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INTRODUCTION 

THE TERM ‘triterpenoids’ refers to a group of natural products containing thirty carbon 
atoms based on six isoprene units. This definition, though generally applicable, is by no 
means rigid, since several substances which contain more or less than thirty carbon atoms 
and also those which do not strictly follow the isoprene rule have been isolated and charac- 
terized as triterpenoids during the recent years. The invention of highly sophisticated 
physicochemical techniques and the contemporary developments in the biogenetic theories, 
have been mainly responsible for the isolation and identification of new unconventional type 
of triterpenoids. 

Earlier surveys in this field have been made by Holtzem er al.,’ White’ and Halsall et aZ.3 
Recently the triterpenoid saponins and their sapogenins have been reviewed by Basu et al4 
and Daloze5 has dealt with current research in triterpenoid chemistry. This review, there- 
fore, presents a survey of the triterpenoid field for the period 1963-70 excluding the triter- 
penoid saponins, their genins and their biogenesis which have already been covered.4 

ANALYTICAL TECHNIQUES 

TLC and GLC6 permit quick detection and identification of triterpenoids. Recent 
developments in TLC, e.g. the impregnation of silica gel G with silver nitrate or a fluorescent 
indicator has enhanced its utility.7 

IR, UV and to some extent even NMR spectroscopy are now used as routine techniques. 
Recent developments in NMR, namely the use of 100 MC (and even 220 MC) instruments, 
double resonance and deuterium labelling* have increased its potentiality as a tool for 
studying finer details of molecular structure. It is now possible to assign resonance positions 
to the methyl groups in triterpenoids and their derivatives belonging to all the major 

* Communication No. 1652 from Central Drug Research Institute, Lucknow, India. 
1 H. HOLTZEM and M. STEINER, Modern Methods of Plant Analysis (edited by K. PAECH and M. V. TRACEY), 

Vol. 3, p. 58, Springer, Berlin (1955). 
* D. E. WHTTE, Rev. Pure Appl. Gem. 6, 191 (1956). 
3 T. G. HALSALL and R. T. APLIN, Progress in the Chemistry of Organic Natural Products (edited by L. 

ZECHMEISTER), Vol. 22, p. 153, Springer, New York (1964). 
4 N. BASU and R. P. RASTOGI, Phytochem. 6, 1249 (1967). 
5 D. DALOZE, Ind. Chim. Beiges 32, 413 (1967). 
6 T. TSUKAMOTO, A. YAGI, K. MIHASHI and Y. MORI, Chem. Pharm. Bull. 16,2123 (1968). 
’ J. G. KIRCHNER, Thin-Layer Chromatography, Techniques of Organic Chemistry (edited by E. S. PERRY and 

A. WEISSBERGER), Vol. 12, Interscience, New York (1967); F. FISCHER and R. HERTEL, J. Chromatogr. 
38,274 (1968); A. N. STARATT, Phytochem. 8,795 (1969). 

* J. KARLINER and C. DJERASSI, J. Org. Chem. 31, 1945 (1966). 
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classes9-20 (viz. euph ane, isoeuphane, dammarane, lanostane, oleanane, ursane, lupane and 

hopane) and these assignments have been used for structure elucidation of unknown sub- 
stances.‘” Shamma et ~1.~~ have studied the relationship between the NMR spectra and 
general structural features of pentacyclic triterpenes. Judicious use of spin-spin coupling 
has led to assignment of configuration to substituents in the triterpenoid molecule, for 
example, C-6 hydroxyl as a-equitorial in zeorininz3 has been deduced on the basis of large J 

values for the C-6 methine multiplet. Rassat el al. 24 have reported an interesting observation 

that long range spin-spin interactions are possible between protons separated by four bonds 
provided their steric arrangement is ‘M’ shaped. Anisotropy of the functional groups also 
affects the chemical shift of the protons other than methyl groups. In the /3-amyrin series, a 
lactone bridge from C-28 to C-21 results in the downfield shift of the 1” olefinic protonZ5 A 
method for the identification of protons on a carbon bearing a hydroxyl group through 
methylation which results in the upfield shift by 0.6 ppm, 26 has been reported as an alter- 

native to acetylation. The fact that the protons lying in the region of high electron density 
tend to be deshielded in benzene solution, has been exploited in structure determination.27 
The configuration of the aldehyde groups located at 4-position in triterpenoids, has also been 
deduced from their chemical shifts.28 

Mass spectrometry has some unique advantages over other physicochemical techniques. 
It has been found that, in general, the mode of fragmentation of triterpenoids is controlled 
by the position of double bonds (retro-Diels-Alder fragmentation) either originally present 
or generated by the elimination of water or acetic acid and, therefore, characteristic features 
appear in the MS which frequently allow the assignment of a given triterpene to one of the 
major classes. In addition, the location of functional groups can often be narrowed down by 
consideration of the fragmentation pattern.” 

Deuterium labelling has frequently been used to confirm the proposed mode of frag- 
mentation.’ By a study of the cracking pattern, the deuterated friedelanones of Siphonodotz 

‘J. C. MANI, Ann. Chirr7. 10, 533 (1965). 
lo D. LAVIE. Y. SHVO and E. GLOTTER. Tetrahedron 19. 2255 (1963). 
IL J. M. LEAN, Bull. SOC. Chim. Fr. lSj2 (1962). ’ ’ 
I2 A. 1. COHEN, D. ROSENTHAL, G. W. KRAKOWER and J. FRIED, Tetrahedron 21, 3171 (1965). 
I3 B TURSCH, R. SAVOIR and G. CHIVRVOGLU, Bull. Sot. Chim. Beiges 75,107 (1966); Chem. Abs. 64,19692 f 

(i966). 
I4 R. SAVOIR, R. OTTINGER, B. TURSCH and G. CHIURDOCLU, Bull. Sot. Chim. Belges 76,335 (1967); Chem. 

Abs. 68, 13200 u (1968). 
I5 SHO ITO, M. KODAMA and M. SUNAG~WA, Tetrahedron Letters 3989 (1967). 
lb G. S. RICEA and G. Russo. Gazz. Chim. &al. 98. 602 (1968): Chem. Abs. 69. 59438 b (1968). 
I7 R SAVOIR, R. OTTINGER, B. TURS~H and G. CH~IRD~GLU,‘&& Sot. C’him.~Brlges 76; 371 i1967); Chem. 

Aks. 68, 73884 c (1968). 
” J. M. LEHN and G. OURISSON, Bull. Sot. Chim. Fr. 1137 (1962). 
I9 J. M. LEHN and A. VYSTRCIL, Tetrahedron 19, 1733 (1963). 
*’ H T. CHEUNG and D. G. WILLIAMSON, Tetrahedron 25, 119 (1969); S. ITO, M. KODAMA, M. SUNA(;AWA, 

T.‘OBA and H. HIKINO, Tetrahedron Letters 2905 (1969). 
” H. T. CHEUNG, CHI-SHUN-WONG and T. C. YAN, kerrahedron Letrers 5077 (1969). 
22 M. SHAMMA, R. E. GLICK and R. 0. MUMMA, J. Or.. Chem. 27. 4512 (1962). 
23 S. HUNECK and J. M. LEHN, Bull. Sot. Chim.‘Fr. 1752 (1963). ’ ~ 
24 A. RASSAT, C. W. JEFFORV, J. M. LEHN and B. WAEGELL, Tetrahedron Letters 233 (1964). 
z5 B TLJRSCH, D. DALOZE, R. OTTINGER, J. REISSE and G. CHIURDOGLU, Bull. Sot. Chim. Beiges 75, 191 

(Ib66); Chem. Abs. 65, 5495 g (1966). 
26 C. R. NARAYANAN and K. N. IYER, Tetrahedron Letters 3741 (1965). 
27 R. G. WILSON and D. H. WILLIAMS, Tetrahedron 25, 155 (1969). 
‘a M. FETIZON, G. MOREAU and N. MOREAU, Bull. Sot. Chim. Fr. 3295 (1968). 
29 H BUDZIKIEWICZ, J. M. WILSON and C. DJERASSI, J. Am. Chem. Sot. 85,3688 (1963); C. WUENSCHE and 

I. ‘LOEW, Tetrahedron 22, 189 (1966). 
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australe have been divided into two groups according to the position of the carbonyl 
function.30 

The mass spectra of certain Al-3-0~0 and A4-3-0~0 triterpenes show a very prominent 
peak corresponding to ring A containing C-19 and C-6. 31 The fragmentation of the tetra- 
cyclic triterpenes of cucurbitacin group has been studied. 32 Bryogenin, the simplest member 
of this series, exhibited an intense peak at m/e 305, which has been assigned to fragment 
arising out of the cleavage of 7 : 8 C-C bond preceded by McLaferty rearrangement involving 
the participation of the 1 I-keto group and a hydrogen at C-l. Several tetracyclic triterpenes 
containing a 9 : 19 cyclopropane function,33 as in cycloartenol, undergo two diagnostic 
fragmentations. The first is due to the loss of the side chain (R) to give a peak at M - R. 
The other involves the cleavage of either 9 : 10, 10 : 19, 6 : 7 or 9 : 10,9 : 19, 5 : 6 linkages with 
rearrangement of an hydrogen atom. A different mechanism involving cleavage at 9 : 10, 
9 : 19 and 5 : 6-bond has been proposed 34 but in either case the positive charge is retained by 
rings C and D. In the triterpenes related to serratenediol, characteristic fragmentation of the 
seven membered ring has been observed. 35 The MS of the dehydration products of /3-amyrin 
and glycyrrhetic acid have been studied.36 

The development of ‘molecular mass spectrography’ is another leap forward in this 
technique wherein negatively charged M-l ions are formed by the addition of low energy 
electrons to the molecule followed by loss of lH, usually without fragmentation, and allow 
an accurate determination of molecular weight up to 2000.37 It has been reported38 that the 
molecular mass spectra of zeorin, methyl ursolate, betulin, y-onocerin, 3-friedelanol, and 
friedelin showed peaks corresponding to their MW, M or M-l, while the spectra of allo- 
betula-2-ene, 2-onocerone and primulagenin A gave peak corresponding to values higher 
than M due to the addition of oxygen. 

Circular dichroism, a complementary tool of ORD, has been used to determine the 
conformation of ring A in triterpenoids and the stereochemistry of OH group in ring A of 
cucurbitacin-a-ketols.39-41 The negative Cotton effect of some triterpenoid ketones has been 
rationalized in terms of octant rule by assuming a skewed-boat conformation for ring A.42 
The configuration of C-19 acetyl group in 38, 28-diacetoxy-30-norlupan-Zone has been 
shown to be a by direct comparison with the analogous derivatives of A-nor-5 a-chol- 
estane.43 In the unsaturated triterpene acids of oleanane and ursane series, the 28-carboxylic 
group has been shown to exist in solution in a syn-planar configuration with C16-C17 
bond.44 

X-Ray crystallography is being increasingly employed for structural determinations of 

3o J. L. COURTNEY and J. S. SHANNON, Tetrahedron Letters 13 (1963); J. S. SHANNON, C. C. MACDONALD and 
J. L. COURTNEY, Tetrahedron Letters 173 (1963). 

31 H. AUDIER, M. FETIZON and W. VETTER, Bull. Sot. Chim. Fr. 415 (1964). 
32 H. E. AUDIER and B. C. DAS, Tetrahedron Letters 2205 (1966). 
33 H. E. AUDIER, R. BEUGELMANS and B. C. DAS, Tetrahedron Letters 4341 (1966). 
34 R. T. APLIN and G. M. HORNBY, J. Chem. Sot. B, 1078 (1966). 
35 J. P. KUTNEY, G. EIGENDORF and I. H. ROGERS, Tetrahedron 25, 3753 (1969). 
36 M. H. A. ELGAMAL. M. B. E. FAYEZ and T. R. KOMP. Orp. Mass Svectros. 2,175 (1969). 
37 M. V. ARDENNE, K: STEINFELDER, R. T~MMLER and k. ScHREIBER;Experieniia 19; 178.(1963). 
38 S. HUNECK and R. TDMMLER, J. Prakt. Chem. 38,233 (1968). 
39 P. WITZ, H. HERRMANN, J. M. LEHN and G. OURISSON, Bull. Sot. Chim. Fr. 1101 (1963). 
4o G. SNATZKE, P. R. ENSLIN, C. W. HOLZAPFEL and K. B. NORTON, J. Chem. Sot. C, 972 (1967). 
41 G. SNATZKE and A. NISAR, Ann. Chern. 683, 159 (1965). 
42 J S E. HOLKER and W. B. WHALLEY, Proc. Chem. Sot. 454 (1961); D. LAVIE, E. GLOTTER and Y. SHVO, 

Israel J. Chem. 1, 409 (1963). 
43 F. FISCHER, P. PALITZSCH and S. HUNECK, Z. Chem. 7,458 (1967); Chem. Abs. @I,49815 n (1968). 
44 J. D. RENWICK, P. M. SCOPES and S. HUNECK, J. Chem. Sot. C, 2544 (1969). 



the unknown molecules. Thus, the structures of mexicanolide, arborinol, fusidic acid and 
the 17~H configuration in the dammarane group have been determined by this means.45-48 

TABULATION OF DATA 
With a view to giving an overall picture of the various groups of triterpenoids present in 

individual species and to present the distribution of triterpenoids within higher taxa, the 
compounds characterised durjng the period under review, excluding genins and tetra- 
nortriterpenoids, are listed under the plants in which thev occur in Table 1. Table 2 lists 
triterpenoids reported from other sources, 
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45 0. TANAKA, N. TANAKA, T. OHSAWA, Y. IITAKA and S. SHIBATA, Tetrahedron Letters 4235 (1968). 
M S. A. ADEOYE and D. A. BEKEO, Chetn. Commun. 301 (1965). 
47 A. COOPER, Tetrahedron 22, 1379 (1966). 
4* 0. KENNARD, L. RNA DI SANSEVERINO. H. VORBRUGGEN and C. DJERASSI, Tetrahedron Letters 3433 (1965). 
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TABLE 1. DISTRIBUTION OF TRITERPENOIDS IN THE PLANT KINGDOM 

Plant Family Substance m.p. 
Basic 

skeleton Groups Ref. 

MYCOPHYTA 
(a) Fungi 

Cephalosporium Stilbaceae 
acremonlum (Moniliales) 

c. caerulens 

c. lamellaecola 

Fames senex Polyporaceae 
Nees & Mont 
F. officinalis 

Fusidium 
coccineurn 

Moniliales 

Inonotus obliquus Polyporaceae 
Poria cocos 
(Schw.) Wolf. 

P0lyp0LW!C3e 

(-Pachyma 
ho&n Rumph.) 
P. obligun 
Trametes feei Polyporaceae 

(b) Lichens 
Cetraria nivalis Parmeliaceae 
(L.) Ach. 
Lobaria retigera 
(Bory) Trevis. 
&l&et&r Stictaceae 

Pan?& Pameliaceae 
entotheiochron 
Hue. 

P. leucotyliza Physciaceae 
Nyl. 

Pyxine endo- 
chrysing Nyl. 

Cepbalosporin P, - 

Monodeacetyl 197 
cephslosporin P, 
Helvolic acid 214 

Diol 

Acid 

- 

119* 

I!iYster) 

- 

Fusidic acid 

SenL?XOUOl 

117 

153’ 
(Me-ester) 

Dehydroeburiconic 240 
acid 
Fusidic acid 153’ 

Didehydrofusidic I!Yster) 
acid 
Dehydrofusidic 193 
acid 
Inotodiol 190 
35Hydroxy lanosta 142 
7,9(11),24-triene 
21-oic acid 

Obliquol 
6a-Hydroxypoly 
porenic acid C 

C3&5002 

Retigeradiol 

Substance N2 
Substance N3 
Substance NI 
Substance Nd 
16%-0-Acetyl 
leucotylic acid 
Substance N1 
CwHmO 
Leucotylin 

Zeorin 
Leucotylic acid 
Diacetylpyxinol 

Lycopoas 
Lycopodium Lycopodiaceae Lycoclavanin 
clauatum L. Lycoclavanol 

Triterpenoid BS 
Triterpenoid B. 
Triterpenoid Ba 
21-Episerratriol 
16-Oxolycoclavstwr 

L. phlegmalia L. Phlegmanol-A 

222s 
(Me-set& 

221 

272 

228 
232 
268 
225 
176. 
(Me-ester) 
258 

289 

zz 
247 

:g 
294 

:: 
230 

L. serratum Tbunb. 
vaakTnhlnbergii 

Serratenediol 
Tohogenol 
Tohoaeninol 
Serrairiol 
16-Oxoserratriol 

Ferns 
Adiantunz Adiantaceae 
cnpillus-oeneris L. 

A. pedatum L. 
Am;zochlamys 

A. pedatum L. 

21-Hydroxy- 
adiantone 
FFerneIle 
Adianene 
Filicene 
Hydroxyadiantone 
Ketohakonanol 
Fernadiene 

Filicenal 

“d vgo~tum 

C;atheo 
taiwaniana 

Adipedatol 
Cz~&sOa 

Cyatheaceae CmHm 

300’ 

\$?tate) 
253 
311 
335 

- 

208 
190 
228 

‘2’9: 
128 

272 

185 
280-300 

173 

XIV 

XIV 

XIV 

XIV 

XIV 

XIV 

XIV 

XIV 

XI 

XI 

XIV 

XIV 

XIV 

$: 

XI 
XI 

Ut 

Rt 

: 
V 

v” 

U 

V 

v” 
IX 

VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 

VII 

::: 
VII 
VII 

V 

VIII 

:: 
V 
IV 
VIII 

R 

V 
U 

U 

3a,7%-OH, 6a, 16%~acetoxy 
A17001.14, 2l_COOH 
3a,6a,7%-OH, l6B acetoxy, 
A~7(*0),*4, 2,_COOH 
6&16%-acetoxy, 3,7-0x0, 
A1~1’(*0)~24, 21-COOH, (16.21~cis) 
3%-OH, 4&CH,OH, 
A’7(20).*4 (16 Zl-cis) 
16%~acet&y,3:oxo, Al.l’CzO).z+, 
21-COOH, (16,21-cis) 
36-OH. 4kCH,. A”t=o).=. 
(i6,21-iis) -. ’ 
38-OH 4%~CH_x, A’3(“).2’ 
24(S) ’ 

, 
3a, 1 la-OH, 16%~acetoxy, 

A17(20).2*, 21-COOH. (16,21-cis) 
6a-OH,3-0x0, A8(9’.=‘. 29-nor 

3-0~0 24-C!Hz, A’@).9(1’), 
21-CdOH 
See above 

6&acetoxy, 3,11-0x0, A1’.(20).24, 
21-COOH, (16-21-cis) 
1 la-OH. l6,9-acetoxy, 3-0~0, 
A*‘t2”).2L, 21-COOH (16,21-cis) 
38 12%-OH As@) 
3%:OH, A+(11).=, 21-COOH 

3&12%-OH. Aa(S 
6a,l6a-OH, 3-oxo,24-CH~, 
A’*g(“), 21-COOH 

OH, C=O 65 

3%,19%-Dihydroxy-D-f&do- 
oleanane 
168-Acetoxy, 22-OH 
La.165Acetoxy, 22-OH 
16%. 22-OH 
6a-Acetoxy, 16%, 22-OH 
22-OH, 16%~acetoxy, 23-COOH 

c=o 

6a, 16%,22-OH 67.68 

6a,22-OH. (21Ha) 
16%,22-OH, 23-COOH 
12%-OH, 3%,25-acetoxy, 
20(S) + 24(R)-epoxy 

3a,20%,21%,24-OH, 16-0~0 
3a.2 l&24-OH, A‘. 
3%,2la-OH, 16-0x0, AI4 
3%,21%-OH, 16-0x0, Al4 
3a,21@OH, 16-0~0, A’. 
3%,21%,24-OH, Ax4 
3a,21%,24-OH, 16-0~0, A14 
3%(3,4_Dihydroxy phenyl 
proprionoxy). 2la-OH, Al4 
3%,21a-OH, AI4 
3%.148,2la-OH 
3&14%,21 a,24-OH 
3,9,2la,24-OH, AL4 
3%,2la,24-OH, 16-0~0, Al4 

21-OH, 22-0~0, 30-nor 

AT@, 

E : B-Fiedohop-5-one 
E : A-Friedohop-5-me 
21%-OH, 30-nor, 22-0~0 
22-OH, 30-nor, 21-0~0 

E:A Friedohop-3-s-23-d 77 

!$;H&2$+ 28-epoxy, 3Q-nor 

49,50 

51 

52,53 

52 

54 

55 

56 

57 

58 

59 

60 

66 

67 

69 
70.7 1 

80.81 
80.82 
83 

:: 
86 

8887 

82 
85 

72 

:: 

75 

76 

78 

79 
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TABLE l-continued 

Plant Family Substance m.p. 

Olenndra 
wallichii 
(Hook) Pr. 
Polqmdium 
lYrl,qlre L. 

Oleandracese Wallichiene 196 

210 

Basic 
skeleton 

Polypodiaceae 
Wallichienene 
17,21-Epoxy 
hopane 
29-Nor cyclo- 
laudenol 
29sNor cycle 
artenol 

Pinaceae 307 

:9’4” - 

Pinaceae 
Lamb. 
P. lambcrtiana 
Doug]. 

Compound A 
Compound B 

Compound C 
Compound B- 
methyl ether 
O-Methyl eniserra- 
tenediol- - 
Compound II 
Compound III 
Compound V 
Compound VII 
Compound IX 
Episerratenediol P. bnnksiana 

Lamb. 
P. lanrbertiana 
Dougl. 
P. iaeda L. 

ANGlOSPERMAE 
(a) Monocotyledoneae 

Alisma plnntago- Alismataceae 
aquatica L. 
var. orirnra/c 
Samuels 

319 
320 
267 

268 
303 

Alisol A: Amorph. 

Alisol B: 

Copernicia Palmae 
rerifera Mart. 
(Carnauba wax) 
Imperata cylin- Gramineae 
&co P. Beauv. 
VBI. media 
Hubbard 

Epialisol A 
Alisol C 
monoacetate 
Carnaubadiol 

166 

Amorph. 
232 

167 

235 

FWll~llOl 
Cylindrin 
Arborinol 
methyl ether 
Cyclobranol 
Compound I 
Compound II 

192 
269 
284 

Oryzn rantioa L. Gramineae 156 
181 
109 

Compound 111 

Puspalum diMurn Gramineae 
Poir. 
Tillandsia Bromeliaceae 
usneoides L. 

Lw& methyl 

Cycloarten 
3,25-dial 
Cycloarten-25- 
methoxy-3-01 
Cycloarten-3-24- 
. . . 

0101 

Cylcoarten-24-0~ 

151 

250 

200 

152s 
(Acetate) 
184 

Zoysio matrella Gramineae 
Merr. 

zea mays L. Gramineae 
(b) Dicotylcdoneae 

Aglaia odor&a Meliaceae 

Fernen-3-01~ 
12-Oxoarundoin 
Fernen-3a-ol 
Cyclosadol 

A&i01 

133’ 
(Acetate) 

291 

;;I 

113 
LOW. 
Ailanthm ntaia- Simaroubaceae Malabaricol 
barim D.C. 

Epoxy malabaricol 
Malabaricane diol 

Alangiuwz Alangiaceae 22-Deoxyemmol- 

68 

143 
Amorph. 
226 

~~illosum actone 
(l3!) Wang. var. 
z;fzenzb,(A. Gray) 

Alarrites nt~nfnna Euphorbiaceae Aleuritolic acid 

Allanvwda 
cathartica L. 

Apocrnaceae &OH,,0 

Altus glurinose Betulaceae Alnus foliene- 
diolone 

;j;,;num (L.) Alnincanone 

Apbanamixis 
polysslachya 

241* 

\%-=ter) 

I98 

172 

Meliaceae Aphanamixin 232 

V 

V 
V 

Xl 

Xl 

VII 
VII 
VII 
VII 

VII 

VII 
VII 
VII 
VII 
VII 
VII 

XIV 

XIV 

XIV 
XIV 

IX 

VII 

VII 

:x” 

Xl 

x”: 

Xl 

VI 

Xl 

Xl 

XI 

XI 

VIII 
VIII 
VIII 
XI 

X 

XVI 

XVI 
XVI 
R 

R 

u 

X 

X 

XII 

Groups 

*‘xi” 

3@OH, 9,19-cycle, 29-nor, 24-CHA, 
A25,26) 
3,&OH 9 19-cycle 29-nor A’” , 9 3 1 

38-OCH_1,2l,t3-OH. A’+ 
3a-OCH,, 21,8-OH, Al4 
3a-OCHs. 218-OH, A” 
3a,218-OCH,, Al4 

3,%OH,2l&OCH,, Al4 

3&OCH,, 21a-OH, Al4 
3&2la-OCH3, A’& 
38-OCH3,21-0x0, AI4 
3a,2l@OH, Al4 
3Q-OH. 21-0~0. Al4 
3R,21fl-OH, Al4 

11&23(S), 24(R), 25-OH, 3-0x-0, 
Al%i’> 

1 Ip,23(&OH, 3-0~0, A13(‘:,, 
24(C) 4 25-epoxy 
23 or 24 epimer of alisol A 
1 l&OH, 23(+acetoxy, 3,16-0x-o, 
A’z(“) 24(r) --+ 2kpoxy 
?8,20(&OH, A=(=), 24(R)-CHJ 

3,5’-OCHA, Aq” i) 

3&OH, A%“) 
3!3-OCHa, A4(“’ 
3a-OCHx, Aq(l” 

38-OH, 9,19-cycle, Az4. 24-CH, 
38.2%OH. 9.19 cycle, Ax* 
$OH, 25-OC2H5, 9,19-cycle, 

3&OH,9, 19-cycle, 24-OCH,. 
24-CH 3 
3,%OCH <, A2cf24) 

38.25.OH, 9,19-cycle, A= 

38-OH, 25-OH,, 9,19-cyc!o, A= 

3/3,24-OH 9 19-cycle, A=cz6’ 1 9 
;&O;, 24-0x0, 9,19-cycle. 

3-0~0 A9”“, 
38-OdHa, 12-0x0 A9(“) 
3a-OH, A=ll, ’ 
3,3-OH, 9,19-cycle, 24-CH,, A= 

I&OH, A20c*“, 24(<) - 25 epoxy 

20(t)-OH, 3-0~0, AZ4 

Ref. 

89 

72 

90 

72 

91,92 

91 
74 

93 

93,94 

91 

9 1,93,94 

95,96 

95.97 

;: 

98 

99,100 

100 
100,101 
102,103 

104 
I05 
106 

102 

107 
I08 
108 

102 

109 
110 

111 

112 

25sOH. 3-0~~. 20(t) - 24(:) epou> 
3,20-OH, AZ4 
A(l), 28-norlupa 2.16,20(291- 
triene-27 - I&-elide 

113 

34-O-Acetyl D-friedoolean-14-a- 114 
28-oic acid 
c=o 115 

12&20(S)-OH, 3-0x0, A25(2”) 116 

3-0x0,20(<) mu+ 24(C)epoxy,24(z$ 117 
CH, 
2l&OH, 3-acetoxy, A’, 21 -* 23 118 
and 24 -+ 25 epoxy 
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Wall (Parker) 
(Amoora rohituka) 
Aster tataricus Compositae Shionone 158 
L. 
Barringtonia Banringtonia- Tanginol 283 
acmz~~lda (L.) ceae 

Acid-A 
Bet& pendula Betulaceae Folientriol 196 
Roth. Folientetrol 168 
B. platyphylla Triterpene B 197 
Sukatchev. 
var. Japonica 
Han. 

Triterpene C 240 
Beyerio lesche- 
naultii 

Euphorbiaceae Lup-20-en-3,16 dial 218 

(D.C.) Bail. 
Brandegea Cucurbitaceae Cucurbitacin 0 - 

Cucurbitacin P 157,211 

Cucurbitacin Q 118-135 
amorph. 

Bryonio dioica Cucurbitaceae Bryonolic acid 303 

Calophyllum Guttiferae Apetalactone 335d 
a&x$‘“” 

c. tomenfoSUm 
T. Anders. 
(C. datum Bedd.) 
C. inophyllum L. Canophyllol 280 

Canophyllal 263 
Canophyllic acid 312 

Canarium sp. Burseraceae - 109* 
03emi resin1 

- 
\yg:esterj 

- (Iy7y=ster) 

- 
\Y7yster) 

Ceanothus Rhamnaceae Ceanothic acid %=ter) 
americanus 
Cedrela glariouii Meliaceae Isoodoratol 251 

Triterpene pentaol 215’ 
(Acetonide 
acetate) 

C. odoratn L. Odoratone 230 

Odoratolll 236 

Centella asiatica Hydrocotyl- Brahmic acids 290-93 
L. accae 
Chamoenerion Onagraceae 
angustifolium L. 

cc;-droxy ursolic 245 

Cimicifim Ranuncul- 2%O-AceM- 193 

Comrniphora BWSeraCeae 
p.vracanthoides 
Engl. 

Drybalanops 
aromatica 
Gaertn, F. 

Dryobnlanojw 
species 
(KwJ~) 

Emmenosperinum Rhamnaceae 
alphitonioides 
F. Muell. 

Entandrophragma Meliaceae 
cylindricum 
Sprague. 

cimigenol 
Dehydroxy-15-O- 
methyl cimigenol 
15-O-Methyl 
cimigenol 
Cimicifugenol 

Commit acid AT 

Commit acid B 

1 l-0x0~asiatic 
acid 

Dryobalanolide 

Dryobalanone 
Kapurone 
Kapurol 
Ocotillone 
Futabanone 
Dryobalanol 
Jingullic acid 

22-Deoxyem- 
molactone 
Sapelin A 

Sapelin B 

222 

199 

118: 

%ve) 
(Me-ester) 

239; 

R 

I 

I 

x” 
X 

& 

R 

R 

R 

R 

III 

III 
III 
III 
XII 

XII 

XII 

XII 

R 

XII 
XII 

XII 

XII 

II 

II 

XI 

XI 

XI 

XI 

II 

II 
pfyster) 

II 
(Acetonide) 

278: 11 
(Acetonide) 

tz :: 
206 X 
170 
124 x” 
88 X 
1798 R 
(Me-ester) 

226 R 

216 XII 

173 XII 

17a-(4’methyl-3’-pentenyl)-des-E, 
D : A-friedoolean-3-one 
3,9,6,9,7&16&23,28-OH, A’2 

119,120 
121 
122 

2,3,19-OH, A’2, 23,28-COOH 
3a,128,20(S)-OH, A= 
3a,128,17a,ZO(S)-OH, A24 
12&20(S)-OH, 3-0~0, A*4 

123 
124 

125 

3a,128,25-OH, 20(S) + 24(C)-epoxy 
3&16,9-OH, Azo(*9) 126 

2~1,3a,l6a,20(<),25-Pentahydroxy- 127 
9Bmethyl-lO-nor-lanosta-5,23 dien- 
11,22-dione 
2a,3a,16a,20(0,25-Pentahydroxy- 
9,8-methyl-IO-nor-lanosta-5-en-11.22- 
dione 
2a,3a,l6a,2CI(~)-Tetrahydroxy-25-0- 
acetyl-98-methyl-l~nor-lanosta-5,23- 
dien-11,22-dione 
3i3-Hydroxy D:C-friedoolean- 128 
8-en-29-oic acid 
28-OH, 3.4~seco, 4a--f 3-lactone 129 

28-OH, 3-0~0 130 
3-0~0, 28-CHO 
3&OH, 28-COOH 
3-0~0, As.=, 21-COOH 131 

3a-OH, A8J4, 21-COOH 

3&OH, AS,=, 21-COOH 

3a-OH, AT,=, 21-COOH 

2a-Carboxy-38-hydroxy-A(1) 132,133 
norlup-20(29)-en-28-oic acid 
2CEpiodorotol 134,136 
3a,22(r),23(r),24(r),25_OH,(20~), 137 
A7 

23&24&OH, 3-0x0,22(S) --f 25 134,136, 
epoxy, (200, A’ 138 
3o,238,24&OH, 22(t) -+ 25 134,136 
epoxy, (200, A’ 138 
2a 3,4 6,9-OH. 7 9 A’*, 28-COOH 139 

38-OH Al= 28-COOH 7 9 141 

3B,l5-OH, 25-acetoxy.9, 19-cyclo- 142,143 
(Sfl), 16+23, 16-+24epoxy 
15-OCHJ, 9, 19-cycle, (98). 16 ---f 23, 
16 ---f 24 epoxy 
3&25-OH, 15-OCHJ, 9.19.cyclo- 
(98),16+23, 16+24epoxy 
3,5-OH 9 19-cycle. A8(9’,24 , 3 144 

2,3-OH/OCH,, A=, 23-COOH 145 

38-OH, A’2,23-COOH 

2a,3&23-OH, 11-0x0, A=, 
28-COOH 

2a,3@,23-OH, A”, 138 + 28 lactone 

20(S), 21-OH, 3-0~0, AZ4 
25-OH, 3-0~0, 20(R) --, 24(+zpoxy 
38,25-OH, 20(R) -+ 24(t)-epoxy 
25-OH, 3-0x0,20(S) --f 24(<)epoxy 
3-0~0, A=(=), 20(R) -+ 24(r)epoxy 
3&20(R), 21-OH, AZ4 
A(l)norlup-20(29)-en-14-oic 
acid-28 i 19-elide 

148 

149 
150 

151 

A(l), 28-norlupa~,l6,20(29)- 113 
trien-27 -+ 28a-olrde 
30,23(R), 25-OH, A’, 21 -+24(R)- 152 
epoxy 

3a,23(S), 24(R)-OH, A’, 21 + 25- 
epoxy 
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TABLE I-contimed 

m.P 
Basic 

skeleton CkOUPS Ref. Family Substance 

Rutaceae Triterpene alcohol 

Flindersiaceae Bourjotinolone A 

Bourjotinolone B 
Bourjotinolone C 
Bourjotone 

Euphorbiaceae Glochidone 

Glochidiol 

162 R 3,%Hydroxy-D : C-friedours-S(9)-sne I53 
nifolia ’ 
Hook. F. 
Flindersia 
bmrrjotiana 

23(R), 25-OH, 3-0x0,21 + 24(R)- 154 
epoxy 
23(R), 24(R)-OH, 3-0~0, A=(2*J 
25-C], 23(R), 24(R)-OH, 3-0~0, A’ 
25,26.27-tris nor, 3.23-0x0, A7 
3_oxo, Al 2009) I55 

176 

202 
190 
1.51 
164 

253” 
(J$C&@ 

Leguminosae Echinatic acid 298 

Leguminosae Liquiritic acid 
‘CHydroxy-I l- 
deoxy 
glycyrrhetic acid 
Glycyrrhetol 
24-Hydroxy gly- 
cyrrhetic acid 
Zl-Hydroxy iso- 
glabrolide 
Isoglabrolide 
Glabric acid 
Acid I 
Compound A 

298 
263* 
(Me-ester) 

XII 

XII 
XII 
XII 
VI Glochidion 

$$dykeri 

C. wrightii 
Bath. 
Glycyrrhizo 
cchinaia L. 
G. &bra I.. 

VI 

VI 

I 

l&OH 3-0~0 AzO(=) 1 . I56 

38,16.21 or 22-OH Ag(“)lz 
2%COOH ’ ’ 

157 

3&l 1-0x0, A’z, 30-COOH 158,159 
38,24-OH, A12, 30-COOH 160 

252 
247* : 
(Me-ester) 
304 I 

38.30-OH. 11-0x0, A’2 159,161 
38,24-OH, 11-0x0, A’*, 30-COOH 160 

38,2ln-OH, 6’2, 29 - ISa-lactone 161 

38-OH. Aj2, 29 + ISa-lactone 159,162 
38,26-OH, 3-0~0, A12, 30-COOH 163 
3@OH, Alz, 30-COOH 159 
OH, COOH I63 

3@-OH, A’J.‘3(‘&‘, 30-COOH I59 
38-OH.1 I-oxo-, A’2, 30.+228-lactone 
3&OH. A’2,30- 22tJ-lactone 
3,I9-OH, A”.131’$), ,7-COOH 164,165 

W-OH, 28 ---f 1%lactone 166 

3&19a,23-CH, A.‘2, 2%COOH 167 

2WOH, Aa”(29’ 168 

A I69 
21 + 24-Epoxy, 23.2%dihydroxy, 170 
7o-0-acetyl, S&methyl, 30-nor 
(13a,l78H), lanosta-1,14-dien-3-one 
3 : 3,21,22-seco. A4(23)‘(8), 
*w?ww), 3,2l_CO01+ 

171,172 

A, COOH, cyclic hemiketal I73 

313-OH, 228~angeloyloxy, A’*, 174 
28-COOH 
38.24-OH, 22&angeloyloxy, A’>, 
28-COOH 

27-OH, 9,19-cycle, 3-0~0. A:+. 175 
26-COOH 
3/I-OH, 9,19-cycle, A=, 26-COOH 
38-OH, 9, I9-cycle, Az4, 176 
24-CH,, 26-CHO 
38,26-OH, 9,19-cycle, 2&CH, 
9,19-cycle, 3-0~0, A=, 26-COOH 

176.177 
I78 

3n-OH. 9,lY-cycle, A2*, 26-COOH 

3,3,27-OH, 9.91-cycle. A=, 26-COOH 

9, IV-cycle, 3-0x0,24-CHd, 26-COOH 179 
3&OH, 9, I9-cycle, Az4,26-CHO 177 
3’-Hydroxy-24’-methy!ene, 9’,19’- 
cycle lanost-26’-yl, 3-0~0, 9,19- 
cycle lanosta-24-methylene. 26oate 
3&OH, A.2, 28-CHO 176 
38,20(S))-OH, A*“ 177 

38,19u-OH, A’2. 2X-COOH 180 

I %-OH, 3-0x0, A”, 2%COOH 

38,21.24(R), 25-OH, A’, 21 i 23(R) 181 
epoxy 
21-OH, 3-0~0, A’. 2 I ~~_ 23(R), 
24(R) --f 25 epoxy 

I82 

3,%21-OH. A’, 21 -*23(R), 
24(R) - 25 epoxy 
I@-OH, 3-0~0, A7J+ 183.184 
3-0~0. A’,=, 21 + 16B lactone 184 
3a-OH, A’,=, 21 + 168~lactone 
38,7n-Dihydroxy, W-methyl. 30- 185 
nor (13a 17&H), 20(S) Lanosto- 
14(15),24-dien-21 - 23(R)-elide 
38-OH, 6-0~0, A”.‘3(‘R), 

29-COOH 
186,187 

318 

i 
IJ 239” 

(Me-ester) 

340 

252’ 
(Acetate) 
257* 

l%=te’) 

Acid II 
Glabrolide 
Deoxoglabrolide 
Macedonic acid G. nrocedonica 

Boiss. et Orph. 
Helichrysum 
italicurn 
Ilex rotunda 
Thunb. 
Jasminum auri- 
culafum Vahl. 
Jatrophn urem 
Khaya 
grandifoliola 

Lunrium 
dornesticum 
Jack. 
Lantana cmmlra 
L. 
Lippia rehmanni 

Composite Ursololactone 

Aquifoliaceae Rotundic acid 

OleaCeW Jarminol 

II 

II 

VI 

Euphorbiaceae Urensol, CsoH,oO 
Meliaceae Grandifoliolenone 

166 
172* 
(Diacetate) 

R” 

Meliaceae Lansic acid 182 xv 

Verbenaceae 

Verbenaceae 

Lantanolic acid 
C,o&aOa 
22-Angeloyloxy 
oleanolic acid 
22-Angeloyloxy-24s 
hydroxy oleanolic 
acid 
Hydroxymangi- 
feronic acid 
Magiferolic acid 
Substance II 

306 

296 

294 

u 

I 

Substance III 
Mangiferonic acid 
Isomangiferolic 
acid 
Hydroxymangi- 
ferolic acid 
Ambonic acid 

Anacardiaceae 190 

181 
166 

154 
187 

168 

201 

149 
66-70 
-. 

XI 

x”: 
XI 

RO%iC%% 

Oleanclic aldehyde 
Dammar-24-a- 
38,20-diol 
Pomolic acid 

Pomonic ncid 

Meliaceae Meliantriol 

Melianone 

Melianol 

Kulinone 
Kulactone 
Kulolactone 

Meliaceae Substance la 

Leguminosae Meristotropic acid 

168 
130 

301 d. 

204% 
(Me-ester) 
176 

232 

194 

138 
163 
Amorph. 
169s 

(acetate) 

XIII 
XIII 
XIII 
R 

358 I .Ueristofropis 
triphyila 
M. xanthoides 
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Webb. et Berth. 
M. species 
z;zz; Sapotaceae 

Roxb. 

Neolitsea 
dealbota 
R. Br. Merr. 
N. pulchella 
(Meissn) Merr. 
Pachvsandra 
terminalis 
Sieb. et Zucc. 

LallraCeae 

BUXXeae 

Putranjiua 
roxburghii 
Wall. 

Euphorbi- 
aceae 

Rhododendron Ericaceae 
folconeri Sm. 
R. linearifolium 
Sieb. et Zucc. 

R. macrophyllum 
nmaneneolol 279 
D :B-Friedoolean- 203 __ 
3,5-oxlcle 

R. simiarum Simiarenol 
Ricinus communis Euphorbiaceae Compound II 

Micromeric acid 

Substance I 
GoHmO3 

Substance II 
C~OHSOO.+ 
Gycloneolitsin 

The triterpenoids 2317 

Pachysandiol 
B, ‘&HszOz 

Pachysandiol A 
Cerin 
Putranjivanonol 
CsoH~oOz 

Putranjivadione 
Putranjic acid 
(Putric acid) 
Roxburgholone 
Putranjivic 
acid** 
Uvaol-3-acetate 

Epigermanidiol 
Gennanidiol 
Fernenediol 
Motiol 
Motidiol 
Neomotiol 
~$weq~)ft 

182’ 
(Acetate 
Mccster) 

263 

215 

169 

213 

262 

278 
250 
312 

284 
218 

312 
I77 

221 
275 

;; 
233 
228 

L. 
Rubus fructi- Rosaceae Rubitic acid 
cosus L. 
R. moluccanus L. Rubusic acid 
saussurea Compositae SosYurol 
frolowii 
Schinus tere- Anacardiaceae Schinol 
bintbefolius Radd. 
Shorea meci- Dipterocarp- Shoreic acid 
smpteryx Ridl. aceae 
Siphonodon Siphono- O4 acid 
australe Benth. dontaceae 
Thelocactus cactaceae Eisacol 
bicolor Go&& 
Vareria indira Dipterocarp- Compound B 

&mm,, resin) 
aceae 

V&x maga- Verbenaceae Triterpene I 
pofamica CJOHSO% 
(SDrene) 
&&de:ke. 
WLlisura Meliaceae WalsUrenOl 
mbulata 

209 
237 

252 

u2 

145 

92’ 

S~e-ester) 

- 

234 

220 

185 

II 

U 

U 

XI 

U 

u 

III 
III 
U 

III 
III 

III 
III 

II 

: 
VIII 
VIII 
VIII 
V 

R 
R 

R 
VI 

II 

I 
U 

XII 

IX 

III 

U 

II 

U 

R 

3t&OH, L%=.=~Q~), 2%COOH 146,147, 
188 

-OH, COOH 189 

4-OH 

3&‘-OCH3, 9,19-cycle, 24,24-CH3, 
A=5 

190 

-0CHs 

2-OH 

191 

192 

2a-3&OH 
Za-OH, 3-0~0 
-OH, 00 

192,193 
194 

3,7-0x0 
2-OH, 3,4 seco, 3-COOH 

3a-OH, 7-0~0 
3 4 .vec~ A4(=) 3-COOH , , , 
28-OH, 38-acetoxy, Al2 

195 
194,196 

197 
198 

2a-3&OH, A’*(l9) 
2.8 380H AIa(19) 
2a:3&OH: A9(11) 
3&OH A’(8) 
28 3&H A’(8) 
3@:OH, Ai2 

199 

:g 

:g 

2,3-Dihydroxy-E:B-friedohop-5-ene 
3,5-Epoxy-D : B-friedooleanane 202 

3j%Hydroxy-E: B-friedohop-S-ene 99,203 
3j3-OH, 30-nor, 20-0~0, A1”(*9) 204 

38.6 or 7-OH, A=, 28-COOH 205 

38,7a-OH A=, 28-COOH 
sec.OH ’ 

206 
207 

3a-OH. A’.=, 26-COOH 208,209 

25-OH 2 3seco 3-nor, AQ=‘, 
20(S) 1, irl(<)-;poxy, 2-COOH 

210 

3.21 or 22-0~0, 25-COOH 21 I 

sec. OH, terr. OH 212 

Al2 2 3 set 3 28-COOHJ , , 
2 + 23-lac6n; 

213 

4-OH 

3,9-Hydroxy-D:C-friedoolean- 
9(1I)ene 

214 

215 

* Denotes the m.p. of the derivative given below in the parenthesis. 
t ‘U’ denotes unknown structure and ‘R’ denotes rearranged structure. 
z Also present as monoacetate. 
5 Same as madasiatic acid.14” m.p. 248”. 
11 Identical with mexicanol, m.p. 236” from Cedrelu gZaziouii.‘35 
7 Probably an artefact; also present in Micromeria SP.‘~~*‘~’ 
** Also present as methyl ester, m.p. 132”. 
tt Also present in Adiantum SP.‘~ 

49 P. OXLEY, Chem. Commun. 729 (1966). 

,769 

So T. G. HALSALL, E. R. H. JONES, G. LOWE and C. E. NEWALL, Chem. Commun. 685 (1966). 
51 T. S. CHOU and E. J. EISENBRAUM, Tetrahedron Letters 409 (1967). 
52 S. OKUDA, Y. SATO, T. HATTORI, H. IGARASIHI, T. TSUCHIYA and N. WASODA, Tetrahedron Letters 4 

53 !91!%~~~I M I SAIR H IGARACHI and S OKUDA J Chem. Sot. D 1119 (1970). 
w S: OKUDA,‘~. &TO, T: H~TTORI and M. WAKABAY&, Tetrahedron’Letters 4847 (1968). 
55 T. HATTORI, H. IGARASHI, S. IWASAKI and S. OKUDA, Tetrahedron Letters 1023 (1969). 
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5y W. 0. GODTFREDSON, S. JAHNNEN, H. LORCK, K. ROHOLT and L. TYBRING, Xature, Lond. 193,987 (1962). 
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61 R. S. LUDWICZAK and U. WRZECOINE, Rocz. Chem. 42,601 (1969); Chem. Abs. 71, 50270 z (1969). 
e2 A. KANEMOTSU and S. NATORI, Chem. Pharm. Bull. 18, 779 (1970). 
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