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The enantioselective synthesis of 3(S)-hydroxy polygodial and its acetyl derivative is described. The
construction of the 3-hydroxy drimane skeleton was based on the titanium-catalyzed radical cyclization
of (10S)-10, 11-epoxy-farnesyl acetate. Only underivatized 3(S)-hydroxy polygodial showed activity in
assays on VR1 vanilloid receptor in HEK cells transfected with the human VR1.

� 2010 Elsevier Ltd. All rights reserved.
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1. Introduction

Hot tasting natural compounds, such as capsaicin, are consid-
ered pleasant spices in the culinary traditions of many countries.
Furthermore, some of them are used in traditional medicine as
antinociceptives.1 However, these irritant compounds play a de-
fensive role in many organisms because they are avoided by
predators. For many years, pungency of capsaicin has been corre-
lated to the activation of a membrane receptor in sensory neurons.
The presence of a vanillyl-like moiety in capsaicin was the reason
why this receptor was named vanilloid receptor and all interacting
compounds were termed vanilloids. In 1997 TRPV1, a temperature
sensitive ion channel belonging to the transient receptor potential
family, was identified and cloned as molecular target of capsaicin.2

Many natural dialdehydes, such as polygodial (1), used as deterrent
against predators by many terrestrial and marine organisms,3 are
hot tasting and have been considered as potential agonists of the
‘capsaicin’ receptor.4,5 Some studies have suggested that biological
activities of these compounds are linked to the dialdehyde moiety
and to reactivity toward nucleophiles.6 The observation that some
bulkier molecules, e.g., scalaradial (2), were not hot tasting, sug-
gested that the size of the molecule is also important.7 However,
the hot taste reported for compound 4, a deacetoxy derivative of
the tasteless sesterterpenoid scalaradial,8 pointed to the influence
of an oxygenated function, such as the acetoxy group, on the
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bioactivity of these compounds (Fig. 1). This stimulated our in-
vestigation on the influence of a polar substituent, such as the
hydroxy group, on the bioactivity of these 1,4-dialdehydes. Initially
we investigated the influence of the hydroxyl group at C-1 through
the synthesis of 1-(R)-hydroxypolygodial (3). Vanilloid activity
bioassays showed that 3 was completely inactive.9

This result pointed out that the introduction of a polar sub-
stituent in active compounds, such as 1 and 4, caused the loss of
vanilloid activity. At this point we wondered if it was just the
presence of hydroxy group by itself the reason of the inactivity and
5
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Fig. 1. Some terpenoid 1,4-dialdehydes.
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Scheme 2. Reagents and conditions: (a) K2CO3, MeOH, reflux, 1 h, 92%; (b) m-CPBA,
CH2Cl2, 0 �C to rt, 1 h, 78%; (c) CSA, CH3CN/DMSO (10:1), rt, overnight, 58%.
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planned the synthesis of an analog with the polar function in
a different position. We decided to insert the hydroxy group at C-3,
because some bioactive hydroxyl polygodial derivatives have been
isolated from natural source, such as 3-b-acetoxypolygodial (5)
from Canella winterana.10

In this communication we report an enantioselective synthesis
of 3-(S)-hydroxypolygodial and its acetyl derivative, in order to
evaluate their vanilloid activity.

2. Results and discussion

The construction of the 3-hydroxy drimane skeleton (Scheme 1)
was based on the titanium-catalyzed radical cyclization of epo-
xypolyprenes recently developed by Barrero et al.11 In order to
obtain an enantioselective process, we applied this titanocene-
catalyzed cyclization to an epoxide with high optical purity. To this
purpose we prepared (10S)-10,11-epoxy-farnesyl acetate (8) start-
ing from (2E,6E)-farnesyl acetate (6) using a procedure described by
Vidari et al.12 Highly enantioselective dihydroxylation of (2E,6E)-
farnesyl acetate (6) employing AD-mix-b afforded diol 7. Conver-
sion of diol 7 to the corresponding 10-O-mesylate followed by
reaction with K2CO3 in CH3OH gave (10S)-10,11-oxidofarnesol,
which was subjected to acetylation affording 8. Titanocene-cata-
lyzed cyclization of (10S)-10,11-epoxy-farnesyl acetate (8) afforded
a mixture of products in which the major product was 9 (34%).
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Scheme 1. Reagents and conditions: (a) AD-mix-b, t-BuOH/H2O (1:1), 35%, 95% ee; (b)
(i) MsCl, pyridine, CH2Cl2, 0 �C to rt. (ii) K2CO3, MeOH, rt, 65% two steps; (c) Ac2O,
pyridine, DMAP, CH2Cl2, 20 h, 85%; (d) Cp2TiCl2, Mn, Me3SiCl, collidine, THF, rt, 34% (e)
TBSCl, imidazole, CH3CN, 90 �C, 3 h, 75%.
Silylation of 9 with tert-butyldimethylsilylchloride (TBSCl) pro-
vided protected 3-hydroxy drimane derivative 10 in 75% yield.
Acetyl group was removed by treatment with K2CO3 in MeOH. The
introduction of allylic alcohol was obtained through acid catalyzed
opening of the epoxide 12 easily prepared from 11 (Scheme 2). In
fact, treatment of 11 with m-CPBA afforded epoxide 12 as a single
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Scheme 3. Reagents and conditions:(a) DMSO, (COCl)2, NEt3, �78 �C, 2 h, 76
isomer. The opening of epoxide in 12 into the corresponding allyl
alcohol was subject to several trials. Camphorsulfonic acid (CSA)
treatment in CH3CN/DMSO (10:1) as solvent at room temperature13

successfully yielded the desired diol 13 in 58% yield together with
diol 14 (20%). Reactions performed at lower temperatures
(10�15 �C) resulted in lower yield of diol 13.
The final stages of the synthesis are shown in Scheme 3. Oxi-
dation of both primary alcohol functionalities of 13, conducted
under Swern conditions, gave 15 in excellent yield (76%). Finally,
removal of the TBS protective group (HF, CH3CH aq) afforded 3-b-
hydroxypolygodial (16). 3-b-acetoxypolygodial (5) was prepared by
reaction of 16 with acetic anhydride.
3. Assays on TRPV1 receptors

To assess vanilloid activity of the synthetized compounds we
performed assays on TRPV1 vanilloid receptor in HEK cells
transfected with the human TRPV1. Vanilloid activity was eval-
uated by measuring the entry of Ca2þ (the concentration of in-
ternal calcium [Ca2þ] before and after the addition of test
compounds). Vanilloid activity assays showed that only com-
pound 16 was active (maximal response at 100 mM¼49.0�1.5% of
the effect of 4 mM ionomycin). In fact, although both compounds
5 and 16 caused Ca2þ influx activity into human embryonic
kidney HEK-293 cells transfected with the human TRPV1, this
activity was completely inhibited with the selective TRPV1 an-
tagonist 5-iodo-resiniferatoxin (IRTX) only for compound 16
while activity resulted unaffected by the presence of the specific
inhibitor in the assays with compound 5. Furthermore when the
compound 16 at a concentration of 10 mM was administered at
HEK cells transfected with the human TRPV1 for 5 min, it caused
a significant inhibition of the effect capsaicin 0.1 mM, a de-
sensitization effect typical of TRP receptor channels.14
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%; (b) 48% HF (aq), CH3CN, rt, 4 h, 70%; (c) Ac2O, NEt3, DMAP, 1 h, 62%.
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4. Conclusion

In conclusion, a total synthesis of 3-(S)-hydroxypolygodial (16)
and its acetyl derivative 5 has been accomplished in a highly ster-
eoselective way through a synthetic strategy based on the titano-
cene(III)-catalyzed radical cyclization of (10S)-10,11-epoxy-farnesyl
acetate (8). Only underivatized 3(S)-hydroxypolygodial (16)
showed vanilloid activity while 3-b-acetoxypolygodial (5) did not
show specific activity toward TRPV1 vanilloid receptor. This in-
triguing result furnished an interesting insight in the study of the
structureeactivity relationship. The vanilloid activity measured for
3(S)-hydroxypolygodial (16) and the inactivity evidenced for 1-(R)-
hydroxypolygodial9,10 show how the introduction of a hydroxy
group on polygodial can have different effects on vanilloid activity
depending on the position of insertion.

5. Experimental

5.1. General

All reactions were carried out under a dry N2 atmosphere using
freshly distilled solvents, unless otherwise noted. Tetrahydrofuran
(THF) was distilled from sodiumebenzophenone complex.
Dichloromethane was distilled from calcium hydride. Glassware
was flame-dried (0.05 Torr) prior to use. Starting materials and
reagents purchased from commercial suppliers were generally
used without purification. Reaction temperatures were measured
externally; reactions weremonitored by thin layer chromatography
on Merck silica gel plates (0.25 mm) and visualized by UV light and
spraying with phosphomolybdic acid, p-anisaldehyde or Ce(SO4)2
solutions and drying. Flash chromatography was performed on
Merck silica gel 60 (particle size: 0.040e0.063 mm). Yields refer to
chromatographically and spectroscopically (1H and 13C NMR) pure
materials. The NMR spectra were recorded at room temperature on
a Bruker DRX 400, a Bruker DRX 300 or a Bruker AV 250 spec-
trometers. Chemical shifts are reported relative to the residual
solvent peak (CHCl3: d¼7.26, 13CDCl3: d¼77.0). Assignments in the
13C NMR spectra were confirmed by DEPT spectroscopy experi-
ments. ESIMS spectra were performed on a Micromass Quattro
micro API� mass spectrometer equipped with an electrospray
ionization source operating in positive mode. IR spectra were
obtained at a resolution of 2.0 cm�1 with a Vector 22 Bruker
Spectrometer. Optical rotations were measured with a JASCO DIP-
1000 polarimeter. Elemental analyses were performed on Flash EA
1112 (Thermo Electron Corporation) analyzer.

5.2. Synthesis

The epoxide 8 ([a]D22 �2.9 (c 2.4, CHCl3)) was prepared according
to a known procedure starting from (2E,5E)-farnesyl acetate (6).12

The enantiomeric excess was determined as 95% by 1H NMR anal-
ysis of the corresponding mono-(S)-MTPA ester of diol 7.15

5.2.1. Preparation of ((2S, 4aS, 5S, 8aR)-decahydro-2-hydroxyl-1,1,4a-
trimethyl-6- methylenenaphthalen-5-yl) methyl acetate (9). Strictly
deoxygenated THF (16.7 mL) was added to a mixture of Cp2TiCl2
(106.6mg, 0.42mmol) andMn dust (940.6 mg,17.1 mmol) under an
Ar atmosphere and the suspensionwas stirred at room temperature
until it turned green (after about 15 min). A solution of epoxide 8
(600 mg, 2.14 mmol) in THF dry (1.67 mL) was added via cannula to
this suspension and then collidine (2.26 mL) and Me3SiCl (1.10 mL)
were added sequentially. The solution was stirred overnight. The
reaction was then quenched with aq HCl 2 N (50 mL) and was
stirred until no effervescence and a change in color from green to
brown were observed. THF was removed under vacuum and the
residue aqueous layer was extracted with EtOAc. The combined
organic layers were dried (anhydrous MgSO4) and concentrated
under reduced pressure. TBAF dry (1 M in THF, 10.6 mmol, 10.6 mL)
was added to the residue and the solution was stirred under N2
atmosphere for 3 h. THF was removed under vacuum and the res-
idue was diluted with EtOAc and H2O. The aqueous layer was
extracted with AcOEt, the combined organic phases were washed
with brine, dried (anhydrous Na2SO4), and solvent removed. The
residue was flash chromatographed on silica gel (10/50% AcOEt in
petroleum ether) giving 207.2 mg of 9 (34%) as a yellow oil. [Found:
C, 73.13; H, 9.87. C17H28O3 requires C, 72.82; H, 10.06]; Rf (30%
EtOAc/hexane) 0.40; [a]D27 þ18.0 (c 1.7, CHCl3). 1H NMR (CDCl3,
400 MHz): d 4.86 (1H, br s), 4.53 (1H, br s), 4.31 (1H, dd, J¼11.0,
3.9 Hz), 4.18 (1H, dd, J¼11.0, 8.6 Hz), 3.27 (1H, dd, J¼10.7, 3.9 Hz),
2.45e2.38 (1H, m), 2.09e1.97 (2H, m), 2.01 (3H, s), 1.80e1.30 (6H,
m), 1.12 (1H, dd, J¼12.5, 2.4 Hz), 1.00 (3H, s), 0.78 (3H, s), 0.75 (3H,
s). 13C NMR (100MHz, CDCl3): d 171.6 (s),146.4 (s),107.8 (t), 78.8 (d),
61.7 (t), 54.7 (d), 54.5 (d), 39.4 (s), 38.9 (s), 37.6 (t), 37.2 (t), 28.5 (q),
27.9 (t), 23.7 (t), 21.3 (q), 15.7 (q), 15.3 (q). ES-MS (m/z)¼281
(MþHþ), 221 (M�AcOH þHþ).

5.2.2. Synthesis of compound 10. To a solution containing 9
(175mg, 0.62mmol), imidazole (493mg, 7.24mmol), CH3CN (3mL)
under N2 atmosphere, TBSCl (467 mg, 3.1 mmol) was added. The
solution was heated to 90 �C and stirred for 3 h. CH3CN was re-
moved under N2 flux, the residue was diluted with H2O, and the
aqueous layer was extracted with AcOEt. The combined organic
phases were dried (Na2SO4), filtered, and evaporated in vacuo. The
crude product was flash chromatographed (5/40% Et2O in petro-
leum ether) to afford 185 mg (75%) of 10 as colorless oil. [Found C,
70.45; H, 11.02. C23H42O3Si requires C, 70.00; H, 10.73]; Rf (15%
EtOAc/hexane) 0.91; [a]D25 þ26.0 (c 0.4, CHCl3). 1H NMR (CDCl3,
400 MHz): d 4.85 (1H, br s), 4.52 (1H, br s), 4.32 (1H, dd, J¼11.2,
3.7 Hz), 4.16 (1H, dd, J¼11.2, 9.0 Hz), 3.22 (1H, dd, J¼10.2, 5.6 Hz),
2.43e2.36 (1H, m), 2.05e2.01 (1H, m), 2.00 (3H, s), 1.99e1.97 (1H,
m), 1.75e1.71 (1H, m), 1.69e1.67 (1H, m), 1.60e1.54 (2H, m),
1.44e1.28 (2H, m), 1.09 (1H, dd, J¼12.5, 2.5 Hz), 0.91 (3H, s), 0.88
(9H, s), 0.74 (6H, br s), 0.04 (3H, s), 0.03 (3H, s). 13C NMR (100 MHz,
CDCl3): d 171.3 (s), 146.4 (s), 107.3 (t), 79.0 (d), 61.5 (t), 54.5 (d), 54.2
(d), 39.7 (s), 38.6 (s), 37.5 (t), 36.9 (t), 28.7 (q), 28.1 (t), 25.9 (q, 3C),
23.7 (t), 21.1 (q), 18.1 (s), 15.9 (q), 15.1 (q), �3.8 (q), �4.9 (q). ES-MS
(m/z)¼395 (MþHþ).

5.2.3. Synthesis of compound 11. To a solution of 10 (185 mg,
0.47 mmol) in MeOH (2.5 mL), at room temperature, K2CO3 (78 mg,
0.56 mmol) was added. The reaction mixture was heated to reflux
and stirred for 1 h. MeOH was removed in vacuo, the residue was
diluted with H2O, and the aqueous layer was extracted with AcOEt.
The combined organic phases were washed with aq HCl 1 N, dried
(anhydrous Na2SO4), filtered, and evaporated in vacuo. The crude
product was flash chromatographed (5/20% AcOEt in petroleum
ether) to afford 152 mg (92%) of 11 as colorless oil. [Found: C, 71.35;
H, 11.24. C21H40O2Si requires C, 71.53; H, 11.43]; Rf (15% EtOAc/
hexane) 0.62; [a]D25 þ10.1 (c 0.6, CHCl3). 1H NMR (CDCl3, 400 MHz):
d 4.93 (1H, br s), 4.63 (1H, br s), 3.85e3.70 (2H, m), 3.24e3.20 (1H,
m), 2.42 (1H, ddd, J¼13.0, 4.2, 2.4 Hz), 2.00 (1H, ddd, J¼13.0, 12.8,
4.9 Hz), 1.93e1.89 (1H, m), 1.77e1.71 (1H, m), 1.67e1.63 (1H, m),
1.58e1.54 (1H, m), 1.45e1.36 (1H, m), 1.32e1.28 (1H, m), 1.09 (1H,
dd, J¼12.5, 2.8 Hz), 0.91 (3H, s), 0.88 (9H, s), 0.73 (6H, s),0.04 (3H, s),
0.03 (3H, s) ppm. 13C NMR (100 MHz, CDCl3): d 147.5 (s), 106.5 (t),
79.1 (d), 58.9 (d), 58.8 (t), 54.4 (d), 39.7 (s), 38.6 (s), 37.8 (t), 36.9 (t),
28.7 (q), 28.1 (t), 25.9 (q), 23.9 (t), 18.1 (s), 15.9 (q), 15.3 (q),�3.8 (q),
�4.9 (q) ppm. ES-MS (m/z)¼35 (MþHþ).

5.2.4. Synthesis of epoxide 12. A solution of 11 (152 mg, 0.43 mmol)
in CH2Cl2 dry (3.2 mL), under N2 atmosphere, was cooled to 0 �C
and m-CPBA (77 mg, 0.991 mmol) was added. After 5 min, the
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solution was warmed to room temperature and stirred for 1 h.
Then, the solution was cooled to 0 �C, a 10% solution of Na2SO3
(12 mL) was added and the resulted mixture was stirred at room
temperature for 1 h. The aqueous layer was extracted with AcOEt,
the combined organic layers were washed with NaHCO3, dried
(anhydrous Na2SO4), filtered, and evaporated in vacuo. The crude
product was flash chromatographed (5/40% AcOEt in petroleum
ether) to afford 124 mg (78%) of pure 12 as a white solid. [Found: C,
68.61; H, 11.22. C21H40O3Si requires C, 68.42; H, 10.94]; Rf (20%
EtOAc/hexane) 0.49; [a]D25 �11.8 (c 1.0, CHCl3). 1H NMR (CDCl3,
400 MHz): d 3.59 (1H, ddd, J¼10.2, 10.2, 3.3 Hz), 3.40 (1H, dd,
J¼10.4, 10.2 Hz), 3.23e3.21 (1H, m), 3.18 (1H, dd, J¼3.6, 2.1 Hz), 3.06
(1H, d, J¼10.2 Hz, OH), 2.70 (1H, d, J¼3.6 Hz), 2.00e1.92 (1H, m,),
1.87e1.85 (1H, m), 1.85e1.80 (1H, m), 1.70e1.62 (1H, m), 1.61e1.54
(3H, m), 1.43e1.39 (1H, m), 1.34e1.30 (1H, m,), 1.04 (1H, dd, J¼12.4,
2.3 Hz), 0.93 (3H, s), 0.88 (9H, s), 0.84 (6H, s), 0.76 (3H, s), 0.04 (6H,
s) ppm. 13C NMR (100 MHz, CDCl3): d 78.9 (d), 61.6 (s), 58.8 (t), 54.2
(d), 53.9 (d), 51.7 (t), 39.6 (s), 38.8 (s), 36.7 (t), 36.2 (t), 28.7 (q), 27.6
(t), 25.8 (q), 21.5 (t),18.1 (s),16.0 (q),15.7 (q),�3.8 (q),�5.0 (q) ppm.
ES-MS (m/z)¼391 (MþNaþ).

5.2.5. Synthesis of diol 13. To a solution of 12 (55 mg, 0.149 mmol)
in a 10:1 mixture of CH3CN (16 mL) and DMSO (1.6 mL), under N2

atmosphere, at room temperature, was added CSA (34.6 mg,
0.149 mmol) and the solution was stirred at room temperature
overnight. The CSA was quenched with saturated NaHCO3 solution
and the mixture was concentrated in vacuo. The residue was di-
luted with H2O and AcOEt and the aqueous layer was extracted
with AcOEt. The combined organic phases were dried (anhydrous
Na2SO4), filtered, and evaporated in vacuo. The crude product was
flash chromatographed (from 15% AcOEt in petroleum ether to pure
AcOEt) to afford 32 mg (58%) of 13 as white matt solid, 12.6 mg
(23%) of D8,9 double bond isomer 14 as awhite solid. Compound 13:
[Found: C, 68.67; H, 11.35. C21H40O3Si requires C, 68.42; H,10.94]; Rf
(40% EtOAc/hexane) 0.41; [a]D23 þ1.9 (c 1.0, CHCl3). 1H NMR (CDCl3,
400 MHz): d 5.81 (1H, br s); 4.35 (1H, d, J¼12.2 Hz), 3.99 (1H, d,
J¼12.2 Hz), 3.90 (1H, dd, J¼11.2, 2.0 Hz), 3.69 (1H, dd, J¼11.2,
8.2 Hz), 3.21 (1H, dd, J¼11.1, 4.4 Hz), 2.77 (2H, br s), 2.12e2.06 (1H,
m), 2.07e1.99 (2H, m), 1.66e1.57 (2H, m), 1.33e1.21 (3H, m), 0.88
(12H, br s), 0.82 (3H, s), 0.75 (3H, s), 0.05 (3H, s), 0.03 (3H, s) ppm.
13C NMR (75 MHz, CDCl3): d 136.7 (s), 127.7 (d), 79.2 (d), 67.3 (t),
61.4 (t), 54.4 (d), 48.9 (d), 39.2 (s), 37.4 (t), 35.3 (s), 28.3 (q), 27.7 (t),
25.8 (q�3), 23.4 (t),18.0 (s),15.6 (q),14.6 (q),�3.9 (q),�5.0 (q) ppm.
ES-MS (m/z)¼391 (MþNaþ), 351; Compound 14: [Found: C, 68.01;
H, 11.16. C21H40O3Si requires C, 68.42; H, 10.94]; Rf (40% EtOAc/
hexane) 0.23. 1H NMR (CDCl3, 400 MHz): d 4.22 (1H, d, J¼11.7 Hz),
4.17 (1H, d, J¼11.6 Hz), 4.11 (1H, d, J¼11.7 Hz), 4.01 (1H, d,
J¼11.6 Hz), 3.22 (1H, dd, J¼11.0, 5.1 Hz), 2.26e2.22 (2H, m),1.84 (1H,
ddd, J¼13.2, 3.0, 3.0 Hz),1.79e1.35 (6H, m), 0.99 (3H, s), 0.93 (3H, s),
0.89 (9H, s), 0.78 (3H, s), 0.04 (3H, s), 0.03 (3H, s) ppm. 13C NMR
(100 MHz, CDCl3): d 145.9 (s), 136.2 (s), 79.1 (d), 63.9 (t), 58.0 (t),
50.5 (d), 39.3 (s), 37.8 (s), 34.3 (t), 31.6 (t), 28.4 (q), 27.9 (t), 25.9
(q�3), 20.4 (q), 18.6 (t), 18.1 (s), 15.9 (q), �3.8 (q), �4.9 (q) ppm. ES-
MS (m/z)¼391 (MþNaþ).

5.2.6. Synthesis of compound 15. To a stirring solution of oxalyl
chloride (84.0 mg, 0.66 mmol) in CH2Cl2 (0.4 mL), under N2 at-
mosphere, cooled to�78 �C, DMSO (103 mg,1.32 mmol) was added
dropwise. After 5 min, a solution of 13 (30.5 mg, 0.0827 mmol) in
a 3/1 mixture of CH2Cl2 (0.6 mL) and DMSO (0.2 mL) was added via
cannula and the solution was stirred for 2 h. Dry NEt3 (309 mg,
3.06 mmol) was added and the resulting mixture was allowed to
stir at�78 �C for 10min. The reactionmixturewas warmed to room
temperature and stirred for further 45 min. Then the mixture was
passed through a short pad of silica gel (particle size
0.040e0.263 mm) eluting with ethyl acetate, under N2, and the
eluent was concentrated to give a yellow oil. The oil was purified by
flash chromatography (20/40% diethyl ether in petroleum ether)
under N2 to give 23 mg (76%) of 15 as a white amorphous solid.
[Found: C, 68.82; H, 10.34. C21H36O3Si requires C, 69.18; H, 9.95]; Rf
(60% Et2O/hexane) 0.72; [a]D25 �41.4 (c 0.5, CHCl3). IR (CHCl3, cm�1)
n 2938, 2860, 1718, 1682. 1H NMR (CDCl3, 400 MHz): d 9.51 (1H, d,
J¼4.4 Hz), 9.46 (1H, br s), 7.14e7.12 (1H, m), 3.23 (1H, dd, J¼9.8,
5.2 Hz), 2.78e2.74 (1H, m), 2.56e2.35 (2H, m),1.82 (1H, ddd, J¼13.2,
3.0, 3.2 Hz), 1.65e1.53 (2H, m), 1.49 (1H, ddd, J¼13.2, 12.6, 4.6 Hz),
1.25e1.21 (1H, m), 0.94 (3H, s), 0.93 (3H, s), 0.89 (3H, s), 0.88 (9H, s),
0.05 (3H,s), 0.03 (3H, s) ppm. 13C NMR (100MHz, CDCl3): d 201.7 (d),
193.1 (d), 154.3 (d), 138.1(s), 78.8 (d), 60.2 (d), 48.5 (d), 39.4 (s), 37.3
(t), 36.5 (s), 28.4 (q), 27.0 (t), 25.8 (q�3), 25.2(t), 18.0 (s), 15.8 (q),
15.3 (q), �3.9 (q), �5.0 (q) ppm. ES-MS (m/z)¼365 (MþHþ), 233.

5.2.7. Synthesis of 3(S)-hydroxypolygodial (16). To a solution of 15
(23 mg, 0.063 mmol) in CH3CN (2.3 mL), in a silicon vessel, 48%
aqueous hydrofluoric acid (0.64 mL) was added at room tempera-
ture. The mixture was stirred at room temperature for 4 h and then
NaHCO3 was carefully added until the mixture was neutralized. The
organic solvent was removed in vacuo and the residual aqueous
layer was extracted with ethyl acetate. The combined organic ex-
tracts were dried (Na2SO4), filtered, and evaporated in vacuo. Flash
chromatography of the crude (30/50% ethyl acetate in petroleum
ether) under N2 afforded 11 mg of 16 (70%) as a white amorphous
solid. [Found: C, 71.82; H, 8.98. C15H22O3 requires C, 71.97; H, 8.86];
Rf (50% EtOAc/hexane) 0.23; [a]D25 �77.7 (c 0.5, CHCl3). IR (CHCl3,
cm�1) n 3508, 2968, 2938, 2860, 2732, 1722, 1681. 1H NMR (CDCl3,
400MHz): d 9.51 (1H, d, J¼4.4 Hz), 9.47 (1H, br s), 7.16e7.14 (1H, m),
3.30 (1H, dd, J¼11.0, 4.1 Hz), 2.80e2.76 (1H, m), 2.57e2.49 (1H, m),
2.46e2.36 (1H, m), 1.88e1.84 (1H, m), 1.73e1.59 (2H, m), 1.52e1.49
(1H, m), 1.27e1.23 (1H, m), 1.04 (3H, s), 0.94 (3H, s), 0.93 (3H,
s) ppm. 13C NMR (100 MHz, CDCl3): d 201.6 (d), 193.0 (d), 154.0 (d),
138.1 (s), 78.3 (d), 60.0 (d), 48.4 (d), 38.8 (s), 37.3 (t), 36.5 (s), 27.9
(q), 26.7 (t), 25.0 (t), 15.4 (q), 15.2 (q) ppm. ES-MS (m/z)¼289
(MþKþ), 273 (MþNaþ), 251 (MþHþ).

5.2.8. Synthesis of 3b-acetoxypolygodial (5). To a solution of 16
(5.8 mg, 0.023 mmol) in CH2Cl2 (1 mL) acetic anhydride (2.8 mL,
0.030 mmol) was added. The solution was cooled to 0 �C and dry
NEt3 (3.8 mL, 0.028 mmol) and DMAP, in catalytic amount, were
sequentially added. The solutionwas warmed to room temperature
and stirred for 1 h. The reaction mixture was quenched with HCl
0.2 N (1 mL) and stirred for few minutes. The organic and aqueous
layers were separated and the last one was extracted with CH2Cl2.
The resulting organic layer was washed with H2O and the resulting
aqueous layer was extracted again with CH2Cl2. The combined or-
ganic extracts were dried over Na2SO4, filtered, and concentrated in
vacuo. Flash chromatography of the crude (20e70% di AcOEt/pe-
troleum ether) under N2 afforded 4.2 mg of 5 (62%) as a white
amorphous solid. [Found: C, 69.98; H, 8.39. C17H24O4 requires C,
69.84; H, 8.27]; Rf (50% EtOAc/hexane) 0.60; [a]D21 �17.0 (c 0.2,
CHCl3). IR (CHCl3, cm�1) n 2967, 1726, 1682, 1644, 1243. 1H NMR
(CDCl3, 400 MHz): d 9.53 (1H, d, J¼4.3 Hz), 9.48 (1H, s), 7.14e7.12
(1H, m), 4.55 (1H, dd, J¼11.2, 4.3 Hz), 2.82e2.80 (1H, m,), 2.56e2.48
(1H, m), 2.46e2.40 (1H, m), 2.06 (3H, s), 1.91e1.88 (1H, m),
1.78e1.58 (3H, m), 1.35 (1H, dd, J¼11.6, 4.9 Hz), 1.00 (3H, s), 0.96
(3H, s), 0.92 (3H, s) ppm. 13C NMR (75 MHz, CDCl3): d 201.3 (d),
192.9 (d), 170.7 (s), 153.3 (d), 138.2 (s), 79.7 (d), 59.9 (d), 48.6 (d),
37.7 (s), 37.0 (t), 36.4 (s), 27.9 (q), 24.7(t), 23.2 (t), 21.2 (q), 16.5 (q),
15.2 (q) ppm. ES-MS (m/z)¼315 (MþNaþ), 293 (MþHþ).

5.3. Assays on TRPV1 receptors

All prepared compounds have been assayed for TRPV1 sensi-
tivity using fluorometric measurements of changes in intracellular
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calcium concentration. HEK-293 (human embryonic kidney) cells
were grown as monolayers in minimum essential medium sup-
plemented with non-essential amino acids, 10% fetal calf serum and
2 mM glutamine, and maintained under 95%/5% O2/CO2 at 37 �C
and stably transfected by using TRPV1 plasmids. Cells have been
loaded for 1 h at 25 �C with 4 mM Fluo-4 methyl ester (Molecular
Probes) in DMSO. [Ca2þ]i was determined before and after the ad-
dition of various concentrations of test compounds. After the
loading, cells were washed with Tyrode pH 7.4, resuspended in
Tyrode and transferred to the quartz cuvette of the fluorescence
detector (PerkineElmer LS50B) under continuous stirring. Experi-
ments were carried out by measuring cell fluorescence at 25 �C
(lEX¼488 nm, lEM¼516 nm).
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