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Abstract: High enantiomeric purities are difficult to determine by NMR with chiral lanthanide 

shirt reagents because it is difficult to identify which. if any, resonance corresponds to the minor 

enantiomer. We report calibration plots that use the position of the resonance of the major enan- 

tiomer to predict the position of the resonance of the minor enantiomer. Once the position of the 

resonance was established, integration measured enantiometic purities as high as 99.7% ee. 

One of the most convenient methods to determine enantiomeric purity is NMR using chiral lanthanide 

shift reagents. 1 With samples that have O-958 ee, integration of the resonances of the two enantiomers directly 

measures the enantiomeric purity. With samples that have >95% es, it is often difficult to identify which. if any, 

resonance corresponds to the minor enantiomer. Since a modem NMR spectrometer has sufficient dynamic 

range to detect 0.01% of the minor enantiomer.2 a method to identify which resonance corresponds to the minor 

enantiomer would extend the shift reagent technique to samples with high enantiometic purity. 

The current method to identify the resonance due tc the minor enantiomer is to measure the NMR spec 

trum of the sample at a known ratio of shift reagent to substrate. A separate NMR spectrum of a mcemic sample 

at the same ratio of shift reagent to substrate indicates the expected position of the resonance for the minor enan- 

tiomer? This method requires careful qusutitation of the shift reagent and substrate which can be difficult in 

cases of hydroscopic, gummy, or volatile samples. Further, the sample must be free of impurities that coordi- 

nate to the shift reagent. 

We report herein calibration plots to identify the resonance for the minor enantiomer. This method uses 

the resonance of major enantiomer as an internal standard, does not require tedious preparation of solutions of 

known concentration and is not sensitive to impurities. Once the resonance that corresponds to the minor enan- 

tiomer was established, enantiomeric purities as high as 99.7% ee were measured. Further, the slope of the cali- 

bmtion plots measured the effectiveness of the shift reagent. 

A lanthanide shift reagent experiment on (-)-(lS-franr)-1-acetoxy-2-bromocycloheptaue, (lS)-1, isolated 

from an enzyme-catalyzed kinetic resoh~tion,~Figure la, showed that the sample had high enanuomeric purity. 

However, the exact enantiomeric purity could not be established because several resonances were observed in 

the region where the resonance of the minor enantiomer was expected. 

To identify which resonance corresponded to the minor enantiomer, we made a calibratiou plot, Figure 2. 

We measured the lanthanide-induced shifts for the two enantiomem of 1 (A& and 681~) upon succesive addi- 

tion of shift reagent to racemic 1. The induced shift for one enantiomcr plotted vs the induced shift for the other 

243 



244 A. K. GUPTA and R. J. &%tLAUSKAS 

a) 

=7d....a. . ..I --.-.----I- 

4.0 3.9 3.8 3.7 ppm 4.3 42 4.1 4.oppn 

Figure 1. Iktennina~ of enantiomeric purity of acetate esters of chiral alcohols by JH-NMR in the presence 

of (+)-Eu(hfc)a. The nance of the ace@ m is shown. (a) (lS-trans)-1-acetoxy-2-bromocycloheptane 

((tS)-1. -140 n&Q i from an enzyme-catalyzed resolution. 97.W.946 ee. S/N = 2000. The calibration 

plot in Figure 2 was the peak at 3.742 ppm to the (lR)-enantiomer. (b) (lS-pans)-1,2diacetoxy- 
cyclohexanc (170 % ce by wt). 99.7&L 1% ee by NMR. S/N = 5000. All spectra were run at 

200 MHZ. 4so pulse, wenta, 5.0 s acquisition time. 12 bit digitizer. 

enantiomer fell on a s ht line with a slope, a, of 1.134and an intercept near zero indicating that A&s/L\btg = 

a. The induced shifts an enantiomerically-enriched sample of 1 also fell on the same line. This calibration 

r enantiomer in Figure la should appear between 3.747 and 3.735 ppm;5 thus. the 

to the minor enantiomer. This assignment was confirmed by adding another 

portion of shift reage cted by the calibration plot. Integration of the re 

Ftgure 2. A calibration plot for 1. The induced 

shift for the acetyl CH3 resonance of the (lS)- 

enantiomer. Ai3ts was plotted vs the induced shift 

for the acetyl resonance of the (lR)-enantiomer. 

A6tn, Data include racemic samples (0) and enan- 

tiomerically enriched samples (0). The slope, a, 

was 1.134 and the- intercept was 0X03. 

Since the accur#y of integration in tH-NMR is -l%? it appears. at first glance, to be impossible to 

measure 97.4ao.996 et./; ~owtver. high enantiomeric purities (295%) can be accurately determined because tr- 

rots partly cancel in th# ~cutation of %eerJ for sampks with high ee. For example, a sample with 99.90% ee 

would show areas of 9#)19kl.O for the major and 0.O5tO.ooO5 for the minor enantiomer. The worst possible 

combinationa give 99.##3 and 99.992% ee. an absolute error of only &.002%. ln practice, integration errors 

are larger, especially f&j the minor tnantiomer. For Figure la, we estimated error limits of ~8% for the major 

enantiomer and &O% w the minor enantianer, which gave a maximum abaoh~te error of &9% a. 
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To confirm the accuracy of determination of high enantiomeric purity by NMR, we prepared four solu- 

tions of (lS-~~~-l,2_di9cetoxycyclohex~ with 99.59&08% eep The en~~~~ excess determined by 

WNMR in the presence of (+)-Eufhfch was 99.7&.1%, Figure lb, confirming that high enantiotneric purities 

can he determined accurately from integration of t H-Nh4R spectra 

Coordinating impurities (up to 30 molgb ethyl acetate) did not perturb linearity of the calibration plot for 

I. The presence of the impurity shifted the position of the peaks. but the ratio of induced shifts remained the 

same. friction of some of the shift feagent by impurity does not infknce the slope because the induced 

shift of one enantiotner serves as an internal standard. 

Similar calibration plots were linear for six other acetates of chiral alcohols, Table 1. A linear relation- 

ship between the two induced shifts i!, expected based on the accepted mechanism of action of chiral shift 

reagentslO suggesting that this technique may be general. 

Table 1. Values from Calibration Rots of Several Acetates of Chiral Alcohols.” 

Entry Substrate bo9 wm Slope, a Intercept 
1 tranr-l-Acetoxy-2-b~~l~n~e 2.039 1.022( 1) 0.004(2) 
2 bans-l-Acetoxy-2-bmmocyclopentaneb 2.039 1.013( 1) O.Wl) 
3 &UII.T- 1 -Acetox y-2-bromocycMexane 2.057 1*114(Z) 5.001(2) 

4 &u&r- 1 -A~~-2-~l~~e 2.061 1.134(l) 0.~3(2~ 

5 la-Acetoxy-2&3adibromocyclohexane 2.092 1.1 l?(4) 0.003(2) 

6 la-Acetoxy-2~3gdibromocyclohexane 2.080 1.157(3) 0.006(3) 
7 trans-2,3-Diacetoxybutane 2.309 1.034(2) -0.002(2) 

8 rMns-1~-Diacctoxyohexane 2.304 1.081(9) -0.oo40 
aSolid (+)-Eu(hfc)3 was added in portions to substrate in CDCl3. 

Tetramethylsifane was used as an internal reference. The data all refer to lanthanide-in- 

duced shifts on the resonance of the acetyl CH3. The resonance for the (S)-enantiomer 

appeared downfield of the (R)-euantiomer in all cases. The absolute coni?guration has not 

been established for entries 5 and 6. The numbers in parentheses are standard deviations 

in the last digit. ~(+)-Y~~c~ was used as the chiial shift reagent. 

Calibmtion plots were linear only up to a shift reagent to substrate ratio of 1: 1. Beyond 1: 1, the slope of 
the line changed, perhaps reflecting the fomation of complexes with different stoichiometry. The formation of 

shift reagent-substrate comptexes with different stoichiometry has been observed previousiy.tt Thus, the cali- 

bmtion plots are only valid when a single type of con@ex is formed. This criteria is easily met if the unknown 

is measured using a shift reagent to substrate ratio in the same range as the caIibration plot. 

This approach of using one resonance as an internal standard has been used previously with achiral shift 

reagents to eliminate errors due to scavenging of shift reagent by impurities, or errors in the concentration of 

shift reagent and substmtet2 and to determine association constants of the substrate and shift reagent,13 but, as 

far as we know, it has not been applied to chiral shift reagents and the determination of enantiomcric purity. 
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The recommen p procedure is to prepare a calibration plot by measuring the induced shifts for a 

raccmic or enantiomeri 

$ 

ly enriched sample at different ratios of shift reagent to substrate. While it is not neces- 

sarytoknowtheratio ‘sely. it should be kept below 1: 1. The plot is used to predict the position of the reso 

nance of the minor e mer in an unknown.5 The unknown should be measured in the same range of shift 

reagent to substrate. b purity of the unknown is not crucial. For added reliability, the assignment can be 

checked at several rati shift reagent to substrate. Note that when the absolute configuration of the major 

enantiomer is unknown. I o positions am predicted - one upfield, the other downtield of the major enantiomer. 
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