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Abstract-The diterpene acid 2a-iso-valeroyloxyeperuic acid was isolated from the aerial parts of Eupatorium petiolare. 
Its structure and stereochemistry were elucidated by spectroscopic methods and chemical correlation with eperuic acid. 

INTRODUCTION 

As a continuation of our chemical investigations of the 
genus Eupatorium (tribe Eupatorieae) [l-4], we have 
undertaken the study of Eupatorium petiolare, and have 
isolated a new labdane type diterpene which was shown to 
be 2x-iso-valeroyloxyeperuic acid (la), together with the 
known kaurenoic acid, 6-methoxy salicylic benzyl ester 
and a mixture of taraxasteryl palmitate, stearate and 
arachidate. 

RESULTS AND DISCUSSION 

2a-iso-Valeroyloxyeperuic acid (la) C25H4204 was 
isolated as a colourless viscous liquid which was shown to 
be a terpene acid by the presence of absorptions at 
350&2400 and 1700 cm- ‘; this was confirmed by forma- 
tion of the methyl ester (lb) with diazomethane. The 
presence of two broad singlets at 64:50 and 4.84 in the 
‘H NMR spectrum, together with an absorption band at 
890 cm- ’ in the IR spectrum, indicated the presence of an 
exocyclic methylene group. 

The ‘HNMR spectrum also showed four methyl 
groups, a secondary one at 6 0.91 (d, J = 6 Hz) and three 
tertiary ones at 6 0.87,0.95 and 1.00, which together with 
the exocyclic methylene indicated a labdane skeleton. The 
presence of an iso-valerate side chain ester (1730 cm- ‘) 
was indicated by the mass spectral ion peak at m/z 304 [M 
- C,H,,O,]+ (12.4 %) and the signal for the iso-propyl 
group at S 0.94 in the ‘H NMR spectrum of la. A quintet 
at 6 5.18, J = 5 Hz, was assigned to H-2 bearing the iso- 
valerate group, since this signal was shifted upfield to 
64.16 upon hydrolysis. The multiplicity and coupling 
constants of this signal can only arise by interaction of an 
equatorial proton with two neighboring axial and two 

*Contribution No. 634 from Instituto de Quimica, U.N.A.M. 

(Mexico). 

equatorial protons. Hence the iso-valerate group must be 
placed at C-2 and a-oriented. Concerning the 
stereochemistry at C-9 and C-10 the CD spectrum of lb 
showed at I,, 283 nm a positive ([Q] = + 8854) Cotton 
effect similar to that exhibited by li obtained from eperuic 
acid and opposite to that exhibited by 2 obtained from 
labdanolic acid [5], hence the stereochemistry at C-9 and 
C-10 must be c( as in eperuic acid. 

Confirmation of the structure and stereochemistry of 
la was achieved by chemical correlation with eperuic acid, 
a diterpene isolated from Eperua jdcata [6], whose 
stereochemistry [7] and absolute configuration at C-13 
[8] are known. Alkaline hydrolysis of la afforded iso- 
valeric acid and lc, which was treated with diazomethane 
to give the methyl ester (Id). Jones oxidation of Id 
furnished the keto-ester (If) which was reduced under 
Wolff-Kishner conditions and the reaction product es- 
terified with diazomethane to afford methyl eperuate (lg) 
whose ‘HNMR spectrum and specific rotation were 
identical to those previously published [6,9]. 

EXPERIMENTAL 

Mps are uncorr. Known compounds were identified by 
comparison of the IR and ‘HNMR spectra. Analysis was 
determined by Dr. F. Pascher, Germany. 

Eupatorium petiolare Mot, was collected in Mexico City at 

UNAM in March 1977. A voucher Calderon-2 has been de- 

posited at the Herbarium of the Instituto de Biologia (UNAM), 

Mexico. The air-dried plant material, leaves and flowers (940 g) 
were extracted with petrol (twice), and then with CHCl,. The 

petrol extract, after removing long chain hydrocarbons (177.6 g) 

was separated by CC over 2.5 kg silica gel, using petrol-C,H, and 

C,H,-EtOAc mixtures as eluants. Fractions eluted with 

petrol&&H, (75:25) gave a mixture of taraxasteryl esters (20 g). 

A sample of 1 g was hydrolysed with NaOH in EtOH, giving 

taraxasterol and a mixture of palmitic, stearic and arachidic acids 

which were identified by its MS which exhibited molecular ions at 

m/z 256 (C,,H,,W 285 (C18H3602) and 312 (CZOH4002). 
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la R = CH,, R’=H, R”= O-iisc-Valeroyl 

lb R = CH,, R’ = Me, RI’= 0-iso -ValeroyI 

lc R = a,, R’=H, R”= OH 

Id R = CH,, R’ = Me, R”= OH 

le R = CH,, R’= Me, R”= OAc 

If R = CH,, R’=Me, R”= 0 

lg R = CH,, R’= Me, R”= H 

lh R = 0, R’ = Me, R”= OAC 

li R=O, R’= Me, R”= H 

COOMe 

2 

Further elution with C,H, afforded 4.91 g of 6-methoxy salicylic 

benzylester as a crystalline solid mp 38-39’ (lit. 40’ [lo]) and 5.6 g 

of kaurenoic acid. 

Zr-iso-caleroJluxy eprruic acid (la). Chromatography frac- 

tions eluted with C,H,-EtOAc (9X: 2) were combined to give 25 g 

of crude la. A log sample of this material was rechromatograp- 
hed on 2SOg of silica gel to give 6.04g of la as a colourless oil. 
IR ,,htm . *XC Lrn ‘: 3500-2400. 1730. 1700. 1180, X90. ‘HNMR (100 

MHz, CDCI,): 6 0.87 (3H. s, H-20) 0.91 (3H. tl. J = 6 Hz, H-16) 

0.95 (3H. s. H-19), 1.00 (3H. s. H-IX), 0.94 (6H, d, J = 6 Hz. iso- 

propyl),4.50 (1 H. hrs, H-17),4.84 (1 H. hr S. H-17’). 5-18 (I H,m, H- 
2). EIMS 70eV m.; (rel. int.): no [M]*, 304 [M-C,H,,O,]’ 

(12.4). 135 LC,H,,]- (100). 122 (16). 

Methq’l ester (lb). Compound la (lOOmy) was treated with an 

ethereal soln of CH,NZ to yield 90 mg lb as an oil. [TIE - 28.1‘ 

(CHCI,; c 0.32). IR ~~;crn-‘: 1735. 1645, 890. ‘HNMR 

(80 MHz, CDCI,): 6. overlapped signals at 0.9 (lXH, m, H-16, H- 

18. H-19, H-20, isu-propyl). 3.65 (3H. s, OMe), 4.50 (lH, hr .s, H- 

17)4.X5 (1H. hr.>. H-17’). S.17 (lH,quintrf, J = 5 Hz. H-2). EIMS 
70eV m/z (ret. int.): no [Ml+. 31X [M-CIH,,,O,]’ (19). 189 

(20.61, 175 (17.8). 135 [C,H,,]* (100). 

2=-H@oxp eperuic wid (1~). To a soln of 3.037 g la in 50 ml of 

MeOH, 1.6 g NaOH were added. The reaction was monitored by 

TLC. After 4hr the reaction was worked up as usual to give 

1.572g of lc as a crystallme compound, mp 127 128 [a]? 
- 53.3 (CHCI,; (‘0.30). IR rCHC’ mdX ‘cm ’ 75W 2400, 1705, 1640, ._ 

890. ‘H NMR (100 MHz, CDCI,): ~5 0.92 (6H. .\. H-20. H-19), 0.97 

(3H, (i, J = 6Hz, H-16). 0.98 (3H, .s. H-18) 4.16 (lH, yuinrc~. J 

= 5Hz.H-2),4.50(lH,hr.s,H-17),4.X2(1H,hr~.H-l7’).6.23(lH, 

hr, COOH). EIMS (probe) 70 eV mc (rel. int.): 322 [MJ’ (0.3) 

304 [M - H,O]’ (7.5). 289 [M - H,O -- Me]’ (6.3) 135 

[&Hi,] + (lOO), 107 (48.4), 93 (49.5). (Found: C. 74.14; H. 10.60; 
0, 15.10. CZOH3.+03 requires: C, 74.49: H. 10.63; 0. 14.89 “,,.) The 

mother liquors of the later hydrolysis were methylated with 

CH,N, to give 200 mg methyl iso-valerate. 

2a-Hpdrox~-m~/h~I uprruute (Id). Esterihcation of 1 ,017 g lc 

with CH,N, afforded 0.99~ of Id as an oil. [zz]$ = -48.9 

(CHCI,; c 0.45). IR vzgcrn -I. 3450. 1730, 1640. 890. ‘HNMR _ 
(100 MHz, CDCI,): 60.92 (6H. s. H-20, H-19), 0.93 (3H. d. J 

= 6Hz, H-16), 0.98 (3H. s, H-18). 3.64 (3H. s, OMe). 4.14 (lH, 
qurnrer, J = 5Hz. H-2), 4.48 (lH, hr s, H-17). 4.X7 (1H. hr j, H- 

17’). EIMS 70eVm.c (ml. int.): 336 [Ml’ (1.5). 318 [M - H,O]’ 

(22). 303 [M - HZ0 --Me] ‘ 61?), 193 (24). 175 (311. 135 

[C,H,,]+ (100) 109 (63). 
2a-Awrylosy-mrthyl qwruuk~ (le). A 650mg sample of Id 

acetylated with AczOmC,H,N as usual gave the oily acetate le 

(700 mg). IR v z!$‘x cm ‘: 1730. 1640, X90. ‘H NMR (100 MHz, 

CDCI,): 60.87 (1H. .\, H-20). 0.91 (1H. \. H-19). 0.97 (d. J = 6 Hz. 

H-16),0.98 (3H. 5, H-18), 2.1 (3H. .s,Ac) 3.66 (3H.s. OMek4.49 

(1H,brs,H-17),4.87(1H,brs.H-17’).5.?(1t-1,yui~1rrr,.1 =SHr. 

H-2). EIMS 70eV rn!~ (rel. int.): no [Ml+. 318 [M--A&H]’ 

(1.3) 303 [M-AcOH-Me]‘. 135 [CHH,,]‘ (43). 43 

[MeCO]’ (100). 
0;onoi~‘si.s c!f le. A soln of 700 my le in CHCI, was ozonizrd 

for 1Omin. The ozonide was decomposed with triphenylphos- 
phine. the solvent removed and the residue purified by prep. TLC 

giving 300mg lh. IR ri:crn i: 1730. 1250. ‘HNMR (IOOMHz, 

CDCI,):ci0.91 (611.s, H-19. H-20),0.98 (3H.d. J = 6Hz. H-16). 

1.04 (3H. s, H-IS), 2.01 (3H. 5. Ac), 3.65 (3H. .s. OMe) 5.16 (IH, 

quintet, J = 4Hz, H-2). EIMS 7OeV mc (rel. int.): 380 [M]’ 

(2.5) 252 (37.5), 192 (25). 177 (100). I35 (C,H,<) (47). 43 

[MeCO]’ (64). CD (MeOH) [OIZhi t X854. 
2-O.uo-meth~lrprruute (If). To a soln of Id (150mp) m Me,CO 

(10 ml) Jones reagent was added dropwise with cooling by ice, the 

reaction being monitored by TLC. After the usual work-up, the 

residue was purified by TLC to give 1 Ix) mg 1 f, oil. IR r ~~xcm ’ : 
1740, 1710, 1640.890. ‘H NMR (100 MHz,CDCI,). 5O.?O(?H. \. 

H-20) 0.85 (3H, .s. H-19),0.93 (3H,d. J = 6 Hz. I-i-16) 1.06 (3H. \, 

H-18),3,64(3H,~,OMe).4_54llH. hr.?. H-1?1.4.8X(lH.hr.~. H- 
17’). EIMS 70 eV m: (rcl. int.): 334 [M]’ (5.7), ?lY [M ~ Me]’ 

(20.5) 236 (32). 203 (50). 151 [C,,,H,,O]. (100). 

Merhyleperuarr (lg). A 1OOmg sample oflfuas heated for 3 hr 

with ethylene glycol(3 ml). KOH (350 mg) and hydrazine hydrate 
(250 mg) in a tube at 240 After cooling, H,O was added and the 

product extracted with EtOAc. The residue was methylated with 

CH,N, to give 20mg of lg as an orl. [I]~ = -- 27.3 (C’HCI,: (’ 

0.11); lit. -28.2 (61. IR i,$Fxcrn ‘: 1740. 1640. X90. ‘f-l ThMR 
spectrum identical to that pubhshed prcviouslv [Y]. 
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Abstract-A new sterol isolated from the seeds of Brassica juncea has been shown to be 24-methylene-25- 
methylcholesterol. 

We have recently studied the 24-methyl-A5~22-sterol frac- 
tions, which were isolated from the seed oils of some 
Brassica and Raphanus species of Cruciferae plants, and 
demonstrated that the sterol fractions contained lo-40 % 
of 24a-methylcholesta-5,E-22-dien-3/?-ol in addition to its 
24/3_stereoisomer, 24P-methylcholesta-5,E-22-dien-3/?-ol 
(brassicasterol) [l-3]. Our continuing study of the sterols 
of B. juncea seeds has now led to the isolation and 
characterization of a new sterol with an unusual side 
chain, 24-methylene-2Smethylcholesterol [l, 24,25- 
dimethylcholesta-5,24(28)-dien-3/?-ol]. 

The sterol fraction that was separated from the un- 
saponifiable lipid of B. juncea seed oil was acetylated and 
the resulting acetate fraction (1.8 g) was separated into 
four bands by silver nitrate-silica gel TLC. The fraction 
(44 mg) recovered from the most polar band (Rf 0.12) was 
subjected to reverse-phase HPLC which yielded a steryl 
(1) acetate (9 mg). GC and argentic TLC had shown that 
this sterol comprised 0.7 y0 of the total sterols. The mass 
spectrum of l-acetate showed fragments at m/z 394 
(C29H&, the ion of highest mass corresponding to loss of 
acetic acid from the molecular ion) and m/z 253 (ClgH &, 
loss of side chain and acetic acid with 2H transfer) 
indicating that it was an acetate of a C,,-sterol with two 
double bonds, one of which was in the Cl0 side chain and 
the other probably located at C-5 [4,51 The side chain 
double bond was located either at the A 4(25’- or A24(28)- 
position by the presence of the diagnostically significant 
ion of m/z 296 (base peak) due to a McLafferty rearrange- 
ment [4-6] involving cleavage of the C-22, C-23 bond 
with one H transfer from C-20 and loss of acetic acid. The 
4OOMHz ‘HNMR spectrum (CDCI,) of l-acetate 
showed the following side chain signals: 6 0.965 (3H, d, J 
= 6.5Hz), 1.058 (9H, s), 4.661 (lH, s) and 4.832 (lH, s) 

besides signals arising from the conventional A’-3/G 
acetoxy sterol nucleus [7, S] [S 0.689 (3H, s, H-18), 1.022 
(3H, s, H-19), 2.035 (3H, s, 3fl-OAc), 4.60 (lH, m, WI,2 
= 28 Hz, H-3a) and 5.38 (1 H, m, H-6)]. The two olefinic 
singlets at 6 4.661 and 4.832, together with the diagnostic 
IR absorption at v,, 895 cm- ’ [9], indicated that the side 
chain double bond at C-24 must be oriented to C-24 (28) 
as the terminal methylene group [8, lo]. The t-butyl signal 
deshielded to 6 1.058 showed the presence of an additional 
methyl group at C-25 which is linked to the double bond 
[lo, 111. The remaining methyl doublet (60.965) was then 
ascribed to the C-21 methyl substituent. The 2OS- 
configuration is unlikely since this stereochemistry shifts 
the C-21 signal to the higher-field[l2]. Thus the new 
sterol has a structure 24-methylene-25-methylcholesterol 

(I). 
Chromatographic and GC/MS results have shown that 

1 also occurs as a minor sterol constituent in the seeds of 

HO 

1 


