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Abstract—The aerial parts of Stevia vaga afforded four new guaianolides, four new germacranolides, one new
melampolide and three new heliangolides as well as two known flavones. The structures were established mainly

by NMR spectroscopy.

INTRODUCTION

In continuation of our work on the chemical con-
stituents of Argentinean Stevia species [1-5] we report
herein the isolation and structure elucidation of twelve
new substances from a collection of Stevia vaga Griseb.
whose distribution is limited to La Rioja and Catamarca
provinces in northwestern Argentina [6]. The aerial
parts of this plant yielded melampolide la, germac-
radienolides 2-5 guaianolides 6-9, heliangolides 10—
12 and the known flavones eupatilin [7] and casticin

[8].

RESULTS AND DISCUSSION

The structure of melampolide la was readily as-
signed when its 'H NMR spectrum (Table 1) was
compared with the data reported for its positional
isomer 1b, previously isolated from S. amambayensis
[9], S. aristata [10] and S. breviaristata [4]. An AB
system centered at & 4.83 and a quartet at & 7.13
coupled to a methyl doublet at § 1.97 indicated the
replacement of the 4-acetyloxytiglate in 1b by a 5-
acetyloxytiglate in 1a. Its '>C NMR spectrum (Table 2)
as well as its EIMS data (see Experimental) were also
in agreement with the proposed structure.

Although compounds 2 and 12 were isolated as a
mixture in a 1.3:1 ratio, respectively, the 'H NMR data
for each compound could be obtained from the spec-
trum by a careful analysis of the integrals as well as by
extensive decoupling experiments. The 'H NMR data
of 2 (Table 1) closely resembled those of 33-acetoxy-
88-(4'-hydroxytigloyloxy)- 14 -hydroxycostunolide, a

TAuthor to whom correspondence should be addressed.

compound previously isolated from Stevia breviaristata
[4], excepting the signals for the ester group at C-8
which is now a 5-hydroxytiglate (sarracenate) residue.
The structure of lactone 12 was assigned from its 'H
NMR data since they were in close agreement with
those of heliangolides bearing 3«,83-oxygen functions
[11]. The most diagnostic data were the signal of H-7,
which appears as a broadened signlet at 8 2.98, the
signal of H-3 which appears at 6§ 4.60 as a double
doublet with J,, , =5 and J,, , = 11 Hz, and the small
coupling constant values J, ,, (2.5Hz), J, |,, (20Hz)
and J, (2.0 Hz).

Since compounds 10 and 11 are closely related to 12,
their structures were easily deduced from their 'H
NMR spectra. The main differences were found in the
coupling constants of H-3 (J,, ,=J,,,=3Hz in 10
and 11 vs. J,, ; =5 and J,, ; = 11 Hz in 12) indicating
the change in the C-3 stereochemistry. On the other
hand, heliangolide 10 corresponded to the 14-hydroxy
derivative of a previously reported substance, 383-hy-
droxy-88-tigloyloxyheliangolide [12], which gave us
additional comparative '"H NMR data to support the
structure of 10.

The structures of 3—5 were determined from their 'H
NMR data and from comparison with related analogs
[4, 10] which differ only in the nature of the ester side
chain at C-8. In the same way, the structure of
guaianolide 7 and the corresponding C-10 epimer 9
could be deduced by comparison with the NMR data of
breviarolide [13] and 10-epi-breviarolide [4]. Location
of the acetate group in both 6 and 8 was evident from
the downfield shift of the CH,-5' signals of the
sarracenate ester residue.

Finally, the 'H NMR data of guaianolides 6-9
revealed that, as in the case of 10-¢epi-breviarolide with
respect to breviarolide, the stereochemical change at

1369



1370

1a : R'=OAc; R2=H
1b : R!'=H;R2= OAc

L. R. HERNANDEZ et al.

2 : R'=0OAc; R2=0H
3: R'=0Ac;R2=H
4 : R'=H;R2=0H

5: R'=H R2=0Ac

10 : R'=H
11 : R'=0Ac

C-10 produced a significant conformational change in
the seven-membered ring of this kind of substances [4].

EXPERIMENTAL

General. HPLC columns employed were: (A) a
Beckmann C-18 (54, 10 X 250 mm) and (B) a Maxsil
Phenomenex 10 C-8 (10X 500 mm). R,s were mea-
sured from the solvent peak. 'H NMR: see Tables 1 and
3."°C NMR: see Table 2.

Plant material. Aerial parts of Stevia vaga Griseb.
were collected at the flowering stage on st March,
1992 in Dique Las Pirquitas, Catamarca province,
Argentina. A voucher specimen (Herndndez No. 321) is
deposited in the Herbarium of the Miguel Lillo Insti-
tute, Tucuman, Argentina.

Extraction and isolation. Aerial parts (200 g) were
extracted (2X) with CHCI, (2.5 1) at room temp. for 4

12

days to give 18.65g of crude extract (9.3% yield)
which was suspended in EtOH (160ml) at 60°C,
diluted with H,O (120ml) and extracted (3X) with
hexane (250 ml) and then 3X with CHCI, (250 ml).
Evapn under vacuum of the CHCI, extracts gave a
residue (10.5 g) which was chromatographed over silica
gel (300 g) using hexane with increasing amounts of
EtOAc (33-100%); 246 frs were collected and moni-
tored by TLC and IR. Frs 101-117 were combined
(206 mg). Trituration of the residue in the presence of
MeOH followed by filtration afforded 117 mg of
eupatilin [7] mp 234.5-236.5° (from MeOH). The
filtrate was processed by HPLC (Column A; MeOH-
H,0 2:1; 2mlmin"") to give 4.6 mg of eupatilin (R,
20 min); 3.6 mg of casticin [8] (R, 24 min) and 11 mg
of an impure lactone (R, 10 min) which was rechrom-
atographed on column B (MeOH-H,O 4:3;
2mimin~') to yield 6.6 mg la. Frs 141-157 were
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Table 1. '"H NMR spectral data of compounds 1a and 2-9 (300 MHz, CDCl,, TMS as int. standard)

H la 2 3 4 5 6 7 8 9

1 6.62 dddd 5.10 br dd 5.10brdd 5.05 brdd 5.06 br dd 2.90 br qd 2.88 br qd 2.50 dddd 245 dddd
2a 2.29 br dddd 2.59 ddd 2.63 ddd 2.05-2.40m 2.18-226 m 25T m 254 m

2b 254 m 2.36 ddd 2.46 ddd 2.05-240m 2.00-2.12m 220m 220 m

3a 241 ddd 523dd 528da [FITEST [FIESM ssapes 552 brs 552brs  552brs
3b 2.12 ddd - — — — — —

5 508 d 496 br d 501 brd 4.80dg 4.82 dg 2.56 brt 261 bri 2.75 br dd 275 br dd
6 5.10 ¢ 5.12 dd 5.13 dd 5.10 dd 5.11 dd 4.49 dd 4.52 dd 451 dd 4.53 dd

7 2.50 dddd 2.98 dddd 294 dddd 2.97 br dddd 2.95 br dddd 3.24 dddd 3.25 dddd 2.97 dddd 2.98 dddd
8 6.50 ddd 5.86 br d 580 brd 587 brd 5.84 brd 572 id 571 d 5.76 br ddd 5.75 br ddd
9a 2.80 ddd 338 dd 330 dd 342 dd 3.39 br dd 2.12 dd 2.11 dd 2.48 ddd 2.48 dd
9b 1.95* 2.14 dd 219 dd 215 dd 2.19 br dd 1.70t 2.08 ddd 1.61 ddd 1.58 ddd
10 — — — — — 225 m 22 m 1.97* 1.97 dddd
13a 6.22 d 6.31d 6.33 d 6.30 d 6.30 d 6.28 d 6.29 d 6.22 d 622 d
13b 558 d 5.66 d 5.66 d 563 d 5.61 d 551d 551d 5.50 d 555d
14a 945 d 424 d 425d 424 brd 4.24 br d 349 dd 3.50 dd 3.66 dd 3.65 dd
14b - 382d 382d 3.80 brd 378 brd 3.46 dd 346 dd 3.36 dd 3.28 dd
15% 195 brs 1.71 brd 1.71brd 170 brd 1.70 br d 193 brs 191 brd 191 brs 1.92 brs
3 713 ¢ 6.93 ¢ 6.80 gg 692 g 7.10 ¢ 703 g 6.84 g 7.07 ¢ 6.87 q

4'f 197 d 193 d 1.82 dq 193 4 198 4 1.93 d 1.88 d 1.94 4 1.89 d

S'a 4.86 d 439d 1.83 brst 4394 487 d 478 s 432 d 481 s 435d

5'b 479 d 428 d — 4294 479 d 478 s 429d 4.81 5 429 d
OAci 2.00 s 2,12 5 212 s — 202 s 202 s — 200 s —

J (Hz) Compound 1: 12a=56=6,7=10; 1,26=89a=3'4"=7; 1,9a=2a3a=2b3b=78=2; 1,14~1; 2a2b=13; 2a,3b=3a3b=
5'a,5'b=12; 2b,3a=6; 7,13a=3.5; 7,13b=3; 8,9b=19; 9a,9b = 14. Compound 2: 1,2a=89a=35; 1,2b = 14a,14b=5'a,5'b = 12; 2a,2b = 13;
233=6; 2b3=56=10; 515=78=1; 6,7=8; 7,13a=3.5; 7.13b=3; 89b=2; 9a,9b=15; 3’4’ =7. Compound 3: couplings as 2 and
3'5"=2,4"5 = 1. Compounds 4-5: 1,2a=89a=35; 1,2b=11; 5,6 = 10; 5,15=7,8=1; 6,7 =8.5; 7,132 = 3.5; 7,13b = 3; 8.9b = 2; 9a,9b = I5;
14a,14b = 5'a,5'b=12; 3’4’ = 7. Compounds 6-7: 1,2a=12b=6,7=9; 1,5=5,6 =9b,10 = 14a,14b = 10; 1,10 =7,13a = 3.5; 2a,2b =9a,9b =
15; 3,15=9a,10=1; 7.8=4; 7,13b=3; 892=89b=10,14b=8; 10,1da=3'4"=7; 5'a5'b=12. Compounds 8-9: [.2a=9; 1,.2b=78=
7,13b=10,14a=3; 1,L10=5,6 =9b,10=11; 1,5=6,7 = 14a,14b = 10; 2a,2b =92,9b = 15; 3,15 =1; 7.13a=13.5; 8,9a=5; §9b=12; 10,14b = §;

34 =

7, 5'a,5'b=12.

*Obscured by intense methyl signals.
tOverlapped with H,O signal.
flntensity three protons.

Table 2. "°C NMR spectral data of compounds 1a and 2-12 (75.4 MHz, CDCl,, TMS as int. standard)

C la 2 3 4 5 6 7 8 9 10 11%* 12
1 153.9 129.4 130.5 133.0 133.6 437 43.5 43.2 43.4 127.0 127.3 128.8
2 26.2 319 31.8 26.0 25.9 31.5 325 38.5 38.5 31.2 313 33.6
3 372 78.6 78.6 38.2 386 1257 125.8 126.6 126.6 74.6 74.3 69.7
4 142.9 139.6 139.7 142.2 142.4 1429 1426 141.3 141.3 1394 139.6 140.1
S 126.4 125.7 125.7 127.7 127.5 56.5 56.4 56.4 56.3 126.9 126.6 123.8
6 75.4 74.5 74.5 754 75.4 80.4 80.3 78.7 78.7 75.2 75.1 74.1
7 49.6 522 52.4 52.8 52.8 47.1 47.2 54.2 54.2 48.4 48.2 485
8 66.4 71.2 71.1 714 719 68.6 68.7 66.3 66.4 779 78.4 79.2
9 29.0 38.3 39.1 39.3 39.3 29.1 29.6 343 342 39.9 39.7 38.4
10 135.0 135.8 136.0 136.3 136.5 38.4 39.0 380 382 138.3 138.1 136.8
1t 137.7 139.6 139.0 138.0 137.7 134.4 134.4 135.2 135.0 137.7 137.6 137.2
12 169.4 169.3 169.2 169.5 169.4 169.5 169.4 169.4 169.3 169.9 169.8 169.4
13 121.0 1219 121.9 121.4 1212 122.2 122.2 120.8 1209 124.4 124.5 124.8
14 195.2 60.4 61.1 60.5 60.6 65.8 65.5 66.8 66.2 63.6 62.9 60.6
15 17.0 12,5 12.3 17.3 17.1 17.3 17.1 18.0 18.0 232 23.1 17.3
Iy 165.0 166.1 166.4 166.2 165.2 165.5 166.6 165.4 166.5 167.0 165.4 165.3
2 127.6 131.9 128.1 132.1 127.8 127.7 1315 1280 1319 128.1 127.6 127.7
3 145.6 142.6 138.5 142.2 145.6 145.4 141.7 1454 1415 138.7 146.2 145.9
4 14.7 14.3 14.61 14.4 14.8 14.6 14.3 14.7 142 14.6% 14.7 14.8
5 574 56.1 12.2% 56.3 577 57.4 56.8 577 56.5 11.9+ 57.7 57.8
OAc 170.6 170.1 170.0 — 170.8 1707 — 1708 — — 171.5 171.4
20.7 21.0 21.0 — 20.7 207 — 207 — — 20.8 20.8

*HETCOR measurements allowed assignments of protonated carbons.
tAssignments as in ref. [14].
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Table 3. 'H NMR spectral data of compounds 10-12
(300 MHz, CDCIl,, TMS as int. standard)

H 10 11 12
1 530m 5.30m 524m
2a 2.97% 2.907 2.72m
2b 2.26 ddd 2.27ddd 227m
3 448 brt 447 brt 4.60 dd
5 5.24brd 525brd 517brd
6 6.32dd 6.30 dd 535dd
7 297 brs 299brs 298 brs
8 522brs 525brs 531brs
9a 2.86 dd 2.93dd 3.13brd
9b 237brd 2.39dd 2.15brd
13a 6.34d 6.35d 6.36d
13b 577d 5.78d 5.79d
14a 430brd 423brd 4.39d
14b 4.15brd 416 brd 4.16d
15% 1.74 brd 1.74brd 1.80br s
3 6.82 qq 714 4 7.06 q
4't 1.75 br qd 1924 193d
5'a 1.78 br s 490d 4.89d
5'b — 4.71d 4.71d
OAct — 2.08s 2.07s
J (Hz) Compound 10: 1,2b =7, 2a,2b=14; 233 =2b3 =
89a=3: 56=11; 515=78=89%=3'5~15; 6,7=
713b=2;7,13a=25, 92a,9b = 14.5; 14a,14b=14; 3' 4' =7,
4’5" = 1. Compound 11: 1,2b = 7; 2a,2b = 14; 2a,3=2b3 =

89a=3; 56=11; 515=78=89b~15; 6,7=7,13b=2;
7,13a=2.5; 9a,9b = 14.5; 14a,14b=14; 3'4' =7, 5'a,5'b =
12. Compound 12: 12b=7; 2a,2b=14; 2a,3=35; 2b,3=11;
56=11; 78=89%~15;, 67=713b=2: 7,13a=25,
8.9a=3; 9a,9b = 14.5; 14a,14b=12;3'4'=7; 5'a5'b = 12,

*Overlapped with H-7 signal.

fOverlapped with H-7 and H-9 signals.

fIntensity three protons.

combined (215 mg) and dissolved in MeOH (17 ml);
addition of H,O (11ml) to this solution produced
precipitation of 5 (21.5 mg) which was separated by
filtration. The filtrate was processed by HPLC (Column
A; MeOH-H,0 4:3; 2mlmin~") affording 12mg 5
(R, 11.2min); 20mg 3 (R, 14.2min); 6.3 mg 8 (R,
25 min) and 6.6 mg 6 (R, 34.2 min). Frs 165~185 were
combined (1.3 g) and a portion (200 mg) was processed
by HPLC on column A as before to give 83 mg of an
impure lactone which was rechromatographed (MeOH-
H,0 2:3, Imlmin™") to yield 52 mg 10 (R, 45 min).
Frs 196-224 were combined (845 mg) and a portion
(200 mg) was processed by HPLC (Column A; MeOH-
H,O 1:1; 1.5mlmin"") to give 49 mg of a mixture of
2 and 12 (R, 10 min); 43 mg 11 (R, 12.5 min); 25 mg 4
(R, 17.2min); 21 mg 9 (R, 41.5min) and 11 mg 7 (R,
48.5 min).
88 - Acetylsarracenyloxy - 14 - oxoacanthospermolide
(la) Gum; UV AEO" (log &): 208 (3.77): IR »'"
: 2730, 1684, 1628 (C=CCHO), 1762 (C=0, y-
lactone), 1724 (C=CCO,R). EIMS m/z (rel. int.)) 402
[M17 (0.2), 342 (2.5), 244 (29), 99 (100).

580 578
~28 30
(c = 0.6, CHCI,)

546 436
-37 =95

365
—315°

[a] =
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Mixture of 3B-Acetyloxy-8B-sarracenyloxy-14-hy-
droxycostunolide (2) and (3R,6R,7R,8R)-8-acetylsar-
racenyloxy - 3,14 - dihydroxyheliango - 1(10),4,11(13) -
trien-6,12-olide (12). Gum; '"H NMR data in Tables 1
and 3, respectively. '*C NMR Table 2.

33- Acetyloxy- 14- hydroxy- 8 B- tigloyloxycostunolide
(3). Gum; UV AZS" (log £): 212 (4.39); IR »10" cm ™
3308 (OH), 1764 (C=0, y-lactone), 1738 (C=0, ace-
tate), 1714 (C=0, tiglate), 1650 (C=C). CIMS m/z (rel.
int.) 405 [M + 117 (9.3), 345 (100), 245 (59).

580 578 546 436
+38 +39 +47 +94°

[a]" = (¢ = 1.9, CHCL,)

14-Hydroxy-8-sarracenyloxycostunolide (4). Gum;
UV A2 (log £): 209 (4.28); IR »['™ em™': 3436
(OH), 1762 (C=0, y-lactone), 1714 (C=0, sarracenate),
1650 (C=C). CIMS m/z (rel. int.) 363 [M +1]" (37),

345 (23), 247 [M + 1 — C,H,0,1" (100).

589 578 546 436 365
(@) =337"332 540 783 T158°
(c=2.3,CHCI,)

8- Acetylsarracenyloxy-14-hydroxycostunolide (S).
Solid, mp 169-~171°C, UV ALH (log &): 210 (3.92); IR

max

v em ' 3526 (OH), 1758 (C=0, y-lactone), 1724

max

(C=0, esters), 1656 (C=C). CIMS m/z (rel. int.) 405

[M+ 1" (100).
. 580 578 546 436 365
" ="95"F15 +i9 +47 +101°
(c = 1.6, CHCL,)

(1S,5R,6R,7R,8R,10S) - 8 - Acetylsarracenyloxy - 14 -
hydroxyguai-3,11(13)-dien-6,12-olide (6). Gum; UV
AEOY (log &): 211 (4.32); IR »™"™ cm™": 3516 (OH),
1760 (C=0, vy-lactone), 1732 (C=0, esters), 1654
(C=C). CIMS m/z (rel. int) 405 [M + 11" (100), 247

(19).

578 546 436
16 18 —25° ¢

(1S,5R,6R,7R,8R,10S) - 14 - Hydroxy - 8 - sarracenyl-
oxyguai-3,11(13)-dien-6,12-olide (7). Gum; UV AEOH
(log &): 208 (4.51); IR vi'™ cm™': 3488 (OH), 1760
(C=0, y-lactone), 1702 (C=0, sarracenate), 1652
(C=C). CIMS m/z (rel. int) 363 [M+ 11" (39), 345

(100), 247 (41).

(a]* = 2 ¢ = 0.6, CHCl,)

. 589 578
la)" =575
(c=0.8, CHCI,)

546 436
—-23 =35

365
-51°

(1S,5R,6R,7R,8R,10R) - 8 - Acetylsarracenyloxy - 14 -
hydroxyguai-3,11(13)-dien-6,12-olide (8). Gum; UV
AEOM (1og £): 209 (4.26); IR »™'™ cm™': 3516 (OH),
1764 (C=0, y-lactone), 1724 (C=0, esters), 1656
(C=C). CIMS m/z (rel. int.) 405 M + 117 (100), 247

(24).
. 580 578
fal'="¢g""%

(c =03, CHCI,)

546
-10

436
-10

365
-13°
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(18,5R.6R,7R,8R,10R) - 14 - Hydroxy - 8 - sarracenyl-
oxyguai-3,11(13)-dien-6,12-olide (9). Gum; UV AZO"
(log &): 208 (4.48); IR »o'™ cm™': 3478 (OH), 1764
(C=0, y-lactone), 1710 (C=O, sarracenate), 1652
(C=C). CIMS m/z (rel. int) 363 [M+ 1]7 (22), 345

(100), 247 (32).

. 589 578 546 436 365
[l =778 110 +22 +46 +90°
(c=13, CHCI,)

(3S,6R,7R,8R) - 3,14 - Dihydroxy - 8 - tigloyloxyheli-
ango-1(10),4,11(13)-trien-6,12-olide (10). Solid, mp
180-182°C; UV AL (log £): 208 (4.45); IR v

m~': 3420 (OH), 1754 (C=0, y-lactone), 1708 (C=0,
tiglate), 1652 (C=C). CIMS m/z (rel. int.) 363 [M +

117 (5), 345 (78), 263 (11), 229 (100).

(] = 580 578 546 436 365
al"=T1%3 Tio1 —219 —389 —656°
(c=2.5,CHCl,)

(3S,6R,7R,8R) - 8 - Acetylsarracenyloxy - 3,14 - dihy-
droxyheliango- 1(10),4,11(13) - trien-6,12-olide (11).
Gum; UV AZ" (log &): 206 (3.92); IR vhw cm™
3424 (OH), 1754 (C=0, vy-lactone), 1718 (C=0, esters)
1654 (C=C). CIMS m/z (rel. int.) 421 M+ 1]7 (37),

403 (100), 263 (13).
. 589 578
(o) =740 146
(c=5.0,CHCI,)

546
—167

436
—299

365
—504°
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