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Abstract—Several ent-labda-13(16),14-dienes, ent-13-epi-manoyl oxides and the new natural products ent-6a,8a-
dihydroxylabda-13(16),14-diene, ent-18-hydroxy-15(16)-peroxylabd-13-ene, ent-16,18-dihydroxymanoyl oxide, ent-13-
epi-16,18-dihydroxymanoyl oxide and ent-6a,16,18-trihydroxymanoyl oxide have been isolated from Sideritis
arborescens subsp. paulii. The structures of these compounds have been established by spectroscopic means and

chemical correlations.

INTRODUCTION

Sideritis arborescens Salzm. ex Bentham subsp. paulii
(Pau) P. W. Ball ex Heywood is a plant which grows
in restricted areas with acidic soil in west Andaluzia
(southern Spain). Another plant named Sideritis paulii
(Pau) P. W. Ball ex Heywood and collected in the middle
of the Iberian peninsula was studied several years ago,
although on that occasion only ent-7a,18-dihydroxy-
kaur-15-ene, ent-38,7a,18-trihydroxykaur-15-ene and
ent-3f,70,18-trihydroxy-158,168-epoxykaurane [1] were
identified.

RESULTS AND DISCUSSION

Some diterpenoids isolated from Sideritis paulii have
been previously characterized as ent-labda-13(16),14-
dienes: ent-8¢«,18-dihydroxylabda-13(16),14-diene (6-de-
oxyandalusol, 1 [2]), ent-8a-hydroxylabda-13(16),14-
dien-18-al (6-deoxyandalusal, 2 [3]), ent-8a-hydroxy-
labda-13(16),14-dien-18-oic acid (6-deoxyandalusoic acid,
3 [4]) and ent-6a,8a,18-trihydroxylabda-13(16),14-diene
(andalusol, 4 [ 5]). Ribenol (ent-13-epi-35-hydroxymanoyl
oxide, 5 [6]) and the ent-kaurene siderol (ent-7a-acetoxy-
18-hydroxykaur-15-ene, 6 [7]) were also isolated.

Another product (7) isolated from this subspecies of S.
arborescens was found to have the molecular formula
C,0H3,0; and a UV spectrum with a maximum at
226 nm. Its IR spectrum showed hydroxyl absorptions.
The 'H NMR spectrum (see Experimental) contained an
A;B,;X system similar to that shown by ent-labda-
13(16),14-diene systems [2, 3] and a signal at 53.86 (1H,
ddd,J, = 10,J, = 10,J; = 4 Hz) and four methyl singlet
signals at 1.21, 1.15, 0.99 and 0.825 (3H each). These
spectroscopic data supported the idea of an ent-6a,8a-
dihydroxylabda-13(16),14-dienic structure for product 7.
Acetylation of 7 gave a monoacetate product (8) with a
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'H NMR spectrum in which the signal due to a proton
geminal to an acetoxy group was shifted downfield to
85.07. As the structures of products 7 and 8 were
confirmed by !3C NMR experiments (see Table 1), we
therefore concluded that 7 must be ent-6a,8«¢-dihydroxy-
labda-13(16),14-diene, a new natural product.

One compound isolated from the most polar fraction of
diterpenoids was product 9 of molecular formula
C,0H1,40;. Its IR spectrum showed bands indicative of
hydroxyl and double-bond functions. Its 'H NMR spec-
trum (see Experimental) contained an ABX system similar
to that found in manoyl oxide [3]. Signals arising from
two AB systems (four doublets, 1H each, J = 12 Hz at
62.95, 3.09, 3.32 and 3.44) and three methyl singlet signals
(1.25, 0.75 and 0.725, 3H each) were observed. Compari-
son of the 'HNMR spectra of products 9 and 6'-
deoxyandalusol (1) indicated that one of these AB systems
(doublets centred at 3.09 and 3.44) was attributable to a
hydroxymethylene group at C-18. The other hydroxy-
methylene group (double doublet with signals centred at
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Table 1. !*C NMR chemical shifts of compounds 1, 7, 8, 12, 17
and the reference compound

Carbon

No. 1 7 8 12 17 23*

1 3928 3938 3984 3887 3946 39.76
2 1780 1836 1824 1751 1787 1850
3 3529 4368 4352 3569 3585 4203
4 3761 3477 3488 3641 3774 3329
) 4919 61.51 5867 5000 4937 56.19
6 2028 6914 71.02 2033 2041 20.60
7 4425 5436 5052 4410 4464 4462
8 7412 7375 7552 7369 7416 74.28
9 6181 6123 6093 6162 6159 61.28
10 3901 4007 3964 3909 3922 39.17
11 2459 2452 2456 2452 2405 2475
12 3510 3385 3488 3495 3536 35.13
13 14749 14724 147.04 14737 149.27 14747
14 138.85 138.88 13893 138.76 117.22 138.82
15 11543 11569 11577 11522 7265 115.60
16 11342 11354 11363 11325 7012 11351
17 2394 2569 2544 2394 2349 2405
18 7183 3628 3604 7271 7215 3343
19 1738 2209 2197 1717 1747 2152
20 1581 1660 16.55 1566 1591 15.50
CH,COO 2197 20.74

MeCOO 171.08 17091

The '*C chemical shifts are given in §-values (ppm) relative to
TMS. Assignments were made with the aid of DEPT

experiments.
*See ref. [12].
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2.95 and 3.32) must be situated at C-16, C-17, C-19 or C-
20. Nevertheless, the presence of two methyl singlets at
60.75 and 0.725 indicated that this hydroxymethylene
group was not situated at C-19 or C-20. Thus, the most
probable location of the hydroxymethylene group must
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be C-16 or C-17. The 1*C NMR chemical shifts of product
9 and reference compounds manoyl oxide (10) and 13-epi-
manoyl oxide (11) [8] are shown in Table 2. Similar
chemical shifts of C-8 for products 9, 10 and 11 (675.97 or
76.40) suggested that the primary hydroxyl group was not
situated at C-17. On the other hand, the chemical shift
attributed to C-13 (675.97 or 76.40) seemed to indicate
that the hydroxyl group was situated at C-16. These
considerations have nothing to do with the configuration
at C-13, which can be deduced from a comparison of the
chemical shifts of C-9 of products 9 (§58.20), 10 (655.7)
and 11 (658.5).

From the biogenetic and other considerations, the
structure of ent-16,18-dihydroxy-13-epi-manoyl oxide
and the trivial name of 13-epi-jabugodiol were proposed
for product 9.

In order to confirm the structure of 9, we carried out a
biomimetic-type reaction. Probably 6-deoxyandalusol (1)
is the biogenetic precursor of product 9. Acetylation of 6-
deoxyandalusol (1) gave an 18-acetoxy derivative (12),
which was epoxidized by metachlorperbenzoic acid
(MCPBA). No epoxides were isolated from this reaction,
which resulted in one main product (13). Saponification of
product 13 gave 13-epi-jabugodiol (9). Acetylation of
natural product 9 and product 13 produced the same
diacetate (14). Thus an ent-configuration was dem-
onstrated for the new natural product 9.

Another natural product (15) isolated from this plant
appeared to be similar to the one previously described as

Table 2. 13*C NMR chemical shifts of compounds 9, 13, 14, 15
and the reference compounds

Carbon
No. 9 10* 11t 13 14 15
1 3870 390 394 3876 3883 3853
2 1780 186 187 1780 1783 17.88
3 3520 421 422 3590 3597 3537
4 3750 332 334 3683 36.89 3725
5 4941 564 56.5 5047 50.68 49.77
6 19.41 199 19.9 1970 19.82 20.00
7 4250 432 431 4260 4261 4342
8 7597 748 76.1 7631 7611 7550
9 5820 557 58.5 5842 5829 5286
10 3660 369 369 3650 3660 37.66
11 15.12 154 159 1528 1526 14.65
12 2830 358 349 2849 3009 2723
13 7640 730 733 7610 7434 7633
14 14402 1478 1478 144.14 14354 144.03
15 113.10 1101 1095 11338 113.58 113.64
16 69.60 285 327 69.75 17140 68.71
17 2380 255 240 2391 2400 2583
18 71.50 334 333 7273 7292 7214
19 1697 213 213 1710  17.11  17.38
20 1602 153 159 1622 16.19 15.58
CH,COO 2090 2097

20.97
MeCOO 171.12 17078

171.17

See footnote of Table 1.
*See refs. [8, 9].
TSee ref. [10].
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epi-jabugodiol (9). Thus, 15 has the same molecular
formula, C,,H;,0;, and IR spectrum with bands indica-
tive of hydroxyl and double-bond functions. Its 'H NMR
spectrum (see Experimental) showed a vinylic ABX
system (part X at 65.85, 1H, dd, J . + Jgx = 29 Hz; part
AB between 65.0 and 5.4), an AB system (2H, dd, signals
centred at 3.45 and 3.10, J = 12 Hz), an A, system at
63.30 (2H, s) and methyl singlet signals at §1.29 (3H), 0.85
(3H) and 0.76 (3H). Cold acetylation of product 15 gave a
diacetate (16). Product 15 must be an epimer at C-13 of
product 9. This supposition was confirmed by analysis of
the }3C NMR spectrum of product 15. Thus, the chemical
shift assigned to C-9 of product 15 (6 52.86, see Table 2) is
in better agreement with a C-9 chemical shift for manoyl
oxide (655.7) than with a shift of C-9 of 13-epi-manoyl
oxide (658.5, see Table 2). As indicated for product 9,
biogenetic considerations led us to propose an ent-16,18-
dihydroxymanoyl oxide structure for product 15, and the
trivial name of jabugodiol for this new natural product.
No products with this type of configuration at C-13 were
isolated from the previously described chemical syntheses
of product 9.

The natural product 17, isolated from this plant,
showed a molecular formula C,,H1,0, and IR bands of
hydroxyl and double-bond groups. Its 'H NMR spec-
trum exhibited a signal attributable to a vinylic methyne
group at 65.70 (1H, m, W;,, = 7.5 Hz), hydroxymeth-
ylenic AB system (2H, dd, J = 12 Hz, with signals centred
at 3.45 and 3.10) and methyl singlet signals at 1.16 (3H),
0.85 (3H) and 0.75 (3H). Furthermore, a broad signal at
44.52 (4H, m, W,,, = 10Hz) was also detected. The
13C NMR spectrum of 17 (see Table 1) showed signals
attributable to a quaternary unsaturated carbon (6149.27)
and a vinylic methynic carbon (6117.22), as well as four
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oxygenated carbons (674.16, 72.65, 72.15 and 70.12). As
the chemical shifts of the other carbons are similar to
those of 6-deoxyandalusol (1), we believe that product 17
must be a 15,16-peroxy derivative of 6-deoxyandalusol (1).
In order to verify this hypothesis, product 17 was
obtained by photo-oxidation of 6-deoxyandaiusol (1). We
do not know if product 17 is a genuine natural product or
an artefact produced by aerial photo-oxidation which
may have taken place during the extraction procedure.

The most polar product (18) isolated from this sub-
species of S. arborescens had the molecular formula
C,0H;,0, and IR bands of hydroxyl and double-bond
groups. Its 'H NMR spectrum indicated that product 18
was presumably a manoyl oxide (see Experimental) with a
signal similar to that attributed to the proton geminal to
the hydroxyl group at C-6 of product 7 (1H, ddd, J, = 10,
J, =10, J; = 4 Hz) and two AB systems, each attribu-
table to one hydroxymethylene group, similar to those
described for 13-epi-jabugodiol (9). The presence of three
hydroxyl groups was confirmed by acetylation of product
18 to give a triacetate (19). The "H NMR spectrum of
product 19 showed both the AB systems similar to those
described for the diacetate of 13-epi-jabugodiol (14) (see
Experimental). Presumably, product 18 must be ent-
60,16,18-trihydroxy-13-epi-manoyl oxide. Hydroxylation
at C-6 and C-18 was confirmed by conversion of product
18 into an isopropylidenedioxy derivative (20). Other
chemical evidence supporting the structure proposed for
product 18 was its chemical correlation with andalusol (4).
Acetylation of andalusol (4) gave a diacetate (21), which
was epoxidized as described for product 12. Similarly, a
product (21) of cyclization (22) was obtained. Acetylation
of products 18 and 22 gave the same triacetate (19).
Saponification of product 22 led to a product identical to
18. Thus we conclude that product 18 has an ent-
configuration. On the other hand, if the reaction of
cyclization is similar to that described for product
12, product 18 must be an ent-13-epi-manoyl oxide. To
confirm this point we carried out !*C NMR experiments
for 18 and 19. In order to compare results, these
experiments were performed with CDCIl, as the solvent.
The '3C NMR spectrum of 18 is mostly, but not com-
pletely, assigned because this product is poorly soluble in
CDCl;. In any case, C-9 assignments for products 18 and
19 indicated clearly that these products both have a 13-epi
configuration (see Table 3). Thus, the C-9 chemical shifts
for products 18 (657.81), 19 (6 57.80) and the 18-acetate of
ent-13-epi-jabugodiol were all similar (13, §58.42). As an
acetoxy group at C-6 has a weak influence on the chemical
shift at C-9 (see the C-9 chemical shifts for 12 at §61.62
and 21 at 660.80 [9]), we conclude that 18 is ent-64,16,18-
trihydroxy-13-epi-manoyl oxide, a new natural product
for which we propose the trivial name of 13-epi-
jabugotriol.

EXPERIMENTAL

Mps were determined in a Kofler apparatus and are uncorr.
'H NMR spectra were measured at 80 MHz (CDCl; soln with
TMS as internal standard). ! 3C NMR spectra were determined at
20.13 MHz, also in CDCl, soln, in a Bruker WP80SY spectro-
meter equipped with a three-clock multi-pulser. Assignments of
the *3C NMR chemical shifts were made with the aid of broad-
band proton decoupling and experiments of distortionless en-
hancement by polanization transfer (DEPT), using a ‘flip angle’ of
135°, Silica gel Merck 7729 ( < 0.08 mm) was used for CC. Plant
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Table 3. **C NMR chemical shifts of com-
pounds 18, 19 and the reference compound

Carbon
No. 18 19 21+
1 38.62 38.68 39.1
2 17.54 17.53 17.3
3 39.20 3695 370
4 — 37.68 36.3
5 53.58 52.54 518
6 67.78 70.45 70.5
7 — 49.24 50.1
8 — 74.60 73.1
9 57.81 57.80 60.8
10 — 36.58 393
11 15.63 15.53 24.5
12 28.50 29.87 347
13 76.38 75.20 146.9
14 14390  143.18 138.5
15 113.77 11389 1156
16 69.86 71.36 1135
17 2533 2522 252
18 7497 74.28 74.1
19 17.75 17.82 179
20 18.10 1741 16.7
CH,COO 21.72 217
2107 21.0
21.07
MeCOO 170.18 1700
171.19 170.8
171.62
See footnote of Table 1.
*See ref. [11].

material was collected in July 1983, near Aracena and Jabuguillo
(Huelva, Spain); voucher specimens have been deposited at the
Herbarium of the Faculty of Pharmacy (Umversity of Granada).
Extraction and isolation of the diterpenoids. Dried and finely
powdered plants of Sideritis arborescens subsp. paulii (2 kg) were
extracted with hexane (41) in a Soxhlet and processed as
indicated in ref. [3] to give 26 g of a terpenoid fraction, which was
chromatographed on a silica gel column and eluted with
CH,Cl,-Me,;CO mixtures of increasing polarity. The homo-
geneous fractions were chromatographed repeatedly on 109,
AgNO;-silica gel columns and eluted with CH,Cl,-Me,CO
mixtures of increasing polarity, yielding the following com-
pounds in order of elution: 80 mg 6-deoxyandalusal (2), 150 mg
ribenol (5), 120 mg siderol (6), 300 mg 6-deoxyandalusoic acid (3),
5 g 6-deoxyandalusol (1), 40 mg 18-deoxyandalusol (7), 25 mg
jabugodiol (15), 50 mg epi-jabugodiol (9), 20 mg peroxy com-
pound (17), 3 g andalusol (4) and 40 mg epi-jabugotriol (18).
ent-6a,8x-Dihydroxylabda-13(16),14-diene (18-deoxyandalusol,
7). Colourless gum, [«]&° —32.7° (¢ 1; CHCl,). IR v22 cm ™
3500, 3080, 1630,1600, 1040, 995,930 and 900, UV Ahexane ny (g):
226 (10 500). 'H NMR: 66.37 (1H, dd, part X of an A ,B, X system,
Jax +Jpx = 28 Hz, H-14), 485-545 (4H, part A,B, of an
A,B,X system, 2H-15 and 2H-16), 3.86 (1H, ddd, J, = 10, J,
=10, J, = 4 Hz, H-6), 1.21 (3H), 1.15 (3H), 0.99 (3H) and 0.825
(3H) (singlet signals of Me groups at C-17, C-18, C-19 and C-20).
13C NMR: See Table 1). (Found: C, 78.02; H, 11.23. C;oH;,0,
requires: C, 78.38; H, 11.18%,)
ent-6a-Acetoxy-8a-hydroxylabda-13(16),14-diene (8). Product
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7 (15 mg) was acetylated at room temp. for 12 hr with pyridine
(1 ml) and Ac,O (0.5 ml). After CC, 13 mg of product 8 was
obtained. Colourless o1, [¢]} —47° (c 025 CHCI,).
IR vEat cm ~!: 3450, 3080, 1740, 1630, 1595, 1260, 1035, 990, 960,
925,900and 890. UV Ahexane um (g): 226 (11 000). 'H NMR: 66.37
(1H, dd, part X of an A;B,X system, J .y +Jpx = 28 Hz, H-14),
4.85-5.45 (4H, part A,B, of an A, B, X system, 2H-15 and 2H-16),
507 (1H, ddd, J, =10, J, = 10, J; = 4 Hz, H-6), 2.05 (3H,
acetoxy group), 1.26 (3H), 1.02 (3H), 0.90 (3H) and 0.875 (3H)
(singlet signals of Me groups at C-17, C-18, C-19 and C-20).
13C NMR: See Table 1. (Found: C, 75.57; H, 10.73. C;,H;50,
requires: C, 75.82; H, 10419,)

ent-16,18-Dihkydroxy-13-epi-manoyl oxide (epi-jabugodiol, 9).
Mp 194-196°, [a]}y —44.05° (c 1; EtOH). IR vKBrcm~*: 3500,
3080, 1640, 1450, 1095, 1075, 1040, 1020, 990, 955, 930 and 915.
'H NMR: 65.94 (1H, dd, part X of an ABX system, J,x + Jpy
= 29 Hz, H-14), 4.90-5.30 (2H, part AB of an ABX system, 2H-
15), centred at 3.44, 3.32, 3.09 and 2.95 (4H, d, J = 12 Hz, two AB
systems, 2H-16 and 2H-18), 1.25 (3H), 0.75 (3H) and 0.725 (3H)
(methyl singlet signals of C-17, C-19, C-20). 13C NMR: See
Table 2. (Found: C, 74.35; H, 10.72. C;,H,,0, requires: C, 74.49;
H, 10.63%,.)

ent-16-Hydroxy-18-acetoxy-13-epi-manoy! oxide (13). 6-De-
oxyandalusol (1, 1.5 g) was acetylated at room temp. for 12 hr
with pyridine (25 ml) and Ac,O (20 ml). After CC, 1 g of product
12 was isolated [2]. This product was epoxidized with 2.5 g of m-
chlorperbenzoic acid (MCPBA) in CHCl, (30 ml) for 48 hr at 4°,
after which the soin was diluted with CHCl,, washed with aq.
FeSO,, ag. NaHCO,; and H;0, dried (MgSO,) and concd in
vacuo. After CC, 150 mg of product 13 was isolated. Colourless
gum, [¢]f —34.16° (c 2; CHCl,). IR v cm~": 3450, 3090,
1740, 1650, 1450, 1380, 1250, 1095, 1075, 1040, 1020, 990, 940 and
915. 'H NMR: 5595 (1H, dd, part X of an ABX system, J 5
+Jgx = 29 Hz, H-14),4.90-5.25 (2H, part AB of an ABX system,
2H-15), 3.87 and 3.62 (2H, AB system, J = 12 Hz, 2H-18), 3.32
and 2.92 (2H, AB system, J = 12 Hz, 2H-16), 2.07 (3H, s, AcO
group), 1.25 (3H), 0.80 (3H) and 0.77 (3H) (singlet signals
of methyl groups at C-17, C-19 and C-20). !3CNMR: See
Table 1. (Found: C, 72.17; H, 9.99. C,,H;40, requires:; C, 72.49;
H, 9.95%,)

ent-16,18-Diacetoxy-13-epi-manoyl oxide (14). Epi-jabugo-
diol (9, 25 mg) was acetylated at room temp. for 12 hr with
pyridine (2 ml)and Ac, O (1 ml). After CC, 24 mg of diacetate (14)
was obtained. Product 13 (10 mg) was acetylated with pynidine
(1 ml)and Ac,O (0.5 ml) to yield 10 mg of product 14. Colourless
gum, [a]g’ —48.4° (c 1; CHCl,). IR v’&‘ cm™': 3100, 1740, 1650,
1380, 1250, 1080, 1050, 1020, 995, 970, 950, 910 and 850.
'H NMR: 65.95 (1H, dd, part X of an ABX system, J .y +Jpx
= 29 Hz, H-14), 4.90-5.25 (2H, part AB of an ABX system, 2H-
15), 3.87 and 3.62 (2H, AB system, J = 12 Hz, 2H-18), 3.82 (2H, s,
2H-16), 2.08 (3H) and 2.06 (3H) (methyl singlet signals of
AcO groups), 1.25 (3H), 0.82 (3H) and 0.78 (3H) (singlet sig-
nals of methyl groups at C-17, C-19 and C-20). *CNMR: See
Table 2. (Found: C, 70.73; H, 9.71. C, H 3305 requires: C, 70.90;
H, 942%)

ent-16,18-Dihydroxymanoyl oxide (jabugodiol, 15). Colourless
gum, [«] %’ —25.3° (c 1; CHCl,). IR v22 cm ™ 1: 3450, 3080, 1640,
1450, 1380, 1095, 1075, 1040, 1020, 990, 955, 930 and 915.
'H NMR: 55.85 (1H, dd, part X of an ABX system, J ,y +Jpx
= 29 Hz, H-14), 5.0-5.40 (2H, part AB of an ABX system, 2H-15),
3.45and 3.10 (2H, AB system, J = 12 Hz, 2H-18), 3.30 (2H, s, 2H-
16), 1.29 (3H), 0.85 (3H) and 0.76 (3H) (singlet signals of methyl
groups at C-17, C-19 and C-20). !3C NMR: See Table 2. (Found:
C, 74.20; H, 10.83. C,,H,,0; requires: C, 74.49; H, 10.63%).

ent-16,18-Diacetoxymanoyl oxide (16). Jabugodiol (15, 7 mg)
was acetylated with 0.5 ml of Ac,O in pyridine (1 ml) at room
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temp. for 12 hr. After CC, 5 mg of diacetyl derivative (16) was
isolated. Colourless oil, [a]fy —34.66° (¢ 033 CHCL).
IR v cm ~ ! 3080, 1745, 1350, 1250, 1080, 1050, 1020, 995, 970,
950, 920 and 850. 'H NMR: 65.85 (1H, dd, part X of an ABX
system, J ,x +Jgx = 29 Hz, H-14), 5.0-5.45 (2H, part AB of an
ABX system, 2H-15), 3.93 and 3.65 (2H, AB system, J = 12 Hz,
2H-18), 3.95 (2H, 5, 2H-16), 2.06 (6H, s, 2 AcO groups), 1.27 (3H),
0.83 (6H) (singlet signals of methyl groups at C-17, C-19 and C-
20). (Found: C, 70.57; H, 9.8. C,,H;350; requires: C, 70.90; H,
9.42%)
ent-8a,18-Dihydroxy-15,16-peroxylabda-13-ene (17). Colour-
less oil, [«] & — 13.70° (¢ 0.33; CHCI;). IR v cm ™ *: 3450, 3070,
1660, 1450, 1150, 1090, 1070, 1040, 1020, 990, 970, 945, 910 and
850. 'H NMR: 65.70 (1H, m, W, ;; = 7.5 Hz, H-14), 4.52 (4H, m,
W,,2 = 10 Hz, 2H-15 and 2H-16), 3.45 and 3.10 (2H, AB system,
J = 12 Hz, 2H-18), 1.16 (3H), 0.85 (3H) and 0.75 (3H) (singlet
signals of methyl groups at C-17, C-19 and C-20). !3C NMR: See
Table 1. (Found: C, 70.82; H, 10.45. C;,H;,0, requires: C, 70.97;
H, 10.129,) Product 17 was easily obtained by photo-oxidation
of 6-deoxyandalusol (1) m CH,Cl, with methylene blue and an
O, stream for 5 min under solar illumination.
ent-6a,16,18-Trikydroxy-13-epi-manoyl oxide (epi-jabugotriol,
18). Mp 227-228°, [a]¥ —51.34° (c 0.5; EtOH). IR vXBrem 1
3500, 3080, 1640, 1450, 1380, 1095, 1075, 1040, 1020, 990, 955, 930
and 910. "H NMR: 55.92 (1H, dd, part X of an ABX system, J ,x
+Jpx = 29 Hz, H-14),4.90-5.25 (2H, part AB of an ABX system,
2H-15), 3.83 (1H, ddd, J, = 10, J, = 10, J, = 4 Hz, H-6), 3.56
and 2.94 (2H, AB system, J = 12 Hz, 2H-16), 3.27 and 3.08 (2H,
AB system, J = 12 Hz, 2H-18), 1.30 (3H), 0.90 (3H) and 0.79 (3H)
(singlet signals of methyl groups at C-17, C-19 and C-20).
13C NMR: See Table 3. (Found: C, 70.85; H, 10.10. C;0H3,0,
requires: C, 70.97; H, 10.12%,.)
ent-6a,16,18-Triacetoxy-13-epi-manoyl oxide (19). Epi-jabugo-
triol (18, 10 mg) was acetylated with 1 ml Ac,O in pyridine (2 ml)
at room temp. for 12 hr. After CC, 8 mg of triacetate (19) was
isolated. Colourless gum, [a]i® —726° (c 1; CHCI;).
IR v2%! cm ™ !: 3090, 1745, 1640, 1380, 1250, 1080, 1050, 1020, 995,
965,950,915 and 850. 'H NMR: 65.93 (1H, dd, part X of an ABX
system, J,y + Jpx = 29 Hz, H-14), 490-5.24 (2H, part AB of an
ABX system, 2H-15), 5.05 (1H,ddd, J, = 10,J, = 10,J5 = 4 Hz,
H-6),4.05 and 3.62 (2H, AB system, J = 12 Hz, 2H-18), 3.83 (2H,
s, 2H-16), 2.06 (3H), 2.02 (3H), 1.97 (3H) (singlet signals of AcO
groups at C-6, C-16 and C-18), 1.32 (3H), 0.84 (6H) (singlet signals
of methyl groups at C-17, C-19 and C-20). '*C NMR: See
Table 3. (Found: C, 66.81; H, 9.01. C;5H,,0; requires: C, 67.22;
H, 8.68%,)
ent-6a,18-Isopropylidenedioxy-16-hydroxy-13-epi-manoyl
oxide (20). Epi-jabugotriol (18, 15 mg) was treated with 10 m1 2,2-
dimethoxypropane and 5 mg pyridinium p-toluenesulfonate with
refluxing for 5 hr, after which the conc. mixture was washed with
H,0 and extracted with CH,Cl,. After CC, 14 mg acetonide (20)
was isolated. Mp 128-130°, [a]Z’ —1032° (¢ 1; CHCly).
IR vKBr em ™ 1: 3450, 3080, 1640, 1450, 1150, 1050, 1020, 990, 960,
950, 910 and 850. 'H NMR: §5.92 (1H, dd, part X of an ABX
system, J .5 + Jpx = 29 Hz, H-14), 4.95-5.20 (2H, part AB of an

ABX system, 2H-15), 3.82 (1H,ddd, J; = 10,J, = 10,J; = 4 Hz,
H-6), 3.60 and 2.81 (2H, AB system, J = 12 Hz, 2H-16), 3.32 and
2.95(2H, ABsystem,J = 12 Hz, 2H-18), 1.35 (3H), 1.27 (3H), 1.25
(3H), 1.025 (3H) and 0.75 (3H) (singlet signals of isopropylidene-
dioxy and methy! groups at C-17, C-19 and C-20). (Found: C,
72.95; H, 10.23. C,3H;50, requires: C, 72.98; H, 10.12%,.)

ent-6a,18-Diacetoxy-16-hydroxy-13-epi-manoyl oxide (22).
Andalusol (4, 1.5 g) was acetylated with 20 ml Ac,0 in 25 ml
pyridine at room temp. for 12 hr. After CC, 1.3 g of diacetate 21
was isolated [5]. This product was epoxidized with MCPBA in
CHCl,; (30 ml) as described for product 13. After CC, 180 mg of
product 22 was isolated. Colourless gum, [a]%’ —59.54° (c 2;
CHCl,). IR v2%! cm ™ !: 3450, 3090, 1745, 1640, 1380, 1260, 1080,
1050, 1020, 990, 960, 950, 910 and 850. 'H NMR: 55.93 (1H, dd,
part X of an ABX system, J,yx +Jpy = 29 Hz, H-14), 4.90-5.25
(2H, part AB of an ABX system, 2H-15), 5.05 (1H, ddd, J, = 10,
J, =10, J, =4 Hz, H-6), 405 and 3.62 (2H, AB system, J
= 12 Hz, 2H-18), 3.32 and 2.98 (2H, AB system, J = 12 Hz, 2H-
16), 2.08 (3H) and 2.02 (3H) (singlet signals of AcO groups at C-6
and C-18), 1.35 (3H) and 0.85 (6H) (singlet signals of methyl
groups at C-17, C-19 and C-20). (Found: C, 67.85; H, 8.78.
C,4H330¢ requires: C, 68.22; H, 9.06°%,)
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