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Abstract. Reaction of the title compound with a series ofracemic ana’ optically enriched secondary alcohols in 

C7D8 solution at 2&T leads to rapid formation of the corresponding borate. The N-CHJ protons of the 

ephedrine moiety, and frequently other resonances, were generally resolved in the 1H NIUR spectrum, 

perrktting an e.Wimation of the enantiomeric purity of the alcohol. 

With the rapid advance in effective methods for asymmetric synthesis, there is a concomitant need for analytical 

methods which permit the accurate determination of enantiomeric purity. The current emphasis is on capilliary 

Gd, HPU? and NMR methods3; the latter anz attractive for several reasons provided that certain criteria can be 

met. Thus the method should be easy to operate, the enantiomers of the analyte should be distinguishable 

through baseline separation of an appropriate resonance in the spectrum, and the relevant signals should be 

sharp enough to permit quantitative estimation. Chiral lanthanide shift reagents4, which in principle can fulfil 

these criteria, have fallen into relative recent disfavour because of frequent problems encountered through 

broadening of key signals at the LSR concentration required for their separation. H-Bonding complexation with 

the anthranol(1)~ can produce sufficient signal separation for analysis but the method is not always successful 

and substantial quantities of the expensive reagent (up to 10: 1 molar excess) are required. For alcohols, amines 

and related substrates, the most established method involves Mosher’s reagent (2)6, for which the derived ester 

or amide can be assayed by ‘H or ‘9 NMR. Typically, the derivative is formed by protracted reflux of reagent 

and substrate, followed by a workup and transfer procedure. Recent work7 has revealed however that 

commercially available carboxylic acid precursor of (2), which is an oil, is 97.9 -99.7% enantiomerically pure 

depending on the commercial source, making it unsuitable for determinations where the analyte is itself of this 

order of purity. Alternatives available for alcohols include the O-methyl and 0-acetylmandelate esters (3)8. 

whilst commerci ally available (R)-mandelic acid and its derivatives are enantiomerically pure, the derivatisation 

procedme involves reaction of the alcohol with DCC and 4-dimethylaminoptidine and can lead to the risk of a 

small degree of racemisaton in cases where the coupling is slow g. A simple method for determining the 

enantiomeric purity of alcohols by slP NMR involves reaction with PC13 in a 3:l ratio in the presence of an 

excess of pyridine. This results in the formation of a mixture of secondary phosphonites (4) (four from a 

racemic alcohol with a single stereogenic centre) with distinct phosphorus chemical shifts; the third alkyl group 
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is converted into RCl by Arbuzov reaction 10. Recently it has been suggested that conditions leading to the 

phosphite P(OR)3 gave superior results in 3tP NMR analysistt. A related method involving reaction of the 

alcohol with Ph&SiCla, giving meso and dl-ditemomers of silyl acetal, and analysing these by 1H NMR, has 

as yet been applied only to 2-butanol, 2-octanol and mentholl2. 

1 2 3 4 

In the course of a project intended to develop new methods of asymmetric oxidation, it was expedient to be able 

to analyse the enantiomerie i 

d 

u&y of secondary allylic alcohols routinely, rapidly and accurately, and existing 

methods fell short of this . eal. Recent work on enantioselective catalytic hydroboration in tbe laboratory 

involved the successful n of secondary bomnes derived from ephedrine and o-ephedrine (respectively 

4S,5R-4-methy1,5- oxazaborolidine [ex. ephedrine] and 4R,SR-4-methyl,!Lphenyl-1,3,2- . 

ox~~li~ne [ex ) in Rh-complex catalysed addition to alkenesl3, and in the course of this we 

had observed rapid me f the B-H bond to form the corresponding C-methyl borate14. 

Encouraged by this o we examined the reaction of freshly distilled ephedrinebomnelj (5) with 

raeemic alcohol (6), y 1H NMR in C7Dg at 500 MHz. It was observed that formation of the 

diastemomeric borate est equal amounts occurred over a few minutes, and that clear separation of several 

of the resonances cotre g to the ~~t~~rners of (7) was apparent. This included all the methyl groups, 

and the metbine protons, seline separation of many of the multiplets. Wben enantiomerlcally enriched 

alcohol (S)-(6), prepared less kinetic resolution16 of the racemic starting materiall7 under previously 

described conditions, was ysed in this way, only one set of resonances was apparent. The enantiomeric 

purity of part-enrich (6) could be assayed by the N-Me peaks in (7) ; that from the S-alcohol is at 

2.537 ppm and that R-alcohol at 2.526 ppm in C7Da, 4 Hz apart at 500 MHz A rather larger 

separation was exhib e high-field 4-Me group protons centred at 0.50 ppm. This encouraged us to 

extend the method to a range of secondary chirsl alcohols, mostly as the racemate, and the results are 

recorded in Table l+ (a c alcohols) and Table 2 (aromatic alcohols). In order to ensure that the borane 

reagent was pure it was ly distilled before use, having been pmpared according to the protopol described in 

tbe Experimental Section. 

5 6 7 - dlastereomers 
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ENTRY 

6 

ADDUCT SPLlTTlNGS SEEN COMMENTS 

N-Me 
Solvent C7Ds. 
Kinetic nzsolution 
shows (R) N-Me to 
lower frequency. 

Me 

N-Me 
$kMyOB :2 

14 
Solvent C!,Ds. 
N-Me and &CHOH 
both in clear windows. 

Me 
_ Ale Solvent C7Ds. 

All signals, except N-Me 
and Ar split. Cyclopropane 
region complex 

‘41” 
,N Me c Ph 

&C!HOB 44 
4-Me 12 

Solvent C,Ds. 
No N-Me splitting seen. 
Alkene region split, but 
complex. 

EHoB 38 12 

Solvent C,Ds. 
No N-Me splitting seen. 
Q@JHO resolved, 

Me 

&$HOB 38 
4-Me 14 

Solvent C,Ds. 
No N-Me splitting seen. 

Table 1, Borates derived from (5) and aliphatic alcohols, as described. Splittings are quoted in ppb at 270C. 

The method described herein has been found to be useful for determining the enantiomeric purity of a series of 

simple secondary alcohok. It has limitations where the desired resonances are obscured by others in the adduct, 
and when the reactant contains reducible groups (carbonyl, epoxide) or other proton donors (carboxylic acids). 

The advantage is that the bomne derivative is simply prepared && using one equivalent of the nagent in a 

rapid reaction. and analysis is carried out by lH NMR, using the most accessible of all nuclei. 
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ADlhWCT SPLITTINGS COMMENTS 

N-Me 
M&HOB & 
MeqIOB 94 
4-Me 70 

Solvents C,Ds or C&I, 
give similar results. 
See Figure 1 for part- 
resolved mixtures. 

4-Me 72 

Solvent C+D . 
No N-Me sp 8. tMg. 
(S)-enriched sample 74.6 e.e. 
by rotation, 74.1 e.e. by 
this method. 

1 i Me 
N-Me 5 Solvent C!,Ds 

Me0 peaks over residual 
borane signal. 

IeO 

de 

N-Me 15 
4-Me 12 

Solv9nt C,Ds. 
4- An clear window. 
N-Me coincident with 
ring CHH,. 

N-Me 
WOB & 
MemOB 94 
4-Me 70 

Solvent C,D, ; c.f. Entry 1. 

N-Me 
&CHOB : 
MeCHOB 90 

Solvent C&.c.f. Entry 1 
but with ~ephedrineborane 
(S)-enriched sample 88.3% 
by optical rotation, 87.5% 
by this method. 

and NOTIUZ~~C &~hols. Splittings are quoted in ppb at 27 OC. 

For a method of e.e. de 

that the reaction is kin 

enriched to different de 

correlation with meas 

tion involving diastereomer formation to be useful, it is necessary to demonstrate 

unselective. Experiments were carried out with samples of I-phenylethanol. 

the S-enantiomerts. The plot of measured versus calculated e.e. shows good 

of the specific rotation in CHC13 (Figure 1). Furthermore, the reaction of racemic 
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alcohol with reagent (5) was followed over Ih and the proportion of diastereomers did not change significantly 

as reaction proceeded to completion. 

0 I....,....,....,....,... . I... . I....,....,....,.. r-F 

0 10 20 30 40 50 60 70 80 90 1 

Calculated E.e. 

0 

Figure 1. E.e. determkation by specific rotation (squares) or the borane method (circles). A commercial sample 
(Sigma) of (S)-phenylethanol was employed which was 93.3% optically pure 
[flD = -50.7 (c I, CHCls) fiir8 [8D = -54.0 (c 5.1, CHCls) . The enantiomeric purity decreases very slowly 

with time on storage in glass. 
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SectiQn 

4SSR-4-Me&y&&nvl-I.3.2-oxazabo 
. . ro& 

lR,2S ephedrine (Aldrich), (16.00 g ,97 mmol ) as a partial solution in tetrahydrofuran, (16 cm3 ) under 
argon was treated dropwise at 0% with borane methylsulphide complex (Aldrich, as a 2.0 M solution in 
tetrahydrofuran) , (48.5 cm3,97 mmol ) over a period of 1 h. The reaction was stirred to room temperature over 
a period of 12 h after which time hydrogen evolution ceased. The volatlles were removed in vacua to afford a 
white foam and the reaction vessel purged with argon. On heating to 12O*C under argon for 3 h a further 
equivalent of hydrogen was evolved, affording a clear pale yellow oil. The oil was transferred via cannula to a 
distillation apparatus (Vigreux column) and the product collected at 4O*C, 0.12 mmHg to afford 4S,5R-4- 
methyl,%phenyl-1,3,Zoxazaborolidine as a clear water white liquid (12.7 g, 75% ); [a]% -108.1 (c = 1.0, 
CHC13) , u B-H ( thin film on NaCl ) 2562 cm-*, &J (CDC13,500 MHz), 7.31 (m, C&s, SH) , 5.58 (d, J 
8.52, PhCH, 1H) , appx 3.8 (q. J 156, BH, 1H) , 3.68 (dq, J 8.52 and 6.57, CH3CH ,lH) , 2.75 (s, 
CH3N , 3H), and 0.632 (d, J 6.57, CH$H , 3H) ,6c (CDC13, 125.8 MHz), 139.24 (C ipso) , 127.74, 
127.00, 126.16 (CAr) ,83.34 (PhCH) , 59.27 (MeCH) ,30.07 (CH3N), and 15.15 (CH3CI-I) , 6~ (C&j, 
80.12 MHz), 24.28 (d, J 156) m/z (GCMS, EIf) 175. 

ne-borane u a seconaiarv &Q/@ 
A solution of the purified alcohol (0.02 - 0.1 mmol) in thoroughly degassed C7Da ( OScm3 ) was 

prepared in an nmr tube under an inert atmosphere. Ephedrine-borane (1.1 equivs ), freshly distilled in vacua 
(40% 0. lmm Hg), was added under inert atmosphere to the alcohol solution. On gentle agitation evolution of 
gas occurred indicating that the reaction was proceeding. After 20 min the alcohol had completely reacted in 
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most cases, but an optimum reaction time of 1 h ensured full reaction. The 1H 500 MHZ NMR spectrum was 
then acquired immediately. 

the reaction of i-PrMgBr with 
a jacketed Schlenk tube cooled to - 

cm3), activated powdered 4A sieves (0.5g). L- 
,044mol). After stirring for 30 min BuQGH 

a further 10 min 2-methyl-4-hexen-3-01 (Sg, 
The reaction mixture was poured 

(llg) in Hz0 (100 cm3). The aqueous layer was 
ers were stirred with 30% sodium hydroxide in 

for lh. The ether layer was removed, the aqueous layer extracted with ether (3x30 
bined, dried and the solvent removed in vucuo. Chromatography (flash silica, 

l-4-hexen-3-01 [a]~~ -8.390 (c = 0.41, CHCl3). (Lit17 [a]$ -24.1 lo (neat)). 
(C7Ds) shows a single peak in 1H NMR at 2.52 ppm (N-Me). 
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