Phytochemistry, Vol. 26, No. 12, pp. 3289-3292, 1987.
Printed in Great Britain.

0031 -~9422/87 §3.00+0.00
© 1987 Pergamon Journals Ltd.

ENT-CLERODANE DITERPENOIDS FROM RHYNCHOSPERMUM
VERTICILLATUM

MAMORU SETO, TOSHIO M1YASE and AKIRA UENO

Shizuoka College of Pharmacy, 2-2-1, Oshika, Shizuoka 422, Japan

(Received 16 February 1987)

Key Word Index—Rhynchospermum verticillatum; Compositae; ent<lerodane diterpenoids; rhynchosperin A;
rhynchosperin B; rhynchosperin C; rhynchospermoside A; rhynchospermoside B.

Abstract—From the whole plants of Rhynchospermum verticillatum, five new ent-clerodane diterpenoids, rhynchos-
perin A, rhynchosperin B, rhynchosperin C, rhynchospermoside A and rhynchospermoside B, have been isolated. The

structures were elucidated by spectroscopic methods.

INTRODUCTION

The genus Rhynchospermum (Compositae) has so far not
been studied chemically. We have therefore examined the
whole plants of R. verticillatum and isolated three new
diterpenes and two new diterpene glycosides.

RESULTS AND DISCUSSION

The IR spectrum of rhynchosperin A (1) was consistent
with the presence of a §-lactone group (1785¢cm™ '), a y-
lactone group (1720 cm ') and an «,f-unsaturated car-
bonyl group (1680cm™') that was supported by
13C NMR data. However, it was the 'H NMR spectrum
of 1 that provided most of the relevant information. It
showed signals of a tertiary methyl group at §1.34, a 8-
substituted furan ring at 86.64, 7.65 and 7.79 and olefinic
protons at §6.23 and 6.64 which can be assigned to olefinic
a- and f-protons of an a, f-unsaturated carbonyl group
possessing one proton in the y-position. W-Coupling
between H-10 and H-20 was observed. Furthermore the
AB system at §4.14 and 4.63 was assigned to the C-19
methylene group, one of the protons of which was in turn
W coupled with the C-68 proton, a characteristic of C-19
lactonized ent-clerodanes [1-3]. A slightly broadened
double-doublet at §5.61 was coupled with one of the furan
protons. Accordingly this signal could be assigned to H-
12, which must be located at an oxygen-bearing carbon.
These results led us to conclude the structure of rhynchos-
perin A to be L.

The molecular formula of 2 was C;oH,,0, indicating
the presence of an additional oxygen, which, according to
the IR band at 3500 cm™!, obviously was a hydroxy
group; the 'H NMR spectrum was similar to that of 1.
Careful spin decoupling showed that this group was
located at C-6 of rhynchosperin B (2). W-Coupling
between H-19 and H-6 observed in 1 was not present but
the signals of H-4 and H-10 shifted upfield so that the
hydroxy group in 2 might be located § in a 1,3-diaxial
relationship. Accordingly H-6 is a-oriented. Inspection of
the Dreiding stereo model indicated that H-8 is a-oriented
and irradiation of this proton showed a clear NOE with

4 R =0-gk
4a R = OH

§ R = O-pic
S5a R = OH

H-12, so that H-12 is also x-oriented. These results led us
to conclude thynchosperin B is 2.

The molecular formula of 3 was C,sH,s0g. The
'H NMR spectrum again was similar to that of 2. The loss
of 99 mass units in the mass spectrum and a strong
fragment m/z 83 indicated the presence of an unsaturated
Cs-ester. The ' H NMR spectrum showed that this ester
group was a tiglate as followed from typical 'H NMR
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Table 1. '"HNMR spectral data of 1, 4, 5 (90 MHz) and 2, 3, 4a, 5a (400 MHz)

Hydrogen 1 2 3

2 6.23 (1H, dd, 10, 3 Hz) 6.20 (1H, dd, 10, 3 Hz) 6.31 (1H, dd, 10, 3 Hz)
3 6.64 (1H, dd, 10, 3 Hz) 6.68 (1H, dd, 10, 3 Hz) 6.76 (1H, dd, 10, 3 Hz)
4 343 (1H, t, 3 Hz) 4.37 (1H, ¢, 3 Hz) 4.07 (1H, ¢, 3 H?)

6 398 (1H, dd, 3, 3.3 Hz) 5.36 (1H, ¢, 3 Hz)

6 592 (1H, 4, 3.3 Hz)

Ta 2.32 (1H, ddd, 16, 6, 3 Hz) 240 (1H, ddd, 16, 7, 3 Hz)
78 2.70 (IH, br d, 16 Hz) 3.28 (1H, br d, 16 Hz)
8 285 (1H, d, 6 Hz) 283 (1H, d, THz)

10 2.96 (1H, br 5) 339 (1H, br s) 3.51 (1H, br s)

lla 291 (IH, dd, 15, 1.5 Hz)  3.02 (1H, dd, 15, 2 Hz)
118 2.17 (1H, dd, 15, 12 Hz) 231 (1H, dd, 15, 12 Hz)
12 5.61 (1H, dd, 12, 1.5Hz)  5.63 (1H, br d, 12 Hz) 5.07 (1H, br d, 12 Hz)
14 6.64 (1H, m) 6.66 (1H, m) 6.61 (1H, m)

15 7.65 (1H, m) 7.62 (1H, m) 7.57 (1H, m)

16 7.79 (1H, m) 7.58 (1H, m) 7.62 (1H, m)

19« 4.14 (1H, br d, 10 Hz) 4.29 (1H, d, 10 Hz) 4.44 (1H, 4, 10 Hz)
198 4.63 (1H, d, 10 Hz) 4.63 (1H, d, 10 Hz) 4.92 (1H, 4, 10 Hz)

20 1.34 (3H, br s) 1.35 (3H, br s) 1.43 (3H, br s)

¥ 6.01 (1H, dgq, 8, 1.5 Hz)
4 2.09 (3H, dd, 8, 1.5 H2)
5 1.91 (3H, s)

signals (66.01 dg, 2.33 dd, 1.91 s), that was supported by
13C NMR data and acid hydrolysis. These results led us to
conclude the structure of rhynchosperin C to be 3.

The molecular formula of rhynchospermoside A (4)
was C,H;,0,, and its IR spectrum indicated the
presence of a y-lactone (1770 cm ™). The 'H NMR spec-
trum showed signals of a secondary and a tertiary methyl
group at 6 1.06 and 0.53, respectively, of an olefinic proton
at 66.76 and an anomeric proton at $4.93. However, W-
coupling between H-19 and H-6 indicated the connection
between the two sequences and showed that C-5 was
quarternary. Only the signal at §3.52 was coupled with
H-17. The remaining group had to be placed in a
clerodane skeleton. Acid hydrolysis of 4 gave glucose and
enzymatic hydrolysis of 4 gave an aglycone 4a. In the
NOE difference spectroscopy of 4a an effect was observed
between H-12 and H-8. Accordingly 4a required the given
stereochemistry [4].

The molecular formula of rhynchospermoside B (5) was
C,6H3,0,, from FAB-mass spectrometry. The 'H NMR
spectrum was similar to that of 4 except for the anomeric
proton and the H-12 signals. The '*CNMR was also
similar to 4 except for the anomeric carbon, the C-12
carbon and the C-20 carbon signals. These results led us to
suggest that 5§ was an epimer of 4 at C-12. Acid hydrolysis
of § gave glucose and enzymatic hydrolysis of § gave an
aglycone Sa. The spectral data of Sa supported the
proposed suggestion.

EXPERIMENTAL

All mps arc uncorr. ' H and ! 3C NMR spectra were recorded at
89.55 and 22.5 MHz, respectively, and 399.65 MHz. TMS was
used as an int. std.

Plant material. Whole plants of R. verticillatum REINW. were
collected in Shizuoka, Japan, in November 198S. Plants were
identified by Dr A. Ueno, and a voucher specimen has been
deposited in the Herbarium, Shizuoka College of Pharmacy.

Extraction and isolation. Dried whole plants (2.15kg) were
extd twice with MeOH under reflux. The ext was concd under red.
pressure and the residue was suspended in H,O. This suspension
was extracted with Et,0. The H,O layer was passed through an
Amberlite XAD-2 column and the MeOH eluate conc. under red.
pressure. The residue (18.8 g) was rechromatographed on a
polyamide column with H,O as an cluent to give fraction A
(9.5 g). The Et,0 layer was rechromatographed on a silica gel
column with C;H,—Me,CO (9:1) to give 400 mg 1, 22 mg 2,
18 mg 3. The polar fraction A was also rechromatographed on a
silica gel column with CHC1,-MeOH (19: 1) to give 100 mg 4and
16 mg S.

Rhynchosperin A (1). Needles from McOH, mp. 236-237°
{Found: C, 6749; H, 5.63. CoH ;005 requires: C, 67.41: H, 5.66 7).
(]} — 195 (CHCl3;¢c0.37). IR vKBr cm ™ *: 1785, 1720, 1680, 875.
'H NMR and '*C NMR: Tables | and 2. UV A MOH nm (loge):
212 (3.87),234 sh (3.49). EIMS 75 eV my/z (rel. int.): 356 (M]* (31),
262 (100), 217 (61), 107 (87), 95 (59), 91 (63).

Rhynchosperin B (2). Needles from MeOH, mp. 277-279°.
()} —202 (CHCl;; ¢ 0.35). IRvKBrem~!: 3500, 1785, 1695,
1685, 875. 'H and '*CNMR: Tables 1 and 2. UV iMcOH g
(logek 212 (4.29), 233 sh (3.98). EIMS 75 eV m/z (rel. int.)y: 372
[M]* (18), 354 [M —H,0]" (15), 271 (63).

Rhynchosperin C (3). Amorphous powder. [a]} —153 (CHCl,
¢ 1.76). IRvKBrem~!: 1790, 1750, 1690, 1265, 1235, 1205.
'H NMR and *>C NMR: Tables 1 and 2. UV A MOH nm (loge):
216 (4.31). EIMS 75 ¢V m/z (rel. int.): 454 [M]* (30), 372 (100),
355 (65).

Rhynchospermoside A (4). Amorphous powder. [a]} - 162
(MeOH; ¢ 1.93). IR v,‘,‘,f{cm' 1: 3450, 1770, 1710, 1675, 875. 'H
and '*C NMR: Tables 1 and 2. FAB (McOH + glycerol) m/z (rel.
int.y S07 [M+H]* (5), 489 [M—H,0]" (1.5), 327 [M+H

—glucose]” (44).

Rhynchospermoside B (5). Amorphous powder. [al}y —165
(MeOH, ¢ 0.98). IR vKBrcm ~1: 3450, 1775, 1705, 1670, 875. 'H
and !*C NMR: Tables 1 and 2. FAB MS (MeOH + glycerol) m/z
(rel.int.; SO7[M +H)"* (6),489[M+ H-H,0](1),327[M+H
—glucose]* (54).



Diterpenoids of Rhynchospermum

3291

4 4 5 Sa
la 1.18 (1H, m) 1.21 (1H, m)
18 2.26 (1H, m) 1.99 (1H, m)
2a 247 (1H, m) 243 (I1H, m)
28 2.38 (1H, m) 223 (1H, m)
3 6.76 (1H, br d, 6 Hz) 6.89 (1H, dd, 8, 3 Hz) 6.81 (1H, br d, 7T Hz) 691 (1H, dd, 8, 3 Hz)
6a 3.14 (1H, d, 12 Hz) 2.71 (1H, 4, 13 H2) 221 (1H, d, 16 Hz) 2.77 (1H, br d, 18 Hz)
68 2.79 (1H, br d, 12 Hz) 242 (1H, br d, 13 Hz) 2.09 (1H, br d, 16 Hz) 2.30 (1H, dd, 18, 2 Hz)
8 3.52 (1H, q, 7Hz) 2.82 (1H, q, 7 H2) 2.89 (1H, q, 7Hz) 2.55 (1H, ¢, 7T Hz)
10 3.65 (1H, br d, 12 Hz) 297 (1H, d, 12 Hz) 3.23 (1H, br d, 12 Hz) 2.75 (1H, br d, 12 Hz)
118 2.33 (1H, dd, 16, 9 Hz) 2.22 (1H, dd, 16, 9 Hz) 2.11 (1H, dd, 16, 9 Hz) 1.95 (1H, dd, 16, 10 Hz)
e 1.63 (1H, br d, 16 Hz) 1.66 (1H, dd, 16, 3 Hz) 1.64 (1H, 16 Hz) 1.66 (1H, d, 16 Hz)
12 5.43 (1H, br d, 9 Hz) 494 (1H, br d, 9 Hz) 5.07 (1H, br d, 9 Hz) 4.52 (1H, br d, 9 Hz)
14 6.67 (1H, m) 6.43 (1H, m) 6.70 (1H, m) 6.38 (1H, m)
15 7.69 (1H, m) 742 (1H, m) 7.62 (1H, m) 7.38 (1H, m)
16 7.69 (1H, m) 742 (1H, m) 7.62 (1H, m) 7.38 (1H, m)
17 1.06 3H, d, 7 Hz) 0.98 (3H, d, 7 Hz) 1.16 (3H, d, 7 Hz) 1,07 (3H, d, 7 Hz)
19a 4.13 (1H, br d, 10 Hz) 393 (1H, d4, 8, 2 Hz) 438 (1H, br d, 8 Hz) 4.33 (1H, dd, 8, 2 Hz)
198 4.51 (1H, d, 10 Hz) 4.00 (1H, d, 8 Hz) 483 (1H, d, 8 Hz) 445 (1H, d, 8 Hz)
20 0.53 (3H, s) 0.62 (3H, s) 0.86 (3H, s) 0.99 (3H, s)
anomeric 493 (1H, 4, 8 Hz) 4.75 (1H, d, 8 Hz)
Compounds 1, 4 and § run at 89.55 MHz in pyridine-d,.
Compounds 2, 3, 4a and Sa run at 399.65 MHz in pyridine-d;.
Table 2. '3CNMR spectral data

Carbon No. 1 2 3 4 4a 5

Aglycone moiety

1 198.8 197.1 1959 210 214 209

2 132.1 1318 1322 271 276 26.5

3 138.8 139.5 138.5 1440 143.8 1440

4 570 51.3 529 1284 1326 1274

5 43.6 493 4.7 44.7¢ 44.69 44.9¢

6 309 66.6 69.1 50.8 50.8 49.9

7 18.1 239 210 210.5 2098 2143

8 526 470  474% 511 517 524

9 34.7 34.8 345 48.7¢ 48.7¢ 41.6°

10 45.0 47" 44.0° 46.2 48.5 442

11 479 4715 474 448 458 442

12 70.2 71.0 69.7 70.0 63.0 68.8

13 1249 1225 125.1 136.7 139.0 136.4

14 109.3 109.5 109.5 109.6 109.5 1094

15 144.1 1443 144.2 140.6 1379 140.6

16 140.5 140.9 140.7 136.9 136.8 136.9

17 173.6 173.8 173.0 8.1 8.2 9.3

18 173.6 177.3 173.0 168.5 168.0 169.0

19 71.6 71.5 71.2 7.7 719 73.0

20 230 22,6 23.2 19.3 19.1 250

Sugar moiety or ester moiety

1 166.7 102.2 100.7

2 1284 75.3 75.5

3 139.8 78.5 78.7

4 16.2 723 721

S 20.5 78.5 78.3

6 63.1 634

PBYTO 26:12-M

Run at 22.5 MHz in pyridine-d,.

a-<Assignment may be interchanged in each column.
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Alkaline hydrolysis of 3. A soln of rhynchosperin C (3) (ca
1 mg) in dioxan (1 drop) and 4%, NaOH (1 drop) was stirred
under N, for ! br at room temp. The reaction mixt. was acidified
with 29, HCIl extd with CH,Cl, and the ext. treated with O-p-
nitrobenzyl-N,N'-diisopropyl isourea in a sealed ampoule for 1 hr
at 90°. The reaction product was identified as p-nitrobenzyl
tiglate by HPLC. Conditions: Develosil ODS-7 4.6 mm x 25 cm;
cluent, H,O — MeCN (2:3); R, = 10.6 min.

Enzymatic hydrolysis of 4 and S. 4 (20 mg) was dissolved in
H,O (3 ml)and the soln treated with cellulase (50 mg) for 8 hr at
35° with stirring. The soln was passed through an Amberlite
XAD-2 column and the MeOH eluate purified on a silica gel
column to give 4a (Smg) as an amorphous powder.
IR vKBrem 1 3500, 1775, 1710, 1665, 880. 'H and '>*C NMR:
Tables 1 and 2. EIMS 75 eV m/z (rel. int.): 344 [M]* (12), 326 [M
—H,0]* (3), 254 (16), 233 (45). 5 (10 mg) was hydrolysed in the
same way to give 5a (1 mg) as an amorphous powder. 'H NMR:
Table 1.

Acid hydrolysis of 4 and 8. A solution of glycoside (ca0.1 mg)in
109, H,S0,) (2 drops) was heated at 100° for 30 min. The soln
was passed through an Amberlite IR-45 column, and concd to give
a residue which was reduced with NaBH, (ca 1 mg) for 1hr at

M. SETO et al.

room temp. The reaction mixt. was passed through an Amberlite
IR-120 column and concd to dryness. Boric acid was removed by
dist with MeOH and the residue acetylated with Ac,0 (1 drop)
and pyridine (1 drop) at 100° for 1 hr. The reagents were evapd in
vacuo. Glucitol acetate was detected by GC. GC conditions: 1.5%,
OV-17, 3mm x 1 m; column temp. 200° carrier gas, N,;
R, = 8.2 min.
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