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Olean-12-ene, the most common carbon skeleton of the pentacyclic triterpenes, possesses eight methyl
groups, or their biogenetic equivalents, on quaternary carbons throughout the frame work. Although the
methyl signals in the NMR spéctra of compounds of this group have not been used widely for structural
studies, their correlation with structure, once established, should be of great use for the study of unknown
members which are to be found in nature, because any structural modification should cause systematic
changes in the chemical shifts of methyl groups located in the vicinity, as has been found in steroids (1).
Tursch et gl (2) and Cheung et gl (3) attempted to establish these effects on methyl signals but their
results are concerned more with the effect of various modifications at 3- and 28-positions and 2-, 3- and
23-positions, respectively. We have examined the changes in the methyl chemical shifts which accompany
the introduction of a hydroxyl group at various positions in olean-12-ene and the effect of their acetylation,
since hydroxyl group is the most frequently found substituent in natural olean-12-enes and since acetylation
is a common procedure in characterization and is also helpful for NMR measurement. The results are
tabulated herein together with a few examples of their application.

B-Amyrin (I) was chosen as the parent substance, since the presence of a 3B-hydroxyl group is almost
ubiquitous in olean-12-enes and since all the methyl signals have been assigned unequivocally by selective
deuteration (4). The compounds examined and their methyl chemical shifts are shown in TABLE | (5). From
these values, the effects of hydroxyl and acetoxyl groups on the chemical shifts of each methyl group in
the B-amyrin skeleton were calculated, assuming the additivity of each substituent effect. The effect of
substituents thus deduced are listed in TABLE |l together with the values presented by Tursch (2) and Cheung
(3). TABLE !l shows that the introduction of a hydroxyl or an acetoxyl group causes a regular and unmis-
takable change in the chemical shifts of the neighbouring methyl groups but not of the remote methyl groups;
e.g. the 23—, 24-, 25- and 26-methyl signals are shifted by the introduction of 6a-hydroxyl or 6a-ucetoxyl
group, and the 27-, 28-, 29- and 30-methyls are shifted by 22a-substituents. The magnitude of this change
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is generally larger for an acetoxyl group than for a hydroxyl group at the same position. Exceptions

were observed in three cases: 1) When a methyl group and o substituent are in parallel orientation

(1, 3-diaxial or 1,3-peridiequatorial) [23—, 27- and 30-methyls with 6a-, 16a~ and 22B-substituents,

respecfively] (6), 2) when an axial methyl group has a substituent at the periequatorial position {27-

methyl with 7B-subsfifuenfs] (7), and 3) when a methyl group and o substituent are in the 1,2-diequa-

torial relationship (23—, 28- and 29-methyls with 38, 220~ and 21B-substituents, respectively].
Applicability of TABLE Ii is clearly demonstrated for camelliagenin A tetraacetate (XIX) (8) as an example.

The calculated chemical shifts in the next page are in good agreement with the observed values (TABLE ).
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TABLE 1. Methyl Chemical Shifts of Olean-12-enes (5) 24 ~23 Olean-12-ene

Compd Substituents 23 24 25 26 27 28 29 30
1 3-OH 0.99 0.79 094 0.7 1.3 0.8 0.87 0.87
I 3B-OAc 0.86 0.8 0.9 0.9 1.13 0.8 0.8 0.8
Il 3p,6q,28-(OH), 131 098 098 098 1.19 CH,OH 0.8 0.8
IV 3p,6q,28-(OAc), 095 1.08 1.08 1.08 1.20 CH,OAc 0.88 0.8
v 3p, 28-(OH), 100 079 0.95 095 1.18 CH,OH 087 0.8
VI 3p,28-(OAc), 0.87 0.87 0.9 09 1.17 CH,OAc 0.8 0.87
VIl 3B, 7B~(CH),, 30-CO,Me 099 0.80 0.94 1.02 1.24 0.8 113 CO,Me
VIl 3B, 7B~(OAc),, 30-CO,Me 087 0.89 100 109 121 079 113 CO,Me
IX  3p, 16a,28~(OH), 100 079 092 092 1.35 CH,OH 092 0.9
X 3p, 16a, 28-(OAc), 0.8 0.86 0597 092 1.28 CH,OAc 092 0.9
X 3p, 16B,25-(OH), 100 0.79 094 1.00 1.21 CHOH 0.9 0.9
XIl 3P, 16B,28-(OAc)y 0.86 0.8 0.9 1.01 1.27 CH,OAc 0.90 0.9
X1 3p,22B~(OH), 0.99 0.79 0.96 0.99 1.12 09171 0.88"! 1.04
XIV 3B, 228-(OAc), 0.87 0.87 0.98 0.98 1.15 0.98" 0.8 0.87
XV 38,220-(OH), 098 0.79 093 0.98 1.15 098 0.93 0.93
XVI  3p,22a~(OAc), 0.87 0.87 0.97 0.97 1.17 ¢.67 0.92 0.97
XVIl 38, 23,28-(0A), CH,OAc 0.84 0.99 0.96 1.15 CH,OAc 0.8  0.89
XVl 3B, 16a,218,22a,24,28-(OAc), 1.03 CH,OAc 0.96 0.91 1.30 CH,0Ac 0.91  1.05
XIX 3B, 16a, 224, 26-10AC) 0.86 0.8 0.97 092 131 CHOAc 097  1.03
XX 3B, 16a, 215, 220, 28-(0Ac) 0.87 0.87 0.97 092 131 CHOAc 0.92 1.05
(ebs),, 0.86 ©0.86 0.97 0.93 1.28 CH,OAc 0.6 CH,OAc
XK 3B, 16a,28,30-(0A), (i1cy " 0.86 0.86 0.7 0.92 1.28 CH,0Ac 0.92  0.92

*1 The assignment is ambiguous. *2 See text for the basis of calculation.
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Parent (B-amyrin)

TABLE

Acetylation of 38-OH

2a-OH 2
2a-OAc*2
2B-OH*2
2B-OAc*2
6a-OH (111-V)
6a-OAc (IV-V1)
7B-OH (VIi-1)
7B-OAc (VIII-I1)
16a-OH (IX-V)
16a-OAc (X-VI)
16B-OH (XI-V)
16B-OAc (XI1-VI)
19a-OH *3
198-OH*?2
21B-OH*3
21B-OAc *3
220-OH (XV-I)
22a-OAc (XVI-II)

22B-OH (XI11-1)

22B-OAc (XIV-I1y

23-OAc (XVII-VI)

24-OAc (XVIlI-XX)

28-OH (V-1

28-OAc (VI-II)
29-OH *3
29 -OAc”
30-OAc (XXI1-X)

3

*
Il. Effect of Hydroxyl and Acetoxyl Groups on Methyl Signals (5) !
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0.01

0.16
0.01
0.01

0

24
0.79
0.07
0.03
0.04
0.22
0.18
0.19
0.21
0.01
0.03

-0.01

-0.01

0.01

0.01

0.01

-0.03
0
0.01
-0.01
0
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25
0.94
0.02
0.03
0.13
0.03
0.26
0.03
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0.04
-0.03
0.01
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-0.01
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-0.01
0
-0.01
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-0.01
0.01
0
0
0.02
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26
0.97
-0.01
-0.01
-0.01
0.02
0.03
0.03
0.12
0.05
0.13
-0.03
-0.04
0.05
0.05
0
0.03
-0.01
-0.01
0.01
0.01

0.02
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-0.01
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0.02
0.04

-0.01

0.02

-0.02
-0.01
0.05
0.04

-0.01
0

28 29
0.83 0.87
0 -0.01
COzMe -0.02
COzMe -0.02
COzMe 0.01
COzMe 0
CHZOH =0.01
CH,OAc 0.01
(-0.03) (0.26)
(-0.04) 0.27)
CHZOH 0.05
CHZOAc 0.05
CH20H 0.03
CHZOAC 0.03
CO2Me 0.04
COzMe 0.01
Co,Me  0.054
CO,Me -0.07
0.15 0.06
0.04 0.06
0.08 0.01
or 0.05 or 0.04
0.15 -0.04
or-0.01 or 0.12
CHZOAc 0.02
CHZOAc -0.01
—_ 0
0.01
CO,Me —_—
CO,Me —_—
CH, OAc 0.04
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30
0.87
-0.01
-0.02
-0.02
0.01

-0.01

0.01
COzMe
CQZMe

.03
.03
.04
.01
014
.05
.06
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0.02

0.0t
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*1 The down-field shifts are chosen as positive. Values in parentheses are ‘due to the other functional groups.
*4 These values are reversed in ref. 2.

*2 Taken from ref. 3.

*3 Taken from ref. 2.
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methy! groups 23 24 25 26 27 29 30
B-amyrin 0.99 0.79 0.94 0.97 1.13 0.87 0.87
acetylation of 38-OH -0.13 0.07 0.02 -0.01 0.00 -0.01 -0.01
16a-OAc -0.01 -0.0? 0.01 -0.04 0.1 0.05 0.05
220-OAc 0.01 0.01 0.01 0.01 0.04 0.06 0.1
28-OAc 0.01 0.01 0.00 0.00 0.04 0.01 0.01
§ calc. 0.87 0.87 0.98 0.93 1.32 0.98 1.03

Another example is the structural elucidation of cyclamiretin E (XX1), C30H5OO4’ m.p. 247-249,
))KBr 3450 cm', o new olean-12-ene isolated from the bulbs of Cyclamen eurgpea. XXI afforded o
tetraacetate (XXII), m.p. 211-210". The NMR spectrum of XXIIshows six methyl singlets (9), five of
which are identica! with the calculated values (TABLE I) of the 23- to 27-methyl signals for 3, 16a, 28-
triacetoxyolean-12-ene, suggesting the fourth acetoxyl group be located either at C29 or at C30. The
presence of the hydroxyl group at C30 in XX!I was confirmed when its identity with dihydrocyclamiretin D
(10) was established by o direct comparison.

Caution has, however, to be excercised in applying TABLE Il, because, in several cases where
hydroxy| groups and/r acetoxy! groups are in 1,2-diequatorial orientation [e.g. acetates of barringtogenol
C, theasapogenol A and camelliagenins D and E (H)] , the calculated values are somewhat deviated from
the observed ones. This may reflect the restricted rotation of the functional groups or the distortion of
a ring from the normal chair conformation.

We are deeply indebted to Professor D.H.R. Barton, Imperial College, for his generous gift of
cyclamen bulbs, to Professors L. Canonica, Milano University, and M. Takahashi, Tohoku College of
Pharmacy, for their kind gift of various samples, and to Dr. O. Tancka, Tokyo University, for his
unpublished data.
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