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Abstract—Aerial parts of Stevia maimarensis afforded two known and six new germacradienolides as well as one
known and two new eudesmanolides. Aerial parts of Synedrellopsis grisebachii furnished only previously known

compounds and no sesquiterpene lactones.

INTRODUCTION

In continuation of our work on the Stevia species of
northern Argentina [1-13] we have examined a collec-
tion of Stevia maimarensis (Hieron.) Cabrera whose
distribution is limited to the Quebrada de Humahuaca,
Jujuy Province, Argentina [14]. Isolated from the aerial
parts were the germacradienolides eupatoriopicrin (1a)
[15], the lactone present in largest amount, desac-
etylovatifolin (1b) [16], the new analogues 1le—1g and
2, the eudesmanolide 3 [13] and the new analogues 4a
and 4b as well as the flavonoids Sa—c.

Synedrellopsis is a monotypic genus generally placed
in subtribe Ecliptinae of Heliantheae [17, 18]. Its sole
representative, S. grisebachii Hieron. et O. Kuntze, is
limited to southern Bolivia and Paraguay and northern
Argentina [14]. Aerial parts of a collection from near
Tucumén furnished only lignan 6a previously found in
Tinaspora cordifolia [19] and Chrysolaena verbas-
cifolia [19], the epoxydiol 9 earlier encountered in
Lessingianthus rubricaulis [20] and common plant
constituents (see Experimental).

RESULTS AND DISCUSSION

The structures of lactones le—1g and 2, with le the
minor component of a fraction containing mainly 1d
and the latter also obtained pure, were clear from the
"H NMR spectra and extensive decoupling (Table 1.)
H-1 was allylically coupled with the protons of the
-CH,OH group; thus, the hydroxyl group could be
placed on C-14 rather than on C-15. In the case of 1g
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esterification by the tiglate moiety moved the -CH,O-
signals downfield while the H-8 signal moved upfield.
In the case of 1d-1g the coupling constants involving
H-3 showed that the functional group on C-3, hydroxyl
in 1d, 1le and 1g, acetate in 1f, was B-orientated, while
in the case of 2 the C-3 hydroxyl was a. The structures
of 4a and 4b were evident from the '"H NMR spectra
(Table 2).

Stevia maimarensis closely resembles S. satureifolia
(Lam.) Sch. Bip. and S. mercedensis Hieron, but was
raised to species rank by Cabrera [14] because of its
very restricted distribution and because it differs from
S. mercedensis in having very thin leaves and a larger
number of awns on the pappus, while §. satureifolia
has somewhat larger heads and an involucral pubesc-
ence consisting of small curved hairs: The chemistry
also appears to differentiate S. maimarensis from §.
satureifolia and S. mercedensis, both of which produce
a series of identical guaianolides, but not germac-
radienolides of type 1 or 2 or eudesmanolides of type 4
[2,21].

EXPERIMENTAL

General. For sepn of mixts HPLC with a differential
refractometer was used. The column employed was a
Beckman C-18 (5 um, 10X 250 mm). R, values were
measured from the solvent peak.

Plant material. Stevia maimarensis (Hieron.) Cabrera
was collected at the flowering stage on 12 March 1994
near Arroyo Perchel on Highway 9, Jujuy Province,
Argentina; voucher specimen Hernindez 324. Aerial
parts of S. grisebachii Hieron. et O. Kuntze were
collected in August 1994 in S. M. de Tucumén near the
railway station; voucher specimen LIL 599941. Vou-
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Table 1. 'H NMR spectra of compounds le—1g and 2 (500 MHz, CDCl,)

H 1e 1d le* 1f 1g 2
1 5.07 brdd 5.07 brdd 505m 5.28 brdd 5.13 brdd 5.34 brdd
2a 2.47- 2.53dd obsc. 2.64dd 2.60 ddd 2.58ddd
2b {2.37 m (2H) 2.40 ddd 238m 2.46 ddd 2.44 ddd 240 brd
3a 228m 4.37dd 4.36m 5.10dd 442dd 4.56 brt
3b 2.16 ddd — — — — —
5 4.85 brd 490 brd 4.84 brd 5.01 brd 4.93 brd 5.48 brd
6 S.A1dd 5.15dd S.11dd 5.12dd 531dd 5.19dd
7 2.93 dddd 2.91 dddd 2.95 dddd 2.93 dddd 2.77 dddd 3.03 ddd
8 5.81brd 5.78 brd 5.81 brd 5.80dd 4.58 brd 5.82brd
9a 3.32 brdd 3.29 brdd 3.33 brdd 330dd 2.91 brdd 3.29 brdd
9% 220brd 2.13dd 2.17dd 2.19dd 2.15 brd 223dd
13a 6.30d 631d 6.30d 6.33d 6.38d 6.32d
13b 5.63d 565d 5.62d 5.65d 5594 5.65d
14a 422d 4254 4.24d 4.25d 4.95 brd 4.19 brd
14b 3794 3.804d 378d 3.82d 4.64 brd 3.80 brd
15t 1.69 d 1.71 brd 1.68 brd 1.71 brs 1.79 brs 1.64 brs
3 6.80 g9 6.89 gq 6.73 tq 6.80 gq 6.80 qq 6.80 gq
4't 1.81 brd 1.81 brd 4.31 brd} 1.81 brd 1.81 brd 1.81 brd
5! 1.82 brs 1.82 brs 1.81 brs 1.82 brs 1.82 brs 1.82 brs
Act 2.12s

*From mixture with 1d.
tIntensity three protons.
fIntensity two protons.

J(Hz): Compounds le-1g: 1,2a=4.5; 12b=13; 1,9=1,14=78~1'; 2a, 2b=14a, 14b=12; 2a3=6; 223 =6; 2b,
3=56=10; 5,15=1.5; 6,7=9; 7,13a=13.5; 7,13b=3; 8,9a=5; 89b~2s; 9a,9b = 14.5. Compound 2: 1,2a=2a,2b=13;

1,2b =2a,3 =2b,3 =~3; 6,7 =8.5.

chers are deposited in the herbarium of the Instituto
Miguel Lillo, Tucumén.

Extraction and isolation. (a) Flowers and leaves of S.
maimarensis (300 g) were extracted with CHCI; (2 X
31) at room temp. for 4 days to give 28.3 g of crude
extract which was suspended in EtOH (240 ml) at 60°,
diluted with H,O (180 ml) and extracted with petrol
(3 X300 ml) and then with CHCI, (3 X 300 ml). Evapn

Table 2. '"H NMR spectra of compounds 4a and 4b (CDCl,,

500 MHz)
H 4a 4b
1 3.53dd (11,4.5) 3.55dd (11.5,5)
2a obsc. 1.84m
2b 1.60m 1.60 m
3a 2.36 ddd (14,4.5,1.5) 2.37ddd (14,4.5,1.5)
3b 2.15m 2.18ddd (14, 14,5.5)
S 2.27 brd (11) 229 brd (11)
6 4.54¢(11) 4.571(11)
7 2.86dddd (11,3,3,3) 2.89dddd (11,3, 3, 3)
8 5.814(3) 5.92ddd (4,3,2.5)
9a 2.40dd (15,2.5) 2.46dd (15,2.5)
9b 1.62dd (15, 3) 1.66 dd (15,4)
13a 6.15d (3) 6.16d (3)
13b 5.46d(3) 5.56d (3)
14* 098 s 1.02s
15a 5.04 brs 5.05 brs
15 4.97 brs 4.99 brs
3! 6.78 tq (6, 1.5) 7.96 brd (1.5)%
4’ 4.38 brd (6)t 6.70 brd (1.5)
5 1.83 brs* 7.411¢(1.5)

*Intensity three protons.

tIntensity two protons.
$H-2'.

of the CHCI, extracts at red. pres. furnished 11.5 g of
residue which was chromatographed over silica gel
(400 g) using mixts of CHCl,-EtOAc (3:2) containing
increasing amounts of MeOH (0-10%), 134 frs being
collected and monitored by TLC. Frs 38-56 (100 mg)
were combined and recrystallized from MeOH to give
60 mg of a mixt. of 5b and Sc identified by 'H NMR
spectrometry. Frs 80—89 (200 mg) were combined and
processed by HPLC (MeOH-H, 0, 3:2, 2 ml min~") to
give 2.5mg of a complex mixt. (R, 24.5min) and
132 mg 5a (R, 41.5min). A 200mg portion of frs
104-109 (870 mg) was processed by HPLC (MeOH-
H,0, 11:9, 2mlmin"') to give 3.6mg 1g (R,
22.0min) and 90mg 1f (R, 26.5 min). Frs 110-113
(897 mg) were combined and recrystallized from hep-
tane—EtOAc (1:1) to give 445 mg la, mp 158-160°.
Evap of the mother liquors gave a residue (450 mg), a
portion of which (200 mg) was processed by HPLC
(MeOH-H,0, 1:1, 2ml min~") to afford 9.3 mg 1b,
(R, 16.5min), 9.6mg 1f (R, 33min), 1.7mg 3 (R,
31 min) and 90 mg la (R, 42.2 min). Recrystallization
of frs 114-117 (808 mg) from heptane-EtOAc af-
forded an additional 737 mg la. Frs 118-125 (690 mg)
were combined. A portion (200 mg) was processed by
HPLC (MeOH-H,O, 5:6, 2mlmin”') to yield
21.5 mg of a mixt. containing 1d as the major and 1e as
the minor constituent, whose 'H NMR spectrum is
listed in Table 1, 7.7 mg 2 (R, 16.5 min), 5 mg 4a (R,
21.2 min), 3.1 mg unidentified material (R, 27.5 min)
and an additional 86 mg la. Frs 126-134 (998 mg)
were combined. A portion (500 mg) was rechromato-
graphed over silica gel to give 250 mg 1d, 12.1 mg
unidentified material and 5.7 mg sitosterol glucoside.
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OH

A= Yg/‘on
0

B= Y'\/‘OH

R' OR3

1a R'R%=H, R*=A
b R'=OH, R%, R*=H
¢ R'=OH, R*=H, R*=Tig
d R!, R?=0H, R*=Tig
e R!,R*=0OH, R*>=B
f R'=OH, R%=0Ac, R*=Tig
g R!=OTig, R%=OH, R*=H

OHOTig

§a R! R*=H, R>=Me
b R!, R>=Me, R*<H
¢ R!'=H, R% R3=Me

(b) Leaves of S. grisebachii (770 g) were extracted
with CHCI, (2 X 31) at room temp. for 7 days to give
23.5g crude extract which was suspended in EtOH
(200 ml) at 60° diluted with H,O (150ml) and ex-
tracted successively with hexane (3 X250ml) and
CHCl, (3X250ml). Evap at red. pres. of the two
extracts gave 13.3 g resp. 3.9 g of residue. Chromatog-
raphy of the material from hexane (13 g) on silica gel
(300 g) using mixts of hexane with increasing amounts

6a R=H
b R=Ac

of EtOAc (0-30%, 120frs). Frs 59-63 furnished
193 mg crude B-amyrin; recrystallization from EtOH
gave 110 mg of the pure triterpene. The residue from
the CHCI, extract (3.9 g) was subjected to CC (silica
gel, 120 g) using CHCI, with increasing amounts of
EtOAc (0-60%, 167 frs.). Frs 48-54 (32 mg) were
combined and processed by HPLC (MeOH-H,0, 4:3,
2mlmin”") to give 3.6 mg stigmasterol (R, 47 min)
and 4.1 mg sitosterol (R, 55 min). Frs 55-58 (22 mg)
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on HPLC afforded unidentified mixts. Frs 95-110
(100 mg) were combined; a portion (61 mg) was pro-
cessed by HPLC to produce several frs identified as
loliolide (ca 9 mg). Frs 125-140 (89 mg) were com-
bined and acetylated with Ac,O-pyridine at room
temp. overnight. After the usual work-up, flash chroma-
tography and HPLC of the several frs gave 1.3 mg
vomifoliol acetate (R, 5 min), 1.1 mg triacetate 6b and
0.8 mg acetate 7b. Triacetate 6b exhibited 'H NMR
signals (500 MHz, CDCl,) at 8 6.99 (d, J = 8 Hz); 6.95
(d, J=15Hz) and 6.87dd (J =8, 1.5Hz) (H-2, H-3,
H-6 of aromatic ring A), 6.95 (d, J = 8 Hz) and 6.76 (d,
J=2Hz) (H-2, H-3, H-6 of aromatic ring B), 4.85 (d,
J=6Hz, H-7"), 438 (dd, J =11, 7THz, H-9a), 4.21
(dd, J=11, 7THz, H-9'b) 4.09 (dd, J =9, 6.5Hz, H-
9a), 3.84, 3.82 (each s, 3H, OMe’s), 3.76 (dd, J =9,
7.5Hz, H-9b) 2.87 (dd, J=13.5, 4.5, H-Ta), 2.73 (m,
H-8), 2.56 (dd, J =13.5, 11 Hz, H-7b), 2.56 (m, H-8')
2.31, 2.30 (each s, 3H, Ac), 2.04 (s, 3H, Ac), identical
with the spectrum reported earlier [19]; MS PCI
(isobutane ) m/z (rel. int): 503 [M+H]* (100).
Acetate 7b exhibited 'H NMR signals (CDCl,,
500 MHz) at 6 5.91 (dd, J = 16, 1 Hz, H-7), 5.66 (dd,
J =16, 6.5 Hz, H-8), 3.88 (dddd, J = 10.5, 8, 7, 4.5 Hz,
H-3ax), 2.35 (ddd, J =14, 5, 2Hz, H-4 eq), 2.04 (s,
3H, Ac), 1.61 (dd, J=14, 8.5Hz, H-4ax), H-2eq
(obsc.), 1.31 (d, J=6Hz, 3H, H-10), 1.21 dd, J=
12.5, 10.5 Hz, H-2ax), 1.17, 1.12, 0.95 (each s and 3H,
H-11, 12, 13); MS PCI (isobutane) m/z (rel. int.): 269
[M+H]" (14.6), 209 (79.2), 191 (38.8), 117 (93.9),
75 (100).

(6R*, 7R*, 8R*)-14-Hydroxy-8-tiglyloxygermacra-
1(10),4,11(13)-trien-6,12-olide (1¢). Gum; MS PCI
(isobutane) m/z (rel. int.): 347 M+ H]™ (100), 329
(25.0). "H NMR: Table 1.

(3S*, 6R*, TR*, 8R*)-3,14-Dihydroxy-8-tiglylox-
ygermacra-1(10),4,11(13)-trien-6,12-olide (1d). Gum;
MS PCI (isobutane) m/z (rel. int): 363 [M+H]"
(36.1), 345 (37.8), 101 (100). IR ¥ cm™': 3400,
3010, 1755, 1650. '"H NMR: Table 1.

(3S*, 6R*, TR*, 8R*)-3-Acetoxy-14-hydroxy-8-
tiglyloxygermacra - 1(10),4,11(13) - trien - 6,12 - olide
(1f). Mp 80-82° (not recrystallized); MS PCI (iso-
butane), m/z (rel. int.): 405 [M + H]" (100) 345 (78.1),
261 (77.1). IR ¥, cm™': 3455, 1735, 1710, 1650. 'H
NMR: Table 1.

(35*, 6R*, 7R*, 8R*)-3,8-Dihydroxy-14-tiglylox-
ygermacra-1(10),4,11(13)-trien-6,12-olide (1g). Mp
71-73° (not recrystallized) MS PCI (isobutane) m/z
(rel. int.): 363 M + H] " (27.5), 345 (28.9), 331 (100).
'H NMR: Table 1.

(3R¥*, 6R*, 7TR*, 8R*)-3,14-Dihydroxy-8-tiglylox-
ygermacra-1(10),4,11(13)-trien-6,12-olide (2). Gum;
MS PCI (isobutane) m/z (rel. int): 363 [M+H]"
(73.3), 345 (100). 'H NMR: Table 1.

(IR*, 58%, 6R*, 7R*, 8R* 10R*)-1-Hydroxy-8-
sarracenyloxyeudesma - 4(15),11(13) - dien - 6,12 - olide
(4a). Gum; MS PCI (isobutane) m/z (rel. int.) 363
IM + H]™ (100), 247 (39.,3). '"H NMR: Table 2.

(1IR*, 58%, 6R*, 7TR*, 8R*, 10R*)-1-Hydroxy-8-(3-
furoyloxy) - eudesma - 4(15),11(13) - dien - 6,12 - olide

L. R. HERNANDEZ et al.

(4b). Gum; MS PCI (isobutane) m/z (rel. int.): 359
M+ H]" (62.9), 247 (100). 'H NMR: Table 2.
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