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Abstract—Ten new apiene-type humulenoid esters were isolated from the root of Ferula haussknechtii. The structures

were elucidated by spectroscopic methods.

INTRODUCTION

In continuation of our investigation of Ferula species
which are indigenous to the Anatolia region of Turkey
[1-4], we investigated F. haussknechtii Wolff. ex Rech.
Feruia species are known to be a rich source of diiferent
classes of sesquiterpenes such as daucanes, germacranes,
cudasmanes, guaianes, elemanes, humulenes and himaca-
lenes [5]. Although the occurrence of humulenes is
relatively rare in the genus Ferula, a-humulenes from
F. juniperina [6-8], F. xeromorpha [9, 10] and F. tschat-
calensis [11], as well as y-humulenes from F. ceratophylla
[12], have been reported previously.

RESULTS AND DISCUSSION

The dichloromethane extract of the root of F. haussk-
nechtii afforded ten new sesquiterpene esters in small
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) (C,,H;30,;), p-
hydroxybenzoate (2) (C,,H,3O;) and vanillate (3)
(C13H;00,) derivatives of fervanol all exhibited absorp-
tions for an aromatic acyl group. The 'H NMR (Table 1),
13C NMR (Table 2) and MS data for 1, 2 and 3 confirmed
the presence of benzoate, p-hydroxybenzoate and vanil-
late acyl groups, respectively, as well as the same sesquiter-
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
13C NMR spectra of 1-3 indicated the presence of an
exocyclic methylene group (54.96, 4.90, each 1H, d and
148.3, 5; 114.7, 1), (a trisubstituted double bond (65.32, 1H,
t; 1.48, 3H, d and 1269, d; 135.5, s) and a trans dis-
ubstituted double bond (66.04 and 5.59, each 1H, d, J
= 16.1 Hz; 138.5, d and 128.3, d), as well as two geminal
methyl groups (61.16 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-humulenoid-
type structure for 1-3. The location of the aromatic acyl

groups and the structural relationship of these three
compounds was deduced from 2D NMR homonuclear
COSY-45 experiments. Nevertheless, the spectral data did
not establish all stereochemical matters. Interestingly, in
the 'HNMR spectra of 1-3 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. ceratophylia,
which probably has the same stereochemical features as
1-3, were reported as broad singlets [13, 14]. The
2D NMR homonuclear COSY-45 experiment confirmed
the presence of geminal coupling between the exocyclic
methylene protons but no other long range couplings with
these protons. This feature is probably indicative of a
different conformation of 1-3 relative to previously
reported y-humulenes. Further information regarding the
stereochemistry of 1-3 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 § orientation for the C-7 acyl group.
The IR spectra of the benzoate (4) (C,,H,30;) and
vanillate (5) (C,3H;005) of kurubasch aldehyde showed
an a,f-unsaturated aldehyde (1695 cm ') and aromatic
acyl group absorptions. The aromatic acyl groups of 4and
5 were assigned as benzoate and vanillate, respectively, on
the basis of their 'H, '3C NMR and mass spectral data.
Similarity of their spectra, except for the acyl group
signals, confirmed the same sesquiterpenc skeleton in
both 4 and S. In addition to the other spectral data, an a-
humulenoid structure for 4 and S was deduced from the
2D NMR homonuclear COSY-45 experiments. In the
'H NMR spectra of 4 and S the downfield position of the
H-5 signal (66.50, 1H, d) and the presence of an aldehyde
proton signal (9.4, 1H, d) instead of a second vinylic
methyl signal expected for an a-humulene, clearly in-
dicated that in 4and 5 the C-4 methyl of a-humulenes had
been replaced with an aldehyde group. Furthermore, the
doublet at 65.7 (1H), which coupled with the former H-5
signal, at 66.50, confirmed the location of the aromatic
acyl groups to be C-6 in both compounds. The NOESY
cx‘periments of 4 (Table 3) showed that both the A'-'° and
A* double bonds had the E configuration and that the
stereochemistry of the acyl group at C-6 is §.
Kurubaschic acid angelate (6) (C,;oH;00,) and ben-
zoate (7) (C,;H;50,) exhibited similar spectral data to
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Table 1. 'HNMR spectra data of compounds 1-10

1 2 3 4 5
H (200 MHz) (200 MHz) (500 MHz) (500 MHz) (200 MHz)
1 532brt 531 brt 532br: 532 br dd 524 brt
(8.5) (8.4) (8.5) (6.3; 5.8) (7.6)
2 22m 221m 222m 228m
2.26m
2 233m 232m 233m 219m
3 261wd
238 m 236 m 238m 4.1, 12.6) 2.60m
3 2.544dt
(358; 12.6)
5 6.04d 6.044d 6.04d 6.49d 6.50d
(16.1) (16.1) (16.1) (10.3) (10.3)
6 5.59d 558d 5.59d 5.72d 570d
(16.1) (16.1) (16.1) (10.3) (10.3)
7 133 m
468 br d 468brd 468 brd 1.38m
7 (6.9) (6.8) 6.9) 1.20m
8 220m 219m 2.24m 1.64m 1.60 m
8 191 m 1.90m 192m 1.36 m 1.38m
9 217m 217m 217m 220m 22im
9 1.58m 1.58 m 1.58 m 1.46 dt 1.48 dt
@1 13) 2.1; 13)
12 1.16 s 116 s 1.16s 1.20s 1215
13 1.07s 1.06 s 1.07s 096 s 097s
14 148d 1474 148d 1.55brs 1.57brs
1) 0.9) (1.1)
15 496d 496d 496 d
2.1) @n .1 9424 9444
15 490d 490d 490d (1) (0.9)
2.1 2.1) 2.1)
3 8.03 dd 799d 7.66 dd 798 dd 7.60 dd
(2; 8.9) (8.8) (1.8; 8.3) (1.4; 8.7) (1.9; 8.4)
4" 7.46 dt 691d 6.96d 741 dt 693d
(288 (8.8) 8.3 (1.3; 8.6) (8.4)
5" 7.60 dt 7.53di
(2;8.8) (1.3; 8.6)
6" 746 dt 691d 741 dt
(2; 88) (8.8) (1.3; 8.6)
7 8.03dd 799d 762d 798 dd 7.50d
(2;89) (8.8) (1.8) (1.4; 8.7) 1.9)
OCH; 395s 393s

those of 4 and 5. Indeed, the 'HNMR of 7 was only
slightly different to the one recorded for 4; these dif-
ferences included the absence of an aldehydic proton
signal, a signal for a more deshielded H-5 and a slightly
shielded H-6 signal. The IR, *3C NMR and mass spectra
of 7 confirmed that the C-4 aldehyde group of 4 had been
oxidized to a carboxyl group in 7. 2D NMR homonuclear
(COSY-45) and 'H-'3C heteronuclear (HETCOR) shift
correlation experiments performed with 7 confirmed the
'H and '3C NMR assignments. Similarity of the chemical
shift of H-5 in the 'H NMR of 7 with that exhibited by 13,
a compound which was prepared from its A* Z isomer by
photochemical transformation [15], suggested the same
A* E configuration for 7. Not only the A* E configuration
but also identical stereochemistry for 4 and 7 was
confirmed by correlation of their 'H and !3C NMR data.
These assignments were supported by the oxidation of 4
to 7. The acyl moieties of 6 and 7 were identified as
angelate and benzoate, respectively.

The spectral data of the angelate (8) (C;oH;005) and
benzoate (9) (Cy,H,505) of 18,10a-epoxykurubaschic
acid as well as the data for 1a,108-epoxykurubaschic acid
benzoate (10) (C,,H,305) indicated that all three were
1, 10-epoxy analogues of the kurubaschic acid esters.
While spectral similarity suggested the same stereochem-
istry for 8 and 9, the spectral comparison indicated
different stereochemistry for 10. An angelate acyl group
for 8 and benzoate for both 9 and 10 were assigned on the
basis of their IR, MS, ' H and **C NMR data. To elucidate
the stereochemistry of these compounds, all 'HNMR
signals of 9 and 10 (diastereomeric pair) were identified by
means of 2D NMR homonuclear COSY-45 experiments;
then using NOESY experiments (Table 3) their stereo-
chemistries were established as 1a, 108-epoxy- and 18, 10a-
epoxykurubaschic "acid benzoates, respectively. C-4
methyl analogues of these compounds with different acyl
groups (11 and 12) were reported recently [16,17],
including X-ray crystallographic analysis. The 'H and
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6 7 8 9 10
(200 MHz) (500 MHz) (200 MHz) (500 MHz) (500 MHz)
H-1 525br: 527brt 298dd 298 dd 2.89dd
(7.6) (7.9 (34;113) (34;114) (4; 10.9)
H-2 2.25ddd 2.24ddd 245u
230m 228m (1.5; 6.5; 14.4) (3.1;6.4; 14.1) (3.7, 13.7)
H-2 1.58 br g 1.57 ddt 147Tm
(14.4) (1.5; 13; 14.4)
H-3 2.68 ddd 2.96 dt 297dt 277dt
263m (5.3; 10; 12.6) (1.4; 14.2) (1.4; 14.2) (3.3; 14.1)
H-3¥ 261 2.70 br dd 271 br dd 269 td
4.1; 12.6) (6.3; 14.2) (6.4; 14.2) (3.7; 14.1)
H-5 6934 698d 6.88d 6.94d 6.88d
(10.6) (10.6) (10.6) (10.9) (10.5)
H-6 545d 5.584d 553d 566d 573d
(10.6) (10.6) (10.6) (10.9) (10.5)
H-7 131 m 147m
1.25m 1.38m 141 m
H-7 1.18 m 1.22m
H-8 1.63m 141 m 1.68 m
148 m 1.38m
H-8 1.32m 1.3dm 1.28m
H9 221brd 219brd 1.82 br dd 1.81 br dd 2074dd
(12.6) (12.6) (11.6; 14.3) (11.7; 124) (8.1, 12.7)
H-9° 1484d: 147dt 125m 1.22dd 0.83bdd
(2.1; 12.6) (2.1; 12.6) (8.1, 12.4) (11.6; 12.7)
H-12 1.07s 117 s 1.10s 1.19s 1.16 s
H-13 089s 093 s 095s 098 s 098 s
H-14 161brs 1.61s 1.18s 1.17s 139s
H-15
H-15
H-3" 6.06qq 798 dd 6.10 gq 799dd 7.99 dd
(14, 7.2) (14; 8.7) (14;7.2) (1.4; 8.1) (1.3; 8.1)
H4" 1964dq 741d:e 198 dg 742 de 743 dt
(14;7.2) (1.3; 8.6) (14; 7.2) (1.3; 8.1) (1.3; 8.2)
H-5" 186¢ 7.53 de 1.88¢ 7.54 dt 754 dt
(1.4) (1.3; 8.6) (1.4) (1.3; 8.1) (1.3;8.2)
H-6" 741 de 7424t 743 dt
(1.3; 8.6) (1.3; 8.1) (1.3; 8.2)
H-7" 798 dd 799d:t 7.99dd
(14; 8.7) (14; 8.1) (1.3; 8.1)
OCH,

13CNMR 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 A* 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 (x-apienes) are derived from
cis,trans-farnesyl pyrophosphate [18] in contrast to the
trans,trans-farnesyl pyrophosphate precursor of the latter
type. Due to their cis,trans-farnesyl pyrophosphate pre-
cursor the s-trans 4(15), 5-diene conformation of fervanol
esters (1-3) (y-apienes) is formed instead of s-cis 4(15),5-
diene conformation of common all-trans-humulene anal-
ogue y-humulenes. It is of interest that to date all
humulenoids containing cis A* double bonds or s-trans
4(15),5-dienes were isolated from the Apiaceae; therefore,

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

EXPERIMENTAL

Plant material. The plant material was collected from the
Kurubas Pass area between Van-Giirpinar (Eastern Anatolia) in
June 1983. A voucher specimen is deposited in the Herbarium of
Dicle University (DUF) (Herb. no. SAYA 83-167).

Isolation of compounds. Air-dried and finely cut root pieces of
F. haussknechtii (13 g) were extracted with CH,Cl, (100 ml) at
room temp. for 20 min. Concentration of the CH,Cl, extract in
vacuo provided 1.1 g of a crude viscous oil. This oil was dissolved
in Me,CO (50 ml) and left overnight in a refrigerator. Following
the removal of precipitated hydrocarbon mixtures by filtration,
the solvent was removed in vacuo to yield 980 mg of a light yellow
viscous oil. This material was chromatographed on a Sephadex
LH-20 column (3x50cm) packed in cyclohexane
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! Table 3. NOEs with compounds 3, 4, 9 and 10

R ,, 3
¥ % "% rE™ Irrad. of NOE
1 R = Benzoate 4 R = Berzoate Compound 3
) H-S H-12, H-15
2 R = p- Hydroxybenzoate S R = Vanillote H-6 H-7, H-1, H-3
3 R = Vanillate H-7 H-6, H-92
H-12 H-5
H-13 H-6, H-7
m H-14 H-28
orl™ orl” Compound 4
mf%o Hoﬁo H-1 H-6, H-7a, H-3x, H-9a
H-5 H-12, H-15
6  RedAngelate 8 R /hngelote H-6 H-1, H-3a, H-Ta, H-13
7  Rs=Benzoate 9 R* Benzoate H-14 H-28
H-15 H-5
Compound 9
2 ¥ H-5 H-12
\ H-6 H-1, H-3a, H-13
y H-1 & 3a H-6, H-2a
s * OR orbd” H-12 & 14 H-5
" Compound 10
H-1 H-78, H-98
0  RsBenzoate It Reac 12 ReAc Hes Ho12
0 H-6 H-3a, H-8a
H-12 H-5
H-13 H-6, H-8a
. (NT H-14 H-3x, H-8a, H-9a
ned O
13 R=Ac

Table 2. '>*C NMR spectral data for compounds 3, 4, 7 and 10 (CDCl;, TMS)

3 4 7 10
C (125.8 MHz) (22.6 MHz) (125.8 MHz) (125.8 MHz)
1 12694 1244d 12394 608d
2 302t 2531t 26.0¢ 26.21
3 31.51¢ 256t 2171 2511t
4 148.3 s 143.0s 136.1 s 1360s
S 138.5d 143.0d 138.3d 138.2d
6 128.5d 7284d 73.24d 76.7d
7 83.6d 358¢ 356¢ 37.3:
8 30.2¢ 2381t 237t 198 ¢
9 409 ¢ 358¢ 359¢ 383:
10 1355s 1368 s 1369 s 60.6 s
11 37.7s 378s 378s 37.7s
12 260 ¢ 243q 243 q 245¢
13 26049 229¢ 228¢ 229q
14 1704 19449 192 ¢4 16.6 ¢
15 1147 ¢ 218.1d 1734 171.7 s
1 1660 s 1655 s 165.5s 1658 s
2 1229 s 1302 s 1302 s 1300s
3 12404 129.7d 129.6d 1296 d
Ly 111.8d 1285d 128.3d 1285d
5 1483 s 133.2d 1329d 133.24
6 1500 s 128.5d 128.3d 128.5d
7 114.1d 129.7d 129.6d 129.6d

OCH, 56.1q
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—CH,Cl1,-EtOH (7:4:1) and prep. TLC (1.5-2 mm thickness,
silica gel developed with cyclohexane-EtOAc mixtures, 4:1,7:3
or 3:2) was used for final purification of compounds.

Fervanol benzoate (1. Gum (21 mg); IR veGem™': 3070,
2970, 2940, 2875, 1720, 1602, 1585, 1450, 1270, 1215, 1040, 880,
830, 710, 688, 675. EIMS (probe, 70 eV) m/z (rel. int.x 324 [M]*
(1.2), 202 [M—benzoic acid]™ (12.1), 187 (5.6), 159 (9.4), 122
[benzoic acid] * (60), 105 [benzoate]™ (100).

Fervanol p-hydroxybenzoate (2). Gum (34 mg); IR vNtQcm ™2
3360, 2970, 2940, 2870, 1680, 1610, 1595, 1512, 1450, 1365, 1280,
1220, 1160, 1100, 880, 850, 830, 770, 700. EIMS (probe, 70 eV) m/z
(rel. int.): 340 [M]* (0.8), 202 [M — p-hydroxybenzoic acid]"*
(9.4), 187 (4.9), 159 (8.8), 138 [p-hydroxybenzoic acid}* (40), 121
[p-hydroxybenzoate] * (100).

Fervanol vanillate (3). Gum (9 mg); IR v aClcm ~1: 3400, 3080,
2975, 2938, 2870, 1710, 1610(sh), 1600, 1515, 1460, 1450, 1428,
1283, 1220, 1105, 1030, 880, 830, 785, 762, 725. EIMS (probe,
70eV) m/z (rel. int) 370 [M]* (4), 202 {M — vanillic acid]”
(13.9), 187 (11.6), 168 [vanillic acid]* (18), 159 (15.8), 151
[vanillate] * (100).

Kurubasch aldehyde benzoate (4). Gum (45 mg);
IR vNaClem ~': 3060, 2970, 2930, 2865, 2710, 1720, 1695, 1602,
1586, 1490, 1450, 1318, 1270, 1110, 1098, 1028, 950, 935, 800, 710,
688, 672. EIMS (probe, 70 ¢V) m/z (rel. int.y 340 [M]* (6.9), 218
[M — benzoic acid]* (14.8), 203 (13.6), 189 (8.6), 175 (10), 122
[benzoic acid]* (16.6), 105 [benzoate]* (100).

Oxidation of 4. Kurubasch aldehyde benzoate (4) (10 mg) was
dissolved in Et,O (3 ml), chromic acid soln (0.3 ml) [20] was
added dropwise and the soln stirred at room temp. for 1 hr. The
Et,0 layer was separated and washed with NaHCO, soin (1 %),
dried over anhyd. Na,SO, and evapd in vacuo to yield 7 mg gum.
Spectral properties of the product were found to be identical with
7

Kurubasch aldehyde vanillate (5). Gum (11 mg); IR v aClem -1;
3400, 3080, 2970, 2940, 2870, 2715, 1710{sh), 1692, 1610(sh), 1600,
1512, 1460, 1430, 1388, 1370, 1280, 1215, 1100, 1032, 958,878, 785,
762, 725. EIMS (probe, 70 eV) m/z (rel. int.): 386 [M]* (3.3), 218
[M —vanillicacid] * (5.9), 203 (2.3), 189 (3.1), 175 (4), 168 [vanillic
acid]* (15.9), 151 [vanillate]* (100).

Kurubaschic acid angelate (6). Gum (25 mg); IR v:‘,:f'cm":
3100(sh), 2970, 2940, 2880, 2670, 2520(sh), 1715(sh), 1695, 1640,
1510, 1458, 1385, 1368, 1355, 1270, 1230, 1150, 1040, 960, 938, 845,
795. EIMS (probe, 70 eV) m/z (rel. int.; 334 [M]* (1.1), 234 [M
—angelicacid] * (13), 219 (15.9), 206 (10.1), 191 (13.2), 149 (67.8),
105 (97), 100 [angelic acid]* (68.6), 83 [angelate]* (100).

Kurubaschic acid benzoate (7). Gum (230 mg); IR v Qe ~t;
3100(sh), 3065, 2970, 2940, 2875, 2660, 2520(sh), 1720, 1692, 1640,
1602, 1585, 1512, 1450, 1388, 1370, 1320, 1270, 1210, 1108, 1070,
1026, 1002, 952, 938, 880, 796, 710, 688, 675. EIMS (probe, 70 ¢V)
mjz (rel. int.): 356 [M]* (0.14), 234 [M — benzoic acid] * (32), 219
(33.9), 206 (5.7), 191 (24.7), 149 (38.5), 122 [benzoic acid]* (82.4),
105 [benzoate]* (100). CIMS (methane, probe, 70 eV) m/z (rel.
int.): 355 [M — 1]* (59), 339 [M + 1 — H,0]" (6.4), 251 [M —1
— benzoate + H]* (9.8), 235 [M + 1 — benzoic acid]* (100), 233
[M — 1 — benzoic acid]* (62.5), 217 (43.2), 205 (20.3), 189 (48),
123 [benzoic acid + H]* (59.8), 105 [benzoate]* (51.5).

1B8,10a-Epoxykurubaschic acid angelate (8). Gum (12 mg);
IR v,Nn:f‘cm": 3200(sh), 2975, 2930, 2870, 2660, 2520(sh), 1715,
1695, 1645, 1510, 1453, 1385, 1270, 1260, 1230, 1150, 1040, 962,
862, 780, 710. EIMS (probe, 70 eV) m/z (rel. int. 350 ([M]* (0.1),
250 [M —angelic acid]* (4.4), 235 (2.7), 232 (4.2), 205 (5.2), 191
(6), 189 (6.6), 165 (12.9), 151 (17.7), 149 (17.6), 121 (19.3), 105
(28.9), 100 [angelic acid]* (18.4), 83 [angelate]* (100).

18,10a- Epoxykurubaschic acid benzoate (9). Gum (14 mg);
IR vNaClcm ~1: 3200(sh), 3060, 2970, 2940, 2875, 2660, 2520(sh),
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1720, 1693, 1642, 1602, 1585, 1490, 1450, 1385, 1370, 1320, 1270,
1110, 1070, 1025, 955, 770, 710, 685, 677. EIMS (probe, 70 eV) m/z
(rel. int.) 372 [M]* (0.12), 250 [M — benzoic acid]* (2.5), 235
(2.1), 232 (3.9), 205 (2), 191 (3.7), 189 (4.3), 165 (6.6), 151 (5.1), 122
{benzoic acid]* (82.2), 105 [benzoate]* (100). CIMS (methane,
prabe, 70eV) m/z (rel. int.) 373 (M +1]" (1.1), 371 (M —-1]"*
(1.3), 251 [M + 1 — benzoic acid] * (20.6), 233 [M + 1 — benzoic
acid — H,0]* (100), 223 (6.7), 215 (16.2), 205 (39.3), 193 (8.7), 187
(19.8), 177 (11.4), 123 [benzoic acid + H]* (18.2), 105 [ben-
zoate]* (25.2).

1a,108-Epoxykurubaschic acid benzoate (10). Gum (8.5 mg);
IR v YaClcm ~1: 3200(sh), 3070, 2970, 2940, 2870, 2660, 2530(sh),
1720, 1695, 1645, 1602, 1588, 1490(sh), 1465, 1450, 1388, 1370,
1270, 1178, 1110, 1070, 1050, 1028, 960, 865, 775, 710, 688, 678.
EIMS (probe, 70 eV) m/z (rel. int). 272 [M]* (0.3), 250 [M
— benzoic acid] * (1.8), 235 (1.4), 191 (3.1), 189 (3.9), 165 (6.4), 151
(3.7) 122 [benzoic acid]* (56), 105 [benzoate]* (100).
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