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Abstract-The natural occurrence of fl-amyrin trlterpenoids is reviewed. The distribution of functiona 
groups within these compounds is tabulated and commented upon. The generation of artefacts is surveyed. 

TRITERPENOIDS of the fl-amyrin group are widely distributed throughout the plant king- 
dom.le3 Table 1 contains all compoundst of known structure with the basic skeleton 
3/3-hydroxyolean-1Zene (I; R=Me) or 38-hydroxy-13/?,2&epoxyoleanane (II). A small 
number of corresponding 3a-hydroxy,4 3-keto,’ or ring A-seco6 compounds are also known. 

(I) 

* Present address: Department of Biochemistry, Union International Research Centre, St. Albans, 
Hertfordshlre. 

t Covering Chem. Abstr. to the end of 1972. 

I SIMONSEN, J. and Ross, W. C. J. (1957) The Terpenes, Vols. IV and V, University Press, Cambridge. 
2 DE MAYO, P. (19.59) The Higher Terpenoids, Interscience, New York; HALSALL, T. G. and APLIN, R. T. 

(1964) Fortschr. Chem. Org. Naturstoffe 22,153; BOITEAU, P., PASICH, B. and RAKOTO RATSIMAMANGA, A. 
(1964) Les Triterpenoides en Physiologle Vegetale et Animale, Gauthier-Vdlars, Paris; BASU, N. and 
RASTOGI, R. P. (1967) Phytochemlstry $1249; CONNOLLY, J. D. and OVERTON, K. H. (1972) in Chemistry 
of Terpenes and Terpenoids (NEWMAN, A. A, ed.), Academic Press, London; KULSHRFSHTHA, M. J., 
KULSHRESHTHA, D. K and RASTOGI, R. P. (1972) Phytochemistry l&2369. 

3 HILLER, K., KEIPERT, M and LINZER, B. (1966) Pharmazie 21,713. 
4 a-Boswellic acid-ALLAN, G A. (1968) Phytochemistry 7,963; katonic acid-KING, F. E. and MORGAN, 

J. W. W. (1960) J. Chem. Sot. 4738; 3-epi-oleanohc acid-HUNECK, S. (1963) Tetrahedron 19, 479; 
bredemolic acid-TSCHESCHE, R., HENCKEL, E. and SNATZKE, G (1964) Ann. Chem. 676, 175; 2a,3a- 
dihydroxyolean-12-en-28-olc acid-CHEUNG, H. T. and YAN, T C (1972) Australian J. Chem. 25,2003. 

5 lcterogenln-BARTON, D. H. R. and DE MAYO, P. (1954) J. Chem. Sot. 887; rehmannic acid-BARTON, 
D. H. R. and DE MAYO, P. (1954) J. Chem Sot. 900; 3-oxo-olean-12-en-28-oic acid-CHEUNG, H. T. and 
FENG, M. C. (1968) J. Chem. Sot. C, 1047; 3-oxo-6p-hydroxyolean-12-en-28-olc acid-WAHLBERG, I and 
ENZELL, C. R (1971) Actn Chem. Stand 25, 70; gymnosporol-GOVINDACHARI, T. R., MOHAMED, P. A. 
and PARTHASARATHY, P. C (1970) Indian J. Chem 8,395, lantanollc acid-BARUA, A. K., CHAKRABARTI, 
P., DUTTA, S. P., MUKHERIEE, D. K. and DAS, B. C. (1971) Tefrahedron 27, 1141. 

6 Nyctanthic PCld-WHITHAM, G. H. (1960) J. Chem. Sot. 2016; 2,3-seco-olean-12-ene-2,3,28-trioic acld- 
CROWLEY, K. J. (1964) J. Chem. Sot. 4254. 

2571 



2572 R. B. BOAR and J ALLEN 

Many of the compounds of Table 1 are sapogenins. These have usually been Isolated by 
hydrolysis of a saponin under fairly drastic acid conditions. The use of alternative hydrolysis 

procedures (milder acid;7 sodium periodate; various enzyme systems”) is to be preferred, 
and has shown that a number of supposed sapogenins are artefacts. These cases are sum- 
marized In Table 2. Particular attention has been paid to the wldespread 12-en-28-01 system 
(e.g I; R=CH,OH) and the 13/3,28-ether system (e.g. Ii) from which the former IS derrvable 
by acid treatment. Present evidence suggests that both of these systems can represent 
genume sapogenins. Thus, either acid or sodium periodate hydrolysis of the saponin from 
Prinzlrlu ~uponica yields dihydropriverogenin A (I; R=CH,OH, 16a,22a-dlol). In the 
former case this is accompamed by primulagenin A (I; R===CH,OH, 16a-ol), but in the 
latter by protoprimulagenin A (II; 16a-01).~ 

Table 3 shows the distribution of oxygen functions within the 110 compounds of Table 1. 
These statistics should be relevant to future structure determmatlons and to the development 
of biosynthetic theories. Attention IS drawn to the following points: (1) oxygenation is 
particularly common along the two edges of the molecule comprising C-16,28,22,21,30 and 
C-2,3,23,24, whilst at other sites it is observed rarely If at all. More detalled patterns are 
often apparent for the compounds from plants which are botamcally closely related.‘O At 
some posltions (e.g. C-2, C-16, C-22) the pattern is markedly different for acids and non- 
acids; (2) all 13/3,28-ethers are also oxygenated at C-16; (3) the high incidence of C-28 
oxygenated compounds suggests that the converslon of /3-amyrin mto erythrodiol ~111 prove 

.ll to be a primary step in many biosynthetic pathways, (4) the occurrence of additional 
double bonds within the /I-amyrin skeleton 1s rare. Satkogenins E, F and G are formally 
derivable from a 12-ene-I 1,28-dlol system. l2 Bassic acid (from MUU%UCU longifolia, at least) 
and aegiceradiol are artefacts (see Table 2). We suggest that soyasapogenol C (21-ene) is 
probably an artefact of soyasapogenol B (21-ol), and that soyasapogenol E (21-ketone) 
might be slmllarly derived from soyasapogenol A (21,22-dlol). 

TABLE 1. NATURALLY OCCURRING F-AMYRIN TRITERPENOIDS 

Tnwal name Hydroxyl substltuents M.P. (“)* [aI, (“U OXUf~.XlC~ Ref. 

,B-Amynn 
1 la-Hydroxy+amynn 
Manrlad~ol 

Sophoradml 

Iln 
165 

2281 

(1) Akohols (I: R=Me) 
199-200 
200-210 
220-221 

2 I 9-220 

7 KITAGAWA, I., MATSUDA, A. and YOSIOKA, I. (1972) Chem. Pharm. Bull. (Tokyo) 20,2226, and references 
therem. 

g DUGAN, J J. and DE MAYO, P. (1965) Can J Chem. 43,2033; Ref. 7 
9 HASSALL, C. H. and SMITH, B S W (1957) Chem Znd (London) 1570; HOPPE, W., GIEREN, A., BRODHERR, 

N , TSCHESCHE, R. and WULFF, G. (1968) Angew. Chem. Intern Edrz 7, 547; YOSIOKA, I, FUJIO, M., 
OSAMURA, M. and KITAGAWA, I. (1966) Tetrahedron Letters 6303; YOSIOKA, I , IMAI, K. and KITAGAWA, I. 
(1967) Tetrahedron Letters 2577, WAGNER, J., HOFFMANN, H and Low, I (1968) Tetrahedron Letters 4387. 

lo See for example, (a) DJERASSI, C (1957) m Festschr. Arthur Stall, p 330, Blrkhauser, Basel, (b) Russo, G. 
(1968) ConI Semm. Chmz. 11, 20 

I’ STRUBY, K , JANISZOWSKA, W. and KASPRYZK, Z. (1972) Phytochemistry II, 1733. 
I2 KITAGAWA, I , KITAZAWA, K. and YOSIOKA, I. (1972) Tetrahedron 28, 907. 
I3 Ref. 1, Vol. IV, p. 170. 
z’ TAYLOR, D. A. H. (1967) J Chem. Sot. C, 490 
” DJERASSI, C., BOWERS, A , BURSTEIN, S , ESTRADA, H., GROSSMAN, J., HERRAN, J , LEMIN, A. J., MAN- 

JARREZ, A. and PAKRASHI, S C (1956) J. Am. Chem. Sot. 78,2312. 
I6 KARIYONE, T., ISHIMASA, S. and SHIOHI, T. (1956) Yakugaku Zasshi 76, 1210. 
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TABLE l-continued 

Trlvlal name Hydroxyl substituents M.P. 0’ [DID ("It 0CClUTWXe Ref. 

Soyasapo8enol c 24 (Il-ene artefact?) 240 
Erythrodml 28 235-237 
Prlmulagenm A 16a.28 236-237 
Longlsplnogenln 168,28 247-249 

Soyasapogenol B 2lq24 
22a-Hydroxyerythrodiol 220.28 

260-261 
219-282 
OHsO) 
290-291 

castanogeno1 
Dlhydroprlverogenin A = 
Camelha8enm A = 
Theasapogenol D = 
A,-Barrlgenol 
Chlchlpegemn 
Soyasapogenol A 
l6-Desoxybarnnstosenol C 
Al-Barrlsenol 
Barrmgtogenol C = 
Aescimdm = 
Jegosapogenol A = 
Theasapogenol B = 
RI-Barngenol 
Camelhagemn C = 
Theasapogenol C 

28,23,28 
16a,22a,28 

263-265 90 
265-267 23 M 
290-293 20 E 
273-275 30 E 

16&22a,28 
210,22a,24? 
216,22a,28 
15a,l6a,ZZa,28 
16a,21@,22a,28 

321-323 

‘,%.x 
300-302 
315-320 
302-308 
326-330 
278-284 

160,22a,23,28 262-263 37 E 
264-266 - 

Gymnestrogenin 16&21&23,28 288-289 
TengInO 68,78,168,23,28 283-284 
RI-Rarrqenol lJa,160,21&22a,28 310-312 
Theasapogenol A 16a,218,22a,23,28 301-303 

Protoaescigenin 

Gymnemagenm 

Camelliagenln B 

2q23.28 

16a,218,22a,24,28 

16,¶,21!3,22a,23,28 

303-311 

328-335 

594EM 

;‘.: F 

32 D 

53 M 

Substltuentr 
Hydroxrl Carbonyl 

(2) Aldehydes and2y2U;_lzlo;Me) 
16a,22a,28 48 E 

18 P 

1:: 
50 E 

344D 

“3;: 
11 P 

Theasapogenol E = 16a,218,22a,28 23 260-263 34 P 
Camelhagenin E 270-273 64 
Camelha8emn D 16a,218,22a,28 24 250-258 39 
(artefact? 

Various Cactaccae 
Sola h&da 
Aesculus turbinato 
Various--see Ref. 27 
Various--see Ref. 27 

Comellto ,opwuca 
Camellra sasanqrro 
Thea smensis 
Gymnema sylvestre 
Barrrngtonia orutanqrda 
Various--see Ref. 27 
Camellrn sosmlqua 
Thea smens,s 
Aesculus trrrbinota 
A. htppocostonum 
Gymnemo sylvestre 

Various Camellra species 

I7 SMITH, H. M., SMITH, J. M. and SPRING, F. S. (1958) Tetrahedron 4, 111. 
I8 YOSIOKA, I., TAKEDA, R., MATSUDA, A. and KITAGAWA, I. (1972) Chem. Pharm. Bull. (Tokyo) 20, 1237. 
I9 KUBOTA, T. and HINOH, H. (1968) Tetrahedron 24, 675. 
2o ANANTARAMAN, R. and MADHAVAN PILLAI, K. S. (1956) J. Chem. Sac. 4369. 
21 RAO, M. G., Row, L. R. and RUKMINI, C. (1969) Indian J. Chem. 7, 1203. 
22 TSCHESCHE, R., TJOA, B. T. and WULFF, G. (1966) Ann. Chem 696, 160. 
23 ITOKAWA, H , SAWADA, N. and MURAKAMI, T. (1969) Chem. Pharm. Bull. (Tokyo) 17,474. 
24 YOSIOKA, I., NISHIMURA, T., MATSUDA, A. and KITAGAWA, I. (1971) Chem. Pharm. Bull. (Tokyo) 19, 

1186. 
25 SANDOVAL, A., MANJARREZ, A., LEEMING, P. R., THOMAS, G. H. and DJERASSI, C. (1957) J. Am. Chem. 

Sot. 79, 4468. 
26 YOSIOKA, I., MATSUDA, A., IMAI, K., NISHIMURA, T. and KITAGAWA, I. (1971) Chem. Pharm. Bull. (Tokyo) 
19, 1200. 

27 YOSIOKA, I., HINO, K., MATSUDA, A. and KITAGAWA, I. (1972) Chem. Pharm. Bull. (Tokyo) 20, 1499. 
28 BARUA, A. K. and CHAKRABARTI, P. (1965) Tetrahedron 21, 381; YOSIOKA, I , NISHIMURA, T., MATSUDA, 

A. and KITAGAWA, I. (1970) Chem. Pharm. Bull. (Tokyo) 18, 1610. 
29 ITO, S., KODAMA, M. and KONOIKE, M. (1967) Tetrahedron Letters 591. 
3o STOCKLIN, W. (1968) Helv. Chim. Acta 51, 1235. 
31 SASTRY, C. S. P. and Row, L. R. (1967) Tetrahedron 23, 3837. 
32 YOSIOKA, I., MATSUDA, A. and KITAGAWA, I. (1967) Chem. Pharm. Bull. (Tokyo) 15, 547; YOSIOKA, I., 

NISHIMURA, T., MATSSUDA, A. and KITAGAWA, I. (1970) Chem. Pharm. Bull. (Tokyo) l&1621. 
33 WULFF, G. and TSCHESCHE, R. (1969) Tetrahedron 25, 415. 
34 STOCKLIN, W. (1969) Helv. Chim. Acta 52, 365. 
35 ITO, S. and OGINO, T. (1967) Tetrahedron Letters 1127. 
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TABLE l-continued 

Trivral name Hydroxyl substttuents M.P (“) [&I (‘jt OCCUrre”Ce Ref. 

Oleanohc aldehyde - 28 168-172 

Prlmulagenm D 16a 28 217-218 
Gummosogentn 168 :: 251-252 
Pr~vero~em” A 16a,22a 198-202 
Glycyrrhetol 
Soyasapo~enol E 

:: :: 252-254 
234-236 

(dlacetare) 
Armdlar~genm 16a.28 21 299-301 

Substituents 

Protopnmulagenin A 
Pr!verogenm B 

Saikogenm E 
Salkogemn G 
Salkogent” F 
Ae#CeKl” 

Ana8alh8enone B 
Cyclannreti” A 
Cyclanxgenin B 

Hydroxyl Carbonyl “;:I 

Ii% - (3) Ethers (11) 272_273 - 
16a,22a - 265-269 

280-283 
168 283 
16a.23 1 

tl 
238-245 

168,23 - 11 265-273 
- 16 - $C&T$) 

23 
160 

:: 
1 

300-3 IO 
202-204 

- 16.30 - 295-296 

Commit acid C 
,%PettoboykmoLc acid 
Oleanobc acrd 
Crategohc acid = 
Mashc acid 
Sumaresrnolrc aced 

Rubuslc acid 
Echmocystx acid 
Cochahc actd 

Slaresinohc acid 

28 
- 

Z 

Subst,t”ents 
Hydroxyl Carboxyl 

(4) AC& (I: R = Me) 
23 343-34s 

Z 
220-222 
303-306 

28 267-269 

68 28 298-299 

7a 28 265-270 
::; 2’s” 303-306 305-3 12 

19n 28 279-280 

Spmosic acrd 190 28 270-272 
Machaermlc acid = 218 artefact? 28 232-234 
Strypbnodendron sapoge”,” L (methyl 

ester) 

72 

:p” 

$ 
31 

11 E 
-II P 

13 Prrmula swboldr 

108 

;: 

-24 

-‘i p 
-10 

114 

:: P 

54 

28E 
58 D 

39 E 

:: 

Commr/~hora pyracanrhordes 
Pelfoboyktnra tellrmodes 
WIdespread 
VRII0ll.S 

Sumatra gum benzom 
Myroxylon balsamum 
Rubus molucranw 
Various---see Ref 3 
Varmus MvrfrUocact/rs 
SPWlL?S 
Siamese gnm benzoin 
Randra sprnosa 
lZ~,~,nsSP1llOSll 

36 

22 
37 
22 
38 
39 

40 

2;,41 

16942 
I$ 

7.43 

44 

:.Z 

36 CORSANA, S. and MINCIONE, E. (1967) Ric. Sci. 37, 370. 
37 DJERASSI, C., GELLER, L. E. and LEMIN, A. J. (1954) J. Am. Chem. Sot 76,4089. 
38 CANONICA, L., DANIELI, B., MANITTO, P , Russo, G. and BOMBARDELLI, E. (1967) Gazz. C’hm?. Ital. 97, 

1347. 
39 WILLNER, D., GESTEETNER, B., LAVIE, D., BIRK, Y. and BONDI, A. (1964) J. Chem. Sot. 5885. 
4o DE MAHEAS, M. R., BILLET, D., RAULAIS, D. and CHAIGNEAU, M. (1969) Bull. Sot. Chim. Fr 226. 
4’ YOSIOKA, I,, KITAGAWA, I. and KITAZAWA, K. (1968) Chem. Pharm. Bull. (Tokyo) 16,2304. 
42 AIMI, N., FUJIMOTO, H. and SHIBATA, S. (1968) Chem Pharm. Bull. (Tokyo) 16,641. 
43 RAO, K. V. (1964) Tetrahedron 20, 973. 
44 HEITZ, S , BILLET, D. and RAULAIS, D. (1971) Bull. Sot. Cknz. Fr 2320. 
45 TSCHESCHE, R., STRIEGLER, H. and FEHLHABER, H. W. (1966) Ann. Chem. 691, 165. 
46 DORCHAI, R. 0. and THOMSON, J. B (1968) Tetrahedron 24, 1377. 
47 THOMAS, A. F. (1961) Tetrahedron 15, 212 
48 NAGAI, M , IZAWA, K and INOUE, T. (1969) Chem Pharm. &dull (Tokyo) 17, 1438 
w POTTS, K. T. and ROY, S K. (1965) Australian J. Chem. 18, 167; TURSCH, B , DALOZE, D , TURSCH, E. 

and CHIURDOGLU, G. (1966) Bull Sot. Chmz Beiges 75, 26. 
‘O RUZICKA, L., JEGER, O., GROB, A. and HOSLI, H. (1943) Helu Chim Acta 26, 2283. 
” BHATTACHARYA, A K. and DUTTA, H K. (1969) J Indran Chem. Sot 46, 381 
” BERGSTEINSSON, I. and NOLLER, C R (1934) J Am Chem Sot. 56, 1403. 
53 DJERASSI C , 1 THOMAS, E. H. and MOIU’SIMER, H (1955) J Am. Chem Sot. 77,3579; DJERASST, C , BURSTEIN, 

S i_ i%xa.o~, H ,T_r’_~r~ A. I , ~_J.PPc:.~.~_,. 4 E, MKU.“.R.EZ,. A.. a&. M~YsJ_~_R.,. H. G (1_957;..I ttw. Ch~.xr. 
So<* 79, 3525. 

” RUZICKA, L., GKOB, A., EGLI, R and JEGER, 0. (1943) Helu Chum. Acta 26, 1218. 
55 APLIN, R. T, Hur, W. H , Ho, C T and YEE, C. W. (1971) J Chem Sot C, 1067. 
56 DJERASSI, C. and LIPPMANN, A. E (1955) J, Am Gem. Sot. 77, 1825. 
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TABLE l-continued 

Trivial name Hydroxyl substituents M.p. (“)’ blD 0t OCCU~WX Ref. 

- 
Hederagemn 
Mesembryanthemoidigenic acid 

Queretaroic acid 

yangeloYloxY 

29 

30 

A~JIUIIC acid 
Stryphnodendron sapogenin K 
Arjunollc acid 
Bayogenin 

Bassic aad 

Entqenic acld 
Acaac acid 

Acerogemc acid 
Treleascgemc acid - 
Termmolic acid 
Tomentoss acid 

Protobasslc acid 
Polysalaclc acld 

platycogemc acid C 

Cacclgenin 

24-Hydroxyacerogemc acid 

Platycodlgenm 
Mvrtdlogenic acid 

1 1-Deoxoglycyrrhetic acid 
ZCHydroxy-1 l-deoxoglycyrr- 
hetic acid 

Jacqurnlc acid 16a.28 

2a,lYa 
gag” artefact? 

2223 

2,9,23 (5-ene) 
altefact ? 
15a,16a? 
168,218 

21 p,22a 
2lwO 
~2~r11~lo~lox~.24 

2::19;,23 

2@,68,23 
2&l&1,23 

28.16tT.218 

15a,16@.23? 

21,9,22a,24 

2la.24 

- 

24 

28 318-323 - 

28 

2’: 
28 

28 

28 
28 

; 

:: 

z: 

28 

28 

334-335 
236-239 
337-340 
328-330 

320 dec. 

310-315 
278-282 

20E 

63E 
98 D 

83 P 

35 E 
- 

308-310 

z% 
347 
328-330 

28 

28 
29 

29 

30 

30 

30 

66 E 

73E 
42 E 
64E 

23 P 
47 P 

78 E 

77 M 

285-287 
(de,=) 

330 

:%G 
ester) 

310-312 

70 E 

35 P 
84 M 

45 

148 

134 

49 M 

EP 
71 

Lzpprn rehmanm 
WIdespread 353s 
Rhrpsalrs mesembryanthemo- 59 
ides 
Lemaireocereus queretaroe- 
n.*lC 

60 

L benekei 
Clerodendron serratum 
Terminolio orjuna 
$t;;wh;odendron coriaceum 

Castanospermum ousrrole 
Pianchonella pohbnaniana 
Various Sapotaceae 

Entada phase&ides 
Various Acacro and 
Alhizsro speaes 
Acer negundo 
Lemaireocereus treleasei 
Lrppm rehmanni 
Termrnaba iwxensis 
Termrnaba tomentosa 
Aixa orellana 
Modhuca longlfolro 
Polygakl paenerr 
Platycodon grand&wum 
Platycodon grandzflorum 

Caccima glauca 

Acer nt-gundo 

Platycodon grand&wun 
Various Mvrtrllocactus 

Jacquinia pungem 

67 

71 
74 

75 

76 

77 

78 

” ANDERSON, L. A. P., DE KOCK, W. T. and ENSLIN, P. R. (1961) J. S. African Chem. Inst. 14, 58. 
58 HIGUCHI, R., MIYAHARA, K. and KAWASAKI, T. (1972) Chem. Pharm. Bull. (Tokyo) 20, 1935. 
59 TURSCH, R., LECLEREQ, J. and CHIURWGLU, G. (1965) Tetrahedron Letters 4161. 
‘O DJERASSI, C., HENRY, J. A., LEMIN, A. J., RIOS, T. and THOMAS, G. H. (1956) J. Am. Chem. Sot. 78,3783. 
61 Row, L. R., MIJRTY, P. S., SUBBA RAO, G. S. R., SASTRY, C. S. P. and RAO, K. V. J. (1970) Indian J. Chem. 

8, 716, 772. 
dz TURSCH, B., TURSCH, E., DALOZE, D. and CHIURDOGLU, G. (1966) Bull. Sot. Chim. Beiges 75,127. 
63 KING, F. E., KING, T. J. and Ross, J. M. (1954) J. Chem. Sot. 3995. 
64 KITAGAWA, I., INADA, A., YOSIOKA, I., SOMANATHAN, R. and SULTANBAWA, M. U. S. (1972) Chem. 

Pharm. Bull. (Tokyo) 20,630. 
6s BARUA, A. K., CHAKRABARTT, P., PAL, S. K. and DAS, B. C. (1970) J. Zndtnn Chem. Sot. 47,195. 
66 VARSHNEY, I. P. and SHAMSUDDIN, K. M. (1970) Bull. Chem. Sot. Japan 43,383O. 
67 KUPCHAN, S. M., TAKASUGI, M., SMITH, R. M. and STEYN, P. S. (1971) J. Org. Chem. 36,1972. 
6* DJERASSI, C. and MILLS, J. S. (1958) J. Am. Chem. Sot. 80, 1236. 
69 KING, F. E. and KING, T. J. (1956) J. Chem. Sot. 4469. 
‘O Row, L. R. and SUBBA RAO, G. S. R. (1962) Tetrahedron 18,827; SCHNEIDER, W. P., CARON, E. L. and 

HINMAN, J. W. (1965) J. Org. Chem. 30,2856. 
‘I AKIYAMA, T., TANAKA, 0. and SHIBATA, S. (1972) Chem. Pharm. Bull. (Tokyo) 20, 1952. 
72 KUBOTA, T., KITATANI, H. and HINOH, H. (1969) Gem. Commum. 1313. 
73 AYENGAR, K. N. N. and RANGASWAMI, S. (1966) Tetrahedron Letters 1947. 
74 DJERASSI, C. and MONSIMER, H. (1957) J. Am. Chem. Sot. 79,290l. 
75 CANONICA, L., DANIELI, B., MANIITO, P., Russo, G., B~MBARDELLI, E. and BONATI, A. (1968) Gazz. 

Chim. Ital. 98, 712. 
76 CANONICA, L., Russo, G. and B~MBARDELLI, E. (1966) Guzz. Chim. Ital. 96,832. 
77 CANONICA, L , DANIELI, B., MANITTO, P., Russo, G. and BONATI, A. (1967) Gazz. Chim. Ital. 97,1359. 
7s HAHN, L. R , SANCHEZ, C. and ROMO, J. (1965) Tetrahedron 21, 1735. 
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TABLE l-continued 

Trnv1al name Hydroxyl substltuents M P. (“)* I&(“U OCCUrre”Ce Ref. 

Gypsogenin 
Qu~llalc acid 
Momordlc acid 
Machaerlc actd 
Lqu,r,t,c acid 
Z4-Hydroxyhqulritlc acrd 

Glycyrrhetic acxd 
18a-Hydroxyglycyrrhetlc acid 
24-Hydroxyalycyrrhetlc acid 

Gvprogemc acid 
Barnngtogenx acid 
Mechcagemc acid = 
Castanogemn 
- 

Prerenegenin 

Platycogemc acid A 
Platycogentc acid B 

CmchoXc sod 
Serratagenlc acid 
Spergulagenic acid 
Phytolaccagenm 

Proceragenm A 
D~nno~~engen~” 
Stryphnodendro” sapogenl” R 

Stryphnodendron sapoge”!” F 
Isoglabrohde 

Zla-Hydroxyisoglabrollde 
Deouyylabrohde 
Glabrobde 

Substltuents 
Hydroxyl Carbonyl Carboxyl 

za 

(5) Ald$do- and Ke8to-acrd;$;j2~; Me) 

23 
z: 

292-293 2:: 
- 1 274-276 
- 21 28 309-3 12 
24 I’: ;z 282-286 298-303 

- 
18rr it :: 
24 iI 30 247-248 

20 
;2 
163 
60 A 

142 
(methyl 
ester) 

Snbstltuents 
Hydroxyl Carboxyl 

z 

(6) Drocrds $ R = C,“;:; 

23 332-334 
28 23 349-350 

380-382 
160 23 250-25s 

(dImethyl 
CWl3-) 

28.27 23 223-225 
(dImethyl 

ester) 
ZB,16n,23 
28.168,218 

- 
28.23 

;: 
243-249 
274-277 
(dec ) 

;z %0268 
30 347-350 

(CO&,) “1:;: 1” 

Substlt”ents 
La&one Hydroxyl Carbonyl 

(7) Lartones (I, R= Me) 
2x. 158 160 - 294-296 
28 150 22a - 292-295 
28 218 - - 240-243 

23.218 
29.1&x 

29 18a 30.225 
30 228 

2 

21a - 
- 

86 M 
72 M 

111 E 

‘II:” 

80 

74 E 
101 E 

118 P 
37 P 

121 P 
- 

-13 
-19 
-16 

42 

-A:, p 
77 

WIdespread 
VaKl”Us 
Momordrca cochrn~hmensrs 
Machnerocereus gummnsrr~ 
Glycyrrhrzn giabra 
Glycyrrhrza giahra 

V”rlO”F 
Glycyrrh~m glabra 
Giyc yrrhrza glubra 

Polygala SenPga 
P. tcnulfolra 

PIatycodon grandrfiorum 
Platvcodon prandUkmm 

AlDnrro procera 
Z.emarrrocerem drrmortrerr 
Stry~hnodendron corrnceum 
Enterolobrrrrn contortisrl- 
q”U?7l 
Srryphnodendron corrareum 
Glycyrrhua glabra 

Glycyrrhm glabra 
Glycyrrhrra glabra 
Glycyrrhm glabra 

* Unrehable as a method of Identdicatlon. Slmdar data for a number of derivatives should also be sought 
t For chloroform solutions except when marked as follows: A-acetone; D-dloxan; E-ethanol; 

M-methanol; P-pyrldme. 

79 ELLIOTT, D. F. and KON, G. A R. (1939) J Chem Sot. 1130. 
So MURAKAMI, T., NAGASAWA, N , ITOKAWA, H , TACHI, Y. and TANAKA, K. (1966) Tetrahedron Letters 5137. 
81 CANONICA, L., DANIELI, B , RUSSO, G. and BONATI, A. (1967) Gazz Chrm. Ital. 97, 769. 
82 KUBOTA, T., KITATANI, H. and HINOH, H. (1969) Tetrahedron Letters 771. 
s3 BARUA, A. K., MAITI, P. C and CHAKRABARTI, S. K. (1961) J Pharm. Set. 50, 937 
84 EADE R. A, SIMES, J. J. H. and STEVENSON, B. (1963) Ausfrahun J Chem. 16, 900. 
85 SHIM&, Y. and PELLETIER, S W. (1966) J Am. Chem. Sot 88, 1544. 
86 TSCHEXHE, R., DUPHORN, I and SNATZKF, G (1963) A~zN. C/ze/?z. 667, 151. 
a’ RANGASWAMI, S. and SARANGAN, S. (1969) Tetrahedron 25, 3701. 
88 CHAKRABARTI, P. and BARUA, A. K. (1969) J. Zndlan Chem Sot. 46, 626. 
89 STOUT, G. H., MALOFSKY, B. M and STOUT, V. F (1964) J ,4/x. Chem. Sot 86, 957. 
9o ROY, S. and ROY, A. (1966) Tetrahedron Letters 5743. 
91 DJERASSI, C , ROBINSON, C. H and THOMAS, D. B (1956) J. Am. Chem. Sot. 78,5685 
” TURSCH B., TURSCH, E , HARRISON, I T , DA S~LVA, G B C T 

MORS, &‘. B. and DJERASSI, C. (1963) J Org. Chem. 28, 2390. 
DE C. B , MONTEIRO, H. J., GILBERT, B., 

93 CANONICA, L , DANIELI, B., MANITTO, P and Russo, G. (1966) Can. Chim Ital. 96, 843. 
94 CANONICA, L., Russo, G and BO~ATI, A (1966) Gazz. Chml Ital. 96, 772. 
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TABLE 2. ARTEFACTS OF t3-AMYRIN TRITERPENOIDS 
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Precursor Artefact 
(function affected) (function produced) Ref. 

Satkogenin E 
(ll-en-13/3,28-epoxy) 

Saikogenin F 
(11-en-13,3,28-epoxy) 
Saikogenin G 
(11-en-13/3,28-epoxy) 
Protoprimulagenin A 
(13/3,28-epoxy) 
Cyclamnetin A 
(138,28-epoxy) 

Cyclamigenin B 
(30-al) 
Gypsogenin 
(12-en-28-oic acid) 
Stryphnodendron sapogenin B 
(28 : 2l/%lactone) 
Stryphnodendron sapogenin F 
(28 : 21 p-lactone) 
Protobassic acid 
(66-01) 
Barringtogenol C 
(16a,21/3-diol) 

Protoaescigenin 
(16a,21,%diol) 

Primulagenin A 
(16a-01) 

? 
Echinocystic acid 
(1Zene) 
Qmllaic acid 
(12-ene) 
Theasapogenol E 
(23-al) 
Presenegenin 
(12-en-27-01) 

Saikogenin B 
(9(11),12-dien-28-01) 
Saikogemn C 
(I 1,13(18)-dlen-28-01) 
Saikogenin A 
(11,13(18)-dien-28-01) 
Salkogenin D 
(11,13(18)-dien-28-01) 
Primulagenin A 
(12-en-28-01) 
Cyclamiretin D 
(12-en-28-01) 
Cyclamigenins A’ and C? 
(see Ref.) 
Cyclamigenins A2 and D? 
(see Ref.) 
Gypsogemn lactone 
(28: 13j3-lactone) 
Machaerinic acid 
(21fl-ol-28-oic acid) 
Stryphnodendron sapogenin K 
(21 ,%ol-28-oic acid) 
Bassic acid 
(5-ene) 
Barringtogenol D = 
Jegosapogenol B 
(16a,2la-epoxy) 
Aescigenm 
(16a,2la-epoxy) 
Isoaescigenm 
(1 S-en-21 a-01) 
Aegiceradtol 
(15-ene) 
Aeglceradienol 
(28~nor-17(18)-ene) 
Albigenm 
Albigemc acid 
(13(18)-ene) 

(13(18)-ene) 
Camelliagenin D 
(24-a]) 
Senegenin = Tenmfolic acid 
(27~nor-13(14)-ene-12a-chloromethyl) 
Senegenic acid = Polygalic acid 
(27~nor-13(14)-ene) 
Hydroxy-senegenm 
(27~nor-13(14)-ene-12a-hydroxymethyl) 

19 

19 

19 

19 

7 

45 

46 

46 

95 

62,92 

62,92 

64 

96 

96 

96 

97 

97 

98 
82 

82 

24 

85 

85 

85 

9s Ref. 1, Vol. V, p. 365. 
96 NAKONO, T., HASE~AWA, M., FUKUMARU, T., DURHAM, L. J., BUDZ~IEWICZ, H. and DJERASSI, C. (1969) 

J. Org. Chem. 34, 3135. 
97 HENSENS, 0. D. and LEWIS, K, G. (1965) Tetrahedron Letters 4639. 
9* BARUA, A. K. and RAMAN, S. P. (1962) Tetrahedron 18, 155. 
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TABLE 3. DISTRIBUTION OF OXYGEN FUNCTIONS WITHIN NATURALLY OCCURRING 
3/%HYDROXYOLEAN-12-ENES AND 3fi-HYDROXY-138,28-EPOXYOLEANANESt 

% of compounds oxygenated 
Functtonal group at each position 

Hydroxyl 
Position a fi Carbonyl Carboxyl Acids* Non-acids All 

1 -- 1 1.5 0.9 
2 9 13 - 30.3 G 20.0 
5 -- - - 

6-4 - G G 3.6 
9’ 1 1 - 

11 <z 9 

- 1.5 - 2.3 1.8 

12,l 4.5 Gl 
15 4 1: 6.1 4.5 5.5 
16 27 3 22.7 68 0 41.0 

18 3- - 4.5 - 2.7 
19 22 - 61 
21 240 19 3 19-7 2& 

3.6 
23.6 

22 5 - 10.6 40.8 22.7 

23 22 4 6 30.3 27.3 29.0 
24 12 1 2 13 6 13.6 13 6 
25 - - - - - 
26 - - - - - 

21 1 2 4,5 2.7 
28 33 4 50 78 9 7K5 79.0 
29 1 - 7 12.1 

G 
7.3 

30 3 2 10 18.2 13.6 

* Including lactones. 

f 13/3,28-epoxy = 28-hydroxy; lactones = hydroxy-acids. 


