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Abstract-Configurational determination of 2,3-dihydroxy and 2,3,23- and 2,3,24_trihydroxy substituents in triterpen- 
oids by ‘H NMR spectroscopy can be unambiguously carried out by analysing slgnal peaks of the protons on oxygen- 
bearing carbon atoms. The application of our results leads to the revision of a few triterpene structures previously 
reported. 

INTRODUCTION 

In the early 1960’s attempts were made to asslgn re- 
sonance positions to the methyl groups in the ‘H NMR 
spectra of various triterpenoids [2-8). By 1967 the assign- 
ment of all methyl groups of the oleanene type was settled 
and the effects of various substituents on their chemical 
shifts were demonstrated, to a first approximation, to be 
additive [9, lo]. This concept was extended to the ursene 
ring systems and other functions [ll-143. The methyl 
peaks are readily discernible as sharp singlet or doublet 
absorptions, and this fact has been made use of in the 
structure determination of unknown oleanene and ursene 
triterpenes [15-191. However, in some cases the assign- 
ments were obscure or, at worst, led to incorrect struc- 
tures. 

Further evidence for structure assignment came from 
analysis of signals due to protons alpha to hydroxy or 
acetoxy groups at C-2 and C-3 [12, 131. The assignment 
of the acetoxy-bearing methylene protons at C-23 or C-24 
has been reported [20]. This paper supplies the ‘H and 
“C NMR spectral data of methyl 2&3a-dihydroxyurs- 
12en-28-oate and its diacetate, and compares them to the 
data obtamed for three isomers. In addition, it evaluates 
the additional effects of oxygen at C-23 or C-24 on the 
protons at C-2 and C-3. These results have been used to 
revise some triterpene structures already reported as 
novel compounds. 

*Part 4 in the series ‘Constituents of the Labiatae Plants’ For 
Part 3 see ref. [l]. 

$ Examples of abbreviation. 2b,k-(OH), or 2a,3a,23-(OAc), 
= tnterpenes having OH or OAc functions at positIons, and m 
the configurations, indicated 

RESULTS AND DISCUSSION 

Methyl 2,3-dihydroxyurs-12-en-28-oates and their dia- 
cetatesf 

The ‘H and 13C NMR spectral data of four dihydroxy 
and four diacetoxy configurational isomers are shown in 
Tables 1 and 2. The spectral patterns of 2/&31x-(OH), and - 
(OAc), are clearly different from those of the other three 
pairs, because of the boat or twist conformation of their A 
rmgs [13,21]. 

Though the order of the positions of the chemical shifts 
of angular methyl groups is the same as calculated by 
Biessels et al. [ 151, the differences between our observed 
chemical shifts and their calculated ones are more than 
0.02 ppm for the 23- and 25-methyl groups in 2u,3u- 
(OH),, the 23-, 25- and 26-methyl groups in 2c(,3fi-(OH),, 
the 23- and 26-methyl groups m 2p,3fi-(OH), and at all 
angular methyl signals in 28,3a-(OH),. The effects of 
acetylation on the 23-, 24- and 25-methyl signals indicate 
that the 23- methyl group 1s shtelded (ca 0.1 ppm) and the 
24-methyl IS deshlelded (ca 0 1 ppm) except for 2&3c(- 
(OAc),, whereas the 25-methyl is deshielded (ca 0.05 ppm) 
except for 2/?,3/?-(OAc),. 

The distances (A& _ ,)between the chemical shifts of H- 
2 and H-3 are 0.88 ppm in 2fl,3B-(OH), and 0 7 ppm in 
2B,3fl-(OAc), > 0.69 ppm in 2a,3/?-(OH), and 0.35 ppm in 
2a,3/&(OAc), > 0.57 ppm in 2a,3c(-(OH), and 0.27 ppm m 
2a,3u-(OAc), >0.12 ppm m 2/?,3a-(OH), and -0.08 ppm 
in 2/3,3a-(OAc),. The figures for the dlhydroxy com- 
pounds are larger (ca 0.2 to 0.3 ppm) than those of the 
corresponding diacetates because of the lower downfield 
shift of the H-3 on acetylation. Though the A& _ 3 values 
in 2a,3fl-(OAc), and 2a,3cr-(OAc), are close, their con- 
figurations can be differentiated between by using the C-3 
proton’s position (4.75 ppm of H-3u < 4.96 ppm of H-3fi) 
and its coupling constant (10.5 Hz of H-31x> 3 Hz of H- 
3D). 
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Table 1 ‘H NMR signals of methyl 2,3-dlhydroxy urs-12-en-28-oates and thew dlacetates 

Assignments 2&3a-(OH): 2&3a-(OAc): 20,3p-(OH), 2/%3B-(OAc): 2a,3P-(OH), 2a,3B-(OAc), 2a,3a-(OH), 2a,3a-(OAc), 

2-H 3.75 ddd 495 dd 4 08 ddd 5.31 ddd 3 68 ddd 5 10 ddd 400 ddd 5 23 ddd 
(17, 10, 2) (13, 6 5) (4, 4, 3) (4, 4, 3) (11, 10, 45) (11,.105, 45) (12, 4 5, 3) (12, 4 5, 3) 

3-H 363 d 503d 3.20 d 461 d 2.99 d 475 d 343 d 496d 

(IO) (6 5) (4) (4) (10) (10 5) (3) (3) 
12-H 527 t 5.25 t 525 t 5.24 t 5 24 t 523 t 525 t 525 t 

(3 5) (3 5) (3 5) (3.5) (3 5) (3 5) (3 5) (3 5) 
18-H 223 d 223 d 222 d 222d 222d 223 d 223d 224d 

(11) (11) (11) (11) (11) (11) (11) (11) 
23-H, 090s 1.00 s loos 089 s 102 s 089s I 02 s 087 s 
24-H, 100s 091 s 099s 104s 081 s 090s 0.86 b 098 s 
25-H, 109 s 114s 123 s 1.19 s 0.98 s 1.06 s 097 s 1 03 s 
26-H, 073 s 0.75 s 075s 0.76 s 0.73 s 0 74 s 073 s 0.74 s 
27-H, 107 s 1 10 F 106 F 106 s 1.07 s 1 06 s 108 s 111 s 
29-H, 085d 085 d 084d 085d 0.85 d 0.84 d 0.85 d 085d 

(6) (6) (6) (6) (6) (6) (6) (6) 
30-H, 993 d 094d 093 d 094 d 0.93 d 094 d 0.94 d 094 d 

(6) (6) (6) (6) (6) 16) (6) (6) 
OMe 3.59 s 3 60 s 3 59 s 360s 3 59 s 3 60 s 3 60 s 36Ov 
OAc 2.01 s 2.02 s 197 s I 95 s 

206s 204s 205s 211 s 
--- --__I 

*Measured at 300 MHz, the rest at 400 MHz. 

tValues m parentheses are couphng constants m Hz 

The differences m “C NMR spectral data at C 
- 8,ll N 22 and 26 N 30 among eight compounds are less 
than 0.5 ppm The G4 and C- 10 m the group with 2a-OH 
and 2a-OAc appear at higher fields than m that with 2/?- 
OH and 26(-OAc, and C-9 shows the reverse relation, 
whereas the C-5 in the group with 3/?-OH and -0Ac 
absorbs at higher field than m that with 3~OH and 
-OAc, and the C-l also behaves in the similar manner 
except for 2&3a-(OH), and -(OAc), By the values of the 
C-6,7,23,24 and 25,2fi,3a-(OH), and -(OAc), can be 
distmgurshed from the other three palm. Moreover, these 
distorted features of both A rmgs seem to be slightly 
alterable by the considerable differences of each spectral 
datum. 

PentacycIic triterpenes wrth 2,3,23- and 2,3,24-triacetoxy 
substltuents 

The assignment of the hydroxy methine and methylene 
protons at C-2, C-3 and C-23 or 24 in trihydroxy 
denvatlves IS often difficult because of their overlapping 
resonances, whlie those m the corresponding acetates 
could be assigned with comparative ease. As shown in 
Table 3, the H-2, H-3 and H-12 signals are found in the 
followmg range, 6 5.48 ppm > H-2a > 5.30 ppm > H- 
28 > 5.16 ppm, 6 5 35 ppm r H-3B> 5.12 ppm, S 5.09 ppm 
>H-3a>486ppm and 65.22 ppm >H-12>5.58 ppm. 
The general order among these three protons IS H-12, H-2 
and H-3 from the lower-field side, except for H-3, H-12 
and H-2 m 2a,3a,24-(OAc), (H-12, H-3 and H-2 in 
compound 17) and H-2, H-12 and H-3 m 2&3&23- 
(OAc),. Furthermore, the differences between H-2 and H- 
3 of trlacetates and those of diacetates are shown m Table 
4, which mdlcate that the shifts are effected by the 23- or 
24-acetoxy function. 

The A&, -3 values are from 0.51 ppm to 0.43 m 
2B,3/I,23-(OAc), >0.33 to 0.32 in 2cr,3/I,24-(OAc), > 0.22 
to 0.08 m 2oz,3/?,23-(OAc),>O 08 to 0.04 in 2or,3a,23- 
(OAc), > -0.1 to -0.15 in 2a,3a,24-(OAc),. Though the 
difference between Aa,_ 3 values m 2a,38,23- and 
2~1,3a,23-(OAc), is very small, their configurations are 
clearly distingulshed by using the C-3 proton’s location 
(p>S5.1 ppm>a) and then J-values (a. ca 4 and 
10 Hz > /?; 3 Hz). 

Applied examples for some trlterpenes 

The assignments of 2g,3jS and 2a,3a-(OH), m oleanene- 
and ursene-2,3-diols synthesized by Bneskorn and Krause 
[37] were the same as assigned by Djerassi et al [38] and 
Tschesche et al. [39], but they should be revised as 
reported by Cheng and Yan [ 131 and Blessels et al. [ 151 
Hence ‘2/Ghydroxyoleanols8ure’ reported as one of com- 
ponents isolated from Rosmarinus oficmalis (iabiatae) 
[40] and Melissa officinalls (Lablatae) [37] must be 
revised to be 2cq3a-dihydroxyolean-12-en-28-oic acid (24) 
(3-eplmashnic acid IS also supported by followmg datum; 
doublet at 6 4 95 [40] = H-38, as shown in Table I), which 
was later isolated from the other four Lablatae plants 
[22, 29, 30,41,42]. 

Roxburic acid isolated from Rosa roxburghu (Rosa- 
ceae) was assigned to be 2/I,3a,7&19a-tetrahydroxyurs- 
12-en-28-olc acid by Liang [19] from the apphcatlon of 
the methyl group data calculated by Takahashl et al. 
[14]. However, this apphcatlon led to make a mistake, 
since m the assignment of C-24 and C-25 methyl groups 
the effect of 7/I-OAc was not considered. From the data of 
A6,_,=0.16-0 18 ppm and J,=3 Hz. Its hydroxy con- 
figuration m A ring should be 2a,3a-(OH),, namely 
2a,3a,7~.19u-tetrahydroxyurs-12-en-28-o~c acid (25) The 



Hydroxy substltuents in triterpenoids 

Table 2. “C NMR signals of methyl 2,3-dihydroxy urs-12-en-28-oates and then dlacetates 
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C 2j,3a-(OH): 2B,3a-(OAc): 2/3,3B-(OH), 2B,38_(OAc): 2a,3B_(OH), 2a,38-(Ok), 2a,WOH), 2a,3a-(OAc), 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
co&& 

Me!?’ 2 

Me CO, 

47.2 
689 
78.2 
37.5 
510 
19 8 
32.4 
39.1 
48.2 
37.3 
23.3 

125.6 
138.1 
42.2 
279 
242 
48.2 
53.0 
39.0 
38.8 
30.7 
36.6 
23 8 
23 2 
21.1 
161 
23.6 

178.1 
170 
21.1 
51.5 

41.7 
70.5 
76.1 
36.9 
50.5 
18.8 
32.5 
39.6 
47.9 
366 
23.3 

125.4 
138.2 
42.2 
27.9 
24.2 
48.1 
529 
390 
38.9 
30.6 
36.6 
22.2 
26.6 
18.5 
16.7 
23.7 

178.0 
170 
21.1 
51.4 

170.3 
170.0 
21.3 
21.0 

44.3 
71.0 
78.4 
3.8.0 
55.2 
18.1 
32.9 
39.6 
47.9 
36.6 
23.4 

125.6 
138.1 
42.1 
27 9 
24.2 
48.1 
52.9 
39.0 
38.8 
30.6 
36.6 
29.7 
17.3 
16.4 
16.9 
23.6 

178.0 
17.0 
21.1 
51.4 

42.1 
69.6 
78.0 
37.3 
55.2 
18.0 
32.9 
39.6 
480 
36.7 
23.4 

125.3 
138.4 
42.2 
27.9 
24.2 
48.1 
52.8 
39.0 
38.9 
30.6 
36.6 
29.1 
17.7 
16.1 
17.0 
23.6 

178.0 
17.0 
21.1 
51.4 

170.7 
170.3 
21.3 
20.9 

46.6 
68.9 
83.9 
39.2 
55.3 
18.3 
32.8 
39.5 
47.5 
38.2 
23.3 

125.3 
138.2 
42.2 
28.0 
24.2 
48.1 
52.8 
39.0 
38.8 
30.6 
36.6 
28.6 
16.8 
16.7 
16.9 
23.6 

178.0 
17.0 
21.2 
51.4 

44.1 
70.1 
80.7 
39 3 
549 
18.2 
32.8 
39.5 
47.5 
38.1 
23.4 

125 1 
138 3 
42.1 
28.0 
242 
48 1 
528 
390 
389 
30.6 
36.6 
28.5 
17.7 
165 
16.9 
23 6 

178.0 
17.0 
212 
51.5 

170 8 
1705 
21.1 
209 

41.9 
665 
789 
38 3 
48 1 
11.9 
32 7 
39.6 
47.2 
38.2 
23.2 

125 3 
138 2 
42.1 
21.9 
24 2 
48 1 
528 
39.0 
38.8 
30.6 
36.6 
28.5 
218 
164 
16.9 
23 7 

178.1 
170 
212 
51.5 

39.0 
68 3 
77.1 
38.4 
49 6 
17.8 
32.6 
39.7 
47.4 
38.1 
23.3 

125 2 
138 2 
42.1 
28.0 
24.2 
48.0 
52.8 
39.0 
38.9 
30.6 
36.6 
217 
216 
163 
16.9 
23 7 

178.0 
17.0 
21.2 
51.5 

170.7 
1704 
21.1 
210 

*Measured at 75.2 MHz; the rest at 100 MHz. 

A’ 2 ursene triterpene having 2a,3a-dihydroxy groups had 
heen isolated from Prunus spp. of the same family [15]. 

Myrianthic acid isolated from Myriunthus arboreus 
(Urticaceae) by Ojinnaka et al. [l8] was identified as 
2a,3a,19a,24-tetrahydroxyurs-t2-en-28-oic acid because 
the calculated and observed values for the chemical shifts 
of the angular methyl groups were in accordance with 
each other. However, we entertained doubts about the 
assignment of H-3 (6 4.94 ppm), and the calculated values 
of Ha-23 (6 1.02) and Ha-24 (0.92). The spectral chart sent 
by Ojinnaka indicated that its configuration is 2a,3a,23- 
(OAc),. On acetylation, the H,-24 methyl singlet in 
2a,3a,23-(OAc), (61.07 [22] and 1.09 in 11) shifts to 
lower-field than that of H,-23 in 2a,3a,24-(OAc), (60.92 
to 0.98 [22,27,30-J). Consequently, this triterpene agrees 
with 2a,3a,19u,23-tetrahydroxyurs-12-en-28- acid 
(12a) isolated from Coleus amboinicus (Labiatae) [29]. 

‘H NMR spectral data were recorded that H-2b is 6 5.39 
(m, W,,,=16Hz), H-3fl, 4.91 (d, 5=4Hz), H,-24, 3.64 
and 3.81 (2d, J=each 12Hz) and H-12, 5.33 ppm(s), 
whereas the latter data is shown in the part of compound 
13 in Table 3. The former acetoxy configurations should 
be 2fi,3/?,23-(OAc), from the following data, the position 
order=H-2, H-12 and H-3, A62_J=0.48 ppm, 5,=4 Hz 
and methylene signals < 6 3.9. Furthermore, the 
“C NMR spectral data can be also explained by chang- 
ing data as indicated in Table 5, which were performed m 
comparison with the published data of platycodigenm 
derivative (22b) [44] and phytolagenin derivative (22C) 
[45]. Hence this agylcone is identical with bayogenm 
(2/&3fl,23-trihydroxyolean-12-en-28-olc acid) (22a) ob- 
tained from Castanospermum australe (Leguminosae) 
[46]. On chemotaxonomic grounds, A ring in Polygala 
sapogenins was occupied by 2B,3/Sglycol system. 

The aglycone of the saponin isolated from Polygala The triterpene isolated from Nepeta hindostana (Labia- 
japonica (Polygalaceae) by Fang et al. was determined as tae) was elucidated as 2/?,3a,23-trihydroxyurs-12-en-28- 
2a,3a,24-trihydroxyolean-12-en-28-oic acid (13a) [43], oic acid [47]. We are interested in the rarity of its 
which was also isolated from Prunella vulgaris (Labiatae) substituents but at the same time have doubts about the 
by us [22]. However, the spectral data for each com- assignment of its protons alpha to hydroxy groups, in 
pound is too different for them to be identical. The former particular H,-23 (62.93, ABq, J = 10 Hz) and H-2 (63.68, 
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Table 4 The effect of 23-OAc or 24-OAc on H-2 and H-3 (Ab 
=S 2.3,23 0r Z4-OAE-b2,3-oAc, ppm) 

Compounds 23-OAc 24-OAc 

2a,3&23 or 24-(OAc), H-2B+O06 to 0 14 +007 to 008 

H-3af0.27toO34 +OlOtoOll 

2a,3a,23 or 24-(OAc), H-2B-005 to +0.03 -0 06 to +0 02 
H-3P+O16loO18 fO36toO39 

2B,3&23-(OAc), H-2a+O07 to 0.11 

H-3a+O25 to 041 

Table 5 13C chenucal siufts of compounds 13 and 13b and our 

assignment for 22 partially exchangmg 13b by comparison with 
22b and 22c 

-- 

C 13 13b 22 22b 2% 

1 
2 

3 

4 

5 
6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

25 

26 
27 

28 

29 

30 

38 5 47 9*t 

67 7 65.7; 

124 719 

41b 409 
50 I 48 0* 

180 17.7 

32.5 32 9 

393 / 39 5 

475 / 47 7 

38.1 39.3* 

23 5 226 
121 8 122 3 

143.8 1436 

420 416 

275 ( 276 

229 / 23 5 

465 ( 46.4 

41.1 ~ 41 1 

458 / 
3061 

45 7 

306 

33 7 36 6* 

322 ! 32 3 
22 1 164* 

66 1 697* 

166 13.7* 

167 172 

25 9 25 8 
178 I 184* 

33 0 338 

235 j 23 5 

co&& 515 1 
M&O, 170.1 1695 

1703 1700 

171 1 1700 

Me CO, 20 8 20.7 

209 21 1 
21 1 22 9* 

416 (C-14Jf: 416 

69.7 (C-24) 69 6 

719 720 

40.9 40 I 
480 482 

177 177 

32.9 32 3 

39 5 394 
47 7 47 8 

39.3 36 7 

23 5 (C-16) 23 0 
1223 123 1 
143 6 143 1 

416 41.6 
27 6 27 5 

226 (C-11) 234 

46.4 45 9 
41 1 42 3 
45 7 420 

306 43 7 

366 30.3 

32 3 33 5 

65 7 (C-2) 65.5 

137(C-25) 137 

164(C-23) 165 

17.2 172 

25 8 25 8 
184 1828 

338 28 3 

23 5 1769 

51 7 

1695 1700 

170.0 170.3 

1700 1707 

207 207 

211 20.8 

22 9 21 2 

- 

_ 

41.7 

69.6 

720 

40 1 

474 
177 

326 I 
396 
47 8 

367 

23.4 1 
1234 

142 I 
4121 

32.1 
76.2 

47.6 

40.4 

46 1 

304 

35 1 

310 

65 5 

139 

166 

170 

26 3 
176.0 

33 2 / 
24.2 / 
51 5 

1698 

1700 

1703 

1707 

208 

208 

212 

22.0 

*The &fferences of these figures m comparison with com- 
pound 13 are more than 1.2 ppm 

tOnly unassigned peak m compound 22 
$The C-figure in brackets indicates carbon of 13b that had 

been assigned m ref. 1431 

IThe differences of these data m comparison with those of 22 

are hu than 0 8 ppm 

d, J = 3 Hz) On re-exammatlon of the NMR spectral data 
of Its methyl ester sent by Ahmad, his and co-worker’s 
assignments were found to be m error because of the low 
resolution of its spectra. Its structure can be assigned as 
2a,3a,23-trlhydroxyurs- 12-en-28-oic acid (1 la) (named 
as esclentic acid), already isolated from Dq&z~um escul- 
en~m (Athynaceae) [48], Hedyotrs lawsonuze (Rublaceae) 
[27], and now from the leaves and stems of Prunella 
uulgurw (see ExperImental) 

In conclusion, the charactenstlcs of proton signals on 
the acetoxy (or hydroxy)-bearing carbons, I e. their posi- 
tion (its relatIonshIp between them), sphttmg pattern and 
coupling constant (or half-height width), give valuable 
mformatlon about the posltlon and configuration of 
hydroxy groups. Thus, when the spectral data of high- 
resolutlon NMR are not available, It IS at least necessary 
to measure ‘H NMR spectra of the acetyl den\atlve 

EXPERIMENTAL 

NMR measurements ‘H and 13C NMR spectral data were 

recorded as 6 values at room temp m CDCI, on a Varian XL-300 

or 400, wluch were assigned bq DEPT pulse sequence or by 

comparative studies of *H-IN and ‘H-‘3C 2D COSY spectral 
data. 

Con&ton of HPLC Senshu gel 5C-18-H, 10 mm x 30 cm, at 

room temp 

Methyl 2n,3a-drhydroq urs- 12-en-28-00~~ [La,Ja-(OH),] and 

methyl 2B,3S-dih~drox~urc-12-en-28-oalr [2/?,3/I-(OH),] These 
compounds were prepared by oxldatton (8 days) of methyl urs- 

2,12-&en-28-oate (310 mg) [13,38J wrth 0~0, (650 mg)/&oxane 

(12 ml) After removal of the catalyst, the filtrate was evapd and 

the residue purified by silica gel CC and HPLC (column 

Whatmann Partlsd 5 ODS-3, 10 mm x 25 cm, mobile phase, 

MeOH-H,O 17 3) to yield 2c(,35(-(OH), (R, 19 1 mm, 31 6 mg), 

2B,3p-(OH), (25.0 mm, 2.7 9 mg) dnd byproduct (17.X mm, 7 0 mg) 
For ‘H NMR see Table 1, and for ’ ‘C NMR see Table 2 

Methyl 2/7,3a-dhydroxyurv- I?-en-28-oare [2P,3z-(OH),] By a 
similar procedure to ref L49], methyl m-s-2,12-dren-28-oate 

(50 mg) m CH,Cl, (2 ml) was added IO m-chloroperbenzotc acid 
(100 mg) In CH,Cl, (2 ml) The mixture was left at room temp for 

2 hr, poured mto Ice-water, and extracted mto Et,0 

The extract m Me,CO (2 ml) and HClO, (0 t ml, 7%) was 

again left at room temp for 16 hr and then poured mto H,O. The 

residue Isolated by Et,0 was purlfled by HPLC (mobde phase, 

MeOH-H,O (19 l), flow rate. 2 6 ml.‘mm) to yield mam two 

fractions, 2&3a-(OH): (23 S mm, 17 6 mg) dnd byproduct 

(21.0 mm, 5 9 mg) 
Methyl-2a-hydrox~ltrraolute [2~.3[&(0H),J The fraction con- 

tammg 2a,3/?-(OH), and methyl masltnate [22] was separated by 

HPLC (mobile phase, MeOH-H,O 97 3. flow rate, 2 5 ml/mm) 

to afford 2a,3[&(OH), (19 3 min. 10 S mg) and methyl mashnate 
(18 2 mm, 70 mg) 

Methyl 2a,3a,23-rrlhydroxyu,s-12-rn-18-oare (llb) The filtr- 

ate left removing crystals ofmethyl 2r,3a.23-trlhydroxyolean-12- 

en-28-oate (lob) [22] was again separated by HPLC (mobile 

phase, MeOH--H,O 9 1, Ilow rate. 2 5 mli to give IOb (9 8 mm, 

7.2mg)andllb(ll6mm,4Omg) ‘HNMRofllbdO72(s,H,- 

26). 0.75 (s, H,-24), 0 86 (d, J = 6 HI, H,-29), 0 94 (d, J = 6 Hz, H,- 

30), 0 99 (5, H,-25), 1 10 (s, H,-27). 2 2-i (d. J = 11 Hz. H-18), 3 47, 
3 53 (2d, J = 12 Hz. HA-23 and H,-23,. 3 60 (s, CO,Me), 3 67 (d, J 
=3 Hz, H-3p), 3 98 (ddd, J 7 11 5, 5, 3 Hz H-~/I’), 5 26 (t, J 

= 3 5 Hz, H-l 2) This signal pattern was essentlaliy ldentrcal with 
that obtamed by Ahmad ‘jCNMR lill 6(C-1),666(C-2),786 

(C-3), 4 t 1 (C-41,42 t (C-Si, 17 8 (C-6), 324 (C-7), 39 6 (C-Q, 47 9 
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11 aOAc aOAc CH20Ac Me Me H Me Me H 

110 aOH aOH CHpH Me H H Me Me H 

llb aOH aOH CH*OH Me Me H Me Me H 

120 aOH aOH CH*OB Me H OH Me Me H 

13 aOAc aOAc Me CH20Ac Me H H Me Me 

130 aOH aOH Me CH20H H H H Me Me 

13b aOAc aOAc Me CH20Ac H H H Me Me 

22 WAC BOAc CH20Ac Me H H H Me Me 

220 t3OH f30H CH20H Me H H H Me Me 

Mb (3OAc BOAc CH20Ac Me Me H H Me CO,.p 

22c BOAc WAC CH20Ac Me Me H H Me Me 16 BOAC 

24 aOH aOH Me MeHH H Me Me 

25 aOH aOH Me Me H OH Me Me H li3OH 

R’ R2 R3 R4 R5 R6 R7 R8 Rg f%cm 

(C-9), 37.9 (C-lo), 23.3 (C-11), 125.2 (C-12), 138.4 (C-13), 42.1 (C- 
14), 28.0 (C-15), 24.2 (C-16), 48 1 (C-17), 52.9 (C-18), 390 (C-19), 
38 9 (C-20), 30 6 (C-21), 36 6 (C-22), 71.3 (C-23), 17.5 (C-24), 16.8 
(C-25), 16.9 (C-26), 23.7 (C-27), 178 1 (C-28), 170 (C-29), 21.2 (C- 
30), 51.5 (CO,Me). These assignments were based on the publi- 
shed spectral data of methyl 2a,3a,23-trihydroxyolean-12-en-28- 
oate [22] and methyl 2a,3a,24-trihydroxyurs-12-en-28-oate 
[30]. (These results were almost consistent wtth our re-assign- 
ments of data provtded by Ahmad) 

Trracetate oJ llb (11). ‘H NMR 60.75 (s, H,-26), 0 85 (d, J 
=6 Hz, H,-29), 0 94 (d, J = 6 Hz, H,-30), 1.09 (s, H,-24), 1.11 (s, 
H,-25) 1 12 (s, H,-27), 2.24 (d, J= 12 Hz, H-18), 3.60 (s, CO,Me), 
H-2, H-3, H-12, Hz-23 (see Table 3). ‘sCNMR: S 38.8 (C-l), 67.8 
(C-2), 77.2 (C-3), 41.0 (C-4), 42.0 (C-5). 18.4 (C-5), 18.4 (C-6), 32.3 

(C-7), 39.4 (C-S), 47.4 (C-9), 38.4 (C-10) 23.2 (C-l l), 125.0 (C-12), 
138.3 (C-13), 42 1 (C-14), 27.9 (C-15), 24.1 (C-16), 48 0 (C-17), 52.8 
(C-18), 39.0 (C-19), 39.0 (C-20), 30.6 (C-21), 36.6 (C-22), 71.8 (C- 
23), 17.2 (C-24), 16.5 (C-25), 16.9 (C-26), 23.7 (C-27), 178.0 (C-28), 
16.9 (C-29), 21.2 (C-30), 51 5 (CO,Me), 170.1, 1704, 171.4 
(MeGO,), 20 9, 210, 21.0 (MeCO,). - 
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