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Abstract . Three monoaromatic pentacyclic triterpenords of the lupane, ursane and oleanane 

series, and a monoaromatic t&racy& trtterpenolcl of the lupane series have been synthesised and 

shown to occur in several geological samples. Such compounds arise by microbial degradatfon of 

their respective 3-oxy-precursors. 

INTRODUCTION 

Aromatic hydrocarbons related to higher plant trlterpenoids oxygenated at C-B’ oww In various geological 

samples such as petroleums, brown coals or bottom aquatic sediments. s-v The structure8 of these biologIcal 

markers strongly suggest that aromatisation processes start with ring A, induced by the presence of the 

oxygenated function, and proceed sequentially towards ring D(E)3*4 (fig. 1). AS an alternative, the original 

triterpene may initially undergo loss of ring A and subsequently afomatisation from ring B to D(E)s+6*0 (fig. 1). 

Pigum 1: Two of the major postulated aromatisstion pathways fer the 3-oxy-triter-penes in sediments 

Example of the lupane series 
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The occurrence of these aromatised terpenoids in very recent sediments implies that these compounds 

may be produced at the earlier stages of diagenesis, probably via microbially mediated reacttons.b However, if one 

excepts the case of the allobetulin serieslo, no monoaromatic “intermediates” deriving from 3-oxy-triterpenoids 

have yet been fully identified, although recent studies provide evidence of their presence as major constituents in 

some surface sediments or brown coals on the basis of mass spectrometry data.“-” We wish to report here the 

synthesis of three pentacyclic A-ring monoaromatk trtterpenoids : 24,25-dtnorlupa-t’,3,5(10)-triene ?a, 

24,25-dinorursa-1,3,5(10),12-tetraene 7b and 24.25dinorvleana-1,3,5(10),12-tetraene 7c, and of a 

tetracyclic B-ring monoaromatic compound : des-A-26-norlupa-5,7,9-triene 10. These syntheses were aimed, 

first, at the identification of the compounds in several recent sediments, and second, at the unambiguous 

characterisation of radioactive monoaromatic products formed during incubation experiments of radtolabetled 

lupan4-one and olean-12-en-36-01 in a pond mud. 

RESULTS AND DISCUSSION 

Synthesis of the pentacyclic monoaromatic trifepenaids 7aa-c. 

Figure 2 shows the scheme adopted for the synthesis of the pentarry& triterpenoids 7a-c. In the case of 

7b and 7c, the synthesis was performed on a mixture of their respecttve starting materials, products being 

separated at each stage for analysis (see Experimental) ; only the lupane 7a and ursane 7b series will be 

referred to below. 

Dehydration of the parent alcohol la wtth PC16 l5 furnished a quantitative yield of A-neolup9-ene, which 

was then isomerised to A-neolup-3(5)-ene 2a on treatment with formic acid/chloroform.16 For the ursane 

series, the use of P,O, as dehydrating agent17 gave rise directly to the ring A-contracted alkene 2b. 

Cleavage of the double bond in the contracted A-ring of 2a and 2b by ruthenium tetmxide, was followed by a 

vapour phase retro-Michael reaction la affording the des-A-ketones 4a and 4b* respectively. For the ursane 

series, the use of one equfvalent,of ruthenium tetroxide ensured little or no attack of the hindered Al2 double bond. 

Robinson annelation of 4b under actdic conditions (modified from ref. 19) gave rise directly to 5b in 

moderate yield. Under basic conditions, virtually no annelated product could be recovered. Annelation of 4a under 

identical acidic conditions, proceeded at a much slower rate and with poorer yields ; however, since most 

unreacted starting material could be recovered, the reaction was repeated several times in order to obtain 

adequate quantities of product. 

2,3-Dichlorod,6dicyanobenzoquinone (DDC?) oxidation of 5a to 6a and of 5b to 6b gave predominantly 

the A1*4-3-one as expected (cf. ref. 20 for steroidal ketones) and a small amount of another dienone, probably the 

A4s6-3-one. 

Reduction of the mixtures with lithium aluminium hydride, to the dienols, and acidia work up”’ afforded 7a 

and 7b, respectrvely, which could be readily separated from other rearranged products (see Experimental). The 

position of the 4-methyl group on the aromatic ring of both compounds was confirmed by ‘H-NMR. ‘H selective 

decouplings allowed unambiguous assignment of the two benzylic protons at C-6, and a differential nuclear 

Cverhauser effect experiment showed connectivities between the two H-6 and the benzylic methyl group, which iS 

in agreement with the structures of 78 and 7b. 
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Figure 2 : Synthetic echeme for the preparation of the pentacyclic monoaromatic triterpenoids 7a-c 

Synthesis of the tetracyck mcnoaromatic triterpenoid 10. 

The synthesis of 10 is outlined in figure 3. Hence, oxidation with DDQ of 4a, afforded 8, as a mixture of 

itself and des-A-lup-6-et-G-one, des-A-lup-9-en-5-one and des-A-lupa-6,9,11-trien-&one, which could 

be readily separated by TLC. 

Reductive aromatisation of 8 with lithlumlbiphenyl afforded a good ‘yield of 9, as indicated previously in 

similar reductive aromatisations of steroids.22 

Conversion of the tetramethyldiamidophosphate ester of 9 to the aromatic hydrocarbon 10, was carried out 

by a lithium/ethylamine reduction.23 

la - 
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Ckcwrence and tdentification of higher plant derived monoaromatic tritefpenokfs in sediments. 

The synthesis of 78-c and 10 has allowed thelr Identification in sediments from the Mahakam Delta 

(Indonesia), by comparison of their mass spectra, and by their co-elution on polar’ and apolar gas 

chromatographic colu,mns -with their sedimentary counterparts. It should be noted that mass spectra of all the 

pentacyclic compounds exhibit a prominent fragmentation peak at m/z = 145. Figure 4 shows the distribution of 

the pentacyclic monoaromatic hydrocarbons 7a-c from a core sample (463 m) where 78 is the major compound 

of the fraction. 10 always occurs as a minor component in these samples, detectable only In the course of GC-MS 

studies. Howaver, this latter appears as a significant product tn the Eocene Messet oit shate (Germany). 

Analysis of a number of other sediment and soil 24p5 samples indicates that the monoaromatic trlterpenokts 

occur commonly, and that they are formed rapktly in the subsurface. Indeed 7a, 10 and 7c were Mentlfted as 

significant microbial degradation products of radiolabelled lupand-one and olean-1%en-36-01, after their 

incubation with a recent sediment, thus providing direct evidence that the aromatisation of triterpenoids in 

sediments proceeds via a microbial process (the detailed results of this work will be published et&where).25~H 

Figure 4 : Gas chromatogram of the total aromatic hydrocarbons from a core sample of the Mahakam Delta (3’73 m) 

Conditions : SE-54,20 m x 0.3 mm; 40-280°C, 3YYmin; carrier gas I$ ca 2 mbnin 

EXPERIMENTAL 

General 

GM ChromatogmPhy (CC) : Analyses were carried out usrng a Carlo Erbe Fractovap 4160 chromatograph with 
on-column injeotor and flame ionisation detector and fitted with WCCT glass columns (SE-54 phase obtained from Atltech 
Associates). High Performance Llquld Chromatography (HPLC) : A Waters 590EF pump with a Waters U6K 
injector were used with both semi-preparative and analytical columns. Detection was carried out with a Waters 
differential refractometer R401, refraotlve index detector. Typical flow rates for semi-preparative (Du Pont 250 x 21.2 
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mm, Zorbax OlXt 8 rm) and analytical (Du Pant G&en oerkts 80 x 6.2 mm, Zorbax GDS 3 pm) wore 18 and 2 mi/min 
reepeotivety. 00s Cbrometogrephy - Yeas Speetrematry (W-MS) : Analyses ore pertormed on a Carlo Erba 
FIV 5i-Sa gu p. with ,iirsqd-s&a 0oFumho 38 m x 0.25 mm, DD5 (Ppotar) or D&f7 (poiarj, heikum carrier gas 
(ca 2 barb typioatty @mperature programmed !rom 40-1CWC at lI1PC/min, ! mem at 4Wmii~ and !hen isothermaL 

The 4160 chromatogrmph was interfaced with a Kratos MS 8ORF mess spectrometer. Typioal operating oondii were : 
&I sowrcs 25tC, @ctton energy TtJ oV:v; The mass specrtometer was iilrMcifxd with a itTams US?B.&ta eyswn. GGMS 
co-ibjerxbne of rei=erenw corr~po~~nds wWi geobg&e~ sernp@s were serri@d= wf usihg die Krafos ti#W #IT iti MlD ma& 

Ektron rmpeef Dfreef hne*rrVon Were Speefromefry #3i%iSj : CotiRbns ware as for GMS excepi that the 
sample introduction was tie direct insertien probe. High Reeelutlon Ue#i Spctremetry (HRMS) : High msolutfon 
spectra were obtained using the Kratos MS 80RF mass spectrometer. Samples were introduced via direct insertion probe. 

The instrument was scanned cyciiitiy at 10 s/decade from 50600 and operated at a resolution of 3000. Measurement 
was by computer peak matching with internal standard (Perftuorokerosene). ‘I4 Nuclear Yagnetlo Resenence 
(‘Ii-NMR) : 400 MHz ‘H-NMR spectra were obtained on a Sruker AM 400 instrument. The chemkal shifts (6) are 
reported in ppm downfreld from TMS and are internally referenced to the residual protons in the deuterated solvents. 
Coupling constants (J) are given in Hen. Solvent was CDCts (6” 7.27 ppm) unless otherwise stated. UV spectra were taken 
on a diode array spectrophotometer Hewlett-Packard 6451. 

Chemical syntheses 

A-Neolup-3(C)-ens 2s : Prepared from lupanol la.15s16 EIMS (GC) 70 eV, mh (rel. nt.) : 4lO(M+, 240/a), 396(17), 
367(100), 231(30), 169(11), 175(19), 161(29), 137(23), 136(53), 135(45). 121(50). ‘H-NMR : 5 0.77(3H, U, J-6.9) 
0.78(3H, s), 0.65(3H, d, Jp6.9) 0.67(3H, s), 0.91(3H, s), 0.93(3H, d, Jz6.9) 0.99(3H, d, ./=x6.9), 1.12(3H, s), 
265(1H, septet, J-6.9). 

4.5Seoolupane-3,5-dlone 3a : Prepared from A-neolup-B(5)-ens 2s. ‘s EIMS (direct insertion) 70 eV, m/z (ret. 

ht.) : 442(M+,3%), 427(10), 424(16), 399(20), 344(64), 329(8), 301(22), 231(30), 206(26), 191(35), 163(43), 
t49(45), 123(85). Q5(90), 69(100), 55(500), normalised to m/z 69 as 100%. ‘H-NMR : 5 0.78(3H, s), 0.76(3H, d, 
J=6.9), 0.66(3H, d, J=6.9), O.B7(3H, s), l.O4(3H, s), l.O6(3H, d, J-6.9), l.OB(BH, d, J=6.9), l.l2(3H, s), 2.07(lH, 
dd, J=3.6,12.5), 2.20-2.50(4H), 2.6l(lH, septet, Js6.9). 

(105H)-Der-A-lwpsn-5-one 4s : Prepared from 4,5-secolupane-3,5-dione 3a.18 Mp : 171-172*C. EIMS (GC) 70 eV, 

m/z (rel. int.) . 344(M+,27%), 329(B), 301(28), 232(6), 231(11), 216(g), 206(32). 191(31), 163(59), 138(73), 
123(91), 96(94), 55(100). ‘H-NMR : 6 0.77(3H, d, J=6.6), 0.81(3H, s), 0.65(3H, d, J=6.6), O.B3(3H, s), 096(3H, d, 
J=6.5), 1.27(3H, s), 2.21-233(2H), 2.47(lH, ddd, Jr7.0,13.8.13.6). 

Dee-A-lupa-6,9-dlen-5-one 8 : Typically 4s (100 mu) in toluene (2ml) with DDG (200 mg) was sealed in a glass 
tube under vacuum after purg~rg with argon (x 5). After heating (fOO°C, 12 h), the tube was opened and the content 
deposed on alumina (5 g) and eluted with ethyl acetate (20 ml), Thin layer chrometogrephy (silica gel, methylene chbride) 
afforded pure 8 (Rf 0.2; 37 mg, 37%). HRMS M+, m/e : 340.278; Cs4HssG requites : 340.277. EtMS (GC) 70 eV, m/z 

(rel. int.) : 340(M+,18%), 325(7), 297(12), 205(14), 149(35), 136(83), 135(100), Bl(47). ‘H-NMR : 6 0.70(3H, s), 
0.76(3H, d, Jm6.7). 0.87(3H, S), 0.68(3H, d, J=6.5), 1.34(3H, s). 1.92(3H, s), 2.24(1H, ddd, J-5.5,13.6,13.8), 
2.64(lH, ddd, J=2.3,4.6,14.4). 6.30(lH, d, J=lO I), 6.97(1H, d, J-10.1). 

Dee-A-28-norlupe-S,7,9-trlen-5sl 9 : To a refluxing solution of biphenyl (60 mg), diphenylmethane (30 mg) and 
lithium (100 mg) in dry THF (4 ml) under argon, 8 (20 mg) in THF (2 ml) was added dropwise once a green colour had 
developed. After further reflux (IO mm) and cookng. methanol (3 ml) was added in order to destroy excess tithiim. The 
solvent was removed and resrdues were dissolved In HCI (10% v/v, 5 ml) and extracted with methylene chloride (2 x 10 

ml). The organic phase was washed with water (I x 5 ml), dried (anh. sodium suiphate) and the solvent removed in vacua. 
TLC (silica gel, methylene chloride), afforded pure 9 (Rf 0.5; 8 mg, 42%). EIMS (GC) 70 eV, m/z (rel. int.) : 
326(M+,66%), 311(100, saturated), 187(27), 173(97). 143(43). ‘H-NMR (CD&Is 8, 5.32) : 8 0.78(3H, s), 0.63(3H. d, 
J=6.6), 0.90(3H, d, J=6.6), l.O7(3H. s), 2.07(3H, s), 2.57-2.76(2H), 658(1H, d, &8.5), 7.03(lH, d; Jh8.5). 

Derr-A-26norlupe-5,7,9-trfene 10 : To a stirring solution oft 9 (5 mg) in dry 1,bdihiethoxyethane (5 ml at 
-3O”C, under argon, n-butyi lithium was added until in extess (triphenylmethane indkator, 1 mg, ligh’ pink colour). 
Tetramethyldiamidophosphochloridatear (200 ~1) was then added drcpwise, and the solution was stirred at ambient 
temperature (4 h). After addition of water (5 ml), extraction with ether (2 x 5 ml), and removal of the sot&t in vacua, 
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the crude product was subjected to TLC (silica gel, methylens chlorlde/ethylacetate, 50:50), The TMOAP ester of Q (Rf 
0.65) was isolated and dissolved in THFBbutanol (5Q:50, 2 ml). Thb selutionwas tlwn,added dropwbe to-a &rrklg (&ep 
blue) solution of lithium .(50 ntg) in ethylamine (anhydrous, 5ml, -3Olrc). Excess lithium was immediately destroyed with 
methanol (2 ml). After addlng water (5 ml), the solution was extraoted (chloroform, 2 x 6 mf). and the organlo phase 
~~~~~X5~},~~~~~.SQdjpHm~~}.T~#~pp~was~~~~~~~geb. 
hexane). allowing pure 10 to be isolated (Rf 6.6; 1 .O mg, 20% overall yield). HRMS M+, rn#e : 31Om CssHs, requires 
: 3?Q.23+. * (SC) 7Q BY. o#z (re+. #r&k) : 3%#bP,nw), 2%#stxq, nys>, 23q5). WqS), ,%?p), W&Y), 
=mh ww3, *wm, -w7h 137(=9, )3)(=9, 36@4). IHHMR fC&&3@r 5.32) : 3 0.73@+, #, 0.33#3H, d, 
J=6.8), O.Q1(3H, d, J-8.8) l.l0(3H, s). 2.18(3H, s), 8.Q4(1H, d, J=7.2), 7.01(1H, dd, &7.2,7.Q), 7,17(1H, d, J-7.9). 

23,24-Dlnorlup4-en-39one 3s : 4a (78 mg) in benxene (15 ml) was refluxed (24 h) with p-toluenesulphonlo acid 
(15 mg) and methylvinyl ketone (400 pl). The sotution was filtered, washed with sodium bicarbonate ,solutKHl (6% 
aqueous, 1 x 10 ml) and water (1 x 5 ml), dried (anh aodium sulphate) and the solvent removed in veouo. TLC of the crude 
product (sillla get, ethylacetate/methylene chloride, S:g3) afforded the starting material 4a (W 0.76; 38 mg) and the 
required product Se (Rf 0.8), which was further purified to remove any polymeric impurities by semi-preparative~HPf.C 
(Zorbax ODS, methanol, tn 19 min; 21 mg. 48% yield relattve to transformed product). HRMS hl+, m/e : 3Q8.340; 

CasH44G requires : 398.339. EIMS (GC) 70 eV, m/z (rel. int.) : 396(M+,28%), 381(8), 353(11). 273(10), 272(Q), 
231(32), 191(39), 124(100), 123(70). 95(70). ‘H-NMR : 6 0.77(3H, d, J&8), 0.79(3H, s), 0.88(3H. d, J&.6), 
o.Q2(3H, s), l.l7(3H, s), 1.25(3H, s), 2.08(1H, ddd, J-2.8,5.3,13.3), 2.17(1H, ddd, J=3.2,3.2,14.5), 2.33(1H, m), 
2.48(1H, ddd, J-5.2,14.9,17.4), 2.57(1H, m), 575(1H, br s). 

23,24-Dlnortupe-1.4.dten-3-one 8a : 23,24-Dlnorlup4-en-3-one 5a (20 mg) with DDG (40 mg) in toluene (2 ml) 
were sealed in glass tuba under vacuum after purging with arson (x 5). After heating, the sample was worked up as for 8. 
TLC of the crude product (silica gel, ethyl acetate/hexane, 25:75) afforded the required product 6s (18 mg, 65%). HRMS 
M+, m/e : 394.325; CssH4sO requires 394.324. EIMS (GC) 70 eV, m/z (ml. mt.) : 394(M+.lQ%), 379(5). 351(17), 
231(24), 202(73), 187(30), 181(58), 149(39), 121(100); ‘H-NMR : 6 0.75(3H. d, J-8.8), 0.7Q(3H, s), 0.84(3H, 8). 
0.85(3H, &J-6.8), 1.22(3H, s),, 1.31(3H, 8). 2.78(1H, ddd, Jr3.0,3.0,13.3), 2.84(1H, br ddd, h4.5,8.8,8.8), 
8.10(1H, br 8). 8.14(1H, dd. J=1.8,10.1), 7.08(1H, d, JllO.1). I,,, 248 nm (CH2C12) or 248 nm (ethanol) 

[cholesta-1 ,rl-dienQ-one I,, 246 nm (CHsCls)]. 

24.25~Dlnorlupa-1,3,5(10)-trlene 7a : 23,24-Dmorlupa-4,8-dien-3-one 8e (20 mg in 1 ml diethylether) was 
added dropwise to a sttrnng solution of LiitH4 (100 mg) in diethylether (30 ml). When ths addition was oornplete~ ether (2 
ml) was added and the solution refluxed (20 min). After cooling, excess LiAIH4 was destroyed with ethylacetate. The 
resultant copious white precipitate was dissolved in HCI (5% aqueous, 10 ml), diluted with water, and the,organfc layer 
separated. The aqueous layer was extracted with ether (3 x 5 ml), and the combned organic extracts washed with water 
(1 x 10 ml) and dried (anh. sodium sulphate). After removal of solvent in vacua, the crude product was subjected to TLC 
(srlica gel, hexane), affording 7a as a mixture of itself (20% by GC) and other rearranged components., Analytical scale 
HPLC (Zorbax ODS, MeOH, ta 15 min) afforded pure 7a (2 mg, 1096 ‘overall yreld). HRMS M+, m/e’: 378.329; CasH42 
requires : 378.329. EIMS (GC) 70 eV, m/J (rel. int.) : 376(M+,7%), 383(<1), 335&l), 233(3). 17,2(16), 158(13), 
157(24), 148(32), 145(100), 144(38).. ‘,H-NMR : S 0.80(3H, s), O.SO(SH, d, J=B.Q), 0.87(3H, s). O.sS(SH, ,d, J-8.9) 

l.O1(3H, s), 2.22(3H, s, H-23), 2.25-233(1H, m), 2.80(1H, ddd, J-6,12,17, H-65) 2.87(1H, ddd, J-3,7,17, H&x), 
2.9O(lH. br dd, J-3.5,12.0, H-Q), 8.99(1H, d, J=7.7, H-3), 7.07(1H, dd, J=7.7,8.2, H-2), 7.15(1H, d, Jm8.2, H-l). 

The synthesis of 7b and 7c was carried out on a mixture of their respective starkng materials, urs-l&en-35-01 
1 b and olean-12-en-36-01 lc (9o:lO). At each stage, an aliquot of the ursane component was separated for analytical 
purposes by analytical reverse phase HPLC (Zorbax CDS). In the oteanane series, separation and complete characterisakon 
was only carried out on the final product 7c. 

A-Neourse-3(5).12-dlene 2b : Urs-12-en-36-ol 1 b (1.3 Q) was refluxed with toluene (200 ml) in a Dean-Stark 
apparatus.” The volume of solvent was reduced (50 ml over 2 h), and the solution cooled (OOC). Phosphorus pentoxide (ca 
1 Q) was added to the. stirring solution under argon. After 2 h, the reaction was complete as monitored by TLC. The 
solutron was poured into sodium carbonate solution (aqueous, saturated), and the layers separated. The organic layer was 
wasbed with water (1 x 50 rr!tb drttd (anh, sodium sulphate) and the solvent removed in vacua. Column Chromatography 
(silica gel, hexane) afforded 2b (850 mg, 52%). HRMS M+, m/e : 408.377; r&H& requires : 98.378. EIMS (GC) 70 eV. 
m/z (reel. int.) : 408(M+,l7%), 3Q3(1#7), 385(100), 271[31), 272(27), 257(13), 231($8), 218(14), 203(28). lQO(20). 
18Q(l8), 175(47), 161(26), 147(23), 135(32), 134(17), 133(24). 121(40). ‘H-NMR : S 0.80(3H, br d. J=8.0), 
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0.83(3H, a), 0.92-O.Q4(3H, distorted d), 0.94(3H, d, J18.8). 0.97(3H, 8). l.O0(3H, d, J=8.8), l.O4(3H, s), l.l1(3H, 
s), 2.87(1H, septet, J=S.E), 5.21(1H, dd, J-2.5,4.5). 

4,5-~oura-lZ~n~3,6-dlona 3b : To 2b (850 mg) in carbon tetrachlorids (50 ml) was added dropwiss a solution 

of ruthenium tetroxide in the same solvent. The a&f&on was asngnued, until no starting material remained, as monitored 
by TLC. Filtration through celits to remove the ruthenium dioxide precipkate, removal of the solvent in vaa~~ and column 
chromatography (silica get) with ethyl acetats/hexane (29reP) as ekrate gave 3b (599 mg, ?2%). HRk#S M+, m/e : 
440.387; CscH4s02 reqwlres : 449.385. EfMS (GC) 70 eV, m/z (rel. int.) : 449(M+,23%), 425(3), 423(5), 407(8). 
355(3), 342(10), 327(S), 313(8), 270(82), 257(21), 255(28), 218(1 l), 203(1 l), 183(14), 147(18), 133(38), 
125(40), 119(78). ‘H-NMR : 8 0.80(3H, br d, J15.9) 0.82(3H, s), 0.92-0.94(3H, distorted d), l.O8(3H, d, J=8 9), 

l.O9(3H, d, J=8.9), l.l1(3H, a), l.l3(8H, s), 2.81(1H, septet, J= 8.9), 5.28(1H, dd, Js2.54.7). 

(lOpH)-Des-A-ura-12-en-5-one 4b : Prepared from 3b.‘a HRMS M+, m/e : 342.294: C24H3a0 requires : 
342.292. EIMS (GC) 70 eV, m/z (ret int.) : 342(M+,53%), 327(100), 259(29), 243(10), 231(27), 218(79), 205(19), 
203(40). 189(37), 183(18), 181(22), 149(20), 147(28), 138(37), 137(19), 138(29), 135’4S), 134(29), 133(55), 
123(31), 122(32), 121(35), 119(52), 109(45), 107(34), 105(37), SS(59). ‘H-NMR : 6 0.80(3H, d, J=8.0), 0.88(3H, 

s), 0.91-0.95(3H, distorted d), l.O2(3H, d, J&4), l.O8(3H, s). 1.28(3H, s), 2.20-2.33(2H), 2.50(1H, ddd, 
J&9,13.9,13.9), 5.21(1H, dd, J=2.5,4.5). 

23,24-Dlnoruraa-4,12-dlen-3-one 5b : 4b (150 mg) in toluene (15 ml) was refluxed (8 h) with p-toluenesulphonic 
acrd (50 mg) and methyivinyl ketone (500 pl). On cooling the solution was filtered through an alumma pkrg (20 g), which 
was then washed with ethyl acetate (50 ml). After removal of the solvent in vacua, TLC of the crude product (siitca gel, 

ethyl acetateimethylene chloride, 5~95) afforded the starting material 4b (Rf 0.75, 80 mg) and 5b (Rf 0.8). Sb was 
further purified to remove any polymeric impurities by semi-preparative HPLC (Zorbax ODS, methanol, tn 18 min; 45 mg, 
50% yield of converted product). HRMS M’, tie : 394.325; QsH4aO requires : 394.324. EIMS (GC) 70 eV, m/z (rel. 
int.) : 394(M+,15%), 379(10), 271(12), 270(14), 232(22). 231(20), 218(100), 203(44), 189(28), 177(35), 183(88), 
182(71), 147(38), 135(49). 133(72), 119(72). ‘H-NMR : 6 0.80(3H, d, J=8.0), O.S4(3H, s), 0.91-0.95(3H, distorted 
d), l.O8(3H, s), 1.23(3H, s), 1.28(3H, s), 2.19(1H, ddd, J=3.5,3.5,14.0), 2.33(1H), 2.42-2.57(2H), 5.23(1H, dd, 
J=2.7,4.8), 5.77(1H, br s). 

23,24-Dfnorurss-4,8,12-trlen-3-one 8b : Sb (45 mg) with DW (110 mg) in toluene (2 ml) were sealed m a 
glass tube, after purging wrth argon (x 5). After heating (lOO°C, 8 h), the sample was worked up as for 8. TLC of the 
crude product (srlica gel, ethyl acetateihexane, 25:75) afforded 8b as the major product $30 mg, 88%). EIMS (GC) 70 

eV, m/e (rei. Int.) : 392(M+,58%), 377(a), .271(30), 288(18), 257(23), 231(23), 229(29), 203(19), 175(27), 
181(84), 147(100), 133(48), 121(75). 

24,25-Dlnoruraa-1,3,5(19),12-tetraew 7b : 8b (18 m9 in 1 ml diethytether) was added dropwrse to a stirring 
SotUtiOn Of LIAIH~ (100 mg) In diethylether (30 ml). When the addition was complete, ether (2 ml) was added and the 
solution refluxed. After coolmg, excess LlAIH4 was destroyed with ethyl acetate. The resultant copious white precipitate 
Was dissolved In HCI (5% aqueous, 10 ml), dituted with water, and the organic layer separated. The aqueous layer was 
extracted With ether (3 x 5 ml), and the combined organic extracts washed with water (1 x 10 ml) and dried (anh. sodium 

sulphate). After removal of sotvent II) vacua the crude product was subjected to TLC (silica gel, hexane) affordtng 7b aa a 
mixture of itself (30%) and other rearranged components. Analytical scale HPLC (Zorbax ODS, methanol, tn 13 mm) gave 
rrae to pure 7b (3.5 mg, 14% overall yield). HRMS M+, m/e : 378.314; C2aH4c requrres . 378.313. EIMS (GC) 70 eV, 
m/z (ret; int.) : 376(M+,9%), 3el(8), 218(8), 204(2), 203(3), 172(E), 171(g), 170(8), 199(8), 158(94), 157(13), 
145(100), 143(29), 131(21), lOS(18). ‘H-NMR : 6 0.88(3H, s), 0.84-098(3H), 0.92(3t-i, s), 0.93-0.97(3H, dlstorted 
d), t.lY3H. s, H-27) 1.88(1H, ddd, J-2,5,13, H-75). 1.75(1H, ddd, J-512.13, H-7a), 1.89-200(2H, H-115 and 

H-153) 2.09(lH, ddd, J=4.2,13.3,133, H-18a). 225(3H, s, H-23). 2.57(1H, ddd, J-5,12,17, H-85) 2.89(1H, ddd, 
J-2,8,17, H-8s) 2.73(1H. ddd, J-4 5,8,18, H-lla), 3 ll(lH, br dd, J-8.11, H-9), 535(1H, dd, J=2.5,4 5, H-12) 
7.00(1H, d, J=7.2, H-3) 7.10(1H, dd, J=7.2,7.9, H-2), 7 15(1H, d, J=79, H-t). 

24,25-Dlnoroleana-1,3,5(10),12-tetraene 7C : separated from 7b as a by-product by analytical scale HPLC 
(ZOrbaX ODS, methanol, tn 11.5 mm). HRMS M+, m/e : 378.312; C2sH4c requires 378.313. EIMS (GC) 70 eV, n& (rel. 
int) : 378(M+,l3%), 381(13), 218(4), 204(S), 189(8), 172(10), 171(8), 170(5), 158(100), 157(11), 145(94). 
143(2o). t3t(l3), 105(g). ‘H-NMR : 6 0.89(3H, S). 0.90(3H, S), 0.91(8H, 2 X S). 1.22(3H, S), 1.88(1H, ddd, J-3.8.13, 
H-70 1.77(lH, ddd, J-8.12,13, H-7a), 1.78(1H, dd, J-13.13, H-19a), 1 88(1H, ddd, J-4,12,12, H-155) 1.94(1H, 
ddd, J~2.%11,17.5, H-113), 2.08(1H, dd, J-4,13, H-18). 2.08(1H, ddd, J=4.2,139.13.9, H-18a), 2.24(3H, s, H-23), 
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2.57(lH, ddd, J-8.12,17, H-q). 2.83-2.73(2H, H-8a and H-lla), 3.13(1H, dd,b8.11, H-8). 5.42(1H, dd, .h2.5,4.8, 
H-12), 7.00(lH, d, J=7.1, H-3), 7.09(1H, dd. J=7.1,8.0, H-2), 7.13(1H, d, J=WJ, H-l). 

ACKNOWLEDGEMENTS 

One of us (GW) thanks SERC/NATO for a rewarch Fellowship. We are grateful to P. Wehnmg for the mass spectrai 
measuremen and to E. Krempp and R. Graff for assistance in NMR spectralioopy. Mahakam Delta sampb were provided 
by Dr. A. Saptorahardjo. 

1. 
2. 
3. 
4. 

5. 

6. 

7. 
8. 
9. 

10. 
11. 
12. 

13. 
14. 
15. 

18. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 

28. 

27. 

REFERENCES 

DAS. M. C.; MAHATO, S. 8. Phytoohemistry 1983, 22, 1071-1085. 
CARFtUTHERS, SW.; WATKINS, D. A +Az J. Chen~ Sot. 1984, 724-729. 
JAROLIM, V.; HEJNQ, K.; HEMMERT, F.; SORM, F. CokcL Czech. Chem. Commun. 1985,30, 873-979. 
STFtEiBL, M.; HEROUT, V. in Or@@ Geochemistty - Methods and Resu& Egiintcn, G., Murphy, M. T. J., Eds.; 
Springer: Berlin, 1989; pp 401-424. 
SPYCKERELLE, C.; GREINER, A. CH.; ALBRECHT, P.; OURISSON, G. J. Chem. Res. 1977, (S), 330-331, (M), 
3748-3777. 
SPYCKERELLE, C.; GREINER, A. CH.; ALBRECHT. Pi; OURISSON, G. J. Cham. Res. 1977, (S), 332-33!, (M), 
3801-3828. 
WAKEHAM, S. G.;,SCHAFFNER, C.; GIGER, W. Gecchim. Cosmochim. Acta 1980, 44, 415-429. 
CHAFFEE, A. L.; FODKES, C. J. R. Org. Geochem. 1988, 12, 281-271. 
TRENDEL, J. M.; LOHMANN. F.; KINRINGER, J. P.; ALBRECHT, P.; CHIARONI, A.; RICHE, C.‘; CESARIO, M.; GUILHEM, 
J.; PASCARD, C. Tetrahedron, in press. 
JAFtOLlM, V.; HEJNO, K.; SORM, F. Collect Czedh. Chem. Commun. 1953, 28, 2443-2454. 
SAPTORAHARDJO, A. These de Doctorat, Universitb Louts Pasteur, Strasbcurg, France, 1985. 
SAPTORAHARDJO, A.; TRENDEL, J. M.; ALBRECHT, P. in Le sondage Misedor ; Editions Technip: Paris, lg87; pp 
307-318. 
HAZAI, 1.; ALEXANDER, G.; SZEKELY, T.; ESSIGER, B.; RADEK. D. J. Chmmatcgr. 1988, 367, 117-133. 
HAZAI, I.; ALEXANDER, G.; SZEKELY. T. Fupl1999, 66, 49-54. 
BIELLMANN, J. F.; OURISSON, G. B&l. Sot. Chim. Fr. 1982, 331-338. 

CORBElT, R. E.; WKKINS, A. L. J. Chem. Sot.. Perkin Trans. 1’1976, 857-883. 
NOWAK, R.; JEGER, 0.; RUZICKA, L. Hehf. Chim. Acta 1949,32, 323-328. 
AOUINO NETO, F. R.; TRENDEL, J. M.; ALBRECHT, P. Tetrahedron 1986,42, 5821-5828. 
HEATHCOCK, C. H.; ELLIS, J. E.; McMURRY, J. E.; COPPOLINO, A. Tetrahedrcn Lett. 1971, 62, 4995-4998. 
TURNER, A. B.; RINGOLD, H. J. J. Chem. Sot. (Cl 1967, 1720-1730. 
DANNENBERG, H.; NEUMANN, H. (3. ‘Ann. 1981,646, 148-170. 
DRYDEN, H. L.; WEBBER, G. M.; WIECZOREK. J. J. J. Am. Chem. See. 1984, 66, 742-743. 
IRELAND, R. E.; MUCHMORE, D. C.; HENGARTNER, U. J. Am. Chem. Sot. 1972, g4, 5098-5100. 
WOLFP, G. A.; TRENDEL, J. M.; ALBRECHT, P., unpublished results. 
TRENDEL, J.; LOHMANN, F.; RIES-KAUTT, M.; WOLFF, G.; ALBRECHT, P., prdsented at the 8th international 
Symposium on Environmental Biogeobhemistry, September 14-18, 1987, Nancy, France. 
WOLFF, G. ‘A.; LOHMANN, F.; SAPTORAHARDJO, A.; RIES-RAUll, M.; TRENDEL, J.; ALBRECHT, P., presented at 
the 13th international Meeting on Organic Geochemistry, September 21-25, 1987, Venezia, Italy. 
COOK, H. G.; ILETT, J. D.; SAUNDERS, B. C.; STACEY, G. J.; WATSON, H. 0.: WILDING, I. 0. E.; WOODCOCK, S. J. J. 
Chem. Sot. 194sn 2921-2927. 


