
TV&&,,,: Agmmy Vat. 3, No. 2, pp. 163492, lm 04.574%92 s3.akoo 
Printed in Onat Britain PagMon~plo 

TETRAHEDRON: ASYMMETRY REPORT NUME3ER 7 

Recent Developments in the Synthesis of Optically 

Active a-Arylpropanoic Acids: An Important Class of 

awn-steroida Anti-inflammato~ Agents” 

Harikisan R. Sona wan@* Nan/undlab 5, Beflu 
&/ma/a R. Ahuja and Dilip G. Ku/kami 

Nattonai Chemfcal Laboratory, Pune 411 008, INDIA 

(Received 1 November 1991) 

CO-S 

I Introduction 164 

II Strategies based on asymmetric reactions 165 
1.Methylation of 2-arylacetic acids 165 
2.Hydrogenation of 2-arylpropenoic acids 167 

3.Hydroformylation of styrenes 168 

4.Hydrocarboxylation of olefins 168 

5.Hydrovinylation 171 

6.a Sharpless epoxidation 172 
b Sharpless epoxidation and hydrogenolysis 173 

7.Aryl alkyl coupling reactions 173 
a Alkylation of aromatics 174 
b Grignard coupling reaction 1.74 
c Cross Grignard coupling 175 

8.a,b Enantioselective protonation 175,176 
9. X,2-Aryl shift 178 

a Introduction 178 
b Stuctural requirements 178 
c Mechanistic pathway 179 
d,e Rearrangement of chiral a-sulfonyloxy acetals 180,181 
f,g Stereoselective a-bromination of 

homochiral acetals 181,182 
h Rearrangement of chiral a-halo acetals 184 
i Rearrangement of chiral a-hydroxy acetals 184 
j Use of Ph3P/CC14 185 
k Photochemical method 187 

III Resolution methods 
10. a Resolution via diastereomeric salt formation 183 

b Kinetic resolution 188 
c,d Enzymatic resolutions 189 

IV Conclusion 189 

163 



164 H. R. SONAWANE et al. 

I IRTRODUCTION 

a-Arylpropanoic acids (I) have emerged as an important class of non- 

steroidal anti-inflammatory agents during the past two decades. The thera- 

peutic efficacy of this class of drugs is well demonstrated by the intro- 

duction and extensive use of more than a dozen compounds exemplified by 

Ibuprofen (I), Naproxen (2), Ketoprofen (3) and Flurbiprofen (4) to men- 

tion just a few. The flood of publications emanating from various research 

laboratories and the ever increasing number of patents filed by industrial 

houses in this area bear testimony to the frenetic synthetic efforts. 

&COOH 

3 

COOH 

4 

However, in recent years the use of enantiomerically pure drugs in 

chemotherapy is becoming almost mandatory not only to realize enhanced 

specificity of drug action but to avert the possible toxicity and unde- 

sirable load on the metabolism by the other enantiomer. This situation is 

equally true with a-arylpropanoic acids as evidenced by the known1 higher 

activity of the enantiomers of 1 and 2 with the (S)-configuration at the 

chiral center. This awareness led to great synthetic efforts to obtain 

non-racemic compounds of this class, particularly during the past five 

years. Notwithstanding this, the available review articles2 in this area 

pertain essentially to the synthesis of the racemic compounds. In this 

context, time is ripe to present a concise and a critical review of var- 

ious methodologies developed to obtain chiral compounds of this class so 

that a cogent picture might emerge. This report is intended to serve this 

purpose. Attempt is made to include most of the reported literature up to 

July 1991 in this direction. Among various methods reported so far which 

include the classical resolutions and enzymatic reactions, this review 

primarily deals with asymmetric synthesis. 
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II STRhTEGIES BASED ON ASYNMRTRIC REACTIONS. 

A retrosynthetic analysis of the asymmetric molecule such as 1 as 

shown in the following figure helps to visualize the asymmetric reactions 

that can generate the desired chiral center. 

..f.? 

flCO”H 

1 

The mode a is suggestive of asymmetric methylation of 2-arylacetic 

acid while the mode b implies an asymmetric hydroformylation/hydrocarboxy- 

lation of the appropriate styrene derivative. The last mode necessitates 

the formation of aryl-alkyl carbon-carbon bond in a stereoselective manner 

indicating the suitability of an asymmetric aryl alkyl coupling reaction 

or asymmetric alkylation of appropriate aromatic compounds. Another major 

class of reactions not included in the above analysis and which, neverthe- 

less, has led to practical methods for the asymmetric synthesis of a acids 

is the stereospecific l,2-aryl migration in chiral a-substituted acetals 

of propiophenones as indicated in eq. 1. 

RO OR 
1,2 -Aryl 

7 Migration Ar 
A 

COOR 
---- Eq. 1 

This review essentially deals with tine discussion of the merits and 

demerits of these approaches: nonetheless, the other methods of obtaining 

chiral a-arylpropanoic acids are included briefly. 

1. Nethylation of P-Arylacetic Acids. 

The atropisomers of binaphthols are finding extensive application in 

the preparation of chiral metal complexes which provide an ideal way to 

multiply chirality.3 Recent years have witnessed an explosive growth of 

industrially useful chiral catalysts based on 2.2 I-bis(diarylphosphino)- 

l,l'-binaphthyl (5) (BINAP). Synthesis of optically active a-arylpropanoic 

acids via diastereoselective alkylation of binaphthyl esters of arylacetic 

acids has been recently reported by Fuji et a1.4 These authors observed a 

significant diastereoselectivity ( 92-96%) in the alkylation of the ester 

8 containing the free hydroxyl group leading to 10 and 12 while the corre- 

sponding methyl ester 9 furnished a 1:l mixture of the diastereoisomers 11 

and 13 (scheme-la). Moreover, a high selectivity in alkylation was noticed 
with the use of bulkier alkylating agents such as isopropyl and t-butyl 

iodides. On the contrary, the stereoselectivity in methylation was not 

impressive (72%). 
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Scheme- la 
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The hydroxyl group in 8 appears to be indispensable in realizing high 

diastereoselectivity. This has been rationalized in terms of the possible 

conformations of the enolates. Besides this, the known 5 exclusive forma- 

tion of Z-enolate from the ester on deprotonation by LDA in TIiF/IWPA has 
been utilized. It can be seen (scheme-lb) that in the conformation (a), 

two naphthyl rings bisect each other at a torsional angle of about 90' due 

to the steric factors and the electrostatic repulsion keeps the negatively 

charged oxygens maximally apart. Thus, the re-face of the nucleophilic 

carbon is more open for alkylation, when (R)-binaphthol is used as a 

chiral auxiliary. On the contrary, such a face discrimination is reduced 

in methylated phenol (b) resulting in reduced diastereoselectivity. In the 
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absence of HMPA, the diastereoselectivity is rather enhanced and has been 
attributed to a chelated configuration of the E-enolate wherein the si- 
face is blocked sterically (conformation c). It is pertinent to note that 
the (R)-Binaphtbyl esters invariably introduced (R)- configuration at the 
new chiral center and vice-versa. 

Scheme - 7 b : Possible Conformation of Enolates 

(0) 

2. Rydrogenation of 2-Arylpropenoia Acids. 
Homogeneous hydrogenation of olefins util.izing chiral phosphine 

rhodium complexes discovered in 1968 has generated a variety of impressive 
chemistry.' This has led to the availability of both natural and unnatural 
amino acids in greater than 90% ee from 2 a-(acylamino)acryfic acids or 
esters and the methodology has gained practical significance in industry. 

Scheme -2 
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16 
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While the scope of the rhodium-catalyzed reaction is rather limited, 
the more recently developed BINAP-ruthenium chemistry has definitely wider 
utility.7'8 BINAP-Ru dicarboxylate complexes of the type 15 hydrogenate 
prochiral a,B or B,r- unsaturated carboxylic acids giving rise to Opti- 
cally active saturated acids. In this process, chelate complexes in which 
the carboxylate and the olefinic double bond co-ordinate to a Ru-metal 
center are supposed to be the reactive intermediates and the extent of 
asymmetric induction is known to depend on the substitution pattern and 
the reaction conditions, particularly, the hydrogen pressure. 

Noyori et al9 have demonstrated the efficacy of the reaction by the 
synthesis (St-(+)-2 in a 92% chemical yield and an enantiomeric purity of 
97% (saheme-2). Nonetheless, the relatively high pressures (135-150 atm) 
required for the reaction may present a practical limitation. 

3. Hydroformylation of Styrenes. 
Parinello and Stille" have explored the hydroformylation reaction in 

the synthesis of (S)-(+)-2 (scheme-3). Use of the chiral catalyst viz. 
PtC12[(-)-BPPM]SnC12 [a complex of Pt(I1) containing the chiral ligand 
(2S,QS)-N-(t-butoxycarbonyl)-4-(diphenylphosphino-2-(diphenylphosphino) 
methyl pyrrolidine i.e. [(-)-BPPM] (17) in the presence of SnC12 enabled 
them to realize11r12 a 73% enantiomeric excess of the branched aldehyde 
with a branched/normal olefin ratio of 0.60. With the use of triethyl 
orthoformate as a solvent, the ee of the required aldehyde could be en- 
hanced to 96% as the racemization of the aldehyde could be averted due to 
ketalization. The ketals on hydrolysis with pyridinium p-toluenesulfonate 
afforded the aldehyde mixture from which 21 was isolated by medium pres- 
sure liquid chromatography. Oxidation of 21 with KMn04 furnished the 
desired acid (+)-2. 

4. Hydrocarboxylation of olefins. 
Alper et all3 studied this reaction employing ~8 to ~12 olefins 

incorporating both the terminal and internal double bonds to identify the 
experimental parameters leading to high regioselectivity to offer 
branched-chain acids. These authors observed that the sequential addition 
of reagents and the quantity of water and the concentration of the hydro- 
chloric acid used essentially determine the regioselectivity. for example, 
when carbon monoxide was bubbled through THF containing water (< 5 mol), 
0.1 mol Pd (II), Cu (II) chlorides, HCl, followed by oxygen and the addi- 
tion of the alkene, very high yields of the branched acids were obtained. 

Prompted by these findings, this reaction was extended to the asym- 
metric syntheses of (+)-1 and (+)-2. Reaction of p-isobutyl styrene (23) 
under the conditions described above in the presence of a chiral catalyst 
such a d-menthol furnished ($)-(+)-1 in 94% chemical yield although the 
optical yield was insignificant13 (2%). Similarly, the use of the other 
chiral ligands which included l-menthol, (R)-l,l'-bi2-naphthol, d-diethyl 
tartarate (DET), (S)-BINAP was not fruitful in realizing significant 

enantioselectivity. On the other hand, the use of (S)-(+)- and (R)-(-)- 

[l,l I-binaphthyl-2,2'-diyl hydrogen phosphate] (BNPPA) 24 led to high 
enantiomeric excess of the product 1 (83-84%) (schcrms-la). 
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Scheme- 3 
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A 2O:l substrate/BNPPA ratio was found to be optimum. This procedure 
enabled the authors to obtain (S)-(+)-2 as well (91% ee). It is pertinent 
to note that the use of (S)-(+)-BNPPA created the new chiral center with 
the (S)- configuration and vice-versa. 

In this context, a comparison of this methodology with previously 
reported asymmetric reactions becomes useful. While BINAP-Ru(I1) catalyzed 
hydrogenation of 2-(6methoxy-2-naphthyl)propenoic acid led to higher 
enantiomeric excess of the (S)- acid, the reaction was to be performed at 
high pressure of hydrogen. Similarly, although the hydrofornylation of the 
corresponding olefins using Pt(I1) complex of (-)-BPPM with SnCl2 afforded 
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an attractive enantiomeric excess, the regioselectivity was not very sig- 
nificant, as onlyi an unfavourable branched/normal ratio of 0.5 could be 
realized. Thus, the hydrocarboxylation reaction affording exclusively the 
branched acids in high yields under mild conditions (room temperature and 

J atmospheric press re) appears attractive. 

Scheme-4a 

R.T., 1 atmp 

23 23:24(20:1),99X 

(S)-(f) -BNf>PA (24) 

The most r t attempt in this direction is due to Lee and cowork- 
ers" who inves ted Pd-catalyzed formate mediated hydroxycarboxylation 
of optically pur -aryl ethyl esters (seheme4b). They observed that the 
esters 25 are ca nylated with Pd(monodentate triaryl phosphine)n precur- 
sors yielding 70% of essentially the required iso-acid in an ee 
range of 33-82%., 

Scheme-Lib 

120dC,650psig 

R= 

A Ar * COOH 

(SI-(+I--2 

96 

+ &40C**H 

26 

:4 

dppp = 1 -his (biphenyl phosphino) propane 



CIptkaily active a-aryQropanoic acids 171 

However, the reaction with the ester possessing 2,4-dichlorophenyl 
moiety furnished the corresponding acid in a high enantiomeric excess 
(94%). These authors realized that the reaction needed the use of a polar 
solvent and the efficacy depended on the nature of the ester. 
5. Hydxovinylation 

Rydrovinylation reaction discovered by Wilke et alI5 in the late 
sixties has been a useful reaction in homologation of olefins, In a formal 
sense, the reaction consists of the addition of the C-H bond of one olefin 
molecule to the &=C bond of a second (soheme-sa). This reaction was exten- 
sively investigated in the dimerization of propene leading to 2,3-dimeth- 
ylbutene. Various catalysts have been developed to achieve asymmetric 
induction in the C-C bond formation. 

The same authors have shown16f17 the synthetic utility of this reac- 
tion in obtaining optically pure 1 (scheme-Sb). The primary product 20 
obtained by the addition of ethylene to p-isobutyl styrene (23) on ozonol- 
ysis furnished the chiral aldehyde 29 with high asymmetric induction. 

Scheme-50 
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6a. sharpless EpQxidation 

The findings by Katsuki and Sharpless18 that the combination of 

Ti(i-OPr),/(+)-PKddiethyl tartarate (1:l) promoted enantioselective epoxi- 

dation by t-BuOOH of many allylic alcohols turned out to be a major break- 

through in the asymmetric synthesis. Chiral epoxy alcohols are versatile 

synthetic intermQdiates in the total synthesis of natural products and 

drugs. Takano et all9 have elegantly utilized this reaction in the synthe- 

sis of both the enantiomers of 1. As the scheme-68 indicates, the key 

element in this enantiodivergent synthesis is the enantiospecific epoxida- 

tion of trans-ci*amyl alcohol 30 followed by the alkylative opening of 

the oxirane riqg with Me3Al and the higher order organocuprate 

Me2Cu(CN)Li2 with Iretention and inversion of configuration respectively. 

Scheme-6a 
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This feature deserves a comment: although the regioselectivity 

observed can be attributed to the steric factors in the nucleophilic reac- 
tion, the differing stereoselectivity displayed by Me3Al is rather sur- 
prising. This reagent, too, is known to result in inversion of configura- 
tions in reaction with various other epoxides and the retention observed 
here is peculiar to the oxirane 31 derived from trans cinnamyl alcohol. 
Although a convincing rationale is not provided, an intimate ion pair con- 
taining the carbonium ion stabilized by the phenyl ring in the solvent 
cage has been implicated. Friedel-Crafts acylation of the cyclic carbon- 
ates 34/35 furnished the enantiomerically pure products 36 and 37 which on 
routine functional group manipulations led to (S) and (R)-1. 
6b. Sharpless Epoxidation and Hydrogenolysis. 

Another variation in the utilization of the asymmetric epoxidation 
reaction is its combination with stereospecific hydrogenolysis. Hamon and 
coworkers2' subjected the enantiomerically pure levorotatory epoxide 42 
obtained from the olefin 21f22 II by the Sharpless epoxidation to hydroge- 
nolysis (stereochemical outcome of which was not known until then). The 
dio123 43 on oxidative cleavage afforded (S)-2-phenylpropanoic acid (+)-44 
(scheme-6b). The obtention of acid 44 with (S)- configuration in conjunc- 
tion with the prediction of the stereochemistry of the Sharpless epoxida- 
tion established that the hydrogenolysis proceeded with inversion of con- 
figuration at the benzylic carbon. These authors demonstrated2' (+)-2- 
phenylpropyl acetate could be acylated with isobutyryl chloride without 
racemization thereby leading to the synthesis of (S)-1. 

Scheme- 6b 
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7. Aryl Alkyl Coupling Reactions 
Achieving asymmetric synthesis of a-arylpropanoic acids by the forma- 

tion of aryl-aliphatic C-C bond obviously involves a highly stereospecific 
alkylation of substituted benzene with a chiral alkylating agent or a 
Grignard type of aryl alkyl coupling with a chiral alkyl halide. 
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?a. RlRylatioa of Aromatic38 
Friedel-Crafts alkylation with optically active alkylating agents is 

generally associated with the problem of racemization due to the acidic 
conditions of the reaction. Nevertheless, there are examples of highly 
stereospecific reactions such as the alkylation of benzene with (R)-1,2- 
epoxy propane d 
of chirality.24r a7 5 

(RJ-1,2-epoxy butane leading to 100% ee with inversion 
The stereospecificity observed has been rationalized by 

the cyclic nature of the alkylating agent or by the intermediacy of a 
cyclic transition state. 

Piccolo et 1a126 have provided the first example of a Friedel-Crafts 
alkylation with1 an acyclic alkylating agent leading to high orders of 
enantioselectivlty. These authors used the lactic acid derivative viz. 
(S)-2-(mesyloxy) 

t 

ropanoate 45 as chiral alkylating agent in the alkylation 
of 46 in the pre ence of anhydrous AlC13, to obtain (S)-(+)-1 in excellent 
optical yield (48% ee) even though the chemical yield was moderate (50%) 
(sdmme-?a). The observed high stereospecificity is rationalized by in- 
volving the formation of rigid cyclic intermediate of the type 47 involv- 
ing co-ordination of Al with -CCCR and -0X groups of 45. The chiral carbon 
is then attacked by the aromatic ring in a nucleophilic manner from the 
backside of the leaving group resulting in inversion of configuration. 

Scheme-7a 
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7b. Grignard C*pling Reaction. 
Hiyama and gakasa2? carried out the reaction of 3-penten-2-yl acetate 

pivalate and carbonate or methyl ester) with different aryl magnesium 
bromides in the bresence of NiC12[(S,S)-chiraphos] catalyst and realized 

optical yields in the C-C bond formation. Thus, the 
reaction of hoxy-2-naphthyl magnesium bromide 49 with 3-penten-2-yl 
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pivafate 50 using MiC12f(-1-X ,3S)-2,3-bis(diphenylphosph~no)butane] as a 
catalyst [abbreviated as NiCl2[(S,S)-chiraphos] afforded (RJ-Q-(6-methoxy- 
2-naphthyl)-I-butene 51 which on oxidative cleavage of the double bond 
led to (S)-2 in 62% chemical yield with 64% ee (soheme-7b). 

Scheme - 7b 

49 50 51 

b 
62 % 

* (S)-(t)-2 

64%ee 

al NiCIe [(SS)-Chiraphor1 O-01 mmol ,THF,R.T. b) No104 , KMn04 

7c+ cross ariqnard Coupling 
A reaction comparable to that of the racemate separations by the 

formation of diastereomers leading to optically active products is the 
catalytic asymmetric Grignard coupling. 
Hayashi et aI23 

This method has been utilized by 
in synthesizing (S)-(+)-1. Chiral (@-aminoalkyl)phosphine 

(R)-t-Leuphos was used as ligand (L*) in the nickel catalyzed asymmetric 
cross Coupling of 1-(4-isobutylphenyl)ethyl magnesium bromide 52 with 
vinyl bromide 53 to furnish 3-(isobutylphenyl)-1-butene 30 with 94% ee. 
The key intermediate in the reaction is the diastereomeric 54, which 
involves the co-ordination of the amino group on the ligand to the Mg atom 
in the Grignard reagent. This co-ordination is considered to occur selec- 
tively with one of the enantiomers of the racemic Grignard reagent 52 and 
allows it to readily undergo subsequent transmetallaton to 55.01efin 30 on 
oxidative cleavage yielded (S)-(+)-1 in 62% yield and 94%ee (scheme-7c). 

8a. Enantiosslective Protonation. 
Among the various approaches for the asymmetric transformations of a 

racemic compound into its optically active form, enantioselective protona- 
tion of a suitable derivative constitutes an important one. Larson et al29 
have explored the addition of naturally occurring chiral a-hydroxy esters 
and lactones to the prochiral ketene intermediate derived from the racemic 
a-arylpropanoic acid and obtained significant diastereoselectivity in the 
range of 94-99%. They observed that in the chiral reagent a hydroxyl group 
in close proximity to a hydrogen bonding moiety such as a carbonyl func- 
tion was a primary requirement to high diastreoselectivity. 
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Scheme-?c 

Me 
I 

Ar -CHMgBr + 

52 

r 
ABr 

I.?/ NiCI2 

t-k H 

L" = )C'T 

Msfl PPh2 

pph2\Nih 
\ 

t-Bu yMe2 Br 

3 * 
MOX2 

t -Bu 

30 
KMnO,+ 

No104 
) (sl-(+)- 1 

94 % ee 

Ar = 4 - isobutyl phenyl 

For example, while a 94.5% ee was realized with use of (S)-ethyl 

lactate 60 and *or isobutyl lactate 62 the use of (R)-pantolactone 63 

afforded the (R)yacid 1 almost exclusively (saheme-Sa).It appears that the 

use of non-polar solvents enhance the diastereoselectivity. This strategy 

also led to the asymmetric synthesis of (S)- and (R)- 2 in 80% ee. 
8b. In a similar approach, Dike and coworkers3' probed asymmetric Michael 

addition of benienethiol to a-phenyl acrylates using different optically 

pure cinchona aikaloids as catalysts. They observed that use of quinine 

gave an optimum ee of 50%. Among the various alkyl atropates, the isopro- 

pyl atropate (631 was found to induce maximum optical activity. A notewor- 

thy feature of t/his strategy is the induction of asymmetry on the carbon 

/3- to the sulfur,atom. The primary products, eg 64 on hydrogenolysis under 

acidic conditions afforded the corresponding acids. Thus, these authors 

realized (s)-2 in an enantiomeric excess of 46% (scheme-Sb). 



Optically active a-arylpropanoic acids 

Scheme-8a 

177 

A a 
Cl b, 

“d ) Ar COOH --IK Ar 
0 

[ *rko] 

(21-l 57 58 

; 

*r + R*+ Ar ‘\R* e 
) W-(+)-l + (RI-(+I-1 

0 0 

w-59 (RI-59 

Ar = 4-isobutylphenyl 

a) SOCl2 , DMF, Toluene , 50°C b) NEt5,25*C c) R*OH, Tduene, - 78.C 

d) CH3COOH, H20, 70.C e) CH3COOH, PN-HCI , 85.C 

60 61 

Scheme - 8b 

OPri 
Ar 

a ) 

0 

H *I, 
Ar 3 

SPh 

OPr i 

Ar =6-methoxy-2-naphthyl 

0 

(~I-64 
27 % 

ONH 

R* OH 

> ) 

62 

H 

+ Ar 

(S) -64 
73 % 

Catalyst : Quinine (9 -(+I-2 
46 % ee 

01 PhSH, Catalyst , Toluene , R.T. b) Raney-Nickel, AcOH-HCI 



178 H.R. SONAWANE~~U~. 

9. 1.2~Aryl 8hifts.2b 

9a. Introduction Although numerous asymmetric reactions have been 
reported so far for optically active a-arylpropanoic acids, currently the 

practical method appears to be based on an entirely different strategy 

viz. stereospecific 1,2-aryl rearrangements.31f32 The industrial practice 
of this reactions attests both the simplicity of the reaction and its 

cost-effectiveness. In this category, most of the methods employed2b133 
are based on Lewis acid promoted rearrangement of acetals of a-haloalkyl 

aryl ketones (scheme-9a). 

Scheme-9a 
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9b. Structural Requirements As this rearrangement is known to involve 
a cyclopropyl-like transition state2be34 (scheme-9b) in its mechanistic 
pathway, the spL nature of the carbonyl carbon deters the attainment of 

such a state, if a ketone were to be used. This feature is attributed to 
the non-occurrence of the acid-catalyzed rearrangement in a-haloalkyl aryl 

ketones. 

Scheme-Sb 
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On the contrary, the corresponding acetals, owing to their sp3 qeome- 

try favoured the rearrangement and resulted in practical yields of the Q- 
arylpropanoic acids. Lewis acids have been invariably employed in activat- 
ing the carbon-haloqen bond. 
9c. Mechanistic Pathway The feasible mechanistic pathway for the 

formation of products has been depicted in scheme-9c. As the hard acids 
such as AlCl2 or BF3:OEt2 are known to co-ordinate with the oxygen atoms, 
these catalysts caused dekatalization. Investigations on the mechanism of 
the reaction proved that the role of border line soft acids such as ZnBr2 
parallels that of silver salts in promoting the 1,2-aryl shifts. It is 
apparent from the scheme that the transition state shown leads to the e- 
arylpropanoate, regenerating ZnBr2, indicating thereby the catalytic 
requirement of the Lewis acid. 

S_cheme- 9c # 
l4leO OMe 

Zn3r2 

(Catalytic) 

Ar 
Br 

Toluene, 150aC 

Likely transition state 

+ 

Ar A COOhle 
+ ZnBr2 + Me%r 

The most fascinating and useful aspect of this rearrangement from the 
point of asymmetric synthesis is its stereospecific nature. It is worth 
mentioning that the 1,2-rearrangements are known to proceed with a total 
inversion of configuration at the migration terminus, consistent with an 
SB2 mechanism (eq. 2). This facet provided the impetus to develop method- 
ologies for the asymmetric synthesis of a-arylpropanoic acids. Thus, 
differently a-substituted chiral propiophenone derivatives were checked 
for their suitability for efficient migration. Obviously, this situation 
necessitated the synthesis of optically pure a-substituted acetals as the 
starting materials. The reported methods for the asymmetric synthesis of 
these chiral substrates and their rearrangement to 1 and 2 have been shown 
below. 

r 
1, 2 Aryl Shift 

b 
R’OOC q-/R 

I Inversion of Conf iguratin] I 
Eq. 2 

Ar 
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Sd. Rearrangement of ohiral a-Sulfonyloxy aoetals. 

The earliest attempt in this direction is due to Tuchihashi et a135 

who synthesized optically active (S)-(+)-2 utilizing the stereospecific 

1,2-rearrangement in the corresponding l-aryl-2-sulfonyloxy-l-alkanone 

acetals (saheme-9d). The chiral acetals were obtained by the separation of 

the diastereoisomers 67 resulting from the reaction of the racemic acetal 

66 and the optically pure l-lo-camphorsulfonyl chloride. The total trans- 

formation of (S)-(-)-68 into (S)-(+)-69 confirmed the stereospecificity of 

the rearrangement. The significant feature of this synthesis is the 

transfer of chirality of the C-O bond in (+)-68 into that of the product 

and the dual role of the optically active camphorsulfonyl chloride which 

served as a resolving agent and as an efficient leaving group as well. 

Scheme- 9d 

(t) -65 

1:l mixture of two 

67 

d 4 

diastereomers (S)-C-l-68 

( 100 % O.P.) 

Meomok e 4 W-(+)-2 

(100 % ee) 

(S)-(+I-69 (lOO”/~ea) 

a) MoONa, MeOH b) (+)- , Pyridine , R.T , 45min 

ClO$s 

c) Repeated crystallization from MeOH d) CaCO3, DMF-H20 , 110% e) H30Q 
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9a. In an alternative approach36 (soheme-9u) these authors have prepared 

(S)-1-(6-methoxy-2-naphthyl)-2-sulfonyloxy-l-al~anone acetal (-)-75 from 
natural (S)-(-)-ethyl lactate 70 by the use of a Grignard reaction instead 
of the classical resolution of (+)-66 with 1-IO-camphorsulfonyloxy chlo- 
ride. The acetal 75 on rearrangement under hydrolytic conditions in the 
presence of a base afforded methyl(S)-2-(6-methoxy-2-naphthyl)propanoate 
69 which was hydrolyzed to (S)-(+)-2. It should be noted that during the 
transformation of (S)-(-1-74 to (S)-(-1-66, a little racemization occurred 
and some dimeric products were also obtained. Obtention of 98% ee was 
possible with extensive crystallization. 

Scheme- Qe 

QH p MOM 

Me ’ on + 
I: 

/‘r( Me*NMe2 b Me/KNMS2 c w 

0 0 0 

El-t-1-70 (S) - (+I-71 (S)-t-J-72 

0 

Ar A0 
0 

-Ic/ 
Me0 OMe 

Me d @ At 
Me 

’ ä 

8MOM 

Ar x, Me f ) 

bH 8H 

W-f-I-73 W-(-I-74 (SW--1 - 66 

Me0 OMe 
Ar)(/Me & Ar&OMe h ) Ar 

f 
6SOzMe 0 

w- t-1 - 75 (Sk(+) -69 
98 % ee 98 % ee 

(Sk(+)-2 
98 % ee 

Ar = 6-methoxy -2-naphthyl 

01 A~hydrous Me2NH in pressur!, bottle, 7O’C , 60h b)NaH~~HF,Cl-CHg-O-C~ 

cf ArMgX ,THF d) 1 M HCI in EtOH e) MeOH, HC (OMe)~ ,MeS%H, 5O*C, 1 hr 

f) Pyridina, MSCI g) Pyrex pressure bottle, NoOAc , MeOH-Hz0 (7:3v/v),100°C,18h 

h) Dil. HCI , Repeated crystallization 

Of. Stereoseleative a-bromination of homoahiral acetals 
As an alter&&e procedure for the synthesis of enantiomerically pure 

acetals with a chiraf o-center Castaldi et a137 developed a method for 
stereoselective a-bromination (eahemo-Of). It was found that the homochi- 
ral acetal 78 could be effectively brominated with the use of bromine in 
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Scheme- 9f 

R R. %NAWm et d. 

ROOC $OOR + 9-l k a 

Ho OH 

76 

79 (RRS) 

77 

+ 

91:9 

ROOC 

7-i 
COOR 

$ 

0 

Apx/ 

78 

C 

79 (RRR) 

b 

CH3 cc- 

+ Are*,, d (s)-(+)-2 : (RI-(-_)-2 4-77 

COOR 9119 

80- (SRR) (91: 9) 80-t RRR) 

Ar = 6-mthoxy -2-naphthyl 

aI He b) t-l!% (Cat.), Br2 , 15’C , CC14 cl AgBF4 (l-5 Equivaiant),CH&Z12,15mC,~0 

d) Cont. HCI, 85°C) 40 

the presence of catalytic quantity of HBr, in the absence of which the 

reaction showed an induction period. 

A high diastereoselectivity of 91:9 could be realized in the bromina- 

tion. The chiral bromo derivative 79 on silver assisted rearrangement 

furnished the optically active ester 80 in a corresponding diastereoselec- 

tivity (scheme-9f) . A notable feature of this strategy is that the chiral 

auxiliary 77 could be recovered for reuse. 

9g- It is evident that owing to the stereospecificity of the rearrange- 

ment, the final enantioselectivity of the products reflected the diaster- 

eomeric composition of the a-bromo acetals. In an attempt to improvise, 

these authors developed a scheme3* equivalent to kinetic resolution 

(scheme-9g). They observed that the a-bromo carboxylic acids 01a and 81b 

in the presence of their monosalts at pH 4-6 displayed a differential 
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reactivity towards rearrangement and intramolecular nucleophilic displace- 

ment leading to the corresponding la&ones 83a,b. The required optically 

pure esters could be chromatographically separated from the lactones. The 

major lactone 83b arising from the minor a-bromodiacid 8lb could be trans- 

formed by alkaline hydrolysis to the corresponding cc-hydroxy acetal 84 

which could be utilized for further rearrangement to the (S)-acid. Thus, 

this modification not only led to higher enantiomeric excess of the 

product but constituted a stereoconvergent method for the synthesis of 

both the enantiomers of 2. 

Scheme - 9g 

Br 

CH30 

810 -(RRS) 82a (SRR) mojor (80%) 

HOOC_ 

0 
,u\O cH30xpQ 0 
R 
H CH3 

Br 
83a -(RR) minor 

82a-(SRR) ‘Id + (S)-(t)-2 

8lb-(RRR) a k 82b (RRRI + 83b (RS) b82b(RRR) ’ d 

minor major -7 

(W-k)-2 

810 + 81b - (S)-(+)-2 + (R)-(-)-2 

96 : 4 99: 1 

a) KHz PO4 , NaOH , pH 5.2 -4.6 , 9O’C b) SiO2 Chromatography 

C) MeOH, H@ d) Hz , 10% Pd/c 
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Scheme - 9g (contd.) 

Br Br 

83b 84 

MeOOC COOMe 

Y--l 
B 

b,cJd * ...as e*f = (s)-(+)-2 

85 

a) aq. NaOH b) MeOH, H 
tD 

cl He, Pd/C d) MsCl, Et3N a) MaOH-He0 

f 1 H30@ 

9h. Rearrangement of Chiral a-Haloaaetals. 

Piccolo et a13' prepared optically active 1 and 2 by ZnClZ-catalyzed 

rearrangement of the corresponding optically pure a-chloro- acetals 

(soheme-9h). However, these authors obtained chiral a-haloketones 87 by 

acylation of isobutylbenzene (46) with optically pure a-chloropropionyl 

chloride (86). The chirality of the latter was derived from (S)-alanine. 

On the other hand the corresponding optically active chloro ketone 89 

required for 2 was prepared by a Grignard coupling reaction. 

9i. Rearrangement of ahiral a-hydroxy aastals. 

A similar strategy was adopted by Yamauchi et al.4o They acylated 

isobutylbenzene with enantiomerically pure acyl chloride (S)-(-)-94 ob- 

tained from (S)-(+)-lactic acid 91 in five steps. The effectiveness of the 

mesyl group as a leaving group enabled a facile conversion of (S)-(-)-95 

to the a-hydroxy acetal (R)-(-)-96. On treatment with SO2Cl2 in the 

presence of pyridine, the acetal (R)-(-)-96 with 74% ee rearranged via 

97 to (R)-(-)-48 involving a completely stereospecific 1,2-aryl migration 

with inversion of configuration. Mild acid hydrolysis of (R)-(-)-48 af- 

forded (R)-(-)-1 with 74% ee (saheme-9i). 



Optically active a-arylpropanoic acids 185 

Scheme 9h 

46 (S)-(t)-86 (s-(+)-87 

100 % ee 

(S)-(f)-88 

82 % ee 

(Sk(+)-48 

82 % ee 

MeoggMgBr + 86 A MeOtJ$YzL b * 

49 (SF(+)-89 
100 %ee 

W-(+)-90 

96%ee 

(SF(+)-69 
96 % ee 

0) AIClf , CH2C12 , O-!fC, Crystallization b)HC(OMd3 , Methanol, H2S04 

C) fnC12 ) Totuenr , A, Cryrtallisation d) Cow. HCI , A 0) THF, - 4o’C 

9j. Use of Ph3P/CC1, 
It is interesting to note that the well-known Arbuzov reaction gener- 

ally employed for the transformation of aliphatic alcohols into the corre- 

sponding halides has been utilized by us as a key reaction for the synthe- 
sis Of both racemic41 and optically active42 a-arylpropanoic acids. Sub- 
stituted 2-hydroxy-propiophenone dimethyl acetals, when subjected to the 
conditions of the Arbuzov reaction (Ph3P/CC14), furnished the correspond- 
ing methyl-2-arylpropanoates in varied Yields. Significantly high yields 
were realized in case of (+)-96 and (+)-66 leading to (+)-48 and (+)-61 
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Scheme-9i 

H 

Me -(-COW 
a 

\ 
OH 

(SI- (+I - Lactic 

91 

P 
Ma--k-COOW 

\ 
OMs 

acid 

*H H 
d 

Me -f-COOEt b, Me-8-COOEt ’ w 
\ 

OH 
\ 
OMs 

H 
P 

d .M*/ -cot, 

f 
OMs 

(RI- t-I-96 

74 % ee 

(RI- (-I- 48 

9 

I 
97 

(RI-(-)- 1 
74 % ee 

a) Cont. ti2SO4 , EtOH, A b) MSCl , Pyridine , CH2 Clg , -2O.C c) KOH 

d) SOCL2 , A 8) PhN02 , FoCIa , 5-10’C f) NaOMa, MeOH 

9) Pyridins, Cy2 Cl2 , SO2 Cl2 , -5O’C h 1 aq. NaOH or aq.HCI 

(scheme-9j). A pronounced substituent effect was observed in the rear- 

rangement in that the electron-releasing alkyl groups promoted the reac- 

tion while the wlthdrawing ones were not conducive. 

The SR2 mechanistic nature supposed to be involved in this reaction 

prompted us to utilize this reaction in the asymmetric synthesis of 1 and 

2. Thus, the op(tically active 2-hydroxy acetals (S)-96 (82% ee) and 
(S)-66 (70% ee)under the conditions described above furnished the corre- 

sponding esters i(R)-(-)-48 and (R)-(-)-69 without any significant loss of 

optical purity, indicating the occurrence of a stereospecific rearrange- 
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t-r)-96 

Meo&p$5 

(2) -66 

Ph3P /Ccl4 

CHzCl2 /C5H5N ,R.T 

(2) -48 

Ph3P/CC14 

CH2C12/C5HsN , R.T. 

(2) -69 

ment. Significantly this reaction represents one of the very few examples 

of asymmetric processes employing Ph-,P/CCl4. 

9k. Photochemical Method 

It may be recalled that Lewis acid promoted rearrangement of 2-sub- 

stituted propiophenone dimethyl acetals constitutes a practical method. 

Masking of the carbonyl group as an acetal was necessitated to obviate the 

geometric constraint posed by the sp2 carbonyl carbon in the attainment of 

spirocyclopropyl transition state implicated in the rearrangement. In this 

context, we envisaged that an analogous change in the excited carbonyl 

carbon would promote the reaction and indeed found it to be the case.43 

Irradiation of 2-chloro-propiophenones (_+)-99 readily afforded the corre- 

sponding a-arylpropanoic acids (+)-I in attractive yields (40-80%) 

(scheme-bk), along with minor amounts of the reduction products (?r)-99. A 

significant substituent effect in the formation of products was noticed. 

Scheme-Sk 

0 

h3(Pyrexr 

5% aq. Acetone 
R 

(2) - 98 (%)--I (+J-99 

Ma jar Minor 
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Prompted by these findings, this photoreaction was explored for its 
potential in the asymmetric synthesis of 1 and 2. Irradiation of optically 
pure (+)-99 furnished the corresponding optically active 2-arylpropanoic 

acids in good yields.44 Thus (S)-(+)-98 (R = iBu) on photolysis at 300 nm 
in aq. acetone afforded (S)-(+)-1 in 74% chemical and 40% optical yield. 

Both the efficiemy of the reaction and the magnitude of optical induction 

appeared to be substituent dependent. This transformation constitutes the 
first example of lthis class in the synthesis of a-arylpropanoic acids. 

III RESOLUTION *THODB 

The classical approach of obtaining enantiomerically pure compounds 

by resolution offthe racemate is still in vogue. Nevertheless, with the 

development of efficient methodologies for the asymmetric iynthesis and 

due to the loss iinvolved of the undesirable enantiomer and the chiral 

resolving agents, this technique is receding to the background. Notwith- 

standing this there are isolated attempts to obtain (S)-2 by resolution. 

10a. Resolution vpa diastereomeric salt formation 

Harrison et'a145 utilized (-)-cinchonidine to realize the desired 

(s)-(+)-2 in an optically pure form (scheme-loa). Repeated crystallization 
of the diastereonjeric mixture furnished the less soluble diastereomer of 

the (S)-(+)-acid bhich on treatment with HCl yielded the desired (S)-enan- 

tiomer. 

Scheme - lOa 

Meo&cooH + 

(2) -2 

(i)Two 
recrystallizations 
from MsOH-Acetone 

(ii) Dil. HCI 

(-1 -Cinchonidine 

W-(t)-2 

100 % ee 

IOb. Kinetic ResoLution. 

Franck and RuchardtQ6 achieved a moderate enantiomeric excess of 50- 

54% in their stereospecific synthesis of (+)-2 utilizing kinetic resolu- 

tion (scheme-lob). The reaction of the anhydride 100 derived from the 

racemic acid with; optically active 1-(4-pyridyl)ethanol 101 afforded the 

required (S)-acidiand the pyridyl ester 102 with a high diastereoselectiv- 

ity, the hydrolylsis of which gave the (S)-acid. This result has been 

attributed to the differential reactivity of the diastereoisomers of the 

anhydride. 
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Scheme -1Ob 
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7”” 

Ar -CH -COOH 

w-2 

Ace0 

7”” CH3 

Ar -CH-CO-O-&H 

(S)-(f)-102 

5H3 

+ Ar-EH-COOH 

(SF(+)-2 

Ar = 6-methoxy- 2-naphthyl 

lOa. Rnaymatic Resolutions. 
The stereospecificity of enzymatic reactions has been advantageously 

employed in the synthesis of both the enantiomers of 2. The enzyme Horse 

liver esterase (HLE), used as its inexpensive and commercial acetone pow- 

der, catalyzed the selective hydrolysis of the ester 48 to afford the acid 

(R)-1 and unreacted ester (S)-(+)-48 which are readily separable.47 The 

latter is then hydrolyzed to the acid (S)-(+)-1 (scheme-1Oc). 

Scheme - 1Oc 

Me 

Ar A 
HLE H 

D ‘#I,, Me 
+ 

COOMe H20, pli-7.2 /K 
R.T. 

Ar COOH 

W-48 (RI-(-)-l 

Ar = 4-isobuty lphenyl 

(SF(+I-48 

1Od. An analogous preferential hydrolysis of the racemic ester (+)-lo3 of 

2 with enzyme Lipase of Candida Cylindracea furnished the enantiomerically 

pure (S)-(+)-2 along with the unreacted ester4* (R)-(-)-lo3 (saheme-lad). 
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Scheme-IOd 

Ar 
A 

Condido Cylindroceo - 
Lipuse 

(S)-(+)-2,98%ee 
b 

COOCH2CH2 CI Phasphate buffer, &+t5!W f 

Polyvinyl alcahol,t2h,25°C 1 

(2) - 103 

Ar = 6- methoxy - Z- napht hy I 

IV COlX!LUSION 

This review summarizes the various known 

a-arylpropanoic acids, particularly ibuprofen 

Ar*COOCl+CH2CI 

(RI-(-)-103 

70 % ee 

methods for obtaining chiral 

and naproxen. Of the differ- 
ent strategies, Lewis acid-promoted stereospecific 1,2-aryl migration in 

suitably a-substituted chiral propiophenone acetals appears to be the 

commercial method of choice. With the current trend of chiral catalyst 

gaining importance in stereoselective C-C bond forming reactions, develop- 

ment of such catalysts for hydrovinylation, hydroformylation and hydrocar- 
boxylatian reactions potentially suitable for realizing chiral a- 

arylpropanoic acids becomes relevant. We believe that this review would 

not only be beneficial to active researchers in this area in terms of 

providing a concise account of the current state of the art but also 

evince further interest to develop newer and efficient strategies for this 

important class of anti-inflammatory agents. 
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