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Abstract-Ten new apiene-type humulenoid esters were isolated from the root of Ferulu haussknechtii. The structures 
were elucidated by spectroscopic methods. 

In continuation of our investigation of Ferufu species 
which are indigenous to the Anatolia region of Turkey 
Cl+, we investigated F. haussknechtii Wolff. ex Rech. 
Ferula species are known to he a rich source of different 
classes of sesquiterpenes such as daucanes, germacranes, 
eudasmanes, guaianes, elemanes, humulenes and himaca- 
lenes [S]. Although the occurrence of humulenes is 
relatively rare in the genus FeruIa, a-humulenes from 
F. juniperina [6-81, F. xeromorpha [9, lo] and F. tschat- 
calensis [ 111, as well as y-humulenes from F. ceratophylla 
[ 121, have been reported previously. 

RESULTS AND DISCUSSION 

The dichloromcthane extract of the root of F. haussk- 
nechii afforded ten new sesquiterpene eaters in sd 
amounts; their structures were elucidated by spectral 
techniques, especially stereochemical data obtained with 
the relatively new techniques such as 2D NMR homo- and 
heteronuclear COSY and high resolution NOESY 
experiments. 

The IR spectra of the benzoate (1) (Cz2H2s02), p 
hydroxybenxoate (2) (CI,H,sOs) and vanillate (3) 
(C,,H,,O,) derivatives of fervanol all exhibited absorp- 
tions for an aromatic acyl group. The ‘H NMR (Table l), 
’ 3C NMR (Table 2) and MS data for 1.2 and 3 coniirmed 
the presence of benzoate, phydroxybenzoate and vanil- 
late acyl groups, respectively, as well as the same seaquiter- 
pene nucleus for all three. A total of four degrees of 
unsaturation were assigned for this nucleus based on the 
13CNMR and mass spectral data. The ‘HNMR and 
*‘C NMR spectra of 1-3 indicated the presence of an 
exocyclic methylene group (64.%,4.90, each 1H. d and 
148.3, s; 114.7, t), (a trisubstituted double bond (6 5.32, lH, 
t; 1.48, 3H, d and 126.9, d; 135.5, s) and a truns dis- 
ubstituted double bond (66.04 and 5.59, each lH, d, J 
= 16.1 Hz 138.5, d and 128.3. a), aa well as two geminal 
methyl groups (6 1.16 and 1.07, each 3H, s, both at 26.0, q). 
The presence of these three double bonds indicated a 
monocyclic structure for all three compounds; moreover, 
the presence of two geminal methyl groups instead of an 
isopropyl group clearly demonstrated the y-humuknoid- 
type structure for l-3. The location of the aromatic acyl 

groups and the structural relationship of these three 
compounds was deduced from 2DNMR homonuclear 
COSY45 experiments. Nevertheless, the spectral data did 
not establish all stereochemical matters. Interestingly, in 
the ‘HNMR spectra of l-3 the exocyclic methylene 
proton signals appear as two doublets, whereas the same 
signals in the spectra of all previously known y-humulenes 
except for the compound obtained from F. ceratophylla, 
which probably has the same stereochemical features as 
l-3, were reported as broad singlets [13, 143. The 
2D NMR homonuclear COSY-45 experiment confirmed 
the presence of geminal coupling between the exocyclic 
methylene protons but no other long rangecouplings with 
these protons. This feature is probably indicative of a 
different conformation of l-3 relative to previously 
reported y-humulenes. Further information regarding the 
stertochemistry of l-3 was obtained by a series of 
NOESY experiments. The ‘HNMR NOESY experi- 
ments of 3 verified an s-trans for the conjugated 4( 15),5- 
diene system and B orientation for the C-7 acyl group. 

The IR spectra of the benzoate (4) (Cz2HzsOs) and 
vanillate (5) (C,,H,,O,) of kurubasch aldehyde showed 
an q&unsaturated aldehyde (1695 cm - * ) and aromatic 
acyl group absorptions. The aromatic acyl groups of 4 and 
5 were assigned as benzoate and vanillate, respectively, on 
the basis of their ‘H, 13CNMR and mass spectral data. 
Similarity of their spectra, except for the acyl group 
signals, confirmed the same sesquiterpene skeleton in 
both 4 and 5. In addition to the other spectral data, an a- 
humulenoid structure for 4 and 5 was deduced from the 
ZDNMR homonuclear COSY-45 experiments. In the 
‘H NMR spectra of 4 and 5 the downlkld position of the 
H-5 signal (66.50, lH, d) and the presence of an aldehyde 
proton signal (69.4, H-I, d) instead of a second vinylic 
methyl signal expected for an a-humulene, clearly in- 
dicated that in 4 and 5 the C4 methyl of a-humulenes had 
been replaczd with an aldehyde group. Furthermore, the 
doublet at 6 5.7 (1 H), which coupled with the former H-5 
signal, at 66.50, conlirmed the location of tht aromatic 
acyl groups to be C-6 in both compounds. The NOESY 
experiments of 4 (Table 3) showed that both the A’* lo and 
A doubk bonds had the E coniigwation and that the 
stereochemistry of the acyl group at C-6 is 8. 

Kurubaachic acid angelate (6) (C,,H,,O,) and ben- 
zoate (7) (CzIHzIO.) exhibited similar spectral data to 
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(CLXI,, TMS as int. stan&ud, I in Hx in parentheses) 

6 7 8 9 10 
(200 MHz) (500 MHz) (200 MHz) (500 MHz) (MO MHz) 

1735 

H-l 5.25 br t 

(7.6) 
H-2 

2.30 m 
H-2 

H-3 
2.63 m 

H-3 

H-S 6.93 d 

(10.6) 
H-6 5.45 d 

(10.6) 
H-7 

1.25 m 
H-7 
H-8 

1.48 m 
H-8 
H-9 2.21 br d 

(12.6) 
H-9 1.48 dt 

(2.1; 12.6) 
H-12 1.07s 
H-13 0.89s 
H-14 1.61 br s 

H-15 
H-15 
H-3” 6.06 qq 

(1.4; 7.2) 
H-4” l.%dq 

(1.4; 7.2) 
H-5” 1.86 t 

(1.4) 
H-6” 

H-7” 

OCH, 

5.27 br t 

(7.4) 

2.28 m 

2.68 ddd 
(5.3; lo; 12.6) 
2.61 td 

(4.1; 12.6) 
6.98 d 

(10.6) 
5.58 d 

(10.6) 
1.31 m 

1.18 m 
1.63 m 

1.32 m 
2.19 br d 
(12.6) 
1.47 dt 
(2.1; 12.6) 
1.17 s 
0.93 s 
1.61 s 

7.98 dd 
(1.4; 8.7) 
7.41 dt 

(1.3; 8.6) 
7.53 dt 

(1.3; 8.6) 
7.41 dt 

(1.3; 8.6) 
7.98 dd 
(1.4; 8.7) 

2.98 tip 
(3.4; 11.3) 
2.25 ddd 
(1.5; 6.5; 14.4) 
1.58 br q 

(14.4) 
2.96 dt 

(1.4; 14.2) 
2.70 br dd 

(6.3; 14.2) 
6.88 d 

(10.6) 
5.53 d 

(10.6) 

1.38 m 

1.38 m 

1.82 br dd 

(11.6; 14.3) 
1.25 m 

1.10s 
0.95 s 
1.18 s 

6.lOqq 
(1.4; 7.2) 
1.98 dq 

(1.4; 7.2) 
1.88 t 
(1.4) 

2.98 dd 
(3.4; 11.4) 
2.24 ddd 

(3.1; 6.4; 14.1) 
1.57 ddt 

(1.5; 13; 14.4) 
2.97 dt 

(1.4; 14.2) 
2.71 br dd 
(6.4; 14.2) 
6.94 d 

(10.9) 
5.66 d 

(10.9) 

1.41 m 

1.41 m 

1.34 m 
1.81 br dd 

(11.7; 12.4) 
1.22 dd 
(8.1; 12.4) 
1.19 s 
0.98 s 
1.17s 

7.99 dd 
(1.4; 8.1) 
7.42 dt 

(1.3; 8.1) 
7.54 dt 
(1.3; 8.1) 
7.42 dt 

(1.3; 8.1) 
7.99 dt 

(1.4; 8.1) 

2.89 dd 
(4; 10.9) 
2.45 rt 
(3.7; 13.7) 
1.47m 

2.77 dt 

(3.3; 14.1) 
2.69 rd 

(3.7; 14.1) 
6.88 d 

(10.5) 
5.73 d 

(10.5) 
1.47m 

1.22m 
1.68 m 

1.28m 
2.07 dd 
(8.1; 12.7) 
0.83 b dd 

(11.6; 12.7) 
1.16s 
0.98 s 
1.39s 

7.99 dd 
(1.3; 8.1) 
7.43 dt 

(1.3; 8.2) 
7.54 dt 

(1.1 8.2) 
7.43 dt 

(1.3; 8.2) 
7.99 dd 
(1.3; 8.1) 

13C NMR data correlation of 9 with that of 11 and 10 
with that of 12, especially for their similar structural 
fragments, clearly supported these assignments. 

Humulenoid sesquiterpenes are relatively rare com- 
pounds in nature and the cis A4 double bond confor- 
mational feature in the compounds described here dis- 
tinguishes these compounds from the common type of all- 
trans-humulenes. Apparently, these cis A* double bond- 
containing compounds (a-apienes) are derived from 
ciszrans-famesyl pyrophosphate [18] in contrast to the 
truas,trans-farnesyl pyrophosphate precursor of the latter 
type. Due to their cis,trans-famesyl pyrophosphate pre- 
cursor the s-rruas 4( 15), S-diene conformation of fervanol 
esters (l-3) (y-apienes) is formed instead of s-cis 4( 1 S)$ 
diene conformation of common all-tratrs-humulene anal- 
ogue y-humulenes. It is of interest that to date all 
humulenoids containing cis A* double bonds or s-tram 

4( 15).5-dienes were isolated from the Apiaceae; therefore, 

we named this subclass as apiencs (similar to the 
germacrane-heliangene relationship). 

EXPERIMENTAL 

Plant material. The plant material was coketed from the 
KUN~ Pass area between Van-Giitpmsr (Eastern Anatolia) in 
June 1983. A voucher specimen is deposited in the Herbarium of 
Dicle University (DUF) (Herb. no. SAYA 8W67). 

Isolation ofumrpouxds. Air-dried and finely cut root pieces of 
F. haus&echtii (13 g) were extracted with CH#& (100 ml) at 
room temp. for 20 min. Concentration of the CHICl2 extract in 
cucuo provided 1.1 g of a crude viscous oil. This oil was dissolved 
in MelCO (50 ml) and left overnight in a refrigerator. Following 
the removst of precipitated hydrocarbon mixtures by filtration, 
the solvent WM removed in ractw to yield 980 mg of a light yellow 
viscous oil. This materisl was chromstographed on a Sephsdex 
LH-20 column (3 x 54tcm) pscked in cyclohexane 



Table 3. NOES with compounds 3.4.9 and 10 

3 
had. of NOE 

I R 8 Bsnzoalr 4 R = Bmzoate Compound 3 

H-5 
2 R = p - Hydroxyb.nZOOh 5 R * Vanillotr 

H-6 

3 R = Vanillalr \ m %I OR’ Hd 

6 R*Afqeble 6 A * Aqebte 

7 R = Benzoatr 9 R* BenmOte 

n R=Banzoola II R=Ac 12 R=Ac 

0 

I3 R=Ac 

H-7 

H-12 

H-13 

H-14 

Compound 4 

H-l 

H-5 
H-6 
H-14 

H-15 

Compound 9 

H-5 

H-6 
H-1&3a 

H-12 & 14 

Compound 10 
H-l 

H-5 

H-6 
H-12 

H-13 

H-14 

H-12, H-15 

H-7, H-l, H-3a 

H-6, H-9a 

H-5 

H-6, H-7 

H-28 

H-6, H-7a, H-3& H-9a 

H-12, H-15 

H-l, H-3q H-7a. H-13 

H-28 

H-5 

H-12 

H-l, H-3q H-13 

H-6, H-2a 

H-5 

H-78, H-9B 

H-12 

H-36 H-8a 

H-5 

H-6, H-801 

H-k, H-8a. H-9a 

Table 2. “C NMR spectral data for compounds 3,4,7 and 10 (CDCIJ, TMS) 

C 

1 

2 
3 

4 

5 

6 

7 

8 
9 

10 

11 
12 
13 

14 
15 

1’ 
2 

3 
4 
5 
6 

7 

NH, 

3 

(125.8 MHz) 

126.9 d 
30.2 t 
31.5 f 

148.3 s 

138.5 d 
128.5 d 
83.6 d 
30.2 I 
40.9 c 

135.5 s 

37.7 s 
26.0 q 
26.0 q 
17.0 q 

114.7 t 

166.0 s 
122.9 s 

124.0 d 
111.8d 
148.3 s 
150.0s 

114.1 d 

56.1 q 

4 7 10 

(22.6 MHz) (125.8 MHz) (125.8 MHz) 

124.4 d 123.9 d 60.8 d 
25.3 I 26.0 t 26.2 t 
25.6 t 27.7 I 25.1 t 

143.0 s 136.1 s 136.0 s 
143.0 d 138.3 d 138.2 d 
72.8 d 73.2 d 76.7 d 
35.8 t 35.6 t 37.3 f 
23.8 t 23.7 r 19.8 t 
35.8 t 35.9 t 38.3 1 

136.8 s 136.9 s 60.6 s 

37.8 s 37.8 s 37.7 s 
24.3 q 24.3 q 24.5 q 
22.9 q 22.8 q 22.9 q 
19.4 q 19.2 q 16.6 q 

218.1 d 173.4 s 171.7 s 

165.5 s 165.5 s 165.8 s 
130.2 s 130.2 s 130.0 S 

129.7 d 129.6 d 129.6 d 
128.5 d 128.3 d 128.5 d 
133.2 d 132.9 d 133.2 d 
128.5 d 128.3 d 128.5 d 
129.7 d 129.6 d 129.6 d 




