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NEW TRITERPENES FROM CACTACEOUS PLANTS 

KIYOTAKA KOYAMA, TOSHMJKI YAMA, KAORU K~NOSHITA, K m ~ o  TAKAHASHI,* 

Department of Pharmacognosy and Phytochemistry, Meiji College of Pharmacy, 
1-22-1 Yato-rho, Tanashi City, Tokyo 188, Japan 

NORIO KONDO, and HIROSHI YUASA 

The Research Institute of Evolutionary Biology, 4-28, 2-Chome, Kamiyoga, Setagayaku, Tokyo 158, Japan 

AESTRACT.-A new lupane-type triterpenoid, 16~-hydroxystellacogenin 111, and a new 
oleanane-type triterpenoid, machaerogenin 121, were isolated from the hydrolysates of the 
glycosides of the aerial parts of Stmorereus stellatus and Machaerocereus eruca, respectively. 

In our previous work, two new 
triterpenoids, bridgesigenins A and B, 
were isolated from Trichocereus bridgesii 
Britt. & Rose ( 1 ) .  As a part of our chemi- 
cal investigations of the cacti, we have 
now examined Machaerocereus eruca Britt. 
& Rose and Stenocereus stellatus Riccob. 
(Cactaceae). In 1955, Djerassi and co- 
workers discovered that M .  eruca con- 
tained stellatogenin [3} and betulinic 
acid ( 2 - 4 )  and S. stellatus contained 
oleanolic acid, betulinic acid, thurber- 
ogenin, and stellatogenin 131 (2 -4 ) .  As a 
result of our work, seven triterpenoids 
were obtained, five of which are known 
compounds: oleanolic acid, queretaloic 
acid, betulinic acid, thurberogenin, and 
stellatogenin 131. The other two are new, 
16P-hydroxystellatogenin E11 and 
machaerogenin 121, from the hydroly- 
sates of the glycosides of the aerial parts of 
S. stellatus. From M .  wuca, five triterpen- 
oids were obtained: oleanolic acid, 
betulinic acid, thurberogenin, 3, and 2. 
The structures of the new triterpenoids 
were determined from spectral data. 

16P-Hydroxystellatogenin E11 had 
mp 255-258", [a]"D +15" (c=0.0008, 

CHC1,). The molecular formula of 1, 
C30H4805, was established by hrms mea- 
sured on the ion at mlz 488 {MI' (found 
488.35 34; calcd for C,,H,O,, 488.3 530); 
eims mlz 1 3 5 ,  189, 207, 389,427,455, 
470; ir (KBr) v max 3460,3400,2925, 
1730, 1460, 1385, 1375, 1285, 1270, 
1040. In the 'k-nmr spectrum of 1 in 
C,D,N, the signals of C-15 (6 37.0), C- 
16 (6 68.2), and C-17 (6 59.0) were 
shifted downfield (10.2, 44.0, and 6.7 
ppm, respectively) compared with those 
of stellatogenin [3}. The other carbon 
signals for 1 appeared at chemical shifts 
similar to those of 3 (Table 1) .  From these 
data, together with the molecular for- 
mula, the structure of 1 was concluded to 
be 16-hydroxystellatogenin. On irradia- 
tion of the H,-27 methyl group (6 1.03), 
adifferencenoe was observedforH-16(6 
4.37). Therefore, the configuration ofthe 
16-OH was determined to be P. 

Machaerogenin 127 had mp 292- 
294", + 14" (c=O.0011, CHC1,). 
The molecular formula of 2, C,&&04, 
was established by hrms measured on the 
ion at mlz 470 EM]' (found 470.3348; 
calcd for C,0H4604, 470.3398); eims mlz 

1 R=OH 
3 R = H  

2 
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T ~ L E  1. "C-nmr Swctra of Compounds 1-3. 

Carbon 

c- 1 . . . . . . . . .  
c-2  . . . . . . . . .  
c-3 . . . . . . . . .  
c-4 . . . . . . . . .  
c-5 . . . . . . . . .  
C-6 . . . . . . . . .  
c-7 . . . . . . . . .  
c-8 . . . . . . . . .  
c-9  . . . . . . . . .  
c-10 . . . . . . . .  
c-11 . . . . . . . .  
c-12 . . . . . . . .  
C-13 . . . . . . . .  
C-14 . . . . . . . .  

C-16 . . . . . . . .  
C-17 . . . . . . . .  
c-18 . . . . . . . .  
C-19 . . . . . . . .  
c-20 . . . . . . . .  
c-2 1 . . . . . . . .  
c-22 . . . . . . . .  
C-23 . . . . . . . .  
C-24 . . . . . . . .  

C-26 . . . . . . . .  
C-27 . . . . . . . .  
c-28 . . . . . . . .  
C-29 . . . . . . . .  
C-30 . . . . . . . .  

C-15 . . . . . . . .  

C-25 . . . . . . . .  

1 

39.2 
28.2 
78.0 
39.4 
55.7 
18.6 
34.9 
41.5 
50.3 
37.3 
21.3 
28.5 
40.1 
44.7 
37.0 
68.2 
59.0 
42.5 
56.4 
69.2 
81.6 
42.5 
28.6 
16.3 
16.3 
16.4 
15.6 

177.0 
30.7' 
3 1 .O' 

*Assignments may be 

Compound 

2 

38.6 
28.0 
78.0 
39.4 
55.9 
18.9 
32.8 
39.8 
47.8 
37.6 
23.8 

122.4 
141.1 
42.2 
24.0 
26.6 
44.1 
40.2 
30.0 
38.6 
80.4 
36.6 
28.6 
16.4 
15.6 
16.3 
23.5 

181.9 
22.1 
68.0 

:erchang 

3 

39.1 
28.1 
78.0 
39.4 
55.7 
18.6 
34.8 
41.3 
50.6 
37.3 
21.2 
28.8 
40.9 
43.1 
26.8 
24.2 
52.3 
42.7 
55.7 
69.1 
81.8 
44.8 
28.6 
16.3 
16.3 
16.3 
14.1 

179.5 
30.7' 
30.9' 

1. 

175,185,190,207,216,234,393,424, 
442; ir (KBr) u max 3475,3400,2945, 
1730, 1460, 1450, 1390, 1380, 1140, 
11 10, 1040, 1030,995, 950. The most 
characteristic fragment was observed at 
mlz 207 for the retro-Diels-Alder cleav- 
age of ring C of machaerogenin 121 in the 
eims. The 13C values of the A, B, and C 
ring carbons of 2 were easily assigned by 
comparison with those of oleanolic acid. 
The oleanane skeleton generally possesses 
seven methyl groups, and one of the 
methyls in 2 seemed to have been oxi- 
dized to a carbinol by 'H-13C COSY (6 
3.91,3.59). Five methyl signals, 6 0.71, 
0.91,1.07,1.14,and1.25,wereassigned 
to H,-26, -25, -24, -27, and -23, respec- 
tively, by nOe d8erence spectra (Figure 1). 

n 

FIGURE 1. The observed positive nOe's from 
nOe difference spectra are indicated 
by arrows. 

The remaining methyl signal (6 1.28) is 
assigned to H,-29 or H,-30. The H-22a 
was observed to show a positive nOe 
when the remaining methyl signal (6 
1.28) was irradiated. This result clearly 
indicated that ring E is chair rather than 
boat form, and the methyl (6 1.28) was 
assigned to H3-29. One of the carbinol 
protons (6 3.91) gave a positive nOe 
when the H-19p (6 1.55) was irradiated. 
Therefore carbinol protons (6 3.91 and 
3.59) were assigned to H,-30. The ir 
spectrumof2showsabandat 1730cm-' 
corresponding to five-membered lactone 
absorption (the same as 1). The signal of 
C-28 at 6 181.9 had a long range 'H-13C 
correlation peak with proton H-22a (6 
2-47), which gave a positive nOe when 
H,-27 (6 1.14) was irradiated. The H- 
22p (6 1.86), correlated with H-22a by 
'H-'H COSY, was coupled with a signal 
at64.72(H-2la).C-21(680.4),bearing 
H-21a(64.72),correlatedwithH2-30(6 
3.59) and H,-29 (6 1.28) by a long range 
H-13C COSY experiment. Thus, a five- 

membered lactone ring was evident be- 
tween C-21 and C-28. On the basis of 
these results, the structure of machaero- 
genin was determined to be 2. 

EXPERIMENTAL 

1 

mANT MATERIALS.-S. stellatus and M .  mca 
were cultivated originally in the Research Insti- 
tute ofEvolutionary Biology (Setagaya-ku, Tokyo, 
Japan) and by Izu National History Park (Itoh, 
Shizuoka, Japan) and the Japan Cactus Planning 
Co. (Fukushima City, Fukushima, Japan). These 
cacti were identified by Dr. Norio Kondo and Dr. 
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Hiroshi Yuasa. The specimens are deposited at the 
Research Institute of Evolutionary Biology, 
Setagaya-ku, Tokyo, Japan. 

INSTRUMENTS.-M~'S were determined on a 
Yanagimoto MP micromelting point apparatus. 
The irspectraweremeasured witha JASCO A-102 
ir spectrophotometer. The 'H- and "C-nmr spec- 
tra were recorded using a JEOL GSX-400 ('H 400 
and "C 100 MHz) spectrometer in C,D,N with 
TMS as an internal standard. Chemical shifts are 
recorded in ppm. The [ a I D  values were deter- 
mined with a JASCO DIP-140 digital polarim- 
eter. Cc was carried out on 70-230 mesh Si gel 
(Merck). Hplc was performed using an SSC-3100- 
J pump with an Oyo-Bunko Uvilog 7 uv detector. 
Hrms and eims spectra were obtained using a 
JEOL JMS-DX 302. 

EXTRACTION AND ISOLATION OF 16p-  
HYDROXYSTELLATOGENIN 111 AND MACHAERO- 
GENIN [2].-Pulverized dried S. stellatus (52.9 g) 
was extracted with CHCI, to remove free triter- 
penes and then extracted with MeOH. After con- 
centration ofthe MeOH extract in vacuo, approxi- 
mately 5.4 g of residue remained. This residue was 
hydrolyzed with 1 N HCI at 115" for 2.5 h. The 
precipitates (2.1 g) produced were subjected to cc 
on Si gel [hexane-EtOAc (7:l)l to give three 

compounds. These were further purified by hplc 
on a Si gel column (Nucleosil 50-5, 1 x 2 5  cm) 
eluting with hexane-EtOAc (7:l) to give 16p- 
hydroxystellatogenin [l] (24 mg) and machaero- 
genin [2] (31 mg). 

In the case of M. ewca, machaerogenin [21 
(1 11 mg) was obtained from pulverized dried 
materials (67.8 g) by the method described above. 
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