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DETERMINATION OF ENANTIOMERIC COMPOSITION OF CHIRAL
2-SUBSTITUTED-1,2-GLYCOLS VIA T3C—-NMR and HPLC

A. 1. Meyers, Steven K. Whitel, and Lelia M. Fuente52
Department of Chemistry, Colorado State University, Fort Collins, CO 80523

Summary: By use of IBC analyses and/or HPLC, the diastereomers derived from acetal formation
of S{+)-2-propylcyclohexanone and 1,2-glycols may be quantitatively determined.

The advent of successful asymmetric synthetic procedures has necessitated analytical
methods to determine the degree of enantiomeric excesses. Several technigues have proven very
valuable in this regard, namely chiral shift reagents3, Mosher esters4, and chromatographic
methods on chiral coTumnsS. In 1977, Wynberg reported6 the enantiomeric purity of 3-substi-
tuted cyclohexanones as their cyclic acetals, 1, by observing diastereomeric 13C signals at
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C-2 and C-6. More recently, we have utilized this method to determine the enantiomeric purity
of 2-substituted cyclohexanones, g?. In the latter study, enantiomeric excesses of ketones
were achieved up to 99% in many cases. Because S({+)-2-propylcyclohexanone é? could be con-
veniently prepared in multi-gram quantities and exhibited excellent stability toward racemiza-
tion, we felt it would have the potential for assessing enantiomeric purities of 1,2-glycols,
38. This, indeed turned out to be correct and the glycols could be analyzed for enantiomeric

purity using either 13

C-spectroscopy or HPLC techniques. When 3 was heated with various race-
mic or enantiomerically enriched glycols in dry, distilled methylene chloride in a flask fixed
with a Dean Stark trap containing a small amount of MgSO4 to azeotropically remove water, the

acetals 5A-5D were formed (4-18 h as determined by GLC)9. Due to the fact that the acetal

carbon represents a new chiral center, four diastereomers were produced. However the racemic

TABLE 1. Percent Enantiomers of 5 Using Both 'SC-NMR or HPLC
13c_NMR (90.5 MHz) HPLC
R §C-2 (%) 8C-6 (%)° Tp (min) % A-D (% AB,CD)
(+)-Me 45.12 36.52 9.80 29P
44.73 3.26) (50£1)
b
44.32 35.40 12.3 7
- 34.95] (50+1)
(+)-Me 45.14 %.52) (82.2) b
(62.3% ee) 4471 36.68] 17.8
44.32 541 [80-6
34.91J {19.4
Cen gy RJeen S5 58w
44.70 35.12 7.90 20.9
33157 (50:2) 375) (5081) 8.90 28] (51.7)
£)-p-H 44.9 i ) .
(i )-n-Hex 14 7] (50:1) %00 ] (5021) 5o 28] 528
44 .65 35.12 7.05 23.1
a3.56) (50:1) 30°75) (50:1) 9.10 31.2] (54.3)
(£) CH.CH.,OMe 45.02 36.40 ¢
272 49.07] (5021) 3009) (501
a2
(+) Cyclohex d 8.8 6.9
(66% ee) 9.9 9.0] (15.9)
9.4 36.0
105 48.1] (84.1)

a) From peak integration. b) Only two pairs of diastereomers are observed, 5A,5B8 and 5C,5D.
It is not known which pair is the faster eluting. c¢) Not completely resolved into the four
diastereomers. d) Not attempted.
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diols, 5A and 58 (and 5C and 5D) showed 1:1 peak height in the ]3C spectrum or the HPLC trace.
The ratios of (5A, 5B) to (5C, 5D) were usually different due to the thermodynamic stability
of each pair (usually ~65:35). Since all four peaks (§57§g) were base line separated, inte-
gration of the areas was a simple matter either by NMR and/or HPLC methods. Table 1 reveals
the data via both techniques which allowed assessment of the enantiomeric composition. From
Table 1 it is seen that all the acetals were cleanly separated in the 13C-NMR either at C-2
or C-6 to give the expected ratios, 50 + 1-2% for racemates. In the case of 62.3% enantio-
merically enriched S{+)-propylene glycol (obtained 99+% ee from Aldrich and diluted to 62.3%
with racemate) the NMR ratios corresponding to 61-64% ee was observed. The latter acetal
could not be separated on HPLC showing only two peaks corresponding to two pairs of diastere-
omers. Similarly the 2-methoxyethyl acetal failed to completely resolve into the four dia-
stereomers on HPLC. Another enantiomerically enriched acetal, derived from T-cyclohexyl-1,2-
diol in 66% ee, separated cleanly on HPLC to give four diastereomers which integrated to
84.1:15.9 or 68% ee, in good agreement with the prepared mixture10. Thus, successful analyses
were performed using one or both of these methods. A typical HPLC and ]3C trace utilizing
this technique is given in Fig. 1 for the acetal of racemic 1,2-octane-diol. Note that both
analytical methods show diastereomeric ratios of ~6:4 for 5A,B and 5C,D.

FIG.1
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Finally, the tertiary glycol, 1-methyl-1-phenyl-1,2-ethanediol was examined in its
racemic form and the resulting acetal showed four clearly separated ]3C signals for C-2 at
35.12, 34.87 (50 = 3%) and 34.44 and 34.29 {50 + 2%). This indicates that tertiary glycols,
in addition to the secondary mentioned above, also may be analyzed with regard to enantiomeric
purity.
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