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Abstract : An alternative and cost effective route for the resolution in high ees (95-99%) of (+)-mandelic- 
and (-+)-2-(chlorophenoxy)propionic- acid derivatives is reported. The key step involves the covalent 
derivatization and separation of their diastereomeric amides with (R)- or (S)-c~-arylethylamines. 
© 1999 Elsevier Science Ltd. All rights reserved. 

The optically active acids such as mandelic acid 1, atrolactic acid 2, 2-methoxy-2-phenylacetic acid 3 and 2- 

(4-chlorophenoxy)propionic acid 4 are used for the synthesis of  chiral phosphine ligands, l as intermediates for 

anticholesteremics or herbicides synthesis. 2' 3 They are also used for NMR analysis of absolute configuration. 4 

Resolution of these acids has therefore presented a significant challenge in recent years. 5" 6 Atrolactic acid (-+)-2 

can be resolved with phenylglycinol by crystallization of the diastereomeric salts, 7' 8 or with 1-phenyl-2-(p- 

tolyl)ethyl amine (98.8% ee). 9' l0 

~ ~1 RI=OH;R2=H 1 CH a 

R l :  O C H  3 ; R 2 = H 3 ~ ~ 'O~S~""r,~ u 
n 2 H'v " " 2 '  ' 

Only a few procedures are available however for the preparation of the enantiomerically pure forms of the 2- 

methoxy-2-phenylacetic acids 3 and 2-(4-chlorophenoxy)propionic acids 4. R-(-)-2-metho×y-2-phenylacetic 

acid 3 can be prepared by acid-catalyzed re~tion of (2S-trw~)-3-phenyloxiranemethanol with methanol and 

oxidation of the resulting (2S, 3R)-3-methoxy-3-phenyl- 1,2-propanediol. I I 2-Methoxy-2-phenylacetic acid (-+)- 

3 can be resolved by homochiral alcohols (60% ~).12 R-(+)-2-(4-chlorophenoxy)propionic acid 4 can be 

prepared by reaction of 4-chlorophenol on the O-p-toluenesulfonylester of the S-(-)-¢thyl lactate, followed by 

crystallization of  its salt with cyclohexylamine. 13 (-+)-4 can be resolved by the lipase OF 360, modified by a 

bioimprinting procedure. 14 The most practical procedure so far described for the preparation in large scale of  

enantiopure (-)-4 and (+)-4 seems to be the resolution of (-+)-4 by brucine via diastereomeric salt formation) 5 

In light of  the large number of  reactions, we were prompted to consider a more widely applicable methodology. 
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Furthermore, the preparation and separation of diastereomeric amides, applied for the resolution of mandelic- 

and 2-(chlorophenoxy)propionic- acid derivatives has not yet been developed. Enantiopure derivatives of ct- 

methylbenzylamine (ct-mba) have proved to be valuable resolving agents and various carboxylic acids were 

resolved via their diastereomeric salts, 16 or through the chromatographic separation of diastereomerie amides.17 

In this paper, we report our efforts regarding the resolution of these racemic acids via the covalent 

derivatization and separation of diastereomeric amides with optically active tz-arylethylamines. 

The optically active mandelic acids 1, atrolactic acids 2 and 2-methoxy-2-phenylacetic acids 3 were 

condensed respectively with the optically active tx-methylbenzylamines 8 (R4 = Ph) or ct-(1-naphthyl)- 

ethylamines 9 (R, = 1-naphthyl) using the dicyclohexylcarbodiimide (DCC), p-toluenesulfonic acid (pTsOH) or 

C1CO2Et as an activating agent (Schemel))  8 The amine 9 did not allow us to prepare the corresponding amides 

in satisfactory yields (20-25%). We also prepared for this study the diastereomeric mixtures 13-16 between (-+)- 

2-(4-chlorophenoxy)propionic acid 4 ; (-)-2-(3-chlorophenoxy)propionic acid 5 ; (-+)-2-(2-chlorophenoxy)- 

propionic acid 6 ; (+)- 2-(phenoxy)propionic acid 7 and R-(+)-and S-(-)-ct-mba 8. 

I Ha 
R a , ~ - C O 2 H  + NH2_CH_R4 z R3 * 

R2 . i) condensing agent [ NH--CH--Ph 
R 2 • 

1 - 7  8 R4=Ph 10 .16  

Scheme 1 

The amide formation between enantiopure acids and amines took places without epimerisation of the acid 

moiety. The pure amides 10-12 were obtained by recrystallization from an acetone/heptane or a methanol/water 

mixture with some yields ranging between 56 and 83% (Table 1). 

Table 1. Preparation of amides 10-16 between acids 1-7 and ct-methylbenzylamines 8. 
Entry Acid R 1 R 2 R 3 Amine i) Amide 10 "-~ Yield [tx]D ~ M.p. 

(%) (°C) 
1 (-)-1 OH H Ph (+)-8 p-TsOH (+)-10, 21 +52.4 110 
2 (+)-1 OH H Ph (-)-8 p-TsOH (-)-10 b 20 -52.4 112 
3 (-)-2 OH CH3 Ph (+)-8 DCC (+)-11, 57 +87.9 116 
4 (+)-2 OH CH3 Ph (-)-8 DCC (-)-Ub 56 -87.9 118 
5 (-)-3 OCH3 H Ph (+)-8 C1CO2Et (+)-12. 83 +30.3 122 
6 (+)-3 OCH 3 H Ph (-)-8 C1CO2Et (-)-12 b 82 -30.3 123 
7 (-)-3 OCH 3 H Ph (-)-8 CICO=Et (-)-12 c 83 -145 105 
8 (+)-3 OCH 3 H Ph (+)-8 C1CO2Et (+)-12d 82 +145 105 
9 (+) -4  CH 3 H 4-CIPhO (+)-8 C1CO2Et (+)-13. ; (+)-13d 85 d r~f. 2O. ~f20 
10 (--)-4 CH 3 H 4-CIPhO (-)-8 C1CO2Et (-)-13 b ; (-)-13c 85 d ~f.20 ~t2o 
11 ( -+-)-5 CH 3 H 3-CIPhO (-)-8 CICO2Et (-)-14 b ; (-)-14, 87 d e e 
12 ( - ) - 6  CH 3 H 2-CIPhO (-)-8 CICO2Et (-)-lSb ; (-)-15c 83 d e e 
13 ( - ) - 7  CH~ H PhO (-)-8 CICO~Et (-)-16 h ; (-)-16 r 84 d e • 

a) The de (%) were determined by HPLC using a chiralcel OD column. Eluent system : 2-propanol/heptane (1:9) and ranged from 97 
to 99% ; b) The notation a, b, c and d denotes the 2R, l'R, 2S, l'S, 2R, 1'S and 2S, l'R amides respectively ; c) See ref.19 ; d) Crude 
yield ; e) SeeTable 2 for the separation of the diastereomeric mixture. 

Then, we examined the ability of the diastereomeric mixtures of amides to be separated by crystallization and 

to determine how efficient this methodology could be for the optical resolution of these carboxylic acids. 
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Thus (+)-2-7 were condensed with optically active a-mba 8. The resulting diastereomeric mixture of amides 

11 obtained from the racemic atrolaetic acid 2 and R-(+)-a-mba 8 was remarkably separated by one single 

recrystallization from a mixture of methanol/water : the pure amide (+)- 11, (99% de) was obtained in 25% 

yield. The amide (-)-lib was similarly obtained from (+)-2 and S-(-)-8. Successive crystallizations from a 

mixture of methanol/water of the diastereomeric mixture of amides 12 afforded (+)- 12, in 38% yield. The pure 

(-)- 12, amide was also obtained in the same conditions from (-+)-3 and S-(-)-8. 

A total separation of the diastereomeric mixture 13 between (-+)-2-(4-chlorophenoxy)propionic acid 4 and S- 

(-)- 8 was efficiently achieved. Thus, (-)-13, amide was obtained by crystallization of the mixture 13 from a 

mixture of methanol/water in 38%yield. The recovery of (-)-13~ from the mother liquor of the crystallization of 

(-)-13, was carried out by evaporating the solution to dryness, thus producing a residue which was 

recrystallized from a toluenehaeptane mixture. Similar results were obtained when R-(+)-8 is used for resolution. 

A total separation of the mixture 16 between (-+)-7 and S-(-)-8 was also carried out. Both of the (-)-16 b and (-)- 

16, amides were obtained : crystallization from ethanol/water provided (-)-16, in 37% yield, and the suspension 

in the mother liquor was found to be the pure (-)-16 b amide. Recrystallization of the mixture 14 from 

ethanol/methanol afforded (-)-14, in 39% yield. Repeated recrystallization of the diastereomeric mixture of 

amides 15 prepared from (-+)-6 and S-(-)-8 did not lead to any significant separation of either (-)-15b or (-)-15,. 

A notable advantage is that a variation of the molar ratio solvent/amides did not greatly affect the resolution 

efficiency unlike what was often observed for diastereomeric salts. 21 The hydrolysis (75%) of the amides 12-16 

Table 2. Resolution of mandelic- and 2-(chlorophenoxy)propionic- acid derivatives 
Acid Resolving Condensing Solvent of Separated amide Hydrolysis Resolved ee Overall M.p.  [a]v 25 

agent agent crystallization (yield %) L b conditions acid (%)c yield ("C) 

(+---)-2 (+)-8 DCC or MeOH/I-I20 (2 : 1) (+)-11, (25) d _ 
p-TsOH 

( + ) - 2  (-)-8 DCC MeOH/I-120 (2 : 1) ( - ) - l i  b (26) d 

(-----)-3 (+)-8 CICO2Et MeOH/H20 (2 : 1) (+)-12, (38) HCI 6N, 20h (-)-3 95 29 67 -145 
(-----)-3 (-)-g CICO2Et MeOH/I-120 (2 : 1) (-)-12~ (38) HCI 6N, 20h (+)-3 96 29 68 +146 
( ± ) - 4  (+)-g CICO2Et or MeOH/I-120 (1 : 1) (+)'13d (38) HCI 6N, 17h (-)-4 98 28 103 -36 

p-TsOH 
Toluene/heptane (+)-13o (30) HCI 6N, 17h (+)-4 97 24 102 +35 

(3: 1) e 
( + ) - 4  (-)-8 CICO2Etor MeOH/H20 (1 : 1) (-)-13 c (38) HCI6N, 17h (+)-4 97 29 103 +36 

p-TsOH 
Toluene/heptane (-)-13b (32) HCI 6N, 17h (-)-4 97 24 103 -36 

(3: 1) e 
( + ) - 5  (-)-8 CICO2Et or EtOH/MeO (1: 1) (-)-14, (39) HCI 6N, 17h (+)-5 99 33 91 +31 

p-TsOH 
(-----)-7 (-)-8 ClCO#t EtOH/H20 (10 : 1) (-)-16, (37) HCI 6N, 17h (+)-7 98 30 88 +39 

suspension * (-)-16b (25) HCi 6N, 17h (-)-7 98 21 87 -38 
a) The notation a, b, c and d denotes the 2R, I'R, 2S, I'S, 2R, I'S and 2S, I'R amides respectively ; b) yield from the racemic acid ; c) 
The ee (%) was determined by HPLC analysis using a chiralpak-WH column with 2ram CuSO4 aq. solution ; d) the hydrolysis 
conditions were not determined ; e) See text. 

with hydrochloric acid led to the desired (+)- and (-)-acids in high ees (95-99% ; Table 2). It should be 

emphasized that for the resolutions of both acids 4 and 7, one resolving agent S-(-)-8 afforded both enantiomers 

in optically pure forms from the same resolving agent without seeding. The resolution of the acids 3-5 and 7 

was carried out in lmmol  as well as in 0.1 mol scale, using this procedure. 22 



2512 

In summary ,  we  have  deve loped  an al ternative me t hod  for  the resolut ion o f  2 -me thoxy-2 -pheny lace t i c  acid, 

2 - (4-ch lorophenoxy) - ,  2 - (3 -ch lo rophenoxy) -  and 2- (phenoxy) -  propionic  acids  in high ees  (95-99%) and 

relat ively good  overal l  yield (25-30%),  through the preparat ion and facile separat ion o f  the co r respond ing  

d ias te reomer ic  mix tures  o f  amides  wi th  (R)- or  (S ) -a -methy lbenzy lamine .  These  results  con f i rm  the  advantages  

o f  the a - m e t h y l b e n z y l a m i n e  as a s imple ,  yet  powerfu l  resolving agent.  This  p rocedure  is inexpens ive  s ince the 

a - m b a  is recovered ,  and s e e m s  to be  a comp lemen ta ry  route to resolve  these  acids.  
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