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Synthesis of Stereoisomeric Triterpene Alcohols
by the Reduction of Hydroxydammarenone- Il

(Research note)
by

I‘ro, Yukiko“), HAYASHI, YOShiOki(z), KATO, AtSUShiG) and OHARA, Seiji“’

Summary : Hydroxydammarenone- I which has a carbonyl group in its molecule, was reduced on several condi-
tions to obtain two types of alcohols(stereoisomers ; a, 3 ). Hydroxydammarenone- [I was isolated from the benzene
extract of the wood of Keruing(tropical wood, Dipterocarpus sp.) by column chromatography and recrystalization.
The reduction with LiBH(sec-Bu), gave two types of alcehols, and a ratio of « and 3 alcohols was different accord-
ing to the reaction temperature. At higher temperature, a alcohol was formed more. High performance liquid
chromatography(HPLC) with octadecylsilane(ODS) column using a solvent system of methanol and water(9:1) gave
good separation of two types of alcohols. The assignment of the '*C-NMR spectrum of 2 alcohol was revised by the

modern NMR techniques.
1. Introduction

In Panax ginseng C. A. Meyer, one of the most famous traditional medicines, biologically active compounds
called saponins are contained therein. Dammarane type triterpenes are typical sapogenins which constitute
saponins in P. ginseng.

It is well known that biological activities are different between stereoisomers(Kumma, 1966). The wood of Keruing
(tropical wood, Dipterocarpus sp.) contains abundantly hydroxydammarenone- II (1)(Fig.1), one of dammarane
type triterpenes. As it is a triterpene having carbonyl group at the 3 position, it is expected to be reduced to form
two stereoisomer alcohols, a alcohol(2) and # alcohol(3) (Fig.1). # Alcohol(3) is formed more than « alcohol
(2), because « alcohol is thermodynamically more unstable by steric repulsion(Fig.1). Almost all of naturally
occurring triterpenes with hydroxyl group at 3-position are 3 alcohls.

In this study, two kinds of reductants, sodium borohydride(NaBH ,) and lithium tri-sec-buthylborohydride
(LiBH(sec-Bu) , ), were used. Sodium borohydride NaBH , is handled easily and it is used frequently. Lithium tri-
sec-buryl borohydride LiBH(sec-Bu), is bulky, so it is known as selective reducing reagent, especially for

cyclohexanone(Brown, 1970). The separation of the reduction products is also discussed.
2. Experimental

2.1 General Methods
Mass spectra(MS) by electron impact method were obtained with a JEOL JMS-DX303 mass spectrometer,
infrared spectra(IR) with a JASCO IRA-2 spectrometer, and nuclear magnetic resonance spectra(NMR) with a

JEOL JMS GSX-400 spectrometer using tetramethylsilane as an internal standard.
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Fig. | Hydroxydammarenone-1I(1) and its corresponding alcohols ( « (2) and 3 (3))

Tetrahydrofurane(THF) used in the reduction was dried with calcium hydride and then distilled in the presence

of sodium and benzophenone.
2.2 Plant material

Dipterocarpus sp. was collected in Kalimantan, Indonesia in 1965. Details were referred to No.206 of this
bulletin{Woop TEcHNGLOGY Div., 1967).

2.3 Extraction and isolation of hydrexydammarenone- I (1)

Wood powder(9.5kg) of Dipterocarupos sp. was extracted with benzene(54 1) using a Soxhlet extractor to give
310g of extractives. The extractives was applied to a silica gel column chromatography(70-230mesh; MERCK
Co. Ltd.) eluted with hexane/acetone(100/0-5/1) two times, followed by a fine silica gel column chromatography
(230-400mesh; MERCK Co. Ltd.) eluted with hexane/acetone{(100/0-10/}), to obtain a white solid.
Hydroxydammarenone- I (1) was isolated from this solid by recrystalization from warm methanol and water
(28.82g, 0.3% of wood powder, colorless needles).

2.4 Reduction of hydroxydammarenone- [l (1)

2.4.1 Reduction with NaBH,

To hydroxydammarenone- II (1)(22.9mg) in isopropyl alcohol(4ml), NaBH, was added gradually at room
temperature(20°C) to reduce it completely. The reaction mixture was extracted with diethyl ether, and purified by
a silica gel column chromatography(230-400mesh; MERCK Co. Ltd.) eluted with hexane/acetone(100/0 - 5/1).

2.4.2 Reduction with LiBH(sec-Bu)3

To hydroxydammarenone- I (1)(114mg) in dry THF(4ml) kept at -78°C to 50°C(Table 1), two equivalents of
LiBH(sec-Bu) , were added as 1M-THF solution{0.515ml). The reaction mixture was treated with 140ml of 3M
sodium hydroxide, followed by 140ml of 30% hydrogen peroxide to oxidize the organoborane. Potassium carbonate
was added to saturate the aqueous phase, and then the mixture was extracted with diethyl ether. The ether extracts

were purified by the same procedure as described above.
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2.4.3 Quantitative analysis of reduction products by ' H-NMR
The ratio of « alcohol(2) and 3 alcohol(3) formed by reduction was estimated by the relative intensities of the

resonances due to 3-H(protons at the 3-position) in the ' H-NMR spectrum.

3. Results and Discussion

3.1 Reduction with NaBH,

Eight equivalents of NaBH, were necessary to reduce hydroxydammarenone- Il (1}(22.9mg) to yield 20.1mg of
alcohol 87% of (1). On the basis of 'H and *C NMR spectra of the reaction product, it was found that only 3
alcohol(3) was stereoselectively produced(Table 1).

3.2 Reduction with LiBH{sec-Bu),

Hydroxydammarenone- Il (1)(114mg) in THF was reduced immediately by two equivalents of LiBH(sec-Bu),
at-78°C to 50°C to yield 105mg of alcohol [(92% of (1))]. On the basis of 'H and "C NMR spectra of the reaction
product, it was found that both « (2) and 8 (3) alcohols were produced and a ratio of « (2) and /3 (3) formed was
different according to the reaction temperatures(Table 1). At higher temperature, « alcohol(2) was formed more.
Because of the danger of this reductant at higher temperature, the reduction was carried out at room temperature
to isolate a alcohol.

3.3 Separation of a alcohol(2) and f alcohol(3)

The reduction products of hydroxydammarenone- I (((1), 2.06g)] with LiBH(sec-Bu), at 24C were applied
to a silica gel column chromatography(230 - 400mesh, 90g) eluted with hexane/acetone(100/0-90/10), and
fractionated(16ml per each fraction). Fractions 1-2 were combined, and colorless needles were obtained by
recrystalization from this eluent. They were identified as « alcohol(2) on the basis of 'H and *C NMR data.

The high performance liquid chromatography(HPLC) system using octadecylsilane(ODS) eluted with methanol
and water(9:1) showed good separation of the mixture(Fractions 3-32) of a and 2 alcohols(Fig. 2).

3.4 Spectral data of a alcohol(2) and £ alcohol(3)

a Alcohol(2). IR © v max(KBr) ; 3 350(broad), 2 950 cm'. MS . m/z 426(M*-H,0). 'H-NMR : (cf . s=singlet,
d=doublet, t=triplet, qg=quartet, m=multiplet, tqq=triplet quartet quartet) . 5.12(1H, tqq,J=7.08, 1.46, 0.98 ; 24-
H), 3.39(1H, t, }=2.93 ; 3-H), 2.1-1.0(26H, m , methylene), 1.69(3H, d, J=0.98 ; 26-Me), 1.62(3H, s ; 27-Me),
1.143H, s ; 21-Me), 0.96(3H, s ; 30-Me), 0.94(3H, s ; 28-Me), 0.90(3H, s ; 18-Me), 0.86(3H, s ; 19-Me), 0.84

Table 1. The ratio of « alcohol(2) and 3 alcohol(3) formed by
reduction of hydroxydamarenone- I (1)

Reducing reagents Temp%atures « alcohol(2) : B alcohol(3)
49
NaBH, 20 1 127
LiBH(svsc-Bu)3 -78 1 2.72
0 1 1.12
24 1 1.04
40 1 0.93
50 1 091
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Fig. 2 HPLC chromatogram of separation of « alcohol(2) and /8 alcohol(3)

(3H, s ; 29-Me). BC-NMR : 131.7(25-C), 124.8(24-C), 76.4(3-C), 75.5(20-C), 50.6(14-C), 50.5(9-C), 49.9(17-
(), 49.6(5-C), 42.3(13-C), 40.7(22-C), 40.6(8-C), 37.7(4-C), 37.4(10-C), 35.2(7-C), 33.7(1-C), 31.2(15-C), 28.4
(28-C), 27.7(16-C), 25.8(26-C), 25.5(2-C), 25.5(21-C), 24.9(12-C), 22.7(23-C), 22.2(29-C), 21.5(11-C), 18.3(6-
C), 17.8(27-C), 16.6(18-C), 16.1(19-C), 15.6(30-C).

A Alcohol(3). IR I v max(KBr) ; 3 430(broad), 2 950 cm'. MS [ m/z 426(M™*-H,0). '"H-NMR : (cf :
tm=triplet and multiplet, dd=double doublet) . 5.12(1H, tm, ]=7.08 ; 24-H), 3.20(1H,dd, J=11.23, 5.12 ; 3-H),
2.1-1.0(26H, m ; methylene), 1.69(3H, s ; 26-Me), 1.62(3H, s ; 27-Me), 1.14(3H, s ; 21-Me), 0.98(3H, s ; 28-
Me), 0.96(3H, s , 30-Me), 0.88(3H, s ; 18-Me), 0.85(3H, s ; 19-Me), 0.78(3H, s ; 19-Me). *C-NMR : 131.6
(25-C), 124.7(24-C), 79.0(3-C), 75.4(20-C), 55.9(5-C), 50.7(9-C), 50.3(14-C), 49.9(17-C), 42.3(13-C), 40.5(22-
C), 40.4(8-C), 39.1(1-C), 39.0(4-C), 37.1(10-C), 35.3(7-C), 31.2(15-C), 28.0(28-C), 27.6(16-C), 27.4(2-C), 25.7
(26-C), 25.4(21-C), 24.8(12-C), 22.6(23-C), 21.6(1 1-C), 18.3(6-C), 17.7(27-C), 16.5(18-C), 16.2(19-C), 15.5(30-
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), 15.4(29-C).

Chemical shift data of the carbons of « alcohol(2) and 8 alcohol(3) were referred to those of Asakawa (1977).
In addition, the 'H-"*C COSY (H/C shift correlation spectroscopy) and COLOC(correlation spectroscopy via long-
range coupling) spectra provided the evidence needed for assignment of olefine, C-OH, and methyl carbons.
Furthermore, comparison of chemical shifts between « and j alcohols permitted assignment of the carbon
signals of 3 alcohol.

Thirty signals were observed in the *C-NMR spectrum of 7 alcohol(3). The signal at 25.4ppm was assigned to
21-C(carbon at the 21-position) by consideration of 'H-3C COSY spectrum, which clearly showed cross peak
between 21-C carbon and methyl protons at the 21-position at 1.14ppm. Furthermore, the DEPT(distortionless
enhancement by polalization transfer) experiment made clear that the signal at 24.7ppm was due to methylene
carbon. Consequently, the signal could be assigned to 12-C. In Asakawa’s paper, it was reported that the signal at
25.4ppm was due to 12-C and the signal at 24.7ppm was due to 21-C. Therefore, his assignments of 21-C and 12-
C should be revised.

The chemical shifts for 3-C and 29-C of f alcohol(3) differed remarkably from those of « alcohol(2). In the
spectrum of 3 alcohol(3), 3-C and 29-C appeared at 79.0 and 15.4ppm, respectively. On the other hand, the
corresponding signals of « alcohol(2) were observed at 76.4 and 22.2ppm, respectively.

In the '"H-NMR spectrum of the mixture of a« alcohol(2) and 8 alcohol(3), two signals due to 3-H were
observed(Fig.3). Coupling constants (J2axial(ax)-3 and Jzequatorial(eq)-3 ) of a alcohol(2) were almost equal to
each other(2.93 Hz), therefore this signal(due to 3-H) looked like triplet. As the 3-H of /2 alcohol(3) is axial, Jax-3
and J2eq-3 were quite different(11.23 and 5.12 Hz, respectively). Therefore, the signal due to 3-H was clearly
double doublet.
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Fig.3 !'H-NMR spectrum of « alcohol(2) and 2 alcohol (3) at the 3-position and coupling constants (J)
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