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Ginkgolide M (GM ), which is found only in the roots of theGinkgo bilobatree and is an inhibitor of ligand-operated
ion channels in the central nervous system, has been prepared in three steps from 10-benzylginkgolide C, an intermediate
generated during the isolation and separation of ginkgolides fromGinkgo bilobaleaf extract. The described synthetic
sequence can be applied to accessGM derivatives for biological studies.

Ginkgo bilobaleaf extract, an over-the-counter dietary supple-
ment or prescription product with multimillion dollar worldwide
sales, has long been advocated for its ability to improve memory
in the elderly.1 The potential ofGinkgo bilobaleaf extract for the
treatment of cognitive impairment has been demonstrated in an array
of studies.1,2 However, neurophysiological effects and long-term
neuroprotective properties of the extract still need to be clarified.

Activation of ligand-gated ion channels and G-protein coupled
receptors is responsible for many processes, such as basal excitatory
synaptic transmission and many forms of synaptic plasticity that
are thought to control memory and learning.3 Ligand-gated ion
channels, including glycine, GABAA, NMDA, and AMPA recep-
tors, are involved in mediation of excitatory synaptic transmission,
a process by which neurons communicate with each other.3 Small
molecules that can modulate activity of these receptors are valuable
as mechanistic probes for the processes in the central nervous
system as well as pharmacological leads for developing remedies
for neurological disorders.

Although the molecular mechanisms ofG. biloba extract
components are largely unknown, they are often attributed to the
presence of structurally unique compounds named ginkgolides
(Figure 1).4 Ginkgolides are believed to be responsible for a variety
of neuromodulatory effects exhibited byG. biloba leaf extract,
including learning and memory functions.5 Several studies addressed
structure-activity relationships of ginkgolides toward platelet-
activating factor6 and glycine7 receptors and have indicated a very
fine balance between the number and position of the hydroxy groups
around the ginkgolide skeleton and biological activity.

It was recently demonstrated that ginkgolides could block and
modulate the responses of several ion channel receptors.7a Note-
worthy, GM , which is found only in the root ofGinkgo bilobaL.
(Ginkgoaceae), unlike other ginkgolides that are found in the leaves
as well, was shown to be the most potent natural ginkgolide in
blocking the responses of several receptor-gated channels, whereas
other tested ginkgolides (GA, GB, GC, andGJ) showed antago-
nistic properties exclusively toward glycine receptor. In particular,
of all the ginkgolides,GM exhibited the highest inhibition of
GABAA receptor and efficiently displaced TBPS8 from the con-
vulsant binding site of GABAA.7a Ion channel blocker properties
make GM a lead for potential treatment of neurodegenerative
disorders, such as Alzheimer’s disease.9

From a structural point of view,GM lacks the tertiary hydroxy
group at the C-3 position, which is present in other ginkgolides
from G. bilobaextract, and, therefore, represents a unique analogue

to address the effect of subtle structural changes on ginkgolide-
receptor interactions. Yet the biological scope and potential of this
ginkgolide is not broadly studied; apparently, the available quantities
of GM are relatively small as compared to other ginkgolides, thus
making structure-activity relationship studies quite challenging.
Therefore, a practical synthetic preparation ofGM is desirable.10

Dehydration of OH-3 from unprotectedGC would create a plausible
intermediate, such as1, en route to efficient synthesis ofGM
(Scheme 1). However, subjection ofGC to known dehydration
procedures10 led to either decomposition of the starting material or
formation of the double-dehydrated product2 (Scheme 1).11

During the course of studies directed toward regiocontrolled
synthesis of fluorinated ginkgolides, we found that treatment of
GA with (diethylamino)sulfur trifluoride (DAST)12 provided no
fluorodehydroxylation at the C-10 position, but instead led to a
high yield selective elimination of the tertiary hydroxy group, OH-
3, affordingGL (Scheme 2).13 Upon hydrogenation of the unsatur-
ated trilactone moiety ofGL in the presence of Crabtree’s catalyst,14

a clean formation ofepi-derivative3 took place (Scheme 2). The
cisorientation of H-3 and H-14 in 3-dehydroxy-14-epi-GA, 3, was
confirmed by NOE studies: an NOE was observed between the
14-Me and 12-H, which indicated that the 14-Me and 3-H are in a
trans orientation; the 14-Me extends back toward the backbone,
i.e., “â-oriented” (Scheme 2).15

Attempts to achieve dehydration ofGC upon reaction with DAST
under the conditions outlined in Scheme 2 led to decomposition of
the starting material.16 No desired elimination product was obtained
when the reaction was conducted at different temperatures (-78
and 0°C); instead, the starting material was recovered. Application
of bases, i.e., pyridine and 4-(dimethylamino)pyridine (DMAP),
to facilitate the dehydration process17 was also unsuccessful.

Since extra hydroxy groups ofGC (as compared toGA andGB)
are likely to contribute to the inefficiency of the dehydration, we
turned our attention to monoprotectedGC analogues. It is relevant
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Scheme 1.Attempted 3,14-Dehydration of GC
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to note that the 10-benzyl derivatives ofGB and GC are
intermediates prepared for the separation of individual ginkgolides
from G. biloba leaf extract.18 Therefore, 10-benzyl-GC is an
attractive starting point to explore the synthesis of ginkgolides and
their derivatives. It was found that the reaction of 10-benzyl-GC 4
with DAST in the presence of pyridine in THF led to a clean
elimination of the OH-3 group, giving unsaturated lactone5 in good
yield (Scheme 3).19 Hydrogenation of the unsaturated lactone moiety
yielded the known 14-epi-GM , which in turn was converted into
GM under previously reported conditions.10

In conclusion, a short synthesis ofGM has been achieved, which
features selective removal of the tertiary hydroxy group in the
presence of two unprotected secondary alcohol moieties and does
not require the use of isolatedGC. Thus the whole process can be

achieved in a few steps starting from the commercialG. biloba
leaf extract.20

Experimental Section

General Experimental Procedures.All reagents and solvents were
purchased from Aldrich and used as received. Ginkgolides were
available from earlier studies or isolated from BioGinkgo 27/7 extract
according to a literature procedure.17,20 1H NMR spectra were recorded
on a Bruker DPX-300 (300 MHz) spectrometer and are reported in
ppm from CDCl3 internal standard (7.26 ppm). 2D NOESY spectra
were acquired on a Bruker DMX 500 spectrometer under the following
conditions: TPPI mode; SW) 3500 Hz; TD2) TD1*4 ) 1200; D1
) 5 s; NS) 40. For the NOESY volume ratio analysis, several different
reference distances and NOEs were used, and the choice did not affect
the calculated distances significantly.

Example of Dehydration Procedure.10-Benzyl-GC 4 (15.0 mg,
0.029 mmol) was dissolved in 1 mL of THF and cooled to-78 °C.
Pyridine (100µL, 1.23 mmol) and DAST (100µL, 0.76 mmol) were
added dropwise at this same temperature. The reaction mixture was
stirred at-78 °C for 10 min, warmed to room temperature, and then
kept for 40 min before quenching by addition of 2 mL of water. The
aqueous layer was extracted with 3× 2 mL of EtOAc. The combined
organic layers were washed with brine, dried over sodium sulfate, and
concentrated in vacuo. Purification by flash chromatography on silica
gel (eluted with 1:1 EtOAc/hexane) afforded the desired 3,14-dehydro-
10-benzyl-GC 5 (13.1 mg, 0.026 mmol, 90% yield) as a white solid:
1H NMR (300 MHz, CDCl3) δ 7.40 (5H, m), 6.00 (s, 1H), 5.85 (1H,
s), 5.42 (1H, d,J ) 10.2 Hz), 4.82 (1H, s), 4.63 (1H, d,J ) 10.3 Hz),
4.60 (1H, d,J ) 5.0 Hz), 4.39 (1H, m), 2.20 (3H, s), 2.03 (2H, m),
1.92 (1H, d,J ) 12.4 Hz), 1.23 (9H, s).

Synthesis of GM. A glass liner for a stainless steel 45 mL Parr
high-pressure reactor equipped with a stir bar was charged with a
solution of 3,14-dehydro-10-benzyl-GC 5 (12.0 mg, 0.024 mmol) in a
mixture of EtOAc (1 mL) and MeOH (3 mL), then Pd/C (10% w/w, 2
mg) was added. The liner was inserted into the Parr reactor, and the

Figure 1. Ginkgolide structures fromGinkgo biloba(leaves and roots).

Scheme 2.DAST-Mediated GA to GL Conversion and Stereochemical Assignment of Hydrogenated GL

Scheme 3.Synthesis of GM
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pressure gauge and gas assembly were attached. The reactor was sealed,
charged and vented with 3× 400 psi with H2, and recharged to 600
psi H2. The reaction mixture was stirred at room temperature for 18 h,
and then the reactor was vented. The solution was filtered through a
pad of Celite and concentrated in vacuo. The residue was dissolved in
1 mL of MeCN, and DMAP (12.0 mg, 0.096 mmol) and 0.1 mL of
water were added. The reaction mixture was stirred 80°C in sealed
tube for 4 days and then quenched by addition of 2 mL of 1 M HCl.
The aqueous layer was extracted with 3× 2 mL of EtOAc, and the
combined organic layers were washed with brine, dried over sodium
sulfate, and concentrated in vacuo. Purification by flash chromatography
on silica gel (eluted with 2:1 EtOAc/hexane) affordedGM (7.9 mg,
0.019 mmol, 77% yield over two steps), whose spectral data matched
those of the natural compound.4a
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