dinizo, R. W. Freerksen, W. E. Pabst and D. S. Watt, J. Am. Chem. Soc. 9%(1), 182 (1977).

M. Mikolajczyk, S. Grzejszczak, A. Zatorski and B. Mlotkowska, Tetrahedron Lets. 2731 (1976).

192M. Mikolajczyk, S. Grzejszczak, A. Zatorski, B. Milotkowska, H. Gross and B. Costisella, Tetrahedron 34, 3081 (1978).

19M. Mikolajczyk, S. Grzejszczak and A. Zatorski (Centrum Badan Molecularyck i Makromolekylarnych), PL 102,823
(31 Aug. 1979), Chem. Abstr. 92, 163764r.

1%8. A. Fuqua, W. G. Duncan and R. M. Silverstein, Tetrahedron Lett. 521 (1965); Ibid. J. Org. Chem. 30(8), 2543 (1965).

195S. Hayashi, T. Nakai and N. Ishikawa, Chem. Lett. 651 (1980).

1%S. Hashimoto, 1. Furakawa and G. Goto, Sci. Engng. Rev. Doshisha Univ. 20(3), 137 (1979), Chem. Abstr. 92, 198014y.

1978, Takano, K. Ogasawara, 1. Nagayama and T. Kutsuma, Synth. Commun. 6(5), 349 (1976).

198 T. Kutsuma, S. Takano, I. Nagayama and K. Ogasahara (Ota Pharmaceut. Co.), JP 76,127,030 (5 Nov. 1976), Chem.
Abstr. 87, 5618p.

1%B. E. Hoogenboom, O. H. Oldenziel and A. M. Van Leusen, Org. Synth. 57, 102 (1977).

20U, Schollkopf and R. Schrdder, Angew. Chem. Int. Ed. Engl. 11(4), 311 (1972).

2. Schollkopf and R. Schroder, Angew. Chem. Int. Ed. Engl. 12(5), 407 (1973).

220, H. Oldenziel and A. M. Van Leusen, Tetrahedron Lett. 1357 (1973).

230, H. Oldenziel, D. Van Leusen and A. M. Van Leusen, J. Org. Chem. 42(19), 3114 (1977).

24T, Sakakida, JP 76,122,032 (25 Oct. 1976), Chem. Abstr. 87, 22746w.

2038, Yoshimura, M. Ichino, Y. Nitta and T. Nakamura (Kohjin Co.), JP 74,133,351 (21 Dec. 1974), Chem. Abstr. 82,
139716z.

26S. Miura and Y. lizuka (Kanebo Ltd.), JP 76,56,428 (18 May 1976), Chem. Abstr. 86, 5166u; Ibid. 76,54,527 (13 May
1976), Chem. Abstr. 86, 5167v.

207§, Owaki and S. Kitamura (Teikoku Chem. Ind. Co.), JP 76,122,034 (25 Oct. 1976), Chem. Abstr. 86, 106185¢.

28T, Kawashima and G. Tsukamoto (Kanebo Ltd.), JP 76,141,836 (7 Dec. 1976), Chem. Abstr. 36, 189527s.

MF. Alvarez (Syntex Inc.), CA 955,600 (1 Oct. 1974), Chem. Abstr. 83, 163897a.

20T, Sakakida, JP 76,76,233 (1 Jul. 1976), Chem. Abstr. 88, 159692d.

MT, Kiyoura (Mitsui Toatsu Chem. Inc.), JP 77,10,233 (26 Jan. 1977), Chem. Abstr. 87, 39122n.

2128, Yoshimura, M. Ishino and T. Nakamura (Kohjin Co.), JP 75,04,040 (16 Jan. 1975), Chem. Absir. 84, 4669g.

23R, Szebeni, D. Korbonits, E. Palosi, C. Génczi, G. Heda, E. Molnar, P. Kiss and I. Kanzel (Chinoin Gyogyszer est
Vegyeszeti Termekek Gyaka R.T.), GB 1,586,798 (25 Mar. 1981), Chem. Abstr. 90, 6102q.



4130 J.-P. RIEU et al.

24T. Matsumura and K. Tani (Daito Kocki Co. Ltd.), JP 77,97,932 (17 Aug. 1977), Chem. Abstr. 88, 74205j.

13T, Fujisawa, K. Sakai, H. Shirokata and A. Sakaki (Sagami Chem. Res. Center), JP 79,36,226 (16 Mar. 1979), Chem.
Abstr. 91, 56645k.

U6A, L. Wild and A. L. Meader, Jr., J. Org. Chem. 13, 763 (1948).

W7F. Nerdel and G. Kresze, Chem. Ber. 85, 168 (1952).

23S, Yoshimura, S. Takahashi and M. Ichino (Kohjin Co.), JP 76,36,432 (27 Mar. 1976), Chem. Abstr. 88, 123596m.

7K. Kobayashi and Y. Yamada (Mitsui Toatsu Chem. Inc.), JP 78,12,837 (4 Feb. 1978), Chem. Abstr. 89, 23975y.

20N, Tokutake (Shionogi Co.), DE 2,736,231 (22 Feb. 1979), Chem. Abstr. 90, 168313n.

A, Takami, T. Asahi and T. Kawashima (Hamari Yakuhin Kogyo K.K.), JP 79,19,932 (15 Feb. 1979), Chem. Abstr. 91,
20125b. :

2¥Yamaguchi Yakuhin Shokai Co., JP 81,145,241 (11 Nov. 1981), Chem. Abstr. 96, 68650z.

2K, Kobayashi and Y. Yamada (Mitsui Toatsu Chem. Inc.), JP 78,44,537 (21 Apr. 1978), Chem. Abstr. 89, 108693e.

24A . Takami and T. Asahi (Hamari Yakuhin Kogyo K.K.), JP 79,79,258 (25 Jun. 1979), Chem. Abstr. 91, 157509z.

25Y. Yamada and K. Kobayashi (Mitsui Toatsu Chem. Inc.), JP 78,63,343 (6 Jun. 1978), Chem. Abstr. 89, 179715z.

26y, Yamada (Mitsui Toatsu Chem. Inc.), JP 78,149,945 (27 Dec. 1978), Chem. Abstr. 90, 1683031h; *Q. Piccolo,

F. Spreafico, G. Visentin and E. Valoti, J. Org. Chem. 50, 3947 (1985).

271, M. Kovina and 1. P. Tsukervanik, Uzbeksle Khim. Zh. 8(2), 33 (1964), Chem. Abstr. 61, 5581a.

%M. Fujita and T. Kawashima (Hamari Yakuhin Kogyo K.K.), JP 78,50,135 (8 May 1978), Chem. Abstr. 89, 108694f.

258. Miura, S. Maeda and H. Sugihara (Kanebo Ltd.), JP 76,54,53 (13 May 1976), Chem. Abstr. 86, 29494a.

B0A. Arai, Y. Ohara, T. lizumi and Y. Takakuwa, Tetrahedron Lett. 24, 1531 (1983).

B1Y. Yamada and K. Kobayashi (Mitsui Toatsu Chem. Inc.), JP 78,02,449 (11 Jan. 1978), Chem. Abstr. 89, 6118d.

7y, Yamada (Mitsui Toatsu Chem. Inc.), JP 77,105,145 (3 Sep. 1977), Chem. Abstr. 88, 74209p.

23Y . Christidis and J. C. Vallejos (Soc. Fr. Hoechst), FR 2,545,086 (2 Nov. 1984), Chem. Abstr. 102, 113047p.

4G, J. Matthews and R. A. Arnold (Syntex Corp.), DE 2,805,488 (17 Aug. 1978), Chem. Abstr. 90, 6106u.

B3Boots Co. Ltd., BE 856,317 (30 Dec. 1977), Chem. Abstr. 89, 42812j.

B¢Boots Co. Ltd., NL 74,06,897 (26 Nov. 1974), Chem. Abstr. 83, 96749p.

1A, Kozlik (Boots Pure Drug Co.), DE 2,241,913 (8 Mar. 1973), Chem. Abstr. 78, 136261d.

BBF, Alvarez (Syntex Inc.), US 3,975,432 (17 Aug. 1976), Chem. Abstr. 86, 89463z.

E. Alvarez (Syntex Corp.), US 3,663,584 (17 May 1972), Chem. Abstr. T1, 62137y.

0] T. Harrison (Syntex Corp.), US 3,658,863 (30 Sep. 1969), Chem. Abstr. 71, 5613b.

1] T. Harrison (Syntex Corp.), US 3,658,858 (30 Sep. 1969), Chem. Abstr. 77, S614c.

27 T. Harrison (Syntex Corp.), US 3,651,149 (21 Mar. 1972), Chem. Abstr. 77, 5600w.

33, T. Pinhey and B. A. Rowe, Tetrahedron Lett. 21, 965 (1980).

MG. W. Erickson (Syntex Pharm. Int. Ltd.), EP 110,671 (13 Jun. 1974), Chem. Abstr. 101, 170907x.

#5Y. Kuroyanagi, T. Yamaguchi, M. Ban and K. Suzuki (Sanwa Kagaku Kenkyusho Co.), JP 78,144,553 (15 Dec. 1978),
Chem. Abstr. 91, 56648p.

246J. 8. Nicholson and J. L. Turner (Boots Co.), DE 2,613,817 (14 Oct. 1976), Chem. Abstr. 86, 29501a.

2475, Owaki and S. Kitamura (Teikoku Chem. Ind.), JP 77,65,243 (30 May 1977), Chem. Abstr. 88, 120801a.

245p_W. Sprague and J. E. Heikes, J. Med. Chem. 20(5), 726 (1977).

MR, W.J. Carney, J. J. Chart, R. Goldstein, N. Howie and J. Wojtkunski, Experientia 28(9), 938 (1973).

0] A. Walker (Upjohn Co.), US 4,266,069 (5 May 1981), Chem. Abstr. 95, 80497s.

BIK. Hino, H. Nakamura, Y. Nagai, H. Uno and H. Nishimura, J. Med. Chem. 26, 222 (1983).

7T, A, Hylton and J. A. Walker (Upjohn Co.), EP 32,620 (29 Jul. 1981), Chem. Abstr. 95, 203560s.

235agami Chemical Research Center, JP 82,16,840 (28 Jan. 1982), Chem. Abstr. 97, 5996s.

24A. Guerato and M. Perchinuno (Glaxo Group Ltd.), DE 3,022,599 (8 Jan. 1981), Chem. Abstr. 94, 191945k.

35A. McKillop and D. P. Rao, Synthesis 759 (1977).

2P, G. Gassman and T. J. Van Bergen, J. Am. Chem. Soc. 96(17), 5508 (1974).

P, G. Gassman and T. J. Van Bergen, J. Am. Chem. Soc. 95(8), 2718 (1973).

23D, A. Walsh, D. A. Shamblee, W. J. Welstead, Jr. and L. Sancilio, J. Med. Chem. 25, 446 (1982).

¥%E. R. Biehl and H. M. Li, J. Org. Chem. 31, 602 (1966); °Y. U. Han, M. V. Jovanovic and E. R. Biehl, /bid. 50, 1334

(1985).

2 Rhone-Poulenc (Soc. Usines Chim.), FR 2,202,873 (10 May 1974).

261G, P. Stahly, B. C. Stahly and K. C. Lilje, J. Org. Chem. 49, 579 (1984).

2628, C. Stahly and G. P. Stahly (Ethyl Corp.), US 4,370,278 (25 Jan. 1983), Chem. Abstr. 98, 178986n.

23C. Giordano, G. Castaldi and F. Uggeri, Angew. Chem. Int. Ed. Engl. 23, 413 (1984).

#4 A, MacKillop, B. P. Swann and E. C. Taylor, J. Am. Chem. Soc. 95(10), 3340 (1973).

25E. C. Taylor, C. S. Chiang, A. McKillop and J. F. White, J. Am. Chem. Soc. 98(21), 6750 (1976).

26T, Bruzzese, M. Cambieri and R. Ferrari (Societa Prodotti Antibiotici S.p.A.), DE 2,614,306 (21 Oct. 1976), Chem.
Abstr. 86, 55167r.

7R, Hamajima, Yuki Gosei Kagaku Kyohaishi 36(10), 875 (1978), Chem. Abstr. 90, 151752f.

28], A. Walker (Upjohn Co.), US 4,226,790 (7 Oct. 1980), Chem. Abstr. 94, 65824g.

2B, Zupancic and B. Jenko (LEK Tovarna Farmacevtskih in Kemicnih Izdelkov N. Sol. O.), DE 2,913,770 (11 Oct. 1979),
Chem. Abstr. 92, 58448t.

B, Zupancic and B. Jenko (LEK Tovarna Farmacevtskih Izdelkov), GB 2,019,393 (31 Oct. 1979), Chem. Abstr. 93,
71298;.

2 Synthex Inc., NL 75,06,546 (9 Dec. 1975), Chem. Abstr. 88, 62849x.

8. D. Higgins and C. B. Thomas, J. Chem. Soc. Perkin Trans. 1 235 (1982).

K. Fujii, K. Nakao and T. Yamauchi, Synthesis 456 (1982).

MK yowa Hakko Kogyo Co., JP 83,021,643 (8 Feb. 1983), Chem. Abstr. 98, 178970c.

75K yowa Hakko Kogyo Co., JP 82,163,337 (7 Oct. 1982), Chem. Abstr. 98, 197803s.

776]1. G. Sharefkin and H. Saltzman, Org. Synth. 43, 62 (1963).

277Y. Tamura, Y. Shirouchi and J. I. Haruta, Synthesis 231 (1984).

8C, Giordano, G. Castaldi, F. Casagrande and L. Abis, Tetrahedron Lett. 23(12), 1385 (1982).

XK. Fujii, K. Nakao and T. Yamauchi, Synthesis 444 (1983).



Methods for the synthesis of antiinflammatory 2-ary! propionic acids 4131

280C. Giordano and G. Castaldi (Zambon S.p.A.), EP 108,442 (16 May 1984), Chem. Abstr. 101, 130402x;

*C. Giordano, G. Castaldi, F. Uggeri and F. Gurzoni, Synthesis 436 (1985).

#1C. Giordano, G. Villa, F. Uggeri and G. Castaldi (Blaschim S.p.A.), EP 071,299 (9 Feb. 1983), Chem. Abstr. 99, 53407p.

#2J. A. Walker and M. D. Pillai, Tetrahedron Lett. 42, 3707 (1977).

3D, R. White (Upjohn Co.), DE 2,726,561 (29 Dec. 1977), Chem. Abstr. 88, 169782j.

243 A. Walker (Upjohn Co.), DE 2,824,833 (21 Dec. 1978), Chem. Abstr. 90, 103667].

#5C, Giordano, G. Castaldi, F. Casagrande and A. Belli, J. Chem. Soc. Perkin Trans. 1 2575 (1982).

#6G, Castaldi, A. Belli, F. Uggeri and C. Giordano, J. Org. Chem. 48, 4658 (1983).

#7C. Giordano, A. Belli, F. Uggeri and G. Villa (Blasinachim S.p.A.), EP 34,871 (2 Sep. 1981), Chem. Abstr. 96, 34940d.

#3C. Giordano, A. Belli, F. Uggeri and G. Villa (Blasinachim S.p.A.), EP 35,303 (9 Sep. 1981), Chem. Abstr. 96, 52037u.

#7]. A. Walker and S. I. Amin (Upjohn Co.), DE 3,322,459 (12 Jan. 1984), Chem. Abstr. 101, 191580e.

A Goosen and C. W. Cleland, J. Chem. Soc. Chem. Commun. 1311 (1982).

¥ @, Castaldi and C. Giordano (Blasinachim S.p.A.), EP 89,711 (28 Sep. 1983), Chem. Abstr. 100, 51308x.

¥%C, Giordano and G. Castaldi (Zambon S.p.A.), EP 101,124 (22 Feb. 1984), Chem. Abstr. 101, 6832y;
G. Castaldi, C. Giordano and F. Uggeri, Synthesis 505 (1985).

¥3G. Tsuchihashi, K. Kitajima and S. Mitamura, Tetrahedron Lett. 22, 4305 (1981).

4G, Tsuchihashi, S. Mitamura and K. Kitajima (Segami Chem. Res. Center), EP 48,136 (24 Mar. 1982), Chem. Abstr. 97,
162599g.

¥G. C. Schdemer (Syntex Pharm. Int.), EP 64,394 (10 Nov. 1982), Chem. Abstr. 98, 143130b.

3G, Tsuchihashi, S. Mitamura, K. Kitajima and K. Kobayashi, Tetrahedron Lett. 23, 5427 (1982).

#7A. McKillop, O. H. Oldenziel, B. P. Swann, E. C. Taylor and R. L. Robey, J. Am. Chem. Soc. 95(4), 1296 (1973).

Chinoin Gyogyszer ES, Vegyeszetti Termerek Gyara RT, NL 76,06,830 (28 Dec. 1976), Chem. Abstr. 87, 151857g.

#B. Zupancic and B. Jenko (LEK Tovarna Farmaceviskih in Kemicnih Izdelkov), DE 2,744,834 (20 Apr. 1978), Chem.
Abstr. 89, 42814m.

30F_ Baer, Biochem. Prep. 1, 50 (1951).

31T, Shioiri, K. Ninomiya and S. Yamada, J. Am. Chem. Soc. 94, 6203 (1972).

3027, Shioiri and N. Kawai, J. Org. Chem. 43(14), 2936 (1978).

3BT, Shioiri, N. Kawai and M. Ban (Sanwa Kagaku Kenkyusho Co.), JP 79,59,238 (12 May 1979), Chem. Abstr. 91,
156827q.

34T, Shioiri, N. Kawai and M. Ban (Sanwa Kagaku Kenkyusho Co.), JP 79,117,465 (12 Sep. 1979), Chem. Abstr. 92,
128709¢.

5T, Shioiri, N. Kawai and M. Ban (Sanwa Kagaku Kenkyusho Co.), JP 79,117,466 (12 Sep. 1979), Chem. Abstr. 92, 710y.

361 Baiocchi, M. Bonanomi, M. Giannangeli and G. Picconi, Synthesis 434 (1979).

%71 Baiocchi (Aziende Chimiche Riunite F. Angelini), DE 2,554,895 (22 Jul. 1976), Chem. Abstr. 85, 142842¢.

351, Baiocchi (Aziende Chimiche Riunite F. Angelini), DE 2,624,177 (23 Dec. 1976), Chem. Abstr. 86, 106188h.

3¥Sagami Chemical Research Center, JP 81,90,033 (21 Jul. 1981), Chem. Abstr. 96, 6411 p.

%1%Sagami Chemical Research Center, JP 81,90,035 (21 Jul. 1981), Chem. Abstr. 96, 6412q.

3"'Sagami Chemical Research Center, JP 81,90,036 (21 Jul. 1981), Chem. Abstr. 96, 6399r.

312J, H. Fried and 1. T. Harrison (Syntex Corp.), US 3,998,966 (21 Dec. 1976), Chem. Abstr. 87, 5719x.

13V, H. Van Rheenen (Upjohn Co.), US 4,189,596 (19 Feb. 1980), Chem. Abstr. 93, 7862m.

JME. J. Hessler and S. I. Amin (Upjohn Co.), EP 22,440 (21 Jan. 1981), Chem. Abstr. 95, 24567c.

35Upjohn Co., JP 80,00,399 (5 Jan. 1980), Chem. Abstr. 93, 46194q.

36 Aziende Chimiche Rinite Francesco Angelini, BE 820,267 (16 Jan. 1975), Chem. Abstr. 83, 178579.

D, R. White (Upjohn Co.), US 4,008,270 (17 Feb. 1977), Chem. Abstr. 86, 189532q.

33 Aziende Chimiche Riunite Angelini, JP 79,09,251 (24 Jan. 1979), Chem. Abstr. 90, 168308b.

M. Hannoun, N. Blazevic, D. Kolbah, M. Mihalic and F. Kajfez, J. Heterocycl. Chem. 19, 1131 (1982).



