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Previous papers in this series (l-5) have shown that the enanticmers of secondary and 

tertiary alcohols may be caused to have nonequivalent nmr spectra through the use of appropriate 

optically active amines as solvents. The converse of this phenomenon also obtains; amine 

enantiomers may have nonequivalent nmr spectra in optically active alcohols. Preliminary inves- 

tigations indicate that the optical purities and absolute configurations of the amine solutes 

may be determined in this manner. 

For example, in 5(+)-2,2,2-trifluorophenylethanol, I; (asaD +&lo; neat, A= l), R(+)-(uL(~- 

naphthyl)ethylamine, _2, of 16% optical purity, shows its methine resonance as two unequally 

intense quartets and its methyl resonance as two unequally intense doublets. The chemical shift 

differences between the similar multiplets, 2.2 Hz and 0.7 Hz respectively at 60 MHz, are 

dependent not only upon spectrometer frequency but also upon optical purity of the solvent, tem- 

perature, and concentration. In the preceding experiment, the methine and methyl resonances of 

the major smine enantiomer lie to higher and lower fields respectively thsn do the corresponding 

resonances of the minor ensntiomer. The relative intensities of the two methine quartets (or the 

two methyl doublets) reflect the optical purity of the amine solute while the senses of nonequi- 

valence (i.e., the relative field positions of the corresponding resonances arising from the 

major and minor enantiomers) observed for the methyl and methine resonances are indicative (for a 

solvent of given chirality) of the absolute configurations of the two ensntiomers. Table I 

illustrates the degree and sense of nmr nonequivalence observed for the spectra of nine partially 

resolved type 2 smines in optically active 1 as solvent. 
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H-C-CF, H-;-CHs 
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NNR Abso: 
in S(+)-: 

(+)-La 1 S-naphthyl ICHa 
11 1 wnaphthyl ICsHa 

II 1 cr-naphthyl ICH3 

II 

I phenyl I CFa 

ph=wl CH3 

@H3MCBHI CH3 

wthienyl CHa 

(- )->j wthienyl CHe 

II c+naphthyl CH, 

,I 
-1 +F3 phenyl 

I, 

I cyclohexyl CHa I 

@)-6Jk 1 wnaphthyl CH3 

TABLE I 
lte Configurational Correlagions for Type 2 Amines 
2,2-Trifluorophenylethanol and Related Carbinols 

Position of Largest Predominant 

&Optical purity 1 gC$ (as determined by polarimetry and F1' nmr spectrum (+)-2). 

b Rotations are those observed for neat samples , &l, unless otherwise specified. 

'Prepared from known amounts of the optically pure enantiomers. 

d Obtained polarimetrically. 

eCalculated from peak height measurements. 

'Specific rotation k 23, absolute ethanol). 

gChemical shift difference (in Hz) between two enantiomeric resonances at 30% and 100 MHL (HI) 
or 94.1 MRs (F") unless otherwise noted. Samples have 2~1: 3 mole ratios of carbinol, amine 
and CFcls respectively. A dashed line denotes no observable chemical shift difference under 
the conditions specified. 

hMeasuredat4U% and 6Obf~z. 

'Specific rotation k 12.1, absolute ethanol). 

&l_ues obtained using R(-)-2,2,2-trifluoro-enaphthylethanol (2) of 65k optical purity and 
normalized to lCC$ optical purity. The optical purity and absolute configuration of (- )-$was 
established by F1' nmr in (+)-2 as solvent (4). 

kv alues obtained using B&2,2,2-trifluorocyclohexylethanol, 5 as solvent,prepared by stereospeci- 
fit hydrogenation of optically pure &(-)-A 
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We feel that the relative and absolute senses of nonequivalence observed for the methyl and 

methine resonances in Table I may be rationalized. Hydrogen bonding leads to the formation of 

conformationally mobile diastereomeric solvates which are capable of assuming confonsations in 

which secondary o-n interactions between solvent and solute are possible. While ~conformations 

similar to kmay not necessarily predominate, it seams likely that only such conformers contri- 

bute appreciably to the observed spectral differences between the diasteromeric solvates. Con- 

formation &depicts the solvate diastereomer derived fromR(+)-amine 2 and S_ (+)-alcohol &, 

both of known stereochemistry(7-9,14). For the analogous conformation, % of the solvate 

diastereomer derived from&(-)-smine 2 and S(+)-alcohol I_, the positions of the methyl group 

and the methine proton are simply interchanged. While conformations k and &need not be equally 

populated, their contributions to the average magnetic environment of the methyl and methine 

protons of partially resolved amine 2 are such as to shield the methyl protons of (-f-g and to 

deshield the methine proton of (-)-gmore than that of (+)-5 Using this model, absolute con- 

figurations have been suggested for the configurationally unassigned smines in Table I. 

;; e.L 

On the basis of the preceding model, one would expect that for comparable optical purities, 

2,2,2-trifluoro-o-naphthylethanol, 2, would be superior to carbinol 1 in promoting spectral non- 

equivalence of type 2 amines while 2,2,~trifluorocyclohexylethanol, 6& would be expected to be 

inferior in this regard to &_. This is indeed the case (see Table I); the ability of these 

solvents to cause nonequivalence of the nmr spectra of the enantiomers of type 2 amines parallels 

the relative abilities of naphthyl, phenyl and cyclohexyl groups to n-wmplex and parallels the 

magnitudes of the magnetic anisotropies associated with these groups. 

Despite the success of this m&e1 in rationalizing the nonequivalence phenomenon, we wish to 

emphasize that this made1 is naive and that it takes no explicit cognizance of steric factors 

etc. While we expect that the model will be further reflned, its present utility is clear. The 

model is being further tested and is being used t0 design more efficacious optically active 

solvents. 
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