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Abstract

Methanol extracts of the air-dried roots and stems of Ferula kuhistanica afforded seven daucane-type sesquiterpenes, called
kuhistanicaol A—G, together with 13 known daucane esters. Their structures were established on the basis of spectroscopic
evidence and the results of chemical reactions. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The exclusively Old World genus Ferula belongs to
the family Umbelliferae, which consists of some 130
species distributed throughout the Mediterranean area
and Central Asia. The chemistry of this genus has
been studied by many groups. The widespread sesqui-
terpene compounds in this genus are characteristic
daucanes, humulanes, himachalanes, germacranes,
eudesmanes, and guainanes (Gonzalez and Barrera,
1995). Several species of this genus have been used in
folk medicines (Uphof, 1968). As a part of our studies
on Turkish folk medicinal plants (Sezik et al., 1997),
we have investigated the constituents of Ferula kuhista-
nica and describe here the isolation and characteriz-
ation of 20 compounds 1-20. This includes five new
daucane esters, kuhistanicaol A (1), B (5), C (7), D
(12) and G (17), together with eight known daucane
esters, jaeschkeanadiol p-hydroxybenzoate (ferutinin)
(6) (Singh et al., 1988), jaeschkeanadiol vanillate (9)
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(Miski et al., 1983), lapidol vanillate (10) (Gonzalez et
al., 1988), Sa-p-hydroxybenzoyloxydauc-2-ene-1-one
(11) (Ahmed, 1991), lancerotriol 6-vanillate (14) (Miski
and Jakupovic, 1990), lancerotriol p-hydroxybenzoate
(16) (Fraga et al., 1985), 4B,8a-dihydroxy-6a-vanilloy-
loxydauc-9-ene (18) (Miski and Jakupovic, 1990) and
48,8B,9a-trihydroxy-6a-p-hydroxybenzoyloxydaucane
(20) (Ahmed, 1990) from the roots of F. kuhistanica.
Two new daucane esters, kuhistanicaol E (13) and F
(15) along with five known compounds, Sa-vanillate of
2,3-epoxy-jaeschkeanadiol (2) (Garg and Agrawal,
1988), 8,9-epoxy-ferutinin (3) (Razdan et al., 1989),
2,3-epoxy-jaecschkeanadiol  p-methoxybenzoate  (4)
(Miski and Jakupovic, 1990), jaeschkeanadiol p-meth-
oxybenzoate (Ferutidin) (8) (Miski and Mabry, 1985)
and 4p,8B-dihydroxy-6a-vanilloyloxydauc-9-ene (19)
(Miski and Jakupovic, 1990) were also isolated from
the stems of the same plant.

2. Results and discussion

Methanol extracts of the air-dried roots of F. kubhis-
tanica were partitioned between H,O and EtOAc, with
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the EtOAc extracts separated by column chromatog-
raphy (CC) to afford five new compounds 1, 5, 7, 12
and 17, together with eight known compounds 6, 9—
11, 14, 16, 18 and 20. These were identified by com-
parison of their physical and spectral data with those
in the literature. The stems of F. kuhistanica were
extracted in the same way to afford the two new com-
pounds 13 and 15, as well as the known compounds
2-4, 8 and 19, which were also identified by compari-
son of their physicochemical and spectral data.
Kuhistanicaol A (1) displayed absorption bands of
hydroxy (3409 cm™'), ketone (1717 cm™") and ester
(1609 cm™") groups in its IR spectrum, while its UV
spectrum showed the presence of an aromatic ring
(292, 263 and 220 nm). The '*C NMR spectrum of 1
had signals for two carbonyls (6c 166.2 and 171.2), a
benzene ring (¢ 111.9, 114.5, 122.1, 124.5, 146.5 and
150.8), six methyls, three methylenes, five methines,
three of which bore an oxygen atom (d¢c 78.7, 69.6 and
60.4), and three quaternary carbons, two of which
were linked to an oxygen (5c 82.1 and 56.2). The 'H
NMR spectrum, analyzed using 2D COSY techniques,
exhibited an angular methyl [éy 1.31 (3H, s)], an iso-
propyl group [0y 0.84, 0.97 (each 3H, d, J = 6.8 Hz)],
an acetoxyl [0y 2.10 (3H, s)], a methoxyl [0y 3.94 (3H,
s)] and a methyl attached to a carbon with an oxygen
function [0y 1.50 (3H, s)]. These findings were consist-

Table 1
13C NMR spectral data for compounds 1, 2, 5-7°

C 1 2 5 6 7
1 459 44.4 449 44.0 44.0
2 78.7 31.7 42.7 41.3 41.4
3 37.2 40.5 32.8 31.6 31.6
4 82.1 86.0 87.6 86.5 86.4
5 58.0 60.8 60.4 60.1 60.2
6 69.6 70.2 71.5 71.2 71.4
7 443 443 31.2 41.4 37.5
8 56.2 56.1 142.0 133.6 136.8
9 60.4 60.9 157.9 125.3 127.0
10 38.6 41.2 43.6 41.0 40.7
11 37.0 37.2 37.8 37.1 37.3
12 17.3 17.3 18.0 17.6 17.5
13 18.5 18.5 19.0 18.6 18.6
14 233 233 195.5 26.4 68.6
15 14.3 19.3 21.1 20.3 20.1
I 166.2 166.0 167.8 167.6 166.5
2’ 122.1 122.1 123.1 121.6 122.7
3’ 124.5 124.2 132.9 132.1 131.8
4’ 114.5 114.3 116.3 115.6 113.9
5’ 150.8 150.4 163.6 161.6 163.6
6’ 146.5 146.3 116.3 115.6 113.9
7 111.9 111.7 132.9 132.1 131.8
OCHj3; 56.2 55.9 - - 55.5
OAc 171.2 - - - -
21.3 - - - -

# Spectra of compounds 1, 2, 6 and 7 were recorded in CDCl;, and
that of compound 5 was obtained in CD3;0D.

ent with a molecular formula of C,sH3405, which was
supported by HR-EIMS data. In the mass spectrum,
the fragment peak at m/z 419 was assigned to loss of
C5H; from the molecular ion. This is a typical loss in
daucane-type sesquiterpenes (Ahmed, 1990). Based on
these findings, 1 was deduced to be a daucane-type ses-
quiterpene. The '>C NMR spectral data (Table 1) of 1
were very similar to those of 2, except for the reson-
ances of an acetoxyl group and a methine bearing the
acetoxyl group in 1, which is a methylene in 2. It was
assumed that 1 and 2 had the same framework as well
as similar aromatic ring substituents. To confirm the
location of the O-acetoxyl group, the 2D NMR spectra
of 1 were examined. In the HMBC spectrum, the
methine signal at oy 4.40 bearing the acetoxyl group
showed long-range correlations with the carbon signals
at dc 14.3 (C-15), 38.6 (C-10) and 171.2, and the pro-
ton signals at dy 1.60 and 2.45 (3-H,) had long-range
correlations with the carbon signals at dc 45.9 (C-1),
78.7 (C-2) and 82.1 (C-4). Thus, the acetoxyl group
was attributed to C-2. In addition, based on corre-
lations of the 15-H; and 6-H in the NOESY spectrum,
the relative sterecochemistry of the vanillate group
(Van) was determined to be 6o and the correlation of
2-H and 5-H revealed that 2-H had an a-configuration.
Thus, the acetoxyl group was determined to be 2p.
Therefore, the structure of 1 was as shown.

The '"H NMR spectrum of kuhistanicaol B (5)
exhibited one angular methyl, an isopropyl group, an
aldehyde (oy 9.39, 1H, s, 14-H), and a p-hydroxyben-
zoyl group (p-HyBz). The '*C NMR spectral data
(Table 1) of 5 were very similar to those of 6, except
that it showed an aldehyde at dc 195.5 instead of the
olefinic methyl at dc 26.4 in 6, as well as a downfield
shift of C-8 and C-9 and an upfield shift of C-7 in 5.
In addition, the "H NMR spectral data of 5 exhibited
an olefinic proton and a proton geminal to an ester
group at oy 7.00 and 5.19, which were found at oy
5.55 and 5.27, respectively, for 6. In the HMBC spec-
trum, the aldehyde proton (dy 9.39) had a long-range
correlation with the carbon signals at oc 142.0 (C-8).
Thus, the aldehyde group was considered to be located
at C-14. This assignment was in agreement with the
NOESY spectrum, in which the 9-H was correlated
with 14-H and 10-H,. Hence, the structure of com-
pound 5 was determined to be as shown.

The '"H and '3C NMR spectral data for kuhistani-
caol C (7) were compared with those of the closely re-
lated compound 8, which has been reported from the
same genus (Diaz et al., 1984). The presence of two
protons at dy 4.08 in the '"H NMR spectrum and a
methylene at dc 68.6 in the '*C NMR spectrum indi-
cated the existence of a hydroxymethyl in 7. The
absence of an olefinic methyl suggested that 7 had a
hydroxymethyl instead of the methyl in 8. A strong
NOE was observed between 14-H, and 9-H, which is
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consistent with its location on the hydroxy group. In
addition, the correlations of 15-Hs, 6-H and 7-Hf in
the NOESY spectrum revealed the a-configuration of
the p-anisate group. Therefore, compound 7 was deter-
mined to be as shown.

The 'C NMR spectral data of kuhistanicaol D (12)
were very similar to those of 9, except for the chemical
shifts of the C-15 and C-1 carbons, and the methine
(0c 79.4) bearing an oxygen group instead of a methyl-
ene in 9. Based on the MS results, 12 was confirmed
to have one more hydroxyl group than 9, which could
be connected to C-2, C-3, C-7 or C-10. In the HMBC
spectrum, the C-14-H; protons showed long-range cor-
relations with the carbon signals at oc 41.4 (C-7),
130.7 (C-8) and 132.2 (C-9) and the C-15-H; protons
had long-range correlations with the carbon signals at
oc 49.7 (C-1), 37.7 (C-2), 57.7 (C-5) and 79.4 (C-10),
clearly showing the presence of the hydroxyl group at
C-10. The 'H NMR spectrum showed that a broad
singlet at oy 5.43, which could be attributed to the H-
9 vinylic proton, interacts with a broad singlet at Jyg
4.10 (10-H). Inspection of Dreiding models of 12 con-
firmed a small coupling between 9-H and 10-H which
was only possible when the proton at C-10 had the o-
configuration (Miski and Mabry, 1985). In addition,
due to the correlations of the 5-H, 7-Ha and 10-H pro-
tons in the NOESY spectrum, the relative stereochem-
istry of the hydroxyl group was 10B. The structure of
12 was also confirmed chemically. Treatment of 12
with Jones reagent gave compound 10. Thus, the struc-
ture of compound 12 was determined to be as shown.

The structure of kuhistanicaol E (13) was deduced
from its "H NMR spectral data, which were very simi-
lar to that of 14. In the HMBC spectrum, 6-H showed
long-range correlations with the carbon signals at ¢
86.6 (C-4), 54.0 (C-5), 128.1 (C-7), 136.9 (C-8) and
166.6 (C-1"), which confirmed the location of the vanil-
late group at C-6. The other cross peaks observed at
7-H/C-5, C-6, C-8, C-9 and C-14, as well as 9-H/C-1,
C-7, C-8 and C-10, revealed that 13 had the same
framework as 14. These facts indicated that the main
difference between the two compounds was the con-
figuration of the hydroxyl group at C-9. When 13 and
14 were oxidized with Jones reagent, both gave the
same compound 21, which was identical to the natural
compound isolated from F. orientalis (Miski et al.,
1987). From the '"H NMR spectral data of 13 and 14,
the stereochemistry of both hydroxyl groups was also
inferred. Thus, of the different conformations that 13
and 14 can adopt, we chose the one which explains the
coupling constant of zero between H-6 and H-7,
observed in the 'H NMR spectra of both epimers.
This corresponds to a chair conformation, with an
equatorial hydroxy (o) for 14 and an axial hydroxy (B)
for 13 (Garg and Agrawal, 1988). Thus, the structure
of 13 was determined as shown.

The 'H and '>C NMR spectral data (Table 2) of
kuhistanicaol F (15) were very similar to those of 13,
except for a p-anisate group in 15 instead of the vanil-
late group in 13. The structure of 15 was confirmed by
interpretation of its 2D NMR spectral data.

The 'H and '>C NMR spectral data (Table 2) of
kuhistanicaol G (17) were compared with those of the
closely related compound 18. The ester group was con-
firmed to be at C-6 since the 6-H proton showed a
long-range correlation with the carbonyl carbon sig-
nals at oc 168.3. In addition, due to the correlations of
6-H, C-15-H; and C-14-H; protons shown in the
NOESY spectrum of 17, the relative stereochemistries
of the ester and hydroxyl group were confirmed to be
6o and 8a, respectively. The presence of two proton
doublets at dy 7.92 and 6.81 in the "H NMR spectrum
of 17 and three aromatic protons at oy 7.62 (1H, dd,
J=1.6, 83 Hz), 7.56 (1H, d, J=1.6 Hz) and 6.95
(1H, d, J = 8.3 Hz) in the spectrum of 18, respectively,
indicated the presence of a p-hydroxybenzoyl group in
17 instead of the vanillate group in 18. The MS, '*C
and 2D NMR spectral data all agreed with the pro-
posed structure.

Although many sesquiterpenoids and coumarins
have been isolated from the genus Ferula, it was found
that although F. kuhistanica contains many sesquiter-
penoids, no coumarins were isolated from this species
in the present study.

Table 2
13C NMR spectral data for compounds 12-15, 17 and 18*

C 12 13 14 15 17 18

49.7 42.3 42.6 42.2 46.8 46.7

1

2 37.7 42.0 42.1 42.0 423 42.2
3 31.3 31.9 31.9 31.8 32.0 32.0
4 86.6 86.6 86.7 86.5 87.0 87.1
5 57.7 54.0 55.0 54.0 52.7 52.7
6 70.4 72.9 73.2 72.7 73.1 73.4
7 41.4 128.1 126.4 128.0 45.2 45.1
8 130.7 136.9 139.2 136.9 71.6 71.7
9 132.2 83.3 70.0 83.2 133.4 1333
10 79.4 44.5 50.7 44.5 142.2 142.2
11 37.4 37.0 37.2 37.0 37.4 37.4
12 17.6 17.5 17.6 17.4 17.8 17.9
13 18.6 18.4 18.6 18.4 18.9 19.0
14 26.4 242 24.1 24.2 342 34.1
15 14.7 19.9 19.2 19.9 21.1 21.1
I 166.3 166.6 166.6 166.7 168.3 168.3
2’ 122.4 122.2 122.5 122.5 123.4 123.6
3’ 1243 124.5 124.6 131.9 133.0 125.2
4’ 114.3 114.3 111.4 113.8 116.0 115.8
5’ 150.4 150.5 150.5 163.7 163.3 152.5
6’ 146.4 146.4 146.4 113.8 116.0 148.6
7 111.9 112.0 112.1 131.9 133.0 113.9
OCHj; 56.1 56.1 56.3 55.5 - 56.5

# Spectra of compounds 12-15 were recorded in CDCls, and those
of 17 and 18 were recorded in CD;0D.
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1 OAc Van 5 H, CHO  p-HyBz

2 H, Van 6 H, Me p-HyBz
7 H, CH,OH p-Anis
8 H, Me p-Anis
9 H, Me Van
10 o Me Van
11 o Me p-HyBz
12 B-OH,H Me Van

20 R=p-HyBz R,

Ry

N

HO R, R,
/\ OR,
17 o-OH,B-Me p-HyBz

18 o-OH, B-Me Van

R; R,
13 B-OH,H Van 19 B-OH,a-Me Van
14 «-OH,H Van
15 B-OHH  p-Anis i&*@\ i©\ )1\©:0 .
16 o-OH,H p-HyBz
21 [¢] p-HyBz p-Anis
17

3. Experiments

3.1. General

'"H NMR 400 MHz, '*C NMR 100 MHz with TMS
as internal standard; MS: JEOL JMSD-300 instru-
ment; CC: silica gel, Sephadex LH-20 (Pharmacia),
Toyo Pearl HW-40 (Tosoh); HPLC: GPC (Asahipak
GS-310 2G, MeOH; Shodex H-2001, 2002, CHCl,),
silica gel (Si60, Hibar TR250-25, Merck), ODS (RP-
18, Hibar RT250-25, Merck).

3.2. Plant material
The roots and stems of F. kuhistanica were collected
in July 1997 from Uzbekistan. Herbarium specimens

were deposited in the herbarium of the Academy of
Sciences, Institute of Botany, Uzbekistan.

3.3. Extraction and isolation

The roots of F. kuhistanica (2.25 kg) were crushed

and extracted three times with MeOH at 60°C. The
MeOH extracts were concentrated in vacuo to give a
residue, which was partitioned between EtOAc and
H,0. The EtOAc layer was concentrated to give a resi-
due (247 g), which was subjected to a silica gel col-
umn, eluted with solvents of increasing polarity
(hexane—EtOAc; CHCl;—MeOH) to give 21 frs. Fr. 4
(75 g) was next applied to a silica gel column with
CHCI3;-MeOH as eluent to give 6 frs. (4.1-4.6), with
fr. 4.2 (16.4 g) being loaded onto a Toyo Pearl HW-40
column eluted with CHCl;—MeOH (2:1) to give 5 frs.
(4.2.1-4.2.5). Fr. 4.2.3 (713 mg) was next subjected to
silica gel CC with hexane-EtOAc as eluent to give 9
(33.0 mg). Fr. 4.3 (2.28 g) was applied to a silica gel
column eluted with CHCl;-MeOH to give 6 (711 mg).
Fr. 11 (7.6 g) was next subjected to a silica gel chro-
matography with CHCl;—MeOH as eluent to give 17
frs. (11.1-11.17), with fr. 11.2 (493 mg) applied to a
Toyo Pearl HW-40 column eluted with CHCl;-MeOH
to give 4 frs. (11.2.1-11.2.4). Fr. 11.2.3 (90.5 mg) was
subjected to HPLC (GPC, MeOH) separation to give
6 frs. (11.2.3.1-11.2.3.6); fr. 11.2.3.6 (17.4 mg) was
further purified by preparative TLC (Hex:EtOAc =
1:1) to give 1 (14.7 mg). Fr. 11.6 was subjected to
Sephadex LH-20 chromatography with MeOH as elu-
ent to give 6 frs. (11.6.1-11.6.6); fr. 11.6.5 (93.8 mg)
was purified by HPLC (silica, Hex:EtOAc = 2:3) to
give 7 (10.7 mg). Fr. 11.6.5.5 (18.5 mg) was purified by
GPC (MeOH) to give 18 (11.4 mg). Fr. 11.6.6 (49.7
mg) was purified by HPLC (silica, Hex:EtOAc = 2:3;
GPC, MeOH) to give 10 (8.9 mg). Fr. 11.8 (1 g) was
applied to a Sephadex LH-20 column with MeOH as
eluent to give 5 frs. (11.8.1-11.8.5), with fr. 11.8.3 (599
mg) further purified by GPC (MeOH) to give 4 frs.
(11.8.3.1-11.8.3.4). Fr. 11.8.3.1 (351 mg) was purified
by HPLC (silica gel, Hex:EtOAc = 1:1) to give 12
(16.1 mg) and 14 (6.2 mg). Fr. 11.8.3.1.8 was purified
by GPC (MeOH) to give 5 (8.2 mg) and 17 (10.9 mg).
Fr. 8.3.2 (153 mg) was applied to an HPLC column
(silica, Hex:EtOAc = 1:1; GPC, MeOH and ODS) to
give 11 (45.1 mg). Fr. 11.10 (783 mg) was separated on
a Sephadex LH-20 column with MecOH as cluent to
give 7 frs. (11.10.1-11.10.7). Fr. 11.10.3 was purified
by HPLC (ODS, GPC) to give 16 (57.0 mg). Fr. 14 (9
g) was subjected to MPLC (silica, CHCl3—MeOH) to
give 15 frs. (14.1-14.15). Fr. 14.8 (833 mg) was applied
to a Sephadex LH-20 column to give 5 frs. (14.8.1-
14.8.5); fr. 14.8.3 was purifed by HPLC (silica gel,
Hex:EtOAc) to give 20 (13.7 mg).

The EtOAc layer of the stems was concentrated to
give a residue (60 g), which was subjected to silica gel
chromatography with solvents of increasing polarity to
give 14 frs. Fr. 2 (2.8 g) was purified further by silica
gel, HPLC (GPC, MeOH; silica gel, CHCI;:MeOH =
99:1) to afford 13 (41.7 mg), whereas fr. 2.2 (9.2 g)
was subjected to silica gel chromatography and then to
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HPLC (silica gel, CHCI;:MeOH = 99:1) to give 4
(14.0 mg) and 19 (12.4 mg). Fr. 5 (0.7 g) was purified
by GPC (CHCI;) to give 3 (32.8 mg). Fr. 5.1 (52 mg)
was subjected to HPLC (GPC, CHCl;; silica gel,
CHCI5;:MeOH = 99:1) to give 2 (19.4 mg), whereas fr.
1 (3.4 g) was applied to a silica gel column eluted with
Hex:CHCI; to give 16 frs. (1.1-1.16), with fr. 1.14 (937
mg) being applied to a silica gel column eluted with
Hex:EtOAc to give 8 (65.7 mg) and 15 (109.0 mg).

3.4. Kuhistanicaol A (1)

Amorphous. [¢]3’ +82.6° (MeOH, ¢ 1.0); IR vKBr
em™': 3409, 2971, 2358, 1717, 1609, 1280, 1121, 963,
762; UV MO nm (loge): 292 (3.8), 263 (4.1), 219
(4.3), 205 (4.3); '"H NMR spectral data oy (CDCls):
0.84 3H, d, J=6.8 Hz, 12-H), 0.97 (3H, d, J =638
Hz, 13-H), 1.23 (1H, dd, J=17.1, 13.9 Hz, 10-Ho),
1.31 (3H, s, 15-H), 1.50 (3H, s, 14-H), 1.60 (1H, dd,
J=9.3, 13.6 Hz, 3-Ha), 1.91 (1H, m, 7-Ho), 1.93 (1H,
d, J=10.7 Hz, 5-H), 1.97 (1H, m, 11-H), 2.10 (3H, s,
2-AcO), 2.29 (1H, br d, J=ca. 14 Hz, 7-Hp), 2.31
(1H, dd, J=7.1, 13.9 Hz 10-HpP), 2.45 (1H, dd,
J=9.3, 13.6 Hz, 3-Hp), 2.84 (1H, dd, J =17.1, 7.1 Hz,
9-H), 3.94 (3H, s, OCH;), 4.40 (1H, dd, J=9.3, 9.3
Hz, 2-H), 5.52 (1H, br ¢, J=ca. 10 Hz, 6-H), 6.96
(1H, d, J = 8.4 Hz, 4-H), 7.51 (1H, d, J = 1.6 Hz, 7'-
H), 7.57 (1H, dd, J= 1.6, 8.4 Hz, 3’-H); '*C NMR
spectral data (CDCl;): Table 1; HR-EIMS m/z (rel.
int.): 462.2229 [M]+, C,sH3405, requires 462.2254;
EIMS m/z (rel. int.): 43 (39), 151 (100), 168 (37), 191
(28), 235 (32), 419 (16), 462 [M]" (2).

3.5. Kuhistanicaol B (5)

Amorphous. [2]3 +123.6° (MeOH, ¢ 0.5); IR vKBr
em™ ' 3390, 2966, 1687, 1609, 1278, 1165, 1099, 772;
UV MO nm (log g): 255 (4.2), 209 (4.2); 'H NMR
spectral data Jy (CDsOD): 0.86 (3H, d, J= 6.8 Hz,
12-H), 1.02 (3H, d, J = 6.8 Hz, 13-H), 1.11 (3H, s, 15-
H), 1.43 (1H, m, 2-Ha), 1.59 (1H, m, 3-Ha), 1.66 (1H,
m, 2-HP), 2.01 (1H, m, 3-HP), 2.14 (1H, sept, J = 6.8
Hz, 11-H), 2.21 (1H, d, J = 10.5 Hz, 5-H), 2.27 (1H,
m, 7-Ho), 2.41 (1H, dd, J = 3.5, 15.3 Hz, 10-Ha), 2.61
(1H, dd, J=8.5, 15.3 Hz 10-HpP), 3.21 (1H, dd,
J=3.1, 14.5 Hz, 7-HP), 5.19 (1H, ddd, J = 3.1, 10.3,
10.5 Hz, 6-H), 6.83 (2H, d, J = 8.7 Hz, 4',6’-H), 7.00
(1H, br s, 9-H), 7.86 (2H, d, J = 8.7 Hz, 3',7'-H), 9.39
(1H, s, 14-CHO); '*C NMR spectral data (CD;OD):
Table 1; HR-FABMS m/z (rel. int.): 395.1825 [M +
Na]" C,,H,50sNa, requires 395.1834; EIMS m/z (rel.
int.): 43 (51), 93 (39), 107 (24), 121 (100), 139 (27), 191
(53), 234 (31), 329 [M — 43]* (38).

3.6. Kuhistanicaol C (7)

Amorphous. [¢]3° +29.3° (MeOH, ¢ 0.45); IR vKBr
em™': 3424, 2965, 1709, 1607, 1218, 1100, 1030, 759;
UV MOH nm (loge): 257 (3.9), 205 (4.0); '"H NMR
spectral data oy (CDCly): 0.86 (3H, d, J = 6.4 Hz, 12-
H), 0.97 3H, d, J = 6.4 Hz, 13-H), 1.11 (3H, s, 15-H),
1.32 (1H, m, 2-H), 1.60 (2H, m, 2, 3-H), 1.95 (1H,
sept, J = 6.4 Hz, 11-H), 1.97 (1H, m, 3-H), 2.05 (1H,
m, 10-H), 2.10 (1H, m, 5-H), 2.18 (1H, m, 10-H), 2.50
(2H, m, 7-H,), 3.87 (3H, s, OCH3), 4.08 (2H, br s, 14-
H), 5.24 (1H, br t, J =ca. 8 Hz, 6-H), 5.82 (1H, br s,
9-H), 6.93 (2H, d, J=28.5 Hz, 4',6'-H), 7.97 (2H, d,
J = 8.5 Hz, 3".,7"-H); 3*C NMR spectral data (CDCly):
Table 1; HR-FABMS m/z (rel. int.): 411.2178 [M +
Na]™ C,3H3,05Na, requires 411.2147; EIMS m/z (rel.
int.): 43 (36), 55 (13), 77 (16), 83 (34), 119 (14), 135
(100), 152 (23), 175 (17), 193 (8), 345 [M — 43]" (6).

3.7. Kuhistanicaol D (12)

Amorphous. []3® —26.3° (MeOH, ¢ 1.2); IR vKBr
em™ 't 3426, 2968, 2362, 1693, 1599, 1284, 1033, 765;
UV MO nm (loge): 291 (3.6), 261 (4.0), 218 (4.1),
207 (4.2); '"H NMR spectral data g (CDCls): 0.87
(3H, d, J = 6.8 Hz, 12-H), 0.98 (3H, d, J = 6.8 Hz, 13-
H), 1.29 (3H, s, 15-H), 1.30 (1H, m, 2-H), 1.65 (H, m,
3-H), 1.80 (1H, m, 2-H), 1.84 (3H, s, 14-H), 2.00 (H,
m, 3-H), 2.01 (1H, d, J=10.7 Hz, 5-H), 2.05 (1H,
sept, J = 6.8 Hz, 11-H), 2.29 (1H, dd, J = 2.8, 14.0 Hz,
7-Ho), 2.43 (1H, br t, J = ca. 14 Hz, 7-Hp), 3.95 (3H,
s, OCHs), 4.10 (1H, br s, 10-H), 5.26 (1H, ddd,
J =28, 10.7, 13.5 Hz, 6-H), 5.43 (1H, br s, 9-H), 6.95
(1H, d, J =8.3 Hz, 4’-H), 7.54 (IH, d, J = 1.7 Hz, 7'-
H), 7.59 (1H, dd, J=1.7, 8.3 Hz, 3’-H): *C NMR
spectral data (CDCls): Table 2; HR-FABMS m/z (rel.
int.): 427.2078 [M + Na]", C,3H3,0¢Na, requires
427.2097; EIMS m/z (rel. int.): 43 (26), 71 (13), 121
(10), 151 (100), 168 (27), 193 (9), 235 (10), 361 [M —
431" (8).

3.8. Chromium trioxide oxidation of 12

A solution (0.1 ml) of Jones reagent (Bowers et al.,
1953) was cautiously added to a stirred solution of 12
(5.0 mg) in acetone (2 ml) and water (1 ml) at 0°C
over 30 min and allowed to reach room temperature
over 60 min. About half of the acetone (1 ml) was
then removed under reduced pressure. Water (100 ml)
was added and then extracted with CHCl; (100 ml).
The CHCIl; extract was next washed with saturated
sodium chloride, dried (Na,SOy4), and on removal of
solvent yielded 10 (3.5 mg, 70%).



722 B. Chen et al. | Phytochemistry 54 (2000) 717-722

3.9. Kuhistanicaol E (13)

Amorphous. [¢]5’ +17.2° (MeOH, ¢ 1.2); IR vKBr
em™ 't 3423, 2965, 1690, 1516, 1285, 1032, 763; UV
MO nm (loge): 293 (3.7), 263 (4.0), 221 (4.0); 'H
NMR spectral data oy (CDCls): 0.85 (3H, d, J=6.8
Hz, 12-H), 0.93 (3H, d, J = 6.8 Hz, 13-H), 1.18 (3H, s,
15-H), 1.36 (1H, m, 2-H), 1.63 (1H, m, 3-H), 1.64 (1H,
m, 2-H), 1.78 (1H, sept, J = 6.8 Hz, H-11), 1.92 (3H,
s, 14-H), 1.95 (1H, m, 3-H), 1.99 (1H, m, 10-Hp), 2.11
(1H, dd, J =152, 13.7 Hz, 10-Ha), 2.38 (1H, d, J =
10.9 Hz, 5-H), 3.94 (3H, s, OCH;), 4.48 (1H, br s, 9-
H), 5.54 (1H, br s, 7-H), 5.86 (1H, br d, J = ca. 10 Hz,
6-H), 6.95 (1H, d, J = 8.3 Hz, 4"-H), 7.55 (1H, d, J =
1.7 Hz, 7'-H), 7.64 (1H, dd, J = 1.7, 8.3 Hz, 3’-H); 13C
NMR spectral data (CDCls): Table 2; HR-FABMS m/
z (rel. int): 427.2097 [M + Na]', C,3H3,0¢Na,
requires 427.2091; EIMS m/z (rel. int.): 43 (36), 71
(16), 77 (14), 123 (20), 151 (100), 168 (48), 191 (14),
402 (19), 404 [M] " (5).

3.10. Chromium trioxide oxidation of 13

Treatment of 13 (26 mg), in the same manner as
described for 12, yielded 21 (10 mg, 39%).

3.11. Kuhistanicaol F (15)

Amorphous. [¢]3’ +87.1° (MeOH, ¢ 1.1); IR vKBr
em™ ' 3416, 2964, 1693, 1607, 1512, 1279, 1259, 1169,
1104, 1031, 757; UV AMOH nm (log &): 255 (4.1), 212
(4.0); "H NMR spectral data oy (CDCls): 0.85 (3H, d,
J=6.8 Hz, 12-H), 0.92 (3H, d, J=6.8 Hz, 13-H),
1.18 (3H, s, 15-H), 1.32 (1H, m, 2-H), 1.62 (2H, m, 2,
3-H), 1.74 (1H, sept, J = 6.8 Hz, H-11), 1.92 (3H, s,
14-H), 1.96 (1H, m, 3-H), 1.99 (1H, m, 10-Hp), 2.11
(1H, dd, J=5.2, 13.7 Hz, 10-Ha), 2.39 (1H, d, J =
10.9 Hz, 5-H), 3.87 (3H, s, OCH3), 4.49 (1H, br s, 9-
H), 5.55 (1H, br s, 7-H), 5.86 (1H, br d, J = ca. 10 Hz,
6-H), 6.94 (2H, d, J=8.9 Hz, 4',6'-H), 8.00 (2H, d,
J =18.9 Hz, 3".,7"-H); '3*C NMR spectral data (CDCly):
Table 2; HR-FABMS m/z (rel. int.): 411.2120 [M +
Na] ", C»3H3,05,Na, requires 411.2147; EIMS m/z (rel.
int.): 43 (23), 55 (9), 71 (11), 77 (12), 135 (100), 148
(20), 152 (19), 191 (25), 343 (2), 361 [M — 43]" (2),
387 (7), 388 (2).

3.12. Kuhistanicaol G (17)

Amorphous. [¢]2° —68.9° (MeOH ¢ 0.8); IR vKBr

em™": 3514, 3191, 2971, 1684, 1610, 1289, 1168, 1066;
UV 2MOH nm (log ¢): 258 (4.1), 205 (4.2), 193 (3.7); 'H

NMR spectral data éy (CD5;0OD): 0.85 (3H, d, J = 6.8
Hz, 12-H), 0.97 (3H, d, J = 6.8 Hz, 13-H), 1.24 (3H, s,

15-H), 1.29 (3H, s, 14-H), 1.47 (1H, m, 2-H), 1.55 (1H,
m, 3-H), 1.63 (1H, m, H-2), 1.89 (1H, sept, J = 6.8 Hz,
11-H), 1.99 (1H, m, 3-H), 2.10 (1H, br d, J =ca. 16
Hz, 7-H), 2.32 (1H, dd, J = 5.6, 16.1 Hz, 7-H), 3.07
(1H, d, J = 11.1 Hz, 5-H), 5.43 (1H, d, J = 12.5 Hz, 9-
H), 5.64 (1H, d, J =12.5 Hz, 10-H), 5.65 (1H, br dd,
J=ca.b, 11 Hz, 6-H), 6.81 (2H, d, J=8.7 Hz, 4',6'-
H), 7.92 (2H, d, J = 8.7 Hz, 3',7'-H); *C NMR spec-
tral data (CD;OD): Table 2; HR-FABMS m/z (rel.
int.): 397.2008 [M + Na]*, CH;3,OsNa, requires
397.1991; EIMS m/z (rel. int.): 31 (85), 43 (39), 71
(18), 93 (26), 121 (75), 132 (30), 175 (100), 236 (22),
313 (10), 331 [M — 43]" (20).
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