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Abstract: Seven isopimarane diterpenoids have been isolated from Nepeta septemcrenara (3) and Lycopus europaeus
(4-9), both species belonging to the Labiatae family. Compound 3 had becn reported as the sole diterpene constituent
of N. sepremcrenata, whereas the physical and spectroscopic data of 4 were identical to those of a compound previousiy
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isolaied from L. europaeus to which structure 1 had been attributed. As a result of exhaustive speciroscopic studies and
some chemical correlations between 2 and 4 definitelv conclude that structure 1 must be amended to 4. In
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addition, the structures of ﬁve new diterpenoids found in L. europaeus (5-9) were established by chemical and
spectroscopic means, and a normal isopimarane absolute configuration for all the isolated compounds, except for 7,
was supported by CID data, application of the Horeau’s method and chemical correlations. © 1999 Elsevier Science Ltd.
All rights reserved,

Keywords: Terpenes; isopimaranes; stereochemistry; X-ray crystal structure.

Previous works on the constituents of Lycopus europaeus L. (Labiatae) reported the isolation of two
diterpenoids, suggesting a pimarane-type structure (1 and 2) for these substances on the basis of 'H and "°C
NMR spectroscopic data.'?:Recently, Voehler and co-workers’ isolated from Nepeta septemcrenata Ehrenb.
(Labiatae) an isopimarane derivative whose structure (3, except for the absolute configuration) was rigorously
established by spectroscopic studies. These authors indicated® that “surprisingly, although the proposed
configurations at C-13 and C-14 in 3 and 1 are different, their "C NMR data are very close™; however, no

additional results concerning this point have been published hitherto. In view of these facts, it was obvious that

some aspects of the revorted structures 1! and 3? needed to be reexamine
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A reinvestigation of the acetone extract of the aerial parts of Nepeta septemcrenata allowed us to isolate 3
as the sole detectable diterpene constituent of this plant, thus confirming previous results.” On the contrary, we
have found in the acetone extract of Lycopus europaeus five new isopimarane derivatives (5-9) together with
another diterpenoid (4), which showed identical 'H and '’C NMR spectra (Tables 1* and 2, respectively) that
those reported' for 1. However, attempts at isolating the other pimarane constituent® (2) from our extract of L.

europaeus were unsuccessfl

to the fact that the

Wi 1 LEGL A

whereas our material was collected near Madrid, Spain. In the case of N. septemcrenata, in which no variation of
the diterpene composition was observed, the plant materials extracted in both studies (reference 3 and this work)
were collected in the same place (South Sinai, Egypt).
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The 'H and >C NMR and NOESY spectra of 3 (Tables 1, 2 and 3, respectively) obtained by us for this
work were in complete agreement with previous results®® regarding its isopimarane-type hydrocarbon skeleton.
Furthermore, a single-crystal X-ray determination of 3 was undertaken in order to elucidate its structure
conclusively. Figure 1 shows the result of the X-ray analysis of 3, thus confirming the previous deduction on the

structure and relative stereochemistry of this compound (see reference 3 and above). Bond lengths and angles of
; F, 7.8 1 +alli L Frranti oo ~F
darein gocd agreement with those found in analogous compounds.” In the crystalline state, the conformation of

air with endocyclic torsion angles between 53° and 57°, whereas ring B possesses a 1,2-dipianar
ing C has a half-chair conformation, as can be seen by the values of the torsion angles® of 3 [C6-C7-
.2(4)°; C7-C8-C9-C10 -3.3(4)°; C9-C8-C14-C13 28.3(4)°; C14-C8-C9-C11 -5.8(4)°; C8-C9-C11-C12

w:

10.3(4)°]."

The previously unknown’® absolute stereochemistry of 3 was established by application of the Horeau’s
method,"” which defined as S the configuration of the C-1 stereogenic centre (see Experimental) and
consequently, a normal isopimarane absolute configuration for this diterpenoid. This conclusion was also

obtained by oxidation

supported'' by the negative Cotton effect (Ag,;, -1.53) shown by the 1-keto derivative 10

of 3.

L

"Lists of atomic coordinates, thermal parameters, structure factors, bond lengths, bond angles and torsion angles are deposited as
supplementary material at the Cambridge Crystallographic Data Centre.
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Acetic anhydride-pyridine treatment of
diterpenoids 4 and 6, isolated from L.
europaeus, yielded the same peracetyl derivative
5. another constituent of the plant. Combustion
analysis and low resolution mass spectrometry

- & e . A{écu established the molecular formula C,,H,;0, for
C‘:' ! o o/ o 5 and its IR spectrum was devoid of any

f’v BAZ hydroxyl absorption. The 'H and C NMR
o4 cs “ Oxf\o(b/w spectra of this compound (8§, Tables 1 and 2)

‘L cis 0“@ were in agreement'” with an 8,15-pimaradiene

o Q@‘m or  isopimaradiene diterpene structure,
m o——wc;’ possessing acetoxyl groups at the C-1a, C-Ta

o) and C-140. or f positions and an 18-

A

carbomethoxyl group. NOE experiments (Table
Figure 1. Molecular structure and conformation of 3. 3) established a cis spatial relationship between

Non-H atoms are represented by displacement ellipsoids at the H-11p, H-12f, H-14f, Me-17, Me-19 and
the 30% probability level and H atoms as spheres of an

SUNE |

e 4§ Me-20 protons of 8§, only compatible with the
dI'DlIl'ﬂl’y Tadil. * b4 x
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ppm) in 4 and of H-14p (Ao -1.58 ppm) in 6 with respect to 5]. This conclusion was also in agreement with the

HMBC spectra of 4 and 6, which showed connectivities through three bonds between the carboxyl carbons of the
acetates (8 170.5 and 170.3, and 8 170.6 and 170.3 in 4 and 6, respectively) and the H-78 and H-14f protons in
4 (8 5.42 ddd and 5.47 br s), and the H-1f3 and H-7f protons in 6 (8 4.91 t and 5.18 ddd, respectively).
Reduction of 5§ with LiAlH, gave the derivative 11, identical to the compound obtained by alkaline
hydrolysis of 3 (see Experimental). Moreover, acetylation of 3 with Ac,O-pyridine for 48 hours at room

temperature gave the tetraacetyl derivative 12, whereas treatment of the reduction product (11) of § with the same

g
g
3

respects (mp, mixed mp, TLC, [a],, '"H NMR and mass spectra) with the natural diterpenoid (3) isola
N. septemcrenata.

From all the above data, it was evident that the diterpenoids 4, 5 and 6 found in L. europaeus possessed a
normal isopimarane structure like 3, and we definitely conclude, therefore, that structure 1, previously assigned'
to the diterpene isolated from this plant, must be amended to 4."

Another of the diterpenoids isolated from L. europaeus (compound 7, C,H,,O,) showed 'H and "°C
NMR spectra very similar to those of 5 (Tables 1 and 2) and the observed differences were consistent with the
absence in 7 of the 1o-acetoxyl substituent of 5. In particular, the almost identical chemical shifts for the C-4, C-

6 -C-8 and C-11 - C-20 carbons in both compot <. ag well ag the un-field resonance of the C-1. C-2 and C-10

& and 11 - C-20 carbons 1n both compounds, as well as the up-held resonance ot the (-1, C-Zang C-10
carhane Ty, and R afferte AS = STV _&I8Y 274 44 and 20 nim  recnectivelvl and the naramaonetic <hiffe
LaLuvully lu aliv 'J CIICAL LD, AV -~ UL l} U\J )y ST, TR Al TJU LS lJlJl,ll, IUDP\/MIJ V\al)’] allu Ui Pmaluusuuuu DL
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Table 1. 'H NMR Spectral data of compounds 3-9

H 3 4 5 6 7 8 9
la 1.34 ddd ~1.67° ~1.67°
iB 3.94 m° 354 m 4.94 491t ~1.78" 1.88 ddd 1.90 dad
20 1.68 dddd ~1.36° ~1.87° ~1.84° ~1.63" ~1.65" ~1.65°
26 1.93 dddd 1.60 dddd ~1.87* ~1.84" ~1.63* ~1.65° ~1.65"
3u 1.84 ddd 2.35 ddd ~1.82° ~1.80° ~1.74° ~1.74" ~1.74°
3B 1.18 dt 1.34 ddd 1.48 ddd 1.51 ddd 1.58 ddd ~1.58° ~1.57
Sa 2.15dd 3.06 dd 2.78 dd 272 dd 234 dd 2.39 dd 237dd
6a .76 m 1.78 ddd 1.43 ddd 1.41 ddd 1.41 ddd 1.41 ddd 1.45 ddd
68 1.76 m 1.64 ddd 1.77 ddd ~1.78* 1.81 ddd 1.80 ddd 1.82 ddd
1B 5.15 br dd 5.42 ddd 5.06 ddd 5.18 ddd 5.08 ddd 5.11 ad 5.14 dd
g 248 ddd 2.40 ddd ~1.92° ~1.95* 2.29 dad
1B 2.15 ddd 1.87 dddd 2.04 dddd ~1.85° 2.06 dddd 4.27 ddd’ 4.26 ddd*
12 1.96 ddd 2.05 ddd 1.78 ddd ~1.75* 1.90 ddd 222 dd 2.26 dd
128 1.51 ddd 1.43 dddd ~1.47" 1.39 ddd 1.47 dddd 1.74 dd 1.56 dd
1403 5.09 br &/ 5.47 bry 5.16 br ¥ 3.58 br ¢/ 5.06 br s’ 521s 363 s
15 5.75 dd 6.11 dd 5.80 dd 5.85 dd 5.78 dd 5.88 dd 6.07 dd
16A 5.00 dd* 5.18 dd? 5.00 dd* 5.05 dd* 4.98 dd* 5.10 dd* 5.16 dd*
16B 5.02 dd* 5.20 dd" 5.04 dd" 5.07 dd* 4,99 dd" 5.18 dd* 5.18 dd"
Me-17 090 s 091 s 0.89 s 087 s 0.87 s 093 s 088 s
18A 368 d
8B 383 d
Me-19 0.89 s 1.23 s 1.20 s 1.18 s 1.17 s 1.17 s 1.17 s
Me-20 1.05 s 0.69 s 105 s 1.03 s 1.01 s 0.96 s 093 s
10-OH' 1.35d 0.92 br s
110-OH' 2.54d 2624d
OAc 04 s 2.00 s 2.08 s 05 96 s 2.00 s 207 s
1.96 s 1.87 s 2.00 s 203 s 195 s 1.99 s
94 5 195 s
COOMe 3.44 s 362 s 36l s 355 s 3061 s 36is
Jun (Hz)
1a,18 12.2 12.6 12.4
1o, 20 5.0 4 ¢
la,2p 8.3 ¢ s
iB,2a 3.2 4 28 2.8 * 3.6 3.7
1B.28 3.2 2.2 2.8 2.8 b 2.4 2.0
20,28 13.6 14.9 b " b b y
2a.30 3.2 4.1 ’ v ¢ ¢ ¢
20,38 3.2 2.5 3.0 3.0 3.4 b b
2B,30 12.5 13.5 b b é s b
28.38 3.2 4.4 2.8 2.9 2.4 ’ ’
3a,3 12.5 13.5 12.8 12.9 12.9 b b
50,600 2.2 2.1 1.9 2.0 2.0 2.0 i.8
5a,6P 10.0 13.1 13.2 13.2 13.2 13.2 13.2
60,68 0 14.5 14.7 14.6 14.5 14.8 14.8
60,78 2.8 2.0 2.2 2.2 2.2 1.6 1.7
6.7 5.4 4.2 4.4 4.4 4.6 4.5 4.5
i, 118 i8.4 i7.4 i8.2 s i8.8
lla,12a 6.6 6.5 6.1 b 6.8
11a,12B 4.0 4.5 b 3.4 3.2
118.12a 12.0 8.8 9.2 » 9.3 2.2 1.5
11B,12B 2.1 2.1 2.3 2.1 2.0 6.3 6.3
12¢, 128 11.8 13.0 13.3 14.8 13.2 14.9 15.2
15.16A 11.0 11.1 11.0 17.5 10.7 11.0 10.8
15,168 17.4 17.4 17.7 11.2 17.8 17.7 17.7
16A.16B 1.2 1.5 1.4 1.3 1.2 1.0 1.0
18A,18B 11.1
7p.11B <0.5 2.0 2.2 2.3 2.1 0 0
128,148 <0.5 1.0 <0.5 <0.3 1.1 0 0
1B.0H' 3.1 <0.5
1B OH 1i.1 3.4

“At 400 MHz, except for 3 and 7 (500 MHz), all in CDC]3 solution, except for 4 which was recorded in C¢Dj solution. Chemical
bl“llb \U lequ} are ICPLJI lCU wuh IC)PCLI. lU UlC bl"lldl Ul lelL‘lUdl LIIL l3 \6 7 25} n“ llleC dbblglllllclllb Wweie lll d‘glUCl]lClll Wllh

COSY, TOCSY, HMQC and ROESY spectra. ”O\erlappcd signal; approximate & values were measured from the HMQC spectrum.
‘W, = 7.5 Hz. “Collapsed into a dd (J = 6.3, 2.2 Hz) after addition of D,0. “Collapsed into a dd (J = 6.3, 1.5 Hz) after addition of
DlgA fW = 3 Hz. #This is the cis- hvdmaen with respect to H-15. "This is the rmnv-hvdmsren with respect to H-15. "This qlgnal

dlsappcared after addition of D,Q.
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Table 2. *C NMR Spectral data of compounds 3-9¢
C 3 4 5 6 7 8 9
| 704 d 70.2d 7294d 729d 3551t 347 ¢ 342 ¢
2 2441t 245t 226t 216t 1821t 180t 18.2 ¢
3 282t 294 t 30.1 ¢t 299 t 361t 363t 36.3 t
4 358 s 46.6 s 46.4 s 46,2 s 472 s 47.1 s 471 s
5 336d 3404d 353 d 354d 40.7 d 406 d 410d
6 255t 276t 292t 282t 282t 280t 279t
7 71.2d Ti.td 703 d 7204d 72.1d 69.9d 7194d
8 1255 s 1259 s 1249 s 1275 s 122.1 s 1273 s 131.1 s
9 148.6 s 148.1 s 1472 s 146.3 s 1513 s 152.0 s 1519 s
10 438 s 435 s 42.1 s 41.7 s 38.2 s 38.1 s 374 s
11 203 ¢t 202t 202t 200t 205t 63.1d 62.8d
12 275t 275t 275t 275t 26.9 t 416t 41.1t
13 39.0 s 39.0 s 392 s 394 s 389 s 40.8 s 421 s
14 76.0 d 76.0d 76.3 d 76.5 d 759 d 76.8 d 764 d
15 1434 d 1432 d 142.6 d 1435 d 143.7 d 1434 d 1452 d
16 1130 ¢ [T I 113.2 ¢ 1135 ¢ 1128 ¢ 1145 ¢ 1137 ¢
17 219 g 2204 218 q 216 q 217 q 26.6 q 269 q
18 723t 1779 s 177.8 s 177.8 s 178.2 s 178.2 s 1782 s
19 174 q 16.5 q 165 q 16.5 q 16.6 q 16.4 q 163 q
20 19.7 g 194 g 188 g 188 g 190 g 189 g 179 g
OAc 1708 s 170.5 s 170.62 s 170.6 s 1704 s 1704 s 170.8 s

170.5 s 170.3 s 170.57 s 1703 s 1703 s 169.6 s 214 g

1703 s 215 g 170.46 214 g 213 q 212 q

212 g 214 ¢q 2121¢q 212 ¢ 212 ¢ 21.1q

212 q 21.18 g

209 q 21.09¢q
CO0OMe 51.9 q 51.9 g 515 q 51.8 g 51.8 q 5i.8 g

“At 100 MHz, except for 3 and 7 (125.7 MHz), in CDCI, solution. Chemical shifts (8 values) are reported with respect to the solvent
signals (8 77.00). All these assignments were in agreement with HMQC and HMBC spectra.

Table 3. Significant NOE data for compounds 3, 5, 7, 8 and 14°

Compound  Observed proton(s) Observed NOE cross peak with protons
3 H-14 H-7f, Me-17
Me-20 H-1f, H-78, H-11§, Me-19
5 Me-17 H-11B, H-12B, H-14p, H-15, Me-20
Me-19 H-68, Me-20
Me-20 H-1B, H-11R, Me- 17
7 Me-17 H-11B, H-128, H-148, H-15, Me-20
Me-19 H-2B, H-6B, Mc-20
Me-20 H-6p3, H-78, H-11f3, Me-17, Me-19
8 H-11B H-1f, H-12a, H-12(3, H-14, Me-17, Me-20
Me-17 H-12(3, H-14p, H-15
Me-20 H-1B, H-68, H-78, H-11p, Me-19
14 H-110 H-1o, H-1B, H-12a, H-128, H-15

“All these data were obtained from the NOESY spectra and, in some cases (3, § and
8), also by 1D NOE experiments.
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unambiguously established that the former was the 1-deacetoxy derivative ‘of the latter. The NOESY spectrum of
s BV o 0% N DRES SN - RN SNSRI | SR SRS T |
£ 13a01€ O} IUnner supponea an lbUplIIldI'dIlC lpr structure for this compounda.

The absolute configuration of 7 was not ascertained. However, on biogenetic grounds, we suppose that
this diterpenoid belongs to the normal series, like the other isopimaranes (4-6, 8 and 9) co-occurring in the same
plant.

The IR spectrum of diterpenoid 8 (C,,H,,0.) showed hydroxyl absorption (3530 cm) and its '"H and *C
NMR and NOESY spectra (Tables 1-3, respectively) were consistent with an 8,15-isopimaradiene structure
having acetoxyl groups at the C-7a and C-140 positions and an 18-carbomethoxy function, identical to those of
7. In addition, 8 possessed a secondary hydroxyl group at the C-11 position [geminal proton at § 4.27 ddd, J =

11.1, 6.3, 2.2 Hz, hydroxyl proton at § 2.54 d, J
=1Ll Hz (i
_Y \T" X 7 HH a-OAc,B-H  because it yielded the a,p—unsan}ratw ketone
derivative 13 after oxidation [13: A 237 nm,

R’ R?

xredla

P eanlls
HECILndngeavic Wwitil UZU)’ UC UJ U}

A R2 8 o-OH,B-H a-OAc,B-H
log € 3.91; 8. 197.5 s (C-11), 1479 s (C-9),
H ~OAc 9 «OH,p-H  o-OH,f-H 143.5 5 (C-8); C-12 methylene protons at § 2.89 d

* 0 H

and 2.21 dd, J_ = 159 Hz, J =12 H
COOMe 13 0 @-OAc,B-H gem % Tiapasp 2
(Table 4)]. The 1llo-configuration of the
14  o-H,B-OH o-OAcp-H  secondary hydroxyl group was in agreement with

enhancement in the signals of the H-148, Me-17
16 0 0 and Me-20 protons, among others, when the H-
11 proton (8 4.27) was irradiated.

The positive Cotton effect (Ag,,, +1.09) shown by 13 suggested” a normal isopimarane absolute
configuration for 8, although application of the Horeau’s method' to this diterpenoid did not provide a reliable
result (see Experimental), probably due to strong steric hindrance around the C-11a position. However, when the
Horeau’s method was carried out with the 118-epimer of 8 (compound 14, obtained by treatment of 13 with
NaBH,, see Experimental) an 11§ absolute stereochemistry was established for this asymmetric centre in 14, and

consequently a normal isopimarane absolute configuration for 8
Tha 1A A tv)] Ases t2u0 nFQ 1 1 Tntad fi th +. + + ~AfF T
The m-u""celyx derivative of 8 was also isolated from the acetone extract of L. europaeus (compound 9,
TR AT ™11 i i o | TR [ PR A el

\.,731'134U6, TOT ﬂs rl ana \( INIVIK spe(.[rd see Tabies 1 and A) Jlﬂlh compounu naa is dbClUKyl gYUUp at UlC C-
7o position, because the HMBC spectrum showed correlation between the carboxyl carbon of the acetate (3
170.8 s) and the H-7f proton (§ 5.14 dd, J = 4.5 and 1.7 Hz). Acetic anhydride-pyridine treatment of 8 and 9
yielded the same derivative (15, C,,H,;04). Thus, 9 had the structure depicted in its formula, including the
absolute configuration. The presence in 9 of hydroxy!l groups at the C-11 and C-14 positions was also supported
by oxidation of this diterpenoid to the 11,14-diketo derivative 16, a compound with typical UV absorptions of an
enedione chromophore in the homo-cisoid form"* (A, 244 and 365 nm, log € 3.84 and 1.80, respectively).

The amendment of structure 1' for one of the diterpene constituents of L. europaeus (correct structure 4)

is interesting from both biogenetic and taxonomic points of view, because pimarane-type diterpenes, excluding
2202 L Lane Faimd inm nlante holamaging to tha T alioton Fomaily, 13
2,77 have not been 1ouna in piants deionging 1o ine Laoiatac ramiiy.
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Experimental section

General experimental procedures.

Mps were determined on a Kofler-type block and are uncorrected. Optical rotations were measured on a
Perkin-Elmer 241 MC polarimeter. IR spectra (KBr disk) were obtained on a Perkin-Elmer 681
spectrophotometer. UV spectra were recorded on a Perkin-Elmer Lambda 2 UV/VIS spectrophotometer. 'H and
C NMR spectra were recorded on a Varian INOVA-400 or Varian Unity-500 instrument, at 400 or 500 MHz

H) and at 100 or 125.7 MHz ("°C), respectively. MS were recorded in the positive El mode on a Hewlett-

( AN 3 rvuv.-
Packard HP5989A instrument (70 €V}, and no fragments below m/z 50 were registered, except for 2, 12-14 and

16. Elemental analyses were made with a Carlo Erba EA 1108 apparatus. The purity of the compounds was
checked by TLC on precoated piates (Merck, Si gel 60F,,,). Merck Si gel No. 7734 (70-230 mesh) deactivated
with 10% H,O, w/v, was used for column chromatography.

Plant materials.

Aerial parts of Nepeta septemcrenata Ehrenb. were collected in August 1997 in South Sinai, Egypt, and
voucher specimens were deposited in the Herbarium of the Department of Pharmaceutical Sciences, National
Research Centre, Cairo, Egypt. Lycopus europaeus L. was collected in June 1998, near Navalagamella (Perales
in the Herbarium of the Roval Rotani

river), Madrid province, Spain, and voucher specimens were de n the Herbarium of the Royal Botanic

M e wrpARRilE, Gkl YR iz

Extraction and isolation of 7, 14 ¢, 18-triacetoxy-8,15-isopimaradien-1 ool (3) from Nepeta septemcrenata.

Dried and finely powdered aerial parts of N. septemcrenata (700 g) were extracted with Me,CO (5 L x 2)
at room temperature for 6 days. The extract (48 g) was chromatographed on a Si gel column (500 g) eluted with
petrol (bp 50-70 °C) and then with a petrol-EtOAc gradient from 10 to 100%. Elution with EtOAc-petrol (3:1)
gave a fraction (6.8 g) which was rechromatographed [Si gel, 200 g, EtOAc-petrol (1:1) as eluent] yielding 3
(1.65 g, 0.23% on dry plant material): colourless fine needle crystals, mp 154-156 °C (EtOAc - n-hexane); [at],*

413

-51.2 (c 0.654, CHCI,) (lit.> mp 148-150 °C). EIMS m/z (rel. int.): [M]* absent, 402 [M-AcOH]J* (17), 360
(100), 319 (80), 264 (30), 251 (100), 241 (16), 201 (35), 195 (20), 185 (50), 157 (16), 143 (18), 105 (12), 55
{10). (Anal. Found: C, 67.37; H, 8.23%. C,H;;0, requires: C, 67.51; H, 8.28%). IR, '"H NMR (Table 1) and

(Table 2) spectra identical to those previously reported

Extraction and isolation of the diterpenoids from Lycopus europacus.

Dried and powdered aerial parts of L. europaeus (950 g) were extracted with Me,CO (4 L x 3) at room
temperature for 7 days. The extract (43 g) was chromatographed on a Si gel column (800 g) eluted with petrol and
a petrol-EtOAc gradient from 10% to 100%. Elution with petrol-EtOAc (9:1) yielded 7 (654 mg, 0.069% on dry

plant material, less polar diterpenoid) and a mixture of 5 and 8 (3.6 g). This mixture was casily separated into its

Cl

constituents by column chromato
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Colourless needies, mp 155-156 °C u:LUAC n-hexane); {a],
(Table 1*), >C NMR (Table 2) and mass spectra identical to those reporte
from L. europaeus [lit.! mp 124 °C; [oc]D“J -48.1 (CHCI,)].

(c 0.423, CHCI,). IR, 'H NMR
or the diterpenoid previously isolated

Q.

Methyl 10,7, 14a-triacetoxy-8,15-isopimaradien-18-oate (S).
Colourless needles, mp 129-131 °C (EtOAc - n-hexane); [a],* -70.9 (¢ 1.746, CHCl,). IR (KBr) v,

cm™: 3080, 1630, 910 (vinyl), 1730, 1250 (OAc), 1720 (COOMe), 1650 (tetrasubstituted olefin), 3000, 2940,
2870, 1450, 1370, 1110, 1060, 1020, 965, 940, 870, 850. '"H NMR: Table 1. *C NMR: Table 2. EIMS m/z

(rel. int.): [M]" absent, 430 [M-AcOH]* (4), 388 (9), 370 (5), 347 (9), 328 (5), 268 (10), 251 (100), 250 (40),
lale X 9Fis 1* A NS 10 lo AN A K BY L EVANE B RY ANN 1NN 1OE /9" 10& 71170 120 711\ 1L ST IE')/ Ny 1T AT 7173\ 1’1! FE < 2N
233 (L8}, 227 (14), 21U (L1}, LUU (LU}, 1YD (L/), 106D (13), 10Y (11}, 107 {L/), 1D7 (1U), 143 {(13), 151 (D),
105 (8), 91 (6), 81 (5), 55 (8). (Anal. Found: C, 66.40; H, 7.89%. C,,H,,O, requires: C, 66.10; H, 7.81%).

Methyl 1a,7 a-diacetoxy-14a-hydroxy-8,15-isopimaradien-18-oate (6).

Colourless flakes, mp 168-170 °C (petrol); [0],** +18.9 (¢ 0.722, CHCL). IR (KBr) v, cm™: 3580,
3460 (OH), 3080, 1630, 910 (vinyl), 1720 (OAc and COOMe), 1660 (tetrasubstituted olefin), 1240 (OAc),
3000, 2920, 1450, 1425, 1370, 1110, 1050, 1025, 1010, 940, 920, 850. 1H NMR: Table 1. ‘3(: NMR: Table 2
EIMS m/z (rel. int.): [MT*

LA =1

=i
~
~~
|
-
-
o]
N
-~
~J
h

S /

I’)?\ 260 (24N 267 (34) 288 (24) 7
= U7 LT jy LT i \JT)y, LG \(LTY

1
185 (36), 171 (36), 157 (25), 1
C,H,,0, requires: C, 66.94; H, 8.

21
J1

Methyl 7¢, 14 a-diacetoxy-8,15-isopimaradien-18-oate (7).

Colourless prisms, mp 158-160 °C (MeOH); [a],” -106.5 (c 1.622, CHCL,). IR (KBr) v, cm™: 3080,
1630, 910 (vinyl), 1740, 1250 (OAc), 1720 (COOMe), 1650 (tetrasubstituted olefin), 3000, 2930, 2860, 1450,
1425, 1370, 1330, 1185, 1160, 1140, 1110, 1040, 1015, 960, 940, 850, 820, 780, 750, 735, 680, 660. 'H

NMR: Table 1. C NMR: Table 2. EIMS m/z (rel. int.); [M]* absent, 372 [M-AcOH]" (30), 330 (98), 315 (25),
312 (22), 289 (89), 262 (28), 253 (32), 247 (100), 237 (91), 229 (30}, 187 (23), 183 (23), 159 (24), 144 (56)
S AL \EL, LUT L), 262 A=y &S A\~ &y \*vv P A ) NNy 20T 7y AU &gy 227 (&, a4
121 /AN INK MDY Q1 N Q1T 714 7Q /712 A7 (1N S8 71OV fAnal EFramd- O O 1T 970, I O
171 \"PL}, 1D \LL}, 1 \LU}, o1 \LU}, 17 \AJ], v/ \IU}, po .} \1/}. \n ial. 1'vuid. v, U7.10, 11, O.&L7 /¥, \1251136U6
requires: C, 69.42; H, 8.39%)

Methyl 7, 14 a-diacetoxy-11o-hydroxy-8,15-isopimaradien-18-oate (8).

Colourless needles, mp 159-161 °C (EtOAc - n-hexane); [a],** -23.3 (¢ 0.381, CHCI,). IR (KBr) v
cm’: 3530 (OH), 3090, 1635, 930 (vinyl), 1720 br (OAc and COOMe), 1650 (tetrasubstituted olefin), 1250
(OAc), 3000, 2920, 2860, 1430, 1370, 1200, 1160, 1140, 1110, 1060, 1040, 1030, 980, 940, 820, 720. 'H
NMR: Table 1. "C NMR: Table 2. EIMS m/z (rel. int.): [M]" absent, 388 [M-AcOH]" (2), 347 (6), 328 (100),
313 (50), 285 (18), 278 (44), 269 (34), 260 (37), 253 (40), 251 (41), 235 (24), 225 (54), 201 (28), 200 (27),

160 (30) 145 ITH\ 121 mm 121 {’lﬂ\ 105 (35) Ql (7Y R1 (21 ‘i< 290). {Anal Found: C. 67.10:- H 820%
-2 7]y <3 § U, NIl Jy 7L\, D \&dj, S FJe A\fxda. 2 ouna: Sy WAV, 11, ULV
O N cnairece £ £ QA ITQ NOOLY
U,srig U, TCQUIres: L, 60.74; 1, 0.U770).



A. A. Hussein et al. / Tetrahedron 55 (1999) 73757388 7383

Methyl 7a-acetoxy-11a, 14a-dihydroxy-8,15-isopimaradien-18-oate (9)
Colourless needles, mp 120-121 °C (EtOAc - n-hexane); [a],"® +49.3 (¢ 0.667, CHCI,). IR (KBr) v,
1 SEANTEN AMON P Y- e s} —~ s~ R N7t aVat Wy P
cm™: 3350 (OH), 3080, 1635, 920 (vinyl), 1735, 1240 (OAc), 1715 (COOMe), 1665 (tctrasubstituted olefin),

2950, 1450, 1375, 1210, 1160, 1110, 1045, 1030, 1010, 960, 950, 850, 735. 'H NMR: Table 1. C NMR:
Table 2. EIMS m/z (rel. int.): [M]* absent, 346 [M-AcOH]" (0.5), 331 (1), 330 (1), 328 (2), 287 (2), 278 (100),
203 (28), 185 (26), 159 (22), 145 (21), 131 (23), 121 (23), 105 (30), 91 (33), 81 (20), 79 (20), 67 (22), 55
(31), 43 (46), 41 (32). (Anal. Found: C, 68.02; H, 8.33%. C,,H,,0, requires: C, 67.95; H, 8.43%).

462.56 g.mol™; orthorhombic, space group P2,2,2,; cell constants 21. 880(2) 12. 687(1) 9. 518(1) A, from 85

MNL AN AN

YCIICLllOﬁS with 6 up o 33 , Z = 4, vmumc 2044, 1(4) A , calculated GCDS]Iy i.163 lVlg m . Data COHGCUOH
Seifert XRD 30008 diffractometer; 4105 independent reflection intensities were collected, up to 66° in 0, in the
/20 scan mode, with CuK, monochromated radiation (A = 1.15418 A). No decay was observed in two
reference reflections measured every 90 min and 3353 reflections were considered at the 20(I) level.

The structure was solved by direct methods (SIR92)'® and difference Fourier techniques; no absorption
correction was applied (i = 0.680 mm™). The structure was refined using full matrix least-squares on F*. All

non-H atoms were refined with anisotropic thermal parameters. The H-atoms were found in the difference Fourier

map and treated using appropriate riding models. The refinement converged to R = 0.052. All calculations were
g
. g \ 17 . ~
done with the program SHELX93"" on a VAX 6410 computer. All the geometric calculations were performed
tebh sl o DADCT 18 3 i e ,h_,.g ..... Viio Alcstmect e sirmen falram Lfoamean slan Foow oo ot J
Wi i1 alfl FARD 1L, U 5CALCHITIE 1dCL0IS diill anvindious UlprIb LI WU KCI1 1TOH UKC ruerruiondi

Application of Horeau's method to compound 3.

This was performed in the usual manner.” Compound 3 (55.84 mg, 0.12086 mmol) and (1)-a-
phenylbutyric anhydride (91.08 mg, 0.2938 mmol) in pyridine solution (2.00 mL) for 18 h at 20 °C: o, = -3.147,
o, =-2.790; a, - 1.1a, = -0.078; configuration 15.

Preparation of 7a, 14a, 18-triacetoxy-8, 1 5-isopimaradien-1-one (10) from compound 3.
: <’ reagent?®
To a S(‘)}uii of 3 (75 mg, 0.16 'nmol) in Me Zx_,u (10 mL) was added an excess of Jones’ 1 agent (05
A 21 1 1 i NYY

then the reaction mixture was diluted with H,O (30 mL). Extraction with CH,CI, (4 x 10 mL) and work-up as
usual gave a residue (70 mg) from which pure 10 (65 mg, 0.14 mmol, 87%) was obtained after chromatography
[Si gel column, petrol-EtOAc (3:1) as cluent]: colourless needles, mp 199-200 °C (EtOAc - n-hexane); [o],"”
-97.1 (¢ 0.573, CHCl,); CD nm (Ag): 341 (0), 303 (-1.53), 250 (0), 227 (+1.14), 222 (0) (c 0.061, MeOH). IR
(KBr) v, cm’': 3100, 1645, 910 (vinyl), 1750 br, 1730, 1710 (OAc and ketone), 1665 (tetrasubstituted olefin),
1250, 1240 (OAc), 2980, 2940, 2870, 1450, 1375, 1080, 1040, 950, 875. 'H NMR: Table 4. °C NMR: Table

5. EIMS n/z (rel. int.): [M]" absent, 400 [M-AcOH]" (2), 341 (25), 340 (29), 307 (7), 280 (8), 267 (31), 262
(42), 249 (100), 211 (20), 209 (18), 208 (20), 181 (26), 169 (25), 105 (12}, 91 (8), 55 (11). (Anal. Found: C,
67.61; H, 7.86%. C,(H,,0, requires: C, 67.80; H, 7.88%).
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Table 4. '"H NMR Spectral data of compounds 10-16*

H 10 11 12 13 14 i5 i6
la 1.12 ddd 1.43 ddd ~1.56° ~1.19"
18 3.90 br ¢ 4.95 t 2.71 ddd 2.19 ddd 1.45 ddd 2.60 ddd
2a 2.60 ddd ~1.65 ~1.60" ~1.60" ~1.62* ~1.58° ~1.63°
2B 2.51 ddd 1.85 dddd ~1.85" ~1.65" ~1.62¢ ~1.58° ~1.72"
3a 1.72 ddd ~2.00° ~1.85* ~1.70* ~1.72% ~1.73° ~1.73°
38 1.98 ddd 0.90 ddd 1.22 ddd ~1.60" ~1.58° ~1.59* ~1.62"
50 2.28 dd 2.25 dd 221t 2.20 dd 2.24 dd 2.50 dd 224 dd
60 ~-1.81° 1.65 ddd 1.74 m 1.41 ddd 1.37 ddd 1.39 ddd 1.52 ddd
6B ~1.82¢ 1.72 ddd 174 m 1.76 ddd ~1.70* 1.81 ddd 1.69 ddd
78 5.13 ddd 4.07 br dd 5.14 br dd 5.24 dd 5.16 dd 5.09 ddd 578 dd
o 2.87 ddd 2.36 ddd ~2.00* 4.61 dd
118 2.13 dddd ~1.97* ~1.85° 5.42
12a ~1.93 ~2.06" ~1.50" 285d 227dd 1.93d 3.00 d
128 1.46 ddd 1.40 ddd 1.49 ddd 2.21 dd 1.58 ddd 1.93d 2.58d
148 5.09 br ¢* 3.55br s’ 5.16 br s* 5354d 5.17 br ¢* 5.27 s
15 5.79 dd 6.06 dd 5.79 dd 575 dd 5.76 dd 6.00 dd 595 4dd
16A 4.99 dd” 5.04 dd’ 4.99 dd* 4.96 dd 4,99 dd 4.94 dd’ 505 &
16B 5.00 dd’ 5.07 dd’ 5.03 dd 5.08 dd’ 5.00 dd 4.99 dd 5.16 d°
Me-17 089 s 0.85 s 0.90 s 1.02 s 1.07 s 0.93 s 1.23 s
18A 3.68 d 2.89 d 3.714d
18B 3.93d 353d 3.854d
Me-19 102 s 0.70 s 0.89 s 1.19 s 1.20 s 1.16 s 1.19 s
Me-20 1.37 s 0.96 s 1.06 s 1.19 s 1.24 s 101 s 1.24 s
OAc 204 s 2.047 s 203 s 1.95 s 2.01 s 2.00 s

1.95 s 2.045 s 2.00 s 1.94 s 2.00 s

192 s 2038 s 1.97 s

2.037 s

COOMe 3.60 s 3.59 s 3.61s 3.60 s
Jyn (Hz)
ia.1P i2.8 12.7 iz.6 12.0
1a,20 3.3 4.0 b b
la,2P 12.8 12.3 b b
1B.20 2 2.8 5.0 3.5 3.7 2.9
1f.2p 1.9 2.8 2.9 2.5 2.3 2.0
2a.2P 13.8 14.2 s s s : b
20,30 4.8 i b i b i b
2a,38 7.7 4.1 3.7 ¢ b ° b
283 16.1 14.2 b b > b ’
2B.3B 5.1 2.7 3.2 s 4 b 4
3,38 13.8 13.3 13.5 ¢ b b b
Sa,60 5.5 3.6 7.8 1.7 2.0 2.0 1.8
50,68 9.9 12.1 7.8 13.2 13.2 13.2 12.8
60,68 ¢ i4.2 ¢ i4.9 14.8 14.7 i4.9
60,7 2.4 2.6 2.6 1.7 1.6 1.9 1.5
6p.7p 5.0 4.9 43 4.5 4.4 4.5 4.4
11a,118 18.8 17.8 ’
o, 1 2a 6.1 6.1 b 6.
1o, 128 4.1 3.7 2 3.1
118,120 11.0 b b 5.0
118,128 6.3 5.3 6.0 5.0
120,128 12.9 12.8 13.2 15.9 14.2 0 15.4
15.16A 10.7 17.6 10.9 17.6 17.4 17.6 17.4
15,16B 17.8 11.0 17.6 10.9 11.1 11.0 10.6
16A,16B 1.2 1.5 1.3 0.7 1.1 1.2 0
18A,18B 11.2 11.8 11.0
78.118 i.7 <0.5 <0.5 i.i
128,146 _<0.5 <0.5 <0.5 1.2 1.1 0

“At 400 MHz, except for 10, 13 and 16 (500 MHz), in CDC], solution. Chemical shifts (8 values) are reported with respect to the

i i ( i i ; N and ROFCY
signal of residual CHCL, (8 7.25). All these assignments were in agreement with COSY, TOCSY, HMQC and ROESY

spectra."Overlapped signal; approximate § values were measured from the HMQC spectrum. ‘W, = § Hz. ‘W,, = 3 Hz. “This is the
cis-hydrogen with respect to H-15. This is the trans-hydrogen with respect to H-15.
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Pronaratinn nf 1S _tennimaradion_ley 7oy 140y 1R _totran] (11 fram ravamannnd 2
EICEPRIMGUTE U Uy S 700U UITREF MBI T L WA / WH LT L UTECRTUUL \ LR ] JTUITL LUTIIURTIE o
T ~Ff X FON TY /7160y T\ oo A o el

To a solution of 3 {oU g, u.i
w/v, 5 mL) and the reaction mixture was left at room temperature for 10 h. Then H,O (50 mL) was added and the
reaction mixture was extracted with CHCI, (4 x 30 mL). The organic extract was dried over Na,SO,, filtered and
evaporated to dryness giving pure 11 (55 mg, 0.16 mmol, 94%): amorphous white solid, mp 80-90 °C; [a],*
+30.7 (¢ 0.215, CHCL,). IR (KBr) v, cm™: 3380 br (OH), 3090, 1640, 910 (vinyl), 1650 (tetrasubstituted
olefin), 2930, 2880, 1440, 1415, 1385, 1375, 1130, 1035, 1010, 950, 875, 840, 795. 'H NMR: Table 4. °C
NMR: Table 5. EIMS m/z (rel. int.): [M]" absent, 318 [M-H,0]" (9), 300 (13), 272 (11), 269 (28), 251 (18),
214 (24), 201 (100), 185 (40), 145 (14), 143 (14), 119 (14), 105 (15), 91 (16), 55 (11). (Anal. Found: C,
71.12; H, 9.31%. C,H,,0, requires: C, 71.39; H, 9.59%).

Table 5. '*C NMR Spectral data of compounds 10-16°
C 10 11 12 13 14 15 16
1 2133 s 71.1 d 733 d 344t 350t 3401t 3421t
2 37.1 1t 242 ¢ 215t 18.1 t 18.0 t 18.1 ¢t 180t
3 341t 2751t 291 ¢ 362t 363t 362 t 360 t
4 352 s 37.1 s 35.7 s 47.2 s 472 s 47.1 s 47.2 s
5 39.2d 30.0d 3494d 41.3 d 41.2d 3994d 408 d
6 26.0 t 26.6 t 257t 276t 286t 282t 26.8 t
7 709 d 704 d 702 d 70.4 d 712 d 69.0 d 64.5 d
g 1248 s 1309 5 1246 s 1435 s 1255 s 1302 ¢ 1400 s
9 146.8 s 142.7 s 147.6 s 1479 s 150.0 s 1456 s 1576 s
10 525 s 432 s 422 s 38.1 s 382 s 389 s 38.7 s
11 327t i9.7 t 203 ¢ 1975 s 65.0 d 65.4 d i97.0 s
12 28.0 t 26.6 t 287 t 4651t 3921t 3871 50.1 ¢
13 38.7 s 389 s 39.2 s 43.3 s 39.1 s 399 s 509 s
14 76.4 d 76.8 d 763 d 74.7 d 754 d 77.0d 1989 s
15 1433 d 145.6 d 1426 d 1413 d 143.1 d 1426 d 1404 d
16 1131t 1122t 113.2 ¢ 1143 t 113.1 ¢ 112.7 1152 ¢
17 219 q 209 q 22,6 q 232 q 238¢q 238 q 237 q
18 71.0 t G9.8 t 724 t 178.2 s 1783 s 1782 s 1779 s
19 199 g 182 g 173 q 166 g 16.8 g 165 g 165 g
20 20.1 g 198 g 189 q 183 g 205 g 19.8 q 185 q
OAc 170.7 s 170.8 s 170.1 s 1704 s 170.8 s 169.5 s

1704 s 170.6 s 170.0 s 1703 s 1705 s 209 g

170.2 5 1705 s 210 g 212 g 1703 s

212 q 170.4 s 209 q 21.1 g 2154

21.1¢ 213 g 212 ¢

209 q 211 g 210 q

2104
209 q )

COOMe 51.8 q 51.8 g 519 q 52.0 g
“At ] Hz, except for 10, 13 and 16 (125.7 MHz), in CDCI, sclution. Chemical shifts (8 values) are reported with respect to the

77.00). All these assignments were in agreement with HMQC and HMBL spectra.
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1
4. C NMR: Table 5. EIMS m/z (rel. int.): [M]* absent, 444 [M-AcOH]" (4), 402 (18), 384 (7),
361 (12), 264 (28), 251 (100), 249 (31), 201 (36), 195 (15), 185 (15), 143 (16), 55 (9), 43 (71). (Anal. Found:
C, 66.43; H, 8.06%. C,;H,,0O, requires: C, 66.64; H, 7.99%).

Acetylation of compounds 4 and 6 to give compound S.
Ac,0O-pyridine (1:1, 5 mL) treatment of 4 (50 mg) and 6 (40 mg) for 48 h at room temperature and work-
up in the usual manner yielded the same derivative (46 mg and 32 mg, respectively), which was identical in all

1
(mp, [a],, IR, 'H NMR and mass spectra) to 5 (see above).

) 22N, a3 4

714

Preparation of compound 11 from compound 5.

To a solution of 5§ (500 mg, 1.02 mmol) in anhydrous THF (25 mL) was added a solution of LiAlH, (400
mg, 10.5 mmol) in THF (50 mL). The mixture was stirred at room temperature for 24 h under Ar. Then, the
reaction mixture was cooled at -20 °C and a saturated aqueous solution of Na,SO, was added dropwise to the
mixture. The white precipitate was filtered through a pad of Celite and the solids washed with abundant CH,Cl,-
MeOH mixture (3:1). The residue obtained by evaporation of the solvents (320 mg) was subjected to column
chromatography [Si gel, EtOAc-MeOH (32:1) as eluent] giving 297 mg (0.88 mmel, 86%) of an amorphous
white solid (.22 +304. ¢ 0O 287, CHCI, \ whose 'H and PC NMR snectra were identical to those of 11 (see

= UNip T LY VLA, AWl LAR L Lo pPvvaaa

Acetylation of compound 11 to give compounds 3 and 12.

A sample of 11 (obtained from 5, 200 mg, 0.59 mmol) was treated with Ac,O-pyridine (1:1, 10 mL) at
room temperature for 12 h. Work-up in the usual manner yielded a crude product (280 mg) which showed two
spots on TLC, both less polar than 11. Column chromatography of this mixture [Si gel, petrol-EtOAc (3:1) as
eluent] allowed the isolation of 12 [less polar constituent, 182 mg, 0.36 mmol, 61%; mp 118-120 °C (MeOH);
[a], -53.2 (¢ 0.261, CHCL,), identical to the product obtained by acetylation of 3 (see above)] and another
substance [89 mg, 0.19 mmol, 32%; mp 156-157 °C (EtOAc - n-hexane); frﬂ 0 578 (c 0.403, CHCI )]

PRRAY =75

identical in all respects (mp, mixed mp, [],, 'H NMR, MS and TLC) with the natural diterpenoid (3) isolated
PP § S PU fonn almira and safaran~as 2
HOUIL IYEPE as pwmuemuu LO0C dDUYE dllld ICICICIINE )

Application of Horeau’s method' to compound 8.
Compound 8 (58.10 mg, 0.12969 mmol) and (+)-a-phenylbutyric anhydride (97.37 mg, 0.3141 mmol)
in pyridine solution (2.00 mL) for 24 h at 20 °C: a,, = -0.470, a, = -0.426; o, - 1.1o, = -0.002; insufficient

resolution for establishing the absolute configuration at C-11."°

Preparation of methyl 7, 14 0-diacetoxy-11-oxo-8,15-isopimaradien-18-oate (13) from compound 8.

Treatment of 8 (225 mg, 0.50 mmol) with e 0 o min, ar rk-up as described
above for 10, gave 13 (203 mg, 0.455 mmol, 91%, after crystallisation from MeCOH): colourless prisms, mp
136-138 °C; [a],™ -38.3 (¢ 0.783, CHCl,); CD nm (Ag): 426 (0), 342 (-0.46), 279 (0), 262 (+1.09) (c 0.115,
MeOH). UV (MeOH) A_,, nm (log €): 237 (3.91). IR (KBr) v, cm™: 3090, 1635, 940 (vinyl), 1745 br, 1240
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(OASY 1720 (COMOWAaY TARS 1A185 (v R_nincatnratad Latana)l 7Q70 1485 1420 1278 110N 1148 1110
\WALAV Sy 1 P& AVANSIVEL ), LU0, LULY (W pPruisdatldidalvd RUIVIHL ), 4770, 1900, 190U, 1070, 117V, 1199, 111V,
1NAN 1NN Q7N N1€ QN 11T ATRAD . T L1 A 13/ ATAD. M. 11 &£ TTas0 S el TN, AAL TRAVE IR 2N A
1U4U, 1ULU, F/U, Y15, 0ZU. 11 INIVIK! 1aoie 4 U INIVIRC 1abie 3. BIvVDd /7 (€1 1Nt ) 440 [M] (U.D), 4U4

(1.5), 386 (6), 344 (36), 276 (37), 216 (68), 201 (20), 188 (17), 187 (16), 173 (18), 159 (19), 105 (18), 91
(19), 67 (11), 55 (13), 43 (100), 41 (15). (Anal. Found: 67.31; H, 7.66%. C,H,,0, requires: C, 67.24; H,
7.68%).

Nl

Sodium borohydride reduction of 13: compounds 8 and 14 (methyl 7a,14a-diacetoxy-11B-hydroxy-8,15-
isopimaradien-18-oate).
Compound 13 (170 mg, 0.38 mmol) in MeOH solution (15

ated with NaBH, (45 mg, 1.2

E AT R, e

mmol) at room mpcrdture for 3 h. Work-up in the usual manner gave a mixture of two compounds, both mos

N Alaa atmarnmbic; TQF sl —aaio YA SALTY
1 G VIHAUELaply o1 ged, pcu l‘ElU[’\L \4.1)
: -~

o
=5
=
£
=

=
n
\

8 mmol, 21%;

<

as eluent] yielding 14 (less polar constituent, 118 mg, 0.26 mmol, 68%) and 8 {36 mg, 0.
identical in all respects (mp, mixed mp, '"H NMR and TLC) with the natural diterpenoid (8)].
Compound 14: colourless needles, mp 130-133 °C (EtOAc - n-hexane); [at],” -96.4 (c 0.275, CHCL,).
IR (KBr) v, cm: 3500 (OH), 3080, 1640, 935 (vinyl), 1730, 1720, 1715 (OAc and COOMe), 1260 (OAc),
2950, 1450, 1430, 1380, 1190, 1135, 1065, 1045, 1020, 1010, 910, 850, 820, 735. '"H NMR: Table 4. '*C
NMR: Table 5. EIMS m/z (rel. int.): [M]* absent, 388 [M-AcOH]" (2), 346 (8), 328 (38), 313 (11), 278 (19),
260 (26), 253 (33), 200 (25), 159 (27), 133 (28), 105 (29), 91 (29), 81 (18), 79 (17), 69 (13), 67 (15), 55 (20),

43 (100), 41 (18). (Anal. Found: C, 66.81; H, 8.19%. C,;H,.0, requires: C, 66.94; H, 8.09%). For some NOE
Aata caa Tahla 2
uaLa o\As 1 aviv J

Application of Horeau’s*® method to compound 14.
Compound 14 (29.76 mg, 0.066 mmol) and (*)--phenylbutyric anhydride (72 mg, 0.232 mmol) in
pyridine solution (2.00 mL) for 18 h at 20 °C: a, = -1.370, o, = -1.205, «, - L.1a, = -0.044; configuration 118S.

Acerylarion of compounds 8 and 9 to give methyl 7a, 110, 140-triacetoxy-8,15-isopimaradien- 18-oate (15).
Ac,0O-pyridine (1:1, 6 mL) treatment of 8 (30 mg, 0.067 mmol) and 9 (20 mg, 0.049 mmol) for 72 h at

room temperature, followed hv work- -up in the usual manner. nuannr'mvgl

v
b u € , quantifatively yieided e
colourless needles. mn 132-134 °C (n-hexane): Tl 2 270 (£ 0.253. CHCL)Y. IR (KBr) v cm’': 3080, 164
1 1 Py P LJ&TIIT N \ATIIvAGlIv ), W] FeF b VeoJJy MR Rdg Je AAN \KRRAIL T Vg, VL . JUUY, 1UTTY,
QAN 7Y TT2E L FMNA A g d ONNAALY IDAN IMYAAY DORN TAZLE 1278 1140 1170 1AALS 1NN Q&N O1N
JHU (V1IY1), 1720 UL (WAL alld LVUNIC), 129U \UAL)Y, £L70U, 19490, 1077, 110V, 114U, 1U%D, 1ULY, JUU, J1V.
'"H NMR: Table 4. °C NMR: Table 5. EIMS m/z (rel. int.): [M]" absent, 431 [M-COOMe]" (0.3), 371 M.

AcOH-COOMe]* (0.6), 370 [M-AcOH]J" (0.8), 328 (56), 313 (25), 278 (14), 260 (12), 253 (19), 251 (18), 235
(15), 209 (10), 201 (10), 200 (18), 185 (16), 181 (16), 171 (15), 160 (39), 145 (21), 131 (18), 105 (18), 91
(15), 81 (10), 55 (14), 43 (100), 41 (11). (Anal. Found: C, 65.87; H, 7.73%. C,,H,,0, requires: C, 66.10; H,
7.81%).

Preparation of methyl 7a-acetoxy-11,14-dioxo-8,15 -isopimaradien- 18-oate (16) from compound 9.

g

Treatment of 9 (110 mg, 0.27 mmol) with Jones’ reagent® at room temperature for 30 min and work-u
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1428 QAN (yinu]Y 1T7AN 1AND (OAAY 178 (OO 1TL£ON L 10N 7o~ 12\ AOLN NQLN 1ASE 1 AAN
LU, FHU \ViLYL), LAV, 144U \UNAC), 1720 (WUUVIC), 107U DI, 10UV (CNCAIONE), £LY0U, 200U, 140D, 144U,
b EeleFat 1TANeE 11" o la Vo) — ~ Pl el ~d !v |3

1370, 12U3, 115 820, 760, 700, 665. 'H NMR: Tabie 4. "C NMR: Tabie

5. EIMS m/z (rel. int.): 402 [M]* (0.5), 359 (21), 342 (36), 292 (63), 282 (23), 267 (26), 217 (40), 199 (29),
187 (21), 174 (27), 159 (27), 129 (22), 128 (21), 105 (22), 91 (31), 67 (22), 59 (20), 55 (19), 43 (100), 41
(26). (Anal. Found: C, 68.73; H, 7.49%. C,,H,,0, requires: C, 68.63; H, 7.51%).
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