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Abstract—Triterpenoids 1solated from various sources are reviewed. The newer techniques used 1n their isolation and
structure elucidation are discussed. A compilation of the triterpenoids 1solated during the period 1977-1981, along with
available physical data, 1s included. The brological activities of the triterpenoids are also reviewed.

The classical era of triterpenoid chemistry may be said to
have ended 1n 1949 with the structure elucidation of
oleanolic acid by Bischof et al. [1]. With the advent of the
powerful analytical methods and their subsequent de-
velopments over the years, the structure elucidation of a
natural product has become, it may be said, a routine
affair. As a consequence, increasing numbers of new
triterpenoids, including very complex ones, are being
1solated and their structures established. Earlier com-
prehensive reviews i the field of triterpenoids [2-6)
covered the literature up to 1976. The present review
mcorporates new methods of isolation and structure
elucidation, the new triterpenoids isolated and the bio-
logical properties of these compounds reported during the
period 1977-1981.

The literature survey has revealed that investigations
are not only limited to isolation and structure elucidation
but also include chemotaxonomic studies on the distri-
bution of various triterpenoids 1n plants [ 7-11]. Vaniation
of the triterpenoid acids with ripening of fruit has been
reported [12]. Also, the isolation by HPLC and charac-
terization of the sapogenols A-C and E from soyabean
plants grown in the presence of [ 2-!*C]mevalonic acid has
helped in the understanding of the biosynthetic pathways
of their formation [13]

ISOLATION AND IDENTIFICATION

Triterpenoids occur 1n nature either 1n the free state or
as saponins. The free triterpenoids are generally 1solated
in the pure state by solvent extraction and CC of the
extract on alumina or S1 gel. Acid or enzymic hydrolysis of
the saponins has to be performed before chromatographic
purification of the triterpenoid moiety. However, acid
hydrolysis of saponins often leads to artifacts. For
example, although a number of triterpenoid sapogenols
have been 1solated from seeds of Careya arborea [ 14, 15],
the genuine sapogenins present are 16-deoxybarringto-
genol C and barringtogenol C Enzymic hydrolysis of
saponins is not always wholly successful. Alternative
newer techniques of cleaving the carbohydrate moiety are
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sometimes reported. A photochemical procedure for
cleaving the arabinoside hinkage of Ziyu-glycoside II
leaving the acid labile aglycone unchanged has been
reported [16] Lead tetra-acetate oxidation followed by
treatment with alkali was found to be effective for
selective cleavage of the glucuronide linkage 1n saponins
that possess a glucuronic acid moiety directly connected
to the sapogenol [17] Another technique for the cleavage
of the sugar moiety containing glucuronic acid consists of
anodic oxidation followed by alkal treatment [18]
Various chromatographic techniques are increasingly
being used for isolation and identification of triter-
penoids. Newer developments 1n these techniques have
made the task of 1solation and 1dentification much easier.

Thin layer chromatography and gas liquid chromatography

Panaxadiol and panaxatriol on treatment with 100-fold
of B-naphthoyl chloride in pyridine at room temperature
give the stable f-naphthoates which are analysed by TLC
dual chromatoscanners [19]. Densitometric TLC has
been reported for quantitative estimation of the dam-
marane type of triterpenoids [20].

Separation of the methyl esters of oleanolic and ursolic
acids by GC using a glass column packed with 309, OV-17
or SE-30 has been reported [21]. Soyasapogenols A~E
and medicagenic acid 1n alfalfa were determined by GC
after derivatization with N, O-bis-(trimethyl  silyl)-
acetamide and chlorotrimethyl silane [22]. A new GC
method for the determination of ginseng sapogenins as
their acetylated products using N-methyl imidazole as
catalyst has been described [23]

High performance hquid chromatography.

HPLC methods have now been frequently used for the
detection and 1solation of triterpenoids. The main ad-
vantage of this method is that it does not require any
derivatization of the product to be analysed. The tech-
nique has been described 1n a recent book by Simpson
[24]. Non-aqueous reversed phase chromatography has
been found to be suitable for the analysis of non-polar
triterpenordd muxtures at the microgram level [25].
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Glycyrrhizin and glycyrrhetinic acid 1n blood plasma have
effectively been determined i 10mm by HPLC using a
Permaphase AAX column and a UV detector [26]
Besides the 1solation and detection of triterpenoids, the
effect of several solvents, such as benzene, toluene,
methylene chloride, hexane, cyclohexane, methylcyanide,
diethyl ether, dimethyl ether and tetrahydrofuran on the
rearrangement of triterpenoids has been examined by
HPLC [27]

Gas chromatography/mass spectrometry

GC/MS 15 used for rapid detection and estimation of
triterpenoids The technique 1s successfully being used
the determination of triterpenes of the licorice root extract
[28] and the extract of Trametes hlacinogilia [29]

STRUCTURE ELUCIDATION

Various spectrometric methods are increasingly being
used with advantage for structure elucidation of complex
triterpenoids

IR spectroscop)

The low frequency IR spectra of some substituted
hopane triterpenords have been proved to be successful
for the determmation of substituted patterns of hopane-
6a,78,22- and 15,22,24-triol [30] The newly developed
FT-IR technique was found very useful for structure
elucidation of two nor-triterpene ketones with the lano-
stane skeleton [31]

’
23 24

Olegnane (1)

Friedelane (4)

/
23 24

Stictane (5) Hopane (6)

B MaHATO

29

U
’ H
28 29

Lanostane (13) Cucurbitane (14)
23
22 ¢

2t

28 2; 29
Fusidane (15) Metigein(16)

Malabaricane (17 )

Officinalic ocid (19)



Triterpenods

29 25

NMR spectroscopy

NMR spectroscopy, particularly *3C NMR spectro-
scopy is now bemng frequently employed 1n triterpenoid
structure elucidation. 13C NMR spectra of oleanane [32],
cucurbitacin [33, 34], moronic acid [35], lupane [36, 37},
hopane [37], lanostane [38] and the aglycone of holo-
thurin glycosides [ 39], have been studied and the carbon
signals have been assigned by using single frequency off-
resonance, decoupling techniques and comparison with
chemical shift data of known compounds The !3C NMR
data of some pentacyclic triterpenes with the 18- and
18x-olean-12-en skeletons are reported wheremn the
shielding data are interpreted in terms of the different
orientation of the COOMe group and change in configur-
ation at the D/E ring junction [40]. The configuration at
C-18 of six pairs of 18x- and 18f-glycyrrhetic acid
derivatives was determined from the chemical shifts of
C-12, C-13, C-18 and C-28. The shifts of the carbons,
caused by the change of configuration of the D/E ring
junction, are independent of substitution at C-3 and C-20
[41]. The structure and stereochemistry of ring A of
tetrahydrocucurbitacin I and of tetrahydroisocucurbi-
tacin I were determined by '*C NMR and CD methods

42

. Ig has been shown that spin-lattice relaxation times (7;)
can be conveniently used as an indicator for the '3C NMR
assignments of the terminal cis- and trans-methyls in a
2'-methyl-1’-propenyl moiety. The 7, of the terminal
methyl groups in Me,C=CHR (R =Me, CH,Br,
COOH, COMe, CHOHMg, (CH,),COMe, prenyl, poly-
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prenyl) showed that 7, for cis-methyl carbon atoms is
always longer than T, for trans-methyl carbon atoms [43].

Internuclear double resonance (INDOR) and lantha-
nide induced shift (LIS) studies are frequently reported
for stereochemical assignments of triterpenoids. The
methyl signals of friedelin and its derivatives were as-
signed by using the homonuclear INDOR technique 1n
the presence of Pr(fod); and the results were correlated
with the conformation of the D and E rings [44, 45].

Complete assignments of the carbon frequencies of 16
olean-18-en derivatives have been accomplished by means
of SFORD and NORD experiments using shift reagent
techniques [46]. It has also been demonstrated that the
experimental shift values of C-1 and C-14 of germanicol
agree reasonably well with those of calculated values [47].
The experimental and calculated !*C NMR signal values
of the carbons of lupeol were also found to be 1n good
agreement [48] Moreover, the substituent effects of an
equatorial hydroxyl group at C-1and C-11 and equatonal
acetoxyl or axial hydroxyl group at C-11 or C-16 have
been determined, which may be useful for further studies
in this field.

The !3C NMR signals of 15 20-hydroxydammarane
triterpenes including ginseng sapogenmns and their deu-
terated analogs have been assigned by the use of a shift
reagent. Clear differences in the C-17, C-21 and C-22
chemical shifts 1in pairs of C-20 epimers were observed,
especially for 12-hydroxy compounds [49].

Lanthanide induced shifts (LIS), with Eu(dpm),, and
aromatic solvent induced shifts (ASIS), with benzene,
pyridine and hexafluorobenzene, of the 'H NMR signals
were examined for tetracyclic triterpenes containing a
hydroxyl, carbonyl or acetoxyl group at C-3. The magni-
tude and direction of LIS or ASIS of corresponding
protons were 1nfluenced by the nature of the C-3 func-
tional group [50] The 'H NMR spectra of 12 triter-
penoids with ursane skeletons were analysed using
Eu(fod); as a shift reagent. The shielding effects of
substituents on the methyl resonances were found to be
additive [51]

Recently, 2D-spectroscopy (2D-J NMR) has been
itroduced to assign all the peaks in the complex spectra
as well as to derive the structures of triterpenoids. 2D-J
spectroscopy allows separation of chemical shifts and
spin-coupling information in weakly spin coupled systems
[52] and 2D shift correlation spectroscopy enables simul-
taneous aqusition of correlated H-'3C spectra [53, 54]
The homonuclear 2D-J spectroscopy has been described
[55] as a variant of the classical Karr—Purcell spin-echo
experiments in which the time delay between a 90° and
180° pulse 1s systematically varied The result, after
transposition of the individual spin-echo spectra, a second
Fourier transformation and a tilt of the frequency axes, 1s
a spectrum which, 1n the weakly coupled case, contains
only chemical shift information along one frequency axis
(f2’) and homonuclear coupling constant information on
the other axis (f;). It then becomes possible to measure
chemical shifts and coupling constants in a region of the
spectrum which normally consists of so many overlapping
multiplets that analysis is impossible. A comprehensive
review of 2D-NMR covering the pertod up to mrd-1978
has been published [56].

The structures of trichilns A and B have been
established by using the 2D-J] NMR techmique The
60-H/7-H coupling 1n trichilin A could be measured in the
2D-J spectrum but not 1n the 1D spectrum. Moreover, 1t
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was possible to assign the signals for 16a-H mn the 2D-]
spectrum which could not be done with the 1D spectrum

[57]

Mass spectroscopy

The reports on mass spectral studies of a large number
of tetracyclic and pentacyclic triterpenoids are available
[6] The base peaks in mass spectra of several tri-
terpenoids have been found to be characteristic of
the stereoskeleton [58] Mass spectral fragmentation
patterns have been described for friedelane [59],
Y-taraxastane [60-63], dammarane [64, 65], stictane
[66], allobetulin [67] and hopane [68] triterpenoids as
well as pentacychic hydrocarbons [69]

Besides electron impact mass spectra, the chemical
1onization technique has also been introduced 1n the field
of triterpenoids Thus, exact MWs of (205)-
protopanaxadiol and protopanaxatriol could be deter-
mined by CI-MS using Me;CH and ammonia as 1onizing

gas [70]

Molecular rotation

Application of the method of molecular rotation dif-
ferences 1n structural and stereochemical problems was
introduced by Barton and Jones [71] Recently the
molecular rotation data of 105 unsaturated tetracyclicand
pentacyclic triterpenod alcohols and their simple derivat-
ves were correlated [ 72] All the known compounds were
divided 1nto 19 stereoskeletal types New generalizations
were made on the application of this method for the
eluctdation of triterpenoid structures  Moreover,
Horeau’s method [73] has been found to be useful to
determine the configuration of the trisubstituted epoxide
in aglaiol, a dammarane type triterpenoid [74]

Opuical rotatory dispersion and circular dichroism

Stereochemical mvestigations by ORD and CD of a
series of mono- and dicarbonyl derivatives of pentacyclic
triterpenes have already been reported in the earlier
review [6] The stereochemustries of 2-acetoxy-3-keto-f-
amynn and 3-acetoxy-2-keto-f-amyrin have been de-
termined on the basis of ORD measurements [75]

As a result of the development of improved methods 1n
measuring optical activity 1n the UV region, CD spectra
have become more useful for molecular structure determ-
nation Electronic assignments and use of the
Scott-Wrixon rules [ 76-78] proved useful m elucidating
the finer details of molecular structure. Thus, measure-
ment of CD spectra of several triterpenoid hydrocarbons
[79] led to correlations between the relative energies of
various CD bands, their signs, and the UV spectra 1n order
to evaluate the amount and type of stress and strain in an
ethylenic bond along with other structural information

X-ray crystallography

The determination of structure and absolute stereo-
chemustry of the most complicated triterpenoids 1s un-
doubtedly a formidable task and the existing spectromet-
ric and other methods are sometimes found nadequate
for this purpose In such cases X-ray crystallographic
studies are very helpful for the determination of the
structure and stereochemistry During the period under
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review, X-ray studies have been reported for benulin [80],
3p,16B-dimethoxyolean-12-en-28,215-ohde [81], passi-
floric acild methyl ester [82], menstotropate [83], lu-
penone [84], epifriedelinol [85], gilvanol [86], pa-
pyriogemin  [87], anuserol [88]. 17x-H 18x-H21p-
H,20.30-bisnorhopane [89], offictnalic acid {90}, 15-O-
acetylacerinol, stmplexyl acetate and O-methylcimacerol
[91], hederagenin [92], 3p.28-diacetoxy-18f,196-
epoxylupane [93]. aphanastatin, amoorastatin. 12-hydro-
xyamoorastatin [94] and sipholenol and sipholenone
[95]

The triterpenoids 1solated and characterized from the
plant kingdom during the period under review are listed 1n
Table 1, along with the available mps and specific
rotations, and Table 2 shows the triterpenoids 1solated
from other sources

BIOLOGICAL ACTIVITY

The wide occurrence 1n nature and structural diversity
of triterpenoids have evoked considerable interest in their
biological activity

Cytotoxic actiity

Several cytotoxic triterpenoids have been 1solated
during the period 1977-1981 from different plant species
A new and highly cytotoxic meliacin type triterpene,
1solated from Aphanamixis grandifolia, 1s of special inter-
est [134] A chloroform soluble fraction of the ethanol
extract of the leaves of Bursera klugu showed activity
against two test systems, the P-388 lymphocytic leucoma
(3 PS) and human epidermoid carcinoma of the naso-
pharynx (9 KB) and the PS activity was due to the two
constituents sapelins A and B [332]

The relation between chemical structure and cytotoxic
effects of 35 dammarane type triterpenoids and betuhin on
early embryogenesis of the sea urchin was studied. Some
of these compounds had a cytotoxic effect on developing
sea urchin embryos Depending on their structure and
concentration the glycosides caused anomalies 1n embryo
development, arrest of egg division and blastomerelysis
Panaxoside A aglycone and panaxadiol diglucoside had
the highest cytotoxic activity [333] The triterpenoids
pachymic acid, tumulosic acid and their 7,9(11)-dehydro
derivatives, obtamned from Poria cocos, possess cytotoxic
activity n vivo against hepatoma [334]. Two compounds,
1socucurbitacin D and 3-epi-isocucurbitacin D, 1solated
from Phormium tenax, showed tumor inhibitory pro-
perties agamst KB cell culture (eps, = 0024 and
024 pg/ml, respectively) Moreover, the latter compound
was found active against P-388 lymphocytic leucomma n
the mouse [335] A study on some toxic African
Euphorbiaceae containing cucurbitacins has been made
and 1t 1s reported that the isolated cucurbitacins at
0 1mg/mi killed Hela cells cultures within 3 days,
mhibited mitosis 1 Alhum sauium meristems and m-
hibited 1ts root growth [336]

Cytostatic actuaty

Iguesterin and their related compounds solated from
the root bark of Maytenus canariensis showed powerful
cytostatic activity against Hela cells in vitro though no
conclusive relationship was estabhished between the ac-
tivity and structure [337]
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Structure
Substance Basic
Plant mp, [a] skeleton™* Groups Ref
Mycophyta
(a) Fungi
Fomes officinalis Officinahc acid 19 — [90]
(Polyporaceae) 272°, —62° [96-99]
Neamatoloma fasciculare  Fasciculol A 13 2a,38,248,25-(OH),; A®
(Agaricaceae)
Fasciculol B, 13 2a,38,124,248,25-(OH),, A8 —
230-232°, +80.5°
Fasciculol C, 13 2a,38,21,248,25-(OH)s, A® ——
242-244°, +73.78°
Fasciculol D, 13 38,120,248,25-(OH),; 22-Q, A8 -
95-97°, +141°
Fasciculol E, 13 20,120,21,24,25-(OH)s, 2a-Q, A® —
105-106°, +306°
Fasciculol F, 13 38,12a,21,24,25-(OH)s; 2a-Q; A8 —
102-103°, +9.9°
Fasciculol G 13 2a,124,21,2425-(OH),, 38-Q, A® —
[Q = MeO,CCH,NHCOCH,CM¢e(OH)CH,COO]
Polyporus Polyporenic acid D, 13 3a-OH, A%2431 27.COOH [100]
officinalis 268-270°, + 40°
(Polyporaceae)
(b) Lichens
Cetrania mvalis Triterpene ketol, 5 3-Oxo; 22¢-OH [101]
(Parmeliaceae) 221-222°, +105°
Nephroma laevigatum Nephrin, 6 6a,78,22-(OH), [102]
(Pettigeraceac) 224-226°
Pseudocyphellara Amphistictinic acid, 6 152-OAc, 22-OH; 24-COOH [103]
amphisticta 150-152°
(Stictaceae)
P berberina Durwvilldiol 5 38,22a-(OH), [104]
283-284°
Durvillonol 5 3-Oxo, 22¢-OH —
216-218°
P degeln PD-1 5 224-OH; 3,4-seco, A**¥, 3.COOH [105]
235-237°
PD-2 5 22a-OH; 3,4-seco; A*??, 3.CHO —
PD-3 5§  3,220-(OH),, 3,d-seco, A*2» —
88-90°
P. mongeotiana Triterpene I 6 78,22-(OH), [106]
229°
Triterpene 11 6 15¢,22-(OH), —
249-250°
Triterpene 111 6 78-OAc; 22-OH —
247-248°
Triterpene IV 6 150-OAc; 22-OH —
201-202°
Bryophyta
Liverworts
Nardia scalaris Substance 1 8 3-Oxo; 21a-OMe; A'* [107]
{Lophoziaceae)
Pteriodophyta
(a) Lycopods
Lycopodium Wightianol A, 8 38,148,208,218,24-(OH), [108]
wightianum 347-350°
(Lycopodiaceace)
Wightianol B, 8  38,208,218,24-(OH),; A'* —

360°
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Table 1 (Contd)
Structure
Substance Basic
Plant mp, [a]p skeleton* Groups Ref
(b) Ferns
Adwantum candalum Iscadiantone, R 22-Oxo0, 21a-H. friedo-hopane [109]
(Adiantaceae) 326-327
A monochlamps Triterpene, R A®-Ozomde, D B-friedo-hopane [110]
154 157, +194°
Diplazium esculentum Esculentic acid, 2 2a.3%,23-(OH),, A2, 28-COOH [t11]
(Athyriaceae) 275-276°
Marsilea minuta Marsileagenin A, 1 24,38,168,213,222.28-(OH),, A'? [112]
(Marsileaceae) 332-3337, +48°
Oleandra nerifolia Triterpene, 6 29-OCH,Me [113]
{Oleandraceae) 179-180 , +27 16
Polypodium Compound L. 9 20-Oxo, A%!'D [114]
yuglandifolium 165168, —93°
(Polypodiaceae)
Compound D, 13 3B-OH, 9,19-cyclo, 24,24-(Me),
134-136", +344°
Compound A, 13 3p-OH, 9,19-cyclo, A%°, 24,24-(Me),.
142-144 | +357 28-nor
P subpetiolatum Triterpene 1, 9 3B-OAc. A®UD [115]
222 223, —53
Triterpene 11 9 3f-0-Palmitoyl, A°'"
Gymnospermae
Abies alba Abietospiran 13 3-OMe, 9,19-cyclo, 17,23-epoxy. [116]
(Pinaceae) 26 — 23 lactone
Pinus monticola Substance | 8  35-OMe, 21-0x0. A'*, 30-nor [117]
{Pinaceae)
Compound I, 13 38-OMe, (24S), 24,25-(OH),, A*'D [118]
193 194", + 77
Compound 11, 13 3B,24,25-(OH),, (245). A%V
214-215 , + 56"
Compound T1I, 13 3p-OMe, 24-ox0, AV
161-163-, +93
Compound 1V, 13 35-OMe, 24-OH. (245), A°11 23
180- 18057, +86
Compound V, 13 30,24&-(OH),, A% 25
181-184
Compound VI, 13 35-OMe, A*' 22(or 23),25-(OH), —
204205, +92°
Compound VII, 13 3p-OMe, 24-oxo0. A*'"), 26,27-bisnor
161-162°, +95-
Compound VIII, 13 38-OMe, (24S), 24,25-(2-methyl-1", —
153-155°, +85° 3-dioxamethylene), A*'Y
Compound IX, 13 33-OMe, A®'Y), 2425-(2-R-1",3"-
101 5-103", +485° dioxatrimethylene) (R =C,,H,0)
Compound X 13 38-OMe, A°'Y 2425-(2-R-1"3'-
91-92 +39 dioxatrimethylene) (R = C,,H,;)
Angiospermae
{a) Monocotyledoneae
Muscart comosum Compound A, 13 38,28.29-(OH);, 172,23 p-epoxy, 24-o0xo0, [119]
(Liliaceae) —-27 27-nor, A®
Compound B, 13 3,24-Dioxo, 28.29-(OH},. 17.23-epoxy, -
156 -158¢, —33° 27-nor, A®
Triterpene | 13 3B.29-(OH),, A®'® 1523-dioxo, [120]
27-nor, 24¢-OMe
Vellozia supnata Vellozone, 10 3-Oxo, 20(R)-OH, 24-methylene [121]
(Velloziaceae) 141°
(b} Dicotyledoneae
Acacia concinng Acacic acid, 1 30,162,21 f-(OH);, A'2, 28-COOH [122]
(Leguminosae) 265-270°
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Table 1. (Contd.)
Structure
Substance Basic
Plant mp, [«]p skeleton* Groups Ref
Acacigenin B, 1 3a,16a-(OH),, A'2, 28-COOH, 218-OR [123]
265-270°, + 55° =CHMe )
R =0CCMe=CH—
Acacidiol, 1 3B,218-(OH),, A8 28.nor [124]
202-204°, +825°
Agauna salcifolia Agauriasterone, 13 3-Oxo, A%?% 29-nor [125]
(Ericaceae) 119--120°, + 68.6°
Aglaia odorata Aglaiol, 10  3x-OH, 24,25-epoxy, A%° [74]
(Mehiaceae) 113°
Ailanthus excelsa Triterpene-I, 11 3S5,2458,25-(OH),, A7 [126]
(Simaroubaceae) 174-176°, —372°
A. malabarica Malabaricol, 17 3-Oxo, 208-OH, 14,17-epoxy, A%* [127]
68-69 5°, +361°
Alnus serrulatoides Triterpene 10 20S,24R-Epoxy, 24-Me, 3,4-seco, [128]
(Betulaceae) AY28) 3.COOH
Alnusenic acid 10 3,4-Seco, 20S,24R-epoxy, A*?¥; 3-COOH [129]
Alnusehde 10  3,4-Seco, 208,24R-epoxy, A?*® 3 11a-lactone —
Alnus sieboldiana Alnustic acid, 10 34-Seco, 128,20(S)-(OH),, 24-(=CH,), [130]
(Betulaceae) 195-196°, +278° A%2® 3.COOH
Antidesma menasu Antidesmanol, 4  3-Oxo; 16a-OH [131]
(Euphorbiaceae) 277-280°, —57°
Triterpene I, R 3-Oxo, 16a-OH; D C-friedo-olean; A% [132]
294-295°, +67°
Triterpene VI, R 38-OH; 16-0x0, D C-friedo-olean, A® —
275-278°
Aphanamixis Aphanastatin, 16 1a,38-(0Ac),, 20,7a,120-(OH),, 19,28, [133]
grandifolia 268-271°, —38.9° 144,158-diepoxy, 28-OCOCHMEEt, 11-oxo
(Mehaceae)
12-Hydroxyamoorasta- 16  1la,70,120-(OH);, 32-OAc, 11-o0x0, [134]
tone, 279-281°, —68.2° 148,158-, 19,29-diepoxy; 29-OH
Amoorastatine, 16 1o, 70,28-(OH),, 3a-OAc, 11,16-d1oxo, —
243-245°, —49.3° 19,29-epoxy
A. polystachya Polystachin 20 118-OCHO, 12¢-OCOCH,CHMe,, 15-0xo0, [135]
18,14B-epoxy; ABGO
Compound 1 16 3,4-Seco, 3 — 4-lactone, 7,8-seco, [136]
7-COOMe; A%B; 14,15¢,29-(0OAc)s,
120-OCOCH,CHMe,, 115-OCHO, 148-OH
Compound 2 16  3,4-Seco, 3 - 4-lactone, 7,8-seco, —
7-COOMe, A*3% 14,15¢,29-(0Ac),,
126-OCOCHOHCHMe,, 118-OCHO, 148-OH
Compound 7 16 3,4-Seco, 3 — 4-lactone; 7,8-seco,
239-242°, —32° 7 - 29-lactone, A**3%, 118-OCHO; —
126-OCOCHOHCHMEeEt, 148-OH, 15¢-OAc
Astragalus dasyanthus Dasyanthogenin 13 3$,60,23-(OH),; 9,19-cyclo, 23,16-epoxy; [137)
(Leguminosae) 24,25,26,27-tetranor
A steversianus Cyclosiversigenin 13 38,60,168,25-(OH),, 20S,24R-epoxy, [138]
9,19-cyclo
Astrantia major Astrantiagenin G 1 38-OH, A'!, 28 — 15-lactone [139]
(Umbelliferae)
Atalantia monophylla Atalantolide, 16  3,4-Seco; 78-OH; 6-oxo, 148,158-epoxy, [140]
(Rutaceae) 230-231° A'"*; 16,17-seco, 3-COOMe, 16— 17-lactone
Atalantin, 16  3,4-Seco; 78-OH; 6-oxo, 148,158-, 19,48-diepoxy,
184-185°, +844° A}, 16,17-seco; 16— 17-lactone, 3-COOMe
Azadirachta indica 178-Hydroxyazadira- 16  3,16-Dioxo, A4, Ta-OAc; 17-OH [141]
(Mehaceae) dione, 177°, + 106°
17-Epiazadiradione, 16  3,16-Dioxo, A'%; 7a-OAc, 17a-H —
205°, —97°
Nimbienen, 21  1-Oxo, 6a-OAc; A>!'3; 28-nor [142]
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6-Desacetylnimbinen, 21 1-Oxo, 62-OH, A*'?, 28-nor —
1417, +132°
Nimbandiol, 21  1-Oxo, 4a-OH, 60-OH, A? '3, 28-nor —
1787, +245°
6-0-Acetylnimbandiol, 21 1-Oxo0, 4a-OH, 6a-OAc, A% '3 28-nor —
231°, +1158°
la-Methoxy,1,2-dihydro- 16  1a-OMe, 3,16-dioxo, 7a-OCOMe, 14f.158-epoxy [143]
epoxy-azadiradione,
235-236, —14-
Diepoxyazadiradione, 16  3,16-Dioxo, 7a-OCOMe, 15,28-, 143,158 -
110-112°, - 35" diepoxy
7-Acetylneotrichilenone, 16 3.15-Droxo, A', 7a-OCOMe -
208, —21°
7-Deacetyl-, 7-benzoyl- 16  3,16-Dioxo, A' '*, 70-OCOC H, -
azadiradione, + 38 8°
7-Desacetyl-, 7-benzoyl- 16  3,16-Dioxo, A', 14f,158-epoxy, 7a-OCOCH; —
epoxyazadiradione,
+814
7-Desacetyl, 7-benzoyl- 16  3-Oxo, 7a-OCOC H;, 148,158-epoxy, -
gedulin, 278°, +105° 16,17-seco, 16— 17-lactone
Bacopa monniera Psuedojujubogenin, 10 3B,20&-(OH),, A?*, 16,30-, [144]
(Scrophulariaceae) 273-276" 16,23-diepoxy
Barringtonia Tangulic acid 1 22,38,188-(OH);, A'?, 23,28-(COOH), [145]
acutangula (diAc, 272-274°, —15°)
(Barringtoniaceae)
Actangulic acid 1 20,38,186-(OH),, A'?, 28-COOH —
290-291°, +15°
B speciosa Barringtogenic acid, 1 22,38,19a-(OH),, A'?, 24,28-(COOH), [146]
318°
Beyeria brevifoha Triterpene, 7 35,168,28-(0OH),, A2029 [147]
(Euphorbiaceae) 300-301°, +8
Betula costata Triterpene I+ 10 3¢,172,21-(OH),, A%* [148]
(Betulaceae)
Triterpene 11+ 10 3a,128172,25-(OH),, 208,248-epoxy
Triterpene I+ 10  38,25-(OH),, 68-OAc, 208,248-epoxy —
Trterpene IV+ 10 3B,68,25-(OH),, 208,24 -cpoxy —
B ermani Triterpene A 10 38,60,25-(OH),; 20(S),24(R)-epoxy [149, 150]
Triterpene B 10 34,25-(OH),, 20(S),24(R)-epoxy, 6a-OAc -
Triterpene C 10 38,11a,25-(OH)3, 20(S),24(R)-epoxy —
Triterpene D 10 38,25-(OH),, 112-OAc, 20(5),24(R)-epoxy —
B lantha Compound A 10 3o,112,25-(OH);, 20(S), 24(R)-epoxy [151]
Compound B 10 3¢,25-(OH),, 112-OAc, 20(S5),24(R)-epoxy -
Compound C 10 32-OAc, 11a,25-(OH),, 20(S5),24(R)-epoxy —
Compound D 10 3-Oxo, 11a,25-(OH),, 20(5),24(R)-epoxy —
B mandschurica Triterpene 10 3-Oxo, 208,248-(OH),. A*® [152]
B ovalifoha Compound 1 10 3a,160,25-(OH);, 21(5),24(R)-epoxy [153]
Compound 11 10 3-Oxo, 16a,25-(OH),, 21(S),24(R)-epoxy —
B papyrifera Papyriferic acid, 10 3x-OCOCH,COOH, 128-OCOMe, [154]
203-2047, — 18° 2(5),24(R)-epoxy, 25-OH
Boswelha serrata Acd G 11 3z-OH, A®?*, 21-COOH [155]
(Burseraceae)
Acd H, 11 3B8-OH. A®*?* 21-COOH -
198>
Acd E. 11 3a-OAc, A® 2%, 21-COOH -
220
Brugutera gymnorhiza Gymnorhizol, 1 30-OH, A!3U® [156]
(Rhizophoraceae) 208-210°, —48°
Bryonia alba Is0-23,24-
{Cucurbitaceae) dihydrocucurbitacin D 14 2,11,22-Tri0x0, 3%,16%,20,26-(OH),, A® [157]
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B. diocra Bryocoumaric acid, R 3a-O-Coumaroyl, A7-?"Y; 29-COOH, [158]
143-145° D.C-friedo-oleanane
Isomultifiorenol, R 3B-OH, A%, D C-fniedo-oleanane [159]
225°
Bupleurum rotundifolium Rotundiogenin C, 1 3B,160,212,28-(OH),, Al!-1308 [160]
(Umbelliferae) 287-289°, —30°
Rotundiogenin F, 1 38,16a,212,28-(OH),, A% 1112 —
299-302°
Camelha japonica Camellenodiol, 1 35,188-(OH),, 16-0x0, A'?, 28-nor [161]
(Theaceae) 215-216.5°, +30°
Camelledionol, 1 3,16-Dioxo, 188-OH, A'%; 28-nor —
232-233°, +49°
Canthium dicoccum Canthic acid 1 38,78-(OH),; A'2, 28-COOH [162]
(Rubiaceae) (Me ester, 226°, +558°)
Carapa procera Proceranolide, 22 1-Oxo, A%!'% 38.0H [163]
(Mehaceae) 192-196°
Proceranone, 16  7a-OAc, 3,4-seco, 3 —4-lactone; AV'* [164]
178-179°, +28°
Evodulone, 16  3,4-Seco, 3 — 4-lactone, 7a-OAc, 16-0xo0, [165]
199-200° 148, 15p-epoxy
Careya arborea Careyaborin, R 3B-O-Coumaroyl, A'%, D-friedo-oleanane [166]
(Lecythidaceae) 257-258°
Careyagenolide, 3 20,34-(OH),, 28 — 208-lactone [167]
299° (dec)
Catha cassinoides Trterpene I, 4 3-Oxo; 29-OH [168]
(Celastraceae) 268-269°, —15° —
Triterpene II, 4 3-Oxo, 30-OH —
270-272°, —25°
Trterpene 111, 4 3-Oxo, 29-COOH —
260-262°, 0°
Castanopsis indica Castanopsis, 1 3B,7a-(OH),, A%11-12 [169]
(Fagaceae) 224-228° + 28 9°
Cedrela mexicana Ta,118-
Diacetoxydihydronomilin, 16  3.4-Seco, 16,17-seco, 148, 158-epoxy, [170]
(Mehaceae) 262-264° la,72,118-(0OAc);, 3 »4-, 15— 16-dilactone
Centaurea solstitialis Substance A, 3 3a-OAc, 16a-OH, A2060 [171]
(Compositae) 224-226°
C squarrosa Triterpene 2 38-OH, A?°60 [172]
Chisocheton 6a-Acetoxyazadirone, 16  6a,7a-(OAc),, 3-oxo, A11* [173]
paniculatus 186-188°
(Meliaceae) 6a-Acetoxy-16- 16  6a,7a-(OAc),, 3,16-dioxo; A4 —
oxoazadirone, 130-132°
Compound III, 16  6a,7a-(OH),, 3,16-dioxo, Al:14 —
327-330°
Chukrasia Chukrasin A, 23 28,6¢-(OH),, 38,300-(OAc),; [174]
tabularis (Meliaceae) 190-194°, — 58 + 2° 11a,12a-(0-1s0butyroyl),; 15-(=COHCHMe,), —
16,17-seco; 16 - 17-lactone
Chukrasin B, 23 2B8-OH; 3p-OAc, 11a,122,30a-(-O- —
271-273°, — 58 + 2° 1sobutyroyl),; 15-(= COHCHMe,), 16,17-seco,
16 — 17-lactone
Chukrasin C, 23 2B-OH, 38,300-OAc, 11a,12a-(0-1s0butyroyl),, —
237-238°, —47 +2° 15-(=COHCHMe,), 16, 17-seco,
16 — 17-lactone
Chukrasin D, 23 28,38,300-(0AC);, 11a,12a-(0-1s0butyroyl),, —
234-236°, —40 + 2° 15-(= COHCHMe,); 16,17-seco; 16 — 17-lactone
Chukrasin E, 23 2B.3B-(0OAc),, 11a,120,30a-(0-1s0butyroyl),, —
212-216°, —36 + 2° 15-(= COHCHMe,), 16,17-seco; 16— 17-lactone
Compound A, 23 28-OH, 38,30a-(0-1s0butyroyl),, [175]

224-228°

16,17-seco, 16 — 17-lactone



1080

Table 1 (Contd)

M C Dasand S B MAHATO

Structure
Substance Basic
Plant mp, [«]p skeleton* Groups Ref
Compound B, 23 28-OH, 3B.30x-(0-1s0butyroyl),, 12-OAc, —
226-229 16,17-seco, 16 - 17-lactone
Compound C., 23 2B-OH, 3p-O-1sobutyroyl. 302-O-propionyl, -
195-200° 16,17-seco, 16 — 17-lactone
Compound D, 23 2-OH, 3p-0-1sobutyroyl, 30z-O-propionyl, -
214-216 12a-OAc, 16,17-seco, 16 — 17-lactone
Chrysanthellum Caulophyllogenin 1 3B,16a,23-(OH);, A'?, 28-COOH {176}
procumbens
(Compositae)
Cimicifuga simplex Cimicifugenin A, 13 128-OAc, 38,108-, 24,25-, 16,23-, [177]
(Rannuculaceae) 211-212¢ 26,23-tetraepoxy, 26¢-OH,
9,10-seco, 9,19-cyclo, A®
Citrus aurantium Isolimonic acid 16  3,4-Seco, 1&£-OH, 19,48-, [178]
(Rutaceae) 14,15-diepoxy, 16,17-dioxo, 3-COOH
C bourgeanus Cabraleon [ 10 3-Oxo, 24f — 20f-lactone, 25,26,27-trisnor [179]
3B-Cabraleadiol 10 38,25¢-(OH),, 248.20f-epoxy —
3-Cabraleahydroxylactone 10 3p-OH, 24 — 20-lactone, 25,26.27-trisnor —
Casasequic acid 10 3,4-Seco, 24(85),20(S)-epoxy, 25-OH, 3-COOH —
Donanic acid 10 3,4-Seco, 24(S),20(S)-lactone, 3-COOH, —
25,26,27-trisnor
C reticulata Methyldeacetyl 16 1,4-(OH),, 3.4-seco, 3-COOMe, 7-oxo, [180]
nomilinate 148,158-epoxy, 16,17-seco, 16 — 17-lactone
Calamin, 16 1,4,7-(OH),, 6-ox0, 2-Me, 14f,158-epoxy.
162-165" 16,17-seco, 16 — 17-lactone
Cyclocalamin 16 6,7-D1oxo, 3,4-seco, 3-COOMe, 1,4-, —
148,158-diepoxy, 16,17-seco, 16 — 17-lactone
Retrocalamin, i6 1,7-(OH),, 3,4-seco, 3-COOMe, 15,46, —
197-199° 148,158-diepoxy, 16,17-seco, 16 — 1 7-lactone, 6-oxo
Clausena heptaphylla Clausenohde, 16  A-Seco, 3-nor, la,115-OH),, 18.45-. [181]
(Rutaceae) 150° 148,15p8-diepoxy, 16,17-seco, 16 — 17-lactone, 7-ox0
Clethra barbmnervis Clethric acid, 2 3%,194,23,24-(OH),, A'%, 28-COOH [182]}
(Clethraceae) 284287, + 50°
Codonopsis lanceolata Albegenic acid 1 38,16a-(OH),, A'*1® 28-COOH [183]
(Campanulaceae)
Coleus ambionicus Triterpene 2 2a,3,192,23-(OH),, A'?, 28-COOH [184]
(Labiatae)
Colubrina granulosa Granulosic acid, 7 A(1)-Nor, 3a-OH, 2a-COOH, A203%), [185]
(Rhamnaceae) 221-222°, +60° 28-COOH, 25-nor
Colubrinic acid, 7 A(1)-Nor, 3x-OAc, 28-CHO, A2012%, —
173-180°, —39° 28-COOH, 25-nor
Cornulaca monacantha Azizic acid, 1 38,6a-(OH),, A2 27,28-(COOH), [186]
(Chenopodiaceae) 259-263°, +98°
Manevalic acid, 1 3B,6a-(OH),, A2, 27-COOH -
269-272°, + 58°
Cneorum tricocon Tricoccin S7, 16  3,16-Dioxo, A *4, 6,7-seco, 7-COOMe, [187]
(Cneoraceae) 2029, —405° 1,88-epoxy
Tricocen S8, 24 3,16.21-Trioxo, Al 142022 23: OH —
250°
Tricoccin S19, 24 3,16,23-Trioxo, A! 142022 21 OH —
259°, +1°
Tricoccin S22, 16 3,4-Seco, 160, 7a-(OH),, A!, 14B.158-epoxy, [188]
197°, +517° 3 —4-lactone
Trnicocemn S32 16  3,4-Seco, 12, 7a,160-(OH);, 148,156-epoxy, —
3 —4-lactone
Crateva nurvala Triterpene alcohol, 7 38-OH, A1 2029 [189]
(Capparidaceae) 205-206°, +31°
Cyamopsis tetragonolaba 3-Epikatonic acid, 1 38-OH, A'?, 29-COOH [190]

(Leguminosae)

283-284°, +61°
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Cymbopogon citratus Cymbopogone, R 3-Oxo, 188,19¢; D A-friedo-lupane [191]
(Gramineae) 262-265°
Cymbopogonol, R 38,10a-(OH),, 188, 19a-H, A*23), —
265-268° D A-friedo-lupane
Daphne papyracea Taraxeric acid, R D-Friedo-olean; A*4; 24-COOH [192]
(Thymelaeaceae) 230-232°
Ecballium elaterium Elatericin A 14 2,16a,20(5),25-(OH),, 3,11,22-trioxo, [193]
(Cucurbitaceae) Al3:23
Elatericin B 14 28,160,20(5),25-(0H),, 3,11,22-trioxo; A+23 —
Ekebergia capensis Ekebergn, 16  3a-OH, 158-OAc; 7,8-seco, 7-COOMe, A%G9), [194]
(Meliaceae) 248-250°, —37° 20-OCOCH,CHMe,; 16,17-seco, 16 — 17-lactone,
la,14B-epoxy
Elaegia utihs Dammaranediol II, 10 3B,20-(OH),, A%*, (20S) [195]
(Rubiaceae) 198-199°, 0°
Dammaranetriol 10 38,20,26(0OH),, A%* (20S) —
Elaeodendron Elaeodendrol, 4 3-Oxo, 178-OH, 28-nor [196]
glaucum (Celastraceae) 229-230°, —26.2°
Elaeodendradiol, 4 3-Oxo, 176,25-(OH),, 28-nor —
220-222°, —24 8°
Emmenospermum Triterpene, 7 182,24-(OH),, A(1)-nor, A2:2029, [197]
pancherianum 97-98°, +1405° 28-COOMe, 27 — 18a-lactone
(Rhamnaceae)
Entandrophragma Entandrohde, 12 A-Seco, A7-?*, 3 - S-lactone, [198]
angolense (Mehaceae) 125-128°, —94° 4,28,29-trisnor
Isosapehn, 11 3e,21,23-(OH),;, A7, 24,25-epoxy —
195-198°, —34°
Enterolobium cyclocarpum  Veracruzol 1 3¢-OH, A%, 23 or 24-nor [199]
(Leguminosae)
Epilobium hirsutum 23-Hydroxytormentic acid 1 2a,38,194,23-(0OH),; A'% 17-COOH [200]
{Onagraceae)
Epithelantha micromeris Epithelenthic acid 1 38-OH, 12-oxo0, A%V, 28-COOH [201]
(Cactaceae) Methylepithelanthate, 1 32-OH, 12-0x0, A*!1, 28-COOMe —
235-235.5°
Eupatorium odoratum Epoxylupeol, 7 38-OH; 20,30-epoxy f202]
(Compositae) 191-193°, +6°
E riparium Taraxasteryl 3 38-0-Palmitoy], A2°3® [203]
palmutate,
102-103°, +70°
Euphorbia nerifoha Alnus-5(10)-en-1-one R D B-Friedo-olean, 1-oxo, A9 [204]
(Euphorbiaceae)
E pulcherrima Germanicyl
tetracoasanoate 1 3B-OCO(CH,),,Me, A'® [205]
Germanicyl behenate 1 38-OCO(CH ), Me; A® —
E tirucalli Euphorbinol, 12 3B-OH, 24-Me, AB25 f206]
111-112°, +545°
Cycloeuphornol 13 3B8-OH, A%°22:25 24 Me, 9,19-cyclo [207]
Gardenia gummifera 19a-Hydroxyerythrodiol, 1 38,190,28-(OH),, Al? [208]
(Rubiaceae) 245-247°, +559°
Glochidion macrophyllum Compound I, 7 1,3-Dioxo; A2029 [209]
(Euphorbiaceae) 198°
Compound 11, 7 18-OH, 3a-OAc, A202% —
230-231°, +136°
Compound III, 7  3¢-OH, 18-OAc; A2029 —
186-188°, —76°
Gochnatia hypoleuca 7421-Ghree U  Duen, dihydroxy, dilactone [210]}
(Composttae)
Guarea cedrata Triterpene [ 11 3,4-Seco, A*?81 724 321 (COOH), [211]



1082 M C Dasand S B MaHATO

Table 1 (Contd)

Structure
Substance Basic
Plant mp, [«]p skeleton* Groups Ref
Triterpene I1. 11 3,4-Seco, A*2® " 24 21.COOH, 3-COOMe
1907, + 11
Gymnocladus diocia 2j,23-Dihydroxyacacic 1 28,38,168,23-(OH),, A'?, 18 — 21-lactone [212]
(Leguminosae) acid lactone,
189-1927,+ 162"
Gymnosporia emarginata 3-Oxo-tup-20(29)-en-30-al, 7 3-Oxo, A?%?9 30-CHO [213]
(Celastraceae) 193-194-, +308°
38-Hydroxy-lup-20(29)- 7 38-OH, A?°2%, 30-CHO -
en-30-al,
240-243 |, +144°
30-Hydroxy-lup-20(29)- 7 3-Oxo, 30-OH, A20(29 -
en-3-one,
186-187°, +272°
G wallichiana Wallichenol 7 35,30-(OH),, A0 [214]
(aldehyde, 240°)
Gymnosporic acid, 7 38-OH, (20R), 29-COOH [215]
290, —44
Walhchianic acid, 7 38-OH, (20S), 29-COOH -
280°, +28°
Wallichianol, 7 38,29-(OH),, (20S) -
266°
Gynostemma pentaphyllum  Genin Il, 10 2838.,128-(OH),, 20,25-epoxy [216]
(Cucurbitaceae) 285-288"
Helanthus annuus Heliantriol B, 3 38,168.28-(0OH),, A?° [217]
(Compositae)
Hehantriol B, 3 38,168,28-(OH),, A3 -
Heliantriol A, 1 38,168,28-(OH),, A'3U® -
Holarrhena antidysenterica  Triterpene, 7 38-OH, A5 20029 [218]
(Apocyanaceae) 1707, +655°
Hoya austrahs Triterpene 13 38-0-Cinnamoyl, 9,19-cycio, 24-methylene [219]
(Asclepiadaceae)
Triterpenol 1 A-Seco, A-nor, A'2, oleanol} [220]
Ilex aquifolium Compound A, 2 38-OH, 27-0-p-c1s-coumaroyl, [2217
{Aquifoliaceae) 161° 28-COOH, A!?
Compound B, 2 3p-OH, 27-0-p-trans-coumaroyl, -
203° 28-COOH, A'?
Jacaranda caucana Jacarandic acid, 2 20,30,190-(OH);, A'2, 28-COOH [222]
(Bignoniaceae) 261°
Jatropha acomtyfolia Epilupeol acetate 7 3x-OAc, A2029) [223]
(Euphorbiaceae)
Kokoona zeylanica Zeylanol, 4 3-Oxo, 68-OH [224]
(Celastraceae) 274-276°, +17°
Zeylanonol, 4 3,21-Dioxo, 68-OH —
272-274°, +1125°
Zeylandiol, 4 3-Oxo, 68.218-(OH), -
276-278°, +415°
Kokzeylanol 4 3-Oxo, 6f,27-(OH), [225]
Kokzeylanonol 4 64,27-(OH),, 3, 21-dioxo —-
Zeylasterone, 4 2,3-(OH),, 6-0x0, A!3510:7 33 por, [226]
240-242", —734° 24-COOH, 29-COOMe
Kokoononol, 4 3-Oxo, 27-OH [227]
298-300°, +18°
Lagenaria leucantha Anhydrolitsomentol, 14  38-OH, A5 ?* [228]
(Cucurbitaceae) 103-105°
Liguidambar formosana Liquidambronoric acid 2 3-Oxo, A2°C9 28-COOH [229]
(Altingiaceae) Ambronic acid, 1 —_ [230]
192-194°, +494°
Anbrolic acid, 1 — -

282-284", +5287°
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Lychnophora passerina Substance 1§ 7 38-OH; A?°?9); 30.CHO [231]
(Compositae)
Lysimachia mauritiana Camelliagenin A 1 38,160,220,28-(OH),, A'? [232]
(Primulaceae)
Camelliagenin C 1 38,160,222,23,28-(OH),, A'2 =
Mablinkara hexandra Hexandrin, 7 18,28-(OH),, 3-ox0; A2°29 [233]
(Sapotaceae) 177-178°, +8.18°
Marah macrocarpus Maragenin I, 1 38-OH, 16-0x0, A'Z, 28-nor [234]
(Cucurbitaceae) 218-220°
Maragenin 11 1 3B-OH, 16-0x0, A'*!7, 28-nor —
(Ac. 215-217°)
Maragemn II 1 3B-OH, 16-0x0, A'?, 28-nor —
(Ac 216-218°)
Marsdema formosana Marsformol I 2 38-OAc; 118-OH [235]
(Asclepiadaceae) Marsformol II, 7 38-0-Cinnamoyl —
Marsformol II1 2 3p-Formyl; A'? —
Marsformoxide A, R D Fnedo-urs, 11a,12a-epoxy; [236]
212-214°, —25° A% 38-OAc
Marsformoxide B, R D Friedo-olean, 11a,12x-epoxy, —
305-308°, —31° A'%, 38-OAc
Marsformosanone, 2 3-Oxo; A% D12 [237]
146-147°, +351.5°
M unctoria Lupenyl palmitate 7  3B-O-Palmitoyl [238]
(Asclepiadaceae)
Maytenus rigida Rigidenol 7 3-Oxo, 6a-OH, A202% [239]
(Celastraceae)
Melha azedarachta
(Mehaceae) Sendalactone, 13 3,6-Dioxo, A7-%%; 21 — 16B-lactone [240]
208.5°-209°, —30°
Ochinal, 16  1a-OCOC¢H;, 38-OAc, 12-CHO; 12,13-seco, [241]
265-270°, +107° A'3, 6a,23-, Ta,15p8-diepoxy
Ochinin acetate, 16  1a-O-Cinamoyl, 38-OAc, 12-COOMe, —
223-226°, +227° 12,13-seco, A'3; 60,23-, Ta,158-diepoxy
Sendanin A 16  1a-OH, 34,120-(OAc),, 11-0x0, 148,158-, [242]
(benzoate, 238-239°, + 72°) 29,19-diepoxy, 29-OAc
Sendanal, 16  la60,72-(OH),; 3a-OAc, A'%, 28-CHO [243]
276-277°, —14°
Triterpene B, 11 A7, 21-OH, 21,23, 24,25-diepoxy [244]
173-175°, —265°
Nimbolidine A, 16  103a-(OAc),; 7a-OCOCgHj; 12,13-seco, [245]
178°, —32° 12-COOMe, A'3, 28,6a-epoxy; 158-OAc
Nimbolidin B, 16  10,30,158-(0OAc);, 7a-O-tigloyl, —
180°, —92° 12,13-seco, 12-COOMe, A'3, 28,6a-epoxy
Nimbolinin B, 16 1a,30-(OAc),, 7a-0-tigloyl, 12,13-seco, —
—-555%° 126-OH, A*'3, 28,6a-, 128,15p8-diepoxy
1-Deacetylnimbolinin, 16 12-OH, 3a-OAc, 7a2-0O-tigloyl, 12,13-seco, —
—428° 12a-OH, A'3, 28,6a-, 128,15p-diepoxy
M azadirachta 3-Acetyl salanmn, 21  32-OH, 10-OCOCMe = CHMe, 28,6a-epoxy; A!3 [246]
214-215°, +134°
Salannol, 21 3¢-OH, 1a-OCOCH ,CHMe,; 28,68-epoxy, A*? —
208°, +108 7°
1,3-Dracetyl vilasinin, 16 la,3a-(OAc),, 7a-OH, A4, 28,6-epoxy —
157-158°
M composita Compound A, 12 1a,72-(OAc),, 30-OCOCH;, 23¢,25-(OH),, [247]
246-247° A'%; 21,24-epoxy, 30-nor, 8-Me, (20R)
Mimusops httorals Protobassic acid 1 2B,38,68,23-(OH),, A'?, 28-COOH [248]
(Sapotaceae)
Mollugo hirta Mollugogenol F 6 38,168,22-(OH),, 21a-H [249]

(Molluginaceae) 211-212°, +4126°
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(Celastraceae)

282-2847, —105°

Table 1 (Contd )
Structure
Substance Basic
Plant mp. [«] skeleton* Groups Ref
M spergula Spergulatriol, 6 34,12B8,163-(OH),, A?', 29,30-bisnor [250]
224 226 , +609
Spergulagenin 6 38,126,168-(OH),, 22-0x0, 212-Me, 30-nor [251]
(tetraketone, 242-246 )
Momordica foetida Triterpene A, 4 14-OH, 3-ox0, A® [252]
(Cucurbitaceae) 178 -180
My rianthus arboreus Methyl-2-acety! 1 20-OAc. 3f 192-(OH),, A'?, 28-COOMe [253]
(Urticaceace) tormentadte,
134 135
Methyl-3-acetyl 1 20,192-(OH),. 35-OAc, A'2, 28-COOMe —
tormentate,
123 125
Napoleonaea imperialrs Sapogenol 1 1 38,161,22(,24,28-(OH}),, A'? [254]
{Napoleonaeaceae) (Ac 203-205, +63)
Napoleogenol, 1 34,160,22,24,28-(OH)s, A'2, —
127 130°, +30 21p-(6-deoxy-3.4-diangeloylate-f-glucopyranosylj-oxy
Nepeta hindostanna Nepeticin, 7 38,11a-(OH), A% {255]
(Labiatae) 215, +225
Nerviha purpurea Cyclonervilol, 13 38-OH, 9,19-cyclo A*? 24-Et 29-nor [256]
(Orchidaceae) 166 169, +379
Cyclohomonervilol, 13 3B-OH. 9,19-cyclo, 24-CMe = CH,. 29-nor —
166-167 , +405
Puchysandra termnalts Pachysandienol B. 4 38-OH, A'® 2! 28-nor, 16-Me [257]
(Buxaceae) 211-213 , +1531
Pachysandienol A, 4 38-OH, A'® 1722 28 nor 16-Me —
238 241, +895
Periandra dulcis Peniandric acid 11, 1 34-OH, A'2, 25-CHO, 30-COOH [258]
(Leguminosae) 247 -249-
Periandric acid 1V, 1 38-OH, A'?, 25-CH,OH 30-COOH -
286287
Aglycone 1 1 38-OH, A%, 25-CHO. 29- or 30-COOH [259]
Aglycone 111 1 38-OH, A'?, 2530-(CH,0H), —
Pertya robusta Triterpene methyl ether 13 38-OMe, A°11'25 24.Me [260]
{Compositae)
Prerts japonica Compound A, 2 162-OH, 38-OAc, 28 — 29-lactone [261]
(Ericaceae) 262-263
Pistacia palestina Substance 1. 12 38-OH, A" **, 20x-H [262
(Anacardiaceae) +3
Phytolacca americana Pokeberrygenin, 1 2B.38-(OH),. A'2, 28-COOH. 30-COOMe [263]
(Phytolaccaceae) 208-209 , +792
P rugosa Serjanic acid 1 38-OH. A'?, 28-COOH, 30-COOMe [264]
Pleurostyha opposita Compound I, 7 3-Oxo, A® 20029 [265]
(Celastraceae) 214-2167, + 644"
Compound 11, 7 3-Oxo, 64.20-(OH), -
249-252", ~375
Compound 111, 7 3-Oxo0, 68.27-(OH),. A202% -
196-198", +40°
Compound IV, 7 38.6B-(OH), A2 -
218-219, —-213°
Polemonium Polemoniogenin 2 34,222 28-(OH), A'* 1'% 24-CHO [266]
coeruleum 185
(Polemoniaceae)
P reptans Polemoniogenin B 1 38.160,188,28-(OH),, A'?, 23-CHO. [267]
(Polemoniaceae) 21p.222-OR (R = angeloyl tigloyl or valeroyl)
Primula denticulata Pridentigenin B 1 3B,16a-(OH),. A'? 28.30-epoxy. [268]
(Primulaceae) 30-OMe
Pridentigenin E, 1 38.162,28 30-(OH),. A'? [269]
268-270°
Prionostemma aspera Prionostemmadione. 4 3.11-Dioxo [270]



(Simaroubaceae)

PHYTO 22/5-B

165-166°, +342°

Triterpenoids 1085
Table 1 (Contd)
Structure
Substance Basic
Plant mp, [a]p skeleton* Groups Ref
Triterpene I, 4  2-Oxo, 3,218-(OH),, A119:3:5.7, [271]
238-241° 24-nor, 29-COOMe
Pristimerinene 4  2-Oxo, 3-OH, A!1@357%0D —
24,25-bisnor 29-COOMe, 11-Me
Pseudocedrela Pseudrelone B, 23 2B,30a-(OAc),, 38-O-1sobutyroyl, [272]
kotschyu 255-257°, —70° 16,17-seco, 16-COOMe, 170x0,
(Melhaceae) 18,11a-epoxy
Pygeum acununatum Acuminatic acid, 2 2a,3a,19a-(OH);, A'2, 28-COOH [273]
(Rosaceace) 264°
Quercus gilva Gilvanol, 6 38-OH, A2V ozonide [86]
(Fagaceae) 212-215°
Q suber Trterpene 1, 4 2-Oxo, 30-OH {274]
254°, ~74°
Trterpene 11, 4 26-0OAc, 3-oxo —
222°, —544°
Rhus javanica Rhuslactone, 10  30-OH, 19,38-epoxy, 178-H, [275]
(Anacardiaceac) 199-200°, + 54 1° A?0:23 26, 22-lactone
Rubia cordifoha Ribocoumaric acid, 2 3B-0-p-Coumaroyl, A'2, 30-OH, [276]
(Rubiaceae) 215°, +245° 28-COOH
Rubifolic acid, 2 38,30-(OH),, A'2, 28-COOH —
286-287°
Rubus fructiosus Rubitic acid, 2 38,172-(OH),; A'?; 28-COUH [277]
(Rosaceae) 252-254°, +65°
Roylea elegans Moronic acid, 1 3-Oxo, A'% 28-COOH [35]
(Labiatae) 222°, +29°
Salacia macrosperma Salaspermic acid, 4 3a-OH, 24,38-epoxy, 29-COOH [278]
(Elastraceae) 335°
Salaciaquinone 4 1,21-Dioxo; 3-OH, A!19 35,7901 {2791
methides, 203-205° 12,13-Seco, 11,13-cyclo, 29-COOMe, 24-nor
S prinodes Triterpene Q 4 1,3-Dioxo, 26-CHO [280]
Triterpene T 4 1,3-Dioxo, 26-OH —
Triterpene U q 1,3-Dioxo, 26-COOH —
Salvia coccinea Dehydrouvaol, 2 38,28-(OH),, A!2 2060 [281]
(Labiatae) 210-212°
S leucantha 3-Epterythrodiol, 1 32,28-(OH),, A'? {282]
208-210°
S mexicana Salviohde 1 38-OH; 28 — 12p-lactone [283]
S phlomoides Trnterpenoid I, 7 38,112,20-(OH), [284]
245-247°, —3.4°
Triterpenoid 11, 7 38-OAc, 110,20-(OH), —
175-176°, +92°
Triterpenoid III, 7 3-Oxo, 112,20-(OH), —
225-227°, +461°
Sapindus mukorosst Triterpene 1 38,178-(OH),, A'2, 28-nor [285]
(Sapindaceac)
Sapiwum baccatum Baccatin, R D Friedo-olean, 22,38-(OH),, A'3, [286]
{Euphorbiaceae) 228-229°, —909° 14,17-peroxide, 28-nor
Satureja calamintha Calaminthadiol,| 2 3,4-Seco, 3,28-(OH),, A12:423 [287]
(Labiatae) 197-199°, + 87°
Isocalaminthadiol, 2 3,4-Seco, 18,28-(OHj,, A1>42%» [288]
195-197°, +56 7°
Schima argentea Sapogenin I 1 38,15a,160,28-(OH),, 224-OCOCMe =CHMe [289]
(Theaceae)
Schinus molle Epi-isomasticadienolactic 11 3a-OH, A®?4, 21.CHO, 26-COOH {290]
(Ancardiaceae) acid (methyl ester,
151-152°, +91°)
Scoparia dulcis Dulcioic acid, 2 38-OH, A2, 30-COOH [291]
(Scrophulanaceae) 275-277°
Simarouba amara 20,21-Anhydromelianone, 11 18,24,25-(0OAc),; A7%°, 21 - 23-epoxy [292]
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Table 1 (Contd)
Structure
Substance Basic
Plant mp, [«]p skeleton* Groups Ref
Shimmua wallichn Skimmiwallichin 13 34-OMe, 9 19-cyclo, AT, [293]
(Rutaceae) 152-154 , +673 23-CH(Me), 24-Mc
Solidago 1ngaurea Vivgaureagenin F 1 24.36.23-(OH), A'? 28-COOH [294]
(Compositae) Vivgaureagenin G 1 28,36,162,23-(OH), A'* 28-COOH —
Soynuda febrifuga Compound A 16  321-Dioxo. 7.8-seco 7-COOMe. [295]
(Meliaceae) 186  +48 16,17-seco, A 129 16 [ 7-lactone
21 23-dihydro, 23:-OMe
Compound B, 16  34-Seco, 3—4-, 16 — 17-dilactone -
248 252 7.8-seco, 7-COOMe 16 17-seco 1x 148-epoxy
21,23-dihydro 21-oxo0.23¢-OMe
Febrinin A. 23 23-OAc 3-0-t1gloyl, 30x-O-propionyl [296]
248-250 16.17-seco 16 - 17-lactone, A'*
Febrifugin, 22 1-Ovo, 3f-O-angeloyl, A% [297]
195 197
Strychnos dolichothyrsa Filiacan-3-one, R D A-Friedo-fernan, 3-oxo [298]
(Loganiaceae) 248-249° 254
S potatorum Isomotiol. 9 35-OH A" [299]
(Loganiaceae) 197 199, +17
Styrax officinalis 21-Benzoyl 1 36,162.224.28-(OH),. 14-nor. [300]
(Styraceae) barringtogenol C, 14%2-OMe, 215-OCOC H
254 257, +294
Swietenig mahagoni 31-Norcycloswietenol, 13 31-Nor. 34-OH 9.19-cyclo. [301]
{Mehaceae) 131 133, +895 A0 22-Me
Taraxacum japonicum Neolupeol 7 3-OH A'? (19R} [302]
(Compositae) 208 209, + 1155
Tarolupeol, 7 38-OH, A (19R)
1635 1645 +645
Neolupenyl acetate, 7 3p-OAc A (19R)
1955 197 +714
Tarolupenyl acetate, 7 34-OAc, A, (19R) -
221 223 .+ 706
Teclea grandifolia Tecleanin 16  6-Oxo 3,4-seco 3 - 19-lactone, [303]
(Rutaceae) — 143 1,4-epoxy A'*
7-Deacetyl proceranone, 16 72-OH A''* 34-seco 3 »4-lactone -
168- 170" + 31
7-Deacetyl azadiranone 16  3-Oxo, 72-OH. A' '+ -
Tetrapanax Papyriogenin G, 1 3x21a-(OH), At [87]
papyriferum 188 189 28 -» 22f3-lactone
(Arahaceae)
Papyriogenin D, 1 3-Oxo A 1319 214.0H 28-COOH [304]
285 287" — 183
Papyriogenin E. 1 30.21a-(OH}J,, AV THI® 28 COOH
286 -288 , — 207
Papyriogenin F, 1 32-OH, 21-ox0. A'?, 28-COOH -
275-277, +73
Thysanospermum Thysanolactone. 6 2.3-Seco, 2 -- 3-lactone 1f3,3f5-epoxy. [305]
diffusum 280 282, — 15 AR
(Rubiaceae)
Toona cihata Toonacihn 16  3-Oxo, 7.8-seco, Ha 122-(OAc),, A, [306]
(Meliaceae) 144 15f-epoxy, 7-COOMe
6-Acetoxy toonacilin 16  3-Oxo. 7 8-seco 60,1 1a 122-(0Ac),.
A, 14p.158-cpory 7-COOMe
23(R)-Hydroxy 16 3-Oxo, 112,122-(OAc);, Al B3V [307. 30¢
toonalide 21 23-dthydio, 23(R)}-OH. 21-oxo0,
1481 5p-epoxy 8 7-seco, 7-COOMe
23(S)-Hydroxy 16 3-Oxo 11a122-(OAC), AL FOD

toonalide,
188 189 , + 37

21,23-dihydio, 8 7-seco, 23(S)-OH,
21-ox0, 14f.15f-epoxy, 7-COOMe



(Rhamnaceae)

208-210°, —33°

A9 28.COOH

Trterpenoids 1087
Table 1. (Contd.)
Structure
Substance Basic
Plant mp, [«]p skeleton* Groups Ref
21-(R,S)-Hydroxy 16  3-Oxo, 11a,12a-(OAc),, A!-830),
toonahde 21,23-dihydro, 21(R,S)-OH, 23-oxo, —
148,158-epoxy, 8,7-seco; 7-COOMe
T. survent Surenone, 16  3,4-Seco, 6a-OH, 7-oxo0, 148,15f-epoxy, [309]
195°, —111° 3 4-lactone, A'
Surenin, 16  3,4-Seco, 6a,7a-(OAc),, 148,158-epoxy,
240°, +74.5° 3 —4-lactone, A!
Trema orientahis Trematol, R D C-Friedo-hopan, 3-OH, A°*" [310]
(Ulmaceae) 215-216°, —27.8°
Trichiha dregeana Dregeana I 20  15-Oxo; 18,148-epoxy, 118-OCHO, [311]
(Mehaceae) 12a-OCOCHOHCH-MeC,H , A%3®
Dregeana II, 16  10,118,12a-(OAc);, 3,4-seco, 3 —4-lactone; —
150° 7,8-seco; 15-0x0, 7-COOMe, A3, 168-OH
Dregeana III, 16  1o,70-(OAc),, 3,4-seco, 3 - 4-lactone, —
100° 128-OCOCHOAcCHMeC,H,, A4
Dregeana IV 16  1x-OAc, 7a-OCOCHOHCHMe,, 128- —
OCOCHOACcCHMeC,H; 3,4-seco;
3 —4-lactone, A'4, 29-OH
T. hispida Hispidone, 11 3-Oxo, 234,248-(OH),, A", 21,24-epoxy [312]
+35°
Hispidol A, 11 30,232,24,25-(OH),, A7 [313]
118°, —80°
Hispidol B, 11 3B,230,24,25-(OH),, A7 —
253-254°, —57°
Hispidin A 25 1£-0Ac, 118-OCHO, 120-OCOCHOHCHMEeEt, [314]
148-OH, 15a-O-angeloyl, A33%
Hispidin B 20 118-OCHO, 148-OH, 126-OCOCHOHMEeEt, —
15a-0-angeloyl; A!-8630
Hispidin C, 20 118-OCHO, 12¢-OCOCHOHMeEt; 14-OH, —
245-246°, —32° 152-OAc, Al830
T prieuriana D-4 16  3,4-Seco, 7,8-seco, A183%); 148,158-epoxy, [315]
118-OCHO, 120-OCOCHOHCHMEE, 3 —4-,
7 — 24-dilactone
D-5 16  3,4-Seco, 7,8-seco, A%, 148,158-epoxy, —
118-OCHO, 12a-OCOCHOHCHMEeE; 14,24-(OH),,
3 > 4-lactone, 7-COOMe
Compound C 16  3,4-Seco, 7,8-seco, A%39, 148,158-epoxy, —
118-OCHO; 126-OCOCHOHCHMEEt, 18-OAc,
35 4-, 7 24-dilactone
T roka Trichilin A, 16  1a,70,128-(OH);, 2a,3a-(OAc),, 11-0x0; [57]
191-192° 148,158-, 29,19-diepoxy; 29-OCOCHMeC,H;
Trichilin B 16 Lo, 70,120-(OH)3, 201,3a-(OAc),, 11-0xo0, —
148,158-, 29,19-diepoxy, 29-OCOCHMeC,H;
Trichiin C 16  1la,3a-(OAc),, 28,7a,11a-(OH);; 12-0xo0, —
148,158-29,19-diepoxy, 29-OCOCHMEeEt
Trchiin D 16 la,3a-(OACc),, 20,7a-(OH),, 12-0xo0; —
148,158-, 29,19-diepoxy, 29-OCOCHMeEt
Uncaria gamblea Ta-Acetoxy- 16  1o,72-(OAc),, 3,4-seco, 16,17-seco, [316]
(Rubiaceae) dihydronomthin 148,158-epoxy, 3 —+4-, 16 - 17-dilactone
U thwauesn Uncaric acid, 2 3B.6B,188-(OH),, A2, 30-COOH [317]
270°, + 65°
Diketouncaric acid, 2 3,6-Dioxo, 188-OH; A!?, 30-COOH —
265°, +82°
Duacetyluncaric 2 3B,68-(0Ac),, 188-OH, A% 30-COOH —
acid, 220°, +73°
Vernoma fasciculata Fasciculatol 11 3B-OH; A%'2, 27,18-bisnor, [318]
(Compositae) 20,24-epoxy; 24-Me
Zizyphus fructus Trterpene I, 7 20-OH, 3p-(0-cis-p-coumaroyl), [319]
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Structure
Substance Basic
Plant mp. [«]p skeleton* Groups Ref
Triterpene I1, 7 20-OH, 3B-(0-tr ans-p-coumaroyl),
279-282", +40 A2029 28 COOH
Triterpene 111, 7 3B-OH., 2x-(0-trans-p-coumaroyly
279-280 , — 17 A0 28 COOH
Zygophyllum fabago Dihydiomachaerinic 1 3B-OH, 28 — 21 p-lactone {320}
(Zygophyllaceae) acid lactone
*‘R’ denotes rearranged structure and "U’ denotes unknown structure
+Also 1solated from B platyphylla and B ermani (Betulaceae) [148]
tComplete structure not known [220]
§Also present in L uniflora and L sahcifolia (Composttae) {231}
| Also isolated from § graeca {Labiatae) [287]
Table 2 Triterpenoids from miscellaneous sources
Structure
Substance, Basic
Sources mp, [«]p skeleton Groups Ret
Bohadschia vitiensis Sapogenin I, 13 3B12B-(OH),, A%, 20(S), [321]
209-210, - 5 18 — 20(S)-lactone
Fusidium coccineum 7.8-
Dehydropseudofusidic 15 32,1 12-(OH),, A7 720 24, [322]
aad, + 337 21-COOH
Fusilactidic acid, 15 32-OH, 168-OAc, A' 7130 24,
192-193 11,12-seco. 11 - 12-lactone,
21-COOH
Holothuria altra 22,25-Oxidoholo- 13 38.17-(OH),, A™ %1 22 25-epoxy. [323]
thurinogenin 18 = 20(S)-lactone
17-Deoxy-22,25- 13 35-OH, A7 %01 2225-epoxy,
oxidoholothurinogenin 18 - 20(S)lactone
Jams stellifera Triterpene | 17 3,12-Dioxo, AT VI 22 {324}
26-COOH
Trsterpene 1, 17 3.12-Dioxo, A1V 1T 2228
266-268", +457 22 - 26-lactone
Triterpene 111 17 3p-OAc, 12-oxa, At 15172224
26-COOH
Rhodomicrobium 34-Hydroxy-17-methyl 6 3B-OH, 17:-Me, 21&-H [325])
vannieln hopane
29-hydroxy-dimethyl 6 3¢,17¢-(Me),, 21E-H. 29-CH,OH
hopane
Stichopus chloronotus Stichlorogenol, 13 3(5).23(S)-(OH),. A", [326]
225-226°, —42° 18 — 20(S)-lactone
Dehydrostichlorogenol, 13 3(5).23-(OH),, A™ *%,
239-240°, —35° 18 - 20(S)-lactone
S japomicus Stichopogenin A 13 38-OH, 16-0x0 A% 25 [327]
18 — 20(S)-lactone
Aglycone I* 13 38.25-(OH),, 16-0x0, A®1, [39]
18 — 20(S)-lactone
Aglycone 11* 13 38-OAc. 25-OH, 16-0x0, A%, -
18 — 20(S)-lactone
Aglycone HI* 13 38,25-(0Ac),, 16-0x0, A%,
18 — 20(S)-lactone
Siphonochalina Sipholenol, 18 42,108,194-(OH);. A'® [951
siphonella 169-171"
Sipholenone, 18 4-Ox0, 108,198-(OH),, A*® -

187-188°
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Table 2 (Contd.)
Structure
Substance Basic

Sources mp, [o]p skeleton Groups Ref
Geological
Eocene messel shale o1l Compound 1 6 AS11 131517 196 27 78 30-tetranor [328]}
(50 x 10° years)

Compound II 6 A!3:15 17 26.27,28,30-tetranor —
Fossil plant Nortriterpene I 13 23-Oxo0, 29-nor [31]

Nortriterpene 11 13 23-Oxo0, A*'V, 29-nor —
Jurassic shale eil Substance A 6 25,28,30-Trisnor [329]
Monterey shale o1l Compound I, 6 17a-H, 18a-H, 218-H, [89]

150-152° 20,30-bisnor
Sediment Substance 3a 6 17a-H, 218-H; 22(R), [330]

(methyl ester, 169-176°) 29-CH,CH,COOH
Sediment Triterpene I 6 A13048 22 29 30-trisnor [331]
(hole 402 A)

Triterpene 11 6 AP3® 30-nor —

Trterpene 111 6 A'72D ] 30-nor —

*Also 1solated from Thelonata ananas [39]

Antimicrobial actiity

The antifungal activity of 49 pentacyclic triterpenoids
was tested in vitro using Saccharomyces carisbergenesis as
a test organism and it was found that the pentacyclic
triterpene glycosides of” oleanolic acid and hederagenin,
with a free carboxylic group at C-28 or C-27, possess the
highest fungicidal activity [338] A number of tetranortr-
terpenoids 1solated from plants of the Meliaceae family
have been found to possess antimicrobial properties.
Toonacilin and 6-acetoxytoonacilin, 1solated from Toona
ciliata, showed antifeeding activity against Epilachna
verwestis [306]. The root bark of the East African tree
Trichiha roka yelded a series of new limonoids, the
trichilins A-D, which exhibited a broad spectrum of insect
antiteedant and pesticidal activity against the southern
army worm, Mexican bean beetle, tobacco horn worm and
other pest insects [57]. Moreover, a review dealing with
methods for the determination of fusidic acid, which 1s
used as an antimicrobial agent, 1n blood, bone and sputum
has been published [339]

Herbicidal activity

Two compounds with the cucurbitane skeleton,
cucurbitacins D and 1 1solated from the seed of Purshia
tridenta, showed the seed germination mhibitory property
[340] and a large number of naturally occurring com-
pounds with the lanostane skeleton from Neamatoloma
fasciculare and N. membranacea also showed the growth
inhibitory properties on young plants [97, 98].

Anti-inflammatory activity

Various modtified forms of glycyrrhetinic acid, such as
the sodium, potassium and ammonium salts, have been
synthesized because of their therapeutic importance [341,
342] Reduced forms of glycyrrhetimic acid also showed
marked antiallergic and antiulcer activities 1  mice
without undesirable aldosterone like properties [343].

Moreover, carbenoxolone, the succinic acid derivative of’

glycyrrhetinic acid, also possesses the antiulcer activity
[344]

Effect on metabolism

The 1nhibitory activity of carbenoxoione on the pros-
taglandin (PG) metabohzing enzymes, 15-hydroxy-PG
dehydrogenase and A*3-PG reductase has been studied in
vwo. This drug in the same dose range does not influence
gastric mucosal PG synthesis by a microsomal cell
fraction The decrease in activation of cytoprotective PG
synthesis within the gastric mucosa might contribute to
the ulcer healing effect of carbenoxolone [ 344]. In another
study the counteraction of carbenoxolone with the stimu-
lation of lypolysis induced by glucagon (Sng/ml) in
chicken adipose tissue n vitro was observed [345]

The effect of ursolic acid and 1ts derivatives on lipid
metabolism 1n experimental atherosclerosis was studied
and this revealed that their derivatives decreased the
blood cholesterol, -lipoprotein and phospholipid con-
centrations 1n rabits [346,347]. A triterpene mixture
contamming 59.2%, acids, 32.39, neutral terpenoids, 3 59,
water and 59, chlorophyll, 1solated from thyme extract
by-products, was found effective 1n experimentally in-
duced hypercholesteremia and atherosclerosis in rats,
mice, rabits and dogs [348].

The effect of three triterpenic acids and sporidesmin on
enzyme activities of rat liver plasma has been studied
Icterogenin and 22B-angeloyloxy oleanolic acid, which
rapidly produce cholestasis in viwo, partially mhibited
both Mg?*-ATPase and Na*-ATPase at the low concen-
tration of 10-100uM 1n an 1solated rat liver plasma
membrane The third triterpene, asiatic acid which does
not adversely affect the bile secretion in vitro, was found to
be an effective inhibitor of Na* K*-ATPase at low
concentration but did not mhibit Mg?*-ATPase [349]

Effect on brosynthesis.

Fusidic acid possesses not only antimicrobial activity
but afso exibits a unique m vwo stimuiation of abeied
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amino acid incorporation nto protetns of lver, kidney,
brain and muscle of both male and female rats {350] The
effects of certain pentacyclic triterpenoids on protein
biosynthesis were studied and 1t was found that hedera-

geni

bioss
The

Cuefuga specigs. on lvmphocyte blastogengsis. with.

n had a marked mhibitory effect on the rate of protein
ynthests in rat marrow [351}
inhibitory effects of 24 triterpenoids from

phytohemagglutimin were observed and a structure—
activity relationship for potent suppressive activities was
reported It was found that a hemiacetal group 1n the side
chain, an oxygenated group in the C-12 position, a
cyclopropane ring on ring B and a double bond at the 7,8-

post

1

tion were required for the activity [352]

REFERENCES

Bischof, B, Jeger, O and Ruzicka, L (1949) Helr Chim
Acta 32 1911

Whyte B E (1086) Rer. Pure Appl Chem. & 191
Halsall, T G and Aplin, R T (1964) in Progress in the
Chemistry of Orgamic Natural Products (Zecnmerster L |
ed) Vol 22 p 153 Springer New York

Basu, N and Rastogt R P (1967) Phytochemustry 6, 1249
Agarwal S K and Rastogi. R P (1974). Phytochenustrs.
13 2623

Pant P and Rastogi, R P (1979) Phyiochenustry 18, 1095
Ohmoto T, Kano, M and Kaganer O (1978) Shova-
kugaku Zasshi 32 185

Nagumo 8 Izawa, K and Nagai, M (1978) Yakugaku
Zassht 98, 1327

- Smith. R M and Martin-Smith, M (1978) Phy rochemusir

17, 1307

Domingnez, X A . Franco, R . Cano, G . Pughese. O and
Garcia G S (1979) Rev Latnoam Quim 10, 44
Giannetto. P. Romeo. G and Aversa, M C (1979)
Phytochenustry 18. 1203

2 Deren’ko S A and Suprunov. N. 1 (1980). Kium. Prir

Soedm 128

. Ren L Mar U Heftmann, E. Bondi. A, and Tenger Y

(1979) Phytochemistry 18, 1671

. Mahbaro. S B _Dutta. No L and Chakravorts. R N (1973).

J Indian Chem Soc 50, 254

Mahatn S B and Dutta. N, L (1974 Indean. I Chenr 12
888

Kitagawa L. Lm. K. S apd Buimota Y (1977). Chem.
Pharm Buil 25, 800

Kitagawa. L Yoshikawa M. Im. K. S and lkemishi Y
(1977) Chem Pharm Bull 25, 657

Kitagawa, 1. Kamiguchi, T Ohmon, H and Yoshikawa,
M. (1980). Cheme Pharm Bull 28 3078

Saruwatan. Y | Besso H . Futamura. K Fuwa. T and
Tanaka. O (1979) Chem Pharm Bull 27 147
Palomk.. 8 G Paoklilo N D Barmanav VL
Uvareva, N L (1977). Khum Prir Scedin 349
Eokina G A (1979) Khim. Prir Spedin. 583
Jurzysta M and Jurzysta, A (1978) J Chromarogr 148.
517

Do, J-c. Han, B-S and Son. J-k (1979) Jongnam
Tuehakkyo Nonmunjip Chayon Kwahak Pyon 13, 191
Simpson, C F (ed ) (1978) Practical High Performance Liquid
Chromatography  Heyden Continuing Education Com-
muttee of the Chemical Seciety Whitetriars, Great Britain
Smuh S L lorgenson. I W and Norotny,. M. (L980). /
Chromatogr 187 111

Sakiya Y Akada. Y Kawano. S and Mwyanchi Y

and

27

34

35

36

37

39

40

4

4

43

44

45

46

47

48

49

MAHATO

(1979) Chem Pharm Bull 27,1125

Tori M . Ysuyuki, T and Takahashi, T (1977) Bull Chem
Soc Jpn 50, 338]

Bombardelh, E  Gabetta, B, Marunelh
Mustich G (1979) Fitoterapia 50, 11

E M and

) Chrstopher, R K Duffield A M. Ralph B 1 and Simes..

J J H. (1981) Aust J Biol Sci 34 115

. Ropaldeon, K. 1 and Wilkins, AL L (1979).0 Chem. Res

(Synop s 295

Murae, T, Namukawa M ., Hosokawa, K , Miyazaki, H |
Ishibashi M. Tsuyuki. T and Takahashi, T (1978)
Tennenyuki Kagobutsu Toronkar Koen Yoshishu 21. 568
Patra, A . Mitra A K. Ghosh, S, Ghosh, A and Barua.
A K (1981) Org Magn Reson 15, 399

Bull J R Chalmer A A and Coleman, P C (1979).8
Afr J Chem 32,27

Yamada. Y . Hagiwara, K , Igucni, K, Takahshi, Y and
Suzuki, S (1978) Chem Letters 319

Mazumdar, P L, Maitt R N . Panda, S K, Mal, D,
Ram M S and Wenkert E (1979)J Orqg Chem. 44,2811
Shohchin M | Yamasaki, K Kasai, R and Tanaka O
(1980) Chem Pharm Bull 28 1006

Wenkert, E | Baddeley G V Burfitt, I R and Moreno,
L N (1978) Org Magn Reson 11, 337

Parnlli, M Admolfi M and Mangom., L (1979) Gaz:z
Chim [tal 109, 611

Kalinovskn, A I, Snarypov, V F, Stonik, V A
Dzizenko, A K and Elyakov. G B (1980) Bio-org Chem
6. 86

Ricca G S Dameli B . Palmisano, G, Duddeck, H and
Elgamal. M H A (1978) Org Magn Reson. 11, 163
Duddeck, H Elgamal. M H A, Ricca, G S. Daneli. B
and Palmisano, G (1978) Org Magn Reson 11 130
Cattel, L Caputo, O, Delprino. L and Bighno, G (1978)
Gazz Chim Ital 102, 1

Okubo, A. Kawai, H. Matsunga, T, Chuman, T.
Yamazaki, S and Toda, S. (1980) Tetrahedron Letiers 21
4095

Kikuchi, T, Shingu T. Yokoi, T and Niwa M (1978)
Tennenyuki Kagobutsu Toronkar Koen Yoshishu 21. 560
Kikuch, T. Yokor, T, Niwa M and Shingu, T (1980)
Chem Pharm Buil 28 2014

Gonzalez, A G | Fraga, B M, Gonzalez. P, Hernandez,
M G and Ravelo, A G (1981) Phytochenusiry 20, 1919
Beierbeck H and Saunders J U (1975) Can J Chem 53,
1307

Wenkert, E . Baddeley, G V Burfitt, I R and Moreno
L N (1978) Orq Magn Reson 11, 337

Asakawa J, Kasai R, Yamasaki, K and Tanaka, O
(1977) Tetrahedron 33, 1935

hda. T Kikuchy M Tamura T and Marsumata T
(1977) Chem Phys Lipids 20, 157

Romeo, G . Giannetto, P and Aversa M C (1977) Org
Magn Reson 9,29

Aue. W P _Karhan. I and Ernst R R (1976).J Chem
Phis 64 4226

Maudsley A A, Kumar, A and Ernst, R R (1977) J
Magn Reson 28 463

Bodenhausen, G and Freeman. R (1977)J Magn Reson
28 471

Hall L D and Sanders,J K M (1980)J Am Chem Soc
102, 5703
Freeman R
15
Nakatani, M [ James J C and Nakamishi, K (1981)J 4Am
Chem Soc 103 1228

and Morns. G- A (1979) Bull Magn. Reson



58.
59

60.
61

62.

63

65.

67

68

69

70

7L.

72
73
74.
78
Ly

77.
R

79.

80

81.

82

83

84.

85.

86

87

88

89.

90

91

92

Trterpenoids

Ogunkaya, L (1981) Phytochenustry 20, 121

Schmudt, J , Huneck, S and Ih, W (1980) J Pract Chem
322, 695

Pyrek,J S.and Baranowska. E (1978) Pol J Chem 52,97
Lee, H D (1978) Universal Microfilms Int Order No
7902451 184 pp , from Diss Abstr Int B, (1979) 39, 3841
Pyrek, I S (1979) Pol J Chem. 53, 1595

Protiva, J , Klinotova, E , Skorkovska. H and Vystricil, A
(1981) Collect Czech Chem. Commun 46, 1023

Han, B H and Kimm, J H (1978) Soul Taehakkyo
Saengyak Yonguso Spjukpp 17, 12

Kasai, R , Matsura, K , Tanaka, O, Sanada, S and Shoj,
J (1977) Chem Pharm Bull 25, 3277
Holland,. P T and Wilkins A, L
Spectrom 14, 160

Schmudt, 1 and Huneck, S (1979).0rg. Mass Spectrom. 14,
646

Schmidt,J and Huneck, S (1979) Org Mass Spectrom 14,
656.

Niyvazor. B G .. Sergienko,. S R. . Polyakova. A. A, and.
Ardogdyev, A (1979) Izy. Akad Nauk Turkm SSR, Ser
Fiz-Tekn, Khim Geol. Nauk 84

Desage. M. Beech), M., Trojuttond, M. and Raynand . L
(1980) Planta Med. 39, 189

Barton, D H. R_and. lones, B R H. (1944).] Chem. Sor
659

Ogunkoya, L (1977) Tetrahedron 33, 3321

Horeau, A (1961) Tetrahedron Letters 506

Boar R_ B and Damps, K. (1977)..1 Chem.. Sos. Perkin.
Trans 1, 510

Chattapadhyay.. K. . Misra,. D R. and. Khastgr, H N
(1976) Indian J Chem Sect B 14, 839

Senst AL L and Wnxon, A D (19690)..0 Chem. S Cham.
Commun. 1182

Scott, A I and Wrixon, A D (1970) Tetrahedron 26, 3695
Fetizon,. M. . Hanna,. L. Scott, . A. T Devon,. T K and
Wrxon, A. D (197101 Chem. Sor. Chem. Commun. 545.
Drade, A. F, Salvaldon, P, Marsi, A and Morells, 1
(1977) Tetrahedron 33, 199

Ionescu, F, Jolad, S. D., Cole, J R, Arora, S K and
Bates, R. B (1977)..1 Qrg Chem. 42,1627

Roques, R , Comeau, L , Fourme, R , Kahn, R and Andre,
D (1977). Acra Cryustallogr. Secr. B 33,1682

Andreetti, G D, Bocelh, G and Sgarabotto, P (1977) J.
Chem Soc Perkin Trans 2, 605

Shnulin, A. N, Struchkov, Y T., Aleksandrov, G G,
Mamedov, K. S and Amirova, G S. (1974) Tezisy Dokl
Vses Soveshch Org Knristallokhim. 1, 54

Dampawan, P, Huntrakul, C, Reutrakul, V, Raston,
C. L oand White A H. (1977).1 Sci. Soc. Thaland 3,.14.
Laing, M, Burke-Lamng, M E ., Barto, R and Weeks,
C. M (1977) Tetrahedron Letters 3839

Itokawa, H , Tachi, Y , Kamano, Y and Iitaka, Y. (1978)
Chem Pharm. Bull 26, 331

Ogihara, Y, Asada, M and htakawa, Y (1978) J Chem
Soc. Chem Commun 364

Hirata, T and Suga, T (1978) J Chem Soc Perkin Trans
2, 347

Seifert, W K., Moldowan, J M, Smith, G W and
Whitehead, E. V (1978) Nature (London) 271, 436
Epstein, W. W , Sweat, F W., Vanlear, G, Lovell, F M
and Gabe, E J. (1979) J Am. Chem Soc 101, 2748
Resing, K., Fitzgerald, A and Kusano, G. (1978) J. Appl
Crystallogr. 11, 58

Roques, R., Druet, D. and Comeau, L C (1978) Acta
Crystallogr. Sect. B 34, 1634

(1979). OQrg.  Mass.

93.

94

95

96

97.

98.

99.

100

101
102

103,

104
s

107

108

109

L0

111

112

113

114,

115

116

117

118

119

120.

121

122

123

124

125

1091

Hiltuner, L and Nunsto, L (1979) Acta Crystallogr Sect
B 35, 1530.

Arnoux, B and Pascard, C (1980) Acta Crystallogr Sect B
36, 2709.

Shmuel, U, Carmely, S., Groweiss, A. and Kashman, Y
(1981) Tetrahedron Letters 22, 709

Tkeda M ,Watanbe H  Hayakawa, A  Sato, K  Sasoa, T
and Miwra, Y (1977) Agric. Biol Chem 41, 1543

Ikeda, M, Sato, Y, Sassa, T and Miwra, Y (1978)
Tennenyuk: Kagobutsu Toronkai, Koen Yoshishu 21, 584
Tkeda, M , Niwa, G , Tohyama, K , Sassa, T and Miura, Y
(1977) Agric Biol Chem 41, 1803

De Bernardi, M , Mellerio, G, Vidan, G, Vita-Finzi, P.,
Eranza, i . Kocor M. and.Fronza, G (1981)..1 Nar. Prod.
44, 351

Thappa, R.K_ Agarwal, 8. .G . Dhar K. L. .and Atal, C. K
(1981) Phytochenustry 20, 1746

Wilkins, A. L. (1977) Phytochemustry 16, 608

Wilkins, A. L (1980) Phytochenustry 19, 696
Ranaldson, K .1 and Wilkins, A, L (1978). dust. I Chem.
31, 215

Wilkins, A. L (1977) Phytochemstry 16, 2031

Gaoh, E. M., Wilking, . A_ L. and Holland,. B T (1978)..1
Chem Soc Perkin Trans 1, 1560

Carhess, R.E and Walkins, A_ L_(1977). Aust. I Chem. 30,
2329.

Benes, I, Vanek, T , Budesinsky, M. and Herout, V. (1981)
Phytochemistry 20, 2591

Tsuda, Y ,Tabata, Y andIchinoe Y. (1980).Chem. Pharm..
Bull 28, 3275

Khosa, R, L. Wahi A K_ and Mukhenes. A, L (1978).
Curr Sci 47, 624,

Ageta. H_. Shinnma,. X  Kamaya.. B, and Masuda.. K.
(1978) Tetrahedron Letters 899

Tandon, R , Jain, G K, Pal, R. and Khanna, N. M. (1980)
Indian. I Chem. Sect. B 19,819

Chakravarty,, D .. Dehnath,, N. B, Mahata. S. B and
Chakravorti, R. N (1975) Tetrahedron 31, 1781
Goswami, A, Dasgupta, A., Nath, A, Roy, T K and
Khastgir, H N. (1979) Tetrahedron Letters 287

Sunder, R.. and Rangaswam,. S (1977). Indian. I Chem.
Sect. B 15, 541

Anderson, C  Fuller, F and Epstein, W. W (1979)..I Naz.
Prod 42, 168.

Steglich, W , Klaar, M , Zechlin, L and Hecht, H J. (1979)
Angew Chem 91, 751.

Conner, A H,Bano, S, Voelter, W and Fuchs, W (1981)
Tetrahedron Letters 22, 1715

Kutney, J D, Eigendorf, G, Worth, B R, Rowes,
I W, Conner, A H and Nagasampagi, B A. (1981) Help
Chim Acta 64, 1183

Parnilli, M, Lanzelta, R., Admnolfi, M and Mangoni, L
(1980) Tetrahedron 36, 3591

Parrili, M , Adinolfi, M, Dovinola, V and Mangoni, L
(1979) Gazz Chim Ital 109, 391.

Pinto, A. C, Baker, P. M, Gilbert, B., Pinchin, R , Reis,
F A M, Nameraich, M S and Zocher, D H T. (1980)
Phytochemistry 19, 2486

Barua, A K., Dasgupta, C , Banerjee, S K , Basak, A and
Basu, K (1976) Trans Bose Res Inst, Calcutta 39, 61
Anjaneyulu, A S R, Bapup, M, Row, L R. and
Ramachandra, S A (1979) Phytochemistry 18, 463.
Anjaneyulu, A S R, Row, L. R and Sree, A (1979)
Phytochenustry 18, 1199

Gregoire, J. and Nyembo, L (1977) Phytochenustry 16,
1609.



1092

126

127

134

135

136

137

138

139

140

141

142
143

144

146

147

148

149

154

151

154
155

156

M C Dasand S B

Sherman M M and Borris, R R (1980) Phyviochenustry
19, 1499

Paton W F  Paul.1l C, Bajas, A G and Dev, S (1979)
Tetrahedron Letters 4153

Suga, T and Hirata, T Jpn Kohat 78, 73549

Suga, T and Huata T (1979 Bulf Chem Soc Jpu 52
1153

Sugda T . Acake, T. Hitata T . Aok, K and Asakawa Y
(1979) Bull Chem Soc Jpn 52, 1698

Rizvi, S H , Shoeb, A . Kapil R S and Paplit S P (1980)
Expertentia 36, 146

Rizvt S H , Shoeb, A Kapil, R S and Popl, S P (1980)
Phytochemusiry 19, 2409

Polonsky I, Varon Z . Arnoux, B . Pascard C . Pettit,
G R Schoudt, ] M and Lange L M (1978) J Am
Chem Soc 100 2575

Polonsky. ] Varon,Z Marazano, C Arnoux, B, Petut,
G R, Schmidt, J M. Ochi, M and Kotsuki, H (1979)
Experentie 35 987

Mulholland, D A and Taylor, D A H (1979)J Chem
Res (Synop ) 294

Brown, D A and Taylor. D A H (1978) Ph} tochemustry
17 1995

Evstratova R [, Sheichenko, V 1 and Pakalns, D, (1981)
Khim Prir Soedin 102

Svechnikova A N Umarova. R U, Gorovus, M B,
Seitanidi, K L, Rashkes. Y V. Yagudaev R U and
Abubakirov. N K (1981} Khom Pror Scedin 67
Woitke H D, Hiller K and Frake, P (1978) Pharmaczie
33, 54t

Sabata, B Connolly, ] D, Labbe, C and Rycroft D S
(97N J Chem Soc Perkin Trans | 1875

Kraus W and Cramer, R (1978) Tetrahedron Letters
2395

Kraus, W and Cramer, R (1981) Chem Ber 114 2375
Kraus, W, Cramer, R and Sawitzki G (1981])
Phy tochemustry 20, 117

Kdwar K -1 and Shibata, § (1978} Phviochenustry 17,
287

Anjaneyulu, A S R, Sastry, C S P, Narayana, G K A
S S and Row, L. R (1978) J Indian Chem Soc 55 1169
Subba Rao, G S R Prasanna S. Kumar, V P S and
Mallararapy G R (1981) Phstochenustry 20, 333
Ertngto, S G and Ghwsalbertt, E L (1976) Aust J Chem
29, 1809

Malinovskaya, GV, Pokhilo, N D lsakov, U V and
Uvarova, N I (1978) Tezisy Dokl Sov Induskn Simp
Khim Pryy Seedin No S, p 52

Malinovskaya G V  Pokhido, N D, Isakov U V and
Uvarova N I (1978) Klum Prir Soedin 587

Nowtkov ¥V L Malwowskasa G ¥V Pokluleo N D and
Uvarova N 1 (1980) Kium Prin Soedin 50

Pokhdo N D Malinovskaya. G V. Makhan'Kov V' V
Anufricy V. F dnd Uvarava N b 1980y Kb Prer
Socdm 513

Malinovskaya G V. Nowvikov, V L Denisenko, V A
and Uvarova, N 1 (1980) Klum Prir Soedin 346
Malnovskaya G V Pokhio N D, Makhan'Kov,V V|
Novikov V L and Uvarova N 1 (1981) Klum Prir
Soedin 329

Rewchardt P B (1981) J Org Chemr 46, 4576

Pardhy, R S and Bhattacharyya. S C (1978) Indian J
Chem Sccr B 16 174

Sarkar A and Ganguly S N (1978) Indian J Chem Sect
B 16, 742
Panosvan A G

Nikishchenko M N Mnatsakanyan

158

159

160

tat

162

163

HL

167

168

169
170

176

177

t79

180
18t

184

185
186

187

188
189

190

M AHATO

V A and Sadovskaya V L (1979) Bug-ary Chem § 721
Hylands, P ] Mansour, E S S and Oskowr M T (1980)
J Chem Soc Perkan Trans 1 2933

Cattel L . Balhano G and Caputo Q (1981) Planta Med
41. 328

Kobavastu Y aad Ogihaca. Y (1981 Chem Pharm Budl
29, 2230

tokawa H Nakauma H | tkma A and htaka ¥ 11980
Phvrochenustiy 200 2539

Chatteriee T K Basak. A, Barwa A K . Mukheyee, K
and Roy L N (1979} Trans Bow Res fnst Calcutta 42
&S

Sondengam, B L Kamga C § and Connolly 1 D (1980)
Phytochemisiry 19 2488

Sondengam B L Kamga. ¢ § Kwmmbu S
Connolly I D (1981) Phyrochenustiv 20, 173
Sondengam B L, Kamga C S and Connolly 1 D (1979)
Tetrahedron Letters 1357

Talapates B, Basak A and Tatapatra § K {1981y 4
Indiun Chem Soc 58 814

Das, M C and Mahato. S B (1982) Phvtochenustr)
21, 2069

Betancor C ., Frewe R, Gonzalez. A G Salazar 1 A
Pascard C and Prange T (1980) Phytochemusiry 19 1989
Pant P and Rastogt R P (1978) Phitochenustiy 17,575
Mascelle G B and Mootoa B S (1981) Terrahedron
Letters 22, 505

Cassady 1 M aad Hobaawan. § € 1978y Phnrachenesin
17 324

Panosydn, A G (1976) Feziss Dokl Molodezhnava Konf
Qrg Smt B Ory Khuim 58

Sakia, B, Kataky 1 € S Mathur R K and Baruah,
J N (1978) Indwan J Chem Sect B 16 1042

Ragetth T and Tamm C (1978) Helr Chen Acta 161
1814

Counolly } D Labbe C and Rycrott D S (1978) J
Chem Soc Perkmn Trans 1, 285

Beccht M Brunetean M Tiowdiond M Combier H
Pontanier H and Michel, G (1980) Ewr J Biochem 108
271

Kusare, G Hejo §.Keondo Y and Takemoto T (1977}
Chem Pharm Bull 25, 3182

Bennett R D and Hasegawa S (19807 Phivrocherisirs 19,
2417

DePascuat T 1 Urones 1 G
1979 4n Quun 75, 131
Bennett, R D and Hasegawa S (1981) Tetrahedron 37 17
Chakravarn, 2 P Bhawachaiye P Bhattacharyia S P
Bordner } Hennessee G L A and Wamstemn B 41979y
Chem Soc Chem Commun 246

Takahash: K and Takan: M (19787 Cheme Pharm Bult
26 2689

Han, B H, Kang S S and Woo. W S {1976} Sowl
Tachakhyeo Sucngiak Yonguso Oppkpp 15 79
Brieskorn. C H and Reidel, W (1977) 4rch Pharm 310,
919

Roitman I N and Jurd, L. (1978) Phytochenusiy 17 491
Dawidar A -A Reweh b oand Awmer M 1979 Chosy
Pharm Bull 27 2938

Mondon A |, Trautmann D Epe B Qelbeimann U and
Wolft, C (1978) Tenrahedron Letters 3699

Epe B and Mondon A (1979) Tetrabedion Letiers 2015
Lakshmt V. and Chouhan, J S (1977) Planta Med 33,
214

Coxon D T and Wells '} W (1980) Phvtochenusay 19
1247

and

Basdbe P and Graoelt



191

192

193

194
195

196

197

198

Triterpenoids

Yakayama.. Y . Tsuyks, T Nakumnra, N._ Takahashy T ..
Hanson,. S W and Marsushita, Ko (1980). Tetrahedron.
Letters 21, 3701

Kar S B and Tandon. L S (1979 Indian .l Chem. Secy. B
18189

Baykut, S, Biran, M and Okenoglu, N (1979) Chum Acta
Turc 7. 57

Taylor, D A H (1981) Phytochemistry 20, 2263
Biffic. T and. Stevenson.,. R (1978). .1 Chem. Sos Perkin.
Trans 1, 360

Anjaneyulu, A S. R and Narayana. R
Phytochenustry 19, 1163

Baddeley. .G V. . Simes 1 L H and AT -HL (1980). Anesr. L
Chem. 33 2071,

Qkane. D Al and. Taylor .13 AL H. (1977). Phytochenmustry.
16, 2029

M (1980).

) Domungnez. X A _Franco R _Pughlese, Q  Escobar N.

and Jaen, J A (1979) Ret Latinoam Quim 10, 46

. DePascual, T 1. Corrales, B. and Grande, M. (1979). 4n.

Quim 175, 135
West L. G and. MclLangbhin, b L. (1977). Lioydia 40,499
Talapatra, S. K . Bhar, D S and. Talapatra, B (1977).

Indian. ] Chem. Sect B 15, 806.

. Talapatra. B Mukhopadhyay. R and Talapatra S K

(1978) J Indian Chem Soc 58, 296

. Akiyama, B _Ogawa, K Monyama, Y Tk, T and.

Takahashi, T (1977) Chem Letters 1059
Mahato, . S R _Sahu, . N. P _Pal_ B C and Chakravarts,.
R. N (1977) J Indian Chem Soc 54, 388

. Afza N._Malik, A and Siddigu, S. (1979). Pak. I Seu. Ind.

Res 22,124

. Afza N _Malik A and Siddiquu S, (1979).Pak. I Ser. Ind.

Res 22,173
Reddy, G C S, Rangaswamu, S and Sunder R (1977)
Planta Med 32, 206

) Hup W -H_ and L. M. -M. (1978). Phutochemisiry 17156,

Donminguez, X. A Franco.Q R .Cano,. G and Wolzak..
A (1978) Rev Latmoam Quim 9,214

211 Akinnmys, ) AL, Connelly, 1 D Rycroft, D S
Sondergam, B. L. and Ifeadike. N. P (1980).Can. I Chem.

212
213
214

215
216

224. Gunatilaka, A. A L.

58, 1865

Parkhurst, R M, Thomas, D W, Cary, L W and Reist,
E J (1980) Phytochemstry 19, 273

Wyeratne, D B T _Kumar, V and Sultanbawa,. M. U S
(1981). J Chem. Soc Perkm Trans. 1, 2724
Kulshreshtha, D K (1979) Phytochemustry 18, 1239
Kulshreshtha, D K (1979) Phytochemistry 18, 1783
Nagai, M | Izawa, K , Nagumo, S , Sakurai, N and Inoue,
T (1981) Chem Pharm Bull 29.779

St Pyrek, J (1979) Pol J Chem 53, 2465

Narayana, C R and Naik, D G (1981) Indan J Chem
Sect B 20, 623

Baas, W J and Niemann, G J (1979) Planta Med 35,348

. Raas, W I and. ¥agdor, C. G. (1978).Z. Naturforsch. Te.C

33, 337

Budzikiewicz, H and Thomas. H (1980) Z Naturforsch
Teil B 35. 226

Ogura, M Cordell, G A and Fansworth, N R (1977)
Lioydia 40, 157

Rosquete, C and Morales, M A (1979) Ret Latinoam
Quim 10, 35

Nanayakkara, N. P D and
Sultanbawa, M U S (1979) Tetrahedron Letters 1727
Gunaulaka, A A L, Leslie. A, Nanayakkara. N P D
and Sultanbawa, M U S (1981) Tetrahedron Letters 22.
1425

06

228

229
230

231

230
PEE]

234
235
236

237

238
239

240
241
242
243

244

245
246

)
b
]

248

249

250

251

252
253

254

288

256

257

258

259

. (umatdaka,. A. A L. Nanayakkara.. N. B

1093

Gunaherath,. G M. K. R Gunanlaka. A. A L.
Sultanbawa. M. 1L S and Wazeer. M. L M. (1980).
Tetrahedron Letters 21, 4749

D and
Sultanhawa M. 11 S (1979).0 Chem. Soc Chem. Commun.
434

Ito, T. Tamura, T, Jeong, T M, Tamura, T and
Matsumoto, T (1980) Lipids 15, 122

Pham.Trmong,. T T (1975).Tap San. Hoa-Hor 13,34,
Yankov, L, Ivanov, C, Pham Truong, T T (1980) Dokl
Bolg Akad Nauk 33, 357

Bohlmann, F , Mueller. L , King, R M and Robinson H
(19RL). Phyrochennsiry. 20,1140,

Usmangham.. K. (1977). Pak. 1 Ser Ind. Res. 20,393
Pant. P and Rastngi.R. R (1977). Indian.l Chem. Secr. B
15, 911

Hylands, P 1 and Salama. A. M. (1979). Tetrahedron 35,
417

Ito, K and Lai, I (1978). Yakugaku Zasshi. 98, 249

Ito, K and Lai, J (1978) Chem Pharm Bull 26, 1908
o Ko and Lai, U (1979). Chem. Pharm. Bull. 27 2248
I10, K and Lai, 1 (1978). Yakugaku Zasshi 98..1285
Marta, M . Delle Monache, F | Manni-Bettolo. G B .
DeMelln. 1 E and De Lima,.Q G (1979).Gazz Chm. lial.
109, 61

Ochi. M. Tokorayama.. T and Kuhota, T (1977). Bul/.
Chem Soc Jpn 50, 2499

Qchi. M. Katsuks, H . Katanka,. T, Toda. T and
Tokoroyama, T (1978) Chem Letters 331

Qch. M. Katsuk. H.. Ishida.. H. and Tokarovama.. T
(1978) Chem Letters 99

Ochi, M. Katsuki. H. and Tokaroyama.. T (1978). Chem.
Letters 621

Schutie, K E . Ruecker. G and Matern. H D (1979)
Planta Med 35, 76

Krans,. W and Bakel.. M. (1981). Chem. Ber 114,267
Krans, W and Cramer_ R. (1981). Justus. Leibig’s. Ann.
Chem 181

- Ran. M. M. _Knshna E M. _Gupta.DD S and Singh. P P

(1978). Indian J Chem Sect B 16, 825

Banerji, R, Misra, G and Nagam, S K (1978) Furoterapia
49, 104

Choudhury, M K and Chakravorti, P (1979) Phyto-
chemistry. 18. 1363

Kitagawa, |, Yamanaka. H . Nakamshi T and Yasioka.
1 (1977) Chem Pharm Bull 25, 2430

Chakravarti, P . Basak, A and Barua, A K (1977) Trans
Bose Res Inst, Calcutta 40, 117

Olamyt. A A (1980) Planta Med 40, 303

Oyinnaka, C M, Okogun, J I and Okonie, D A (1980)
Phytochenmustry 19, 2482

Kapundu, M, Warin, R and Delande, H R (1980)
Phytochenustry 19, 615

Ahmad. V. U _Bana. S Voeelter. W and Fuchs. W (1981).
Tetrahedron Letters 22, 1715

Kikucht, T , Kadota, S . Suchara, H and Namba, T (1981)
Tetrahedron Letters 22, 465

Murae, T, Namikawa, M ., Hosokawa, K , Miyazaki H .
Ishibashi, M | Tsuyki, T and Takahashi, T (1978) Tennen
Yuki Kagobutsu Toronkar Koen Yoshishu No 21, p 560

Hashimoto. Y . Ishizone, H and Ogura. M (1980) Phy to-
chenustry 19, 2411

Hashimoto, Y, Ishizone, H and Ogura, M (1979) Koen
Yoshishu Tennen Yuki Kagobutsu Toronkai No 22, p 63
Nagumo. S, Izawa, K and Nagai. M (1978) Yakugak:
Zasshi 98, 1027



1094

261

262

263

264

268

266

267

268

269

270

271

272

273

274

275

280

281

282
283

284

285
286

287

288

289

290

291

292

293

294

M C Dasand S B

Katar M. Terar, T and Megur, H (1981). Chem Pharm
Bull 29,261

Caputo, R, Mangoni, L, Monaco, P and Plumbo, G
(1979), Phytochenustry 18. 896

Kang.S S and Woo, W S (1980)..7 Nar Prad 43 510
Marales. M. A (1978) Rer Latmoam Quim 9.94.
Dantanarayana A P Kumar N S Sultanbawa M LI S
and Balasubramonmiam S (1981) J Chem Soc Perkin
Trans 1, 2717

Tandan, R lain. I K, PalL R and Khanna, N M (1981)
Indian J Chem Sect B 20, 46

Jurenisch.. 1. Hasbnger. E and Kubelka, W
Pharmazie 34, 445

Ahmad, U V. Nammus-Saquib, Q. Usmanghan, K,
Fuchs, W and Voelter, W (1980) Z Naturforsch Teil B35,
511

Ahmad. V U, Saqub, Q N and Usmanghani. K (1980)
Phytochemustry 19, 1875

Delle, M F ., Marmi-Bettolo. G B Pompon, M, De
Mello. I F, King, T I and Thomson, R H (1979) J
Chem Soc Perkin Trans 1, 2649

Delle. M. F . Mann-Bettolo, G B . Pomponi. M., De
Mello, ] F, Delima, O G and Thomson, R H (1979)../.
Chem Soc Perkmn Trans 1, 3127

Taylor, D A H (1979) Phytocherustry 18, 1574
Chandel, R S and Rastogi, R P (1977) Indian J Chem
Sect B 15,914

Talapatra, S K , Pradhan, D K and Talapatra, B (1978)
Indian J Chem Sect B 16, 361

Sung, C -K . Akiyama, T, Sankawa, U, Iitaka, Y and
Han, D (1980) J Chem Soc Chem. Commun 909
Talapatra, S K . Sarkar, A C and Talapatra. B (1981)
Phytochenustry 20, 1923

Sarkar. A and Ganguly. S N (1978) Phytochemustry 17,
1983

Viswanathan., N L (1979), ./ Chem Soc Perkmn Trans 1,
349

Reddy. G C S.Ayengar, K N N and Rangaswami. S
(1981) Indian J Chem Sect B 20, 197

Rogers. D . Woode. K A . Viswanathan, N and Joshi,
B S (1980). J Chem. Sac Chem Compaun. 1049
Mukherjee, K S and Ghosh, P K (1978) J Indian Chem
Soc 55, 850

Mukhbetiee K S and Ghash, P.K_ (1979).Curr Sct 48, 107
Collera, O . Gomora. E and Garcia. I F (1980) Rev
Latimoam Quim 11, 60

Garcia-Alvarez, M C. Savona, G and Rodriguez, B
(1981) Phytochernustry 20, 481

Linde. H (1979) Arch Pharm 312, 416

Saha. B, Naskar. D B.Misra. D R..Prodhan B P and
Khastgir, H N (1977) Tetrahedron Letters 3095
Guannetto, P Romeo. G and Aversa, M C (1979)
Phytochenustry 18, 1203

Romeo. G, Giannetto, P and Aversa. M C (1980)
Phy tochernustry 19, 437

Chen, W -H and Wu, D -G (1978) Hua Hsueh Hsueh Pao
36. 229

Pozzo-Balbi T, Nobile, L , Scapini, G and Cini, M (1978)
Phytochenustry 17, 2107

Mahato, S B. Das, M C and Sahu, N P (1981)
Phytochemustry 20, 171

Polonsky.§ Varon.Z . Rabanal. R M and Jacquenun. H
(1977) Isr J Chem 16, 16

Kostova, I N, Pardeshi, N and Rangaswami, S (1977)
Indian J Chem Sect B 15, 811

Hiller K and Gil-Rjong, R (1980) Herba Hung 19, 91

(1979)

295

298
299

300
301

302

303

304

305

306

307

308

309
310

321

322

323

324

i3

326

MAHATO

Purushothaman. K K | Chandrasekharan. S . Connolly,
1 D and Rycroft D S (1977).1 Chem. Soc Perkin Trans
1, 1873

Rao. M M Gupta . P S Singh P P andKnshna E M
(1979). Indran. I Chem. Sect R 17158

I Ran. M M Knshna E M. Gupta P S and Singh P P

(L978). Indian I Chem. Sesr R 16 823

Verpoorte, R (1978) Phytochemusiry 17, 817

Singh, H, Kapoor V K. Piozz1. F . Passannanti, S and
Paternostro. M (1978) Phytochenustry 17. 154

Anil, H (1979) Phytochenustry 18, 1760

Ananeyulu. A S R Laksminarayana V. Murty Y L N
and Row, L. R (1979) Indian J Chem Sect B 17, 423
Ageta, H , Shiopma. K, Masuda. K and Lin, T (1981)

Tetrahedron Letters 22, 2289

Ayafar.J F, Sondergam, B L , Connolly, ] D . Rycroft.
D S and Okogun, J 1 (1981)J Chem Soc Perkin Trans
1, 1750

Asada M  Amagaya S Takai M and Ogihara Y (1980)
J Chem Soc Perkm Trans 1325

Amm, N, Yamaguchs, K, Takahashi, M| Iwta, M, Sakai,
S . Haglmuwa I and Litaka Y (1981). Tetrahedron 37,983
Kraus, W, Gnmminger, W and Sawuzki. G (1978)
Angew Chem 90, 476

Kraus. W, Grimminger. W and Sawitzki, G (1978)
Symposwum  Papers of the 1lth I[UPAC International
Symposwm on the Chenustry of Natwonal Products Vol. 2, p
115

Kraus, W and Grimminger, W (1980) Nout J Chun 4,
651

Kraus, W and Kypke, K (1979) Tetrahedron Letters 2715
Obaterni, C. A, Ogunkoya. L Quartey ] A R and
Waight. E S (1979) Phytochenustry 18 496
Mulholland, D A and Taylor, D A H (1980) Phyto-
chemisiry 19, 2421

1oJad S D Hoftmann 1 L . Cole 1 B Tempesta, M S
and Bates, R B (1980) J Org Chem 45. 3132

Ialad S D Hoftmann. 1 I . Schram, K. H and Cale. 1 R
(1981) J Org Chem 46, 4085

L Jolad. S D . Hoftmann. I 1. Schram. K H . Cole. I R ..

Tempesta, M S and Bates, R B (19810 ] Qg Chen 46,
641

Connolly, J D, Labbe, C. Rycroft, D S, Okorie, D. A
and Taylor, D A H (1971).J Chem Res (Sunop ) 256,
Abhmed . F R .Ng Ang.S and Falbs. A G (1978). Can [
Chem 56, 1020

Herath, W H M W, Sultanbawa, M U S and
Wanmgama, G P (1978) Phytochemistry 17, 1979
Narain, N K (1979) Can J Pharm. Sci 14,33

Yagi, A, Okamura, N Haraghuchi, Y Noda, K and
Nishioka, I (1978) Chem Pharm Bull 26, 1798
Tomova, M , Gyulemetova, R . Mitrev, A, Zaitkkin, B G
and Vul'fson, N S (1978) Farmatsiya ( Sofia) 28. 31
Clastres, A . Ahond, A ., Poupat, C and Potier, P (1978)
Experiennia 34, 973

Godtfredsen, W D , Rastrup-Anderson, N . Vomgedal, §
and Ollis, W D (1979) Tetrahedron 35, 2419

Delia, T J . Hertel. L W and Wittle, L W (1977) Toxicon
15, 461

Ravi. B N Wells R I and Croft K D (1981).7 Org
Chem 46, 1998

Howard, 1) L and Chapman. D ]
Chem Commun 468

Kitagawa, I, Kobayashi, M , Inamoto, T, Yasuzawa, T ,
Kyogoku, Y and Kido, M (1981) Chem Pharm Bull 29.
1189

(1981) ] Chem. Snc



327

328

329
13N

3

EEVA

n

334

335

EE1Y

337

338

339

Trnterpenowds

Kalnavskn.. A. L. Sharvnov.. V. E., Stomk,. V. A_ and.
Elyakov, G B (1980) Bio-org Chem 6, 951

Gremer, A C . Spyckerelle, C . Albrecht, P and Ourisson,
G (1977) J Chem Res (Synop.) 334

Bioroey. M. and Rullkoetter 1 (1980). Chem. Geol. 30,.27

Taylor. 1 ‘Wardroper.. A, M. C and Maxwell, L R. (1980).
Tetrahedron Letters 21, 655

Barmes. P L. Brassell,. S € Comet.,. P . Eghnton, G. .
McEvoy, J, Maxwell, J. R, Wardropper, A M K and
Valkman,. 1 K (1979). Imtial. Report. of the Deep Sea
Drilling Project Vol 48, p. 965

Talad. S D . Wiedhapf, R. M. and Cole. L R (1977). 1

Pharm. Sc1. 66889

Amsimav.. M. M. Shentsova.. E. B . Shcheglov, V. V. _
Stogina. L L Uvarava N. L Levina, E V. Ushuak G L
and Elyakov, G. R (1978) Toxicon 16, 31

Valisalalan. 1. Bang, L., Beck, I P.and Ounsson, G
(1978). Bull. Soc Chim. Fr. 473

Kupchan, S M. Meshulam, H. and Sneden, A T (197R).
Phytochenustry 17, 7167

Tesser. A, M. and.Pang R R, (197R), Taxicol. Enr Res, L.
329

Gonzalez,. A. G . Danas, V, Boada, I and Alonso,. G
(1977) Planta Med 32, 282

Amsumav.. M M. Sheheglav.. V. V. | Stugina. 1L L.
Chetyrina, W S, Uvarova, N I, Oshitok, G I, Alad’ma,
W G . Vecherka L P and Zoma, A D (1979 Iz Akad.
Nauk, SSSR Ser Biol 570

Bywater, M I (1978) Lab Methods Antimicrob. Chem
Ether 219

an

341

1095

Dreyer D L and Tronsdale E K_ (197R). Phytachemistry,
17, 325

Tarnok, F, Lorincz, P., Mozsik, G, Javor, T (1980)
Proceedings of the 28th International Congress on Advances
m. Physiology Vol. 29 p 101

Linder. B (1978). IRCS Med. S, Libr Compend. 6184,
Takahashi, K , Shibata, S, Yano, S . Harada, M . Saito,
H.  Tamura. Y and Kumagai. A. (1980). Chem. Pharm.
Bull 28, 3449

. Peskar. B M. (1980). Scand. I Gastraenteral. Suppl 15

109

Fernandez-Fernandez, 1 M., Vives. £ and Gamez-
Capilla,. 1 A (1980). Horm. Metab Res 12,221
Parfent’eva E. P (1979). Khim.-Farm. Zh. 1310

. Parfepileva B R Vaslenka .Y Ko Lisewitskaya..l. L and

Qganesyan.. E. T (1980). Vopr Med Khim. 26174

. Vasilenko, ¥ K . Qganesyan. E. T _lLisewvitskaya L 1.

Aleksanyvan, R. A Shinkarenko,. A L Simonyan, A V |
Golovina, T N. Milenina N. GG and Fralova 1. M. (1978).
Khim -Farm Zh 12, 61

Eaking M. N. (197R). Chem. Bio). Interacs. 21117
Gachon, P Zwv E. Zahlten, R N._Hochherg A A and
Stratman, ¥ W (1978) Biochem Pharmacol 27, 2058
Anisimov, M M, Prokofieva, N G, Stngina, L 1.
Chetyrina N. . Aladyna, N .G. and Elyakov. G R (1977).
Biochem Pharmacol 26, 2113

Hemm H Kitame, F Ishida,N. Kusano,.G. Kondo Y
and Nozoe, S (1979) J Pharmacobio-Dyn 2, 339.



