Phytachemistry, Vol 28, No 10, pp 2741-2744, 1989 0031-9422/89 $3 00+ 000
Printed 1n Great Britain © 1989 Pergamon Press plc

DITERPENES FROM FLEISCHMANNIA HYMENOPHYLLA AND
BRICKELLIA LACINIATA

J JAKUPOVIC, F TSICHRITZIS, G. TAMAYO-CASTILLO, V. CASTRO, F. BOHLMANN and P. E. BoLDT*

Institute for Organic Chemistry, Technical University of Berlin, D-1000 Berlin 12, F.R G ; *Grassland, Soil and Water Research
Laboratory, USDA, ARS, Temple, TX 76502, US A

(Received 9 January 1989)

Key Word Index— Fleischmanma hymenophylla; Brickellia laciniata; Compositae, diterpenes; beyerane dertvative;
labdanes; sesquiterpene lactone, heliangohde.

Abstract—The aerial parts of Fleischmannia hymenolepis gave in addition to phytol and sesamin a new derivative of
beyerene named hymenophylloide The aerial parts of Brickellia laciniata afforded several new labdane derivatives and
a heliangolide. Structures were elucidated by spectroscopic methods and the absolute configuration of the labdanes
were determined by CD measurements.

INTRODUCTION 15COOH

In continuation of our chemical investigations of rep-
resentatives of the tribe Eupatorieae (Compositae) we
have studied a further Fleischmannia species and Brickel-
lia laciniata. The aerial parts of the latter have so far only
been investigated for flavones [1] while the roots gave an
acetylenic compound and a derivative of dehydroneroli-
dol [2] which are widespread in the genus [3]. The results
are presented in this paper.

RESULTS AND DISCUSSION

The extract of the aerial parts of Fleischmannia hymen-
ophylla, a species growing in Costa Rica and Panama,
gave phytol, sesamin and the diterpene 1. The molecular
formula of 1 indicated the presence of four oxygens
(C10H;300.,), two of them bemg due to an acid. Accord-
ingly, addition of diazomethane afforded a methyl ester
(1a). The 3C NMR spectrum (Table 1) showed that 1n
addition to the acid a lactone group was present (6171.9).
Furthermore, the multiplcities required a tetracyclic
compound. The 'H NMR spectrum of 1 and 1a (Table 1)
displayed three methyl singlets which would be 1n agree-
ment with a kaurane or beyerane derivative where the five
membered ring was transformed to a d-lactone as the IR
spectrum excluded a y-lactone. A pair of double doublets
at 2 33 and 2.22 1n the spectrum of 1 were due to H-16 as
W-couplings with H-14 and H-12, respectively, were
responsible for the small couplings. Starting with these
signals by using NOE difference spectroscopy and spin
decoupling all signals could be assigned. The resulting

sequences clearly showed that a diterpene lactone was 8

present derived from beyeran-16-one by Bayer—Villiger-

oxidation or from a pimarane derivative by transforma- 1) OAng OH
tron of the vinyl group to an acetic acid residue followed

by lactone formation. The stereochemistry was deduced *A = B =

from the observed NOE's. Irradiation of H-17 gave clear o
effects with H-14 (4%), H-14' (4%), H-16' (6%) and H-16 OH

(2%) indicating that the lactone oxygen was at C-8 and

the methylene group (H-16) at C-13. Further NOE’s were t 4@ 13 the 2 - oxo methylester
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Table 1 'H and !3C NMR spectral data of 1 and 1a (CDCl;, 400 and 100 6 MHz respectively,

d-values)

H 1 1a Multipheity C 1 la Multiphcity
5 176 174 brdd 1 384 385 t
6 187 185 dddd 2 175 175 t
6 116 103 m 3 369 369 t
7 190 1.88 dt 4 473 475 5
7 162 1.50 m S 497 500 d
9 116 114 brdd 6 205 204 !
11 1.67 1.66 m 7 394 394 t
I 126 125 dddd 8 826 826 s
12 167 1 60 m 9 561 56 1 d
12’ 130 130 ddd 10 364 365 s
14 153 151 dd 11 181 181 t
14 140 138 dd 12 389 389 t
16 233 232 dd 13 305 305 s
16’ 222 220 dd 14 459 459 t
17 096 095 S 15 1721 1719 5
19 1.21 119 § 16 419 419 {
20 101 099 § 17 299 299 q

18 * 1793 <

19 164 165 q

20 151 151 q
OMs - - 165 OMe - 519 g

*Not detected
J[Hz] 56=66=911"'=12; 56=15 67=6,7=3 77=13 011=1112'=1212

=1112'~14, 12,14=2, 14,14'=13, 14,16=25, 16,16’ =18

present between H-9 and H-5 (6%), H-20, H-64 (5%) and
H-19 (5%) as well as between H-20, H-19 (5%) and H-6a
(6%) As the signals of H-19 and H-20 could not been
assigned unambiguously selective INEPT was used
which connect H-17 with C-13, H-19 with C-4 and C-18
as well as H-20 with C-10 The *C NMR signals were
assigned by 2D-techniques. The diterpene 1 we have
named hymenophylloide.

The aenal parts of Brickellia lacimata, a species grow-
mg in the southwest of U.S.A. and Mexico, gave
addition to widespread compounds (Experimental) and
7-hydroxy-5,6E-dehydro-6,7-dihydro-a-farnesene,  the
labdane derivatives 2-6, the angelate 7 [4] and the
hehangolide 8

The structure of 2 could be deduced easily from its
"H NMR spectrum (Table 2) which was simular to that of
the corresponding 13E-1somer [5] As expected the H-16
signal was shifted up field in the spectrum of 2

The 'HNMR spectrum of 3 (Table 2) was m part
similar to that of 2. However, additional signals of an
angelate residue and of two further methyl signals (61 37 s
and 1.36 d) as well as a new low field triplet of triplets at
64.97 indicated that an ester of the corresponding 2a-
hydroxy derivative of 2 was present. The highest peak in
the mass spectrum (m/z 500) was due to C;,H,,O¢.
However, a fragment m/z 419 corresponding to
C,sH350; indicated that 1t was due to elimination of the
angeloyloxy radical. Accordingly, m/z 500 was formed by
loss of water A fragment at m/z 302 most hikely was due
to loss of the acid which therefore was 1n agreement with
the "HNMR signals indicating that the compound was
the angelate of 2-methyl-2,3-dihydroxybutyric acid, prob-
ably formed by nucleophilic attack of angelate at the f-
carbon of epoxyangelate

The 'HNMR data of 4 (Table 2) and its molecular
formula (C,,H;,0,) indicated that we were dealing with
the 13,14-dihydro derivative of the alcohol corresponding
to the ester 3 Comparison with the "HNMR signals of
the 3-0xo derivative isolated from B veronicaefolia, where
the relative configuration at C-13 was established [6],
indicated that the same configuration was very likely.

The 'H NMR spectra of 5 and 6 (Table 2) showed that
esters of 4 were present. While 1n the spectrum of 6 the
signals of the ester part were 1dentical with those of 3 1n
the spectrum of 5 those of the angelate group were
missing Accordingly, the mass spectrum showed a peak
at m/z 438, corresponding to C,H,,04 As expected an
upfield shift of the methyl signals of this ester group was
observed. Thus, the acids 5 and 6 both were closely
related to 3

Estertfication and oxidation of 4 gave the keto ester 4a,
which showed a positive Cotton-effect Application of the
octant rule supported the proposed absolute configur-
ation, which agrees with that reported so far from all
labdanes from Brickellia species

In contrast to this the ketone 2 showed a weak negative
Cotton-effect Inspection of a Dreiding-model indicated
that the ax:al 4-methyl group 1s probably responsible for
this effect though the more distant large part of the
molecule should lead to a positive effect

The "HNMR spectrum of 8§ at elevated temperature
(Table 3) allowed the assignment of all signals by spin
decoupling leading to a sequence which only agreed with
the presence of a hellangohide with a 38-hydroxy and 88-
acyloxy group. Inspection of the ester signals, their
chemrcal shifts and couplings led to the proposed struc-
ture of the ester group The observed data agreed well
with those reported from other lactones having this ester



Daterpenes from Fleischmannia and Brickelha

Table 2. 'HNMR spectral data of 2-6 and 4a (CDCl,, 400 MHz, §-values)
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H 2% 3 4 4at 5 6
la 151 ddd b 113dd 237 brd 133dd 1.22dd
18 2.20 ddd b 175brd 2104dd 1.75brd 181 ddd
2 { ;3(6) ZZZ 4971t 386 dddd — 507 dddd 4.98 dddd
3a — b 093dd 215brd 1.03 dd 1.09 dd
38 — b 216 brd 2.48 dd 229 brd 209 ddd
7 543 brs 541 brs 538 brs 543 brs 583 brs 541 brs
2.28 dd 222dd
14 5.67 brs 564 brs 223m { 216 dd {213dd 226 brd
16 194 brs 190 brs 0984 095d 097d 101d
17 178 brs 174 brs 166 brs 169 brs 166 brs 167 brs
18 109s 091 s 091s 1.04 s 095s 0945
19 104 s 097s 091s 090 s 098 s 098 s
20 097s 079s 077 s 078 s 086s 084s
OR — 6.04 qq — — 399¢ 6.05 qq
527¢q 1325 525¢
1.91 dq 1.24d 1.96 dgq
137s 1.37s
184 dq 1.87 dq
136d 1.334

*H-12 278 brddd (12, 12, 5) and 2 58 brddd (12, 12, 5), { obscured; 1OMe 3.66 s.
J[Hz]: Compound 2 1a,1f = 10,28 =202 =14, 10,20 = 1,20 = 18,2 = 4; compounds 3-6
la1f=10,2=230=30,38=12, 18,2=238=4, 13,14=6, 13,14'=8, 13,16=65; 14,14'=15;

(compound 4a 1a,18=3038=125; 18,3=25

Table 3 'HNMR spectral data of
8 (CDCl,, 60° §-values, J [Hz] 1n
parenthesis)

oo

520m

2.66ddd (3,95, 14)
2.19ddd (4,75, 14)
4484dd (3, 4)
521dq (11,1 93)
636dd(11,25)
293 brs

530ddd (35,3, 1)
278dd (35,14 5)
241dd (3, 145)
6.33d(27)

13 573d(2)

14 178 brs

15 1.73d (1 5)

PR 706t {6)

693 ¢ (7)

493 s (2H)

444 d (6, 2H)

433 AB (2H)
1904d (7, 3H)

[~ R Y R S N S

—
[FORY-3¥=)

residue. Furthermore, the corresponding 3-O-acetate has
been reported from Ageratina tristis [ 7]; the spectral data
are very similar.

The genera Fleischmannia and Brickellia are not very
closely related. They are placed in different subtribes [8].

The isolation of sesamin from the Fleischmannia species
support the previous findings, while the beyerene deriva-
tive 1 probably 1s less characteristic. These diterpenes are
not very widespread in the Compositae. In the tribe
Eupatorieae it has been reported from Peteravenia [9]
and Stevia spectes [10]. Labdane derivatives and neroli-
do! derivatives are widespread in Brickellia. So far no
sesquiterpene lactones have been isolated but the occur-
rence of a heliangolide like 8 probably has no chemotaxo-
nomic relevance, as these lactones are widespread in the
tribe showing relationship to the Heliantheae where
similar lactones are present.

EXPERIMENTAL

Air-dried plant material was extd with Et,O-MeOH-—petrol
(1*1 1) and the extracts obtained sepd as reported previously
[11] The extract of 1kg of aerial parts of F. hymenophylla
(Klatt) K et R {(collected near Ciudad Quesada, Costa Rica,
voucher 125931, deposited 1n the National Herbarium of Costa
Rica) gave by CC and TLC 15 mg phytol, 60 mg sesamin and a
crude fr A 15% portion of the latter gave by HPLC
(MeOH-H,0, 3-1, always RP 8, flow rate, 3 ml/min) 20 mg 1 (R,
8.1 min) The roots (225 g) gave 100 mg sesamin.

The extract of 580 g aerial parts of B lacimata A. Gray
(voucher Boldt 34252, collected in October 1988, Hwy NM 137,
Sitting Bull Falls, Carlsbad, New Mexico) gave by CC 50 mg
caryophyllene, 25 mg germacrene D, 80 mg taraxasteryl acetate,
100 mg caryophyllenepoxide, 30 mg spathulenol, 90 mg 7-
hydroxy-5,6 E-dehydro-6,7-dihydro-a-farnene and two mixts.
One-fifth of the first one gave by HPLC (MeOH-H,O, 9 1)
10 mg 5,7-dthydroxyflavone, 40 mg 2 (R, 6.5 min), 10 mg 3 (R,
78 min), 50 mg 6 (R, 10.5 min) and 60 mg 7 (R, 14.2 min). One-
tenth of the last fraction gave by HPLC (MeOH-H,0, 17 3)
50 mg 8 (R, 4 5 min), 100 mg 4 (R, 77 mun) and 150 mg 5 (R,
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10 5 mm) Known compounds were identified by comparing the
400 MHz 'H NMR spectra with those of authentic materials

Hymenophyliode (1) Colourless gum, IRvSECem™!
3560-3300, 1710 (CO,H), 1730 (d-lactone) MS m/z (rel nt)
334215 [M]* (8) (calc for C,oH,,O, 334214), 289 [M
—CO,H]" (26), 274 [289—Me]* (24), 121 [C,H,5]" (100)
Addition of CH,N, gave 1a, colourless crystals, mp 143°
IRvEHSs em~ ! 1730, 1715 (CO,R), MS m/z (rel int.): 348.230
[M]* (26) (calc for C,;H,,0, 348230), 289 [M—-CO,Me]"*
(100), 229 (34), 121 (88), [«]3* + 58 (CHCl,, c 1 6)

3-Oxo-labda-7,13Z-dien-15-01c acid (2) Colourless gum,
IR vCHEb cm =1, 3500-2700, 1725, 1650 (C=C-COOH), 1700
(C=0), MS m/z (rel nt). 318 200 [M]* (5) (calc for C,,H;,0;
318 220), 219 [M —CH,C(Me)=CHCOOH]"* (35), 81 (100), 55
(85), 3*CNMR (CDCl,, C-1-C-20) 358,377 21715,474s5,
512d,2401,12184d,13535,542d,3675,259¢1,346¢,1606s,
1171d, 17175, 254¢q, 219q, 2504, 221 q, 132 g, CD. As,go
-01

20~ 3-angeloyloxy-2-hydroxy-2-methyl  butyryloxy]-Labda-
7,13Z-dien-15-01c acid (3) Colourless gum, IR v cm™1
3500-2700, 1720 (CO,H), 1740 (CO,R), MS m/z (rel nt).
500314 [M—H,01" (1) (calc. for C4,H,,0, 500 314), 419 [M
—OAngl* (2), 302 [M—-RCO,H]I" (7), 203 (41), 122 (70), 107
(100), 83 (88)

2a-Hydroxylabd-7-en-15-o1c  acid (4). Colourless gum,
IR vEHE cm ™ 1. 3600-2700, 1710 (CO,H), MS m/z (rel 1nt)
304.240 [M — H,0]* (8) (calc for C,4H;,0, 304 240), 289 [304
—Me]* (8), 122 (100), 107 (92), 95 (63), 81 (62) Addition of
CH,N, and oxidation with PCC 1in CHCI, gave the ketone 4a,
CD (MeCN) Ae,q, +054

20-[2,3-dihydroxy-2-methylbutyryloxy)}-Labd-7-en-15-01c acid
(5) Colourless gum, IR v cm ™. 3500-2700, 1720 (CO,H),
MS m/z (rel. ;nt) 438 [M]* (0 1), 304 240 [M —RCO,H]"* (18)
(calc for C,,H;,0, 304 240), 289 [304~Me]™* (15), 203 (36),
122 (100), 107 (82), 95(46) Addition of CH, N, gave the Me ester,
colourless gum, IRvSHS: cm ™! 3480 (OH), 1720 (CO,R); MS
m/z (rel int) 452 [M]* (0 1), 421.294 [M —OMe]* (3) (calc. for
C,5H4, 05 421.294), 319 [M—-OCOR]* (35), 318 [M
—RCO,H]* (28), 303 [318 —Me] " (22), 203 (88), 122 (100), 107
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(96), 95 (48), 'HNMR as 5, except OMe 3 65 s and small shift
differences

2a-{3-Angeloyloxy-2-hydroxy-2-methyl  butyryloxy]-labd-7-
en-15-o1c acid (6) Addition of CH,N, gave the Me ester,
colourless gum, IR v§H<! cm ™1 3620 (OH), 1735 (CO,R), MS
m/z (rel int)) 534356 [M]"* (1 §) {calc for C;,;H,0, 534 356),
503 [M—OMe]™* (1), 318 [M—~RCO,H]"* (54), 303 (20), 234
(37), 201 (66), 189 (42), 83 (100), *H NMR as 6, except OMe 3 66 5
and small shift differences

8B-[5-(4,5-dithydroxytigloyloxy)- Tigloyloxy}-nobiin (8) Col-
ourless gum, IR v§H em ™! 3600 (OH), 1760 (y-lactone), 1725
(CO,R), MS m/z {rel nt} 246 126 [M —RCO,H]* (3) (calc for
C, H, 405 246 126). 228 [246—H, 07" (5), 98 (86), 69 (100)
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