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Abstract-The natural occurrence of cycloartane triterpenoids is reviewed by tabulation according 
to structural type. Leading factors relevant to their isolation, structure determination and biosynthesis 
are outlined. 

There is abundant evidence that cyclization of 
(3S)-squalene 2,3-epoxide [l] in algae and higher 
plants occurs with formation of cycloartenol 
(9,19-cyclo-Sa,9P-lanost-24-en-3fi-o1), and that this 
compound then occupies a role in sterol biosyn- 
thesis analogous to that of lanosterol in animals 
and fungi [2]. In keeping with these biosynthetic 
findings, cycloartane triterpenoids are found to 
be widely distributed throughout the plant 
kingdom [3]. The Table summarizes their occur- 
rence* with the exception of the Buxus alka- 
loids [4]. The compounds are classified according 
to the nucleus (l-3; 4,4-dimethyl, 4-monomethyl 
and 4-desmethyl respectively) and the side chain 
[A-E: 23(24)-ene, 24(25)-ene, 24(28)-ene, 25(26)- 
ene and saturated respectively]. The majority of 
these compounds have been isolated by direct 

* Covering Chem. Abs. to the end of Vol. 80 (1974). 

extraction procedures and therefore apparently 
occur in the free state. Their isolation as esters 
or methyl ethers, particularly at the 3-position, 
has been reported [S]. Such cases are only specifi- 
cally mentioned in Table 1 when the correspond- 
ing hydroxy compound has not been adequately 
characterized. As with other groups of related 
compounds (e.g. steroids, fl-amyrin triter- 
penoids [6]) only the more highly oxygenated 
members of the cycloartane group (e.g. acetyl 
acteol) have been isolated as glycosides. 

Physical methods have beeen widely used in 
the identification of cylcoartane triterpenoids. The 
cyclopropane ring confers on these compounds 
characteristic NMR [7] and mass [S] spectra. It 
should be noted, however, that a few compounds 
are known in which this functional group occurs 
at other positions of the tetracyclic triterpene skel- 
eton [9]. Valuable information regarding the 

Table 1. Naturally occurring cycloartane triterpenoids 

Structural 
type Substituents MP (“1 [~I&)’ 

Cycloart-23.ene-38,25-dial 1At 

Cyclosadol 1At 
Cycloartenol 1B 
Cycloartenone 1B 

Mangiferolic acid IB 
Isomangiferolic acid 1B 
Mangileronic acid 1B 

38.25.dibydroxyt X+204 38 

3fl-hydroxy-24-methyl 132-134 41 
38.hydroxy 1159: 54 
3-keto 108-109 24 

(E)-38-hydroxy-26-oic acid 181-183 49 
(E)-3a-hydrory-26-oic acid 168-170 29 
(E)-3-keto-26-oic acid 187-189 24 

Tiflandsie usneoides 
Pachysandra termif!alis 
Various Euphorhia species 
zea ways 
Widespread 
Various 

Mang@ra indm 
M. indica 
M. indica 
Shown acumnato 

I3 
14 
I5 
16 
I7 
18 
I9 
20 
20 
21 
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Table I, -~conf. 

Trivial name 

Structural 
type Substituents MP( 1 C~lo(“Y occurrence RelerellCe 

Hydroxymanglbrolic acid 

Hydroxymangtferomc actd 

Cunicifugenol 

Cycloerandisobdc 

E&y&grandisohde 

Cyclobranol 

Nigranolc aad 

IB 
IB 
1B 

IB 

IBf 

IB 

31.Norcycloartenol 2B 

24.Methylenecycloartanol 

24.Methylenecycloartanone 

Cyclomahogen~l 

24.Methylcnecycloart-3.26.dial 

Amhohc acid 

Amhonrc aad 

Cycloeucalenol 

Cycloeucalcnone 

CyClOfll~tUmlellOl 

14.Methylenepolllnastanol 

Surlanol 

ls0cycloartenol 

= /t-Cycle-orysterol? 

Cycloart-2S-ene-38,245-diol 

3P-Hydroxycycloart-25. 

en-2cone 

Cyclolaudenol 

Cycloneolitsin 

Cvcfohalanone 

Dehydroxy-IS-O-methyl 

cimlgenol 

31.Notcyclolaudenol 

31.Norcyclolaudenone 

Cyclotnchosantol 

Cycloartanol 

25-Hydroxycycloartanol 

Argentamc A 

Argentatme B 

Argentatine C 

Aglycone A 

= Dahurinol’! 

Cimigenol 

Acetyl acteol 

27.Deoxy acetyl acteol 

31.Norcycloarfanol 

IB 

I6 

IC 

IC 

IC 

IC 

IC 

IC 

2c 

2c 

2c 

3c 

3C 

ID 

ID 

ID 

ID 
1D 
ID 
ID 

2D 

2D 
2D 
IE 
IE 
IE 

IE 

IE 

IE 

IE 

IE 

IE 

IE 

2E 

3E 

(E?)-3/(.27-dlhydroxy-26. 

oic acid 

(Ed)-27.hydroxy-3.kelo-26. 

ox acld 

3,9-hydroxy-7-w 

(23R)-3z-&ethoxy-26.?3-olide 

(23%3x-methoxy-26.23.elide 

3,?-hydroxy.24.methyl 

30.hydroxy-24.methyl-26.al 

(ZI-3.4.seco-41301.ene-3.26. 

diotc acrd 

3/sbydroxy 

(3.acetate) 

3p. I h&dlhydroxy 

(2SR)-3A.Zb-d,hvdro~v 

(2SRt31-hydroxy-26-oic ac,d 

t2SR)-3-krto-26-oic md 
3/J-hydroq 

3.keto 

(Z)-3/J-hydroxy-28.methyl 

ifi-hydrox) 

Ifidz-dihdroxy 

3fl-hydroxy 

3/L246-dihydroxy 

3&hydroxy-24.keto 

(3-acetate) 

(245)-3/Lhydroxy-24-methyl 

3,&methory-24,24-dlmethyl 

3.keto-24.24-dimethyl 

(23R, 24S)-t6fl.23;16or.24- 

diepoxy-3Bhydroxy.151. 

mcthoxy 

(24s).3/i-hydroxy-24.methyl 

124S)-3.keto-24.methyl 

3j%hydroxy-24&ethyl 

3fl-hydroxy 

3&25-dihydroxp 

ZB-hydroxy-24r-methoxy-24. 

methyl 

l6ji.25.dihydroxy-20<.24<- 

epoxy-3-kefo 

l6~,23:-epoxy-25-hydroxy-3. 

keto-24<-methyl 

l6~.23;.24;-trihydroxy-3- 

keto-24.methyl 

(23R.?4S)-16x23-epoxy-3/7,24. 

25.tnhydroxy-IS-keto 

123R.Z4S)-l6/~.23:16r,24- 

dvzpoxy-3/J. I Sz.25.trihydroxy” 

t?3K.24S,25R)-I?/~-acetoxy-3~. 

27C-dihydroxy-l6fJ,23;23,27; 

24.25.triepoxy 

l?3R.?4S.2SR)-I2~-acetoxy-3/1- 
hydrox)-l6/~.23,21.?7;24,25- 

triepox) 

I/j-hydroq 

30.hydroxy llI~ll2 

201-204 

19&1Y? 

ll2~113 

19lL 193 

193-194 

156-157 

l66&170 

93 95 

IZILl22 

llI~ll2 

IS1 -I.(2 

154~157 

167 169 

149% I 50 

140 

Xl 83 

143~ I45 

IIS 117 

173 174 

92 ~94 

IR4~18K 

I33 136 

125 

169-174 

187~190 

222-223 

13’).140 

l3s-132 

143 144 

IO1 102 

181&1X2 

151 

220225 

237-238 

222 -224 

248 249 

2x9~ 292 

(dec.) 

12X 132 

39 

IX 

21 

I’ 

3x 

41 

56 

(MeOHI 

63 

43 

20 

42 

54 

31 

Y 

IS 

53 

SO 

39 

45 

4x 

58 

46 

63 

20 

39 

44 

49 

42 

51 
49 

43 

46 

55 

45 

-80 

-nx 

49 

35 

M. indm 

Cimicifuyo species 

A&s yrondir 
.4. grandis 

Rice bran oil 

M. irtdica 30. 31 
M. indku 30. 32 

Widespread 

Nrol~tra dealham 

m 

22 

II 
23 
23 
24 
25 
26 

27 

2x 
28 
29 
25. 30 

33 
34 
35 
36 
37 
38 
39 
40 
13 
I4 
I3 

41. 42 
43 
44 
45 

46 
34 
47 
4x 
4Y 
50 
SO 

51 

51 

51 

S? 
S? 

45. 54 
5s 

56 

49 
57 
58 
59 

* For solutions in chloroform. 
t Configuration of the double bond unknown. 
$ Also occurs as the 25-U-methyl derivative. 
5 Mp 99” when solvated. 
11 See Ref. [23] for ORD and CD data. 
F Also occurs as the 25-O-ethyl derivative. 
** Also occurs as the 15O-methyl, or 25-O-methyl, or 250-acetyl derivatives. 
In our opinion the best source of cycloartenol is Sbychnos nux-uomica [17] and its 24-methylene derivative and cycloeuca- 

fenone may be obtained from banana fruit skin [34]. 
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A 

R = ...ti 

B 

R = ...ti 

C R = 21+&5f7 

D 

R = ---w 

E R = --_i--u 

degree of methylation at C-4 is available from 
the ORD spectra of 3-ketones [lo]. 

Analysis of the Table indicates the following 
distribution of compounds: type (l), 38; (2), 8; 
(3), 3. Type A, 2; B, 14; C, 11; D, 10; and E, 
12. The invariable presence of the 14tcc-methyl 
group is understandable in biosynthetic terms. 
Thus, it is known [2] that removal of this group 
from tetracylcic triterpenoids is associated with 
the presence of a double bond at position 7 or 
8, and the latter is normally generated only as 
a consequence of cleavage of the 9/?,19-cyclopro- 
pane ring (but see cimicifugenol [l l] ). The lack 
of any definitive relationship between the degree 
of demethylation at C-4 and the state of modifica- 
tion of the side chain suggests the existence of 
a biosynthetic grid in which a number of transfor- 
mation but not substrate specific enzymes act 
with moderate independence of one another. This 
would parallel the biosynthesis of ergosterol in 
Saccharomyces cerevisiae [12]. 

Finally, we would note the lack of any cycloar- 
tane compounds substituted at C-21. With other 
tetracyclic triterpenoids [3] this is one of the most 
frequently functionalized sites. 
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