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and therefore the neighbouring C-13 and C-8 must be
substituted by oxygen functions. (c) The signal at §2.36
attributed to the C-12 methyl group was shifted to lower
field by 0.65 ppm in comparison with that of cinncassiol
D, [6-8] indicating the presence of an ether bond
between C-12 and C-13. (d) The bond formation between
C-13 and C-10 accounted for one isolated methine proton
at §2.61 attributable to the methine at C-10.

The final structure deduced for cinncassiol E is that
shown by 1. Cinncassiol E (1) is noteworthy becauseitisa
novel diterpene with a new skeleton. The stereochemical
evidence was not clear, but the stereochemistry of cin-
ncassiol E was tentatively assumed to be as shown in 1
because of its probable biogenetic relationship with the
cinncassiol D types of compounds.

EXPERIMENTAL

Isolation of cinncassiol E. The extraction and separation was
described in the preceding paper [1], where cinncassiol E (35 mg)
is referred to as compound X.

Cinncassiol E (1). FD-MS m/z: 421 [M + Na]*,399[M +1]";
EI-MS m/z: 380 [M — H,0]", 352, 290, 194, 169, 149; 'H NMR
(100 MHz, pyridine-ds): 61.07, 1.14 (each 3H, d, J = 6 Hz, 18-
Me), 1.73 (3H, d, J = 6 Hz, 1-Me), 1.76 (3H, 5, 9-Me), 2.36 (3H, s,
12-Me), 2.13,2.65 (each 1H, d, J = 13 Hz, 14-H,), 2.61 (1H, 5, 10-
H); (CD;0D): 61.00 (6H, d, J = 6 Hz, 18-Me,), 128 3H, d, J
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= 7Hz, 1-Me), 1.32 (3H, s, 9-Me), 1.54, 2.26 (each 1H, d, J
=13 Hz, 14-H,), 1.60 (3H, s, 12-Me), 1.98 (1H, 5, 10-H).
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Abstract—Two kaurene type diterpenes were 1solated from the aeral part of Stevia eupatoria. Their structures and
stereochemustry were established by carbon and 'H NMR, chemical transformation and correlation with known

compounds.

INTRODUCTION

Sweet diterpene glycosides isolated from Stevia re-
baudiana [1, 2] and S. paniculata [3, 4] produce, by
hydrolysis, several hydroxylated kaurenoic acid derniva-
tives. Very few compounds of the latter type have been
found 1n Stevia species which grow in Mexico. In this
paper we describe the isolation and structure determi-
nation of 12pB-ethoxy-ent-kaur-9(11),16-dien-19-o1c acid

(1) and the known 12a-hydroxy-ent-kaur-16-en-19-oic
acid (2) from S. eupatoria.

RESULTS AND DISCUSSION

The less polar fraction of S. eupatoria, afforded the
ethoxy diterpenic acid (1) C,,H3,0,, [M]* at m/z 344,
The IR spectrum revealed the presence of a hydroxyl
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group of a carboxylic acid (3300-2700 cm ™ *), a carbonyl
(1699 cm ') and a terminal methylene group (1650, 980
and 885 cm ™). The 'H NMR spectrum (Table 1), showed
signals for two tertiary methyl groups, an exocyclic
methylene and a vinylic proton of a trisubstituted double
bond.

Treatment of 1 with diazomethane gave the methyl
ester (1a). Its *"H NMR spectrum exhibited the signal of a
methyl of a carbomethoxy group confirming the presence
of a carboxylic acid.

Compound 1 losses C;H, upon treatment with acid
yielding 1b, C;,H,505, [M]* at m/z 316, which exhibited
in the IR spectrum a strong hydroxyl absorption band at
3440 cm ™!, The 'H NMR spectrum of 1b did not show
signals for the ethoxy group and a new signal was
observed, which disappeared upon D, O addition, which
was attributable to a hydroxy group.

Oxidation of the hydroxy acid 1b with Jones reagent
gave an af-unsaturated ketone (Ic), C;oH;605, IR
1650cm™!; ABCH250 nm, log £3.91. The *HNMR spec-
trum (Table 1) showed a remarkable paramagnetic effect
of the carbonyl group on the chemical shifts of the
terminal methylene protons at 65.04 (1H, br s) and 5.29
(1H, br s) and for the vinylic proton at 5.28 (1H, br s).

A comparison of the 'H NMR spectrum with data
recorded for other known kaurene type diterpenes [5, 6]
and the chemical shifts for 1b and 1c suggests that the
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hydroxy group and the trisubstituted double bond are
located at C-12 and C-9, respectively.

A selective catalytic hydrogenation of the terminal
methylene of lc¢ gave 1d, whose 'H NMR spectrum
showed signals for one new methyl group at 0.9 (3H, d).

The !*C NMR spectrum (Table 2) of the 12f-ethoxy-
ent-kaur-9(11),16-dien-19-oic acid (1) confirms its struc-
tural identity. Resonance assignments were made with the
aid of off-resonance decoupled (SFORD) spectra, based
on comparison of general chemical shift arguments and
reported values of related structures as well as those of tri-
and tetracyclic diterpenoids [7-9].

The more polar fractions afforded the 12«-hydroxy-ent-
kaur-16-en-19-oic acid (2), C;0H3005, [M]* at m/z 318.
The IR spectrum exhibited absorptions attributable to
hydroxyl (3425cm™?"), carbonyl (1699 cm™') and ter-
minal methylene (1648 and 850cm™') groups. The
H NMR spectrum (Table 2) showed signals for the two
tertiary methyl groups, a carbinolic proton, a terminal
methylene and a trisubstituted double bond.

The position of the hydroxyl group located at C-12 was
deduced by comparison of chemical shifts of the 'H NMR
spectra of 2, and with data published in the synthesis of
grandifiorine acid [10]. The synthesis of 1b, 1c¢ and
compounds from the series 2 had been previously re-
ported. The methyl ester of 1b and the ketone 1¢ had also
been described as isolated from Vellozia caput [11], from
Ambrosia hispida [12] and from Viguiera excelsa [5],
respectively.

EXPERIMENTAL

Stevia eupatoria Will, was collected 1n September (1979), 5 km
south of Ixlahuaca, State of Mexico. A voucher 1s on deposit at
the Herbarium of the Instituto de Biologia (UNAM), México.

Extraction of the whole plant (6 kg) with MeOH yielded
material (130 g) which was chromatographed on 600 g of silica
gel. The elution with CgH—EtOAc (9:1) gave 1 which was
crystallized from hexane-Me,CO; (0.01 %) mp 170-172° [«] ¥
+ 63.7° (¢ 0.259; CHCl,); IR vCHCL cm = 1: 3200-2700 (OH), 1699
(CO,H), 1650, 980, 885 (C=CH,). MS m/z (rel. int.y: 344 ([M]*,
C3,H3,05), 329 [M—Me]* (18.33), 229 {M-C¢H,,0,]*
(68.33), 157 [M~C,,H,,0,]* (258), 141 [M—C,,H,,0]*
(29.16), 107 [M —C,,H;;05]" (25), 93 [M~C,sH;50;]"
(27 5). Calc. for C;,H1,0,; C, 76.70; H, 9 36; O, 13.93. Found: C,
76.37; H, 9.57; O, 13.95%, Further column chromatography

Table 1. 'H NMR data of compounds 1-1d and 2 (100 and 60 MHz, CDCl,, TMS as internal

standard)
H 1 1a ib ic 1d 2
11 534d (br} 532d (br) 525d (br)  5.82s (br) 5.85s
12 382m 38m
13 290m 2.90m 271m 342m 282m 268m
17 498s (br) 4975 (br)  4.82s (br) 5.29s (br) 4.77s (br}
17 492s (br) 4.87s(br) 4945 (br) 5.04s (br) 091d 4845 (br)
18 1.26s 1.17s 1.16s 1.30s 1.29s 122s
20 1.08s 098s 1.04s 1.17s 1.14s 112s
CO,;Me 365s
21 3.58m 3.53m
22 1.241¢ 1.201t

J(Hz) 11,12 =4;21,22=8;12,13 =2; 13,14 = 3; 16,17 = 6.
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Table 2. '3C NMR chemical shift values
and assignments of carbons in compounds
1 and 2 (MHz, CDCl;, TMS internal

standard)
Carbon 1 2
1 3825(1) 40.68 (1)
2 18.44 (1) 1905 (¢)
3 29.20(t) 38.09(¢)
4 43.39 (s) 43.51 (s)
5 44.87 (d) 56.86 (d)
6 20.16 (1) 21.86 (1)
7 40.77 (t) 33.13()
8 4344 (s) 43.66 (s)
9 159.87 (s) 56.12(d)
10 39.03 (s) 38.59 (s)
11 116.07 (d) 4123()
12 80.25(d) 71.78 (d)
13 46.42 (d) 51.32(d)
14 47.38 (1) 26.17(2)
15 44.75(t) 49.23 (1)
16 153.29(s) 152.67 (s)
17 107.98 (1) 104.76 (1)
18 23.32(g) 2844 (g)
19 178.46 (s) 180.70 (s)
20 1573(q) 14.5(s)
21 64.15(¢t)
22 28.28 (9)

elution with CsH¢—~EtOAc (6: 1) gave the 12z-hydroxy-ent-kaur-
16-en-19-o1c acid (2) (0.013%), which was crystallized from
hexane-Me,CO, mp 240-243% [«] —36.5° (¢ 0.200; CHCl,)
IR vGHCL em™1: 3425 (OH), 1699 (CO,H), 1648, 850 (C=CH,).
MS m/z (rel. int.): 318 (M*, C30H3003) 107 [M —C,H,,0,]*
(100), 303 [M—Me]* (3.9), 300 [M-H,0]* (25.7), 285
[M —Me~H,0]" (26.7),93 [M ~ C,3H,,0,]" (53.4). Calc. for
C;0H300;5' C, 75.43; H, 9 50; O, 15 07. Found: C, 75.50; H, 9 32;
0O, 1456 %.

Methyl ester of 1 The methylation of 200 mg of 1 with CH;N,
produced 1a after crystallization from hexane-Me;CO (190 mg);
mp 85-87% IRvEHChem™!. 1725 (methyl ester); 1650, 870
(C=CH,). MS m/z (rel. int.): 358 ([M]*, C;;H;,03) (90.1), 343
[M-Me]* (197, 229 [M-C;H,30,]* (754), 155
[M~-C,H,50]* (213), 107 [M—C;5Hz305]" (344}, 93
[M —C,6H350,]" (29.5). Calc. for C,3H;3,05; C, 77.05; H, 9.56;
0, 13.39 Found: C, 76.59; H, 945; O, 13499,

Hydrolysis of ether 1 The acid 1 (150 mg), dissolved in Me,CO,
was refluxed with 3 ml conc HCI for 30 min and monitored by
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TLC. The reaction mixture was diluted with H,O, neutralized
with saturated NaHCO, soln and extracted with CHCl,. After
usual work up the residue yielded 1b, after hexane-Me,CO
crystallization, mp 175-180° [«]?° + 63.81°% IR vKBrcm ~1: 3440
(OH), 1699 (CO,H), 1650, 880 (C=CH,). MS m/z (rel. int.);
316 (IM]*, C;pH,;0;) (262), 301 [M—Mel* (374), 208
[M—H,0]* (278), 283 [M-Me-H,0]* (29.5), 201
[M~C¢H;O,]* (393); 147 [M—C,H;,0,]* (21.58), 141
[M-C,,H,s0]* (2258), 107 [M-C,,H,,0;]* (38.7), 93
[M—C,3H,50,]* (45.1),41 (100). Calc. for C;oH;505; C, 75.91,
H, 8.92; O, 15.17. Found: C, 74.71; H, 8.83; O, 13.70%,.

Preparation of 1¢. A soln of 1b (100 mg) 1n Me,CO (50 ml) was
oxidized with 0.4 ml of Jones reagent at — 20°, the reaction being
monttored by TLC After 30 min the reaction was worked up as
usual to give 93 mg of 1c from hexane-Me,CO crystallization,
mp 279-280°, IR vSHCl cm ™!, 3200-2800 (OH), 1699 (CO,H),
1650 (C=0), 1600, 892 (C=CH,). Calc. for C,,H,¢0;; C, 76.40;
H, 8 34; O, 15.27 Found. C,7565; H, 8.33; O, 15.89%,

Hpydrogenation of 1¢ A soln of 79.5 mg of 1¢ in 15 ml of EtOAc
was hydrogenated using 79 mg of PtO as catalyst. Filtration and
evaporatton gave 70 mg of 1d, mp 244-246°; UV AMc<OH nm: 217
(€3800); IR vSHCl cm ™1 3200-2800 (OH), 1690 (CO,H), 1650
{C=0). Calc. for C,oH,503; C, 75.91; H, 8.92; O, 15.17. Found:
C, 75.23; H, 9.15; O, 15.82%,.
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