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A_bstract——Conﬁgurational determination of 2,3-dihydroxy and 2,3,23- and 2,3,24-trihydroxy substituents in triterpen-
oids py 'H NMR spectroscopy can be unambiguously carried out by analysing signal 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 assign 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, 10]. This concept was extended to the ursene
ring systems and other functions [11-14]. 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 [15-19]. 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, 13]. The assignment
of the acetoxy-bearing methylene protons at C-23 or C-24
has been reported [20]. This paper supplies the 'H and
13C NMR spectral data of methyl 28,3a-dihydroxyurs-
12-en-28-oate and its diacetate, and compares them to the
data obtained 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. [1].

1 Examples of abbreviation. 28,32-(OH), or 2a,3a,23-(OAc),
=triterpenes having OH or OAc functions at positions, and n
the configurations, indicated

RESULTS AND DISCUSSION

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

The *H and *>C NMR spectral data of four dihydroxy
and four diacetoxy configurational isomers are shown in
Tables 1 and 2. The spectral patterns of 28,3a-(OH), and -
(OAc), are clearly different from those of the other three
pairs, because of the boat or twist conformation of their A
rings [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. [15], the differences between our observed
chemical shifts and their caleulated ones are more than
0.02 ppm for the 23- and 25-methyl groups in 2e¢,3a-
(OH),, the 23-, 25- and 26-methy! groups in 24,3 -(OH),,
the 23- and 26-methyl groups n 28,35-(OH), and at alt
angular methyl signals in 28,30-(OH),. The effects of
acetylation on the 23-, 24- and 25-methyl signals indicate
that the 23- methyl group 1s shielded (ca 0.1 ppm) and the
24-methyl 1s deshielded (ca 01 ppm) except for 28,3~
(OAc),, whereas the 25-methyl is deshielded (ca 0.05 ppm)
except for 28,38-(OAc),.

The distances (Ad, _ ;) between the chemcal shifts of H-
2 and H-3 are 0.88 ppm in 28,38-(OH), and 07 ppm in
28,3p-(OAc), >0.69 ppm in 2¢,38-(OH), and 0.35 ppm in
2a,3B-(OAc), >0.57 ppm in 2a,30~(OH}, and 0.27 ppm in
2a,3a-(OAc), >0.12 ppm 1n 28,3¢-(OH), and —0.08 ppm
in 2B,30-(OAc),. The figures for the dihydroxy 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 Ad, _, values
in 2a,38-(0Ac), and 20,30-(OAc), are close, their con-
figurations can be differentiated between by using the C-3
proton’s position (4.75 ppm of H-32 <4.96 ppm of H-3f)
and its coupling constant (10.5 Hz of H-3a>3 Hz of H-
3p).
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Table 1 'H NMR signals of methyl 2,3-dihydroxy urs-12-en-28-oates and their diacetates

Assignments 28,30-(OH)¥ 28.3a-(OAc)t 28,3p<OH), 2B3p<(OA0)} 20,3-(OH), 24,3-(OAc),

22,30-(OH), 2u,32(OAd),

2-H 3.75 ddd 495 dd 408 ddd 5.31ddd
(17,10,2) (13,65 4,4,3) 4,4, 3)
3-H 363d 5034 3204 461d
(10) 65) @) @)
12-H 5271t 525¢ 525¢ 524t
35 35 35) (3.5)
18-H 223d 223d 222d 2224d
(1) an (1 (1
23-H, 090 s 1.00 s 100s 089s
24-H, 100 s 09t s 099 s 104 s
25-H, 109 s 114 s 1235 1.19 s
26-H, 073 s 0.75 s 075 s 0.76 s
27-H, 107 s 1105 106 s 106 s
29-H, 0854 085d 084 d 085d
(6) (6) (6) (6)
30-H, 993d 094 d 0934 094d
(6) ® (6) (6)
OMe 359 s 360 s 3595 360s
OAc 201s 202 s
206 s 204 s

368 ddd 510 ddd 400 ddd 523 ddd
(11, 10,45 (11,.105,45) (12,45,3)  (12,45,3)
299d 475d 343 d 496d
(10) (105) (3) 3
524t 523¢ 5251¢ 525¢
(35} (35 (35) (35)
222d 2234 223d 2244
(1) (1) (11) (n
102s 089s 102s 087 s
081s 090 s 0.86 5 098 s
098 s 1.06 s 097 s 103 s
0735 074 s 0735 074 s
107 s 106 s 108 s t1ls
085d 0.84 4 085d 085d
(6) (6) {6) (6)
093d 094 d 094 d 094 d
(6) 6) {6) {6)
3595 360s 360 s 360 s
197 s 195s
2055 211 s

*Measured at 300 MHz, the rest at 400 MHz.
+Vatues 1n parentheses are coupling constants in Hz

The differences in '3C NMR spectral data at C
—8,11 ~22 and 26 ~ 30 among eight compounds are less
than 0.5 ppm The G-4 and C-10 m the group with 22-OH
and 2a-OAc appear at higher fields than n that with 25-
OH and 28-OAc, and C-9 shows the reverse relation,
whereas the C-5 in the group with 38-OH and -OAc
absorbs at higher field than m that with 32-OH and
—QOAc, and the C-1 also behaves in the similar manner
except for 28,32-(OH), and -(OAc), By the values of the
C-6,7,23,24 and 25,28,3x-(OH), and -(OAc), can be
distinguished from the other three pairs. Moreover, these
distorted features of both A rings seem to be slightly
alterable by the considerable differences of each spectral
datum.

Pentacyclic triterpenes with 2,3,23- and 2,3,24-triacetoxy
substituents

The assignment of the hydroxy methine and methylene
protons at C-2, C-3 and C-23 or 24 n trihydroxy
derivatives 1s often difficult because of their overlapping
resonances, while those 1n the corresponding acetates
could be assigned with comparative ease. As shown 1n
Table 3, the H-2, H-3 and H-12 signals are found in the
following range, & 5.48 ppm>H-22>5.30 ppm>H-
2>5.16 ppm, § 5 35 ppm > H-38> 5.12 ppm, 6 5.09 ppm
>H-3¢>486 ppm and 4522 ppm >H-12>5.58 ppm.
The general order among these three protons s H-12, H-2
and H-3 from the lower-field side, except for H-3, H-12
and H-2 in 2a,32,24-(0Ac); (H-12, H-3 and H-2 in
compound 17) and H-2, H-12 and H-3 mn 28,38,23-
(OAc);. Furthermore, the differences between H-2 and H-
3 of triacetates and those of diacetates are shown 1n Table
4, which indicate that the shifts are effected by the 23- or
24-acetoxy function.

The Ad,_; values are from 0.51 ppm to 0.43
28,38,23-(OAc);>0.33 to 0.32 in 24,35,24-(0OAc),>0.22
to 0.08 mn 2a,38,23-(0Ac); >008 to 0.04 in 2a,3¢,23-
(OAc)3 > —0.1 to —0.15 in 2a,3a,24-(OAc);. Though the
difference between AJ,_; values mn 2a,38,23- and
20,32,23-(0Ac); is very small, their configurations are
clearly distinguished by using the C-3 proton’s location
(B>65.1ppm>a) and therr J-values (x, ca 4 and
10 Hz> §; 3 Hz).

Applied examples for some triterpenes

The assignments of 2,38- and 2a,32-(OH), m oleanene-
and ursene-2,3-diols synthesized by Brieskorn 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 [13] and Biessels et al. [15]
Hence 28-hydroxyoleanolsaure’ reported as one of com-
ponents 1solated from Rosmarinus officinalis (Labiatae)
[40] and Melissa officinalis (Labiatae) [37] must be
revised to be 2a,30-dihydroxyolean-12-en-28-oic acid (24)
(3-epimaslinic acid 1s also supported by following datum;
doublet at 6 4 95 [40] = H-38, as shown in Table 1), which
was later isolated from the other four Labiatae plants
[22, 29, 30, 41, 42).

Roxburic acid isolated from Rosa roxburghn (Rosa-
ceae) was assigned to be 28,32,78,19a-tetrahydroxyurs-
12-en-28-o1c acid by Liang [19] from the application of
the methyl group data calculated by Takahashi et al.
[14]. However, this application led to make a mistake,
since 1n the assignment of C-24 and C-25 methyl groups
the effect of 76-OAc was not considered. From the data of
Ad,_3=0.16~018 ppm and J; =3 Hz. its hydroxy con-
figuration m A ring should be 22,32-(OH),, namely
2a,30,78.19a-tetrahydroxyurs-12-en-28-o1c acid (25) The
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Table 2. *3C NMR signais of methyl 2,3-dihydroxy urs-12-en-28-oates and their diacetates

C 2f,30-(OH)3 28,30-(OAc)s 2B,3(OH), 2B,3{0Ac); 20,38(OH), 2u,38-(0Ac), 2a30-(OH), 2¢,3a-(QAc),
1 472 41.7 443 42.1 46.6 4.1 419 39.0
2 689 70.5 71.0 69.6 68.9 70.1 66 5 683
3 78.2 76.1 78.4 780 83.9 80.7 789 771
4 375 36.9 380 373 39.2 393 383 384
) 510 50.5 55.2 55.2 553 549 481 496
6 198 18.8 18.1 18.0 18.3 18.2 179 17.8
7 324 325 329 32.9 328 328 327 326
8 39.7 39.6 39.6 39.6 39.5 39.5 39.6 39.7
9 48.2 479 419 480 415 475 472 474
10 373 366 36.6 36.7 382 38.1 38.2 38.1
11 233 233 234 234 233 234 232 233
12 125.6 1254 125.6 1253 125.3 1251 1253 1252
13 138.1 138.2 138.1 1384 138.2 1383 1382 1382
14 42.2 422 421 422 422 421 421 421
15 279 279 279 279 280 28.0 279 28.0
16 242 242 24.2 24.2 242 242 242 242
17 48.2 48.1 438.1 48.1 48.1 481 481 48.0
18 530 529 529 52.8 528 528 528 528
19 390 390 39.0 390 390 390 39.0 39.0
20 38.8 389 38.8 389 38.8 389 38.8 389
21 30.7 30.6 30.6 30.6 30.6 30.6 30.6 30.6
22 36.6 36.6 36.6 36.6 36.6 36.6 36.6 36.6
23 238 222 29.7 29.1 28.6 28.5 28.5 2717
24 232 26.6 17.3 17.7 168 17.7 218 216
25 211 185 164 16.1 16.7 165 164 163
26 167 16.7 16.9 17.0 16.9 169 169 169
27 23.6 23.7 236 236 23.6 236 237 237
28 1781 178.0 178.0 178.0 178.0 178.0 178.1 178.0
29 170 170 170 170 170 170 170 17.0
30 21.1 211 211 211 21.2 212 212 21.2
CO,Me. 51.5 514 51.4 514 51.4 51.5 51.5 51.5
MeCO, 170.3 170.7 1708 170.7
170.0 170.3 170S 1704
Me CO, 213 213 211 2.1
210 209 209 210

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

A'? ursene triterpene having 2¢,3a-dihydroxy groups had
been isolated from Prunus spp. of the same family [15].
Myrianthic acid isolated from Myrianthus arboreus
(Urticaceae) by Ojinnaka et al. {18] was identified as
20,3a,190,24-tetrahydroxyurs-12-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 H;-23 (6 1.02) and H,-24 (0.92). The spectral chart sent
by Ojinnaka indicated that its configuration is 2a,30,23-
(OAc);. On acetylation, the H,;-24 methyl singlet in
20,30,23-(0Ac), (61.07 [22] and 1.09 in 11) shifts to
lower-field than that of H;-23 in 2a,30,24-(OAc); (60.92
to 0.98 [22, 27, 30]). Consequently, this triterpene agrees
with  20,30,19¢,23-tetrahydroxyurs-12-en-28-oic  acid
(12a) isolated from Coleus amboinicus (Labiatae) [29].
The aglycone of the saponin isolated from Polygala
japonica (Polygalaceae) by Fang et al. was determined as
2a,3a,24-trihydroxyolean-12-en-28-oic acid (13a) [43],
which was also isolated from Prunella vulgaris (Labiatae)
by us [22]. However, the spectral data for each com-
pound is too different for them to be identical. The former

PHYTO 28 6-J

"H NMR spectral data were recorded that H-28 is 6 5.39
(m, W,,=16 Hz), H-38, 491 (d, J=4 Hz), H,-24, 3.64
and 3.81 (2d, J=each 12 Hz) and H-12, 533 ppm(s),
whereas the latter data is shown in the part of compound
13 in Table 3. The former acetoxy configurations should
be 26,38,23-(0OAc), from the following data, the position
order=H-2, H-12 and H-3, Ad, _,=0.48 ppm, J;=4 Hz
and methylene signals<d33.9. Furthermore, the
13C NMR spectral data can be also explained by chang-
ing data as indicated in Table 5, which were performed 1n
comparison with the published data of platycodigenin
derivative (22b) [44] and phytolagenin derivative (22¢)
{45]. Hence this agylcone is identical with bayogenin
(2B,3B,23-trihydroxyolean-12-en-28-o1c acid) (22a) ob-
tained from Castanospermum australe (Leguminosac)
[46]. On chemotaxonomic grounds, A ring in Polygala
sapogenins was occupied by 28,38-glycol system.

The triterpene isolated from Nepeta hindostana (Labia-
tae) was elucidated as 28,34,23-trihydroxyurs-12-en-28-
oic acid [47]. We are interested in the rarity of its
substituents but at the same time have doubts about the
assignment of its protons alpha to hydroxy groaps, in
particular H,-23 (62.93, ABg, J = 10 Hz) and H-2 (§3.68,
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Table 4 The effect of 23-OAc or 24-OAc on H-2 and H-3 (Ad

=03,3,23 or 24-0ac—92.3-0Ac> PPM)

Compounds 23-0OAc 24-OAc

20,3623 or 24-(OAc); H-2+006t0 014 +007 to 008
H-32+027t0 034 +010to 011
H-28—-005 to +0.03 —006 to +002
H-33+0161t0 018 +03610 039
H-2a+007 to 0.11

H-32+025 to 04!

20,30,23 or 24-(OAc),

2$,38,23-(OAc),

Table 5 !3C chemical shifts of compounds 13 and 13b and our
assignment for 22 partially exchanging 13b by comparison with

22b and 22¢
C 13 13b 2 22b 22
1 385 479% 416 (C-14)f 416 | 417
2 677 65.7* 69.7 (C-24) 696 | 69.6
3 724 719 719 720 720
4 416 409 40.9 401 401
5 501 48 0* 480 482 | 474
6 180 17.7 177 177 177
7 32.5 329 329 323 326
8 393 395 395 3941 396
9 475 477 477 478 | 478
10 38.1 39.3* 39.3 367 367
11 235 226 235(C-16) 230 | 234
12 1218 1223 1223 1231 | 1234
13 143.8 1436 1436 1431 | 1421
14 420 416 416 41.6 412
15 275 276 276 2751 321
16 229 235 226(C-11) 234 | 762
17 465 46.4 46.4 459 | 476
18 41.1 411 411 423 404
19 458 457 457 420 461
20 306 306 306 437 304
21 337 366* 366 303 351
22 322} 323 323 335 310
23 221 16 4* 657(C-2) 655| 655
24 661 69 7* 137(C-25) 137 139
25 166 13.7% 164 (C-23) 165 166
26 167| 172 17.2 172 170
27 259 258 258 258 | 263
28 178 1 184* 184 1828 1760
29 330 338 338 283 332
30 235 235 235 1769 242
CO,Me 515 ' 517 515
MeCO, 170.1 1695 169 5 1700 | 1698
1703 J 1700 170.0 170.3 ‘ 1700
1711 1700 1700 17071 1703
1707
Me CO, 208 20.7 207 2071 208
209 211 211 20.8 ’ 208
211 229% 229 212 212
220

*The differences of these figures 1n comparison with com-
pound 13 are more than 1.2 ppm

tOnly unassigned peak 1in compound 22

$The C-figure 1n brackets indicates carbon of 13b that had
been assigned 1n ref. [43]

| The differences of these data in comparison with those of 22
are less than 08 ppm

H. KonMa and H. OGuURA

d,J =3 Hz) On re-examination of the NMR spectral data
of 1ts methyl ester sent by Ahmad, his and co-worker’s
assignments were found to be 1n error because of the low
resolution of its spectra. Its structure can be assigned as
20, 32,23-trihydroxyurs-12-en-28-oic acid (11a) (named
as esclentic acid), already 1solated from Diplazium escul-
entum (Athyniaceae) [48], Hedyotis lawsomae (Rubiaceae)
[27], and now from the leaves and stems of Prunella
vulgaris (see Experimental)

In concluston, the characterstics of proton signals on
the acetoxy (or hydroxy)-bearing carbons, 1e¢. their posi-
tion (its relationship between them), sphitting pattern and
coupling constant (or half-height width), give valuable
mformation about the position and configuration of
hydroxy groups. Thus, when the spectral data of high-
resolution NMR are not available, it 1s at least necessary
to measure 'H NMR spectra of the acetyl dertvative

EXPERIMENTAL

NMR measurements 'H and '*C NMR spectral data were
recorded as ¢ values at room temp in CDCl, on a Varian XL-300
or 400, which were assigned by DEPT pulse sequence or by
comparative studies of 'H-"H and 'H-"*C 2D COSY spectral
data.

Condition of HPLC Senshu gel 5C-18-H, 10 mm x 30 ¢m, at
room temp

Methyl 2a,3a-dihydroxyurs-12-en-28-oate [2a.3a-(OH),] and
methyl 2,38-dihydroxyurs-12-en-28-oate [28,3-(OH),] These
compounds were prepared by oxidation (8 days) of methyl urs-
2,12-dien-28-oate (310 mg) [ 13, 387 with OsO, (650 mg)/dioxane
(12 ml) After removal of the catalyst, the filtrate was evapd and
the residue purified by silica gel CC and HPLC (column
Whatmann Partisii 5 ODS-3, 10 mm x 25 cm, mobile phase,
MeOH-H,0 17 3) to yeeld 20,32-(OH), (R, 19 | mun, 31 6 mg),
28,3<(OH), (25.0 mun, 27 9 mg) and byproduct (17.8 mun, 70 mg)
For 'H NMR see Table 1, and for ' *C NMR see Table 2

Methyl 2B 3a-dihydroxyurs-12-en-28-oate [28,32-(OH),] Bya
similar procedure to ref [49], methyl urs-2,12-dien-28-oate
(50 mg) m CH,Cl, (2 ml) was added to m-chloroperbenzoic acid
(100 mg)in CH,Cl, (2 ml) The mixture was left at room temp for
2 hr, poured nto 1ce-water, and extracted mto Et,0

The extract in Me,CO (2 ml) and HCIO, (0 1 mi, 7%) was
again left at room temp for 16 hr and then poured into H,O. The
residue 1solated by Et,O was purified by HPLC (mobile phase,
MeOH-H,O (19 1), flow rate. 26 ml/mn) to yield main two
fractions, 2§,3a-(OH), (235mn, 176 mg) and byproduct
(21.0 mn, 59 mg)

Methyl-2a-hydroxyursolate [2x2.33-(OH),] The fraction con-
taiming 2a,35-(OH), and methyl mashknate [22] was separated by
HPLC (mobile phase, MeOH-H,0 97 3, flow rate, 2 5 ml/min)
to afford 2a,38-(OH), (19 3 min, 10 5 mg) and methyl mashnate
(18 2 min, 70 mg)

Methyl 20t,3x,23-trthydroxyur s-12-en-28-oare (11b) The filtr-
ate left removing crystals of methyl 2x,32,23-trihydroxyolean-12-
en-28-oate (10b) [22] was again separated by HPLC (mobile
phase, MeOH-H,0 9 |, flow rate. 2 5 mb to give 10b (9 8 mun,
7.2mg)and 11b (11 6 min, 40 mg) '"H NMR of 11b 50 72 (s, H;-
26),0.75(s, H,-24),0 86 (d, J = 6 Hz, H,-29),094(d,J =6 Hz, H,-
30), 099 (s, H3-25), 1 10(s, H,-27). 223(d, J =11 Hz, H-18), 347,
353(2d,J =12 Hz, H,~23 and Hg-231. 3 60 (s, CO,Me), 367 (d, J
=3 Hz, H-3p), 398 (ddd, J =115, 5, 3Hz H-28), 526 (t, J
=35 Hz, H-12) This signal pattern was essentially identical with
that obtained by Ahmad !3C NMR 641 6(C-1), 66 6 (C-2), 78 6
(C-3),41 L(C-4), 42 1 (C-5), 17 8(C-6). 324 (C-7), 39 6. (C-R), 479
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Methyl olean~12-en-28-oate (I)

Methyl urs-12-en-28-cate (II)

other
R? function
n H
Na H
b H
120 oOH oOH CHZOH Me OH Me Me H
3 aOAc alAc Me CHzoAc Me 4 H Me Me
130 aOH oOH Me CHZOH H H Me Me
13b «OAc a0Ac Me CH_OAc H H Me Me
22 BOAc BOAc CH20Ac Me H H Me Me
22a BOH ROH CH20H Me H H Me Me
22b BOAc ROAc CHEOAc Me Me H H Me CO2Me
22¢ BOAc BOAc CH,OAc Me Me H H Me Me 16R0Ac
24 aOH aOH Me Me H H Me Me
25 aOH oOH Me Me H OH Me Me H TR0H

(C-9), 37.9 (C-10), 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), 39 0 (C-19),
389 (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 2¢,3w,23-trihydroxyolean-12-en-28-
oate [22] and methyl 2a,3a,24-trihydroxyurs-12-en-28-oate
[30]. (These results were almost consistent with our re-assign-
ments of data provided by Ahmad)

Triacetate of 11b (11). 'H NMR- §0.75 (s, H,-26), 085 (d, J
=6 Hz, H;-29), 094 (d, J =6 Hz, H;-30), 1.09 (s, H;-24), 1.11 (5,
H;-25) 1 12 (s, H3-27), 2.24 (d, J = 12 Hz, H-18), 3.60 (s, CO,Me),
H-2, H-3, H-12, H,-23 (see Table 3). 13C NMR: 6 38.8 (C-1), 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-8), 47.4 (C-9), 38.4 (C-10) 23.2 (C-11), 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),
169 (C-29), 212 (C-30), 515 (CO,Me), 170.1, 1704, 171.4
(MeCO,), 209, 210, 21.0 (MeCO,).
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