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Abstract: The DCC-esterification method has been used to kinetically resolve racemic mixtures of
alcohols. With simple chiral carboxylic acids, such as O-aryl lactic acids, in the presence of various basic
catalysts, mixtures of the enantiomerically enriched alcohols (e.e. <509%) and the corresponding esters
(d.e.<70%) have been obtained.

Most of the known methods for efficient kinetic resolution are based on biochemical processes.
In the case of alcohols chemical kinetic resolution is known by means of optically active anhydrides;
however, this procedure is of little preparative value and has been used only for the prediction of
absolute configurations? For allylic alcohols, the kinetic resolution by epoxidation™® or catalytic
hydrogenation® has been described. We report here for the first time a method that allows kinetic
resolution of racemic alcohols using chiral acids and dicyclohexylcarbodiimide (DCC).

The reaction of a racemic mixture of i-phenylethanol (1a) with different chiral carboxylic acids
2 (2:1 molar ratio) in the presence of DCC and a catalytic amount of 4-(dimethylamino)pyridine
(DMAP)* in THF at room temperature led to a mixture of the corresponding ester 3 and the remaining
alcohol 1a (both diastereoselectively and enantioselectively enriched, respectively), the process taking
place through a kinetic resolution (Scheme 1 and Table 1). We found that among the various carboxylic
acids tried, the corresponding O-aryl-substituted (R)-lactic acid (2¢, 2d) gave the best results® (Table 1,
entries 3 and 4). On the other hand, the separation of both reaction products was easily carried out with

a short column of silica gel.
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Scheme 1

Taking into account the results summarized in Table 1 we applied this kinetic resolution to

different alcohols 1 using the acid 2d under comparable reaction conditions (Scheme 2 and Table 2).
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Table 1. Esterification of 1a with chiral carboxylic acids 2 in THF.

Entry Acid Rcaction Alcohol 1a Ester 3a-f
——  time (h)
no. formula yield (%)° ee(%)"  configs yield (%) d.e.(%)°
1 2 ot 3 80 19 R 81 35
a (N>\C02H
éOPh
HECDPh
2 2b com 3 80 2 R 94 2
Me
°-‘j\c02n
3 2¢ ™ 6 80 41 R 85 52
ClMe
v, COLH
4 2d oo 5¢ 89 43 R 80 50
cl
5 2e Meq 45 75 30 R 95 39
ph C02H
Me Me
o Me
6 2r 5 93 20 s 71 35
COyH

 Based on the starting carboxylic acid 2. ® From the [a]® value in comparison with the literature data:
[a]f -52.5 (c=2.27, CH,Cl,) (Ref. 6). © See ref. 6. ¢ From 300 MHz 'H n.m.r. € In ether.

Once more, appreciable chiral discrimination has been found for each aicohol that has been submitted
to the esterification. It is noteworthy that in all cases the configuration of the isolated alcohol was R and

consequently the corresponding S-isomer was preferentially esterified to give the product 3d.

Me Me
=f™~co,n “‘}\
o' 2 o o4 co,r
2 ROH * o ———— = ROH + Ccl
DMAP/ether
(R/$)1 (R)-1
cl cl
R)-2d $.R)-3d
(R} Scheme 2 &R

In the next part of this study, we considered the influence of the reaction conditions (solvent,
catalyst, temperature) on the process. Thus, we observed that the process can be carried out in different
solvents (Et,0, Pr',0, hexane, heptane, THF) and with various amines as catalysts; in general most of
the e.e. (alcohol) and d.e. (ester) values are in the range of 40-609% (Table 3). The low induction with
HMTA (25-27%) as well as the obtention of a 85:15 mixture of ester 3 (d.e. 70%) in the case of I-

dimethylamino-2-propanol as catalyst clearly demonstrate the important role of the base during the
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Table 2: Esterification of racemic alcohols 1 with (R)-2d in ether

Entry Alcohot 1 Reaction Alcohol | Ester 3d
—_——  time (h)
no. formula Yield (%) ce(%) configt  Yield (%) d.e.(%)
?H
1 la Phe e 5 89 43° R 80 50
)O\H
2 b ey me 4.5 86 f R® 92 31
(“,\H
3 Ie e 55 88 SOt R 94 55
H
4 Id ondepen S 81 pre R 90 52
5 le PR~ Me 3 82 3 R 85 40
.
6 It H 5 82 3yk R 86 43
phj\/\m
7 Ig on 5 85 19' R 83 26

Me(CH2)5 Me

* Based on the starting carboxylic acid 2c. ® From the [a]5 value in comparison with the literature data.
€ See references 6-12. * From 300 MHz 'H n.m.r. © Lit® [« B -52.5 (¢=2.27, CH,CL). " [«]F -1.5
(c=2.4, CHCl,); no data found. 8 Lit.”. ® Lit® (@] +78 (CHCL). ' Lit? [aB' -48.6 (c=5, CHCl,). )
Lit."® [a]d +16.13 (EtOH). * Lit." [a] +24.0 (c=1, CHCLy). " Lit.? [«]® +9.9 (EtOH).

asymmetric recognition step.” On the other hand, when the reaction was performed at lower
temperature (-40°C) than the ambient (Table 3, entry 3) a slight increase in the e.e. (for 1a) and d.e.
(for 3d) took place. Finally we have studied the increment of both diastereomeric and enantiomeric
excess when the process is repeated. Thus, the ester obtained from la and 2¢ (Table 3, entry 6; 51%
d.e.) was hydrolyzed (methanolic potassium hydroxide) yielding S-1a and optically pure 2¢ (both in
>90% yield). When this alcohol was used as starting material for the same process as above, we
obtained the corresponding S-1a-containing ester (80% yield; 70% d.e.) and R-1a (84% yield; 10% e.e.).
On the other hand, when R-1a (Table 3, entry 6; 44% e.c.) was allowed to react with 2¢ under the same
conditions as above the expected alcohol R-1a (94% yield; 61% e.e.) and the S-la-containing ester (81%
yield; 25% e.e.) were isolated. So, we have found that a second process improves by about 20% d.e.
(51% — 70%) or e.e. (44% — 61%) the results of the first one.

In conclusion, we describe 1n this paper that the esterification with chiral acids constitutes an
easy, cheap and rapid method for kinetic resolution of racemic alcohols. It is not yet clear which factors
are crucial for the size of the asymmetric discrimination in these reactions, since every parameter seems

important: the solvent, the base, the structure of the chiral acid and the racemic aleohol. On the other
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Table 3: Esterification of 1a with 2¢ and 2d under different reaction conditions

Entry Acid Reaction conditions Alcohol 1a Ester 3¢ or 3d
base (cat.)®  solvent  time (h) yield (%) e.e.(%)° yield (%) d.e.(%)
1 2d DMAP Et,O 5 89 43 80 50
2 2¢ DMAP E,O 35 95 39 72 45
3 2¢ DMAP E,O 3¢ 93 44 85 51
4 2¢ DMAP hexane 6 90 38 94 44
h 2c¢ DMAP THF 6 80 41 82 52
6 2c PP Et,O 35 88 44 86 51
7 2d collidine Et,O 3 90 41 86 51
8 2d HMTA Et,0O 7 95 25 53 27
9 2¢ brucine heptane 25 85 50 91 56
10 2¢ nicotine EL,O 3 79 45 78 56
11 2¢ DMAPR Pr,0 3 98 39 51 70
12 2c ME Pr,0O 4 9§ 44 62 60

? DMAP: 4-(dimethylamino)pyridine; PP: 4-pyrrolidinopyridine; HMTA: hexamethylenetetraamine;
DMAPR: 1-dimethylamino-2-propanol; ME: N-methylephedrine. ® From the [a]p value in comparison
with the literature data: [a]8 -52.5 (¢=2.27, CH,Cl,) (Ref. 6). © See ref. 6.  From 300 MHz 'H n.m.r.
¢ Performed at -40°C.

hand

these observations tend to anticipate that this simple (resolution) method may become

complementary to (usually used) biochemical procedures.™
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