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Determination of the enantiomeric purity of the phytoalexins
spirobrassinins by 1H NMR using chiral solvation
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Abstract—A simple and inexpensive method for enantiomeric discrimination of the phytoalexins spirobrassinin (1), 1-methoxysp-
irobrassinin (2) and synthetic analog 1-methylspirobrassinin (6) using the chiral solvating agent 2,2,2-trifluoro-1-(9-anthryl)ethanol
in C6D6 is described. Using this method the enantiomeric composition of each sample can be determined accurately by 1H NMR
and the compounds can be recovered readily by chromatography.
� 2004 Elsevier Ltd. All rights reserved.
Phytoalexins are important chemical defenses produced
de novo by plants under stress conditions.1 Spirobrassi-
nin (1) and 1-methoxyspirobrassinin (2) are unique phy-
toalexins produced by a large number of cruciferous
plants, including turnip (Brassica rapa L.), canola (B.
napus), broccoli (B. oleracea), brown mustard (B. jun-
cea), and radish (Raphanus sativus).2 Spirobrassinins 1
and 2 are among the over 30 known cruciferous phyto-
alexins, of which only 5 (1–5) are chiral.3 Recently,
resolution of racemic synthetic spirobrassinin and deter-
mination of its absolute configuration established that
naturally occurring (�)-spirobrassinin (1) had the S con-
figuration,4 and that naturally occurring 1 isolated from
turnip was not enantiomerically pure (95% ee). Thus,
subsequent to our isolation of spirobrassinin (1) and 1-
methoxyspirobrassinin (2) from cultivated (rutabaga,
B. napus L. ssp. rapifera),5 and wild (Erucastrum galli-
cum)6 plants, it was of interest to determine the enantio-
purity of these compounds. Because chiral HPLC7 did
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not give baseline resolution of racemic spirobrassinin
(1), and the specific optical rotation values of small
amounts of sample were not sufficiently accurate to
determine the enantiomeric purity, NMR methods were
sought. Chiral solvating agents (CSA) are a simple and
inexpensive choice to determine enantiomeric purity
using NMR spectroscopy. CSA have been used for more
than three decades to analyze mixtures of enantiomers
and measure the enantiomeric composition of samples
of chiral compounds of unknown enantiomeric purity
using 1H NMR.8 Here we report a simple and inexpen-
sive method for the determination of enantiomeric
purity of the phytoalexins spirobrassinin (1), 1-methoxy-
spirobrassinin (2, absolute configuration unknown) and
synthetic analog 1-methylspirobrassinin (6), using (R)-
2,2,2-trifluoro-1-(9-anthryl)ethanol (TFAE) in C6D6.
The enantiomeric composition of samples can be easily
determined by 1H NMR, after which the compounds
can be recovered by chromatography.
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Figure 1. 1H NMR spectra of spirobrassinin (1): A—racemic mixture

(1.8mg) in C6D6 (500lL);14 B—racemic mixture containing 6equiv of

(R)-TFAE in C6D6 and D2O (ca. 20lL); C—synthetic S enantiomer

containing 6equiv of TFAE in C6D6 and D2O (ca. 20lL); D—

naturally occurring from cauliflower containing 6equiv of TFAE in

C6D6 and D2O (ca. 20lL).
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Figure 2. 1H NMR spectra of 1-methoxyspirobrassinin (2): A—

racemic mixture (1.5mg) in C6D6 (500lL);15 B—racemic mixture

containing 6equiv of (R)-TFAE in C6D6 and D2O (ca. 20lL).
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(±)-Spirobrassinin (1) was synthesized and resolved as
previously published,4 whereas 1-methoxyspirobrassinin
(2) and 1-methylspirobrassinin (6) were synthesized in
racemic form9 only. Initially, the 1H NMR spectra of
(±)-spirobrassinin (1) was obtained in CDCl3 containing
increasing amounts of TFAE. Enantiodifferentiation
with peak baseline resolution was observed for the sig-
nals corresponding to protons of the (S)CH3 group
when the concentration of TFAE was four times that
of 1. Close inspection of the 1H NMR spectra showed
several additional resonances related to spirobrassinin,
4.24.44.6 ppm 2

-CH2-

Figure 3. 1H NMR spectra of 1-methylspirobrassinin (6): A—racemic mixtur

(R)-TFAE in C6D6 and D2O (ca. 20lL).
suggesting modifications in its structure. Eventually we
discovered that spirobrassinin (1) decomposed slowly
(<5% in 24h) on standing in CDCl3 to yield a mixture
of undetermined compounds. Next, additional deuter-
ated solvents in which spirobrassinin was stable were
tested. Although spirobrassinin (1) appeared stable in
both CD3OD and CD3CN, these solvents did not allow
sufficient chiral discrimination of both spirobrassinin
enantiomers. Finally, chiral discrimination of the
(S)CH3 groups of spirobrassinins 1, 2, and 6 was
achieved in C6D6 containing 6equiv of (R)-TFAE and
D2O (to exchange OH of TFAE, whose chemical shift
at dH 2.20 is close to that of SCH3–dH 2.16–2.10; the
presence of D2O did not affect the chemical shifts of
SCH3 group), as shown in Figures 1–3. As expected,
naturally occurring samples of spirobrassinin (1) iso-
lated from rutabaga (½a�20D �53; c 0.30g/100mL
in CHCl3),

5 and cauliflower10 (½a�20D �109; c 0.35
g/100mL in CD2Cl2) were determined to have the S
configuration (Fig. 1D) upon comparison with an
authentic sample of (S)-spirobrassinin (1) synthesized11

and resolved as previously reported (Fig. 1C).12 The
enantiomeric excess of resolved synthetic and naturally
occurring spirobrassinin (1) samples could be accurately
measured by integration of the areas of the 1H NMR
peaks corresponding to the (S)CH3 group of each
enantiomer (dH 2.14 for R and 2.10 for S). The signals
corresponding to the CH2 group were only partially
differentiated. The enantiomers of 1-methoxyspirobrass-
inin (2) and 1-methylspirobrassinin (6)13 could also be
discriminated, and the percentage of each enantiomer
could be measured accurately by integration of areas
of the 1H NMR peaks corresponding to the (S)CH3

group of each one (2, dH 2.13 and 2.10; 6, dH 2.16 and
2.13), as shown in Figures 2 and 3, respectively. How-
ever, since the absolute configuration of naturally occur-
ring 1-methoxyspirobrassinin (6) is unknown, the peak
corresponding to each enantiomer could not assigned.
In the case of 2 and 6, the peaks corresponding to the
additional methyl groups were also partially resolved
(Figs. 2 and 3, respectively).

In conclusion, we found a very simple and inexpensive
method to determine the enantiopurity of naturally
occurring spirobrassinins 1 and 2. Considering that cru-
cifers do not appear to produce enantiomerically pure
phytoalexins,4 this method will be very useful to estab-
lish the enantiomeric purity of these naturally occurring
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compounds. Furthermore, because spirobrassinins ap-
pear to display antiproliferative activity against various
cancer cell lines and that such activity is associated with
the modulation of activity of factors that regulate cell
cycle,16 the enantiomeric purity of these compounds
may be of significance. Consequently, this method
should be valuable to establish the enantiopurity of
these phytoalexins and related compounds in future
structure–activity studies.17
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