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Abstract—The investigation of Vernonia compactifiora afforded in addition to known compounds a hir-
sutinolide and a glaucolide; the latter is most probably the direct precursor of the former. The aerial parts of V.
monocephala contain the same hirsutinolide as well as the corresponding acetate, while those of V. chalybaea
afforded glaucolide B. A reinvestigation of the aerial parts of V. cotfoneaster gave in addition to the allenic
lactone isolated before two further known ones as well as a new glaucolide. The structures of the lactones were
elucidated by spectroscopic methods and some chemical transformations. The erroneously assigned stereo-
chemistry at C-10 in the hirsutinolides has been revised. The biogenetic relationship of the Vernonia lactones

is discussed briefly.

INTRODUCTION

The large genus Vernonia with more than 1000 species
has been investigated chemically by many groups.
Highly oxygenated germacranolides such as glaucol-
ides and hirsutinolides seem to be characteristic for
many members of this genus, though many other
compounds have also been isolated. In continuation of
our investigations of representatives of the tribe Ver-
nonieae we have now studied the constituents of
further Vernonia species. In addition to already known
compounds two new hirsutinolides and two glaucolides
were isolated, which support the most likely biogenetic
pathway for production of these characteristic lac-
tones.

RESULTS AND DISCUSSION

The aerial parts of Vernonia compactifiora Mart
afforded large amounts of lupeyl acetate, some
lupeol, traces of germacrene D and bicycloger-
macrene, and two polar compounds. The main con-
stituent was a colourless gum with an uncharacteristic
'H NMR spectrum (Table 1) showing only broad
signals except for those of a caproyl residue and two
methyl singlets. The IR spectrum indicated the
presence of hydroxyl groups and further showed a
broad band at 1755cm™', while the mass spectrum
gave the molecular formula C,H;00,. The presence
of a caproyl residue was supported by the fragments
[M-CsH,;,CO,Hl* and [CsH,,CO]*. Acetylation
afforded a monoacetate but its 'H NMR spectrum

*Part 390 in the series “Naturally Occurring Terpene
Derivatives”. For part 389 see Bohlmann, F., Ahmed M.,
Jakupovic, J., King, R. M. and Robinson, H. (1982) Phy-
tochemistry 21, 691.

1The stereochemistry at C-10 of the hirsutinolides was
erroneously written with a 8-methyl group due to the cis-
orientation of the C-4 and C-10 methyl groups in a model[2].

was still uncharacteristic (Table 1). At elevated tem-
perature in deuteriobenzene, however, several clear
signals occurred. In particular a broadened doublet at
8 6.29 was significant as spin decoupling showed that
it was coupled with two double doublets at 2.38 and
1.83. Furthermore a sharp singlet at 5.73 and two
doublets for a CH,OAc group (5.24 and 5.15) were
visible, while the IR spectrum now displayed a y-
lactone band at 1780 cm™" and a hydroxyl band at
3580cm™'. Acetylation in the presence of 4-pyr-
rolidino pyridine[1] afforded a diacetate and its 'H
NMR spectrum could now be interpreted (Table 1).
Spin decoupling allowed the assignment of all signals,
which were close to those of hirsutinolides [2-4]. Only
structure 9 was in agreement with all data. However,
the position of the caproyloxy group, could be assig-
ned only by analogy and by the chemical shift of the
proton at the ester group bearing carbon, which both
favoured an 8a-position, so far present in all hir-
sutinolides and related glaucolides [2-6].3 Furthermore,
this position could explain the '"H NMR spectral data
of the natural compound, which consequently must
be 7, and those of the monoacetate 8. In both cases
the 10-hydroxyl group most probably formed alternate
hydrogen bonds with the ether oxygen and the ester
group leading to a mixture of conformers, which
would explain the uncharacteristic 'H NMR spectra
of 7 and 8, while 9 had a stable conformation as the
disturbing 108-hydroxyl group was acetylated.
Finally, oxidation of 7 afforded the aldehyde 10 and
its '"H NMR spectral data clearly established the
8a-position of the caproyloxy group. Though again
the signals were mostly broad, the chemical shift
differences of H-88 in the spectra of 7 and 10 only
agreed with the proposed structure. (Though the ab-
solute configuration of the Vernonia lactones is not
known, the ones given are most likely from biogentic
considerations [2].) The *C NMR signals of 7 and 9
(see Experimental) were also in good agreement with
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Table 1. '"H NMR spectral data of §, 7-10 (400 MHz, TMS as internal standard)

S(CDCly) 7(CDCly) 8(CDCly) CsDg(70°) 9(CDCly) 10(CDy, 70°)

H-1 297 brd 422 m 418 m 4.05dd 4.65 dd 3.97 dd
H-2 1.63m 1.60 m 217 m
H-2' 2.12brd } 1.96 m 2.50m 1.80m
H-3 2.34 m* } 2.1-19m 1.60 m 2.56 m } 1.55m
H-3 2.20 ddd 1.20m 241 brd 1.20m
H-5 6.25s 598 brs 598 br s 573s 6.10 s 5.83
H-8 6.02 d 6.29 brd 5.71dd 6.74 br
H-9 2.46d }2.1—1.9 m 2.38 dd } 2.60d 242dd
H-9 1.83 1.83 dd 1.69 brd
H-13 S5.13d } 4.59 brs} 495 m 524d 5.05d} 10.11 s
H-13' 491d 5.15d 487d
H-14 1.525 1.16 brs 1.13 brs 1.05 s 1.54 s 097 s
H-15 1.95s 149 s 1.46 s 127 s 143 s 1.16 s
OCOR 2.36 dt } 2.36 t} 231 brt 2.13¢ 2.35dt 201t

232 dt 2.31dt

1.63 ¢t 1.64 1t 1.60 1t 1.55 1.61 1t 1.55u

131 m 1.30 m 1.27m 1.17m 1.30 m 1.16 m

0.91 0901t 0.85¢ 0.85¢ 0.90¢ 0.84 ¢
OAc 2.08 s 207 s 1.75 s 2.1ls

204 5 2.00s

*In CDCI;/C¢D¢H-3 2.08 ddd.

J(Hz): Compound §: 12=10; 2,2’=15; 23=115; 2,3 =6; 2,3 =3; 3,3 =15; 89'=10; 9,9 = 13.5;
compound 8 (CDCl;, C¢Dg): 8,9=17.5;8,9' =2.5;9,9 =15; 13, 13 = 12.5; compound 9: 1,2 =10; 1,2 = 6; 8,
9=35;12,13=13; 0COR: 2,2 =15.5; 2,3 =4' =5 6'=17.

the proposed structures. The minor polar compound
was purified as its diactate. The "H NMR spectral data
(Table 1) showed that the epoxide § was present. The
position of the epoxide followed from the chemical
shifts of H-5 and H-15, both being shifted downfield
after acetylation of the tertiary hydroxyl. From the
coupling Jzy the 8a-orientation of the caproyloxy
group could be deduced. The natural lactone there-
fore was 4, obviously the direct precursor of 7. Pro-
tonation of the epoxide oxygen and nucleophilic
attack by the tertiary hydroxy! at C-1 would lead
directly to 7 (Scheme 1). The enol lactone 4 is also
most probably formed via an epoxide as outlined
before[2]. The isolation of 4 therefore supports the
idea that the diepoxide 3 most probably is the com-
mon precursor of the hirsutinolides and the glaucol-
ides.

The aerial parts of Vernonia monocephala Gardn.
in addition to caryophyllene, bicyclogermacrene,
lupeyl acetate and lupeol as well as their A'>-isomers
and linolenic acid also afforded 4 and 7. Furthermore,
small amounts of the monoacetate 8 were present,
identical with the acetylation product of 7. The roots
only gave lupeol and its acetate as well as their
A-isomers. The aerial parts of V. chalybaea Mart
afforded in addition to lupeyl acetate, its A'>-isomer,
lupeol, its A'-isomer, germacrene D, bicycloger-
macrene and tridecapentaynene glaucolide B (6) [3],
while the roots only gave lupeol and its acetate as
well as their A"-isomers.

The reinvestigation of the aerial parts of V.
cotoneaster Less. afforded in addition to germacrene
D, bicyclogermacrene, a-humulene, lupeyl acetate,
the allenic lactone 11 and also 12 and 13{7] as well as
small amounts of the lactone 1. The '"H NMR spec-
trum of 1 (Table 2) indicated the presence of a
triacetate, Two broadened singlets at § 1.85 and 1.54
and a pair of doublets at 5.00 and 4.82 showed that a
germacranolide was present with a 7,11-double bond.
Spin decoupling allowed the assignment of all signals.
Starting with the three-fold doublet at 5.74, which was

Table 2. 'H NMR spectral data of
compound 1 (400 MHz, CDCl,,
TMS as internal standard)

H-1 522 brd H-98 289 brdd
H-28 5.74ddd H-13 5.00d
H-3a 278 dd H-13' 4.82 brd
H-38 223dd H-14 1.54brs
H-5 448brdH-15 185brs
H-6 583d OAc 210s
H-88 4.97dd 2.08s
H-9a 2.40dd 2.06 s

J(Hz): 128 =28, 3a =8.5; 28,
38=2; 3a, 38=145; 5, 6=10;
88,9 =12; 88,98 = 5; 9a, 98 =
13; 13, 13 = 13,
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Scheme 1.

coupled with the olefinic proton at C-1, and therefore
was the signal of the proton under the acetoxyl group
at C-2, collapsed the double doublets at 2.78 and 2.23
to doublets. As the double doublet at 4.95 was cou-
pled with the broadened double doublet at 2.89 and
the double doublet at 2.40, the former was the signal
of H-88. Irradiation at 1.85 caused a sharpening of
the broadened doublet at 4.48, which therefore was
the signal of H-5, which further was coupled with the
downfield doublet of H-6. Inspection of a model

showed that the proposed structure and stereochem-
istry of 1 agreed with the couplings observed.

The corresponding 4,5-epoxide has been isolated
before from a Vernonia sp. [7]. The biogenetic rela-
tionship of 1 to 3 and 4 is obvious. The additional
2-acetoxyl group may be an indication, that the alienic
lactones could be formed by elimination of a 2-
oxygen function, while the so far unknown diacetate
2 would be the direct precursor of 3. The roots gave
lupeol and its acetate, 11, 13, 15-desoxygoyazensolide
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12 13
trans / \
RCH = CHC=C - 3 C=CCH =CH,
15 R=Me
16 R= CHO

(14) [8], the thiophenes 15 and 16 [9] as well as the
dithio compound 17 [9]). These results for Vernonia
sp. again show that highly oxygenated germacranol-
ides are characteristic of this genus. Furthermore, the
isolation of additional lactones supports the proposed
biogenetic relationships of the main sesquiterpene lac-
tones isolated from this genus (Scheme 1).

EXPERIMENTAL

The air dried plant material, collected in February 1981 in
north-eastern Brazil, was extracted with Et,O-petrol (1:2)
and the resulting extract was separated by CC (Si gel) and
further by repeated TLC (Si gel). Known compounds were
identified by comparing their '"H NMR spectra with those of
authentic material. Vouchers are deposited in the United
States National Herbarium.

Vernonia compactifiora (voucher RMK 8978). The roots
(230 g) afforded 200 mg lupeol, 20 mg of its A'’-isomer, 1.5g
lupeyl acetate and 300 mg of its A"-isomer, while the aerial
parts (320 g) gave 2g lupeyl acetate, 100 mg lupeol, 10 mg
linolenic acid, 1 mg germacrene D, 1 mg bicyclogermacrene,
10 mg 4 (Et,0-petrol, 3:1) and 80 mg 7 (Et,0-petrol, 3:1).

Vernonia monocephala (voucher RMK 8794). The roots
(160 g) afforded 80 mg lupeol, 40 mg of its A'>isomer, Ig
lupey! acetate and 300 mg of its A'>-isomer, while the aerial
parts (400g) gave 4mg caryophyllene, 1 mg bicycloger-
macrene, 200 mg lupeol, 50 mg of its A'*-isomer, 2 g lupeyl
acetate, 200 mg of its A'>-isomer, 5mg 4, 50 mg 7 and 3 mg 8
(Et;0-petrol, 3:1), identical with the monoacetate prepared
from 7.

Vernonia chalybaea (voucher RMK 8710). The roots
(100g) afforded 40 mg lupeyl acetate, 10mg of its A'Z-
isomer, 10 mg lupeol and 3 mg of its A'%-isomer, while the
aerial parts (315g) gave 1 mg tridecapentaynene, S mg ger-
macrene D, 3 mg bicyclogermacrene, 400 mg lupeyl acetate,
100 mg of its A'-isomer, 20 mg lupeol, 5 mg of its A%-isomer
and 80 mg 6.

Vernonia cotoneaster (voucher RMK 8681). The aerial
parts (210 g) afforded 5mg germacrene D, 10 mg bicyclo-
germacrene, 2 mg a-humulene, 500 mg lupeyl acetate, S mg 1
(Et,O-petrol, 3:1), 40 mg 11, 20 mg 13 and 2 mg 14, while the
roots (70 g) gave 15 mg lupeol, 20 mg of its acetate, 4 mg 11,
2mg 13, 8 mg 14, 3mg 15, 2 mg 16 and 2 mg 17.

2a-8a-13 Tri-acetoxygermacra-1(10), 5, 7(11)-trien-6,12-
olide (1). Colourless gum, IRv$S*cm™: 1780 (y-lactone),

Me CH %chcﬂ—c =CCH=CH,
s—s

17

1755, 1240 (OAc); MS m/s (rel. int.): 406.163 [M}* (1)
(C3Hy60y), 346 [M — HOACc]" (11), 304 [346 — ketene]* (5), 286
[346 — HOAc]" (12), 244 [286 —ketonel® (32), 226 [286-—
HOAc]* (35), 211 [226 — Me}* (25), 178 (100}, 161 (91).

589 578 546
-81 -85 -98

436 nm
- 176

(CHCls; c0.41).

[alie =

88-Caproyloxycompactifioride (4). Colourless gum, which
was purified as its diacetate 2, colourless gum, IR »$Scm™":
1775 (y-lactone), 1750, 1235 (CO,R); MS m/z (rel. int.):
478.220 [M]* (4)(CysH3404), 419 [M ~OAcl (2), 376 [M —

HOAc —ketone]* (0.5), 260 [376-HO,CR]" (14), 99
[CsH;COJ* (100), 71 [99 — COJ* (98).
589 578 546 436 365 nm

lalie = 1035 =070 7256 2517 —5316
(CHCly; c0.89) .

8B - Caproyloxy - 108 - hydroxy - 1 - desoxyhirsutinolide (7).
Colourless gum, IR v$S% cm™": 3560, 3460 (OH). 1755 (lactone,
CO,R); MS m/z (rel. int): 394.199 [M]" (C,H;0,). 376
(M —Me]" (0.5), 376 [M—HOAc]* (8), 334 [M—ketene]*
218 [260 - C,H,01* (100). 99 [C.H,,CO]* (60), 71 [99 —~ CO]*
(61); C NMR (CDCl3) (C-1 through C-15): 87.95,31.1£,39.6 ¢,
81.5 51259 d, 1503 5. 146.0 5, 66.2 d, 343 t,76.3 5, 132.9 s,
168.35,54.41,2534,28.6q;OCOR: 173.05,34.31,24.31,31.11¢,
22.11,13.7 q (a few signals may be interchangeable).

Compound 7 (20 mg) was heated with 0.1 ml Ac,O for 2 hr
at 70°. TCL (Et,O-petrol, 3:1) afforded 20 mg 8, colourless
gum, IR »5Slcm™": 3580 (OH), 1780 (y-lactone), 1750, 1240
(CO;R); MS mifz (rel. int.): 436.210 [M]* (1) (C53H;,0y), 421
[M—Me]" (0.5), 376 [M—HOAc]* (8), 334 [M — ketene]*
(0.5), 320 [M - HO,CR]* (2), 278 [M —ketene]* (6), 260 [M —
HOAc]* (33), 218 [260 — C,H,01" (100), 99 [C<H,,COJ* (74),
70 [99 - COJ* (76).

Compound 8 (20 mg) in 1 ml CHCI, and 0.1 ml Ac,0 were
heated for 1 hr with 50 mg 4-pyrrolidino pyridine at 60°. TLC
(Et,O-petrol, 1:1) afforded 15mg 9, colourless gum,
IRviSiem™: 1775 (y-lactone), 1750, 1255, 1245 (OAc,
CO.R); MS mjfz (rel. int.): 463 [M - Me]" (0.5), 419 [M ~
OAc]” (0.5), 376 [M—HOAc, ketene]” (12), 302.115 [M~
HOAc, HO,CC;H,,]" (28) (C5H505), 260 [302 — ketene] (80),
242 [302-HOAcI* (86). 260 [M-CH, 01 (82, 99
[CsH,COT* (100), 71 [99 ~ COJ* (93); BC NMR (CDCL)XC-1
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through C-15): 87.5 5, 29.5¢,38.4 ¢, 824 ¢, 124.2 d, 153.8 s,
148.3 5,659 d,43.2 ¢,83.7 5, 126.4 5, 167.0 5, 29.5 q; OCOR:
1732 5,339 ¢,24.5¢,31.3 ¢ 223 ¢, 13.8 g (some signals may
be interchangeable).

[alhe= 380 578 546 436 365 nm
“he T8y ¥47 +39 149 —1204

(CHCl;; c0.81).

Compound 7 (10 mg) in 2 ml Et,O was stirred with 150 mg
MnO, for 2 hr. TLC (Et,O-petrol, 3:1) afforded 2 mg 10 and
5 mg unreacted 7, colourless gum, "H NMR see Table 1.
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