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Note 

Enantiomeric Resolution of a Germacrene-D Derivative by Chiral High-perform~lnce 
Liquid Chromatography 

Yoshinori NISHII, Taichi YOSHIDA, and Yoo TANABEt 

School of Science, Kwansei Gakuin University, 1-1--155 Uegahara, Nishinomiya, Hyogo 662, Japan 
Received August 28, 1996 

Direct enantiomeric resolution of the germacrene-D derivative, 
(5E, 7 S* ,9S*)-9-hydroxy-7-isopropyl-4,1 O-bis(methylene )-5-cyclo
decen-l-one, was carried out by HPLC with a chiral stationary 
phase. This method showed that germacrene-D contained in ylang 
ylang oil was 98% e.e., whereas germacrene-D extracted from 
Solidago altissima L. was almost racemic. 

Key words: germacrene"D; resolution; optical purity; 
chiral HPLC 

Germacrene"D (GD) is one of the representative sesquiterpenes 
possessing a ten"membered ring structure. 1) Since its first isolation 
from Pseudotsuga japonica,2) many studies have been devoted to 
GD for the following reasons: (a) its chemical ecology,3) (b) its 
biomimetic behavior2,4l; (c) the biological activity of its phero" 
moneS); (d) its synthesis6l ; and (e) as the starting compound for 
the total syntheses of pheromone-active periplanones. 7) GD is 
present in many plants with varying optical purity. Although the 
optical rotation of OD has been estimated,8) the enantiomeric 
purity of optically active GD has not been accurately determined 
by reliable high-performance liquid chromatography (HPLC) or 
gas chromatography. In connection with our interest in studying 
insecticidally active compounds,9) we report here the first enan
tiomeric resolution of the OD derivative, (5E.}S*,9S*)"9-hydroxy-
7 -isopropyl-4, 1 O-bis(methylene )-5-cyc1odecen-l-one (2), by HPLC 
with a chiral stationary phase by using two samples of the GD 
derivative. 

GD is a very labile and lipophilic compound, so we planned 
to transform it into more stable and polar derivatives while 
maintaining the germacrane skeleton with the expectation of easier 
separation by HPLC. To acheive this, we applied the Yamamura 
and Shizuri route for the total synthesis of periplanones,7) since 
a family of oxidative derivatives of GO would be obtained without 
any loss of optical purity. We used two samples of GD, namely, 
optically active GD [(7S)-GDJ contained in ylang ylang oil made 
in Madagascar and almost-racemic GD [(7S,R)-GD] extracted 
from Solidago aitissima L. (Seitaka-awadachiso) in Japan. 

M~[~l LOA 

germacrene 0 (GO) 

8e02 
-TBHP 

2 

+ (~) 

:~8 
~~ 

t To whom correspondence should be addressed. 

We first tested HPLC analyses (using Chiralcel OB and OD 
columns) of I-hydroxy derivative (lR*,7S*)-1 which was afforded 
by an epoxydation of (7S,R)-GD and subsequent treatment with 
lithium diisopropylamide (LDA). However, these analyses showed 
no separation by HPLC, probably because there are three carbons 
between the inherent chiral center (7-position) and the anchor 
carbon (I-position) with a hydroxyl function in 1. 

We next examined the application of 9-hydroxy derivative 
(7S*,9S*)-2 which was obtained by the further Se02 /tert-butyl 
hydroperoxide (TBHP) oxidation from (lR*,7S*)-1. Enhancement 
of the favored molecular interaction by HPLC was expected, 
because derivative 2 possesses one carbon fewer between the two 
chiral centers. This experiment gave a successful resuh, by clear 
separation of the two enantiomers of (7S*,9S*)-2 being obtained 
by HPLC with a Chiralcel 00 column (Fig.). 

The optical purity of (7S,9S)-2 derived from (7S)-GD in ylang 
yiang oil was 98% e.e., whereas (7S*,9S*)-2 derived from (7S,R)
GD in Solidago altissima L. was almost racemic [(7S,9S): (7R,9R) = 

51 : 49]. This HPLC analysis gave results in good accordance with 
the optical rotation values for corresponding compounds 2. This 
clear contrast in the optical purity values would have h~en due to 
the chemotaxonomic difference from the GD origins. The absolute 
configurations of 1 and 2 were rationally deduced from the 
literature. 7a

.10) It should be noted that (a) the two conversion 
sequences were highly stereoselective, because no other dia
stereomers of either 1 or 2 were detected by careful 1H-NMR 
measurements; and (b) no substantial epimerization at the 7-
position occurred during the conversion (~1 %), because (7S,9S)-2 
showed 98% e.e. Therefore, these e.e. values would correspond 
to those of the original GD samples. 

In conclusion, we achieved the first accurate determination of 
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Sample derived from yiang ylang oil Sample derived from Solidago altissi/ll(/ L. 

Fig. Direct Resolution of GD Derivative 2 by HPLC with a Chiral 
Stationary Phase (Chiralcel OD Column). 
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the optical purity of GD derivative by using a reliable HPLC 
analysis, although a few conversion steps were required. By 
utilizing the result, we are now studying a total synthesis of 
optically active periplanone species which will be reported in the 
near future. 

Experimental 
Apparatus. Melting point (mp) data were determined with hot-stage 

microscope apparatus (Y anagimoto) and are uncorrected. 1 H -NMR spec
tra were recorded with a JEOL ex (400 MHz) spectrometer, using TMS 
as an internal standard, while IR spectra were recorded with a JASCO 
FTjIR-8000 spectrophotometer. Analytical GLC was performed on a 
Shimadzu GC 9A with a DB-1701 wide-bore column (30mxO.545mm). 

High-peljormance liquid chromatography. Analyses were carried out 
by a Shimadzu LC-IOA instrument fitted with a UV-VIS detector. The 
standard chromatographic conditions were a Chiralcel OB or OD column 
[Oaicel, 4.61> x 250 mm, column temperature of 24.0°C, UV detection at 
255 nm, and injected amount of 1.5 mg/ml in CH 2CI2 (15 pJ)]. 

Purification of (7S)-GD. The ylang ylang oil [containing about 10% 
(- )-GDJ was purchased from Ogawa Koryo Co., Ltd. and purified up 
to about 40% by fractional distillation (68- 75°C/0.2-1.0 mmHg). This 
fraction was further purified ("" 60°;;) by a SiOz flash column chromatog
raphy (Merck Art. 7734, x 10 wt; hexane eluent). Chemical purity was 
determined by analytical GLC, and this material was used for the sub
sequent conversion. 

Extraction and purification of(7S,R)-GD. Dried leaves and stems (0.75 
kg) of Solidago altissima L. (Seitaka-awadachiso) collected at Nishinomiya 
(Hyogo prefecture) in August 1995 were cut into small pieces and extracted 
with hexane. The extract was concentrated in vacuo to give 12.0 g of a 
green syrup. This syrup was subjected to silica-gel flash column chromatog
raphy (Merck Art. 7734, J 20 g; hexane eluent) to give 0.76 g of (7S,RJ-GD 
(about 80% content by GLC analysis and lH-NMR measurement). 

Synthesis of (l R,5E,7S)- and (1 R*,5E,7S*)-7-isopropyl-4,lO-his(meth
ylene)-5-cyclodecen-I-ol [(1 K7S)-J and (1 R*JS*)-l]. 7a.(0) According to 
the reported method for preparing racemic compound 1, 7a) m-chloro
peroxybenzoic acid (28.8 g, 0.17 mol) in ether (100 ml) was added to a 
stirred solution of(7S)-00 (34.0 g, ca. O.JOmol) in ether (300m\) at O-IO°C 
during 1 h, and the mixture was stirred at 0- sec for 1 h. The mixture was 
then poured into an aqueous sat. NaHC03 solution (300 ml), which was 
extracted with ether (150 ml x 2). The combined organic phase was se
quentially washed with water, and brine, dried (Na2S04)' and concentrated 
to give a crude monoepoxide of (7S)-GD (36.0 g). LOA (1.5 M in cyc\o
hexane; 190 ml) was added to a stirred solution ofthis monoepoxide (36.0 g) 
in ether (300 ml) at - 60"C under a nitrogen atmosphere. The mixture was 
allowed to warm and was then kept at room temp. for 1 0 h. Watt:r was 
next added to the mixture, which was extracted with ether (500 ml x 2). 
The combined organic phase was sequentially washed with water and 
brine, dried (Na2S04 ), concentrated., and purified by silica-gel chromatog
raphy (hexane/EtOAc=7: 1) to give 14.8g ofOR,7S)-1 [67% yield based 
on net (7S)-GDJ as colorless crystals: mp 43-45°C; [IXJb8 -184.5° (c 0.2, 
CHCI3); IR (KBr): 3418,1460,1038 em -1; lH-NMR (COCI 3) 15: 0.80 (3H, 
d, J = 6.0 Hz), 0.89 (3H, d, J = 6.0 Hz), 1.1 0-1.80 (5H, m), 1.98--2.1 0 (2H, 
m), 2.l4--2.24 (1 R m), 2.382.48 (l H, m), 2.58--2.68 (lH, m), 3.78 (lH, 
dd, J =4.5 Hz and 7.3 Hz), 4.86 (lH, s), 4.94 (l H, s). 5.02 (IH, s), 5.29 
(lH, s), 5.44 (lR dd, J=5.1Hz and 9.6Hz), 6.00 (lH, d, J=10.9Hz). 

A similar procedure using (7S,R)-GD gave (1 R*,7S*)-1 7a
) as a colorless 

oil: [exJb8 -2.8° (c 0.2, CHCl 3 ). An HPLC analysis was attempted for the 
resolution of this sample (using Chiralcel OB or OD and changing the 
mobile phase of hexane: 2-propanol = 40: I to 200: 1). However. the 
analysis showed only one peak. 

Syntheses of (5EJS,9S)- and (5E,7S*,9S*)-9-hydroxy-7-isopropyl-4,JO
bis(methylene)-5-cyclodecen-1-one [( 7S,9S)-2 and (7S*,9S*)-2]. 7a) Accord-

ing to the reported method for preparing racemic compound 2,7a , TBHP 
(a 70% aqueous solution; 17.0 g, 0.132 mol) was added to a stirred wlution 
of selenium (IV) oxide 0.50 g, 13.5 mmol) in CHzCI 2 (90 ml) at room temp. 
To the resulting suspension was added alcohol (lR,7S)-1 (14.8 g, 6~1 mmol) 
in CHzCI 2 (45 ml) at 30-~35°C under a nitrogen atmosphere, and the mixture 
was stirred for 24 h at that temperature. Then, 10% aqueous KOH was 
added to the mixture to adjust the mixture to pH value to ca. 7.0. Dimethyl 
sulfide (12.5 g) and acetic acid (8.0 g) were successively added to the mixture 
at 0-5°C, before neutralizing with K zC03 (pH ca. 7.0) and extracting with 
CH 2Cl 2 (80 ml x 2). The combined organic phase was sequentially washed 
with water and brine, dried (NaZS04 ), concentrated, and purified by 
silica-gel chromatography (hexane/EtOAc = 3: 1 to 5: 2) to give 3.30 g of 
(7S,9S)-2 (21 %) and 5.69 g of ketone (7S)-3 (39%). (7S,9S)-2: pale yellow 
crystals; mp 37-41'JC; [xJb8 -167.0° (c 0.2, CHCI 3): IR (neat): 3447,1672, 
1026cm- 1

; lH-NMR (C6 D6) c5: 0.67 (3H, d, J=6.0Hz), 0.77 (3H, d, 
J=6.0Hz), 1.17-1.36 (lH, m), 1.58-.. 1.67 (2H, m), 2.03~2.17 (2R m), 
2.17-2.26 (lH, 111),2.37-2.57 (2R, m), 4.53 (1H, br.s), 4.70-4.76 (2H, m), 
4.97-5.07 (lH, m), 5.29 (J H, s), 5.53 (1 R, s), 5.60 (lH, s). Ketone (7S)-3: 
pale yellow oit [exJ55 -198.00 (c 0.50, CHCI 3): IR (neat): 1676, 1447, 
976 cm -1; 1 H-NMR (CDCI 3) 15: 0.80 (3H, d, J = 6.8 Hz), 0.87 (3H, d, 
J=6.8Hz), 1.46-1.58 (2H, m), 1.76-1.82 (1H, m), 1.93-2.00 (lR, m), 
2.28-2.41 (3H, m), 2.47-2.53 (lR m), 2.74--2.78 (lH, m), 3.02-3.08 (lH, 
m), 4.82 (lR, s), 4.91 (lR, s), 5.25 (lR, dd, J= 10.0 Hz and 16.0 Hz), 5.51 
(1H, s), 5.73 (lH, s), 5.75 (lH, d, .l= 16.0Hz). 

A similar procedure with (lR*,7S*)-1 gave (7S*,9S*)-2 7a
) as a colorless 

oil; [exJb8 __ 2.4' (c 0.2., CHCI 3). This sample was separated by HPLC with 
Chiralcel OD (mobile phase of hexane: 2-propanol=40: 1): (7R,9R)-2 
retention time= 15.91 min; (7S,9S) .. ·2 retention time= 19.71 min). 
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