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( + ) - G l o b u l o l  as a new sesquiterpene alcohol from Angefica sylvestris L. 

E. Yu. l~nokurova,* E. E. Shults, L Yu. Bagryanskaya, Yu. V. Gatilov, and G. A. Tolstikov 

Novosibirsk Institute of Organic Chemistry, Siberian Branch of the Russian Academy of  Sciences, 
9 prosp. Akad. Lavrent'eva, 630090 Novosibirsk, Russian Federation. 

Fax: +7 (383 2) 35 4752. E-mail: schultz@nioch.nsc.ru 

The chemical composition of the essential oil from the roots of Angelica sylvestris L. was 
studied. The structure of the major component, the tricyelic hydroazulene sesquiterpene 
(+)-globulol, which was isolated from a natural object for the first time, was established 
based on X-ray diffraction analysis. 
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The useful properties of plants of the Angelica syl- 
vestris L. (wild angelica) species belonging to the Apiaceae 
(Umbelliferae) Family have long been known, i -3  The 
active components of these plants include coumarins, 4-6 
flavonoids, 7,s polyacetylene compounds, 9 and also an es- 
sential oil, which was found to contain (+)-limonene, a -  
pinene, 13-pinene, furfural (in roots), l~ and the sesquit- 
erpene alcohol bisabotangelone (in fruits), lz Substantial 
contents of essential oils (0.4--0.6%) have also been 
found in other species of the Angelica genus, namely, 
A. archangelica L. 13 aqd A. glauca. 14 

The present communication is devoted to the com- 
position of the essential oils (EO) from the underground 
organs of individual specimens of Angelica sylvestris, 
occurring at different stages of development (ontogen- 
esis), viz., young nonflowering (virginal) and adult flow- 
ering (generative) specimens.  

The EO were isolated by the hydrodistiHation method 
modified for small samples, t5 This method can be em- 
ployed when only 5.0 g of the raw material is available; 
thus, EO of an individual plant can be isolated and 
analyzed. The overall content of EO was 0.9--1.3% 
relative to the air-dry substance of a root. 

The isolated compounds were identified by GLC. 
The determined component compositions of the EO 

from the underground organs of A. sylvestris are summa- 
rized in Table 1. The qualitative composition of the EO 
in all of the plants studied was roughly the same, and 
the quantitative ratio of the components (both groups 
and individual components) varied insignificantly. It 
should be noted that the amount of sesquiterpene alcohols 
tends to decrease on passing from young (virginal) to 
ripe (generative) individuals, whereas the accumulation 
of hydrocarbons follows the opposite dynamics. 

Sesquiterpene alcohols (70--76%) constitute the main 
group of compounds present in the EO from A. sylvestris. 
The hydroazulene alcohol (+)-globulol (1), which was 
isolated from natural sources for the first time, proved to 

13 
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be the major component  of these 
alcohols and of the EO as a whole. 

The structure of this compound 
was determined based on physico- 
chemical characteristics and NMR 
spectra. Thus  the melting point and 
the ~H N M R  spectrum of compound 
1 virtually coincide with published 

Table 1. Contents of the essential oil components in the roots 
of Angelica sylvestris as a function of the age (in percent of the 
EO weight) 

Component Age state 
virginal generative 

(~') (g) 

Monoterpene hydrocarbons 0.56+0.01 1.01• 
ct-Pinene 0.39• 0.43• 
A3-Carene - -  0.21• 
Limonene 0.15• 0.36• 

Monoterpene alcohols 0.43+0.07 1.01• 
a-Terpineol 0.43+0.07 0.53• 
Methyl ether of thymol -- 0.48• 

Acetates of monoterpene alcohols 0.74+0.12 t.75• 
Bomyl acetate 0.13• 0.43• 
Citronellyl acetate 0.28+0.03 0.855:0.21 
Geranyl acetate 0.I 8+0.03 0.24• 

Sesquiterpene hydrocarbons t4.65+0.75 21.03+1.59 
Cat3,ophyllene 0.95• | .29• t 
13- Famesene 1.57+0.[6 1.86:1:0.22 
Germacrene D 3.10+0.16 t.64:t:0.2 I 
[~- Bisabotene 3.93+0.40 4.04• 
a- Mutolene -- 1.59• 
8,y-Cadinenes 2.85• 4.27-1-0.28 

Sesquiterpene alcohols 75.90,-!-1.28 70.33• 
Nerolidot 3.00• 4.33+__0.61 
~3-Cedrol 1.93• 2.38• 
(+)-Globulol 46.36• 35.64• 
a-Bisabolol 6.50• 8.58• 

Translated from Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 3, pp. 606--609, March, 1999. 
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Table 2. Data of the t3C NMR spectra of globulol enantio- 
m e l ' s  

Atom fi Atom 5 

(+)-1 ( - ) - t  (+)-I ( - ) - I  

C(t) 56.6 d 56.8 d C(9) 44.4 t 44.4 t 
C(2) 26.5 t 26.6 t C(10) 75.4 s 75.3 s 
C(3) 34.4 t 34.3 t C(ll)  19.1 s 19.2 s 
C(4) 36.2 d 36.2 d C(12) 15.6 q 15.5 q 
C(5) 39.4 d 39.5 d C(13) 28.5 q 28.5 q 
C(6) 26.0 d 26.0 d C(14) 15.9 q 15.9 q 
C(7) 20.00 d 19.98 d C(15) 20.0l q 20.01 q 
C(8) 28.2 t 28.2 t 

f'X/'1 \ 

data. 16-1s The optical rotation [a]D 2~ of  the globulol 
enantiomer that we isolated is +43.13 ~ (c 0.8, CHCI3), 
which coincides, except for the sign, with the value 
found for ( - ) -g lobulol  from Eucalyptus globulus Labill 
(blue gum). 19 The carbon chemical  shifts in the 
13C N M R  spectrum of globulol isolated from Angelica 
sylvestris roots and Eucalyptusglobulus leaves are given in 
Table 2. It should be noted that the difference between 
the carbon chemical shifts of  enantiomers is slight and 
falls within the experimental error; the greatest differ- 
ence is observed for the C(1) and C(10) atoms (AS 0.2). 

The X-ray diffraction data confirm the structure of 
(+)-globulol isolated from A. sylvestris roots. The mo- 
lecular structure is shown in Fig. t. The bond lengths in 
the molecule are close 'to the statistical mean values, z~ 
The five- and seven-membered rings of the molecule are 
trans-joiaed. The cyclopentane moiety has an envelope 
shape; the C(4) atom deviates by -0.642(9) A from the 
plane containing the o the r  atoms of this ring (with a 
maximum deflection of 0.016(3) A). The conformation 
of  the seven-membered ring is one of the most stable 
conformations of cycloheptane and is defined as a chair 
(its energy is only ~4 kJ tool -~ higher than that of  the 
twist-chair conformation), zl We found about a dozen 
structures of  the aromadendrane type in the Cambridge 
Structural  Data Bank. 2z Apoaromadendrone  and 
(+)-4-hydropalustrol z3 are the closest analogs of  the 
compound studied here. Despite the difference in the 
side groups, the geometry and conformations of the 
rings in the three compounds are generally similar. 

in addition to (+)-globulol,  the EO from A. sylvestris 
contain sesquiterpene alcohols 13-cedrol, c~-bisabolol, 
and nerolidol (Table 1). These compounds were lbund 
in A. sylvestris for the first time. 

The second largest group of  compounds in the EO is 
the group of  sesquiterpene hydrocarbons (15--21%), 
comprising 13-bisabolene, 5,~,-cadinenes, germacrene, 
13-farnesene, ct-murolene, and caryophyllene. 

Slight amounts of other compounds were also identi- 
fied: monoterpene hydrocarbons (~-pinene, A3-carene, 
and limonene), monoterpene alcohols (et-terpineol and 
methyl ether of thymol), and monoterpene alcohol ac- 
etates (bonlyl acetate, citronellyl acetate, and geranyl 

acetate). 

Fig. I. Overall view of the molecule of globulol from A. 
sylvestris. The errors of determination of bond lengths are 
within 0.004--0.007 A. 

Thus, the composition of  the EO of the underground 
organs of A. sylvestris was studied in detail. Eighteen 
individual compounds including 8 monoterpene and 10 
sesquiterpene derivatives were isolated and identified. 
The sesquiterpene alcohol (+)-globulol was isolated for 
the first time from natural objects. 

Experimental 

The material for the study was gathered in large-grass 
meadows at the axial part of the Satairskii mountain range 
(Novosibirsk region, Toguchinskii area). The underground or- 
gans of A. sylvestris were marked and each root was dried 
separately. To study the dynamics of accumulation of EO 
components (procedure A), 25 virginal and 25 generative 
individual plants were gathered. Some of the roots were gath- 
ered and dried together without grading into age states in order 
to isolate individual substances (procedure B). 

NMR spectra were recorded on a Bruker AC 200 instru- 
ment (200.1.3 MHz for tH and 50.32 MHz for t3c) in CDCI 3 
solutions. The signal multiplicity in the 13C NMR spectra was 
determined using the standard procedure for recording the 
spectra in the JMODXH mode. The X-ray diffraction study of 
~,+)-globulol 1 was carried out on a Syntex P2 t diffractometer 
using Cu-Ka radiation and a graphite monochromator. 

The optical rotation was determined on a Polamat-A 
instrutnent at a wavelength k of 594 nm. 
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The refraction index was determined on a URF-454 B 
refractometer. GLC was carried out on a Chrom-41 instru- 
ment with a flame ionization detector using nitrogen as a 
carrier gas (flow rate 2 mL min-~), a 50 rex0.2 mm capillary 
column, and polymethylsiloxane as the stationary phase; the 
evaporator temperature was 160 *C and the column tempera- 
ture was 60 ~ Compounds were identified based on the 
retention time and by adding reference compounds to the EO 
(procedure A) or to fractions of the pentane extract (procedure 
B). The products were isolated by column chromatography on 
KSK silica gel (SiO2, 100--250 mm) (pentane, pentane--Et20 
5 0 :  1 , 2 0 :  1, 10 :  I). 

Isolation of EO from the .-derground parts of A. sylpestr/s. 
A. An individual air-dry root was powdered, weighed, and 
placed in a I-L flask, either whole or as a portion (4.5--7.0 g) 
if the root was too large. Then 600 mL of water was added to 
the flask, a setup was assembled as described previously 15 (the 
setup was modified by the addition of one more reflux con- 
denser), and the contents were heated to boiling. The extrac- 
tion was carried out for 2.5 h after the first drops of conden- 
sate had appeared in the receiver. The resulting essential oil 
was weighed in a glass ampule to determine the weight propor- 
tion of the EO in the air-dry root and analyzed by GLC (the 
ampules with EO samples were stored sealed). The results are 
presented in Table t. The general characteristics of the EO 
from the underground organs of A. sylvestris were as follows: 
d42~ 0.9535; nD 2~ 1.494; [~1o -~4 +20.03* (e 7.6, CHCI3); the 
essential number is 16.648; the acid number is 6.827. 

B. A 1400 g sample of crushed air-dried roots of A. 
sylvestris was extracted with pentane (2• mL). The com- 
bined pentane extract was concentrated to give 14.6 g (I.04%) 
of an oil, which was distilled in vacuo to give three fractions, 
1.25 g (b.p. 90--140 ~ 3.58 g (b.p. 140--170 *C), and 
3.66 g (b.p. 170--200 ~ The bottom residue (6.12 g) was 
not analyzed. The distillation products were additionally sepa- 
rated by column chromatography on SiO 2. Elution of the first 
and second fractions by pentane gave monoterpene and ses- 
quiterpene hydrocarbons, respectively; subsequent elution with 
ether gave acetates of monoterpene alcohols (fraction 1) and 
sesquiterpene alcohols (fraction 2); the latter were additionally 
separated by gradient elution. The predominant component of 
the second fraction was (+)-gtobulol I, which crystallized in 
the eluent as long needle crystals. The mother liquor was 
separated from the crystalline precipitate and analyzed by 
GLC. Recrystallization of the precipitate from EtOH afforded 
pure (+)-globulol 1, 1.57 g (43.85% of the fraction weight, 
10.75% of the weight of the pentane extract, and 0 . I I% of the 
weight of the air-dry roots). (+)-Globulol (1) thus isolated had 
the following characteristics: m.p. 88.0--88.5 *C (from EtOH), 
[ctlo 20 +43,13 ~ (c 0.8, CHCI3). Gradient elution of the third 
fraction also gave sesquiterpene alcohols. 

Isolation of (-)-globuloi from Eucalyptus globulus Labill. 
leaves. The eucalyptus leaves were gathered in the Botanical 
Garden of the Siberian Branch of the RAS. A 300-g portion of 
crushed air-dry E. globulus leaves was extracted under the same 
conditions as underground organs of A. sylvestris (pentane, 
2x200 mL). The combined pentane extract was concentrated 
(weight 2.43 g) and separated by column chromatography. Only 
the fraction containing (-)-globulol was collected (TLC moni- 
toring by comparison with (+)-globulol) to give 0.04 g (1.6% of 
the extract weight and 0.01% of the weight of the leaves). After 
evaporat ion of  the  solvent,  the residue, ( - ) -g lobu lo l .  
crystallized, m.p. 88.5 ~ (from EtOH), [~tlo -48.30 ~ (c 2.45, 
CHCI3). 

X-ray diffraction study of (+)-globelol. The crystals are 
trigonal, a = 13.438(5), b = 13.438(5), c = 6.807(3) ~, V--  

Table 3. Coordinates (xl04) and equivalent thermal factors 
(x 103/A2) of nonhydrogen atoms in (+)-globulol 

Atom x/a y/b L/c Uequi v 

C(I)  841(3) 8217(3) 7652(6) 44(1) 
C(2) 2011(4) 8915(4) 8733(8) 64(I)  
C(3) 2466(4) 8078(5) 9018(9) 81(2) 
C(4) 1967(5) 7245(4) 7340(8) 72(2) 
C(5) 713(3) 7012(3) 7282(6) 46(1) 
C(6) 34(3) 6430(3) 5499(6) 48(I)  
C(7) -1244(3) 6064(3) 5413(7) 51(I) 
C(8) -1790(4) 6302(3) 7118(7) 58(1) 
C(9) -1286(3) 7595(4) 7524(7) 54(1) 
C(10) -179(3) 8189(3) 8719(6) 45(1) 
C( I I )  -887(4) 5151(3) 5392(7) 59(1) 
C(12) 2610(4) 7723(5) 5439(10) 91(2) 
C(13) -352(4) 7716(4) 10767(6) 64(I)  
C([4) -1013(5) 4565(4) 3467(9) 83(2) 
C(15) - I122(5)  4377(4) 7130(8) 82(2) 
O(I) 92(2) 9376(2) 9008(4) 50(1) 

1064.5(7) ~.3, space group P32, Z = 3, C15H260, tt = 
0.471 mm -1, dcajc = 1.041 g cm -3. The intensities of  1154 
independent reflections with 20 < 120 ~ were measured by the 
0/20-scanning method. The absorption correction over the 
crystal cutting was applied (transmission 0.94--0.97). The 
structure was solved by the direct method using the SHELX-86 
program. The positions of the H atoms were determined 
geometrically. The final refinement o f  the structure parameters 
was performed by the least-squares method in the full-matrix 
anisotropic approximation (the H a toms were not included in 
the refinement) by the SHELXL-93 program to wR 2 = 0.1198 
for F 2 and R = 0.0486 for 839 F 0 > 40 (145 parameters were 
refined). The coordinates and the equivalent thermal factors 
for nonhydrogen atoms are presented in Table 3. 

The absolute configuration of (+)-globulol  could not be 
established unambiguously, the Flock parameter being equal 
0.1(6). Note that refinement of the  enantiomeric structure 
results in a somewhat worse Flock parameter  (0.3(6)). 

In the crystal, the globulol molecules are linked through 
hydrogen bonds, O(I)--H. . .O(I)  ( O - - H  0.82 .~,, O(1)...O(1) 
2.76 ]k, H...O(I) 1.950 ]~, O( I ) - -H . . .O( I )  169~ to give infi- 
nite chains twisted around a 32 threefold axis. 

The  au thors  are grateful  to V. A. K h a n  a n d  A. V. 
T k a c h e v  for assis tance and  use fu l  adv ice  d u r i n g  the  
work. 
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