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PICROLIDE A: AN UNUSUAL SESQUITERPENE LACTONE FROM
ACROPTILON REPENS

KENNETH L. STEVENS,* SUE C. WITT, SAIMA KINT, WILLIAM F. HADDON, and MABRY BENSON

Western Regional Research Center, Agricultural Research Service,
U.S. Department of Agriculture, Albany, California 94710

ABSTRACT.—A sesquiterpene lactone picrolide A {1}, unusual because of the occurrence
of a p-hydroxybenzoate group, has been isolated from Russian knapweed (Acroptilon repens). Its
structure was determined mainly by spectroscopic methods.

Russian knapweed (Acroptilon repens
L., Asteraceae) is a rapidly spreading pe-
rennial in the northern Great Plains area
and is fast becoming a pest of major
proportions (1). The noxious weed is re-
ported to be allelopathic (2) as well as
toxic to horses (3—5). Certain sesquiter-
pene lactones isolated from Russian
knapweed and other related thistles have
demonstrated substantial toxicity in in
vitro tests on chick embryo neurons
(6,7). The present work describes the
isolation and structural characterization
of a new and unusual sesquiterpene lac-
tone, picrolide A {1}, from Russian
knapweed.

Picrolide A {1} was isolated as dextro-
rotatory colorless needles from a CH,Cl,
extract of A. repens by repeated cc on silica
using EtOAc/Skellysolve-F, Skellysolve-
F/Me,CO, and CH,CL,/EtOH as solvent
systems. Ir spectral analysis showed car-
bonyl stretching frequencies at 1752,
1718, and 1695 cm™?, which are char-
acteristic of an a-methylene-y-butyro-
lactone, an a-unsaturated ester, and an
aromatic ester, respectively (8). Fre-
quencies occurred at 1610, 1595, 1516,
and 1450 cm™?; these are suggestive of
aromatic ring-breathing. Strong bands
observed at 1277, 1060, and 1155 cm ™!
were suggestive of a vinyl alcohol. Broad
absorption was observed at 3100-3600
cm™ !, which indicated the presence of
hydrogen-bonded hydroxyl groups. The
uv spectrum, A max EtOH 260 nm
(e = 15,500), confirmed the presence of
an aromatic moiety, namely a p-hydroxy-

benzoate (9).

The mass spectrum of 1 was unusual
in that a cims spectrum in both
isobutane and NH; gave essentially no
significant peaks. An eims spectrum
failed to give a parent ion. However, a
peak at m/z 469 was observed, which by
accurate mass measurement corresponds
to C,sH,504. The mass difference be-
tween 469 and 332 (469.1478 —332.1239)
is 137.0239, which corresponds to C;H;O,,
i.e., the p-hydroxybenzoate portion of
picrolide A [1].

A more definitive mass spectrum was
obtained from the pertrimethylsilyl de-
rivative of 1, which gave a parent ion (ei)
at m/z 788; exact measurement indicated
a composition of C3gHgO,Si4. Treat-
ment of 1 with benzoyl chloride in
Me,CO/K,CO; gave the monobenzoate
2, mp 216-218°.

The "H-nmr and >C-nmr spectraof 1

1 R= —O)-IL@£OH, R'=CH,0H
0
2 R= —@OB:, R'=CH,OH

R=Cl, R'=CH,OH
R=0Ac, R'=CH,OH
5 R=H,R'=Me
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and 2 in Me,CO-d are shown in Tables
1 and 2, respectively. The assignments
were made with the help of 'H-'H and
'H-'3C correlation spectra. The p-sub-
stituted benzoate group resonances are
readily seen (Table 1) at 8 7.98 and 6.91
(Jo.n =8.9 and 2.4 Hz, respectively).
A carbonyl group and appropriate
aromatic carbons occurat 167.1, 122.4,
132.7, 115.7, and 162.6 ppm. These
correspond well with known p-hydroxy-
benzoates (10). With the exception of
the aromatic group, the *C nmr spec-
trum of 1 exhibits resonances very simi-
lar to other guaianolide sesquiterpene
lactones, e.g., 3, previously isolated
from Russian knapweed (2,11) (Table
2). For example, the hydroxymethacrylate
side chain shows resonances at 165.8,
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141.9, 124.7, and 61.0 ppm for C-16
through C-19, respectively, which is in
excellent agreement with reported val-
ues (1,12). Likewise, the S-membered
carbocyclic ring shows resonances at
39.5, 77.0, 84.7, and 58.3 ppm, again
in excellent agreement with those re-
ported for a 3,4-dihydroxyguaianolide
sesquiterpene lactone (1,12).

The remaining resonances and coupling
constants are consistent with structure 1
for picrolide A. Of particular interest is
the high field location of H-2A at § 1.62.
Most guaianolides of similar structure
have resonances at lower field (8 1.7~1.8)
for H-2A (2,11,13). Examination of
models shows that H-2A (above the
plane) lies within the influence of the C-
10—C-14 double bond and would be

TaBLE 1. 'H-nmr Spectra of 1 and 2.?
Proton Compound Coupling
1 2

2 O L 3.65ddd | 3.66 J1a=7.1
H2AS . .. ... ....... 1.62ddd | 1.64 J1.:8=8.6
H2B . ............ 2.56ddd | 2.56 Jis=11.2
H3 ... 4.26dd 4.21 Joas=14.5
HS ... . L. 2.50dd 2.52 J2a3=0.5
3 5.01dd 5.04 Jop.3=6.0
H7 .. 3.24dddd | 3.25 Jse=11.1
HS8 .. ............ 5.26ddd | 5.27 Js-=8.9
H9A . ............ 2.78dd 2.79 J18=9.7
H9B . ............ 2.47dd 2.47 Jra=3.1
H-13A . ... ... ... ... 5.61dd 5.62 Jr135=3.5
H-13B . . .. .. .. ... .. 6.03dd 6.04 Jsoa=1.9
H-14A7. . . . .. .. ... .. 5.14dd 5.16 Jsos=5.0
H-14B . . ... ........ 4.84dd 4.86 Joaon=14.9
H-15A . ... ... ... ... 4.86d 4.90 Jisa.138 =0.4
H-15B . . .. .. ....... 4.51d 4.62 Jrsa1ap=2.3
H-18A . . . . .. ... .... 6.30dd 6.29 Jisaiss=11.9
H-18B . . .. .. ....... 5.99dd 5.99 Jisaass= 1.7
H-19A . .. . ... ... ... 4,365 4.35 Jisa9a= 1.5
H-19B . .. .. ........ 4,365 4.35 Jisp1oa=1.9
H-2'.6" . ... ........ 7.98dd 8.22 Joreho =8.9
H-3',5 . ... ... ... ... 6.91dd 7.44 Jeea= 2.4
benzoate . . . . . .. .. ... — 7.62,7.77,8.20

*Spectra obtained at 200 MHz in Me,CO-d, with TMS as an internal standard.

5nOe to H-2B, H-5 and H-14A.

“aOe to H-2B and H-9A.
4nOe to H-8 and H-9A.
*nOe to H-9A.

fnOe to H-14B.
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shifted either downfield or upfield with
changes in the conformation of the 7-
membered ring (14). Massiot ¢¢ a/. (13)
reported that opening of the 4,15-
epoxide in similar compounds changed
the H-8, H-9A coupling constant,
which they ascribed to deformation of
the 7-membered ring. A shielding effect
for H-2A would seem to indicate that it
is above the plane of the double bond.
This information, coupled with the fact
that an nOe (Table 1) is observed be-
tween H-2A to 9A, as well as from H-6
to both H-8 and H-9A, would suggest
that the conformation of the 7-mem-
bered ring is a twist chair (15). This pat-
ticular conformation, with the C-10—C-
14 double bond pointed downward,
would place H-2A in the proximity of
H-9A as well as H-6, H-8, and H-9A all
near each other.

In 1986 Nowak and co-workers, in a
series of two papers (16,17), reported
the isolation of cebellin G and ptero-
caulin from Centaurea bella and Charto-
lepis prerocanla, respectively, and assigned
structures 4 and 5, respectively. Unfor-
tunately, no daca were given to substan-
tiate the assignments, hence comparison
of the nmr spectra with picrolide A is
not possible. Picrolide A is the 15-(p-
hydroxybenzoate) of deacetylated cebel-
lin G.

Although p-hydroxybenzoates and
other aromatic esters have been reported
for sesquiterpenes, to our knowledge
this is the first report of a p-hydroxyben-

CH,4
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zoate of a sesquiterpene lactone. Kiseleva
et al. (18) reported the presence of the
sesquiterpene lactone 6 containing a
3,4-dimethoxybenzoate group in the

TABLE 2. '’C-nmr Spectra of 1 and 3.

Carbon Compound
la lb 3b

c-1 ... 47.6 46.6 46.6
C2 . .... 39.5 40.1 40.3
C3 ..., 77.0 77.1 76.5
CcC4 ... .. 84.7 84.7 85.4
CcS ... .. 58.3 58.6 59.6
cC6 .. ... 77.5 77.7 77.6
Cc7 ..... 46.9 47.7 48.7
c8 ..... 74.7 74.5 74.5
c9 ..... 35.8 35.7 35.4
C-10..... 144.8 | 144.8 | 144.8
c-11 .. ... 139.2 | 139.1 | 139.0
C-12 . .... 169.3 | 169.3 | 169.2
C13 .. ... 121.2 | 1209 | 121.1
Cc-14 ... .. 117.0 | 116.9 | 116.9
c-15 ... .. 67.3 67.6 51.3
C-16 ... .. 165.8 | 165.9 | 165.9
Cc17 ... .. 141.9 | 142.4 | 142.4
c-18 ... .. 124.7 | 124.7 | 124.9
Cc19..... 61.0 61.0 61.1
c1 ..... 122.4 | 122.1

c2 ... 132.7 | 132.6

c3 ... 115.7 | 115.9

c4' ... .. 162.6 163.4

on, L 115.7 | 115.9

c6 ..... 132.7 | 132.6

c7 ... .. 167.1 | 167.2

*Me,CO-d, was used as the internal standard
set at 29.2 ppm.

PPyridine was used as the internal standard set
at 149.8 ppm.

8 R=Ac
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roots of Ferula diversivittata. Two com-
pounds, malphyll {7] and malphyllin
[8}, isolated from Ferula malacophylia by
Bagirov et al. (19), also contain the 3,4-
dimethoxybenzoate moiety.

EXPERIMENTAL

SPECTROSCOPIC DATA.—Nmr spectra were
obtained at 200 MHz for 'H and 50 MHz for '*C
on a Nicolet NT-200 operating at 20°. Assign-
ments were facilitated by the use of 'H-"H corre-
lation (COSY) (20), ">C-"H correlation (21), at-
tached proton test (APT) for carbon (23), and nOe
techniques (24,25). Mass spectra were measured
on an MM 70/70 HS magnetic mass spectrometer
(VG Analytical, Manchester, England) using di-
rect probe sample introduction and ion source
temperature 150°. Uv spectra were obtained on a
Hewlett-Packard model 8451A diode array spec-
trophotometer. Rotations were obtained on a Per-
kin-Elmer model 241 polarimeter. Ir spectra
were obtained on an IBM (Bruker Instruments)
model IR/98 FTIR spectrophotometer.

PLANT MATERIAL.—A. repens was collected
during the summer of 1989 near Discovery Bay,
Contra Costa County, California. A voucher sam-
ple is deposited with K.L. Stevens, USDA, Al-
bany, California.

EXTRACTION AND ISOLATION.—Dried ae-
rial parts of A. repens (82.1 kg) were extracted
with Skellysolve-F for 5 days at room tempera-
ture. The solvent was removed, and CH,Cl, was
added to the plant material and allowed to stand
at room temperature for 5 days. The CH,Cl, ex-
tract was evaporated and the residue dissolved in
5 liters of EtOH. This was added to 5 liters of 4%
aqueous lead acetate to precipitate the
chlorophyll. This mixture was stirred continu-
ously and allowed to cool for 1 h; then it was
filtered and the EtOH removed under vacuum.
The resulting aqueous mixture was extracted
with CHCl; and dried over anhydrous MgSO,.
Repeated cc on Si gel using EtOAc/Skellysolve-F,
Skellysolve-F/Me,CO, CH,Cl/EtOH, and Skel-
lysolve-F/EtOAc gave 650 mg of picrolide A {1}
mp 254-256°; {a} 21° =

8L4 853 93.7 1539 2147.
589 578 546 436 365’

uv (EtOH) A max 260 nm (€ = 15500); ir (KBr)
cm™' 3100-3600 (broad), 1752, 1718, 1610,
1595, 1516, 1450, 1405, 1380, 1277, 1170,
1155, 1030, 1060, 1020, 976, 922, 855, 821,
773, 700; 'H nmr see Table 1; "*C nmr see
Table 2.

Monobenzoate of 1.—Picrolide A [1} (40 mg)
was dissolved in 5 ml of Me,CO along with 120
mg of K,CO; and 37 pl (4 molar equiv.) of ben-
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20yl chloride. The mixture was stirred at room
temperature for 2.5 h, then poured into 100 ml
H,0. The product was extracted with Et,0O
(3X), washed with 10% aqueous NaHCO; (3X)
and H,0O (3X), and dried over anhydrous
MgSO,4. After filtration and evaporation the
product was crystallized from Me,CO/hexane:
mp 216-218°% uv (EtOH A max 240 nm
(€ =61430); {a] 26°=

46.4 486 552 906 1315
589 578 546 436 365

TMS: derivative of 1.—Picrolide A {1} (1 mg)
was dissolved in 100 pl of dry pyridine and
treated with 100 pl of BSTFA ([N,0-
bis(trimethylsilyl) trifluorcacetamide] at 60° for
0.5 h. Mass spectral analyses were run without
further purification and gave: m/z [M}* 788
(2.6%), measured 788.3242 (caled for CoHegO1Sis,
788.3263), m/z [M-15)" 773 (5.1%), {M-72}"
716 (4.2%) (loss of Si Me;), IM-173)* 615(5.1%)
(loss of C;H,,0,8i Mey), [M—C,oH,,0,8i]*
578 (20.8%), [773 — 209 (H + C,oH,;0,801*
565 (9.9%).
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