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Summary

Introduction

Panaxydol was first isolated from the root of Panax ginseng
by Poplawski and co-workers [1]. Subsequently, it was found
that panaxydol showed a strong cytotoxic activity towards
L1210 cells [2]. Related studies indicated that panaxytriol, the
hydrolysis product of panaxydol, was approximately fifteen
times less cytotoxic than panaxydol. Thus, it was suggested
that the epoxy moiety of panaxydol played an important role
for the antiproliferative activity [3], although the configura-
tion of epoxy moiety was not determined. Nevertheless,
because both panaxydol and panaxytriol showed a substantial
antiproliferative activity, it was supposed that hepta-1-ene-
4,6-diyn-3-ol, a common structural moiety, might be essential
for the bioactivity.

In this study we attempted to provide the evidence for the
role of hept-1-ene-4,6-diyn-3-ol as a pharmacophore. For this
purpose, hept-1-ene-4,6-diyn-3-ol and its derivatives were
synthesized and their antiproliferative activity towards L1210
cells was examined. In addition, we tried to confirm the
configuration of epoxy moiety of panaxidol through re-
giospecific synthesis of panaxydol isomers. 

Results and Discussion

Chemistry

Synthesis of the panaxydol analogues was carried out in
principle using Takahashi’s method [4] (Scheme 1). The Grig-
nard reagent of diacetylene was condensed with allyl aldhyde
to give hept-1-ene-4,6-diyn-3-ol, which further underwent
reactions with ethyl magnesium bromide and subsequently
with various alkyl bromides to yield 7-alkylallyl-hept-1-ene-
4,6-diyn-3-ol (2–7) derivatives.

Regiospecific epoxidation of the double bond at C-9 of
heptadeca-1,9-cis-diene-4,6-diyn-3-ol (7) and its trans-iso-
mer (6) gave rise to cis- and trans-panaxydols (12 and 11),
respectively. NMR data of cis and trans-moieties are demon-
strated as follows:

Ha and Hb in trans-panaxydol (11), compared to those in
the cis-isomer (12), appeared at higher field, which might be
ascribed to the shielding by the triple bond. A similar phe-
nomenon was observed for other 9,10-cis- and trans-epoxy
compounds (9, 10). Therefore, it is expected that the protons
might be located in a diamagnetic region of the triple bond.

In addition, Ha and Hb of the cis-isomer showed a higher
coupling constant than those of trans-isomer, as observed
generally with oxirane compounds. When natural panaxy-
dol [2,3] was subjected to the same NMR analysis, its NMR
data were found to be indistinguishable from those of cis-
panaxydol.

Antiproliferative Activity and Structure-Activity Relationship

The structure of synthetic diyne derivatives and their an-
tiproliferative activity was tabulated in Table 1. Hepta-1-ene-
4,6-diyn-3-ol itself, commonly positioned in the structure of
all the cytotoxic ginseng diynes, showed a considerable an-
tiproliferative activity (ED50, 2.1 µg/ml), verifying the as-
sumption that hept-1-ene-4,6-diyn-3-ol is an essential
structural moiety for the antiproliferative activity of these
diynes [3].

It is noteworthy that epoxidation of the double bond at C-9
of diene-diyne series (1–7) enhanced the antiproliferative
activity by 2–10 times; epoxidation of 7 (ED50, 0.38 µg/ml)
produced 12 which showed a 10-fold increase in the antipro-
liferative activity (ED50

 , 0.030 µg/ml). A further support for
the enhancing effect of the epoxy group may come from
another observation that the hydrolysis of the epoxide re-
duced the antiproliferative activity; panaxytriol (14), gener-
ated from the hydrolysis of panaxydol (12, ED50, 0.03 µg/ml),
showed a much lower antiproliferative activity (ED50,
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Some analogues of Ginseng diyne were synthesized and tested for
antiproliferative activity against L1210 cells. The epoxy moiety of
panaxydol, isolated from the root of Panax ginseng, proved to be
in the cis-form on comparison with synthetic specimens. Analysis
of structure-activity relationship revealed that the presence of the
heptadec-1-ene-4,6-diyn-3-ol moiety in the structure of the ana-
logues was essential for their antiproliferative activity and that the
epoxy and alkyl groups in the structure contributed to enhancement
of the antiproliferative activity.
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0.42 µg/ml). Thus, the existence of the epoxy group appears
to be important for the enhancement of antiproliferative ac-
tivity of the diynes. This might be ascribed to the electrophilic
reactivity of the epoxy group to cellular nucleophiles, consis-
tent with the report that epoxides alkylate nucleophiles by the
SN2 mechanism[5]. However, the geometry of the epoxy
group was not important for the antiproliferative activity.

The length of alkyl chain also influenced the antiprolifera-
tive activity. Among the diene-diyne analogues (1–7) and
their epoxy derivatives (8–13), the longer the side chain was,
the stronger was the antiproliferative activity. From these

results, it was assumed that the interaction of diynes with
cellular acceptors would be promoted by the non-polarity of
alkyl chains. In addition, the geometry of double bond seemed
to affect the antiproliferative activity.The trans-forms were
more bioactive than the respective cis-forms; 4 vs.5, 6 vs. 7.
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                 Scheme 1. Synthetic pathways of panaxydol analogues. MCPBA; m-chloroperbenzoic acid. c = cis, t = trans.

                Table 1. Synthetic diacetylenic compounds and their cytotoxic activity in L1210 cells. 
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Experimental
1H-NMR spectra of the compounds 6, 7, 11, and 12 were recorded with a

Bruker AMX 400 spectrometer (400 MHz), and the others were measured
with a Varian FT-80 spectrophotometer (80 MHz). High resolution mass
spectra were measured on a Jeol JMS-SX102A. IR spectra were recorded
with a Perkin-Elmer Model 599B spectrometer. The molecular weight and
elemental composition of the diynes 6, 7, 11, and 12, the target synthetic
compounds, were determined using high resolution mass spectrometry at
70 eV.

Cell Lines 

L1210 (leukemia, murine) was maintained in RPMI 1640 medium supple-
mented with 5% FBS and incubated at 37 °C in a humidified atmosphere at
5% CO2.

Antiproliferative Activity

The SRB method [6] was used for the evaluation of antiproliferative
activity. Growth inhibition ratio was calculated by the following equation:

Growth ratio (%) = (T – Tz) × 100/C – Tz

Tz: absorbance of the blank culture medium
C: absorbance of cell suspension untreated
T: absorbance of cell suspension treated with sample
Absorbance was determined at 520 nm.

The ED50 value was determined graphically with regression analysis by
plotting the concentration of the test samples versus the growth ratios on a
log scale.

Synthesis

1-Heptene-4,6-diyn-3-ol

Diacetylene (13 g) was dissolved in diethyl ether (5 ml) and added to a
solution of ethylmagnesium bromide (10 g) in diethyl ether (20 ml). The
mixture was stirred at room temperature for 30 min prior to addition of a
solution of acrolein (4.8 g) in diethyl ether (5 ml) with cooling on an ice bath.
After 1 h stirring, ammonium chloride (12 g) dissolved in water (60 ml) was
added to the reaction mixture, which was then extracted three times with
ether (3 × 30 ml). After drying with anhydrous sodium sulfate, the ether
extract was evaporated to a mass, which was chromatographed on a silica gel
column with ethyl ether/petroleum ether (3:7). The pale yellow fraction was
collected and evaporated to give 2.5 g of a pale yellow oil.

Pale yellowish oil. IR (CHCl3): 3400 cm–1 (OH), 3280 (acetylenic H),
2210 (diyne)), 1640 (C=C). 1H NMR (CDCl3): δ = 5.90 (ddd, 1H, J = 16,
10, 6 Hz, H-2), 5.40 (ddd, 1H, J = 16, 2, 1 Hz, H-1a), 5.20 (ddd, 1H, J = 10,
2, 1 Hz, H-1b), 4.90 (d, 1H, J = 6.0 Hz, H-3), 2.20 (s, 1H, H-7).

Deca-1,9-diene-4,6-diyne-3,8-diol (1)

Hept-1-ene-4,6-diyn-3-ol (15 mmole) dissolved in diethyl ether (10 ml)
was added to a suspension of ethylmagnesium bromide (18 mmole) with
stirring at 0 °C. After 30 min, this mixture was refluxed for 30 min and
allowed to stand for 2 h. Acrolein (15 mmole) of dissolved in ether (10 ml)
was added to the Grignard solution with cooling on an ice bath, and the
mixture was stirred for a further 1 h. Purification of diol was performed
according to the same procedure as described for hept-1-ene-4,6-diyn-3-ol.

Pale yellowish oil. Yield: 61%. IR (CHCl3): 3340 cm–1 (OH), 2260 (diyne),
1640 (C=C). 1H NMR (CDCl3): δ = 5.92 (ddd, 2H, J = 16, 10, 5 Hz, H-2, 9),
5.42 (ddd, 2H, J = 16, 2, 1 Hz, H-1, 10′), 5.22 (ddd, 2H, J = 10, 2, 1 Hz, H-1′,
10′), 4.92 (d, 2H, J = 6 Hz, H-3, 8).

General Synthetic Method for Alka-1,9-diene-4,6-diyn-3-ol Derivatives

Hept-1-ene-4,6-diyn-3-ol (15 mmole) dissolved in diethyl ether (10 ml)
was added dropwise to a stirred suspension of ethylmagnesium bromide
(18 mmole) at 0 °C. After 30 min, this mixture was refluxed for 30 min and
allowed to stand for 2 h. After addition of CuCl2 (100 mg), a solution of

1-bromoalkene (15 mmole) in ether (10 ml) was subsequently added drop-
wise to this mixture at 0 °C, which was then refluxed for 2 h prior to addition
of 10% HCl (10 ml) and extraction with ether (3 × 30 ml). The ether layer
was washed with saturated sodium bicarbonate solution (3 × 30 ml) and then
with water before drying over anhydrous sodium sulfate. The ether layer was
evaporated to a yellowish mass, which was chromatographed on a silica gel
column with ethyl ether/petroleum ether (2:8) to provide alka-1,9-diene-4,6-
diyn-3-ol derivatives.

Deca-1,9-diene-4,6-diyn-3-ol (2)

Pale yellowish oil. Yield: 93%. IR (CHCl3): 3340 cm–1 (OH), 2260 (diyne),
1640 (C=C). 1H NMR (CDCl3): δ = 6.30–5.00 (m, 6H, H-1, 2, 9, 10), 4.92
(d, 1H, J = 6 Hz, H-3), 3.10 (d, 2H, J = 6 Hz, H-8).

Undeca-1,9-trans-diene-4,6-diyn-3-ol (3)

Pale yellowish oil. Yield: quantitative. IR (CHCl3): 3340 cm–1 (OH), 2260
(diyne), 1640 (C=C). 1H NMR (CDCl3): δ = 6.35–5.00 (m, 5H, H-1, 2, 9,
10), 4.90 (d, 1H, J = 6, H-3), 2.98 (d, 2H, J = 6, H-8), 1.65 (d, 3H, J = 6,
H-11).

Trideca-1,9-trans-diene-4,6-diyn-3-ol (4)

Pale yellowish oil. Yield: 29%. IR (CHCl3): 3350 cm–1 (OH), 2230 (diyne),
1630 (C=C), 960 (C=C, trans). 1H NMR (CDCl3): δ = 5.90 (m, 1H, H-2),
5.40 (m, 1H, H-1′), 5.38 (m, 2H, H-9, 10), 5.20 (m, 1H, H-1), 4.90 (d, 1H,
J = 5.2 Hz, H-3), 2.98 (d, 2H, J = 6.2 Hz, H-8).

Trideca-1,9-cis-diene-4,6-diyn-3-ol (5)

Pale yellowish oil. Yield: 35%. IR (CHCl3 ): 3350 cm–1 (OH), 2230
(diyne), 1630 (C=C), 690 (C=C, cis CH wag). 1H NMR (CDCl3): δ = 5.90
(m, 1H, H-2), 5.40 (m, 1H, H-1′), 5.38 (m, 2H, H-9, 10), 5.20 (m, 1H, H-1),
4.90 (d, 1H, J = 5.2 Hz, H-3), 2.98 (d, 2H, J = 6.2 Hz, H-8).

Heptadeca-1,9-trans-diene-4,6-diyn-3-ol (6)

Colorless oil. Yield: 15%. Anal.: C17H24O, 244 [M+]. IR (CHCl3):
3410 cm–1 (OH), 2930 (alkyl), 2260 (diyne), 2240 (diyne), 1630 (C=C), 965
(C=C, trans CH wag) . 1H-NMR (CDCl3): δ = 5.51 (dtt, 1H, J = 17.2, 6.9,
1.5 Hz, H-10), 5.37 (dtt, 1H, J = 17.2, 6.8, 1.5 Hz, H-9).

Heptadeca-1,9-cis-diene-4,6-diyn-3-ol (7)

Colorless oil. Yield: 17%. Anal.: C17H24O, 244 [M+]. IR (CHCl3):
3410 cm–1 (OH), 2930 (alkyl), 2260 (diyne), 2240 (diyne), 1630 (C=C), 710
(C=C, cis CH Wag). 1H-NMR (CDCl3): δ = 5.93 (ddd, 1H, J = 17.1, 10.9,
5.2 Hz, H-2), 5.51 (dtt, 1H, J = 10.6, 6.9, 1.5 Hz, H-10), 5.46(ddd, 1H,
J = 17.1, 1.3, 1.3 Hz H-1′), 5.37 (dtt, 1H, J = 10.6, 6.8, 1.5 Hz, H-9), 5.23
(ddd, 1H, J = 10.9, 1.3, 1.3, H-1), 4.91 (d, 1H, J = 5.2 Hz, H-3), 3.03 (dd,
2H, J = 6.8, 1.5 Hz, H-8), 2.02 (dtt, 2H, J = 6.9, 1.5, 7.0 Hz, H-11), 1.38 (tt,
2H, J = 7.0, 6.6 Hz, H-12), 1.27-1.39 (m, 8H, H-13, 14, 15, 16) ), 0.88 (t, 3H,
J = 6.8 Hz, H-17).

General Synthetic Method for Alk-1-ene-4,6-diyne-9,10-epoxy-3-ol Deriva-
tives

Alk-1,9-diene-4,6-diyn-3-ol (2.45 mmole) was dissolved in chloroform
(10 ml), and m-chloroperbenzoic acid (320 mg, 3.0 mmole) was added to the
solution. The mixture was allowed to stand for 24 h at room temperature.
After removal of chloroform, the residue was chromatographed on a silica
gel column with ethyl ether/petroleum ether (3:7) to give alk-1-ene-4,6-di-
yne-9-epoxy-3-ol.

Undeca-1-ene-4,6-diyne-9,10-trans-epoxy-3-ol (8)

Yellowish oil. Yield: 47%. IR (CHCl3): 3450 cm–1 (OH), 2230 (diyne),
1630 (C=C), 960 (C=C, trans CH wag). 1H NMR (CDCl3): δ = 3.10–2.75
(m, 2H, H-9, 10), 2.70 (dd, 1H, J = 8.0, 2.1 Hz, H-8′), 2.60 (dd, 1H, J = 6.1,
2.1 Hz, H-8), 1.33 (d, 3H, J = 6.0 Hz, H-11).
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Trideca-1-ene-4,6-diyne-9,10-trans-epoxy-3-ol (9)

Yellowish oil. Yield: 37%. IR (CHCl3): 3450 cm–1 (OH), 2230 (diyne),
1630 (C=C), 965 (C=C, trans CH wag). 1H NMR (CDCl3): δ = 2.76 (m, 2H,
H-9, 10), 2.70 (dd, 1H, J = 8, 2 Hz, H-8′), 2.60 (dd, 1H, J = 6, 2 Hz, H-8).

Trideca-1-ene-4,6-diyne-9,10-cis-epoxy-3-ol (10)

Yellowish oil. Yield: 32%. IR (CHCl3): 3450 cm–1 (OH), 2230 (diyne),
1630 (C=C). 1H NMR (CDCl3):δ = 5.93 (dd, 1H, J = 17.1, 10.4, 4.9 Hz, H-2),
5.45 (ddd, 1H, J = 17.1, 1.4, 1.2 Hz, H-1b), 5.23 (ddd, 1H, J = 10.4, 1.4, 1.2
Hz, H-1a), 4.90 (d, 1H, J = 4.9 Hz, H-3), 3.0 (m, 2H, H-9, 10), 2.70 (dd, 1H,
J = 16, 5 Hz, H-8′), 2.35 (dd, 1H, J = 16, 7 Hz, H-8).

Heptadeca-1-ene-4,6-diyne-9,10-trans-epoxy-3-ol, trans-panaxydol (11)

Colorless oil. Yield: 36%. Anal.: C17H24O2. 260 [M+]. IR (CHCl3):
3460 cm–1 (OH), 2937 (alkyl), 2262 (diyne), 2165 (diyne), 1635 (C=C).
1H-NMR (CDCl3, 400 MHz): δ = 5.93 (ddd, 1H, J = 17.1, 10.4, 4.9 Hz, H-2),
5.45 (ddd, 1H, J = 17.1, 1.4, 1.2 Hz, H-1b), 5.23 (ddd, 1H, J = 10.4, 1.4, 1.2
Hz, H-1a), 4.90 (d, 1H, J = 4.9 Hz, H-3), 2.66 (dt, 1H, J = 5.3, 2.3 Hz, H-9),
2.64 (dt, 1H, J = 4.9, 2.3 Hz, H-10), 2.48 (d, 2H, J = 5.3 Hz, H-8b), 1.45 (m,
1H, H-11), 0.85 (t, 3H, J = 6.5 Hz, H-17).

Heptadeca-1-ene-4,6-diyne-9,10-cis-epoxy-3-ol, cis-panaxydol (12)

Colorless oil: Yield: 42%. Anal.: C17H24O2 , 260 [M+]. IR (CHCl3): 3458
cm–1 (OH), 2937 (alkyl), 2260 (diyne), 2165 (diyne), 1630 (C=C). 1H-NMR
(CDCl3, 400 MHz): 3.16 (ddd, 1H, J = 7.2, 5.7, 3.9 Hz, H-9), 2.99 (br.dt, 1H,

J = 6.0, 3.9 Hz, H-10), 2.75 (ddd, 1H, J = 17.5, 5.7, 1.2 Hz, H-8b), 2.39 (d,
1H, J = 17.5, 7.2, 1.2 Hz, H-8a). See to ref.[2, 3] for 1H-NMR data of other
protons.

Heptadeca-1-ene-4,6-diyne-3,9,10-triol, Panaxytriol (14) and Heptadeca-1-
ene-4,6-diyne-10-alkoxy-9,10-diol (15)

For the preparation procedure and physical data, see ref.[2, 3].
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