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Abstract—The *C-NMR chemical shifts of amyrins and their derivatives published
up to an early spring of 1987 are listed and a number of methods for signal assignment
are explained. A list of 214 amyrins, the *C-NMR chemical shifts of which have been

assigned, is included.
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Table I. 13C-NMR chemical shifts of 1 and 2 in
pyridine-ds and CDCls solutions

1 : 2

pyrid- pyrid-
Py CDCle 4 PG CDCl 4

Carbon

i

39.3 389 0.4 397 39.2 05
28.2 27.6 0.6 281 27.2 0.9
78.6 79.2 —0.6 77.9 78.9 —L0
39.3 38.9 0.4 397 39.2 0.5
56.2 55.7 0.5 . 55.3 55.0 0.3
19.0 18.6 0.4 1729 17.5 0.4
33.0 331 —0.1 33.0 32.8 0.2
40.1 39.7 0.4 435 433 0.2
48.4 48.1 0.3 622 6.8 0.4

1 ]

i

1 1 ]

OOOOC?OOOO
© W NN O Gl N e

1

C-10 37.7 387.4 0.3 37.6 3.1 0.5
c-1 23.9 23.7 0.2 199.5 200.4 —0.9
Cc-12 123.0 1227 0.3 1286 1285 0.1
C-13 144.4 144.1 0.3 169.5 169.4 0.1

C-14 42.2  42.1 0.1 45.5 456.5 0
C-15 28.4 28.1 0.3 266 265 0.1
C-16 23.9 235 0.4 26.8 26.5 0.3
C-17 47.3 47.1 0.2 321 3L9 0.2
C-18 42.2 41.8 0.4 487 483 0.4
Cc-19 46.5 46.3 0.2 41.7 4.0 0.7
C-20 30.9 308 0.1 44.0 43.8 0.2
c-21 34.4 342 0.2 3.6 3.0 0.6
C-22 33.0 327 0.3 384 37.8 0.6
Cc-23 28.8 283 05 287 284 0.3
C-24 16.3 16,6 0.7 16.5 15.6 0.9
C-25 15.6 15.4 0.2 16.8 16.4 0.4
C-26 17.3  17.1 0.2 18.8 187 0.1
c-27 261 26.1 0 28.5 23.4 0.1
c-28 177.8 178.1 0.7 287 284 0.3
c-29 83.56 331 0.4 28.7 28.6 0.1
c-30 239 237 0.2 179.0 18L5 —2.5
OCHs 51.3 5.3 0

1; methyl oleanolate (methyl 3g-hydroxyolean-12-
en-28-oate)2”

2; 3p-hydroxy-11-oxoolean-12-en-30-oic acid
(glycyrrhetinic acid)®

rin()RE £F3ch o] F group EF A~E
9] 54 Boz FHH JQov(Fig D —i
oz DB/WAE A 22 conformationo] [H—
vt E®e ottt Z famyrinkyE  chair
conformationg 7}A 1} a-amyrinRe twist con-
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Carbon 3 4 5% 6 7

38.7 38.9 39.0 38.7 38.8
27.3 27.3 28.1 23.5 27.3
78.9 78.9 78.2 79.0 78.8
38.8 38.8 39.4 39.6 38.8
55.3 55.3 55.9 52.7 55.4
18.4 18.4 18.8 18.3 18.4
32.8 33.1 33.3 33.0 33.0
38.8 40.1 39.8 39.1 39.6
47.7 47.8 48.2 47.6 47.5

-10 37.0 36.9 37.5 36.7 37.0
C-11 23.6 23.4 23.8 23.7 23.3
121.8 124.5 122.7 125.8 125.5
145.1 139.6 145.0 138.0 138.0
C-14 41.8 42.2 42,2 42.0 42.0
C-15 26.2 26.7 28.4 29.4 28.2
C-16 27.0 28.2 23.8 23.3 24.3
C-17  32.5 33.8 46.7 47.9 48.1
C-18 47.4 59.2 42.1 55.3 52.8
C-19 46.9 39.8 46.6 30.6 39.1
C-20 3L1 39.7 31.0 30.4 38.8
C-21 34.8 31.3 34.3 27.3 30.7
C-22 37.2 41.6 33.3 37.0 36.7
C-23 28.2 28.2 28.8 23.4 28.2
C-24 15.5 15.6 16.6 17.0 15.5
C-25 15.6 15.6 15.6 17.0 15.7
C-26 16.9 16.9 17.4 15.5 16.9
C-27 26.0 23.2 26.2 24.2 23.6
C-28 28.4 28.7 180.3 176.0 177.7
C-29 33.3 17.5 33.3 21.1 16.9
C-30 23.7 21. 4 23.8 23.4 21.2
OCHs 51.4

i 1

! i 1

OO0 000
1
© 0 N\ oy O W N

*measured in pyridine-ds.
3; p-amyrin®2,2,2

4; a-amyrin??¥

5; oleanolic acid??

6; ursolic acid!1®

7; methyl ursolate?*,%8,29
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Fig. 1.

R = CH3 — COOCH3
Fig. 2.

R = CHz —» COOCH3
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Table III. 3C chemical shifts for 8~13 Table IV.

Carbon 8 9 10 11 12% 13* Carbon 483 4(10—1) 4(9-3) 4(1-—-1)
C-1 38.4 385 385 384 389 388 C-17 0 —0.2 —0.4 —0.6
C-2 23.6 23.6 27.2 27.1 27.6 28.5 C-18 —1.3 —1.1 +1.0 +1.2
C-3 8.1 8L.1 79.0 78.7 73.7 80.3 C-19 —6.4 —6.1 —3.9 -3.8
C-4 37.8 37.8 38.7 38.7 42.9 43.3 C-20 +11.6 +11.6 +13.3 +13.0
C-5 55.4 55.5 55.2 55.2 48.8 56.5 C-21 —5.7 —6.2 —3.4 —3.5
C-6 18.3 184 183 183 187 19.1 C-22 —1.2 —1.1 +1.5 +1.1
C-7 32.7 32.7 32.7 32.6 330 336 C-29 - - —5.0 -5.2
C-8 39.9 39.9 39.3 39.2 39.8 39.8 C-30 —4.4 —4.3 - -
C-9 47.6 47.7 47.6 47.5 48.2 48.3
C-10 37.0 37.0 37.0 369 37.3 37.3 9 chemical shift’} @ =F 2.0~2.5 ppm lowfield
C-11 236 23.6 232 233 238 241 shifts] = o] carbone]] ¥s]A afr@el g+ Cw
C-12 123.0 122.8 123.4 122.9 122.7 122.7

C-13
C-14
C-15
C-16
C~17
C-18
C-19
C-20
Cc-21
C-22
C-23
C-24
C-25
C-26
Cc-27
C-28
C-29
C-30
OAc

OCHs

144.4 144.7 142.8 142.9 145.0 145.1

AL.7 417 41.6 41.4 42.2
26.6 26.3 28.3 27.6 28.4
27.0 27.1 234 233 238
32.5 32.1 46.4 46.0 46.7
46.1 48.4 40.2 42,5 42,0
40.6 43.0 39.7* 42.0 46.5
42.8 44.4 42.2 436 31.0
29.1 3l.4 27.6* 30.3 34.3
36.0 386 3l.2° 33.4 333
28.3* 28.3* 28.1 27.9 68.2
16.8 16.8 15.5° 15.6 13.1
15.6 15.6 15.3° 15.3 16.0
16.8 16.8 16.8 16.7 17.5
26.0 26.0 259 259 262

42.2
28.5
23.8
46.8
42.1
46.6
31.0
34.3
33.3
23.7
64.6
16.0
17.3
26.2

28.2* 28.6* 178.0° 176.4 180.4 180.4

179.6 28.3* 177.2° 28.1 33.3
19.4 177.9 19.3 177.3 23.8
171.2 171.1

21.3 21.3
51.8 5l.6 51.7 5L7
51.9 51.4

33.3
23.8

*in pyridine-ds.

8; 3p-acetoxyolean-12-en-29-oic acid
methylester?!,?

9.

3p-acetoxyolean-12-en-30-oic acid

methylester?,32

10; 3p-hydroxyolean-12-ene-28, 29-dioic acid

methylestert®

11; 3p-hydroxyolean-12-ene-28, 30-dioic acid

methylester??
12; hederagenin?’11
13; 4-epi-hederagenins?

¢} chemical shifts} @ 2F 0.5 ppm upfield shift=]
X A o]Ye]: chemical shifte] #EEX AL
A=

C,s methyl groupe] CH,OH=Z A 31=9-& o
8 7+ carbone] chemical shifts] #{r: Fig. 3
s} 7k, o] CH,OH7} acetateZ =H A& FS$E
o] CH,0Aco] %a ape#al Cpe chemical
shiftulo] CH,OHY @] .t} ¢F 1 ppm upfield shift
3z t}E carbon?] chemical shiftE= A¢ #h
7+ 9ee & 4 vt f-Amyrind] EE 2
¥l Cyd methyls] 7} Bt e] COOHY 2 =&
A$7 2% gt} Table IS 3% 8 2 9]
A BEulgl o] o]E model compoundge)
chemical shiftzl-e ¥lz3lrz4 o B
configurationg 44 REL 4 Urt. p-Amyrin
(8o A 8} o] Cye9] geminal CHy9] chemical
shift= equatorial methyl7]q] C, methyls] 7}
Cs methyl® v} AAAo|A  yebrhe] (Table I
22)? Cyool methyl & methoxy carbonyl group-
o] &l 9&HE methylfrl axialz FHa

R = CH3 —> CHy0H
Fig. 3.
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R = OH —>CH3C00

Fig. 4.

-5, 62«0‘20 'LLL\'\.L'

-2.04 020
R 003
..... 59

+011 +673
R=g-OH—>a-OH
Fig. 5.

Hel 3% # F 95 89 C,y chemical shift
7} 1.6 ppm ©} upfield shifts]o] 9l AL o &=
P 2%, o) gL fERE Ch methylr| s} B
465 dicarboxylic acid methyl esters] <] model
compound(10 % 1De] Sl E L RS A
+ + Urh & Table oA B 4 9= #tod
o] F A oA £ KK chemical shifte] s
e —%TE ¢ 4 U

C; hydroxyl groupe] acetylation=] g8 ) <]
acetylation shift 9 ketoneo. @ =g o =
R shiftgte] @b Fig. 49} 7o},

C; hydroxyly] &= BHEMO2E BiEA Z equa-
torial 2 fE&= o] glov} alaxia)Z #EAS ] 9
& el Fig. 50 vehd wle}gte] A/B rings)
TE wh49 chemical shiftx] = A 9] b} glo
v C,9] axial methyls] & C,, methyld] chemical
shiftzk-& # 7 ppm lowfield shiftsl t}8,23,30,
C, 2 GC;¢ chemical shiftfgis y-gauche effect
o &3 # 6ppm highfield shiftsl o}~ 38,
23-Dihydroxyolean-12-enes 2 38, 24-dihydro-
xyolean-12-enes®] # R3S chemical shifti
Table Mo] Foratgiel. 12604 2 4= 9= uf
7ol Cys8) hydroxyl groupe- C;o] chemical
shiftZ  upfield shifta]7]c}, ozt AL
Table Vo)A 9} o] 3-oxof=3 (14 2 15)9)
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Table V. 3C chemical shifts for 14~20

Carbon 14 15 16 17 18 19 20

C-1 38.8 38.7 47.7 46.4 41.7 42.0 41.7
C-2 35.2* 34.4* 66.0 68.8 66.5 66.6 66.7
C-3219.0217.6 78.9 83.8 789 73.8 78.8

4 49,3 51.3 38.8 39.1 38.5* 44.2 41.1

5 52.4 55.9 48.2 55.3 48.1 49.0 42.6

6 19.2 19.3 18.6 18.3 18.1 18.6 18.0
-7 32.8° 32.4% 33.8 32.6 32.5 32.6 32.6

8 39.3 39.2 38.2 39.1 39.7* 39.8 39.7

9 46.8 46.6 47.6 47.5 47.4 47.8 47.7
C-10 36.6 36.6 37.1 38.3 38.3 33.4 38.2
C-11 23.5° 23.1° 22.6 23.5 23.4 23.3 23.2
C-12 122.0 122.1 122.0 122.0 122.1 122.5 122.4
C-13 144.1 143.9 144.0 143.6 143.8 144.3 144.4
C-14 41.8 41.5 41.5 41.7 41.9 42.0 42.0
C-16 27.7 27.7 27.8 27.6 27.7 27.9 27.9
C-16 23.1° 23.8° 22.9 23.1 23.2 22.2 23.6
C-17 46.7 46.8 46.3 46.6 46.8 47.0 47.0
C-18 41.4 41.5 43.0 41.3 41.3 41.6 41.6
C-19 45.8 45.9 46.4 45.8 46.0 46.2 46.2
C-20 30.7 30.7 31.0 30.7 30.7 30.9 30.8
C-21 33.9* 33.9* 34.0 33.8 34.0 34.1 34.1
C-22 32.1 32.1% 33.2 32.3 32.5 32.6 32.4
C-23 67.0 22.0 28.3 28.6 285 23.7 7L5
C-24 17.0 65.8 21.9 16.8 21.9 66.0 17.5
C-25 15.2 16.0 16.9 16.8 16.4 16.8 16.8
C-26 16.8 16.6 17.0 16.8 17.0 16.9 17.1
C-27 25.9 25.8 26.1 26,0 26.2 26.2 26.2
C-28 178.2 178.3 72,0 178.0 178.1 178.7 178.7
C-29 33.1 33.1 34.0 33.1 33.2 33.2 332
C-30 23.6 23.6 22.5 235 23.6 23.7 23.8
51.5 51.5 51.6 bl.5

14; 23-hydroxy-3-oxo-olean-12-en~28-oate?®

15; 24-hydroxy-3-oxo-olean-12-en-28-oate?®

16; 28, 38, 28-trihydroxyolean-12-ene(2-epi-
maslinol)5?

17; 2a, 38-dihydroxyolean ~ 12 - en - 28-oate (methyl
maslinate)?2$,%7,%4

18; methyl 3-epi-maslinate?$28,3"

19; 2a, 3a, 24-trihydroxyolean-]12-en-28-oate??

20; 2a, 3a, 23-trihydroxyolean-12-en-28-oate?”

Az w2 ERE
2, 3-Dihydroxylations] {L&#-1-¢49 F OH
%9 configuration (28,38-; 2a,38-; 2a, 3a-)s|
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Table VI. °C chemical shifts for 21~26

Kor. .J. Pharmacogn.

Table VII. *C chemical shift for 27~33

Carbon

21 22%  23*

24* 25 26

Carbon 27 28 20 30 31* 32 33

i 1 i

OOOO(?OOOO
O 00 T O T W NN

1

a0
LI
-~ o

C-12
C-13
C-14
C-15
C-16
C-17
C-18
C-19
C-20
C-21
C-22
C-23
C-24
C-25
C-26
C-27
C-28
C-29
C-30
OCH;
OAc

46.9
68.8
78.2
43.5
48.1
18.5
32.8
40.0
47.6
38.4
23.9

33.9
26.4
70.0
43.9
50.1
19.1
33.6
39.9
48.1
37.5
24.0

44.8
71.5
73.0
42.4
48.1
18.2
33.0
39.8
48.5
37.2
23.9

38.9
28.4
80.1
43.2
56.3
19.1
33.3
40.1
48.1
37.0
24.1

38.1
23.8
80.8
37.5
56.1
18.0
32.7
39.3
47.3
36.9
23.4

38.8
23.6
80.9
38.6
55.6
68.5
33.9
40.6
47.8
36.4
23.2

123.3 122.8 123.0 122.7 125.5 126.0
144.4 144.0 144.1 144.3 137.8 137.1

42.2
28.4
23.9
46.1
43.3
42.7
4.1
30.8
34.5
67.7
14.5
17. 42
17.2* 17.4 17.1
26.2  26.0 26.1
179.7 179.3 177.9
28.4 33.0 331
177.1  23.6 23.7
51.6 51.7

42.2
28.1
23.3
48.0
41.7
46.1
30.7
34.0
32.5
66.6
14.2
17.5

42.0
28.1
23.5
47.0
41.9
46.2
30.8
34.0
32.8
23.4
65.8
15.9

41.6
27.9
23.9
47.8
52.3
38.8
38.7
30.4
36.5
27.9
16.9
15.5

41.9
26.5
28.6
35.1
47.2
46.5
36.9
72.8
47.7
23.5
64.5
16.2
16.9 16.5 17.2
26.0 23.9 23.6
28.7 184.0 183.7
29.9 16.8 183
17.7 21.0 21.3

42.5
29.7
24,2
47.9
52.4
39.1
40.4
30.7
36.6
27.9
18.6
17.0

170.7 170.9
2.1 2L.1

*in pyridine-ds
21; 28, 38, 23-trihydroxyolean-12-ene~28, 30-dioic
acid 30-methyl ester(phytolaccagenin)s®

22;

0ate55)
23; 3a, 24-dihydroxyolean-12-en—28-oate?®
24; 38,218, 24-trihydroxyolean-12-en

(kudzusapogenol C)3®

25; 3B-acetoxy ursolic acid?®

B-glucosyl-2a, 38, 23-trihydroxyolean-12-en-28-

26; 3p-acetoxy-6p-hydroxyursolic acid®®

38.3
23.6
80.7 80.0
37.6
56.3 64.9
18.1 211.4

39.9 39.7 40.1 39.7
23.1 34.1 34.5 33.2
74.6 216.0 216.3 217.0
41.6 47.3 42.2 42.5
48.7 54.8 56.5 58.6
68.4 19.7 69.8 67.5
41.0 33.7 41.9 44.2 32.8 50.6
39.0 40.7 37.5 38.4 39.5
47.5 49.9* 50.9* 49.2* 47.4
36.8 36.3 37.0 345 32.2 36.8
C-11 23.7 23.6 21.5 21.3 21.9 23.2
C-12 129.0 129.2 25.6 25.2 25.6 125.4 125.0
C-13 138.2 137.3 38.6 37.5 38.0 138.0 137.9
C-14 41.2 41.3 42.5 42.9 41.4 41.9
C-15 28.3 28.1 29.8 29.9 29.8 28.1
C-16 255 25.4 32.2 32.2 32.9 24.2
C-17 47.9 47.9 56.5 56.9 56.2 48.0
C-18 53.3 53.2 49.4* 49.5* 49.0* 52.8
C-19 73.2 73.2 46.9 47.0 47.4 38.9
C-20 41.2 41.2 150.2 150.3 150.5 38.9
C-21 26.1 26.0 30.7 30.7 30.6 30.7
C-22 387.4 37.4 36.8 37.0 37.1 36.6
C-23 65.5 65.6 26.7 25.7 25.6 28.1
C-24 13.1 17.8 21.0 21.3 19.4 16.9
C-25 15.8 14.5 15.9 17.3% 16.4° 15.5
C-26 16.7 17.2 15.9 17.1* 17.7° 16.9
C-27 24.4 24.4 14.6 15.0 14.6 23.2
C-28 178.3 178.2 182.2 181.9 179.2 177.6 177.7
C-29 27.5 27.4109.7 109.8 109.7 17.1
C-30 16.1 16.1 19.4 19.5 19.4 21.2

1

37.9
23.0
74.6
40.6
47.9
18.1
32.5
40.0
47.3

oo oo NoNe el
1

i
—
S W 00 NN O e WD e

O
1

OCH; 51.5 51.6 51.3
OAc 170.6 170.7 170.5 170.9
170.9 170.9 21.1
20.9 20.9
2.2 21.2

*in CDCl3+CDyOD

27; 38, 23-diacetoxy-19a-hydroxyurs-12-en-28-oate5?

28; methyl 38, 23-diacetoxy-68, 19-dihydroxyurs-12-
en-28-oate®”

29; lup-20(29)-en-3-on-28-oic acids®

30; 68-hydroxylup-20(29)-en-3-on-28-oic acid®®

31; 6a-hydroxylup-20(29)-en-3-on-28-oic acid®®

32; methylacetyl ursolic acid?

33; 3p-acetoxy-6-oxo-urs-12-en-28-oate’”
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w2 Aring®) chemical shiftZ Table Vo] 115}
AT Coolwt axial OH@EA & A9 o
27FA] 2 2, 3-dihydroxyolean-12-enes7} £ C,
o axial OH(a)7} #&H 184 £ C, 2 C9
chemical shiftz} y-gauche effecte] k3] upfield
shiftd A& & 4 Arh o472 FEHE Cu
hydroxylation® 2, 3, 23-trihydroxyoleanes (20,
21) 2 2,3, 24-trihydroxyoleanes(19) o} A = &
A=t} o] & model compounde]] A B ufs}zt
o] Coof] #&= OHS9 configuratione] & A ¢l
o] 2a, 3a, 23-trihydroxy configuration- 7} 2 w=j
Z 209 ASsF C 2 Csol chemical shiftz} 7}
Z wo] upfield shifts 2e, 3a, 24-trihydroxy
(19) 2 2, 3B, 23-trihydroxy (21, 22) configuration
Ve ol JFe FeA pedh. 2 B
C;9 chemical shift= 23 @ 2404 »E= ulst
o] 3a,24- E=E 3B, 24-dihydroxyoleaneso] 4] 2]
C;9) chemical shift(650.5 € 56. 3) ¥.t}& upfield
shiftd & & 4 g+

Ceol OHE7L paxialZ EEH ] A& #H ol
£ o] OH#EL Cy, Cos L Cyel methyl group
o] B.F syn-axialz#A 7} ¢ o OH#E: 7} alequa-
torial) g w] &= o] & methylZtol gauche-transo] =
2, OH7 2 @Al 9¢ o Gl chemical
shift7} adl 5o} # 2ppmA £ o low fielde] 4]
e, = Gy, Cis 2 Cyed) chemical shiftgh
T B-OH=Z #&d Aol d-effecto] k3]
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Table X. 3C chemical shifts for 34~40

carbon 34 35 36 37* 38% 39 40

Table VIII.

Carbon  4(26-25) 4(28-27) 4(30-29) 4(31-29)
C-1 +0.7 +2.0 +0.4 0
C-6 +50.5 -+50.3 +50.1 +47.8
C-24 +1.7 +4.7 +0.3 —1.6
C-25 +1.5 —1.3 +1.4 +0.5

C-26 +0.7 +0.5 +1.2 +1.8

38.1 38.6 41.2 38.6 38.8 38.8

23.6 23.3 33.9 27.1 27.2 28.1

80.7 80.0 214.4 77.8 73.5 78.2

37.5 46.2 47.0* 38.6 42.8 39.4

55.2 65.3 65.5 55.3 48.7 56.0

18.2 211.4 212.0 18.3 18.6 19.0

32.6 50.5 52.0 32.8 33.0 33.3

39.3 38.8 47.7* 39.1 39.7 40.0

47.5 47.9 50.7° 47.5 48.2 48.3

36.9 36.6 43.8 36.9 37.2 37.6

23.0 22.9 21.7 23.3 23.9 24.1

C-12 122.1 121.9 25.2 122.1 122.9 123.8 126.9
C-13 143.6 143.6 38.3 143.8 144.0 144.3 138.7
C-14 41.6 42.8 43.1 41.8 42.9 42.0

C-15 27.7 27.5 29.8 27.9 285 29.0

C-16 23.6 23.8 32.1 26.4 25.2 28.1

C-17 46.6 46.6 56.3 46.6 48.7 46.4

C-18 41.1 41.3 49.5% 41.2 41.9 44.7

C-19 45.8 45.6 47.0 40.8 47.7 81.0 74.9
C-20 30.6 30.7 150.1 35.0 36.9 35.6

C-21 33.3 33.8 30.7 72.9 72.3 28.0

C-22 32.3 32.2 37.0 39.0 41L.9 33.3

C-23 28.0 27.6 24.3 28.3 68.1 28.8&
C-24 16.8 17.2 21.6 15.9* 13.1 16.5

C-26 15.3 16.4 16.2° 15.3* 15.9 15.5

C~-26 16.8 16.4 16.5° 16.8 17.5 17.3

C-27 25.8 26.3 15.0 27.6 26.0 24.7

C-28 177.8 177.9 185.2 177.6 179.3 178.7

C-29 331 33.1110.0 25.3 29.8 28.8
C-30 23.6 23.6 19.5 24.8 17.8 24.9

! 1

1 1

1

OOOOCPOOOO

(@]
1 1
==
— O W 00 N\ O O o W DN e

(@}
|

OCH;s 51.6 51.2 51.7
OAc 170.9
21.2

Table IX.

Carbon 4(33-32) 4(35-34) 4(36-29)
C-5 +9.6 +10.1 +10.7
C-6 +193.3 +193.2 +192.3
Cc-7 +17.8 +17.9 +18.3

*in CDCl; by adding a small amount of DMSO-ds
*in pyridine-ds.

34; methylacetyl oleanolic acid®®

35; methyl 3-acetyl-6-didehydrosumaresinolate®”
36; lup-20(29)-en-3, 6-diketo-28-oic acid®®

37; methyl 38, 21la-dihydroxyolean-12-en-28-oate?
38; 38,218, 23-trihydroxyolean-12-en-28-oic acid®®
39; methyl 38, 19a—dihydroxyolean-12-en-28-oate®V
40; methyl 38, 198-dihydroxyolean-12-en-28-oate"
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Table XI. Table XII.
carbon 4@7-1) 4(38-5) carbon 4(39-1) carbon 4(40-1D)
C-19 —5.0 +1.1 C-19 +34.5 C-12 +4.2
C-21 +39.1 +38.0 C-21 —b5.4 C-13 —b.4
C-29 -~7.8 —3.5 C-29 ~4.7 C-19 +28.6
C-30 +1.2 —6.0 C-30 +1.0
¥ o] downfield shiftsch.® walrx 2 C,9 Table XIiL
chemical shift= Ceofl #5435 OHES} B2 #E carbon 4(41-42) 4(43-3)
o] ¢]-&u J-effecte] k3] ©] o] downfield
shiftdvh, Llbe] f&RE Table W, W 2 VIl C-16 7.2 g
- 8 +5.
et o1 w0 o
=3 Cool ketonetrl A=) 18 Cs, G (o, 4t 4385
] [ i i = ) )
2 C;9] chemical shifte] ##f{ki= Table K} C-30 +1L.2 —9.4

. & o] R4 meutel 7ol Coo chemical
shift= # 193ppm downfield shifts]s} C; & C;
9} chemical shift® %4 10ppm 2 18 ppmA =
downfield shiftglt}, &u]gly HEL Co7l me-
thylene carbongds]= C,y, Cos 2 Cye8] methyl
group %3} A2 py-gauche effecte] {ka] CH,
carbonrb 7}# high fielde] A] signalo] 1}e}vli
2 ketoney w2 Cg carbonyl carbong] che-
mical shiftff¥ %44 q) cyclohexanones] 3t
AR 9 & p-gauche effectyl ZA] A=
& ¢ F 9=

Croll a(azia)® OHEJ} #As o g€ w+&
#1 34 ppmA = C;9 chemical shift7} downfield
shifts] & o] OHE:S} syn-axial®lA 7} g+ Cy
9] chemical shift= #; 3 ppm downfield shift
#H,

Cy1o) hydroxylation® ¢ & #] 9] chemical shift
9] B Table XIs} ). OH#ESL gigd &
385} 7o) equatorialZ FEAHUL W Cp &
Cy; methyl# &3 A 2 gauche-forme] =l & 2 o]
£ methyl#e] chemical shift= £% 3.5 &
6 ppm y-gauche upfield shiftgc}. = 375}
7o) a(axia)iE&Y # & C, methylsl= gauche-
formo] = Csy methyl®} & anti-formo] g}, e}
A Cy9 chemical shift:= 7.8 ppm upfield shift
=1} Cp2 1.2ppm downfield shiftd o}, 3 =
OH7} ai &Y™ & Ces} gauche-formo]r} pf

&d# = anti-formo] = E2Z, C,9 chemical
shift= OH7} a2z A gse] A&wlE 7-gauche
effecto] 3] 5ppm upfield shifts] = BiEA L
% 1.1 ppm downfield shift=] ¢ ).

Cyol OH#E7} a(axia) 2 HEAEH IS A= Co
methylstE A 2 gauche formo] =} = Cyy methyl
5}E anti-formo] =22 Cypd chemical shift:
4,7 ppm 7-gauche upfield shifts 5 Cyp& 1ppm
downfield shiftgtl, = C,¢ chemical shift®
o] carbono] Ci¢) a-OH¢} gauche formo] ==
2 5.4 ppm upfield shiftg -2 & 4 glt}(Table
I, X 2 XII 3x). 28} Cyel] OHEZ 2
#5454 ursane;Re] Cyy methylEio} zEe] o] OH
#:7} double bonde] 7}7t7] W Eo} steric effect
o] tkal, & r-effecto] k3] Cy3¢] chemical shift
7} upfield shifts] z -effectel]l 3] C19) chemi-
cal shift: downfield shift®d-& & 4 Avh. P o]
@R Table XIIo] v}ehujglet.

Cofirf®o] hydroxylation=]wi Table XIIIej A}
9} o] Cys $RFE7+ Ce¥ a-OH(equatorial) o=
gauche forme] = 3z p-OH(axial)¢}+ anti-form
o] Ho] %% 7.2ppm upfield shift L 1.8 ppm
downfield shiftzlc}. =21} OHJ} BREAL-E
o] OH$} C; methyl(axial)s}¥ syn-axiale] =
o] d-deshielding effecte]] k3] Csy0] downfield
shifts] o] of 3} KB E 4301 A9} o] 234
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Table XIV. “C chemical shifts for 41~46 Table XV.
carbon  41%  42*  43* 44 45 46 carbon A(44-46) A(45-46)
C-1 390 383 39.2 389 390 387 C-17 —0.4 +0.1
C-2 27.0 260 28.2 237 236 23.4 C-18 1.0 —11
C-3 788 757 78.1 8.7 80.8 80.5 C-19 —37 —6.0
C-4 300 41.7 39.4 37.9 381 380 C-20 +13.1 +11.5
C-5 55.6 49.3 559 552 551 54.9 C-21 —3.92 5.4
C-6 186 183 189 17.5 17.5 18.4 C-22 +1.8 —1.0
C-7 328 323 333 32.8 32.8 32.6 C-29 —4.9 —
C-8 40.2 39.7 40.1 43.3 435 43.3 C-30 — —4.2
C-9 47.9 47.4 48.1 6L.9 6L.9 6L5
C-10 37.1 368 37.3 37.1 37.1 369 2 4ppm upfield shifts]o] }eld}, olslzo f&
C-11  23.8 23.6 23.9 200.2 200.2 201.4 BE Cy fifBo) hydroxylations] §& # % ol o]
C-12 123.0 122.1 122.5 128.9 128.9 127.9 Wb, 2 Tori% o] 4o fkaba 28-hydroxy-
C-13 143.2 144.2 144.9 169.3 169.3 170.2 olean-12-cneso} 4 OH3rl Cuol @ m: 2
C-14 41,5 41.7 42.5 45.5 45.5 45.8 o s 2o r-gauche forme] Cp) chemical
C-15 25,3 25.6 26.5 26.6 26.4 26.4 shifts} 4~5 ppm upfield shift=] v}, C,, methylsh
C-16 14.7 21.9 28.7 26.6 26.4 26.4 ) - )
C-17 430 368 380 3L9 324 s23 S axialdARl 16e-OH #= Cyre] chemical
C-18 42.4 42.5 454 48.5 46.4 475  Shift7k & 0.5ppm downfield shiftslvtz ik
C-13 46.0 46.6 46.9 41.3 39.0 450  OrFh IE 138, 28-epoxy oleaneneio] A& 16a~
C-20 31.5 30.9 30.9 44.1 425 31.0 OH4# DIR9| deformationo] {£3] syn-axialz}h
C-21 42,4 342 423 3.2 290 344 A Cy methylksl 1.4ppm upfield shifts]w
C-22 75.8 30.9 75.6 38.2 354 36.4 164-OHY wfj gto] C,, & C,4 carbono] y-gauche
C-23 28.3 70.3 28.8 28.3* 28.1*° 28.0 effects o] wo} upfield shiftdlv}z s
C-24 156 11.6 159 16.7° 16.7* 16.6 ok,
C-25 156 15.9 16.6 16.4* 16.4* 15.7 3.2. 11-Oxo-olean-12-enes
C-26 167 16.7 17.3 18.8 188 17.3 el = 11-oxo-olean-12-enesA] fLirdgo] 7
C-27 26.4 26.0 25.8 23.4 23.4 23.5 9T, W BAd LAkl 29 Rad gy
C% W1 691 288 286 286 287 cyrrhetic acid(2)o] v}, Glycyrrhetic acid methy-
C-29 33.4 33.2 333 28.1° 178.9 33.0 ) o
C-30 248 23.6 212 177.8 19.3 235  Lacetate(d4) Bl o4 Co epimere] liquiritic acid
'E)CHa 5L7 520 methylacetate(45)2] S-amyrenyl acetate(46)5}<]
OAc 7.1 1712 170.6 Eeo} 9ol 49 chemical shifts] ##4S Table

2.2 2L.3 2L.2

*in CDCl; by adding a small amount of CD,OD
*in pyridine-ds.

41; 22a-hydroxy erythrodiol®

42; 23-hydroxy erythrodiol3 4,110

43; sophoradiol(3, 22g-dihydroxyolean-12-ene)®®
44; glycyrrhetic acid methylacetate’?

45; liquirtic acid methylacetates?

46; p-amyrenyl acetate®®

XVe] bepl gish. o) el A miuks} o] Cyy
epimere] §lo] A chemical shifte] #{b= C0]
BfhE =) 92 deoxofbh Aol 9o} A9 chemical
shifte] BL(Table IV 22)sh A9 242 ¢
2 9]}, 32,49

11-Oxofi:= alkaligiFo] k314 D/E ring &
£ro] cisol A trans & 188-Hy} 18a-H= Ht},
186-HA 2 9] {4y 2 o] 59 18a-H epimers]
chemical shift= Table XIV, XVI 9 XVIIs] 1}
Bl §let 24 o] & FKol Al Hizuls)l o] R
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Table XVI. 1C chemical shifts of 188-(48-51)

and 18a-olean-12-enes(52-54)

carbon 49 50 51 52 53

54

1 1 i

t

(@]
| S T B
W 0 N DG s Y -

@]
§
—
=

OOO(?OOOO

3.6 .38.5 382 388 382
27.2 27.2* 23.6 27.2 271.3
78.8 78.8 80.6 786 78.8
8.6 387 37.6 387 38.7
55.1 556.1 55.1 55.2 55.2
18.4 18.4 182 183 18.3
32.7 32.7 326 331 341
39.7 39.7 39.7 39.5 39.5
47.6 47.6 47.4 47.2 47.2
3.9 36.8 36.8 36.8 36.8

C-11 23.4 235 236 232 231
C-12 122.2 122.1 121.9 117.2 116.9
C-13 143.9 144.4 143.9 141.5 141.9
C-14 41.5 41.7 41.6 43.6 43.6
C-15 26.1 26.1 26.0 26.3 26.3
c-16 27.0 27.3* 27.1 381 388
C-17 31.9 32.4 323 349 353
C-18 48.1 46.7 46.5 39.3 39.6
C-19 42.8 41.9 42.1 36.0 36.3
C-20 44.1 35.5 341 428 36.2
C-21 31.3 29.6 30.1 32.4 32.3
C-22 38.3 365 36.4 287 235
C-23 28.1 281 280 281 281
C-24 15.3* 156 16.6* 15.2 15.2
C-25 15.5* 1556 165 157 15.7
C-26 16.8 16.8 16.8 15.8 15.8
C-27 25.9 25.9 25,9 23.2 23.1
C-28 281 281 281 17.4 17.4
C-29 28.4 29.6 28.0 20.9 20.6
C-30 176.9 66.6 67.8 178.7 74.9
OCH:; 51.3 51.5

OAc 170.2

170.6
20.8
2.2

38.5
23.6
80.6
37.7
55.3
18.2
34.0
39.5
47.1
36.7
23.1
116.9
142.0
43.6
26.3
38.1
35.1
39.5
36.1
34.8
32.6
28.8
28.0
16.8
15.2
15.9
23.1
17.4
20.8
75.0

170.1
170.5
20.8
21.1

49;

" 50;
51;
52;

53;
54;

3p-hydroxyolean-12-en-30-oic acid
methylester!®,

38, 30~dihydroxyolean-12-en!®:4

38, 30-diacetoxyolean-12-en*®
35-hydroxy-18a~olean~12-en-30-oic acid
methylestert®

38, 30~dihydroxy~-18a-olean-12-en

3B, 30~diacetoxy-18a-olean-12-en*¥

Kor. J. Pharmacogn.

23.8 238

Fig. 6.

AL ol sl A/B rings] chemical
shifts A9 #frl des ¢ 5 I AF
ez W3 D/E ringe] trans (18e-H A)
)2 5w Cp9 chemical shift7} C;p9] methy-
lene g9} Cp9 KP4 steric interactione]]
#3) % 5ppmA = upfield shifty} 5= o] 47L&
shift= C;~deoxoBdl M= & BERE 24 F
3 Qe m3 Cpe9 chemical shiftx 2~4ppm
upfield shiftdc}, g5 Ci® chemical shift:
18a-H A 49 {bgdpol A 184-HA 2} 7~8ppm
A% upfield shifts}ed] o] AL 18a-HA FelA
= Cui} Cy methyldkr} A& y-gaucheztA 7}
7] "ol = Ci ¥ Cus iRFES chemical
shift7} %% downfield shift (11 ppmAE) %
upfield shift (11 ppmAA =)HE AL £% Cu,
Cy @ Cye3+9] 7-gauche interactiono] ¢lo]=]
Cos3t 4] 2% r-gauche interactiono] = 7] =&
ol e,
3.3. Olean-28,13-olides
Katai £:490] oleanane- ¥ ursane~y-lactoner]
Q9 k&l Hetel C-NMR spectroscopy &
L0 7 assignmentd}ql vt (Fig. 6). Cipol OH
EE Bro] alaxia) . &&= Cp9 chemical
shifte= #% 76.4ppm*® = 55 7 ppm‘Po R
downfield shifts o},
3. 4. Olean-12-en-27-oic acids & 27-hy-
droxyolean-12-enes
ol E A% HFEANA HENE EEAYWEY
oleanolic acid methylester(1)$} f-amyrin(8)=}¢]
1BC-NMR. chemical shiftE pigs] 2.4 714 &
#8E Cp, @ Cid chemical shift7} &4 low-
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Table XVII. 3C chemical shifts for 47, 48 and
56~60

carbon 47 48 56 57 58 59 60

1

38.7 38.8 33.0 36.9 38.8 38.7 38.4
23.5 235 27.1 27.8 27.3 27.4 27.1
80.5 80.5 787 788 783 79.0 79.0
37.9 37.9 38.7 40.2 38.8 38.5 38.7
55.0 55.0 54.4 55.5 55.4 55,2 55,1
17.5 17.5 18.2 18.3 18.2 18.4 18.4
33.7 33.4 32.1 33.5 34.5 32.8 32.7
43.8 43.8 39.7 37.3 40.6 39.9 39.8
60.5 60.5 48.3 49.2 b5L.1 47.2 47.3
36.7 36.7 37.0 38.8 37.1 36.9 37.0
199.3 199.4 22.5 23.0* 20.9 23.7 23.9
C-12 124.0 124.0 129.4 125.5 25.9 129.1 1285
C-13 165.4 165.6 137.8 137.5 41.2 138.0 137.7
C-14 44.9 44.8 47.5% 56.1 42.5 41.1 41.1

1 ]

1 ] 1

OOOOCPOOOO

a o

RS SR | 1

— =

= O W 0o =, 0w N
[S2 o BN IS 2 I = i (e

C-15 26.7 26.8 24.5° 22.3* 290.3 28,1 28.1
C-16 37.6 387.6 24.1* 27.3 33.5 25.5 26.1
C-17 35.4 35.0 46.2* 32.9 48.1 47.9 47.4
C-18 40.3 42.7 40.7 47.5136.9 53.2 46.6
C-19 35.9 38.4 44.9 44.0132.3 73.1 74.0
C-20 42.5 44.2 30.8 30.9 32.0 41.1 41.3
C-21 31.8 33.7 33.4 34.3 33.5 26.0 23.6
C-22 28.5 30.7 32.4 36.8 33.5 37.4 3l.2
C-23 28.0 28.0* 28.0 28.3 27.9 28.1 28.1

C-24 16.6* 16.6* 15.3 15.7 16.6 15.2 15.2
C-25 16.0* 16.2 15.5 16.4 15.4 155 15.6
C-26 18.5 18.5 18.2 181 159 16.6 16.7
C-27 20.7 20.6 63.0 176.1 14.9 24.5 24.5
C-28 16.7* 16.8*177.6 28.2 176.8 178.3 178. 4
C-29 20.7 177.2 383.0 33.2 30.3 27.2 30.1
C-30 178.4 28.6* 23.9 23.5 29.1 16.1 15.8
OCHs b51.7 51.7 59.7 51.8 bl.5 51.6
OAc 170.5 170.7

21.2 2L.2

47; 3p-acetoxy-11-oxo-18a-olean-12-en-30-oic acid
methylester®

48; 3p-acetoxy-11-oxo-18a-olean-12-en-29-oic acid
methylester®?

56; methyl 38, 27-dihydroxyolean-12-en-28-oate?®

57; methyl 3g-hydroxyolean-12-en-27-oate®®

58; methyl morolate?®

59; methyl pomolate??,5,51

60; ilexgenin B methylester®®

161
ﬁeld shift 2 upfield shifts}e] 9l Bholth, o)
2 569 7% Cx9 hydroxy groupe] ¥3) %
% 6—desh1eld1ng effect @ y-shielding effects] 7
9] 5} long range steric effect =) F-o]c}, 8
3.5. Olean-18-enes
o] Ald & PC-NMR spectrums)] assign-
menty 19794F Wenkert 49 0] 3¢ t}. Methyl
morolate(58) 9] BC-NMR spectrum®] chemical
shift& Table XVIIs| t}el] 9o}, Methyl oleano-
late(1) ¢} phirs] 2=l double bonds}t g+ Cyy ¥
Cis8] chemical shift:= 19 C;; 2 Ci39) chemical
shift® o} £ 4 downfield shift @ upfield shiftz]
o] 9928 ¢ 4 9t} Double bonde) BEIo =
8] 53] Cy, Cog L Cyo methyli B Cyel
chemical shiftz} ko] shifts]e] 91-&& < <+
t}. C,; methyl#: o) chemical shiftz} 11 ppmo) v}
upfield shift®] Z1& 580 A] &= Cygof] {£31 d-effect
7F A% wpde] Cg B Cyp carbono] K3 r-
effectz} {EAI3IA7] = Eo]ct. ¥
3.6. (30S)-19a-Hydroxyurs-12-enes
UrsanezE 599 7to] Cp @ Cyp methyldkr}
£% Cp D Cyoll plequatorial) @ a(lequatorial)
Z fEade dovFig 1 #F=2) R o9
Cap epimer 2 (30S)-urs-12-enesv} Ilex pubescens
oA 43Hes] $ick. %0 Table XVILS| Ash 72o] o]
5 epimer(59 2 60)o] SkelAl Cii-El Cy7tA|
o] 7+ el 9] chemical shift= —&a) 600 gL
o]A Cig 8 Cy9 chemical shiftz} %% 6.6 ppm
9 6.2 ppm upfield shift=] ¢ v}, o] 7 & 30p(axial)
methylis} o] & HHESt %% antiforme] 4] 7-
gauche® = 7] = Fo|c}. %
thgoll &K reviewe] A& <l &3tAl & kA vt
23] o] chemical shift datar} ##4% oleanane
(61~227) 4 ursaner] (228~274) A FEES
% vadstgr. FzEd & dEsidlenz &
h&4e) chemical shift data: 9185314 I
& F7] wpgtd
61: g-amyrin acetate®
62: methyl 3-oxo-24-norolean-12-en-28-oate?
63: methyl 3-oxo-olean-12~en-28-oate®®
64: erythrodiol-3-acetate®?

65: 3p-hydroxyolean-12-en-30-oic acid'®
66: akebonoic acid methylester®®



162

67: 3-epi-akebonoic acid methylester3®
68: arjunic acid(2e, 38, 19a-trihydroxyolean-12-
en-28-oic acid)%®,%®
69. methyl maslinate acetate®®
70: methyl 2q, 38, 30-triacetoxyolean-12-en-28~
oatet
71 hederagenin methylester3,%5~67
72: 38, 16a, 23, 28-tetrahydroxyolean-12-en*
73 38,168, 23, 28-tetrahydroxyolean-12-en*"
74: caulophyllogenin (38, 16a, 23-trihydroxyolean-
12-en-28-oic acid)®®
75. 3B, 23, 28-triacetoxyolean-12-en®
76: hederagenin methyl acetate®
77 38, 16a, 23, 28-tetraacetoxyolean-12-eni?
78: 38, 168, 23, 28-tetraacetoxyolean-12-en*!!
79. soyasapogenol B?2,89,70
80: soyasapogenol B acetate™,™
81: dimethyl 38, 24-dihydroxyolean-12-ene-28, 29-
dicate™
82: methyl 24-acetoxy-3a-hydroxyolean-12-en-28-
oate®®
83: methyl 3a, 24-diacetoxyolean-12-en-28-oate3®
84: dimethyl 3a, 24-dihydroxyolean~12-ene-28, 30~
dioate®®
85 gypsogenin(38-hydroxyolean-12-en-23-al-28-
oic acid)"31b
86: gypsogenin methylester™
87: gyposogenin methylacetate™,1V)
88: gypsogenic acid™,V
89: dianic acid(3, 29-hydroxyolean~12-ene-23, 28-
dioic acid)®%™®
90: quillaic acid(38, 16a-dihydroxyolean-12-en-23-
al-28-oic acid)™
91: quillaic acid methylester®
92 quillaic acid methyl acetate?®™
93: bayogenin methylester®
94: medicagenic acid (28, 38-dihydroxyolean-12-ene-
23, 28-dioic acid)™
95: longispinogenin(3p, 168, 28-trihydroxyolean-12-
en)*1,™®
96: longispinogenin acetatet!
97: echinocystic acid®®
98: echinocystic acid methylester™
99: primulagenin A (38, 16a-dihydroxyolean-12-
en)SO)
100: 22a-hydroxyerythrodiol acetate®
101: maytenfolic acid(38, 21a-dihydroxyolean-12-en-
29-oic acid)®V
102: icterogenin methylester?®
103: methyl 228-[(S)-2-methylbutanoyloxy)-3-
oxoolean-12-en-28-oate®®
104: lantadene A methylester?®
105: machaerinic acid lactone®®
106: 3p-hydroxy-2]1p-cinnamoyloxy-olean-12-en-28-
oic acid®®
107: 38, 28, 30-triacetoxyolean-12-en®®

108:
109:
110:
111
112:
113:

114:
115:
116:

117:

118:
119:

120:
121:

122:
" 128:
124:
125

126:
127:
128:
129:
130:
131:
132:

133:
134:

135:
136:
137:
138:

139:
140:
141:
142:
143:
144:
145:
146:
147
148:
149:
150:

Kor. J. Pharmacogn.

28, 29~diacetoxy-3-oxo-olean-12-en®®
gypsogenic acid methylacetate!'!
quercetaroic acid methylester®3,5%:%)
quercetaroic acid methylacetate®

dimethyl 3-oxo-olean-12-ene-28, 30-dioate*?
serjanic acid(3g-hydroxyolean-12-ene-28, 30-
dioic acid 30-methylester)*?

serjanic acid acetate!”

dimethyl 3p-acetoxyolean-12-ene-28, 30~dioate!?
28, 3p-dihyroxyolean~12-ene-28, 30~dioic ~ acid
28-methylestert?

28, 3p-diacetoxyolean-12-ene~28, 30~dioic acid
28-methylester”

phytolaccagenic acid®®

38, 23-diacetoxyolean-12-ene~28, 30-dioic acid
28-methylestert?

28, 38, 23-triacetoxyolean-12-ene-28, 30-dioic
acid 28-methylester”

28, 3B, 23-triacetoxyolean-12-ene~28, 30-dioic
acid 30-methylesters”

phytolaccagenin 3-acetae'®

phytolaccagenin methylester 3-acetate?
mesembryanthemoidigenic acid methylester®;7
serratagenic acid(3g-hydroxyolean-12-ene~
28, 20-dioic acid)4®

soyasapogenol A3%,89

cantoniensistriol®®

kudzusapogenol B methylester®
kudzusapogenol A%

cyclamiretin D 8

protoaescigenin®%%®

camelliagenin C(38, 16a, 22a, 23, 28-
pentahydroxyolean—12-en)4

camelliagenin C acetate??

2B, 168, 23-trimethoxy-38, 218, 28-
triacetoxyolean—12-en®®

methyl 28, 168, 213, 23~tetramethoxy-38-
hydroxyolean-12-en-28-oates®

28, 168, 218, 23~tetramethoxy 38, 28-
dihydroxyolean-12-en®®

28,168, 218, 23-tetramethoxy-3p, 28-
diacetoxyolean-12-en®®

2B, 168, 23~trimethoxy-38, 218, 28-trihdroxy
olean-12-en®®

dimethyl platycogenate A%

platycogenic acid A lactone®

platycogenic acid A lactone acetate®®
platycodigenin methylester®

platycodigenin methylacetate®®

methyl polygalacate®®

methyl polygalacate acetate®®

officigenin methylester™

acacigenin B

pridentigenin B®

acutangulic acid diacetate®®

tangulic acid diacetate®®
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152:
153:
154:
155:
156:
157:
158:

159:
160:
161:
162:
163:
164:
165:
166:
167:
168:
169:
170:
171:

172:
173:

174:
175:
176:
177:
178:
179:
180:
181:

182:
183:

184:
185:
186:
187
188:
189:
190:
191:
192:
193:

194:

methvl 3g-acetoxy-11-oxo-olean-13(18)-en-30~
oate!?

38, 118, 30-triacetoxyolean-12-en®®

methyl 11-oxo-olean-12-en-30-oate*®
3p-acetoxy-11-oxo-olean-12~en*®

methyl glycyrrhetic acid!®

glycyrrhetic acid acetate!®

glabrolide'®

dimethyl 3g-acetoxy-11-oxo-olean-12-ene-
28, 30-dioate*?

3-oxo-olean-9(11), 12~-dien®
3p-acetoxy-olean-9(11), 12-dien®®
3B-acetoxy-6-0xo-olean-9(11), 12~dien®
saikogenin H%

38,168, 28-trihydroxyolean-9(11), 13-dien®

38, 23, 28-trihydroxyolean-11, 13(18) ~dien®
saikogenin C7,%

16-epi-sakogenin C®"

saikogenin AT8,%,97

saikogenin D 8,9

38, 28-diacetoxy-16~oxo-olean-11, 13(18)-dien®®
38, 28-dihydroxy-16-oxo-olean-11, 13(18)-dien®®
rotundiogenin B(38, 16a, 28-trihydroxyolean-
11, 13(18) ~dien)®®

rotundiogenin B acetate®®

presenegenin (28, 38, 27-trihydroxyolean-12-ene~
23, 28-dioic acid)®?

3-oxo-olean-12-en-27-oic acid?

methy! 3-oxo-olean-12-en-27-oate?)
3a-hydroxyolean-12-en-27-oic acid?®
3a-acetoxyolean-12-en-27-oic acid?®

methy! 3a-acetoxyolean-12-en-27-oate?
B-peltoboykinolic acid acetate®

methyl 3a-hydroxyolean-12-en-27-o0ate?®
methyl manevalate (methyl 38, 6a-
dihydroxyolean-12~en-27-oate) 100

dimethyl 3-oxo-olean-12-ene-27, 20-dioate?®
dimethyl 3a-hydroxyolean—12-ene-27, 29~
dioate?®

methyl azizate (dimethyl 38, 6a-dihydroxyolean
-12-ene-27, 28-dioate) 100

38, 23, 27, 29-tetrahydroxyolean-12-en-28-oic
acid®”

38, 23, 27, 29-tetraacetoxyolean-12-en-28-oic
acid®”

3-ox0-29-al-olean-12-en-27-oic acid®®
3a-hydroxy-29-al-olean-12-en-27-oic acid?®
3a, 29-dihydroxyolean-12-en-27-oic acid?®
3a-hydroxyolean-12-ene-27, 29-dioic acid?®
methyl 38-acetoxyolean-9(11)-en-30-o0ate®®
methyl 38-acetoxy-12-oxo-olean~-9(11)-en-30-
oate3?

methyl 38-acetoxy-12, 19-dioxo-olean-9(11),
13(18)-dien-30-oate®®

methyl 3g-acetoxy-12, 19-dioxo-olean-9(11),
13(18)~dien-29-o0ate®®

195:
196:
197:
198:
199:
200
201:
202:
203
204
205:

206:
207
208
209:
210:
211:
212:
213:
214:
215:

216:
217:
218:
219:
220
221:
222
223:
224:

225:

226

227:
228
229:
230:
231:
232:
233:
234:
235:
236:

237
238:
239:
240
241:

242:
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germanicone(3-oxo-olean—18-en) 100
germanicol!oV

germanicol acetate'®V

anagadiol (18, 38-dihydroxyolean-18~en)00
3B-acetoxy-1p-hydroxyolean-18-en'oV
moronic acid methylester4s,102
38-acetoxy-28-hydroxyolean-18-en'o?

morolic acid acetate®™

moradiol diacetate'®V

3-oxo-olean-1, 18-dieno?

methyl 68-hydroxy-3-oxo-olean-18-en-28-
Oateloz)

la, 2a-epoxy-3-oxo-olean-18-en'®?

38, 118-dihydroxyolean-18-en'o?

38, 118~diacetoxyolean—18-en!tV

nivadiol (38, 11a-dihydroxyolean-18-en)°?
nivadiol diacetate!®?

3, 16~dioxo-olean-18-ento®

3, 11-dioxo-olean-18-en®¥
38-acetoxyolean-28, 13-olide!®
3p-acetoxy-12a-hydroxyolean-28, 13-olide
methyl 3g-acetoxy-12a-bromo-olean-

28, 13-olide 30-oate'”

saikogenin E*,78,%

rotundigenin A%,°7

saikogenin E acetate!?

16-dehydroxy saikogenin G*V

saikogen in F4,78,9%

saikogenin F acetate!?

saikogenin G4.,%%

saikogenin G agetate*?

38, 16a, 22a, 23-tetrahydroxy-13, 28-epoxy-
olean—11-en*?

38, 16a, 22a, 23-tetraacetoxy-13, 28-epoxy-olean—~
ll_en41)

androsacenol (228-acetoxy-38, 16a-
dihydroxyolean-28, 13-olide-30-al)®®
verbascogenin®®

a-amyrin acetate?®

uvaoli¥

methyl 3-oxo-24-norurs-12-en-28-oate?®
methyl 3-oxo-urs-12-en-28-oate?

methyl 24-hyroxy-3-oxo-urs-12-en-28-oate?
18, 3f-dihydroxyurs-12-en-28~oic acid®
methyl 38, 21a-dihydroxyurs-12-en-28-oate?®
38, 21p-diacetoxyurs-12-en-28-oic acido®
methyl 2a, 3-dihydroxyurs-12-en~
28_Oate24’28,37) ¢

methyl 2a, 3a-dihydroxyurs-12-en-28-oate3?
methyl 38, 23-dihydroxyurs-12-en~28-oatet®
methyl 2a, 38, 23-trihydroxyurs-12~en-28-oate®”
methyl 2-acetyl asiatate'®®

methyl 24-acetoxy-2e, 3a-dihydroxyurs-12-en-
28-oatel0®

methyl 38, 23-diacetoxy-68-hydroxyurs-12-en—
28-o0ate®"
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243
. diacetylrubifolic acid methylester?®
245:
246:

247:
248:

249:

250:

251:

252:

253:

254:

255:

256:

257
258:

259:

260:

261:

262:
263:
264:

265:

266:
267:
268:
269:

2702
271
2722
273:
274:

rubicoumaric acid diacetate?®

quinovic acid methylacetatelo®

pomolic acid methylacetate??

rotundic acid methylacetate?

barbinervic acid methylester??

2-0x0-38, 19a-dihydroxyurs-12-en-28~oic
acidlo’r)

methyl 2-oxo0-38, 19a-dihydroxyurs-12-en-28-
oic acido?

methyl 2-oxo-38-acetoxy-19a-hydroxyurs-12-
en-28-oatel’?

23, 24-diacetoxy-3-0x0-19a-hydroxyurs-12-en~
28-oic acid®?

rotundic acid methylester??

methyl 38, 23, 24-triacetoxy-19a-hydroxyurs-12-
en-28-oate®”

2a, 3a, 19a-trihydroxyurs-12-en-28-oic acido®
tormentic acid™

2a, 38, 19a, 23, 28~pentahydroxyurs-12-enl®®
2a, 38, 19a-trihydroxyurs-12-ene-23, 28-dioic
acid o9

2e, 38, 19a, 23-tetrahydroxyurs-12-en-28-oic
acidlo®

2a, 3, 19, 23~tetrahydroxyurs-12-en-28-oic
acidio®

methyl 24-acetoxy-2a, 3, 19a-trihydroxyurs-
12-en-28~oate'®

clethric acid methyl ester?®

clethric acid methyltriacetate?®

methyl 2e, 38, 19a, 23-tetrahydroxyurs-12-en~
28-o0atel®®

dimethyl 2a, 38, 19a-trihydroxyurs-12-ene-~
23, 28-dioatei®®

24-hydroxy tormentic acid1®

7a~hydroxy tormentic acid!1®

7a, 23-dihydroxy tormentic acid'®

ilexgenin B [(308)-38, 19a-dihydroxyurs-12-
en-28-oic acid])®®

38-hydroxyurs-28, 13-olide®
3p-acetoxyurs-28, 13-olide*®
38-acetoxy~12a-hydroxyurs-28, 13-olide!®
3B-acetoxy-1la, 12a-epoxyurs-28, 13-olide'®
38-acetoxyurs-11-en-28, 13-olide*®

Literature Cited

1. Doddrell, D.M., Khong, P.W. and Lewis, K.G.,
Tetrahedron Lett. 2381 (1974).

2. Knight, S.A., Org. Magn. Reson. 6, 603 (1974).

3. Tori, K., Seo, S., Shimaoka, A., and Tomita,
Y., Tetrahedron Lett. 4227 (1974).

4, Wehrli, F.W. and Nishida, T., Prog. Ckem. Org.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

. Crews,

Kor., J. Pharmacogn.

Nat. Prod. 36, 1 (1979).

. Eggert, H., VanAntwerp, C.L., Bhacca, N.S.

and Djerassi, C., J. Org. Chem. 41, 71 (1976).

. Grover, S.H., Guthrie, ].P., Stothers, J.B. and

Tan. C.T., J. Magn. Reson. 10, 227 (1973).
Grover, S.H. and Stothers, J.B., Can. J. Ckem.
52, 870 (1974).

P. and Kho-Wiseman, E., Tetrahedron
Lett. 2483 (1978).

Levy, G.C. and Nelson, G.L., Carbon-13 NMR
for Organic Chemisfs, Wiley-Interscience, NY
(1972).

Wenkert, E., Clouse, A.O., Cochran. D.W. and
Doddrell, D., J. Am. Chem. Soc. 91, 6879 (1969).
Woo, W.S., J. Natl. Acad. Sci. Korea. 17, 271
(1978).

Patt, S.L. and Shoolery, J.N., J. Magn. Reson.
46, 535 (1982).

Burum, D.P. and Ernst, R.R., J. Magn. Reson.
39, 163 (1980).

Doddrell, D.M. and Pegg, D.T., J. Am. Soc.
102, 6388 (1980).

Bendall, M.R., Doddrell, D.M. and Pegg. D.T.,
J. Magn. Reson. 44, 238 (1981).

LeCocq, C.R. and Lallemand, J.Y., J. Chem.
Soc. Chem. Comm. 150 (1981).

Bax, A., Two-dimentional NMR in Liquids, D.
Reidel, Dordrecht, Holland, (1982).

Tori, K., Seo, S., Terui, Y., Nishikawa, J., and
Yasuda, F., Tetrahedron Lett. 22, 2405 (1981).
Komoda, Y., Report of the Inst. for Med. &
Dent. Eng. 18, 39 (1984).

Seo. S, Tomita, Y., Tori, K., and Yoshimura,
Y., J. Am. Chem. Soc. 100, 3331 (1978).
Beierbeck, H., Saunders, J.K. and ApSimon, J.W.,
Can. J. Chem. 55, 2813 (1977).

Takahashi, K. and Takani, M., Chkem. Pharm.
Bull. 26, 2689 (1978).

Chen, T.K., Ales, D.C., Baenziger, N.C. and
Wiemer, D.F., J. Org. Chem. 48, 3525 (1983).
Seo, S., Tomita, Y., and Tori, K., Tetrakedron

Lett. 7 (1975).

Johns, S. R., Lamberton, J.A., Morton, T.C.,
Suares, H. and Willing, R.I., Aust. J. Chem. 36,
2537 (1983).



Vol. 18, No. 38, 1987

26.

27.

28.

29,

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Talapatra, S.K., Sarkar, A.C. and Talapatra, B.,
Phytochem. 20, 1923 (1981).

Kizu, H., Kitayama. S., Nakatani, F., Tomimori,
T., and Namba, T., Chem. Pharm. Bull. 33,
3324 (1985).

Seo, S., Tomita, Y., and Tori, K., J. Chem. Soc.
Chem. Comm. 954 (1975)

Piozzi, F., Paternostro, M., Passannanti, S. and
Gacs-Baitz, E., Phytochem. 25, 539 (1986).
Tkuta, A. and Itokawa, H., Phkytochem. 25, 1625
(1986).

Coxon, D.T. and Wells, J.W., Phytochem. 19,
1247 (1980).

Ricca, G.S., Danieli, B., Palmisano, G., Duddeck,
H. and Elgamal, M.H., Org. Magn. Reson. 11,
163 (1978).

Bongini, A., Contento, M., Orena, M., Pifferi,
G. and Erba, R., Org. Magn. Reson. 22, 61
(1984).

Kang, S.S. and Woo, W.S., Arch. Pharm. Res.
9, 193 (1986).

Kumar, N.S., Muthukuda, P.M. and Wazeer,
M.LM., Phytochem. 24, 1337 (1985).
Pereda-Miranda, R., Delgado, G., de Vivar, A.R,,
J. Nat. Prod. 49, 225 (1986).

Kojima, H. and Ogura, H., Phytochem. 25, 729
(1986).

Kinjo, J.-E., Miyamoto, 1., Murakami, K., Kida,
K., Tomimatsu, T., Yamasaki, M., and Nohara,
T., Chem. Pharm. Bull. 33, 1293 (1985).
Gough, J.L., Guthrie, J.P. and Stothers, J.B., J.
Chem. Soc. Chem. Comm. 979 (1972).

Kasai, R., Oinaka, T., Yang, C.-R., Zhon, J].,
and Tanaka, O., Chem. Pharm. Bull. 35, 1486
(1987).

Tori, K., Yoshimura, Y., Seo, S., Sakurawi, K.,
Tomita, Y. and Ishii, H., Tetrahedron Lett. 4163
(1976).

Alvarado, M., Moreno, M. and Rodriguez, V.M.,
Phytochem. 20, 2436 (1981).

Barnes, R.A., Pereira, A.L., Scofield, T.C.V.,
Filho, R.B. and Pinto, A.C., Chem. Pharm. Bull.
32, 3674 (1984).

Duddeck, H., Elgamal, M.H.A., Ricca, G.S.,

Danieli, B. and Palmisano, G., Org. Magn.

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

. Nomura, M., Tokoroyama, T.

165

Reson. 11, 130 (1978).

Majumder, P.L., Maiti, R.N., Panda, S.K., Mal,
D., Raju, M.S., and Wenkert, E., J. Org. Chem.
44, 2811 (1979).

Katai, M., Terai, T., and Meguri. H., Chem.
Pharm. Bull. 31, 1567 (1983).

Harkar, S., Razdan, T.K., and Waight, E.S..
Phytockem. 23, 2893 (1984).

Borges-Del-Castillo, J., Rodriguez-ubis, J.C., Vaz-
quez-Bueno, P. and Joseph-Nathan, P., J. Chem.
Res. (S) 130 (1983).

Tolstikov, G.A., Khalioy, L.M., Baltina, L.A,,
Kondratenko, R.M., Panasenko, A.A., and Vasi-
Veva, E.V., Khim. Prior. Soedin. 645 (1985).
Hidaka, K., Ito, M., Matsuda, Y., Kohda, H.,
Yamasaki, K., Yamahara, J., Chisaka, T., Ka-
wakami, Y., Sato, T., and Kagei, K., Chem.
Pharm. Bull. 35, 524 (1987).

Kizu, H. and Tomimori, T., Chem. Pharm. Bull.
30, 3340 (1982).

Nicollier, G. and Thompson, A.C., J. Nat. Prod.
46, 183 (1983).

Kong, F.-H., Zhu, D.-Y., Xu, R.-S., Fu, Z.-C.,
Zhon, L.-Y., Iwashita, T., Komura, H., Yamasaki,
K. and Tanaka, O., Tetrahedron Lett. 27, 5765
(1986).

Woo, W.S., Kang, S.S., Yamasaki, K., and
Tanaka, O., Arck. Pharm. Res. 1, 23 (1978).
Tsuyuri, T., Hamada, Y., Honda, T, Takahashi,
T., and Matsushita, K., Bull. Chem. Soc. Jpn.
52, 3127 (1979).

Sakakibara, ]., Kaiya, T., Fukuda, H. and Ohki,
T., Phytochem. 22, 2553 (1983).

Sakakibara, J., Kaiya, T., and Fukuda, H., Phy-
tochem. 23, 627 (1984).

Delgado, M.C.C., da Silva, M.S. and braz Fo,
R., Phytochem. 23, 2289 (1984).

Kuroyanagi, M., Shiotsu, H., Ebihara, T., Kawai.
H., Heno, A., and Fukushima, S., Chem. Pharm.
Bull. 34, 4012 (1986).

Romussi, G. and Falsone, G., Arck. Pharm. 318,
219 (1985).

Inada, A., Kobayashi, M., Murata, H., and Na-
kanishi, T., Chem. Pharm. Bull. 35, 841 (1987).
and Kubota, T.,



166

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Phytochem. 20, 1097 (1981).

Anjaneyulu, A.S.R., and Prasad, A.V.R., Phyto-
chem. 21, 2057 (1982).

Ina, H., Ohta, Y., and lida, H., Phytochem. 24,
2655 (1985).

Sousa, M.P., Matos, M.E.O., Machado, M.LL.,
Braz Filho, R., Vencato, I, and Mascarenhas,
Y.P., Phytochem. 23, 2589 (1984).

Aoki, T., Shido, K., Takahashi, Y. and Suga,
T., Phytockem. 20, 1681 (1981).

Hamburger, M. and Hostettman, K., Helv. Chim.

Acta 69, 221 (1986).

Becchi, M., Bruneteau, M., Trouilloud, M.,
Combier, H., Pontanier, H., and Michel, G.,
Eur. J. Biochem. 108, 271 (1980).

Rao, G.V., Rao, P.S., Tomimori, T., and Kizu,
H., J. Nat. Prod. 48 135 (1985).

Kang, S.S., unpublished results.

Fukunaga, T., Nishiya, K., Takeya K., and
Itokawa, H., Chem.- Pharm. Bull. 35, 1610
(1987).

Ahmad, V.U. Bano, N. and Bano, S., J. Nat.
Prod. A7, 977 (1984).

Iwamoto, M., Okabe, H., Yamauchi, T., Tanaka,
M., Rokutani, Y., Hara, S., Mihashi, K. and
Higuchi, R., Ckem. Pharm. Bull. 33, 464 (1985).
Higuchi, R., Tokimitsu, Y., Hamada, N., Komori,
T., and Kawasaki, T., Liebigs Ann. Chem. 1192
(1985).

Oshima, Y., Ohsawa, T., Oikawa, K., Konno,
L. and Hikino, H., Planta Med. 40 (1984).
Oshima, Y., Ohsawa, T. and Hikino, H., Planta
Med. 43 (1984).

Levy, M., Zehavi, U., Naim, M. and Polacheck,
I, J. Agric. Food Chem. 34, 960 (1986).

Ishii, H., Nakamura, M., Seo, S., Tori, K.,
Tozyo, T., and Yoshimura, Y., Chem. Pharm.
Bull. 28, 2367 (1980).

Konoshima, T. and Sawada, T., Ckem. Phkarm.
Bull. 30, 2747 (1982).

Akai, E., Takeda, T., Kobayashi, Y., Chen, Y.
and Ogihara, Y., Ckem. Pharm. Bull. 33, 4685
(1985).

Nozaki, H., Suzuki, H., Hirayama, T., Kasai,
R., Wu, R.-Y., and Lee, K.-H., Phytochem. 25,

82.

83.

84.

85,

86.

87.

88.

89,

90.

9.

92.

93.

94,

95.

96.

97.

98.

99.

Kor. J. Pharmacogn.

479 (1986).

Johns, S.R., Lamberton, J.A., Morton, T.C.,
Suares, H., and Willing, R.I, Aust. J. Chem.
36, 1895 (1983).

Gonzalez, A.G., Gonzalez, C.M. and Ravelo,
A.G., J. Nat. Prod. 49, 148 (1986).

Kang, S.S. and Woo, W.S., Planta Med., in press
Kitagawa, I, Saito, M., Taniyama, T. and
Yoshikawa, M., Chem. Pharm. Bull. 33, 598
(1985).

Pal, B.C., Roy, G. and Mahato, S.B., Phytockem.
23, 1475 (1984).

Chen, Y., Takeda, T. and Ogihara, Y., Chem.
Pharm. Bull. 33, 1043 (1985).

Chen, Y., Takeda, T. and Ogihara, Y., Chem.
Pharm. Bull. 33, 1387 (1985).

Konoshima, T., Sawada, T. and Kimura,
Chem. Pharm. Bull. 33, 4732 (1985).
Ishii, H., Tori, K., Tozyo, T. and Yoshimura,
Y., J. Ckem. Soc. Perkin I 1928 (1981).
Anjaneyulu, A.S.R., Bapuji, M., Row, L.R. and
Sree, A., Phytochem. 18, 463 (1979).

Ahmad, V.U., Najmus-Sagib, Q., Usmanghani,
K., Fuchs, W. and Voelter, W., Z. Naturforsch.
35B, 511 (1980).

Dhaveji, K., Narayan, G.K.A.S.S., Roa, D.S.
and Row, N.R., J. Indian Chem. Soc. 61, 1032
(1984).

Diaz, J.G., Fraga, B.M., Gonzalez, A.G., Gonza-
lez, P., Hernandez, M.G. and Miranda, J.M.,
Phytochem. 23, 1471 (1984).

Shimizu, K., Amagaya, S. and Ogihara, Y., Chem.
Pharm. Bull. 33, 3349 (1985).

Tschesche, R., Sepulveda, S. and Braun, T.M.,
Chem. Ber. 113, 1754 (1980).

Kobayashi, Y., Takeda, T. and Ogihara, Y.,
Chem. Pharm. Bull. 29, 2222 (1981).
Kobayashi, Y., Ogawa, M., and Ogihara, Y., J.
Chem. Soc. Perkin 1 2277 (1981).

Kim, C.M. and Kang, S.S., Kor. J. Pharmacogn.
17, 195 (1986).

T.,

100. Dawidar, A.-A., Reisch, J. and Amer, M.,

101. Gonzalez, A.G., Fraga, B.M., Gonzalez,

Chem. Pharm. Bull. 27, 2938 (1979).
P,

Hernandez, M.G., Ravelo, A.G., Phytockem.



Vol. 18, No. 8, 1987

102.

103.

104.

105.

106.

20, 1919 (1981).

Gonzalez, A.G., Amaro, J., Fraga, B.M., and
Luis, J.G., Phytochem. 22, 1828 (1983).
Siddiqui, S., Hafeez, F., Begum, S. and Siddiqui
B.S., J. Nat. Prod. 49, 1086 (1986).

Escudero, J., Lopez, J.C., Rabanal, R.M., and
Valverde, S., J. Nat. Prod. 48, 128 (1985).
Sakakibara, J. and Kaiya, T., Phytochem. 22,
2547 (1983).

Matos, M.E.O., Sousa, M.P., Machads. M.LL.
and Braz Filho, R., Phytochem. 25, 1419 (1986).

107.

108.

109.

110.

111,

167

Kemp, M.S., Holioway, P.J. and Burden, R.S.,
J. Chem. Research(S), 154 (1985).

Seto, T., Tanaka, T., Tanaka, O., and Naru-
hashi, N., Phytochem. 23, 2829 (1984).

Gao, F., Chen, F.-H., Tanaka, T., Kasai, R,,
Seto, T. and Tanaka, O., Chem. Pharm. Bull.
33, 37 (1985).

Houghton, P.J. and Lian,
25, 1939 (1986).

Woo, W.S., Choi, 1.S., and Chang, H.S., Arch.
Pharm. Res. 8, 133 (1985).

L.M., Phytochem.



