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Derivatization with (+)- and (-)-chloromenthoxydiphenylsilane was used to determine the absolute configuration of the insect defensive agent
pinoresinol (1). Although the H NMR chemical shift differences of the resulting two diastereomers are small, 'H NMR spectroscopy provided
for the unambiguous assignment of the natural product’s configuration. For this purpose, a new approach involving NMR spectra of mixtures
of diastereomers was used. Our method resembles coinjecting mixtures of samples of known and unknown configuration in GC and HPLC.

One of the most widely used techniques for determining the chiral, conformationally flexible molecule at a location far
absolute stereochemistry of natural products involves the away from the chiral centers of interest seems less ob¥ious.
incorporation of a chiral derivatizing agent (CDA) and In this situation, corresponding signals in #leNMR spectra
subsequent analysis via NMR spectroscdppese methods  of the resulting complementary diastereomers would usually
frequently involve the introduction of a chiral substituent not be well separated, although the respective chemical shift
directly at or in close proximity to the chiral center of interest values might be somewhat differéntWe here report the

to achieve complete separation of corresponding NMR determination of the absolute configuration of a natural
signals in the two complementary diastereomers. While product, pinoresinol 1), via derivatization with a chiral
complete separation is desirable, it is often not possible to silylating agent at the periphery of the molecule, using the
introduce a chiral substituent sufficiently close to the chiral resulting minute'H NMR chemical shift differences for
center to achieve such a high degree of chemical shift unambiguous stereochemical assignment.

separation, especially if the chiral center is not at or nextto  We recently identified pinoresinolfl as a minor com-

a hydroxy or amino group. Using the comparatively much ponent in the defensive secretion obtained from larvae of
smaller chemical shift differences induced by derivatizing a the European cabbage butterfBigris rapae* This finding

was somewhat surprising because pinoresinol, though widely
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2004 104, 17-117. K. L.; Meinwald, J.; Eisner, TProc. Natl. Acad. Sci. U.S.Asubmitted.

10.1021/0l049233b CCC: $27.50 ~ © 2004 American Chemical Society
Published on Web 08/13/2004



occurring in plant$,had never been reported as a defensive in the menthoxy substituents appear at slightly different
agent in insects. Accordingly, we found ourselves con- chemical shift values (Figure 1). In terms of the size of the
fronted with the need to determine the absolute configuration

of the material isolated from the caterpillar’s secretion. The _
amount of pinoresinol that can be isolated from the secretion

is quite small {100 «g isolated from>2000 larvae) and —

does not suffice for determining its absolute configuration

via chiroptical methods. Furthermore, with only a small
amount of material available, we were hesitant to use CDA-
based methods that would require multiple steps, such as a
partial degradation of pinoresinoll)(to expose hydroxy
groups closer to the stereocenterdliand their subsequent
derivatization. Instead, we considered directly derivatizing
the phenolic hydroxy groups ih with a CDA, hoping this
would allow us to differentiate the resulting diastereomers B
by NMR.

Given the large intramolecular distance between the
phenolic hydroxy groups and the chiral centers in pinoresinol,
only very small differences in the chemical shift values for
any pair of diastereomers arising from such a derivatization
can be expected. It seemed highly unlikely that one could
achieve complete separation of corresponding NMR signals Figure 1. 0.65-0.95 ppm section ofH NMR spectra (benzene-
in the spectra of complementary diastereomers with eitherds, 500 MHz): (A) (—)-menthoxydiphenylsilyl derivative of)-
commonly available CDAs or our recently described chiral pinoresinol 8); (B) (+)-menthoxydiphenyisilyl derivative of)-
silylation reagent8.Nevertheless, since silylation can be Pinoresinol &); (C) (-)-menthoxydiphenyl-silyl derivative of
achieved under mild conditions and works well even for trace pinoresinol isolated from cabbage butterfly caterpilldis (
amounts of material, we decided to derivatize a sample of
authentic {)-pinoresinol, isolated frorfrorsythia suspensa

leaves’ with the (+)- and (—)-isomers of chloromenthoxy- . .
diphenylsilane2 (Scheme 1). The phenolic hydroxy groups solvent gave the best results, as had been the case in earlier
pheny ) P Y y group applications of the silylation technigi&Next, a sample of

;egggef \?vr;rzogg(’jjg: dtri]r? ggts)gejs:jasstereomenc derlv‘fjltlvespinoresinol (10Qug) isolated from cabbage butterfly caterpil-

lars was derivatized with-{)-menthoxydiphenylsilyl chlo-
ride. As shown in Figure 1, tht#H NMR spectrum of the

| caterpillar derived silyl ether5] resembled that of theH)-

Cc
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chemical shift difference observed, using benzdgas the

Scheme 1. Derivatization of {+)-Pinoresinol menthoxydiphenylsilyl derivative ofi)-pinoresinol 4) more
HO  OCH, RO OCH; closely than that of its diastereom&rthus suggesting that
@ the caterpillar secretes-§-pinoresinol. However, the chemi-
7 2 cal shift differences observed are extremely small, generally
~3 ; of the order of 0.004 ppm and smaller (2 Hz or less at 500
0@_0 o2 ‘ — —o MHz). Chemical shifts are often not reproducible at this level,
A2 : 0_24@ H oz because many factors such as sample concentration, water
S content, or pH can influence the exact values in a difficult
H,CO  OH H,cO  OR to predict manner. Therefore, a mere comparison of spectra

does not allow for unambiguous assignment of configuration
in cases such as the pinoresinol derivati@esnd 4 where
R: (-)-menthoxydiphenylsilyl spectra show only minute differences.

To neutralize the variability of chemical shift resulting
from the above-mentioned factors, we introduced a simple
The 'H NMR spectra show minute differences in the modification to our protocol for NMR-based stereochemical
chemical shift values of the two diastereom@emnd4. Most assignment. Instead of relying on chemical shift values
prominently, the doublets corresponding to the methyl groups relative to a reference such as the TMS or the solvent signal,
only chemical shift differences between the two diastereo-
(5) Kasahara, H.; Miyazawa, M.; Kameoka, Ahytochemistry1997, mers observed in samples of mixtures of the two were
44’(5 Za%_\}\?ggél, D. B.; Walker, T. R.; Schroeder, F. C.; Meinwald, co.nS|dered.. .Th's approach removes th? effect of 9hem|cal
Org. Lett. 200q 2, 2381-2383. (b) Williamson, R. T. Barrios Sosa, A.  Shift variability caused by sample-specific factors since not

E-? '\t’]””al_; Aé? geatﬁn, Pé onéVgeT%ErDhB‘i%SChroedeh F.C.;Meinwald, J.; only are both diastereomers affected in the same way, but
oehn, F. E.Org. Lett. ) . - . .
(7) Kitagawa, S.; Hisada, S.. Nishibe, Bhytochemistrl984 23, 1635- more importantly, mixing two diastereomers there are only

1636. two possible outcomes: either there are two sets of signals

(+)-pinoresinol, (+)-1 (-)-2 3
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in the *H NMR spectra or just one. In fact, the absolute In all cases, reactions proceeded smoothly and produced
magnitude of the chemical shift differences is of little pairs of silylated derivatives in near 100% vyield. F&-(
importance when following this approach, as long as there citronellol, the chemical shift differences between its two
are differences the spectrometer is able to resolve. diastereomeric silylation products are quite large (Figure 3A).

In preparation for the mixing experiments, NMR samples
of 3 and4 were prepared with concentrations matching that _
of the caterpillar-derived sample. Subsequently, spectra of
mixtures containing and4 in a ratio of 1:2 and 2:1 were
acquired. These spectra were then used as reference spect
for the subsequent analysis of the caterpillar-derived material
(5), which was divided into two portions. Of these, one was
added to the sample of puBeand the other one was added
to the sample of purd. The results are shown in Figure 2.
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CHy
ratios of 1:2 and 2:1, respectively; (C) mixture af)¢menthoxy- D CHs
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of (—)-menthoxydiphenylsilyl derivative ofif)-pinoresinol 8) and ‘
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While the mixture of caterpillar derived materidd) (and 4 Figure 3. Sections ofH NMR spectra (benzengs, 500 MHZ (A
shows just one set dH NMR signals (Figure 2C), there angd B) and 600 MHz (C and D)‘)j (A) 1:1 mixture of the - and
are clearly two sets of signals in the spectrum of the mixture (—)-2 derivatives of §-citronellol (7); (B) 2:1 mixture of the 4)-
containing3 (Figure 2D). Since5 was obtained through  and )-2 derivatives ofN-acetyl+-tyrosine ethyl esters); (C) 1:2
derivatization with {-)-menthoxydiphenylsilyl chloride, it ~ mixture of the (+)- and (~)-2 derivatives of (§)-5,9-dimethyl-8-
must be the enantiomer @f thus unambiguously defining ~ decen-1-ol §); (D) 1:1 mixture of the {)- and (-)-2 derivatives
the material isolated from the caterpillar secretion-ay(  ©F t1-methyitridecanolq).

pinoresinol.

In light of these results, we were interested in whether |n this case, a straightforward comparisortéfNMR spectra
our method is applicable to other natural products where thewould suffice in order to assign configuration. For the silyl
site of derivatization is far removed from the chiral center(s). derivatives oN-acetyl+-tyrosine methyl este6} and (55)-
For this purpose, we prepared the){ and (-)-isomers of 5 9-dimethyl-8-decen-1-oBj, the chemical shift differences
chloromenthoxydiphenylsilane derivatives of-acetyl+-
tyrosine ethyl esterﬁo, (S)-citronellol (7), (53-5,9-dimethy|- (8_) 8)-5,Q-DimethyI-Q-qecen-l-oBﬁ was synthe_sized viaasho['t sequence
8-decen-1-ol 8): which we prepared fromSQ-citroneIIyI starting with reacting diethyl malonate witl®)¢citronellyl bromide. For

’ ) reaction conditions, see: Kletzke, P. G.;0rg. Chem1964 29, 1363-
bromide® and 11-methyltridecanobj. 1366.
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are much smaller, as can be expected since the chiral centersery much the same manner as in the NMR-based procedure
in these derivatives are further removed from each other described here. Of course, using NMR one does not depend
(Figure 3B,C). Also, it should be noted that in the case of on the separation of just one peak. In most cases, several
(8) the resulting derivatives are conformationally highly signals in the NMR spectra of a pair of diastereomers will
flexible. In fact, differences in théH NMR spectra of show chemical shift differences that could be taken advantage
different samples of the)-2 derivative of8 are of the same  of.
order of magnitude as differences between the spectra In summary, we have shown that extremely small differ-
between the {)- and ()-derivatives. Therefore, a mere ences in the NMR spectra of pairs of diastereomers can be
comparison of the respectivél NMR spectra would not  used for unambiguous assignment of configuration. We
suffice to unambiguously determine absolute configuration imagine that this method will be of great advantage especially
of 8 and might also not be satisfactory for the tyrosine in situations where the stereocenter of interest is far removed
derivative 6. However, spectra of mixtures of the two from the site of derivatization, and thus the differences in
diastereomers d and8 immediately show that, in fact, there  H chemical shift values are likely to be minute. In the
are resolvable chemical shift differences (Figure 3B,C), present case, the menthoxy methyl groups responsible for
which could be used for configurational assignment as the NMR signals used in this analysis are actually each
described above for pinoresinol. Considering the conforma- eleven bonds away from the nearest chiral center in the
tional flexibility of 8, determination of its absolute config- pinoresinol substrate. In addition, the assignment of the
uration using other NMR-based methods or chromatographicabsolute configuration of pinoresinol isolated frdpieris
methods such as chiral GC or HPLC would seem very rapaerepresents the first application of our recently intro-
difficult. However, the ultimate limitation for NMR-based duced chiral silylation reagents to the derivatization of
differentiation of diastereomers is determined by the resolu- phenols. This method should be particularly useful for the
tion of available spectrometers. For example, for a 1:1 stereochemical analysis of flavonoids and lignans, many of
mixture of the two diasteromeric silylation products of 11- which have important biological activity or are of medicinal
methyltridecanolg) even a well-resolvetH NMR spectrum interestt?
acquired at 600 MHz shows only one set of signals (Figure
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