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Abstract-Four known sesquiterpene lactones, tomentosin, ivalin, 4~e~~-isoinuviscolide and gajllardin, together with 
three new lactones, itluchinenol~des A, B and C, were jdenti~ed in the whole plant of in& ~r~ff~~~~i~a var. clrinensis. 

INTRODUCTION 
Sesquiterpene Iactones of different skeletal types have 
been isolated from various In&l species [ ‘I]. Because of 
our interest in the natural distribution ofsuch Iactones, we 
have examined Inulu lv+tawzica L. var. elzinensis (Rupr.) 
Regel. (Japanese name Ug~~?zrr) [2], one of four fntr!a 
species growing in Japan. Along with known compounds 
(the xanthanolide, tomentosin (1) [3], the eudesmanolide, 
ivalin (3) [4], the gL~a~anolid~s, 4-ebb-isoinuviscoIide (8) 
[3] and gaillardin (9) [S]), three new sesquiterpene 
lactones [inuchinenolides A (2), B (5a) and C (7)] were 
found. We report here isolation and structurai elucidation 
of these new compounds. 

RESULTS AND DISCUSSION 

Inuch~nenoIide A (2) has the same absolute stereostruc- 
ture as tomentosin (I) except for the presence of an 
acetoxyl group (UV(MeOH) 219Snm; CD curve 
[O],,, C 422, [O],,,O, [t1]257 - 4432; IR(CHC1,) cm- ’ : 
1770 (~,~-unsaturated y-lactone), 1750 (ester), 1720 
(C=O), 1665 (C=C); .JPZJ’~ 306 (M+), 264. 246 
(M+ - HOAc), 228; ‘H NMR, see Experimental; 
13CNMR, Table I). 

The acetoxyl group is located at C-6, because in going 
from (1) to (2) a vinyl proton signal (H-5) changes from a 
doublet of doublets to a broad singlet and the H-7 signal 
changes from a muftiplet to a quartet of doublets. 

4 R,=R2=H 
Sa R, 1= OAc, R, = H 
Sb R, = OH, R, = H 
5c R,=R,=O 
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Table I. t3CNMR data (ppm) for inuchinenolide A (2), B (5a) 
and (7) 

Carbon'No. 2 5a 7 

1 142.5 ,s 135.78 49.7(t 
2 30.0 t 72.0 d 75.6 d 
3 42.2 t 46.8 t 43.9 t 
4 207.0 s 77. l ,~ 75.6 d 
5 125.5 d 52.1 d 51.98 
6 71).0 d 25.1 e/ 74,7 d 
7 42.2d 41.9d 53.6d 
8 76.7 e/ 78.6 d 74.2 d 
9 36.9 t 36.7 t 35.(/t 

10 35.0d 131.2s 30.1 d 
11 135.6s 138.2s 139.1 s 
12 169.5 s 169.6 s 169.3 s 
13 124.7z 121.7t 121.0t 
14 20.6q 21.6q 17.1 q 
15 30.0q 22.6 q 20.6 q 

(2H.~COO 21.Oq 20.9q 21,1 2 x q 
CH .~COO 168.9 s 170.3 s 170.0 s 

172.3s 

Run in CDCI.~ on a JEOL FX-100 spectrometer with TMS as 
int. standard, s, singlet: d, doublet; t, triplet; q, quartet. 
Assignment establishment by frequency off-resonance decoupl- 
ing. 

and  H2SO a, hence two hydroxyl  g roups  are cis. ] h e s e  
exper imen t s  and the physical  da ta  lead to the comple te  
s t e reochemis t ry  5 a  for inuch ineno l ide  B. 

The  third  c o m p o u n d ,  inuchinenol ide  C (7) shows  the 
fol lowing spectral  da ta :  colour less  oil: [z~]D - 25.9 : C D  
curve [012:~ 4- 538, [O]2asO: IR (CHCI~) cm- t. 3450, 
1770, 17307 m:e 366 (M e CI,aH 2(~O~ ), 306 
(M ~ - H O A c L  246 ( M  - 2 x HOAc) ,  228 {M~ . . . .  
× H O A c - H , O ) :  IH N M R ,  see Exper imen ta l :  ~3C N M R ,  
I-able 1. Hence,  inucfi inenolide ( '  is a C s - p s e u d o g u a i a n o -  
lide with a / tans-fused lac tone  ~h ich  conta ins  two 
acetoxyl  and  one  hydroxyl  group.  O n  acety la t ion  with 
acetic anhydr ide  and  pyridine,  it ga ,  e a t r iacetate  fiR 
(CHCI  3}cm ~ :1765,17307 m,e 408 (M ' )]. A double t  of  
double t s  at 3.52 (1H, .I = 4, 8 H z ) i n  7 col lapsed into a 
doub le t  {J : 8 Hz) upon  DzO addi t ion .  Fu r the rmore ,  on 
i r radia t ion  at H-7 (b2.711 the signals  o f  13-H and 13'-H 
col lapsed into two singlets and  a double t  ((53.52) was 
conver t ed  into a b road  singlet. These  exper imen t s  showed  
that  the hydroxyl  g r o u p  was located  at ('-6:~ 
(J~,/L7~ -- 8 Hz). As i r rad ia t ion  at the f r equen t  5̀  of  e i ther  of  
the p r o t o n s  under  the two aceloxyl  g roups  did not  affect 
the other ,  the acetoxyl  g roups  are present  at ( ' -2  and C-4, 
respectively.  O n  the o the r  hand,  no  N O E  was observed 
be tween  C - Y M e  and  H-10. This suppo r t s  the fi- 
conf igura t ion  of  C - t 0 M e  g r o u p  because  the C - Y M e  
g r o u p  is p robab ly  fl on the basis of  biogenet ic  
cons idera t ions .  Therefore ,  the s t ruc ture  of  inuch inenol ide  
C is a s sumed  to be 7 except for the s t e reochemis t ry  of the 
two acetoxyl  groups.  

I r r ad ia t ion  at the f requency o f  H-7 (d3.42) does  not  
change  the  doub le t  (J = 3 Hz) of  H-6, so H-6 exclusively 
couples  with H-5 (dihedral  angle  from Dre id ing  mode l s  

80 for J~,~.=j. Hence,  the acetoxyl  g r o u p  at C-6 is fi- 
or iented .  The  s t ruc ture  of  inuch ineno l ide  A should  be 
represen ted  by (2) except  for the s t e reochemis t ry  of  C- 10. 
which  remains  uncertain.  

The  second  c o m p o u n d ,  inucf i inenol ide  B ( Y a ) s h o w s  
the fol lowing spectral  da ta :  co lour less  oil: [:~]U -- 57.2 : 
IR (CHCI3) cm ~: 3600, 3500, 1765, 1735; C D  curve 
[ 0 ] 2 5 0 -  3477; m/e 306 (M ~, C17H2205),  264, 246 
(M + -  HOAc) ,  228 (M + - H O A c - H 2 0  L and  has a 
' H  N M R  spec t rum (see E x p e r i m e n t a l ) s u p e r i m p o s a b l e  
on that  o f  pseudoiva l in  (4) f rom h ' a  mio 'ocepha la  [6], 
except  for the  signal of  an acetoxyl  group.  A b r o a d  tr iplet  
at 5.42 (1H, J = S H z )  was ass igned to H-2, since 
i r rad ia t ion  of  C - 1 0 M e  affected the  p r o t o n  a t t ached  to an 
acetoxyl  g roup .  Hydrolys is  of  Ya wi th  2 ?i, aqueous  K O H  
in d ioxane  gave the c o r r e s p o n d i n g  diol (Yh) [IR (CHCI 3) 
cm ~: 3620, 3450, 1765; rote 264 (M + j]. O x i d a t i o n  of  $b 
wi th  P C C  [7] in CH2CI 2 at r o o m  t e m p e r a t u r e  af forded a 
cyc lopen t e none  der ivat ive  (5c) [IR (CHCI~) cm ~: 1765, 
1715, 16307 UV ( M e O H )  210, 2 5 2 n m :  m e  262 (M ~)]. 
F r o m  the above  physical  da ta ,  5c is a me thy lenecyc lopen-  
tenone.  F u r t h e r m o r e .  on d e h y d r a t i o n  with mesyl  chlor ide  
and pyr id ine  it gave the c ros scon juga t ed  d i e n o n e  (6! [IR 
(CHCI3) cm J: 1765, 1720, 1685, 1640, 16207 UV 
( M e O H ) 2 0 6 ,  255 nm;  m.,e244 (M ~ ): ~H N M R  {CDC13]: 
3 6.09 (1 H, hr. s, H-3 ) ]. These  obse rva t ions  conf i rmed  the 
presence  o f  two  hydroxyl  g roups  at C-2 and  C-4 in 5 h  The  
conf igura t ion  of  the hydroxy l  g r o u p  at C-2 was 
es tab l i shed  by use of  H o r e a u ' s  m e t h o d  [8 ] and  was shown  
to be :~. O n  the  o the r  hand ,  the  diol (Yb) tb rmed a cyclic 
e thyl idene  der ivat ive  with ace ta ldehyde  d imethylace ta l  

EX PERI, M EN TA L 

Mps are uncorr. ~HNMR {IOOMHzl and ~~CNMR 
{25MHz): (71DCI~, ~5 units relative to TMS. MS 170eV) direct 
insertion. IR and [:<h): CHCI.v UV and CD: MeOH. 

E.'uraction and sel~arcttion. 7he MeOH extract of fresh whole 
plant (15 kg) of huda hritumlica var. chinensis collected at 
Komaki, Aichi prel~cture, Japan, was dMded into the n-hexane 
and the EtOAc-soluble fractions (100g). 'fhe EtOAc-solubb 
fraction (C~,H o EtOAc. 3:1) gave tomentosm 11, 55rag) and 
inuchinenolide A (2, 60 mgL The second fl'action { 1 : 1 ) gave balm 
(3, 1 gl, inuchmenolide B ($a, 250mgt and muchinenolide ( '  i7. 
17 mg). The third fraction { 1:31 ga~e 4-epi-isoinu~ iscolide {8, 
35mgl  and gaillardm (9. 1.5gl. 

7;mlentosin (11. Colourless oil, :' D" + 34.9 1c0.55. ('HC'I,L 
IR ,"o,'2~" cm ' :  ~765, J720. 1665. UV ;.,',',:'," nm:  219.5. C D  c , rve  
[0]>~ + 228, [/)]as,0, [0]zss -- 4692. MS me:  248 (M - L 230. 
215, 205, 190. ~H NMR: b 1.14 [3H, d. J ~- 7Hz. C-10MeL 2.14 
i3H, s, C-4Me), 3.28 11 H, m, C-7H t. 462 I I H, m. C-8[I t, 5.4011H, 
dd, a = 6, 8 Hz. C-SIll. 

hmchinenolide A 121. Colourless oil. [23~>"- 54.6 (c0.5, 
CHC13). IR vai~{ '~'cm ~: 1770, 1750, 1720, 1665. [ ; V / ~ { " '  nm: 
219.5 1~:5()121. CD curve [O]_,,,s + 422. [()],sat), [0~,s: 4432. 
MS raze: 306 [M ' ,  C~rHe2Oy), 264, 246. 228. ~H NMR: 0 1.17 
(3H, d. J - 7Hz, C-10Mc), 2.12. 2.16 (each 3H, s, C-4Me or 
O( 'OMeL 3.42 ( I H, m(qd), C-7H ). 4.64 ( 1H. m. C-SH ), 5.0,"; (1H. 
d, d = 3 Hz. C-6:,H 1, 5.60 ( I H. hr, .< C-YH t. 5.7 l ( 1 It, d. ,1 - 3 Hz, 
C-13H), 6.28 (IH, d, J : -  3Hz, C-13H). 

halin{31. Mp 13l - 134. 1R v(.i~J{ ' ' c m  ':3625.3500. 1765. 
1670, 1650. Cab. for (':5H_,oO3: C. 72,55: H, 8.21. Found: ('. 
72.32: H, 8.18",. 

hmcllinemdidc B (Yaj. Co]ourless oil. [~]~)~'- 57.2" (e 1.3, 
CHCI~). IR v[(~.',, c' '  cm ': 3600. 3500, 1760. 1735. [_.IV }-2;i',"' rim: 
209 [c9876). CD curve [0]e5{ }-  3477. MS me:  306 {M . 
C I rH2eO~), 264, 246, 228. ~H NMR: b 1.05 (3lt..< C-4McL 1.68 
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(3H, s, C-10Me), 2.06 (3H, s, OCOMe),  3.30 (IH, m, C-7H), 4.84 
(1H, m, C-8H), 5.42 (1H, br.t, J = S H z ,  C-2H), 5.61 (1H, d, 
J = 3Hz, C-13H), 6.26 (1H, d, J = 3Hz, C-IYH).  

Hydrolysis of 5a. To a soln of 25 mg 5a in 1.5 ml 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 Si 
gel (1 g, CHCI3) to give an oil (5b, 5mg). [ct] 2° - 121.0 ° (c0.2, 
CHCI3). IR V¢,IH~ t~ cm ~: 3620, 3450, 1765. UV ),mMX °n nm: 210 
{~: 9029). MS re~e: 264 (M +, C 15H2o04), 246 (M + - H20),  231, 
228 (M + - 2 x H20),204.  IH N M R : 6  1.04(3H, s,C-4Me), 1.85 
(3H, d , J  = 2 Hz, C-10Me},3.28(IH, m,C-7H),3 .70(IH,  m, OH), 
4.52 (IH, hr. t, J - 8 Hz, C-2H), 4.82 {IH, m, C-8H), 5.62 (1H, d, 
J = 3 Hz, C-13H), 6.30 (1H, d, J = 3 Hz, C-13'H). 

Oxidation of5h. A soln of 12 mg 5b in 5 ml CH2CI 2 was cooled 
with ice and treated with 20mg pyridine chlorochromate. After 
2 hr the solution was diluted with 5 ml HzO and extracted with 
CHCI 3. The extract was evapd to give an oil (5c, 8 mg). IR vC~ ° '  
cm 1: 3620, 1765, 1715, 1630. UV 2M] °n nm: 210 (e 1284), 252 
(~: 9331. MS re~e: 262 (M +, C15H180,,), 247, 244, 204. IH NMR:  
6 1.16 (3H, s, C-4Me), 2.24 (3H, d, J = 2 Hz, C-10Me), 3.30 (IH, 
m,C-7H),4.80(IH, m,C-SH),5.65(1H, d,J = 3 Hz, C-13H),6.32 
(IH, d, J = 3Hz, C-13'H). 

Dehydration ~71' 5c. The oily oxidation product (5c, 2 mg was 
dissolved in 1 ml pyridine, and 1 drop mesyl chloride was added. 
The resulting solution was left overnight at 0 °. The reactant was 
treated in the usual manner. Colourless oil (6, 1 mg). 1R vCt~ cl~ 
cm ~ :1765, 1720, 1685, 1640, 1620. UV2Mm:°Hnm:206,255. MS 
m/e: 244 (M +, C 15H160,t). 1H NM R:  6 2.13 (3H, s, C-4Me), 2.29 
(3H, s, C-10Me), 4.88 (IH, m, C-8H), 5.58 (1H, d, J = 3Hz, C- 
13H), 6.09 (IH, br.s, C-3H), 6.26 (1H, d, J = 3Hz, C-13'H). 

Co@guration of C-2 in 5b. A soln of 4 mg 5b and 9 mg ( + )-2- 
phenylbutanoic anhydride in 0.5 ml pyridine was kept at room 
temp. overnight. After working up the reaction mixture by the 
usual procedure 8mg  2-phenylbutanoic acid was recovered. 
[7]~o _ 5.6 ° (c0.53, C6H6). 

Ethylidene product. To a soln of 5b (5 mg) in 3 ml acetaldehyde 
dimethylacetal was added with cooling 1 drop of conc H2SO, t. 
After standing overnight at room temp., the mixture was poured 
into ice and ether. The organic layer was washed with water and 
dried. Oil (2 mg). I R v cHcl~ cm l : 1765, 1155. MS re~e: 290 (M + ). 
1H N M R : 6  1.06 (3H, s, C-4Me), 1.28{3H, d ,J  = 6 Hz, C_H3-CH), 
1.90 (3H, s, C-10Me), 5.20 (1H, q, J = 6Hz, Me-CH_). 

lmlchinenolide C (7). Colourless oil. [~]2o_  25.9 (el.13, 
CHCI0.  IR v ~  '~ cm ~: 3450, 1770, 1730. UV )M~m rim: 209 

(~:6889). CD curve [01271 + 538, [0]2480. MS re~e: 366 (M +, 
C19H2607), 306, 246, 228.1H NMR:  6 0.92 (3H, s, C-5Me), 0.98 
(3H, d, J = 6 H z ,  C-10Me), 1.90 (IH, dd, J = 2 ,  6Hz, C-10H), 
2.04, 2.14 {each 3H, s, C - 2 , 4 0 C O M e ) ,  2.17 (IH, m, 7-H), 3.52 
(1H, dd, J = 4 ,  8Hz, C-6H), 4.42 (IH, m, C-8H), 4.80 (1H, d, 
J =4HzC-6OHJ,  4.90(1H, br, t ,J = 8 Hz, C-2H), 5.58(1H, dd, 
J = 9, 11 Hz, C-4H), 5.95 (1H, d, J = 3 Hz, C-13H), 6.17 [IH, d, 
J = 3 Hz, C-13'H). 

Acet)'lation o! 7. 7 (5mg) was treated with AC20 [1 mll and 
pyridine ( 1 ml ) at room temp. for 2 days to give triacetate (4 rag). 

4-Epi-isoinuviseolide (8). Mp 143 ~ 146 °. [~]~o _ 59.2 ° (e0.5, 
CHCI3). IR vC~ c'~ cm 1: 3620, 1770, 1670, 1660. UV ).~:~m nm: 
205.5. CD curve [01237 + 818, [0]2260. MS re~e: 248 (M + ), 230, 
215.1H NMR : 6 1.24 13H, s, C-4Me), 1.84 {3H, s, C-10Me), 4.70 
(1H, br.d, J = 8Hz, C-8H), 5.46 (1H, d, J = 3 Hz, C-13Hk 5.83 
(IH, br.s, C-9H), 6.16 (IH, d, J = 3Hz, C-13'H). 

Gaillardin (9). Mp 199 ~ 201 °. [~]~o _ 9.7 ° (e 1.0, CHCI3). IR 
vC~ c'~ cm 1 : 3600, 1770, 1740, 1660. UV )M~On nm: 210 (c 11 200). 
CD curve [0]zso + 977, [012350. MS re~e: 306 (M+), 288, 246, 
228. IH NMR:  6 1.24 (3H, s, C-4Me), 1.80 (3H, s, C-10Me), 2.06 
(3H, s, OCOMe),4.44.(1H, br.d,J = 8 Hz, C-8H), 5.24 (1H, br.s, 
C-2H), 5.46 (1H, d, J = 3 Hz, C-I 3H), 5.84 (IH, br.s, C-9H), 6.12 
(1H, d, J = 3Hz, C-13H). 
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