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Abstract—The complex mixture of longipinene diesters from the roots of Stevia lucida was studied by HPLC,
followed by 'H NMR analysis and comparison of the spectral data of the fractions with those of a series of
semi-synthetic longipinenes, thus allowing detection of two new substances. Their structures, which were
confirmed by partial synthesis, corresponded to longipin-2-ene-78,9¢-diol-1-one-7-tiglate-9-isovalerate and
longipin-2-ene-78,9z-diol-1-one-7-seneciate-9-isovalerate. In addition, 13 known longipin-2-ene-78,9x-diol-1-

one diesters and 3f-friedelinol were isolated. { 1998 Elsevier Science Ltd. All rights reserved

INTRODUCTION

Stevia lucida is a wild shrub widely distributed in some
regions of Colombia [1], Venezuela [2] and Mexico [3].
Previous studies on the aerial parts of this species
afforded kaurene [4] and labdane derivatives [3, 5],
flavonoids [6] and a longipinene diester [2]. Lon-
gipinene esters have been found in several species of
Stevia [2, 7-17], although in most cases they appear
as complex mixtures hindering their isolation and
complete characterization [8, 9]. The present paper
describes the results of an exhaustive analysis of the
chemical components of the roots of S. lucida collected
in Colombia, which afforded two new longipin-2-ene-
78.9a-diol-1-one diesters by using the methodology
that we previously developed to fully analyze and
characterize this kind of component [10].

The methodology essentially consists of the sep-
aration of small quantities of each component by
HPLC, determination of the 'H NMR spectrum of
each fraction and comparison of the spectra with those
of reference diesters which we prepared in a previous
work {11]. When a compound seems to be new, its
preparation can easily be achieved from diol 1, which
is obtained in good yields by alkaline hydrolysis of
the original diester mixture [12].

RESULTS AND DISCUSSION

The hexane extracts of the roots of Stevia lucida
were subjected to column chromatography followed
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by reverse phase HPLC, which provided 15 lon-
gipinene diesters (2-16). Their retention times and
approximate percentage are listed in Table 1. Com-
pounds 14 and 15, which contain an isovalerate resi-
due at C-9, were unknown up to now. Therefore, it
was desirable to carry out their preparation to allow
their full characterization. Esterification of 1[12] with

Table 1. Retention time, percentage composition and ref-
erences of longipinene diesters from Stevia lucida

Compound R, (min) %) References

2 39 25 [2,13]

3 56 1 [9]*

4 63 4 [9, 13, 14}*

5 72 2 [9]*

6 77 2 [91*

7 80 2 [9]*

8 85 3f 91*

9 85 5t {9, 15)*

10 85 3% [9, 1571*

11 90 12 9. 13, 16]*
12 96 4 [10]

13 102 18 [7.9.13, 14, 16, 17]*
14 118 4 Present work
15 134 3 Present work
16 144 12 [13]

*The stereostructure reported in references prior to 1982
was reassigned in Roman ef a!. [18] and Bohlmann et al. [14].

tMeasured in the 'H NMR spectrum of the ternary
mixture.
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isovaleryl chloride afforded a mixture of diester 17
and monoesters 18 and 19, which were easily separated
by column chromatography. The presence of the iso-
valeryl group at C-9 in 18 was deduced from its 'H
NMR spectrum, where the signal for H-9 appeared at
0 5.06 as a triplet, while the signal for H-7 appeared
at 4 3.80 as a double doublet, as it is characteristic for
the longipinene C-9 monoesters [12]. Similarly. the
isovaleryl group present in 19 was located at C-7 from
the "H NMR signals of the protons geminal to oxygen,
since the signal for H-7 appeared at 4 5.06 as a double
doublet and that for H-9 appeared J 3.86 as a triplet.
Treatment of 18 with tigloyl or senecioyl chloride
yielded diesters 14 and 15, respectively, whose 'H
NMR spectra were identical to those of the natural
products isolated from S. /ucida. Diesters 20 and 21
were also prepared by esterification of monoester 19
with tigloyl or senecioyl chloride. respectively. The
new compounds (14, 15, and 17-21) were fully char-
acterized by physical methods including 'H and '*C
NMR for which it was necessary to resort to 'H;"*C
heteronuclear correlation diagrams.

Table 2. "H NMR 2 data of longipinenes (300 MHz, CDCl.)

H 14 15 17 18 19 20 21
2 gdd) 580 579 581 578 578 580 5381
A(ddd) 265 262 265 261 256 263 262
S(s) 231 230 232 231 226 232 230
T(dd) 505 505 503 380 506 503 5.02
Sa(ddd)y 196 201 200 196 192 199 201
8p(ddd)y 217 219 2118 222 224 220 218
L0 502 500 502 506 38 508 5.03
LI{ddd) 316 316 317 309 311 318 3.13
12(c) 205 205 207 204 204 205 204
13(s) 097 1.00 1.00 096 .1l 098 097
14(s) 1.07  1.03 1.05 097 .02 1.04 1.03
15(s) 090 0.89 092 099 089 091 090
R' = Tigl Sen /;-Val H*  jVal i-Val i-Val
2 563 217t 2.19F 2,141 2144
3 6.80 - 2107 2.0 2,101 2.09+
4 1.78 214 097 098 095 0935
5 1.90 1.88 0.96 0.96 092 093
R = i-Val i-Val i-vVal i-Val Hf Tigl Sen
2 2.33t 236+ 233+ 222+ - - 5.80
3 207 207+ 216 2017 - 6.94 -
4 099 099 099 098 1.82 218
S 1.89

098 097 098 0097 1.91

J (Hz): 24 =15; 211 =15: 2,12 = 1.5; 4,11 =7.0:
T8x=20; 78f=115: 88 =150; 829=40:
8.9 =30, Tigl: 34=7; 35=15; 45=1.0. Sen:
24=25=1.0./i-Val: 34 =35=6.5.

*OH: o 1.70 (br s).

t Complex signals.

TOH: 0243 (brs).

EXPERIMENTAL

General

Mps: uncorr. 'H (Table 2) and '*C NMR spectra
(Table 3) were measured at 300 and 75.4 MHz, respec-
tively, from CDCI, solutions with TMS as the int.
standard. CC were performed on activated alumina
(70-290 mesh) or silica gel (70--230 mesh).

Plant maierial

Stevia lucida Lag. was collected at Vereda EI
Charquito, Soacha Municipality, Department of
Cundinamarca, Colombia in April 1996. A voucher
specimen is deposited at the Herbario Nacional
Colombiano (COL 388247) where Dr Santiago Diaz
Piedrahita, from Instituto de Ciencias Naturales de la
Universidad Nacional de Colombia, kindly identified
the plant material.

Extraction and isolation

The air-dried roots (400 g) of Stevia lucida were
extracted exhaustively (x4) with hexane at room
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Table 3. *C NMR data of longipinenes (75.4 MHz. CDCl,)

C 14 15 17 18 19 20 21
1 203.1 203.1 203.0 203.5 203.6 203.0 203.1
2 122.8 122.7 1228 1227 1228 122.8 1228
3 170.3 170.3 170.3 1703 170.6 170.3 170.3
4 485 485 484 484 488 485 489
5 659 659 658 662 660 659 659
6 375 373 372 382 372 373 373
7 724 713 722 703 725 723 723
8 323 324 324 357 357 327 325
9 748 748 747 751 733 747 738
10 557 556 556 557 573 560 56.0
11 53.8 538 537 536 529 539 53
12 233233 233 234 233 233 233
13 213 213 217 213 217 213 213
14 19.0 189 189 17.7 189 189 189
135 262 26,1 26.1 204 262 262 262
R = Tigl* Sen i-Val H i-Val i-Val i-Val
1 167.0 1655 1727 172.8 172.0 1721
2 129.0 116.0 438 43.9 439 439
3 137.0 1567 256 - 257 257 257
4 143 201 225 225 225 225
S 12,1 273 224 224 224 224
R = i-Val i-Val i-Val i-Val H Tigl* Sen
1 172.8 172.8 172.0 1724 167.4 166.0
2 435 435 435 437 128.5 116.0
3 25.5 255 257 258 1381 157.5
4 224 224 225 224 145 204
5 224 224 224

22.4 12,1 275

* Assigned according to data described in Ref. [18].

temp. for 1 week each time. Filtration and evaporation
of the extract afforded a dark yellow syrup (20 g)
which was subjected to CC on alumina (60 g). Elution
with toluene provided nine fractions totaling 14 g. Fr
3 (6.5 g) was processed by reverse phase HPLC. The
optimal chromatographic conditions were as follows :
4.75 mg of sample in 10 ul of MeOH-H-O (§:2)
injected to C-18 reverse phase column (i.d. 4 mm,
length 150 mm+40 mm pre-column), using EtOH-
H,O (46: 54) as the mobile phase at 0.9 ml min~' and
a UV detector operated at 254 nm. Thirteen frs were
collected during 12 successive runs. Each fr was ana-
lyzed by 300 MHz 'H NMR spectroscopy. The spectra
revealed the presence of one component per peak (2
7 and 11-16), excepting fr 7 which contained three
substances (8 10). This mixture was further processed
by HPLC using similar conditions. but with MeOH
H,O (60:40) as the mobile phasc. Compound 8 was
obtained in pure form. Although compounds 9 and
10 remained as a mixture, its identification was easy
by comparison of the '"H NMR spectra ol the two
semi-synthetic constituents with that of the mixture.
Fr 8 (5 g) of the original chromatography on alumina
was rechromatographed on silica gel (60 g). Elution
with petrol afforded friedelinol (65 mg).

Reaction of 1 with isovalervl chloride

A solnof 1[12](1.0 g) in CH,CI, (50 ml) was treated
with isovaleryl chloride (1.5 ml), stirred at room temp.
for 15 min, treated with aq. NaHCO, and extracted
with EtOAc. The organic layer was washed with H,0,
dried over Na,SOy, filtered and evapd under vacuum.
The residue was chromatographed on silica gel. Elu-
tion with CH,Cl, afforded diester 17, followed by
monoester 18. Further elution with CH,Cl,-MeOH
(95:5) gave 19, followed by 1 (122 mg, 12%). Crys-
tallization from CH,Cl,-hexane atforded pure 17 (268
mg, 10%), 18 (147 mg, 11%) and 19 (214 mg, 16%).

Longipin-2-ene-18.9a-diol-1-one  7.9-diisovalerate
(17). White powder mp 54--55°; [a]so +46", [ofs
+49°, [osa6 + 597, [adsze + 124, [)ies +376 (CHCI,;
¢ 1.25). EIMS 20 eV, m/z (rel. int.): 418 [M]™* (5), 232
(61), 214 (51). 173 (46), 122 (70), 85 (100), 57 (93).
UV A5 nm (log e) : 249 (3.82) ; IR v{P% em ' 1728
(tsovalerate), 1724 (isovalerate). 1674 and 1616
(C=C—C=0).

Longipin-2-ene-7f.9a-diol-1-one 9-isovalerate (18).
White powder mp 114-116"; [a]sze + 75, [0)s7s +79 .
[osae +93 . [aze + 1957, [2]365 + 609, (CHCl,; ¢ 0.1).
EIMS 20 eV, m/z (rel. int.): 335 [M+H]* (1), 250
(24), 232 (22), 189 (36), 173 (41), 135 (39), 122 (100),
109 (37), 57 (8). UV 75%M nm (log &): 201 (3.61), 250
(3.86): IR vi,>" em™': 3684 and 3614 (OH), 1727
(isovalerate), 1672 and 1618 (C—=(C—(=0).

Longipin-2-ene-18 . 9a-~diol-1-one T-isovalerate (19).
White needles mp 121--123"; [a]sqy + 52, [o)s7 + 57 .
[%]eae +066 . [t)aze +136° [%]365 +473 (CHCly; ¢ 0.1).
EIMS 20 eV, m/z (rel. int.): 335 [M+H]" (5), 232
(16). 189 (25), 173 (26), 135 (74), 122 (100), 109 (25),
85 (45), 57 (66). UV A0 nm (log &) : 202 (3.65), 251
(3.91); IR vib™ em™': 3684 and 3620 (OH). 1726
(isovalerate), 1672 and 1616 (C—=C—C=0).

Longipin-2-ene-7f So-diol-1-one 7-tiglate-9-iso-
ralerate (14). A soln of 18 (40 mg) in CH,Cl, (15 ml)
was treated with tigloyl chloride (30 ul), stirred at
room temp. for 24 h. evapd to a small volume, treated
with aq. NaHCO, and extracted with EtOAc. The
organic layer was washed with H.O. dried over
Na,S0,. filtered and evapd under vacuum. The residue
was chromatographed on silica gel. Elution with
CH,ClL, yielded 14 (39 mg, 78%) as a colorless oil :
[toxs + 38", [a)szs +417, [orlss +48 7, [taze + 1067, [o] 3
+321 (CHCL; c 0.17). EIMS 20 eV, m/z (rel. int.):
416 [M]* (4), 333 (12), 232 (52). 214 (49), 173 (20).
135 (21), 122/(33), 83 (100). 57 (14). UV A5%" nm (log
£): 215 (4.05), 252 (3.81): IR WD em ': 1726 and
1618 (tiglate), 1726 (isovalerate). 1672 and 1618
(Cz=C—C=0).

Longipin-2-ene-7f 9a-diol-1-on¢  7-seneciate-9-iso-
vaferate (15). A soln of 18 (40 mg) in CH,Cl, (15 ml)
was treated with senecioyl chloride (30 p), stirred at
room temp. for 24 h, evapd to a small volume, treated
with aq. NaHCO, and extracted with EtOAc. The
organic layer was washed with H,O. dried over
Na.SO,. filtered and evapd under vacuum. The residue
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was chromatographed on silica gel. Elution with
CH,Cl, yielded 15 (38 mg, 76%) as a colorless oil;
[@]sgo +477, [alszs +50°, [a)sas +597, [adazs + 126, [0]s6s
+389° (CHCl;; ¢ 0.22). EIMS 20 eV, m/z (rel. int.):
416 [M]* (1), 334 (17), 232 (33), 214 (28), 173 (10),
135 (12), 122 (16), 83 (100), 57 (7). UV AE9F nm (log
£): 217 (4.19), 251.6 (3.80); IR v$2 cm ™' : 1710 and
1616 (seneciate), 1718 (isovalerate), 1672 and 1616
(C=C—C=0).

Longipin-2-ene-18,9a-diol-1-one T-isovalerate-9-
tiglate (20). A soln of 19 (100 mg) in CH,Cl, (25 ml)
was treated with tigloyl chloride (100 ul), stirred at
room temp. for 24 h, evapd to a small volume, treated
with aq. NaHCO, and extracted with EtOAc. The
organic layer was washed with H,O, dried over
Na,SO,, filtered and evapd under vacuum. The residue
was chromatographed on silica gel. Elution with
CH,Cl, yielded 20 as a white solid. Recrystallization
from CH,Cl,-hexane afforded the pure compound
(112 mg, 90%) as white needies mp 114-117"; [a)ss0
+78° [alsss +83% [odsas +967. [tlase + 1917, [a]es
+505° (CHCL,;; ¢ 0.1). EIMS 20 eV, m/z (rel. int.):
416 [M]* (3), 332 (29), 232 (28), 214 (36), 173 (30),
135 (11), 122 (24), 83 (100), 57 (18). UV AL nm (log
€): 216 (4.12), 250 (3.84); IR vofs em™': 1724 (iso-
valerate) 1716 and 1618 (tiglate), 1674 and 1618
(C=C—C=0).

Longipin-2-ene-1,8.9a-diol-1-one  7-isovalerate-9-
seneciate (21). A soln of 19 (100 mg) in CH,Cl, (25
ml) was treated with senecioyl chloride (100 ul), stirred
at room temp. for 24 h, evapd to a small volume,
treated with aq. NaHCO, and extracted with EtOAc.
The organic layer was washed with H,O. dried over
Na,S0,, filtered and evapd under vacuum. The residue
was chromatographed on silica gel. Elution with
CH,Cl, yielded 21 as a white solid. Recrystallization
from CH,Cl,-hexane afforded the pure compound
(110 mg, 88%) as white needles mp 116-117"; [a]540
+76°, [olszs +81°, [alsas +94", [tlas + 1947, [o]a6s
+532° (CHCl,; ¢ 0.1). EIMS 20 eV, m/z (rel. int.):
416 [M]* (2), 332 (10), 232 (22), 214 (24), 173 (l6).
135 (7), 122 (18), 83 (100), 57 (10). UV AL nm (log
€): 219 (4.32), 252 (3.99); IR v{2% cm™': 1727 (iso-
valerate), 1714 and 1618 (senectate), 1672 and 1618
(C=C—C=0)
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