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Abstract-Fourteen daucane esters together with a known propiophenone 3&methylenedioxy&hydroxy- 
propiophenone, were isolated from Ferula communis subsp. communis. Except for the 6+anisic acid) ester of 
jaeschkeanadiol all these esters are new. Structures were elucidated using spectral properties of the esters and their 
partial hydrolysis products. X-ray diffraction analysis of one of the compounds confirmed its structure including the 
stereochemical assignments made on the basis of spectral data. 

lNTRODUCT’ION 

In continuation of our studies of members of the genus 
Ferula which are indigenous to Anatolia [l, 21, we 
investigated Ferula communis L. subsp. communis. This 
species, which belongs to subgenus Euferula Boiss, is the 
type species for the genus Ferula. F. communis, already 
well known as a medicinal plant in ancient times [3], has, 
for example, been used as an antihysteric and for the 
treatment of dysentery [4]. Previously, several sesquiter- 
pene esters some of different skeletal types but most 
containing a l,&rans-fused daucane ring system were 
reported from other Ferula species [I-lo]. 

RESULTS AND DISCUSSION 

From the benzene extract of the dried roots of Ferula 
communis, we obtained one known and 13 new sesquiter- 
pene esters and the known propiophenone 20 [ 11. Each of 
these esters is discussed separately below. 

Compound 1 ([Ml+ at m/z 372, Cf3H3z04) was 
identified as the p-anistc acid ester of jaeschkeanadiol 
(ferutidin) by spectral data and direct comparison with an 
authentic sample [l]. 

Compound 2 ([Ml’ at m/z 368, CzJHzs04) exhibited 
IR absorptions characteristic for a cyclopentenone ring 
Cl720 (sh) and 1710cm-‘I, as well as bands for an 
aromatic acyl group. In addition to the signals of the p- 
anisate portion the ‘H NMR spectrum of 2 corresponded 
to a daucane-type sesquiterpene nucleus, being similar to 
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that of dehydrated-oxytingitanol(22) [2]. However, since 
the signal for H-10 appeared in the upfield region and H-9 
(a broad triplet at 65.59) was clearly coupled to two 
protons it was evident that 2 was not oxygenated at C-10; 
thus, the p-anisate moiety must be the C-6a acyl group. 

The ‘H NMR spectrum of compound 3 ([Ml’ at m/z 
370, C2sH3e04) indicated that 3 also had an anisate, but 
showed that the C-14 methyl group present in 1 and 2 had 
been oxidized to a primary alcohol which is ester&d with 
panisic acid. This finding was corroborated by a signal for 
C-14 at 669.3 (t) in the 13C NMR spectrum of 3 (see 
Table 1). The [M]’ in the mass spectrum of 3 ([Ml’ at 
m/z 370) indicated the presence of an additional oxygen 
atom, which on the basis of the absence of a hydroxyl 
band in the IR spectrum and the presence of two signals at 
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Table 1. 13C NMR data of 1, 3, 5, 10, 11, 14 and 17 

44.0s 
31.6t 
41.1 t 
86.2 s 
6O.Od 
71.0d 
41.4t 

133.6 s 
125.31 
41.4t 
37.2d 
18.5q 
17.5q 
26.4 q 
203q 

166.4s 
123.0s 
131.7d 
113.8d 
163.6s 
113.8d 
131.7d 
55.3 q 

419s 

23.4 t 
28.0 t 
76.8 s 
76.0s 
24.7 t 
22.2 t 

138.1 s 
127.2d 
33.3 t 
33.9d 
18.2q 
17.8q 
69.3 t 
20.3 q 

165.6s 
122.3s 
131.0d 
113.ld 
162.9 s 
113.1 d 
131.06 
54.7q 

47.3 s 
828d 
40.8 t 
85.1 s 
55.9d 
70.4d 
39.7 t 

133.9 s 
124.6d 

349t 
37.0d 
18.2q 
17.6q 
25.9 q 
20.5 q 

166.7s 
122.8 s 
1318d 
1139d 
163.8s 
113.9d 

1318d 
55.5q 

170.5s 
19.8q 

*Interchangeable. 

676.8 (s) and 76 (s) m the ’ 3C NMR spectrum could be 
assigned to an epoxy group connected to two tertiary 
carbon atoms: i.e. either at C-4$-5 or C-4$-11. The latter 
possibility for the epoxide was eliminated since the 
‘H NMR spectrum of 3 exhibited doublets for the 12 and 
13-methyl groups, establishmg the presence of a proton 
on C-l 1. 

Spectral properties demonstrated that compounds 4 
and 5 had both a nonaromatic and an aromatic acyl 
function. The ‘H NMR spectra of 4 and 5 exhlblted 
nearly identical signals for the sesqulterpene nucleus, 
mcludmg a doublet at 64.89 (lH, J = 5 Hz, H-2) coupled 
with a multlplet at 62.12 for cyclopentane ring protons; 
the corresponding 13C NMR signals for this ring m- 
dicated that one of the acyl groups must be located at the 
C-2a position. A dt signal for one proton (J = 2.5, 9.5 
and 10.5 Hz) m the ‘H NMR spectrum at ca 65.4 is 
charactenstic for the C-68 acyl gemmal proton of trans- 
fused daucane skeletons [ 1,2] and thus located the second 
acyl group at C-6a m 4 and 5. 

46.8 s 
31.2 t 
40.5 t 
86.2 s 
51.5d 
71.5d 
31.4 t 

137.4 s 
124.6d 
74.5d 
37.4d 
18.5q 
17.4q 
27.3 q 
21.oq 

167.2s 
130.7 s 
129.8d 
128.61 
133.2 s 
129.8 d 
128.6d 

-. 

166.6s 
128.1 s 
138.5d 
20.7 q 
15.8q 

46.7s 
30.9 t 
40.5 t 
86.1 s 
51.5d 
71.0d 
37.3 t 

137.4s 
124.5d 
74.4 d 
37.3 d 
18.5q 
17.4q 
27.3 q 
21.oq 

167.2s 
122.8 s 
131.8d 
113.9d 
163.8s 
113.9d 

131.8d 
55.4q 

166.4s 
127.9s 
138.71 
20.6 q 
15.8q 

- 
- 

51.1 s 
79.3 d 
41.1 t 
85.7 s 
55.5d 
69.5d 
39.4 t 

131.6s 
128.6d 
75.1 d 
37.1 d 
18.1 q 
17.5q 
26.Oq 
21.oq 

166.6s 
122.5s 
131.8d 
114.0d 
163.9s 
114.0d 
131.8d 
54.5 q 

- 
- 

49 1 s 
80.6 d 
39.9 t 
84.0s 
49.1 d 
70.0d 
39.0 t 

135.4s 
125.5d 
75.1 d 
36.8 d 
18.2q 
17.6q 
26.0 q 
21.2q 

166.7 s 
122.5 s 
131.8d 
114.0d 
163.9s 
114.0d 
131.8d 
55.4q 

- 
- 

170.5 s* 
21.oq 

170.2 s* 
21.oq 

170.2 s 
21.1 q 

170.2 s 
21.1 q 

InspectIon of Dreading models for 4 and 5 showed that 
relative to the C-2a acyl group, the C-6a acyl moiety is 
closer to the isopropyl side chain. This supported the 
‘H NMR-observable effect of C-&x acyl groups on the 
isopropyl moiety. That is, when the isopropyl methyl 
doublets for 4 and 5 were compared with those for 
Jaeschkeanadiol acetate (la), tingitanol(2l)and tingitanol 
acetate (21a) [l, 23, it was evident that 4 and 5 have these 
doublets separated more (ca A0.13 ppm) than do those 
compounds which do not have an aromatic acyl group at 
the C-6a posltion (i.e. for la, 21 and 21a, A < 0.07 ppm). 
These compansons mdlcate that nonaromatlc substi- 
tutlon at C-6a would not give a separation of the doublet 
signals as large as 0.13 ppm for the two isopropyl methyl 
groups. In accord with these data the aromatic acyl 
substrtutlon of 4 and 5 should be C-6a. This assignment of 
C-6 aromatlc acyl groups for 4 and 5 was verified by the 
partial hydrolysis of 5, wluch afforded mamly 6 and a 
small amount of 7. In the ‘H NMR spectrum of 6, the H-6 
proton signal shifted to 63.96 (lH, dt, J = 2.5, 10 and 
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10.5 Hz, A 1.37 ppm upfield), the aromatic group signals 
disappeared and, significantly, two doublets for the 
isopropyl methyls appeared near each other (60.93 and 
0.91, each 3H, d, J = 6.5 Hz, AO.02 ppm). 

The ‘H NMR spectrum of 5 contained the p-anisoyl 
signals similar to those observed for l-3; 4, however, 
exhibited benzoyl signals in its spectrum. In addition, the 
‘H NMR spectra of both 4 and 5 showed the acetyl 
methyl signal at 62.07 (3H, s). Similar chemical shifts for 
the C-4 assymetric centre were observed for 1, 4 and 5 
when their “C NMR spectra were compared (see 
Table l), suggesting the same stereochemistry at this 
centre (B-OH and a-isopropyl). 

For compounds 8 ([Ml’ at m/z 388, Cz3H3z05), 9 
([Ml+ at m/z 430, CzsH3.+06), 10 ([Ml’ at m/z 440, 
Cl,HJ605), 11 ([Ml’ at m/z 470, CzeHaBOs) and 12 
([Ml+ at m/z 500, C29H4007)r ‘H NMR spectra and spin 
decoupling experiments (as well as other spectral data) 
indicated that all had the same sesquiterpene nucleus. All 
‘H NMR spectra (except for 8) exhibited a doublet at ca 
64.95 for H-10 (J = 7 Hz) coupled with a broad doublet 
at ca 6 5.8 (1 H, J = 7 Hz, H-9); the first signal corresponds 
to an acyl geminal proton and indicated that C-10 was 
acylated in the a position for !&12 and that 8 (63.86 for H- 
10) therefore represents the parent C-10 hydroxyl com- 
pound. As observed m the ‘H NMR spectra of 4 and 5, the 
spectra of g-12 contained a dt (lH, J = ca 2.5, 9.5 and 
10.5 Hz) at ca 65.45 assignable to a C-6/l acyl geminal 
proton in a trans-fused daucene skeleton. In addition, well 
separated isopropyl methyl doublets (A0.15 ppm) m- 
dicated the presence of C-6a aromatic acyl groups in g-12 
This assignment was confirmed since the ‘H NMR and 
mass spectral differences between 11 and its partial 
hydrolysis product 13 are similar to those observed 
between the spectra of compounds 5 and 6. 

Spectra indicated that at C-6 8,9 and 11 were amsates 
and 10 and 12 were benzoate and veratrate, respectively. 
In addition, 10, 11 and 12 were clearly substituted at C- 
1Oa with an angeloyl moiety; in contrast, 9 was substituted 
with an acetyl group at this position. 

Compounds 14 ([Ml+ at m/z 446, C25H3407) and 15 
([M] + at m/z 488, C2,HJ608) exhibited similar ‘H NMR 
spectra except for the signals of the C-10 moiety. 
Decoupling experiments for 14 and 15 showed that a 
broad singlet at 65.4 (1 H), which could be attributed to the 
H-9 vinyhc proton, interacted with a broad singlet at 
65.23 (lH, H-10) in 14 and 64.34 (lH, H-10) m 15. The 
downfield position of these latter signals indicated that 

6 R, = H, R2= p-Amsate 14 R, = R2= AC. R3= /J-Anmte 

9 R, = AC, R2 = p-Anmte 15 R, = AC, R2 = H, R3= p-Anwte 

10 R, = Ang , R2= Benmate 16 R, = R2= AC, R3= H 

I I R, = Ang , R2 = p-Amsote 

I2 R, = Ang , R2= Veratrate 

13 R,=Ang, R2= H 

both 14 and 15 were oxygenated at C-10; furthermore, the 
0.89 ppm greater downfield shift observed for H-10 in 14 
established the presence of an acylated hydroxyl group at 
C-10. Inspection of Dreidmg models of 14 and 15 
confirmed that a small coupling between H-9 and H-10 
was only possible when the proton at C-10 was a; 
therefore, the C-10 acyl groups m 14 and 15 must be /I. 

The ‘H NMR of 14 and 15 exhibited the same doublet 
at ca 6 5.1 (1 H, J = 5 Hz), similar to the doublets observed 
for H-2 m the spectra of 4 and 5. This assignment 
indicated that both 14 and 15 had C-2a acyl groups. Also, 
the observation that the H-6 acyl geminal proton signal 
patterns for 14 and 15 were similar to those of 4 and 5 and 
g-12, combined with the spectral differences between 14 
and its partial hydrolysis product 16, and other character- 
istic ‘H NMR .tnd mass spectral data Indicated that 14 
and 15 are C-6a anisates. 

The mass and ‘H NMR spectra of 15 indicated that it 
had an acetyl moiety at C-2. Whilst the ‘H NMR 
spectrum of 14 clearly indicated two acetyl moieties at C-2 
and C-10, the mass spectrum of 14 also supported two 
acetyl groups m addition to the Cd-a-p-amsoyl moiety 
These assignments wereconfirmed when acetylation of 15 
gave 14. 

Compounds 17 ([Ml+ at m/z 488, Cz7HJ608) and 18 
([Ml+ at m/z 518, Cz8H3a09)exhibited similar ‘H NMR 
spectra different m only a few aspects to the one recorded 
for 14; these differences included a doublet at 6 5.58 (1 H, 
J = 6 Hz, H-9) instead of a broad singlet at 6 5.4 (1 H, H-9 
in the spectrum of 14) and a doublet at 65.21 (lH, J 
= 6 Hz, H-10) instead of broad singlet at 65.23 (lH, H-10 
m the spectrum of 14). The ‘H NMR data further 
indicated that the C-10 acyl group should be a as in 
compounds 9-12. Other differences between the 
‘H NMR spectra of 17 and 14 included the chemical shifts 
and coupling constants of the signals for the H-6 acyl 
geminal proton as well as the chemical shift of the signal 
for the H-5 proton In the ‘H NMR spectrum of 17, the 
H-6/l proton signal appeared as a ddd at 65.55 (lH, .I 
= 4.4, 7.6 and 10.8 Hz) and H-5 at 63.06 as a doublet (J 
= 10.8 Hz), while the signal for H-6 of 14 appeared at 
65.32 as a dt (lH, J = 2.5, 9.5 and 10.5 Hz). Indeed, the 
spectra of 17 and 18 exhibited elements of the spectra of 
both series 4-7 as well as !L12 suggestmg that 17 and 18 
combined substitution patterns of both series. The 
‘H NMR of 19, the partial hydrolysis product of 17, 
supported these assignments: the H-6 proton signal had 
shifted to 64.16 and the coupling changed to a dt (lH, J 
= 2.3, 10.4 and 10 5 Hz); also the H-5 signal shifted to 
62.95 (lH, d, J = 10.5 Hz). In addition to these changes, 
the aromatic ring signals disappeared and the isopropyl 
methyl doublets collapsed to two close doublets 
(AO.02 ppm). Characteristtc spectral properties establis- 
hed that 17 and 18 were p-anisate and veratrate, respect- 
ively, in addition to having acetyl groups at C-2 and C-10. 
Stereochemistry at the C-4 assymetric centre m 8-18 was 
confirmed by 13C NMR data (Table l), which when 
correlated with the 13C NMR data for 1 showed a /I-OH 
and an a-isopropyl group at C-4 m 818. 

The structure and stereochemistry of 17, which were 
determined by spectral studies, has just been confirmed by 
X-ray crystallography [W. H. Watson et al., personal 
communication]. This confirmation of structure, includ- 
ing stereochemistry for 17, adds substantial support for 
the structures deduced for all the related daucane esters 
reported here. 
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17 R = AC, k, = p-An~sate 

I8 R = AC, R, = Varatrate 

19 R = AC, R, = H 

HO 

21 R=H 

21a R = AC 

22 

EXPERIMENTAL 

General. Mps are uncorr. UV spectra were taken in CHCls and 
‘H NMR spectra in CDCls (unless otherwise stated)at 200 MI-Ix. 
“C NMR spectra were taken in CDCl, at 22.6 MHz. MS were 
obtained with a direct inlet system at 70 eV. 

Plant material. Roots of F. communis were collected from the 
Atakoy area, near Istanbul in June 1983. A voucher specimen, 
identified by Dr. E. Tuxlaci (Istanbul), is deposited in the 
Herbarium of Faculty of Pharmacy, University of Istanbul (ISTE 
50856). 

Isolation of compounds. Dried and coarsely powdered roots 
(1.5 kg) were extracted with C6Hb in a Soxhlet. Concentrating the 
C6He extract in WIKJ provided 70 g crude viscous oil. This oil 
(15 g) was chromatographed on a silica gel column (5 x 50 cm) 
packed in CH&& and eluted with a CH,Cl,-EtOAc gradient. 
Sephadex LH-20 columns packed in cyclohexane- 
CH#&EtOH (7:4:1 or 7:2:1) and/or prep. TLC (1.5 mm 
thickness, silica gel developed with cyclohexantEtOAc mix- 
tures, 4: 1,7: 3 or 3:2) were used for further purification of the 
compounds. 

Compound 2. Gum (4 mg); UV L, nm (e): 314 (sh) (310), 261 
(12840);1Rv~“~cm-‘:2990,2940,2895,1720(sh),1710,1660, 
1610, 1585, 1518, 1260, 1175, 1120, 1100, 1040, 938 and 853. 
‘H NMR: 68.05 (ZH, d, J = 8 Hz, H-3’ and H-7’), 6.96 (ZH, d, J 
=8Hz,H-4’and6’),5.89(1H,q,J= land2.1 Hx,H-3),5.59(1H 
brt,H-9),5.52(1H,ddd,J = 3.2,4.6and10.5Hx,H-6),3.89(3H,s, 
H-8’), 3.35 (lH, dd, J = 2 and 10.5 I-Ix, H-5), 2.92 (lH, br dd, J 
= 4.6 and 15 Hz, H-la), 2.57 (lH, septet, H-11), 2.29 (lH, dd, J 
= 3.2 and 15 Hz, H-7j), 1.78 (3H,d, J = 2 Hz, H-14), 1.26 (3H, s, 
H-15), 1.1 (3H,d, J = 6.5 Hx,H-lZ)*and l.O6(3H,d, J = 6.5 Hz, 
H-13)*.MSm/r(rel.int.):368[M]+ (1.7),34O[M-CO]+ (1.75), 
300 [F-J’ (5.9), 290 (8.3), 234 [M -panisate + H]+ (2.9), 216 [M 
-panisic acid]’ (25.3, 201 (9.3X 191 [M-p-anisate-iso-Pr 
+H]+ (8.3X 173 [M-p-anisic acid-iso-Pr]+ (20.9), 159 (9.2), 
152 lpanislc ad]’ (11.5), 135 lpanisate]+ (100x 83 (60.5). 

*Interchangeable. 

& ’ ’ .s~..7 + 
Fl+ 

~CH,~-EAOCH.’ + 

HoA_--f - \--/ - 

Compound 3. Gum (10 mg); UV 1, nm (s): 259 (15 550) 
IR vEcm -‘: 2960, 2940, 2880, 1710, 1648, 1608, 1580, 1512, 
1455,1372,1319,1260,1170,1104,1036,850and 772. ‘H NMR: 
68.1 (ZH, d, J = 8 I-Ix, H-3’and H-73,6.93 (2H, d, J = 8 I-Ix, H-4 
and H-6’), 5.87 (lH, br t, H-9),4.73 (2H, brs, H-14), 3.87 (3H,s, H- 
8’), 1.07 (3H, d, J = 6.5 I-Ix, H-12)*, 0.94 (3H, d, J = 6.5 Hx, H- 
13)* and 0.91 (3H, s, H-15). MS m/z (rel. int.): 370 [M]’ (49.8), 
355 [M-Me]’ (lO.l), 327 [M -is+Pr]+ (6.4), 289 [FA]+ 
(11.4),271 [FA-H20]+ (14.3),218[M-p-anisicacld]+ (78.33, 
203 [M -p-anisic acid-Me - HzO]+ (53.5), 175 [M -p-anisic 
acid-iso-Pr]+ (67.4), 152 Cpanisic acid]+ (86.4), 135 [p 
a&ate]+ (100x 121 (59), 107 (64.4), 92 (60.7). 

Compound 4. Gum (5 rngh UV 1, nm (8): 285 (sh) (1230), 273 
(1730) and 246 (6250); IR vgcla cm-‘: 3480, 2980,2940,2882, 
1720,1710,1608,1582,1510,1450,1380,1320,1300,1260,1120, 
1075,1032 and 732. ‘H NMR: 68.04 (2H, dd, J = 1 and 8.5 Hz, 
H-3’and 7’), 7.59, (lH, td, J = 1 and 8.5 Hz, H-S), 7.48 (2H, dt, J 

= 1 and 8.5Hz, H-4’and H-6’), 5.55 (lH, br t, H-9), 5.47 (lH, dt, 
J=2.1,9.5and10.5Hz,H-6),4.89(1H,d,J=5.1 Hx,H-2),2.53 
(lH,d,J= 10.5Hx,H-5),228(1H,dd,J=2.1and15Hx,H-7~), 
2.07 (3H, s, H-2”), 1.84 (3H, br s, H-14), 1.13 (3H, s, H-15), O.% 
(3H, d, J = 6.5 Hz, H-12)* and 0.81 (3H, d, J = 6.5 I-lx, H-13)*. 
MS m/z (rel. int.): 357 [M-W-Pr]+ (20.4), 297 [M -iso-Pr 
- HOAc]+ (29.1). 218 [M - CbH5C02H - HOAc]+ (46.2), 175 
[M - CBHSC02H - HOAc - iso-Pr] + (46.2), 157 [M 
- C6HICOIH - HOAc - H20]+ (29.5), 147 (67.8), 122 
[C6H,COIH]+ (20.9), 105 [benxoate]+ (95), 43 (64.6). 

Compound 5. Gum (105mgk UV I_nm (E): 261 (16200); 
IR v$$~‘, cn- ‘: 3480,2980,2960,2890,1725,1710,1610,1585, 
1515, 1382, 1308, 1260, 1175, 1108, 1038, 952, 938 and 855. 
‘H NMR: 67.99 (2H, d, J = 8.5 Hz, H-3’and H-7’), 6.95 (2H, d, J 
= 8.5Hz, H-4’ and H-6’), 5.53 (lH, br t, H-9), 5.33 (lH, dt, J 
= 2.5, 9.5 and 10 5 Hz, H-6), 4.89 (lH, d, J = 4.8 Hz, H-2), 3.88 
(3H, s, H-8’), 2.51 (lH, d, J = 10.5 Hx, H-5), 2.27 (lH, dd, J = 2.5 
and 14.5 Hz, H-7), 2.07 (3H, s, H-2”), 1.82 (3H, br s, H-14), 1.13 
(3H, s, H-15), 0.94 (3H, d, J = 6.5 Hz, H-12). and 0.81 (3H, d, J 
= 6.5 Hz, H-13)*. MS m/z (rel. mt.): 387 [M -w-Pr]+ (13.9X 
327 [M -HOAc-iso-Pr]+ (7 4), 218 [M -p-amslc acid 
- HOAc]+ (32.2), 203 [M -pams~c acid - HOAc - Me]+ (8), 
175 [M -p-anislc acid - HOAc -ISO-Pr]+ (91.5), 157 [M-p- 
amsic acid - HOAc - iso-Pr - H,O]+ (16.3), 152 Cp-anisic 
md]’ (45.2), 147 (53.1), 135 Cp-anisate]+ (lOO), 132, (75.23, 121 
(38.1). 105 (61.3), 92 (43.4). 

Partual hydrolysu of 5. Compound 5 (30 mg) was treated with 
1% NaOH in EtOH at room temp. After 2 hr, the reaction 
mixture was worked up in the usual manner. In addition to p- 
anisic acid, two hydrolysis products, 6 and 7, were obtained after 
purification by Sephadex LH-20 column. 

Compound 6. Gum (11 mg). ‘H NMR: 65.42 (lH, br t, H-9), 
485 (lH, dd, J = 2 and 4.2Hx, H-2), 3.96 (lH, dt, J = 2.5, 10 
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[veratric acid]’ (89.3),173 [M - veratric actd - 2 x HOAc - iso- 
I%]+ (80.1), 165 [veratrate]+ (lOO), 148 (54.7), 145 (68.2), 135 
(61.5X 121 (67.6), 119 (62.6), 105 (48), 95 (49.4), 79 (49.3), 71 (55.3) 
and 43 (76.2). 
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