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Abstract: A series of 24-nor-tierpenoids; 24-nor-urs-12-ene, 24-nor-olean-12-ene and 24-nor-lupane have been 

tdentified in sedtments and crude 0th by comparison wtth standards obtatned by synthesis. A jiuther suite of 24-nor- 

oleanenes has also been tdenttjed by compartkon with the acid-catalysed rearrangementproduct of24-nor-o&n-12- 

ene. The presence of these components tn sedimentary organic matter points to an important new pathway of 

terrtgenous trtterpenotd dtagenests. 

INTRODUCTION 

Pentacyclic trtterpenoids of hrgher plant origm, especrally those belonging to the oleanane, ursane, 
frredelane and lupane famihes, have been Identified m sedimentary organic matterl” although their 
occurrence is limited compared with that of the almost ubiquitous presence of bacterial hopanoids.8 This 
restricted occurrence of higher plant triterpenoids has proved useful in solvmg problems of a geochemical 
nature, such as correlation of crude oils and source rocks, and in the assessment of the 
palaeoenvironment of deposition.3 Durmg early diagenesis various processes have been observed which 
affect the structure of these higher plant triterpenoids. These processes, which appear to be mediated by 
micro-orgamsms, the catalytic effect of minerals and the effect of heat, as a consequence of increasing 
thermal gradient with increasing depth of burial, Include ring A degradation,134 aromatrsation,5 
demethylationlb and rearrangement.Ta 

We have now characterised a series of 24-nor-triterpenoidsg occurring in several crude oils and 
sediment samples by comparison with standards obtained by synthesis and acid-catalysed rearrangement. 
The presence of these components in sedtmentary organic matter, often in high relative abundance, 
would appear to pomt to an Important new pathway of terrigenous triterpenoid diagenesis. 

t Present address Insutut Fraqals du P&role, B.P 311, F-92506 Rueil-Malmalson Cedex, France. 
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RESULTS AND DISCUSSION 

Occurrence and identification of 24-nor-tierpenoids in sediments and crude oik 
Recent GC.MS studies of bitumen fractions from Baffin Bay sediments,7 recovered at Site 645 

during Leg 105 of the Ocean Drilling Program, and crude oils from the Mackenzie Delta and offshore 
Canadian Beaufortlo have indicated the presence of high concentrations of triterpenoids derived from 
higher plants. Mass spectral interpretations have also pointed to the occurrence of various oleanane, 
ursane and lupane components with a methylene unit missing from the A/B ring part of the molecule. 
Exammation of the organic geochemical literature suggests that sediments from the Japan Trench2 and 
rock samples from the Maoming oil shale in China, 11 also contain some of these degraded compounds. In 
view of the earlier identification of 24,28dinoAupanes (1) in immature sediments from Greenland& we 
speculated that these components could be 24-nor-trxterpenoids. 

This hypothesis has now been confirmed by comparison of these naturally occurring triterpenoids 
with standards obtained by synthesis and acid-catalysed rearrangement.12 Thus, we have confirmed the 
presence of 24-nor-urs-12-ene (2i), 24-nor-olean-12-ene (3i), 24-nor-olean-13(18)-ene (5), 24-nor-olean- 
18-ene (6), 24-nor-18a-olean-1Zene (7) and 24-nor-lupane (4i)13 in both the sediments from Baffin Bay 
and crude oils from offshore Canada. An example of the distribution of these 24-nor-triterpenoids in the 
Amauligak crude oil from offshore Canada is shown in Figure 1. 

Synthesti of the 24-nor-nitepenoids 
The preparation of 24-nor-triterpenoids (Fig. 2) followed that developed for the 4cy-demethylation 

of lanost-8-en-3-one.14 This method involves cyclopalladiation of the hindered C-4 equatorial methyl 
group starting from a 3-one oxime functionahty; a reaction which has also been shown to be applicable to 
triterpenoids.*5 Thus, we successfully converted urs-12-en-3-one oxime (2a), olean-12-en-3-one oxime 
(3a) and, as previously reported, 15 lupan-3-one oxime (4a) (prepared from a-amyrm, /3-amyrin and lup- 
20(29)-en-3-one, respectively) into then corresponding dimeric cyclopalladiates (2b-4b) m yields of 
typically 85%. The 0-oxime acetates of the cyclopalladiates were transformed into then pyridine 
monomer complexes and oxldised in situ with lead tetra-acetate. Reductive work-up, with sodium 
borohydride, afforded the 23-acetoxy 0-oxime acetates (2c-4c) which, after base catalysed de-acetylation 
and regeneration of the ketone group with buffered titanium trichloride, afforded the 23-ol-3-ones (2e- 
4e). Loss of formaldehyde, through a base-catalysed retro-aldol reaction, afforded the 24-nor-3-ones (2f- 
4f). The overall yield of the 24-nor-3-ones from the cyclopalladiates was typically 25%. With a view to 
obtaining possible geochemical precursors and/or intermediates of the 24-nor-triterpenoids we elected to 
reduce the ketone group with sodium borohydride in ethanol to give a mixture of the corresponding 
alcohols, which were readily separated by chromatography. Tosylation of the major 3p-alcohols (2g-4g) 
followed by reduction with hthmm aluminium hydride afforded the corresponding hydrocarbons (2i-4i). 

The mass spectra of the final products were m accordance with their structures and, as expected, showed 
striking similarities in their fragmentation patterns to those of their undegraded homologues.16 The 
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Figure 1. Selected partial mass chromatograms from GC-MS analysis (MID mode) of the 

branched/cyclic hydrocarbon fraction from the Amauligak crude oil showing the distributions 

of 24nor-triterpenoids. Key: A = (20@-24-methyl-5a,14P,17,9(H)-cholestane, B = (20s)~24- 

methylJa,14P,17P(H)-cholestane, C = 24-nor-olean-13(18)-ene (5), D = 24+zor-olean-12- 

ene (39, E = isomer of 24,28&uwlupane, F = 24-nor-olean-18-ene (a), G = (Z&Y)-Wethyl- 

5 a (H)-cholestane, H = 24,28-&w-17a-lupane (l), I = 24,28&mr-17&lupane (l), J = 

(20R)-24-ethyl-5a,14/7,17~(H)-cholestane, K = (2O.S)-24-ethyl-5a,14/3,17P(H)-cholestane, 

L = isomer of 24,28&zor-lupane, M = 24nor-urs-12-ene (2i), N = 24nor-18a-olean-12-ene 

(7);O = 24nor-lupane (4i), P = (20R)-24-ethyl-5a!-cholestane, Q = 30-nor-17a, 21S(H)- 

hopane, R = 30-nor-17/I, 2la(H)-hopane. 
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Figure 3. Acid-catalysed rearrangement of 24-nor-olean-12-ene. 

EXPERIMENTAL 

General 

Gas Chromatography was performed on either a Varian 3700 gas chromatograph fitted wtth an Ultra-l captllaty column 

(25 m x 0.32 mm, df=0.52 pm) or a Carlo Erba 6000 gas chromatograph htted with an SE-54 capillary column (25m x 0.32 

mm, df=0.25 pm) Gas Chromatography-Mass Spectromehy (GC-MS) was performed with either a Carlo Erba 4160 gas 

chromatograph coupled to a VG 7070E mass spectrometer or a Fmnigan 5100SP GC-MS system. The gas chromatographs 

were equipped wtth a 50 m x 0 32 mm caprllaty column coated wtth CPBl-5 (df=0,4 pm) Hzgh Resoluhon Mass Spectrometry 

(HRMS) was performed wtth the VG 7070E mass spectrometer. lH Nuclear Magnetzc Resonance Spectroscopy (IH NMR) was 

carrmd on either a Varran EM-390 (90 MHz), a Bruker CXP200 (200 MHz) or a Bruker AC-300 (300 MHz) spectrometer. 

Spectra were recorded m deuterochloroform. 90 MHz and 200 MHz Spectra were calibrated against tetramethylsilane and 300 

MHz spectra agamst resrdual chloroform (6 7.26 ppm). Injia-red Spectra (IR) were recorded using potassmm bromtde discs on 

a Perkm Elmer 783 spectrophotometer. Rfvalues refer to relattve mobilittes on thm layer chromatography plates. 

Preparatwn of the 24-nor-mterpenotds 

Dimenc trtterpen-3-one axune cyclopalladtates (24 34 4b): A solution of the triterpen-3-one oxime (1 mmol), sodium 

acetate (1.05 mmol) and sodium tetrachloropalladate (1.1 mmol) in glacial acetic acid (30 ml) was stirred for 3 days in a dry 

atmosphere. The precipitated maternal was removed by filtratton and washed wtth water. After drying over phosphorous 

pentoxtde the metal complexes were obtamed as pale yellow powders with ytelds of 82-89%. 

Trtterpen-3-on-23-acetary 0-oxune acetates (Ze, 3c, 4~): The dimerrc trtterpen-3-one oxime cyclopalladiates (0 35 mmol) 

were acetylated by sturmg m dry dtchloromethane (15 ml) with acetic anhydrtde (1 mmol), triethylamme (1 mmol) and N,N- 

dtmethylammopyrtdine (5 mg) under nnrogen at room temperature for 45 mm. The solutron was washed wtth water (x2) and 

drted wtth magncstum sulphate After hltralton and removal of the solvent under reduced pressure the resultmg trtterpen-3- 

one 0-oxtme acetans wcrc tmmcdtately taken up tn dry THF (25 ml). Pyrrdnte (0 7 mmol) was added at room temperature 

wnh sttrrmg under nitrogen to iorm the pyridine monomer complexes (15 mm) which were then oxtdiscd wtth lead 

tetraacetate (0.7 mmol) m acelic actd (10 ml) at -30°C (1 h) warmmg to room temperature (20 h) Sodium borohydrtde (0.8 

mmol) m 1N sodtum hydroxrde solutron (10 ml) was added and the reactton mrxture was sttrred (15 mm). The product was 

isolated by filtratton lhrough Cehte, dtlutntg wtth water and extractmg wtth ether. The combined ether extracts were 
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neutrahsed with sodium btcarbonate, washed with brine and drted wtth sodium sulphate. After filtration the solvent was 

removed under reduced pressure to afford a yellow oil which was purified by flash chromatography usmg hexane-ether (41) as 

eluant. The purified products (Rf=0.2, 21 hexane-ether) were obtamed as colourless otls m yields of 58-70%. 1~ NMR 

spectra (90 MHz) were characterised by the presence of two singlet acetate methyl resonances (typically 6 2.05 and 2.17 ppm) 

and a second order pair of doublets for the two ineqmvalent C-23 hydrogens (typically 6 4.07 and 4.24, J= 12 Hz). 

7Ennpen-3-on-23-01 arimes (Za, 3d, 4d): The triterpen-3-on-23-acetoxy O-oxime acetates (0.3 mmol) were de-acetylated 

by stirring with sodium carbonate (150 mg) in methanol (25 ml) at room temperature in a dry atmosphere for 16 h. The 

methanol was removed under reduced pressure and the residue taken up in ether and washed with 2N hydrochloric acid and 

brine. After drying with sodium sulphate, filtration and removal of the solvent a white solid was obtained which was 

considered sufficiently pure to use in the next step. 

7Y1re+~n-3-on-23-01!~ (2e, 3e, 4e): The oxime derivate of the truerpen-3-on-23-ols was removed by adding a 30% 

solution of titanmm trichloride m water (460 ~1) to a mixture of the oxime (0.2 mmol) m ‘H-IF (15 ml) and ammonium acetate 

(7 7 mmol) m water (16 ml) After sttrrmg for 20 h the initial deep blue colour had disappeared and the product was obtained 

by dtluting with water and extractmg with ether. The combmed ether extracts were neutralised with sodtum bicarbonate, 

washed wtth brine and drted wtth sodium sulphate. After filtration and removal of the solvent under reduced pressure a whrte 

solid was obtamed which was purified by flash chromatography elutmg with hexane through to hexane-ether (1:l). The 

purtfied product had Rf=0.2 (3:l hexane-ether). The yield of triterpen-3-on-23-ois from the triterpen-3-on-23-acetoxy O- 

oxime acetates was 59-68%. 1~ NMR spectra (90 MHz) showed the typical presence of the two inequivalent G23 hydrogens 

(typically 63.42 and 3.67, both&J=11 Hz). 

24-nor-fnferpen-3-ones (2f, 3f, 4f)’ The tnterpen-3-on-23-ols (0.15 mmol) were stirred with sodium carbonate (200 mg) 

m methanol (40 ml) at room temperature m a dry atmosphere (40 h). The methanol was removed under reduced pressure and 

the residue taken up in ether and washed with 2N hydrochlonc acid and brine. After drying with sodium sulphate and filtration 

the solvent was removed to afford a white solid. This was purified by flash chromatography using hexane-ether (1Ol) as eluant. 

The purified product had Rf=0.7 (1:l hexane-ether). The yield of 24-nor-triterpen-3-ones was 6068%. 24-nor-Urs-12-en-3- 

one (2f) had: IR Y max 1710 cm-l; LRMS 410 (M+ 5), 395 (3), 218 (lOO), 203 (ZO), 191(7), 189 (14), 177 (7); HRMS 410.3538 

(calculated for C29H460 410.3548); 1H NMR (300 MHz) 0.79,3H, d, 1=5.4 Hz (C-29 or C-30), 0.80,3H, d, J=6 1 Hz (C-29 or 

C-30), 0 91, 3H, s (C-28), 1 01, 3H, d, J=6 5 Hz (C-23), 106,3H, d, J=O 5 Hz (C-26), l.O9,3H, s (C-27), l.l7,3H, d,J=0.6 Hz 

(C-25), 5.14, lH, dd,J’s=3.6 Hz (C-12). 24-nor-Olean-12-en-3-one (3f) had. IR vrnax 1707 cm-l; LRMS 410 (M+ ll), 395 (6), 

218 (lOO), 203 (33), 191 (4), 189 (13), 177 (3); HRMS 410.3535 (calculated for C29H460 410.3548); 1H NMR (300 MHz) 

0 85,3H, s (C-28), 0.87, 6H, s (C-29 and C-30), l.O1,3H, d,J=6.5 Hz (C-23), l.O5,3H, s (C-26), l.l3,3H, s (C-25), l.l5,3H, s 

(C-27) 24-nor-Lupan-3-one (4f) had IR ymax 1711 cm-l; LRMS 412 (M+ 20), 397 (12), 369 (22), 231(9), 219 (13), 205 (28), 

191 (loo), 177 (38), 163 (98); HRMS 412 3705 (calculated for C29H480 412.3705); 1H NMR (300 MHz) 0.76,3H, d, J=6 8 

Hz (C-29 or C-30), 0.77,3H, s (C-28), 0.84,3H, d, J=6.9 Hz (G29 or C-30), 0 92,3H, d, J=O.7 Hz (C-27), 0.98,3H, d, J=O.7 Hz 

(C-27), 0.98,3H,d, J=6.6 Hz (C-23), l.O4,3H,d, J=O.6 Hz (C-26), 1 10,3H,s (C-25). 

24-nor-titerpen-3-ol (2g, 2h, 3g, 3h, 4g, 4h): The 24-nor-triterpen-3-ones (0 1 mmol) were reduced by stirring with 

sodium borohydride (0.05 mmol) m absolute ethanol (10 ml) at room temperature under nitrogen (16 h). The reactton 

mixture was worked up by dtlutmg with water and extracting wtth ether. After drying wtth sodium sulphate and filtering the 

solvent was removed under reduced pressure The resuitmg white solid was purtfted by flash chromatography using hexane- 

ethyl acetate (95:5) as eluant to obtain the corresponding axial and equatortal alcohols. The anal alcohols (2h, 3h, 4h; Rf=0.6, 

3 1 hexane-ethyl acetate) were obtamed m yields of 22-28% and the equatorial alcohols (2g, 3g, 4g; Rf=O 3,3:1 hexane-ethyl 

acetate) in yields of 72-78% 24-nor-Urs-12-en-3P-ol (29) had: LRMS (as trimethylsilyl ether derivative) 484 (M+ Cl), 469 

(cl), 394 (cl), 379 (cl), 266 (2), 265 (2), 218 (lOO), 203 (22), 189 (22), 176 (29), 175 (23), 161 (25) ; lH NMR (300 MHz) 

0.79,6H, d, J=6.1 Hz (C-29 and C-30), 0.91,3H, s (C-28), 0.93, 3H, s (C-25), 0.98,3H, d, J=6.4 Hz (C-23), l.O4,3H, s (C-26), 

1.07, 3H, s (C-27), 3.08, lH, m (C-3), 5 14, lH, dd, J’s=3.7 Hz (C-12). 24~nor-Olean-12-en-36-01 (3g) had: LRMS (as 

trimethylsilyl ether denvatrve) 484 (M+ cl), 469 (cl), 394 (cl), 379 (<l), 266 (2), 265 (l), 218 (lOO), 203 (44), 189 (14), 176 

(Zl), 175 (13), 161 (11); 1H NMR (300 MHz) 0 84,3H, s (C-28), 0.87,6H, s (C-29 and C-30), 0 91,3H, s (C-25), 0.98,3H, d, 

J=6 4 Hz (C-23), 1.00, 3H,s (C-26), 1 13,3H, s (C-27), 3.09, lH, ddd,J’s=13.0,10.4 and 5.2 Hz (C-3), 5.20, lH,dd, J’s=3.6 Hz 

(C-12) 24-nor-Lupan-3/3-o] (4g) had LRMS (as trtmethylsilyl ether derivative) 486 (M+ 7) 471 (3), 443 (3) 396 (lo), 381 

(12), 353 (12), 266 (15), 265 (39), 231 (lo), 206 (29), 205 (25), 191 (54), 189 (53), 177 (66) 176 (56), 163 (59), 161 (56), lH 
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NMR (300 MI-la) 0.75,3H, s (C-28), 0.75,3H, d,J=6.8 Hz (C-29 or C-30), 0.80,3H, r (C-25), 0.82,3H, d,J=6.9 Hz (C-29 or C 

30), 0.92,3H, d, J=o.6 I-Ix (C-27), 0.95,3H, d, J=6.4 Hz (C-23), 1.04,3I-I, s (C-26), 3.07, lH, m (G3). 24-nor-Urs-12-en-3a-01 

(2h) had: LRMS (as trimethylsilyl ether derivative) 484 @I+ l), 469 (<l), 394 (cl), 379 (cl), 265 (2), 218 (loo), 203 (l7), 
189 (14), 176 (31), 175 (13), 161(17); lH NMR (300 MHz) 0.79,6H, d,J=6.3 Hz (C-29 and C-30), 0.91,6H,s (C-25 and C-28), 
0 95,3H, d,J=6.9 Hz (C-23), l.O4,3H, d,J=0.3 Hz (G26), l.O8,3H, d,J=0.5 Hz (G27), 3.75, lH, broad s (C-3), 5.14, lH,dd, 

J’s=3.7 Hz (C-12). 24nor-Olean-12-en-3a-ol (3h) had: LRMS (as ttimethylsilyl ether derivative) 484 @vi+ l), 469 (cl), 394 

(cl), 379 (1) 265 (1) 218 (RIO), 203 (53), 189 (18), 176 (43), 175 (14), 161 (19); lH NMR (300 MHz) 0.83,3H, s (C-28), 0.87, 
6H,s (C-29 and C-30) 0.89,3H, d, J=O.S Hz (C-25), 0.95,3H, d, J=6.9 Hz (C-23), l.O0,3H, s (C-26), 1.15,3H, d, J=O.S Hz (C- 
27), 3.75, lH, d, J=2.6 Hz (C-3), 5.19, lH, aif, J’s=3.6 Hz (G12). 24-nor-Lupan-3a-ol (4h) had: LRMS (as trimethylstlyl ether 

derivative) 486 (M+ 3), 471 (l), 443 (cl), 3% (6), 381 (ll), 353 (S), 266 (4), 265 (S), 231 (5), 206 (8), 205 (6), 191 (26), 189 
(26), 175 (X0), 163 (27), 161 (25); lH NMR (300 MHz) 0.75,3H, s (G28), 0.76,3H, d, J=6.7 Hz (G29 or C-30), 0.78,3H, s 

(C-25). 0.83,3H, d,J=6.9 Hz (C-29 or G30), 0.92,3H, d, 1=6.4 Hz (C-23), 0.93,3I-I, s (G27), l.O5,3H, s (G26). 
24-nor-tritepenes (Zi, Ji, 4i): The 24nor-triterpen-3&ols (0.05 mmol) were tosylated with tosyl chloride (0.1 mmol) in 

pyridme (5 ml) in a dry atmosphere at room temperature (2 days). The tosylate esters were obtamed by dilution with ice-cold 
water and extracting wtth ether. The combined ether extracts were washed with cold 2N hydrochloric acid, copper (II) sulphate 
solution and brine. After drying and filtration the solvent was removed under reduced pressure to afford the crude tosylate 
esters. These were taken up m dry ether and reduced with lithium aluminmm hydride (0.05 mmol) in refluxmg ether (4 h). 

After allowing to cool the excess reagent was destroyed with ethyl acetate. Solid restdue was dissolved by addrtton of 1N 

sodtum hydroxtde and the products obtamed by extractton wtth ether. The combmed ether extracts were washed wtth brine and 

dried with sodmm sulphate. After filtration and removal of the solvent under reduced pressure the product hydrocarbons were 

purtfied by flash chromatography using hexane as eluant. The yreld of 24nor-trtterpenes was 6268%. 24-nor-Urs-12-ene (2i) 

had: LRMS 396 (M+ 9), 381 (2), 218 (lOO), 203 (12), 191 (7), 189 (9), 177 (11); HRMS 396.3754 (calculated for C29H48 
396.3756); lH NMR (300 MHz) 0 80,6H, d, J=5.3 Hz (C-29 and C-30), 0.82,3H, d, J=6.5 Hz (C-23), 0.89,3H, s (C-25), 0.91, 

3H, s (C-28), 104,3H, s (C-26) l.O8,3H, s (C-27), 5.15, lH, dd, J’s=3.7 I-Ix (C-12) 24-nor-Olean-12-ene (3i) had: LRMS 3% 

(M+ S), 381(2), 218 (100). 203 (47), 191(4), 189 (14), 177 (10); HRMS 396.3754 (calculated for C&I48 396.3756); lH NMR 
(300 MHz) 0.82,3H, d, J=6.5 Hz (C-23). 0.84,3H, s (C-28), 0.87,9H, s (C-25, C-29 and C-30), l.O0,3H, d, J=O 4 Hz (C-26), 
1.15,3H, d, J=O.6 Hz (C-27), 5.20, lH, dd, J’s=3.6 Hz (G12). 24nor-Lupane (4i) had: LRMS 398 (I@ 33), 383 (8), 355 (7), 

206 (8) 205 (9), 191(28), 177 (100); HRMS 398.3906 (calculated for C29Hso 398.3912); 1~ NMR (300 MI-In), 0.75,3H, s (C- 
28) 0.76,3H, d, J=6 8 Hz (C-29 or C-30), 0.77,3H, s (C-25), 0 80,3H, d, J=6.4 Hx (C-23), 0.83 , 3H, d, J=6.9 Hz (C-29 or C- 

30), 0 93,3H, d, J=O.8 Hz (C-27), l.O4,3H, s (C-26). 

Acld-catalysed rearrangement of 24-nor-olean-12-ene (3i) 

To 24-nor-olean-12-ene (15 mg) m toluene (3 ml) was added trtfluoroacetic acrd (1 ml) and the reactton mtxture 
allowed to stand (42 h). After dtlution wtth water the products were extracted with dichloromethane. After neutralisatron wrth 

sodium bicarbonate solutron, drying wrth sodmm sulphate and filtermg the solvent was removed under reduced pressure. 

Chromatography on stlver mtrate-impregnated silica wtth hexane as eluant afforded the correspondmg double bond Isomers. 

Spectral charactertsttcs for the 24-nor-oleanenes, in order of elutton from the silver nitrate-Impregnated sthca column, are: 24 

nor-olean-13(18)-ene (5)’ LRMS 396 (M+ 5), 381 (2), 218 (25) 205 (31), 191 (27), 189 (29), 177 (20); lH NMR (200 MHz) 
0 70,3H, s (C-29), 0.78,3H, s (G25), 0.84, 3H, d, J=6.4 Hz (C-23), 0.86, 3H, s (C-26). 0.93, 3H, s (C-30), 1.01, 3H, s (C-28), 

l.l6,3H, s (C-27), 24-nor-olean-12-ene (31, as above); 24-nor-18a-olean-12-ene (7): LRMS 396 (M+ 4), 381 (5), 218 (80) 203 

(58), 191 (12), 189 (21), 177 (ll), 175 (17), lH NMR (200 MHz) 0.62,3H, s (C-28), 0.81,3H, d, J=6.4 Hz (C-23), 0.89,6H, s 

(C-25 and C-30) 0.94, 3H, s (C-29), 101,3H, s (C-26), 1.15, 3H, s (C-27), 5 17, lH, dd, J’s=1.7 Hz; 24-nor-olean-18-ene (6) 

had. LRMS 396 (M+ 5) 381 (6), 219 (14), 204 (69), 191(17), 189 (59), 177 (58), 175 (41). lH NMR (200 MHz) 0.74,3H,s (C- 
27) 0 79, 3H, d, J=6.4 Hz (C-23), 0.80, 3H, s (C-25), 0.94, 6H, s (C-29 and C-30), l.O2,3H, s (C-28). l.O8,3H, s (C-26), 4.86, 
lH, s (C-19). 
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