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Abstract: The stereoisomeric composition of acyclic terpene aldehydes and ketones can 
be assayed by derivatization with l (+)-diisopropyl tartrate and separation of the ensuing 
acetal diastereomers by gas chromatography.

Unlike the comprehensive repertoire 
available for the stereochemical character­
ization of alcohols or acids[11, few methods 
to this purpose exist for aldehydes and

ketones. Successful ee -determinations have 
so far been restricted to cyclic ketones, 
whereas a general method for the stereo­
chemical analysis of chiral acyclic carbonyl 
compounds appears to be lacking.

As an outgrowth of our interest in the 
synthesis of optically active terpenoids, 
particularly naturally occurring toco­
pherols (1) and vitamin K[ (2), we report in 
this communication the determination of 
the stereoisomeric composition of car­
bonyl compounds 3 6 PI by using capillary 
gas chromatography to assay their respec­
tive L(+)-diisopropyl tartrate acetal deriv­
atives 7 IO13'4’.

This derivatization can be achieved by 
either heating the carbonyl compound

with L(+)-diisopropyl tartrate in toluene in 
the presence of a catalytic amount of 
toluenesulfonic acid with azeotropic re­
moval of water, or preferably by triflate 
catalyzed condensation151 with bis(O-tri- 
methylsilyl)diisopropyl tartrate. The crude 
reaction mixture of either preparation is 
suitable for the analysis. Crude, as well as 
purified (column chromatography) sam­
ples from both procedures, yielded identi­
cal (±0.2%) results in all cases examined.

Gas chromatography of the acetals 7-10 
derived from (all)racemic 3-6 on a 100% 
cyanopropylsilicon161 coated glass column, 
produced the resolution patterns shown in 
Fig. 1. Near to complete baseline separa­
tion is observed for the individual dia­
stereomers. Their equal peak intensities in-
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dicate the absence of kinetic resolution in 
the derivatization step. Peak assignments 
were carried out by coinjection of the re­
spective racemic acetal with either one of 
the corresponding homochiral diisopropyl 
tartrate acetal diastereomers[71.

Though expected under the experi­
mental conditions used, the preservation 
of stereochemical integrity was demon­
strated experimentally: Samples of enan- 
tiomerically pure R or R.R configurated 
carbonyl compounds 4-6 were obtained by 
degradation of natural phytol181. The cor­
responding acetals 8-10 did indeed pro­
duce clean, single-peak chromatograms, 
which corroborate the reliability of this 
protocol. A series of control experiments 
established a reproducibility of ±0.3% 
(percentage of total peak area). We there­
fore do consider this method safe for rou­
tine use, particularly for the analysis of 
highly {R\ or (^)-enriched samples, 
typically obtained by a number of present­

Fig.l. Gas chromatographic analysis of L(+)-diisopropyl tartrate acetals derived from 
terpenoid carbonyl compounds (column temperatures in parentheses).

day methods for the synthesis of chiral 
acyclic terpenoids191.

Since compounds 3 6 are intermediates 
in various syntheses of (R, R, R )-a -toco­
pherol, the present method allows a com­
plete stereochemical characterization at 
the C10, C13, C15, and C18 chain length level 
of tocopherol building blocks. This repre­
sents a considerable improvement over ex­
isting methodologies, since only C10 inter­
mediates (dihydrocitronelloic acid deriva­
tives 1101) were hitherto amenable to a direct 
analysis. The stereoisomeric composition 
of C15 intermediates had to be inferred 
from a GC-analysis of the tocopherol ob­
tained1111, or deduced from a determination 
of the diastereomeric ratio1121 in conjunc­
tion with either a derivatization selectively 
discriminating C-3 epimers (as hexahydro- 
farnesoic acid derivatives1131) or infor­
mation on the optical purity of the relevant 
starting materials, ee -Determinations of 
C13 and Cl8 chain intermediates have thus

far not been possible.
The tartrate and the in-chain stereo­

centers of acetal 10 are separated by six, 
respectively ten single bonds. To the best 
of our knowledge, this is the maximum 
distance between discriminating stereo­
centers that has ever been observed to 
translate into an analytically useful separa­
tion of acyclic carbonyl compound dia­
stereomers.
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