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Abstract—Three new pseudogualanolides, 4-epipulehellin {1},
4L-epineopulchellin {2) and pulchelloid D (3), were isclated from

Gailiardia pulchella together with other eleven pseudoguaianolides

and three guaianclides. Fifteen natural sesquiterpene lactones
and their thirty one derivatives were tested for cytotoxie
activity against EB cell line. Among them, twenty seven
compounds were shown to be active (ED50 < 4 ug/ml}.

The structure-activity relationships of these sesquiterpene

lactones are discussed.

In the course of our medico-chemical studies on bio=-active constituentis of Gaillardia
pulchella {Compositae), sesquiterpene lactones were isolated from this plant. I% is
interesting from the chemotaxonomic point of view that there is a difference in their
skeletal types depending on lccale of collection or cultivation. Among them,
pseudoguaianclides were found to be principal sesguiterpenclide ceonstituents in the

aerial parts of the plant collected in Florida®:?14 and of the cultivated material in

2-8 9

Tokyo and Berlin. In cur continucus search of the Japanese cultivated species we

have reported the isclaticn and structure elucidation of several pseudoguaianclides,
such as pulchellin2’3 neopulchellin,4 pulchelleid A,5 B,5 and 06 as well as two

iactone alkaloids, pulchellidine,3 neopu].c:hellidine,‘4‘a and a lactone degraded pseudo-

8,10

twistane, pulchellon.7 A cytotoxic guaianclide, gaillsrdin was isclated from G.

pulchella collected in Texas and a Tokyo cultivation together with a minor

8

constituent, neogaillardin. Eudesmanolides were also found as the main sesqui-

terpene lactones in the collection in Arizona and eastern New Mexico. !

Since a crude extract containing gaillardin was found to show & higher cytotoxic
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(1) (2) (4)

we focused cur attention on the other minor

activity than does gaillardin itself,1oa

components in this plant which can be expected to exhibit potent antitumor activity.
We now describe further isclation of three new pseudoguaianolides, 4-epipulchellin
(1),12 4-epineopulchellin (2)12 and pulchelloid D (3), together with eleven pseudo-
guaianclides and three guaianclides, from three cultivations mentioned below.

Fifteen naturally occurring sesquiterpenolides and their thirty one derivatives were
tested for antitumor activity against KB cells. Among these forty six compounds,
twenty seven compounds exhibit appreciable activity (EDEO < 4 pg/wl). The structure-
activity relationship of these sequiterpene lactones is discussed below.

The methanol extract of the aerial part of G.pulchells cultivated in Japan afforded a
nixture of seventeen sesquiterpene lactones. After solvent partitions, separation of
the mixture by liquid chromatography {(silica gel) and high performance liquid
chromatography {hple) (silica gel and ODS) gave 2-acetylflorilenalin (4),'2 pulche-
11in (5},%'® neopulchellin (6),%'® florilenalin (7), % gaillardin (8),85:719 4.
acetylpulchelloid A (9),9 b-acetylpulchelleid B (10,7 spathulin (11),1? 4-angarcyl-
ba-hydroxyneopulchellin (1z),%? pulchelloid C (13),6 4eacetylpulchelloid 4 (14),9
pulchelloid 4 {15),” pulchelloid B (16)” and 6a-hydroxyneopulchellin (17).7

Compounds (1), (2} and (3) are all new pseudoguaianolides, and compound (4) is the
guaianolide isclated from this plant for the first time.

4=FEpipulchellin (1) was isclated as colorless oil and the moleculsr formula was
determined as C15H220A based on high resoluiton mass spectrometry (hrms}. From its
ir and 1H—nmr spectroscopic data, 1 seemed to contain an exomethylene-#-butyrolactone
moiety and two hydroxyl groups. The "Honmr spectrum was very similar to that of
pulehellin (5) with an exception of the chemical shift and wultiplicity of the proteon
at C(4). The partial structure from C(5) to C(10) was assigned by the proton
decoupling experiments, but the complete assignement of whole structure was
unsuccessful because of overlapping of proton signals of C(2) and C{{). In order to
disclose the whole structure, we synthesized 4-epipulchellin (1) from pulchellin

(5),2’8 which is the most abundant component of this plant, as follows. Sodium
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Scheme 1

borchydride (NaBHA) reduction of 2-acetyldehydropulchellin (18) derived fron
pulchellin (5)3C (Cf. Table 1) afforded stereospecifically 2-acetyl-4-epipulchellin
(19) in almost quantitative yield. The configuration of C(4)-hydroxyl group was
assigned by the coupling constants (J = 8.6, 10.7 Hz) of C{4)-H. Monocacetate (19)
was further acetylated to give diacetyl-4-epipulchellin (20). The stereostructures
of 19 and 20 were uneguivocally determined by comparison of their 1H-nmr data with
those of naturally occurring 2-acetyl-4-epipuichellin and diacetyl-4-epipulchellin

isolated previously from Geigeria burkey.16 Alkaline hydrolysis of 20 gave 4—epi-

pulchellin (1} (see Experimental).

4=Epineopulchellin (2), Cq5Hp00,, was iscalted as colorless oil and also has an
exomethylene-y-butyrolactone moiety and hydroxyl groups as shown by its ir and T9-nmr
data; ir (KBr) v cu”: 3380 (OH}, 1764 (y=lactone), MHonmr {acetone-dg) & ppm: 6.08,
d, J = 2.5 Hg (H-13'}, 5.62 d, J = 2.2 Hz {H-13). The nmr spectrum is very similar
to that of neopuichellin (16). The only striking difference bhetween 2 and 6 is
chemical shifts and coupling constants of their H-4 protons [ & 4.01, dd, J = 8.8
8.8 Hz for 25 6 3.68 ppm, &, J = 5.0 Hz for 6]. The above data suggest that
compound (2) ig a 4-epimer of 6. In order to prove this assignment, chemical
transformation from & into 2 was performed in a similar manner as described for 4-
epipulchellin (1). Acetylation of & with Ac,0/pyridine gave a mixture (1:1]) of 2-
acetate (21) and diacetate (22). Keto acetate (23) obtained from the Z-acetate (21)
by Jones oxidation was then reduced cautiously with NaBH, (1.3 eq. mol), thereby
yielding almost quantitatively 2-acetyl-i-epineopulchellin (24) in a sterecspecific

manner. Alkaline hydrolysis of the acetate {24) gave rise to formation of 4-epineo-
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pulchellin (2) in 94.2 % yield, whose spectroscopic data were in acecord with those of
natural 4-epineopulechellin (2) in every respect. Furthermore, acetylation of this
compound 2 afforded the corresponding diacetate (25)16(see Experimental).

Pulchelloid D (3) obtained as colorless oil exhibited a prominent ion peak at n/z 463
(ME') in CT-ms. The ir and 'H-nmr spectra of 3 showed the presence of an exomethylene-
y-butyrclactone moiety, two hydroxyl and two angeloyl ester groups as

follows; ir (KBr) v en™1: 3440 (OH), 1772 (y-lactene), 1716 (ester carbonyl), THenor
(CDCl4) 6 ppm: .43, 4, J = 3.5 Bz (H-13), 5.55, 4, J = 3.7 Hz (H-13'), 6.16, qq, J =
1.5, 7.3 Hz (H-3' or H-3"), 6.08, qq, J = 1.5, 7.2 Hz {H-3" or H-3"), 2.02, 3H, dg, J
=1.5, 7.3 Hz (H-4' or H-4"), 1.98, 3K, dq, J = 1.5, 7.3 Hz (H-4'or H-4"), 1.84, 3H,
dg, J = 1.5, 1.5 Ha. Coupling constants of its protons on the framework are
approximate to those of pulchelloid A (15),5 which is a pseudcguaisanolide having a 2-
angeloyl group. The difference between compound (3) and 15 appeared in the chemical
shift of H-4. The above observation and comparison of THennr data of (3} with other
analogous pseudoguaianolides, such as spathulin15 and pulchelloid B,5 led us to the
conclusion that pulchelleid D (3) is 4-angeloylpulchelloid A (or 6,9-desacetyl-2,4-
diangeloylspathulin).

2-Acetylflorilenalin (4), [a]g® +98.8° (c = 0.15, CHG1,), mp 139-140°C, was

obtained as colorless prisms with the molecular formula C15H2205 based on the HR-,
CI- and EI-ms spectroscopies. Compound (4) seemed to possess an excmethylene-y-
lectone moiety, one hydroxyl group and one acetoxyl group from the following data; ir
(KBr) v em™': 3530 (OH), 1767 (y-lactone), 1723 {acetyl carbonyl), THonmr (GDClB) 8
ppm: 6.31, 1H, d, J= 2.8 Hz (H-13), 5.68, 18, 4, J = 2.4 Hz (H-13'), 5.68, 4, J = 2.4
Hz (H-13'), 5.68, 1H, 4, J = 2.4 Hz {H-13), 2.07, 3H (acetyl GHB)' Acetylation of 4
with Ac20/pyridine/DMAP at room temperature overnight afforded the corresponding
acetate (26) (C1gH2607, mp 127-129°C). Comparison of the 1H—nmr data of 26 with
those of florilenalin diacetate obtained from florilenalin (7) under specified
conditions of acetylation (AczO/pyridine/DMAP at 80°C for 18 h) revealed that
compound {26) to be identical with florilenalin diacetate.'? Thus, the monoacetate
{4) is & trans-fused guaianclide possessing a cis-fused a-wmethylene-y-butyrolactone
group.

The cytotoxic and/or antitumor pseudoguaiancliides and guaianolides sre commonly
characterized by ornamentation with the a-methylene-v-lactone moiety as exemplified

in Scheme 1. Furthermore, an a,B~unsaturated carbonyl and an additional acyloxy eor

hydroxy group seem to enhance the cytotoxicity.17 Systematic studies on the
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Table 1 Cytotoxic Activity of Pseudogusaisnolides and Guaianolides against KB Cells

G
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“Q

Compounds (No.) Substituents EDcq
Categories R, Ry E3 RA (ug?ml)
A (trans-lactone diocl)
pulchellin (5) H 0 H 1.9
2-acetylpulchellin (27) Ac 0OH H 3.5
diacetylpulehellin (29) Ae Ohc H 1.7
4-epipulchellin (1) H H 0H 21.5
2-acetyl-4-epipulehellin (19) A H OH 40
pulchellidine (30) H OH H 4e5
(11gH,13-piperidino)
4L-angeloylpulchellin (57) H OAng H 29
B {gig-lactene diol)
neopulchellin (6} H OR q 2.6
2-acetylneopulchellin (21) Ac Ol 0 e
diacetylneopulchellin (22) ke OAe  Qhc 2.2
4-epineopulchellin (2) H H 0B 7.5
2-acetyl-4-epineopulchellin (24} Ac H OH 3.5
diacetyl-4i-epineopulchellin {25) Ac H OAc 5.4
neopulchellidine (31) H [0] 4 g > 30
{11a¢H,13-piperidino)
¢ (lactone triol)
ba-hydroxyneopulchellin (17) H H H 6.7
4-angeroyl-bo-hydroxyneopulchellin (12) H Ang 1 2.9
tba~-hydroxynecpulchellin triacetate (35} Ac Ac Ac 0.6
pulchelleid C {13) H An H 1.2
%SBH)
2,6-diacetylpulchelloid C (36) hc An Ac 1.4
%SBH)
D (11,13=dihydrclactone diol)
dihydropulchellin (32} H OH H > 100
2-acetyldihydropulchellin (33) Ac OH H > 100
diacetyldihydropulchellin (34) he CAc H > 100
4-epi-11BH-dihydroneopulchellin (37} H H OH > 100
(8a,118H)
4L-epi-1TaH-dihydroneopulchellin {38} H H OH > 100
(8a,11aH)
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continued

E (trans-lactone tetraol)

pulchelloid A (15} Ang H H H 12
pulchelloid B (16) iVal H H H 1.3
pulchelloid T (3) Ang Ang H H 0.47
spathulin (11} H H fc Ac 4.6
4-acetylpulchelloid & (14) Ang Ac H H 0.38
b-acetylpulchelloid A (9) Ang H Ae H 0.5
pulchelloid A triacetate (39) Ang Ac  Ac  Ac 1.3
pulchelloid B triacetate (40) ival Ac Ac Ae 1.0
diacetylspathulin {42) he Ac Ac Ac 3.2
6,9-desacetylspathulin (41) H H H H > 100

F {(6-fused cis-lactcne tetraol)
isopulchellioid A (44) Ang .
6,9-desacetylisospathulin {43} H > 100

G (cyclopentenone derivatives)
aromaticin (45) 1.05
aromatin (46} (8agH) > 0.3
28,3R-epoxyarcmaticin (47) 2B,3B-epoxy 1.1
28,3B-epoxyaromatin {(48) 2R,3B-epoxy {8oH) 0.62
4-anhydro-Z-dehydropulchellin (49) 1.5
Z-anhydro-2-dehydrodihydropulchellin (50) (11BH) > 100
Z2-dehydropulchellin (51) 1.9

H (guaianolide)
2-acetylflcrilenalin (4) he H 1.8
gaillardin (8) ne H (a2+19 8gH) 0.36
gaillardin acetate (52) sc H {29270 8gH) 1.5

structure-activity relationship ¢f these sesquiterpenclides are very few except for

18

helenalin and its related derivatives. It has generally been said that the u-

methylene-y-butyrolactone moletly acts as an in vivo alkylating agent which undergcees

3,17

a Michael type reaction with biological cellular nuclecphiles such as L-cysteine,

glutathione or sulfhydryl-containing enzymes such as phosphofructeokinase, glycogen

synthetase and DNA polymerase.18

In order te c¢larify the structure-activity
relationship of sesquiterpene lectones in G. pulchella, the above-mentioned fifteen
naturally occurring sesgquiterpenclides and their thirty one derivatives were screened
for an antitumor activity by using KB cell cultiure. Among them, cytotexic aromaticin
(45) and aromatin (46) containing cyclopentenone moiety were derived from pulchellin
{5) and neopulchellin (6}, respectively, for the compariscn of cytotoxicities.jc The
structures and cytotoxic activities against KB cells (EDSO ug/ml) are shown in Table
1. Pseudeguaianolides and guaianplides tested are classified on the basis of
structures into seven categories of pseudoguaianoclides (A - G) and gualanolide (H)

groups. As expected, gaillardin (8), arcmaticin {45) snd aromatin {46) showed potent

cytotoxic activities and none of the 11,13-dihydro derivatives such as dihydro-
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pulchellin (32),% its 2-acetate (33),% 2, 4-diacetate (34),° Z-epi-11gH- (37),'9 4-
epi-11aH-dihydroneopulchellin (38)'? in Category D as well as 4-anhydro-2-dehydro-
dihydropulchellin (50) in Category G exhibited cytotoxicities. This observation
implicates that the a-exomethylene-y-lactone moiety must be essential for the
appearance of cytotoxic activities. In the case of lactone dicls of Category A and
B, 2o, 4a-hydroxyl and acyleoxyl groups are effective for the activity of trans-
lactone diel (5) and cis-lactone diol (6}, whereas the corresponding epimers at C(4)
of 5 and 6 demonstrated reduced activities as shown by compounds (1) and (2).
Meanwhile, acetylation at C(2) of both the 4fo-diols (5) and (6) diminished their
activity as shown by compounds (27) and (21). In the case of 2, 4-diacetates (29)
and (22}, each activity is comparable to that of diol (5) and (6), respectively. In
the case of lactone triols in Gategory €, a cis-lactone tricl, 6u-hydroxy-
neopulchellin {17) shows a higher cytotoxic activity in the corresponding mono-
angelate (12)}. +trans-Lactone triol, pulchelloid C (13) showed a relatively higher
activity than does the corresponding cis-lactone triol, 4-angeroyl-ba-hydroxyneo-
pulchellin (12), whose cycloheptane ring takes a twisted boat conformation as
evidenced by X-ray crystallography.zo Furthermore, in the case of lactone tetraols
of Category B and F, a trans-lactone tetraol, 6, 9-desacetylspathulin (41) and = cis-
lactone tetracl (6-fused), &, 9-desacetylisospathulin (43) have no cybotoxicity.
However, a remarkable augmentation of the activity was cbserved by acylation of the
two hydroxyl groups in the tetraol molecule. For example, diester diols such as
pulchelloid D (3), 6-acetylpulchelloid & (9) and 4-acetylpulchelloid & (14) exhibit =
highly potent activity (ED5O <1 pg/ml), This fact seems to suggest that introduction
of hydroxyl groups intc the parent molecule not always contributes to their cytctoxic
activity, but also to indicate adequate lipophilicity to be essential for enhancing
the activity of these pseudogualanolides. Guaianolides such as 2-acetylflorilenalin
{4), gaillardin (8) and its acetate (52) in Category H reveal almost the same
cytotoxicities as pseudogusianoclides in Category G. Pseudoguaianolides containing a
cyclopentencne or epoxycyclepentanone moiety in category G exhibit the highest
activity (ED50 0.3-2 pg/ml). This fact concludes that the major cytotoxiecity of the
¢-methylene-y-butyrolactone moiety is considerably increased by enhancement effect of
@, B-unsaturated ketone coexisting in the molecule. It is noteworthy to mention that
4-anhydrodihydropulchellin (49), for example, exhibited an appreciable activity,
whereas its 118H-dihydro derivatives (50) containing a cyclopentenone moiety had

virtually no activity.
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Table 2 Hydrophebicity (log P) and Cytotoxicity (EDgn) of Sesquiterpene Lactones

Compounds ED5O(ug/ml) log(‘I/C50)a log P
pulchellin (5) 1.9 5.15 0.93
neopulchellin (6) 2.6 5.01 1.31
2-acetylneopulchellin (21) £.2 4.86 1.32
aromaticin {45) 1.05 5.37 1.60
gaillardin (8) 0.63 5.92 1.80

a: Log of reciprocal half-maximal effective dose in moles/1
log(T/CSO) = 0,902(log P) + 4.0007, n =35, r =0.72 {Eq. 1)

In connection with the aforementioned structure-activity relationship of cytotoxic
sesquiterpene lactones, the estimation of hydrophobic paramester {log P) was taken in
consideration substantially measured according to Hansch-Fujita's nethod,?’

Partition coefficients were calculated based on measurements of the abscorbance at
absorption maxima (210-220 nm) attributable to the a-methylene-y-lactone chromophore.
The results were shown in Table 2. There observed an evident tendency that the more
hydrophoblcity (log P) was provided in the structure, the higher cytotoxic activity
was secured in the molecule. A reasonable correlation of log 1/050 with log P for
these five compounds was preliminary deduced by the given equation 1 to be a linear

relationship between lipophilicity and cytotoxicity. A& further investigation is now

in progress.

EXPERIMENTAL

Melting points were determined or a Yanagimoto micromelting point apparatus and are
uncorrected. Optical rotations were measured with a JASCO DIP-360 digital
polarimeter, and infrared (ir) spectra were obtained with a Hitachi EPI-G3
spectrometer. TH-Nar spectra were obtained with JEOL GSX-27C and GX-40C (270 and 400
MHz spectrometer using tetramethylsilane as an internal standard, EI-ms, CI-ms and
HR-ms were measured with a JEOL JMS-D3C0 spectrometer, Thin layer chromatography
(tle) was performed on Merck precoated plate (Kieselgel 6OF254) with AcOEL as =
solvent. Column chromatography was carried out on Kieselgel 60 {70 - 230 mesﬁ).
Preparative hplc was performed on an apparatus consisting of a M-6000A pump (Waters
Associates Co. Ltd.), UfK injector {Waters Associates Co. Ltd.) and Soma 5-3104 model
II UV detector (operated at 254 nm) using the following columns; A} Chemcosorb 5 0DS
L (30 em x 7.5 mm¢), B) u-Bondapak Cqg Semi Prep (30 cm x 7.8 mmo) and €} Chemcosorb

551 (25 cm x 7.8 mmd) with the following solvent systems; solvent A: GHBCN/HZO (4:6,
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flow rate 2 ml/min), sclvent B: MeOH/H20 (5:6, flow rate, 2 ml/min}, solvent C:

GHClB/EtOH (9:1, flow rate, 2 ml/min).

Extraction and Isolation —

Air dried above-ground material (3 kg) of Gaillardia pulchells (seeds were supplied

from Takii Shubyo Co. Ltd.), cultivated at Koganei City near Tokyo in 1985, was
chopped small pieces and percolated with methanel (50 1) at ambient temperature for 2
weeks. After concentration of the extract under reduced pressure to 1 1, water (1 1)
was added, and the mixture was extracted with benzene { 1 1 x 3) and AcOEt (1 1 x 3).
The AcOEt layer was then evaporated in vacuoc afforded a brown gum (54 g). The
residue was then submitted to silica gel chromatography and the fraction eliuted with
benzene/AcOFt (1:1) gave a crude mixture of the constituents (i3 g).
Recrystallization from AcOEt afforded a mixture of (5} arnd (6) (9.9 g}. Further
separation of the mixture (1 g) by hple {eolumn G, solvent C) gave pulchellin (5)
(500 mg, Rt 10.7 min) and neopulchellin (6) {300 ng, Rt 12.2 min). AcOEt eluated
amixture (244 mg) of 4—epipulchellin (1}, 4-epineocpulchellin (2) and florilenalin

7. Hple separation (column C, 25 cm X 4.6 mmg, solvent C, flow rate 1 nl/min) éf
the mixture gave florilenalin (7) (15 wg, Rt 6.6 win), 4-epipulchellin (1} (1 mg, Rt
12.7 min) and 4-epineopulchellin {(2) (1 mg, Rt 15.4 min}. The "Henor data of 7 was
identical with those reported previously for florilenalin.l4

4-Epipulchellin (1) Colorless oil. TIr {KBr) v em~': 3375 (OH), 1751 (y-

max
lactone), 1656 (C=C), CI-ms n/z: 267 (MEY, base peak), 249 (MH® - Hy0), 231 (ME" - 2
x H,0). EI-ms m/z: 266 (M'), 248 (M' - E,;0), 230 (M" - 2 x H;0). HR-ms n/z: Caled.
for CqgHpp0,: 266.1515. Found: 266.1495. TH-Nmr (CDClj) § ppm; 6.17 (14, ddd, J =
9.5, 9.5, 3.8 Hz, H-8), 4.%4 (24, m, H-2 and H-4}, 1.18 (3H, &, J = 6.8 Hz, H-14},
0.90 (34, s, H-15),

4-Epineopulchellin (2) Colorless oil. Ir (KBr)-\Jma en s 3380 (QH}, 1764

X
(Y~lactore). CI-ms (isobutane) m/z: 267 (MHT). EI-ms n/z: Caled. for C15H2204:
266.1515. Found: 266.1504. TH-tmy (acetone—d6) & ppm: 6.08 (1d, 4, J = 2.5 Hz, H-
131y, 5.62 {1H, 4, J = 2.2 Hz, H-13}, 4.81 {1H, ddd, § = 3.2, 7.8, 11.2 Hz, 4-0H),
3.67 (1H, brs, 2-0H), 3.29 (1H, m, H-7}, 2.13 {1H, ddd, J = 6.4, 12,9, 12.9 Hz, H-
98), 1.94 (1H, m, H-10), 1.66 (1H, 4d4d, J = 1.5, 3.4, 12.9 Hz, H-%9a), 1.41 (1H, 44,
J = 13.7, 13.7 Kz, H-6), 1.20 (34, 4, J = 6.8 Hz, H-14), 0.84 (34, s, H-15).
Extraction and lsolation —2

Dried above-ground material (6 kg) of G. pulchella (seeds supplied by Daiichi Engei
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Co. Ltd.}, cultivated at Koganei City near Tokyo in 1985, were cut into small pieces
and extracted with MeCH (45 1) at ambient temperature for 3 weeks. After
concentraiton of the extract under reduced pressure to & small volume (ga 1 1), water
(1 1) was added. Chlorophyll and wax were then removed with benzene (1 1 x 3). The
aqueous layer was extracted with AcOEt (1 1 x 2). After evaporation of the solvent
under reduced pressure, the residue (49 g) was subjected to neutral alumina column
chromatography using AcOEt as eluent. Treatment of the elumste as usual afforded a
brown gum (30 g),which was then submitted to silica gel chromatography. Elution with
a benzens, Ac0Et and MeOH solvent system afforded six fractions: Fr. 1, 10 mg (Rf.
0.73); Fr. 2, 320 mg (Rf. 0.67); Fr. 3, 2.3 g (BRf. 0.60); Fr. 4, 5.6 g (Rf. 0.45);
Fr. 5, 122 mg (Rf. 0.33); Fr. 6, 237 mg (Rf. 0.26). A s0lid obtained from Fr. 1 was
recrystallized from acetone to give colorless prisms {mp 212-213°C), which were
identified with a (3:2) mixture of 9-0O-desacetylspathulin-2-O-angelate {or 6-
acetylpulchelloid A)(9) and 9-0O-desacetylspathulin-2-0O-isovalerate (or 6-acetyl-
pulchelloid B) (10) by TH-nmor. Recreystallization of the residue obtained Fr. 5 fron
AcOEt afforded colorless prisms (mp 261-263°C), which was identical with spathulin
(11) in all respects. Separation of the residue 20 ng of Fr. 2 by hple (column 4,
solvent B) gave four fractions, Fr. 2-1 (Rt. 18.0 min}, Fr. 2-2 (Rt. 19.2 min}), Fr.
2-3 {(Rt, 21,4 min) and Pr. 2-4 {(Rt. 22.0 nin). ©Each fraction afforded 9 mg of 4-
angeroyl-bg-hydroxyneopulchellin (12), 3mg of pulchelloid C (13), 2 mg of 4-
acetylpulchelloid A (14) and 4 mg of 6-acetylpulchelloid A (9), respectively. The
residue of Fr. 3 {100 mg) was separated by hple {column 4, solvent B) into two
fractions of Fr. 3-1 (Rt. 43.0 min) and Fr. 3-2 (Rt. 45.8 min). Fr. 3-1 gave 7 mg of
compound (15}. Fr. 3-2 was deduced to be a mixture of compounds (16) and (17). Fr.
4 (7 mg) was separated by hplec (column B, solvent B) into two fractions of Fr. 4-1
{Rt. 41.0 min) and Fr. 4-2 (Rt. 43.5 min), which gave 2 mg of pulchelloid A (15) and
pulchelleid B {16), respectively. 10 mg of Fr. é were separated by hple (column A,
solvent B) into two fractions of Fr. 6-1 (Rt. 9.6 min) and Fr. 6-2 (Rt. 17.2 min),
which gave 40 mg of crude compound {17) and 10 mg of mixture of pulchellin (5) and
{17), respectively. Fr. 6-1 was further purified by hple {column C, solvent C) to
afford 15 mg of fu-hydroxy-neopulchellin (17).

Extraction and Isolation — 23

The chipped and dried whole plant of G. pulchella (ca 1 kg), cuitivated at Shiki near
Tokyo in 1970, was percolated with methanol (1C 1) at room temperature. After

concentration in vacuo to 500 ml folllowed by addition of water {500 ml), the water
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layer was extracted with AcOEt (500 ml x 2). The organic extract was dried over
anhydrous sodium sulfate. Evaporation in vacuoc successively afforded 10 g of a
brownish gum, which were subjected to silica gel chromatcgraphy using CH50l, and
LeOEt mixtures as eluents. Eluates with CH2012/Ac0Et (7:3), (111}, {3:7) and {0:10)
afforded Fr. 1 (2.4 g), Fr. 2 (2.23 g), Fr. 3 (1.89 g} and Fr. 4 (1.1 g,
respectively. Reerystallization of Fr. 3 from AcOEt gave colorless prisms (880 mg)
of a mixture of compounds (1) and (2). Fr. 1 was further submitted to silica gel
chromatography and sluted with CHyCl,/AcCEY (7:3) to afford four fractions: Fr. 1-)
{557 ng), Fr. 1-2 (586 mg), Fr. 1-3 (650 mg) and Fr. 1-4 (164 mg). Fr. 1-1 was
further subjected to silica gel chromatography and eluted with a benzene-AcOEt
solvent system. The benzene/AcOEt (1:5) fraction afferded Fr. 1-1-1 {95 mg), which
was then separated by hple (cclumn B, solvent H,0/MeCN 24:19, flow rate 2 ml/min} to
afford three fraciions: TFr. 1-1-1-1 = compound (3) (Rt 24.0 min, 12 mg); Fr. 1=-1-1-2
{(Rt. 25.4 min, 2 mg); Fr. 1-1-1-3 (Rt. 29.3 nin, 23 mg). Fr. 2 was subjected to
silica gel chromatography (benzene/AcCEt) giving two fractions: Fr. 2-1 (50 mg) and
Fr. 2-2 (80 mg). Recrystallization of Fr. 2-1 from AcOEt gave colorless prisms (mp
195-198°C), which were identified as gsillardin (8) by ir and 1H—nmr. Fr. 2-2 was
further submitted to hple (ecolumn B, sclvent MeGN/H,0 4316, flow rate 1 ml/min) to
separate into four fractions: Fr. 2-2-1 (Rt. 20.0 min, 13 mg), Fr. 2-2-2 (Rt. 22.0
min, 29 mg), Fr. 2-2-3 (Rt. 4.2 min, 10 mg) and Fr 2-2-4 (Rt. 37.0 min, 1 mg).
Recrystallization of Fr. 2-2-2 from AcOFt/ether gave compound (i) as colorless prisms
{mp 139-140°C, 15 mg).

Pulchelloid D (3) Colorless oil obtained from Fr. 1-1-1. TIr (KBr} v, en™ i 3440
(CH}, 1772 (y-lactone}, 1716 (ester carbonyl). CI-ms m/z: 463 (MH*)Y. THennr (CDClB)
§ ppm: 6.43 (1H, &, J = 3.5 Hz, H-13), 6.16 (iH, gq, J = 1.5, 7.1 Ha, H-3' or H-3"),
6,08 (1H, ggq, 1.5, 7.1 Hz, H-3' or HE-3"), 5.55 (14, 4, J = 3.1 Hz, H-13'), 5.16 (1H,
ddd, J = 1.9, 6.7, 9.2 Hz, H-2), 5.02 (1H, 4, J = 4.6 Hz, H-4), 4.62 (1H, d4d, J =
9.4, 9.4 Hz, H-8), 4.43 (14, dd, J = 3.5, 3.5 Hz, H-6), 3.35 (1H, dd, J = 9.5, 9.4
Hz, K-9), 3.00 (1H, wm, H-7}, 2.76 (1H, ddd, J = 4.6, 9.2, 14.1 Hz, H-3)}, 2.30 (1H,
dd, J = 6.7, 11.2 Hz, H-1), 2.02 (34, dgq, J = 1.5, 7.3 Hz, H=4' or H-4"), 1.98 (3K,
dq, J = 1.5, 7.3 Hz, H-4' or H-4"), 1.93 (1H, =, H-10), 1.89 (3H, qq, J = 1.5, 1.5,
H-5' or H-5"), 1.84 {3H, ag, ¥ = 1.5, 1.5 Hz, H-5' or H-5"}, 1.70 (1H, dd, J = 1.9,
14.1 Hz, H-3a}, 1.17 {31, 4, J = &.6 Hz, H-14), 1,06 (3H, s, H-15).

2-Acetylflorilenalin (4) Colorless prisms. mp 139-140°C. [ald® +98.9° (c

0,15, CHCly), ir (KBr) vpay em™': 3530 (0H), 1760 (y-lactone}, 1723 (acetyl
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carbonyl), EI-ms m/z: 306 (M'), 246 (M' - CH3COOE), 228 (246 - Hy0), 204 (246 - 2 x
H;0), CI-ms (isobutane) m/z: 307 (MH'), 289 (MH' - H;0), 247 (MH® - CH4COCH), 229
(247 - Hy0), HR-us a/7: Caled. for CygHpp0st 306.1468, Found: 306.1494. H-Namr
(CD013) s ppm:6.31 (14, 4, J = 2.8 Hz, H-13'), 5.68 (1H, 4, J = 2.4 Hz, H-13),5.31
(1H, 44, J = 5.5, 2.8 Hz, H-2}, 5.08 (1M, brs, H-14'), 4.89 {1H, brs, H-14), 4.63
(14, ddda, J = 11.3, 7.9, 3.7 Hz, H-8), 3.24 (1H, w, H-7), 2.32 (1H, 44, J = 12.8,
11.3 Hz, H-9a), 2.73(14, dd, J = 12.8, 3.7 Hz, H-98), 2.27 (1H, d4d, J = 15.9, 5.5 Hz,
H-38}, 2.07 (3H, s, acetyl CHg), 1.93 (1H, d, J = 15.9 Hz, H-3a), 1.22 (34, =, H-15},
R=Acetyl-4-epipulchellin (19} Tc a sclution of 2-acetyl-4-dehydropulchellin (18)3¢
{120 mg), prepared from pulchellin {1), in MeOH (8 ml) was added NaBH, (8 mg) and the
mixture was stirred at room lewperature for 30 mwin., After addition of water, the
reactlion mixture was extracted with AcOEt and the organic layer was dried cver
anhydrous sodium sulfate. Evaporation of the solvent 1n vacuo gave a crystalline
mass in almost quantitatively, which was then recrystallized from CHGljfether to give
2-acetyl-4-epipulchellin (19} as colorless prisms, np 188-191°C, ir (KBr) Voax e
3500 (OH), 1756 (y-lactone), 1731 (acetyl carbonyl), El-ms m/z: 248 (Mt - GHBGOOH),
230 {M* - CH4COOH - H;0), CI-ms (isobutane) m/z: 309 {(M"), HR-ms m/z: Caled. for
Cyqlp 042 308.1624, Found: 308.1623. 'H-Nur (CDGlB) ¢ ppu: (1H, 4, J = 3.6 Hz, H-
13t), 5.47 (1H, 4, J = 3.1 Hz, H-13), 4.93 {1H, ddd, J

2.1, 8.3, 9.5 Hz, H-2), 4.23
(14, ddd, J = 3.4, 9.5, 12,2 Hz, H-8), 4.04 {1H, dd, J = 8.6, 10.7 Hz, H-4}, 2.84
(14, m, H-7), 2.04 (3H, s, acetyl CHg), 1.95 (1H, m, H-10}, 0.97 (3H, &, J = 6.7 Hz,
H-14), 0.93 (3H, s, H-15).

Diacetyl-4-epipulchellin (20)  Acetylation of 2-acetyl-4-epipulchellin (22) (20 mg)
with a mixture of Acp0 (0.7 ml) and pyridine (1.0 ml) at room temperature overnight
gave a crystalline mass (20) (22 mg), whose recrystallizaticn from ether/n-hexane
afforded 4-epipulehellin diamcetate (20) as colorless prisms, mp 133-134°C (1lit. mp
137°C as the natural product).16

4L-Epipulechellin (1) To a solution of 2-acetyl-4-epipulchellin (22) (50 mg) in
dioxane (2 ml) was added 5% KOH (1 wl), and the mixture was stirred at rcom
temperature for 18.5 h. After acidifyng with 10 Z HC1l, the reaction mixture was
extracted with AcOEt. The dried organic layer was evaporated in vacuo to give 4-
epipulchellin (1) {35 wg) as & colorless oil, which was identical with the natural
product in all respects.72

2-Dehydropulehellin (51} Pulchellin (5) (50 mg) was stirred with PDC (100 mg) in 1

ml of DMF at room temperature for 17 h. Water (20 ml) and EtOH (1 nl) were added
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into the reaction mixture, which was then extrated with AcOEt. The dried organiec
layer was evaporated in vacup to give a brown oil, which was purified by neutral
alumina column chrometography and eluted with AcOEt to afford 2-dehydropulcheilin
(51) {42 mg) as colorless powder in 84.6 % yield, mp 156-159°C, ir {KBr) Vmax en~1:
3450 {0H), 1759 (y-lactone), 1736 (acetyl C=0), 1633 {C=C), EI-ms m/z: 264 (M7), 246,
192, 163, 136, 1H—Nmr (CDClB) § ppm: 1.01 {3H, s, H-15), 1.32 (3H, d, J = 3.0 Hz,
13-H), 6.23 (1H, d, J = 3.0 Hz, 13'-H),.

2-Dehydro-4-acetylpulchellin (52) 2-Dehydropulchellin (51) {310 mg) was mixed with
pyridine (& ml) and Acp0 (6 wl) and the mixture was stirred at room temperature for
13 h. The reaction mixture was worked up as usual to afford 274 mg (75.8 %) of 2-
dehydro-4-acetylpulchellin (52) as a colorless oil, ir (KBr) Vnax em™ s 1755 {vy-
lactene), 1735 (acetyl C=0), El-ms: m/z, 246 (MY - AcOH), CI-ms {isobutane) m/z: 307
ey, THonmr (CDCLlg) & ppm: 1.07 (3H, s, 15-H), 1.42 (38, 4, J = 6.0 Hz, 14-H), 4.2C
(14, m, &-H}, 5.03 (1H, d, J = 4.8 Hz, 4-H), 5.45 (1H, 4, J = 3.0 Hz, 13-H), 6.23
(1K, 4, J = 3.0 Hz, 13'-H}.

2-Dehydro-4-anhydropulchellin (49) 2-Dehydro-4-acetylpulechelliin (52) (200 mg) was
dissolved in 10 ml of pyridine and heated at 110°C for 12 h. After usual workup

the product was purified by neutral alumina column chromatography by eluting with
AcOEt to afford compound (49), which gave a pure sample of 2-dehydro-4-anhydro-
pulchellin {49) 140 mg (87.1 %) on recrystallization from ether/AcOEt as colorless
prisms, mp 228-231°C, ir (KBr) v ., em~1: 1752 {y-lactone), 1701 (cyclopentenone},
1669 (C=C), El-ms m/=z: 246 (M+), 228, 213, HR-ms Calecd. for Cq5H1803: 246.1256,
Found: 246.1248, 'H-nmr (CDCl3) 6 ppm: 1.33 (38, s, H-15), 1.45 (3H, d, J = 7 Hz, i-
14), 3.80 {14, dad, J = 5, 11, 11 Hz, H-8), 5.38 (1H, d, J = 3 Hz, H-13), 6.16 (1H,
d, J = 3.2 Hz, H~13'), 7.17 (14, d, J = 6.0 Hz, H-3).

2-Dehydrodihydropulchellin (54) .To the solution of dihydropulchellin (32) (120 mg)
in DMF (2.0 ml), PDC {200 mg) was added. The mixture was then stirred at room
temperature for 26 h. An asdditional scluticn of PDC (100 mg)} in DMF (2.0 ml) was
added, and the mixture was then stirred for 4 days. After water and a small amount
of EtOH had been added, the mixture was then extracted with AcOEt. The dried organic
layer was worked up as usual and then purified by neutral alumina column chromato-
graphy by eluting with AcOEt. After evaporation of the solvent, a crystalline
residue was then recrystallized from ether/AcQEt to give 100 mg (83.3 %) of 2-
dehydrodihydropulehellin (5%5) as colorless prisms, mp 182-185°C, ir (KBr) Viax en s

3450 (OH), 1746 (y-lactone}, 1734 (cyclopentenone C=0)., EI-ms m/z: 248 (M+ - H0),
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CI-ms (isobutanme) m/z: 267 (ME'), 249. TH-Nmr {CDCl3) & ppm: 0.99 (3H, s, H-15),
1.23 (3H, 4, J = 6 Hz, H-13), 1.39 {3H, d, J = 6 Hz, H-14), 3.92 (1H, 4, J = 3.6 Hz,
H-4), 4.2 {(1H, m, 8-H).

2-Dehydro-4-acetyldihydropulchellin (56) 4 solution of 2-dehydrodihydropulchellin
(55) (60 mg) in pyridine (3 ml)} and Acy0 {1 ml) was stirred at room temperature for 2
h. After water had been added, the reaction mixture was extracted with CH,Cl,. The
dried organic layer was evaporated to dryness to give 59 mg (84.4 %) of 2-dehydro-4=-
acetyldihydropulchellin (56) as colorless powder. Recrystallization from petroleum
ether afforded colorless prisms. mp 135-137°C. 1Ir (KBr) v .. en~V: 1763 (y-
lactone), 1736 (acetyl C=0). El-ms m/z: 308 (M), 248, Cl-ms {isobututane) m/z: 309
(ua*). THE-Nmr (CDG13) § ppm: 1.05 (3H, s, E-15)}, 1.19 (3H, 4, J = 6 Hz, H-13 or H-
14), 1.43 (3K, d, T = 6 Hz, H-13 or H-14), 2.07 (3H, s, acetyl CHy), 4.09 (14, m, K-
8), 4.98 (1H, 4, J = 3.6 Hz, H-4}.

2-Dehydro=-4-anhydrodihydropulchellin (50} 2-Dehydro-4-acetyldihydropulchellin (56}
(45 mg) was dissolved in pyridine {2 ml) and the sclubtion was hested at 110°C for 15
h. After evaporation in vacuo, the residue was submitted to neutral alumina column
chromatography (AcOEt), which ylelded 33 mg {91.1 %) of 2-dehydro-4-anhydrodihydro-
pulchellin (50). Recrystallization from ether/AcOEt gave colorless prisms. mp 160-
x cm_1:

163°C, Ir (KBr} 1774 {y-lactone), 1694 (cyclopentenone C=0)}. EI-ms m/z:

Vg
248 (MY). CI-ms (isobutane) m/z: 249 (MHEY). TH-Nnr (CDClB) § ppm: 1.03 (3H, 4, J =
7.2 Hz, H-13), 1.24 (3H, s, H-15), 1.35 (38, d, J = 7.0 Hz, H-14), 3.90 (1H, m, H-B},
6.18 (1€, 4, J = 5.4 He, E-3), 7.16 (1H, 4, J = 5.4 Hz, H-4).

The partition ceoefficients (P = C } were determined essentially

octanol/Cwater
according to Hansch-Fujita method using a Hitachi 2204 spectrometer. For example,

a sample (0.2 mg) was dissclved in 10 ml of water ssturated with occtanol. Water-
saturated cctanol {5 ml) was added into 5 ml of the above solution, moderately and
continucusly shaked at 25°C for 3 h, After this mixture had been centrifuged at 300
rpm for 5 min, absorbance of the water phase was measurede at 210 - 220 nm, the

absorption maximum of the a-methylene-y-lactone chromophore. The bioclogical activity

log 1/050 was correlated with lipephilicity (log P) by a least-sguares analysis.
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