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Abstract—Four known sesquiterpene lactones, tomentosin, ivalin, 4-epi-isoinuviscolide and gaillardin, together with
three new lactones, inuchinenolides A, B and C, were identified in the whole plant of Inula britannica var, chinensis.

INTRODUCTION

Sesquiterpene lactones of different skeletal types have
been isolated from various fnula species [1]. Because of
our interest in the natural distribution of such lactones, we
have examined Inula britannica L. var. chinensis (Rupr.)
Regel. (Japanese name Oguruma) [2], one of four Inula
species growing in Japan. Along with known compounds
(the xanthanolide, tomentosin (1) [3], the eudesmanolide,
ivalin (3) [4], the guaianolides, 4-epi-isoinuviscolide (8)
{3] and gaillardin (9) [5]), three new sesquiterpene
lactones [inuchinenolides A (2}, B (Sa) and C (7)] were
found. We report here isolation and structural elucidation
of these new compounds.

HO-(

RESULTS AND DISCUSSION

Inuchinenolide A (2) has the same absolute stereostruc-
ture as tomentosin (1)} except for the presence of an
acetoxyl group (UV(MeOH) 219.5nm; CD curve
(01,95 + 422, [01,540, (01,5, — 4432 IR(CHCl;) em ™
1770 (o f-unsaturated j-lactone), 1750 (ester), 1720
{C=0), 1665 (C=C); mje 306 (M7T) 264, 246
(M* — HOAc), 228; 'HNMR, see Experimental;
!3C NMR, Table 1).

The acetoxy! group is located at C-6, because in going
from (1) to (2) a viny] proton signal (H-5) changes from a
doublet of doublets to a broad singlet and the H-7 signal
changes from a multiplet to a quartet of doublets.
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Table |. "*CNMR data ippm} for inuchinenclide A (2). B {5a)
and (7)
Carhon*No. 2 Sa 7
1 1423 % 1357« 49.7d
2 30.04 7204 75.6d
3 4224 46.81 439¢
4 2070 TR 75.6d
5 125.5d 52.1d 519«
6 0.0 25.14d 74.7d
7 42.24 41,94 5364
b 76.7d Ts6d 74.24
9 3691 367 3501
10 350d 131.2s 30.1d
11 13565 138.2% 1391 s
12 189.55 169.6 % 169.3%
13 124.71 217t 12107
14 2064 2164 1714
is 30.0qg 226y 206y
CH,COO 210y 2094 2L 2=y
CH,COO 1689« 1703 ¢ 17008
172.3x

Runin CDCI, on a JEOIL FX-100 spectrometer with TMS as
int. standard. s singlet: o doublel: £ triplet: ¢. gquartel.
Assignment establishment by frequency off-resonance decoupl-
ing.

Irradiation at the frequency of H-7 (63.42) does not
change the doublet (7 = 3Hz) of H-6, so H-6 exclusively
couples with H-5 (dihedral angle from Dreiding models
~&0 for J4, :.) Hence. the acetoxyl group at (-6 is fi-
oriented. The structure of muchinenolide A should be
represented by (2) except for the stereochemistry of C-10.
which remains uncertain,

The second compound, inuchinenolide B (5a) shows
the following spectral data: colourless oil: [2], — 57.2 :
IR (CHCIL,) em™1: 3600, 3500, 1765. 1733; CD curve
(07250 — 3477 mje 306 (M7, C,H,,04) 2064, 246
(M*" — HOAc), 228 (M* - HOAc-H,0), and has a
"H NMR spectrum (see Experimental) superimposable
on that of pseudoivalin (4) from Tra microcephala 767,
exeept Jor the signal of an acetoxyl group. A broad triplet
alt 542 (1H. J =8Hz) was assigned to H-2, since
irradiation of C-10Me aftected the proton attached to an
acetoxyl group. Hydrolysis of 8a with 2 aqueous KOH
in dioxane gave the corresponding diol (5b) [IR (CHCI,)
em 13620, 3450, 1765 me 264 (M7 1. Oxidation of 5b
with PCC [7]in CH,Cl, at room temperature afforded a
cvclopentenone derivative (Sc) [IR (CHCl,jem ™ ': 1763,
1715, 1630; UV (MeOH) 210, 252nm: m,e 262 (M),
From the above physical data, Scis a methylenecvclopen-
tenone. Furthermore. on dehydration with mesyi chioride
and pyndine it gave the crossconjugated dienone (6) [IR
(CHCly) em™': 1765, 1720, 1685, 1640, [620; UV
(MeOH) 206, 255 nm; ate 244 (M ') TH NMR (CDCL):
3609 (1H. Ar. s, H-3)]. These observations confirmed the
presence of two hvdroxyl groups at C-2and C-4 in 5b. The
configuration of the hydroxyl group at C-2 was
established by use of Horeau's method [8] and was shown
Lo be z. On the other hand, the diol {5b) formed 4 cyclic
ethylidene derivative with acetaldehyde dimethylacetal

and H,50,. hence two hydroxyl groups are civ. These
experiments and the physical data lead to the complete
stereochemistry 5a for muchinenolide B,

The third compound, muchinenohde C (7) shows the
following spectral data: colourless oil: {x ], — 259 (€D
curve [M,;, F 338, [07,,40: IR (CHCL) em ' 3450,
1770, 1730 mie 366 (MT. O H, 0.L N6
(M* — HOAc), 246 (M©° — 2 x HOAc), 228 (M" - 2
x HOAc-H,O): "HNMR. sec Experimental: 1*C NMR,
Table 1. Hence, inuchinenolide Cis a Cy-pseudoguaiano-
lide with a rraes-fused factone which contains wo
acetoxyl and ene hydroxyl group. On acetylation with
acetic anhydride and pyridine, it gave a triacetate [IR
(CHCl)y em ™' 1765, 1730; arve 408 (M7 )70 A doublet of
doublets at 3.52 (1H. J =4, 8Hz) in 7 collapsed wto a
doublet (J = 8 Hz) upon D,O addition. Furthermore, on
irradiation at H-7 (9 2.71) the signals of 13-H and 13'-H
collapsed into two singlets and a doublet (¢ 3.32) was
converted into a broad singlet. These experiments showed
that the hydroxyl group was located at -0z
{(J 47, = 8Hz) Asfrradiation at the frequency efeither of
the protons under the two acetoxyl groups did not affect
the other, the acetoxy! groups are present at C-2 and C-4,
respectively. On the other hand. no NOE was observed
between C-5Me and H-10. This supports the fi-
configuration of C-10Me group because the C-3Me
group s probably £ on the basis of biogenctic
considerations. Therefore, the structure of inuchinenolide
Cis assumed to be 7 except for the stereochemistry of the
two acetoxyl groups.

EXPFRIMENTAL

Mps are uncorr. ‘HNMR (100 MHz: and '"CNMR
(25MHz): CDCL,. & units relative to TMS. MS (70eV) direct
insertion. IR and [x],: CNCE, UV and CD: MeOH.

Extraction and seporation. The MeQH extract of fresh whole
plant (!15kg) of Inufu beitumica var, chinensis collected ot
Komaki, Aichi prefecture, Japan, was divided into the i-hexane
and the EtOAc-soluble fractions (100 g The LrOAc-soluble
fraction (C H,-EtOAc, 3.1} gave tomentosin (L 33mg) and
imuchinenolide A (2. 60 mg). The second fraction (1: 1) gave ivalin
(3. t g). inuchincnolide B (5a, 250 mg) and inuchinenolide € (7.
17mg) The third fraction (1:3) gave d-epi-isoinuviscolide (8,
35mg) and gaillardin (9, 1.5g;.

Tomentosin (1 Colourless oil {2 57 + 349 (¢ 0.55 CHCLL),
IR ™ em P 1765, 17200 1665, UV A2 nmi: 219.5. CD curve
[ e + 228, [0 Tpgalh [0 ]sey — 4692 MS mr ez 248 (M ), 230,
215,205, 190 "HNMR: 5 114 (3H, 4. J = 7Hz, C-10Mc), 2.14
{3H. 5. C-4Me), 328 (TH. m, C-7TH L 462 {1H. . C-RH L 540 (1H.
dd. J =6, 8§Hz, C-SH).

Lauchinenolide 4 (21, Colourless ail. 715" ~ 36" 0.3,
CHCL,), TR SN em ™ 1 1770, 1750, 1720, 1665 iV N0 oy
2195 (50120 CD curve (0], o+ 42020 [01],,,00 10,52 — 4432
MS mee: 306 (M, CoH,,0,) 2640 2406, 228 'HNMR: 0 1.17
(3H. d. 0 — THz C-10Mc). 212, 216 {cach 3L s C-3Me or
OQCOMe). 242 (L m(gd), C-7H L 409 (TH i C-8H), 508 (1H.
d, S =3 Hz C-0xH )L SO0 H b s C-SHLATH L. J F = THA
C-13H). 628 (I1H. d. J = 3Hz C-13'Hu.

Teadin (3). Mp 131 ~ 1345 IR cm 10 3625, 3300, 1765,
670, 1630, Cale. for C, H,,0,: €, 7255 H, 8.21. Found: (.
232 HL 8 INY,

{nuchinenotide B (5a). Colourless ofl. (238" - 37227 (¢ L3,
CHCL) IR v em 12 3600, 3500, 1760, 1735, UV JMO 5y
209 {0 9876). CD curve [07.5, - 3477, MS m.e. 306 (M .
C,-H,,0.). 264, 246,228 THNMR: 3 1.05 (3H. 5, C-3Mcy. 16§

|
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{3H. s, C-10Me), 2.06 (3H, 5, OCOMe), 3.30 (1H, m, C-7H). 4.84
(1H, m, C-8H), 542 (IH, br.t, J = 8Hz, C-2H), 561 (lH, 4,
J = 3Hz C-13H), 6.26 (1H, 4. J = 3Hz, C-13’H).

Hydrolysis of 5a. To a soln of 25 mg 5a in 1.5ml dioxane was
added 4ml 2%, KOH, and the soln was allowed to stand
overnight. This soln was acidified and extracted with EtOAc. The
extract was evapd and the residue passed through a column of 8i
gel (1 g. CHCI,) to give an oil (8b, Smg). [x]* ~ 12107 (¢ 0.2,
CHCl,). IR 1,‘,:,“‘ cm ' 3620, 3450, 1765, UV 2MPM nm: 210
{£9029). MS mje: 264 (M ", C  H,,0,), 246 (M* - H,0), 231,
228 (M* - 2 x H,0),204. '"H NMR:41.04(3H, 5, C-4Mc), L.RS
(3H.d,J = 2Hz, C-10Me). 328 (1H, m, C-TH), 3.70 (1H, m, OH},
452 (IlH. br.t,J = 8Hz, C-2H), 4.52 (1H, m, C-8H), 5.62 {IH. 4,
J =3Hz, C-13H), 630 (IH, d, J = 3Hz, C-13'H).

Oxidation of Sh. A soln 0f 12 mg Sbin S ml CH,CI; was cooled
with icc and treated with 20mg pyridine chlorochromate. After
2 hr the solution was diluted with 5mi H,O and extracted with
CHCl,. The extract was evapd to give an oil (S¢. 8mg). IR +{I5"

m~": 3620, 1765, 1715, 1630. UV MU ym: 210 (& 1284], 252
(£933). MS mje: 262 (M*, C, . H,50,), 247. 244, 204. '"H NMR:
d1.16 (3H, 5, C-4Me), 2.24 (3H. 4, J = 2Hz, C-10Me), 3.30 {1H,
m, C-TH), 4.80 (1H. m, C-8H), 5.65 (1H, d,J = 3Hz, C-13H),6.32
(1H, d. J = 3Hz, C-13’H).

Dehvdrdtion of Sc. The oily oxidation product (5c, 2mg was
dissolved in 1 ml pyridine, and 1 drop mesy! chloride was added.
The resulting solution was left overnight at 0°. The reactant was
treated in the usual manner. Colourless oil (6, 1 mg). IR vEHE
cm ' 1765,1720, 1685, 1640, 1620. UV A0 nm: 206, 255. “MS
mye: 244 M ', C,.H O,). 'HNMR:02.13{3H, s, C-4Me).2.29
(3H, 5, C-10Me), 4.88 (1H, m, C-8H), 5.58 (1H. d, J = 3 Hz, C-
13H), 6.09 (1H, br.s, C-3H), 6.26 (1H, d, J =3 Hz, C-13'H).

Configuration of C-2 in 5b. A soln of 4 mg Sb and 9mg (+ )-2-
phenylbutanoic anhydride in 0.5ml pyridine was kept at room
temp. overnight. After working up the reaction mixture by the
usual procedure 8mg 2-phenylbutanoic acid was recovered.
x]gt — 5.6° 1¢0.53, CHy)

Ethylidene product. To a soln of 5b (S mg) in 3 mi acetaldehyde
dimethylacetal was added with cooling 1 drop of conc H,50,.
After standing overnight at room temp., the mixture was poured
into ice and ether. The organic layer was washed with water and
dricd. Oil (2mg). IR v§HM em™ ' 1765, 1155. MS m/e: 290 (M ™).
'H NMR: 5 1.06 (3H, 5,C-4Me). 1.28 (3H,d. J = 6Hz, CH,-CH),
1.90 (311, s, C-10Me), 520 (1H, ¢, J = 6 Hz, Me-CH).

Inuchineavlide C I7) Colourless oil. [2]5° — 25.9°
CHCl,). IR v&H em™': 3450, 1770, 1730, UV 2paot

™

(e 1.13,
nm: 209

(£ 6889). CD curve {}]55, + 538, [0]5440. MS mje: 366 (M",
C,,H,.0,). 306, 246, 228. 'H NMR: 3092 {3H. 5, C-5Mc), 0.98
(3H, 4, J = 6 Hz, C-10Me), 1.90 (1H, dd, J = 2. 6Hz, C-10H),
2.04. 2.14 {each 3H, s, C-2,4 OCOMc), 2.17 (iH, m, 7-H), 3.52
(1H, dd. J =4, 8 Hz. C-6H), 442 (1H, m, C-8H), 4.80 (1H. d.
4 =4HzC-6 OH), 490 (IH. br.1.J = 8 Hz, C-2H), 5.58 (1H, dd.
J =9, 11 Hz, C-4H), 595 (1H, d. J =3Hz C-13H), 6.17 (IH, d,
4 = 3Hz C-13'H).

Acetylation af 7.7 (Smg) was treated with Ac,O (Imi) and
pyridine (1 mlyat room temp. for 2 days to give triacclate (4 mg).

4-Epi-isvinueiscolide (8). Mp 143 ~ 146°. [2]3° — 59.2° {<0.5,
CHCI,). IR v em  ': 3620, 1770, 1670, 1660, UV /30" nm:
205.5. CD curve (01,5, + 818, [0],;.0. MS mye: 248 (M ™), 230,
215. "HNMR: §1.24 (3H. s, C-4Me), 1.84 (3H, 5, C-10Me), 4.70
(IH, br.d, J = 8Hz, C-8H}. 5.46 (1H. 4, J = 3Hz, C-13H). 5.83
(IH, hr.s, C-9H), 6.16 (1H. d, J = 3Hz, C-13'H).

Gaillardin (9). Mp 199 ~ 201°. [2]3" — 9.7° (¢ 1.0, CHCI,). IR
VEHOL o =12 3600, 1770, 1740, 1660. UV 29" nm: 210 (¢ 1 200),
CD curve [0]y50 T 977, [0]53550. MS m/e: 306 (M ™), 288, 246,
228, '"HNMR: 4 1.24 (3H, 5, C-4Me), 1L.BO (3H. 5, C-10Mc), 2.06
(3H, 5, OCOMe), 444 ({H. br.d,J = 8§ Hz, C-8H), 524 (1H, br. s,
C-2H), 5.46 (1H,d. J = 3Hz, C-13H), 5.84 (1H, br.5, C-OH), 6.12
(1H, 4, J = 3Hz, C-13H).
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