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Abstract: The enantiomeric purities of secondary alcohols can be easily analyzed by GC and HPLC through
derivatization to the esters of 2,2-disubstituted cyclopropanecarboxylic acids 1, and by '"H NMR analysis of the esters of
2,2-diphenylcyclopropanecarboxylic acid (1b). In addition racemic 1,1’-bi-2-naphthol is easily resolved through
derivatization to monoesters of 2,2-dimethylcyclopropanecarboxylic acid (1a), which are crystallized selectively and
sequentially in high yields with high optical purities. © 1997 Elsevier Science Ltd.

The great interest in asymmetric reactions raises the need of efficient and convenient methods to
determine the enantiomeric purity of the products.' Derivatization to the corresponding diastereomeric
mixtures is a common way to measure the purity with readily accessible analytical methods, e.g., GC, HPLC,
and NMR spectroscopy.

The most well-known chiral derivatizing reagent for alcohols and amines is o-methoxy-a-
(trifluoromethyl)phenylacetic acid (MTPA, Mosher’s acid).” However, many chemists are interested in
looking for more efficient chiral reagents in availability and economic aspect. For recent examples there are
derivatives of (R)-lactic acid,® arylmethoxyacetic acids,’ and others containing NMR active hetero atoms for

", 3P, and ""Se NMR spectroscopic analyses.’
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Now we wish to report 2,2-disubstituted cyclopropanecarboxylic acid derivatives 1 are versatile chiral
derivatization reagents for the analyses of enantiomeric mixtures of secondary alcohols. The resulting
diastereomeric esters are eligible in analyses with HPLC, GC, and 'H NMR. In addition racemic 1,1’-bi-2-
naphthol is easily resolved through derivatization to monoesters of the acid 1a, which are crystallized
selectively and sequentially in high yields with high optical purities.

The chiral acids, (S)-1a and (R)-1b, were prepared by hydrolysis of commercially available (S)-(+)-2,2-
dimethylcyclopropanecarboxamide and Cu-catalyzed asymmetric cyclopropanation of 1,1-diphenylethylenes
with diazoacetates and subsequent hydrolysis, respectively.*’ Secondary alcohols were easily derivatized to
the corresponding esters by coupling with the acid chlorides generated from the reaction of the acids 1 with
oxalyl chloride and N,N-dimethylformamide,® or by the reaction with the acids 1 in the presence of
dicyclobexylcarbodiimide (DCC) and N, N-dimethylaminopyridine (DMAP) in CH,Cl, at room temperature.’
In the latter case the filtrate, which was obtained from a simple filtration of the resulting mixture through a
celite pad, was analyzed directly with GC and HPLC. The chromatographic data for the esters are
summarized in Table 1: In GC the esters of (S)-1a and (R)-alcohols have longer retention times than those of
(S)-alcohols, while the esters of (R)-1b and (S)-alcohols have longer retention times than those of (R)-alcohols.
Although the diastereomeric esters of 2-butanol are not separable with GC (entries 1 and 5), the diphenyl
analogues coupled with (R)-1b have distinct retention times in HPLC equipped with UV detector (entry 5).
Interestingly the elution orders of the esters of (R)-1b in HPLC are reverse to those in GC and the esters of (S)-

alcohols come out first.

Table 1. Retention times (min) of esters in GC and HPLC

Acid  Alcohols GC HPLC
RS R"  (S$.5-2a (S,R)-2a (R,S)-2b (R,R)-2b (R,S)-2b (R,R)-2b
1. (S)-1a Me Et 6.60 6.60
2" (S)-la Me nBu 936 9.48
3. (S)-1a Me n-Hex 13.72 13.91
49 (S-la Me Ph 9.72 9.98

55 (R)1b Me Et 23.56 23.56 6.48 6.90
6! (R)-1b Me n-Bu 26.72 26.39 493 5.45
78 (R)-1b Me n-Hex 22.87 22.49 4.94 5.55
8¢ (R)-1b Me Ph 24.44 24.04 7.44 8.54

GC condition: methyl silicone capillary column, 30m, injector pressure: 7.0 psi. *100 °C (initial
temperature), 10 °C increase / min, 130°C (10 min); °*100°C, 10°C / min, 150 °C (10 min); 100°C, 10°C/
min, 180°C (10 min); “100°C, 15°C / min, 200 °C (10 min); “100°C, 10°C / min, 230 °C (10 min); 150°C,
10°C / min, 220°C (20 min); #150°C, 10°C / min, 250°C (20 min). HPLC condition: Hypersil® silica
column (i.d. = 3 mm, o.d. = 4.6 mm, length = 100 mm), eluent: 1% ethyl acetate in n-hexane

The 2,2-diphenycyclopropanecarboxylic acid, (R)-1b, was found to be effective for 'H NMR analysis.

The diastereomeric esters 2b showed well resolved resonance peaks for the easy analysis. In particular the
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doublets of methyl protons, which are adjacent to the alkoxycarbonyl group, have distinct chemical shift
values. The A3 values of the doublets are summarized in Table 2: All the AS values (0.21~0.27 ppm) are
much greater than those (0.06~0.1 ppm) of corresponding esters of Mosher’s acid.®® And it is the consistent
trend that the doublets of (R,S)-isomers appear at downfield to those of the (R, R)-isomers.

Table 2. 'H NMR spectral data for the methyl protons of 2b.

Phitue. O~~~ R" Phlm OT R"
Ph™  Rs)2b O %H, Ph" (RR)}2b0 CH,
] L]
R- (R.S)-2b (R,R)-2b

3 (ppm) Ad (ppm)
1. Et 1.10 0.88 0.22
2. n-Bu 1.05 0.84 0.21
3. n-hexyl 1.05 0.84 0.21
4. Ph 1.47 1.20 0.27

Another interesting application of 1 was found in an efficient resolution of racemic 1,1’-bi-2-naphthol,"
which is a well-known chiral ligand for asymmetric catalytic reactions.'" Following the procedure similar to
that mentioned above, racemic 1,1°-bi-2-naphthol was reacted with 1.1 equiv of (S)-1a to give a diastereomeric
mixture of monoesters in 91% yield. The mixture was dissolved in hexane at 60 °C.  After standing at room
temperature for 12 h, the ester of (R)-binol was crystallized out selectively in almost quantitative yield with
>95% de.'> Then the ester of (S)-binol was obtained in 78% yield with >95% de from the filtrate.
Hydrolysis of the resolved esters by KOH in 80% aqueous THF gave (R)-binol and (S)-binol in 94% and 97%
yield, respectively.

Racemic 1,1'-Bi-2-napththol

1a (1 equiv) 1 DCC, DMAP

0. . -

l crystallized first from hexane I

gy /OH
O nHiMe
(6] Me

In summary, we have demonstrated that 2,2-disubstituted cyclopropanecarboxylic acids 1 can be used as
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efficient chiral derivatization reagents for secondary alcohols to analyze their enantiomeric purities by GC,

HPLC, and 'H NMR. We are currently investigating the extended applications of the acids 1 to variable

alcohols, amines, and thiols.
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Only the ester of (R)-binol was detected in the 'H NMR, of which stereochemistry was confirmed by

comparison with the authentic sample prepared from (R)-binol and (S)-1a.
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