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Abstract—Hydroxylation of lambertianic acid with potassium permanganate in alkaline medium afforded
15,16-epoxy-8a,17-dihydroxy-13(16),14-labdadienoic acid which was oxidized with periodic acid to the corre-
sponding 8a-hydroxy aldehyde, and the latter underwent smooth cyclization in acid medium to give diterpenoid

of the 14,16-epoxyabietane series.
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Diterpenoids containing a furan ring and structural-
ly related fragments constitute a group of metabolites
possessing valuable biological activity. Compounds
exhibiting antiviral, cytostatic, immune regulating,
psychotropic, and other properties have been reported.
Such compounds are widespread in the plant kingdom
[2]. The rhizome Salvia miltiorrhiza Bunge (Labiatae)
also known as Tanshen or Danshen contains diter-
penoid quinones which possess cardiotropic activity.
A typical representative of these metabolites is tans-
hinone IIA (I) which acts as an effective vasodilator
for heart coronary vessels. Danshen is widely used in
the traditional Chinese medicine to treat coronary heart
diseases; its alcohol extract contains no less than
30 quinones of the 14,16-epoxyabictane series [3, 4].
The synthesis of tanshindiols was reported in [5].
Marginatafuran diterpenoids like IT were isolated from

dorid nudibranch Cadlina luteomerginata [6-8]. In the
present article we describe the synthesis of furanoditer-
penoids of that type via transformations of lamber-
tianic acid (I1Ia).

We found that hydroxylation of lambertianic acid
(ITa) with potassium permanganate in aqueous alkali
gives 59% of 8,17-dihydroxy acid IV (Scheme 1). We
also isolated 8,12-epoxy acid V as by-product (yield
5.5%); its methyl ester was described by us previously
[9]. Methylation of IV with excess dimethyl sulfate
involved both carboxy and primary hydroxy group to
afford a mixture of esters VIa and VIb at a ratio of
1:1. Ester VIa was smoothly converted into dioxolane
VII by treatment with acetone in the presence of
trifluoroacetic acid. By oxidation of dihydroxy acid IV
with sodium periodate we synthesized hydroxy alde-
hyde VIII in 77% yield, and the latter was treated with

| lia, lib

llla, llib

R =H (a), Me (b).

* For communication XI, see [1].

36



SYNTHETIC TRANSFORMATIONS OF HIGHER TERPENOIDS: XII. 37
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dilute (0.5%) hydrochloric acid in methanol to obtain
the target acid of the phenanthro[1,2-b]furan series
(compound IXa, yield 74%). Presumably, the trans-
formation of aldehyde VIII into IX involves inter-
mediate formation of oxo acid X which undergoes fast
intramolecular ring closure. An analogous transforma-
tion was observed when a solution of VIII in chloro-
form was kept in an NMR ampule. After 12 h, signal
from the aldehyde proton disappeared from the
'"H NMR spectrum, and the singlets from C'’H; and
C?H; changed their position (5 1.27 and 0.60 ppm,
respectively; hereinafter, the atom numbering in the

labdane skeleton of compounds II-VIII, X, and XI
corresponds to that shown above for IIIa, I1Ib).

As might be expected, 8-oxo-17-norlambertianic
acid methyl ester (XI), which was synthesized by us
previously by oxidation of lambertianic acid methyl
ester (IIIb) with KMnO, under neutral conditions [9],
underwent analogous intramolecular ring closure to
give ester IXb on treatment with hydrochloric acid in
methanol. Compound IXb was identical to the product
obtained by methylation of acid IXa. It should be
noted that cleavage of a-hydroxy aldehydes to ketones
was observed previously in the steroid series [10].
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Facile cyclization of 8-oxo derivatives attracts interest
from the viewpoint of comparison with the cyclization
of lambertianic acid methyl ester (IIIb), which occurs
under strongly acidic conditions and is characterized
by a poor yield [11].

The structure of the newly synthesized compounds
was determined on the basis of their spectral data. The
presence of a chromophoric conjugated triene system
in molecules IXa and IXb follows from the UV spec-
tra which display absorption bands with their maxima
at A 255, 268, and 282 nm. The formation of polycyclic
phenanthro[1,2-b]furan skeleton leads to considerable
changes (Ad¢c ~ 5 ppm) in the chemical shifts of the
bridgehead carbon atoms C** and C** (which are com-
mon for the A and B rings) in the °C NMR spectra. In
the "H NMR spectra of IXa and IXb, the 9b-H and
11-H signals were displaced downfield relative to the
corresponding signals (9-H and 12-H) from the lab-
dane system.

The stereochemical configuration of compounds IV
and VI as 8a-hydroxy isomers was established on the
basis of the NOESY spectra. B-Orientation of the
hydroxymethyl group on C* unambiguously follows
from the NOEs observed for the 17-H protons (8 3.15
and 3.65 ppm) on 10-CH; (& 0.53 ppm) and 11-H
(6 1.31 and 1.60 ppm) in the spectrum of VIb. The
(8R,12S)-configuration of epoxylabdanoid V was also
deduced from the NOESY data. We observed NOE on
the diastereotopic 17-H protons (8, ppm: 3.44 d and
3.73 d.d) on irradiation of protons of the 10-CH; group
(8 0.64 ppm). In addition, the C*°H; protons showed
NOE on the axial proton on C? and pseudoaxial proton
on C'". Irradiation at a resonance frequency corre-
sponding to 17-H (6 3.44 ppm) gave a response on the
second 17-H proton, both protons on C'', and protons
of the angular methyl group. No response on 11-H was
observed upon irradiation of the second 17-H proton
(6 3.73 ppm), but strong responses were observed on
the pseudoaxial 6-H proton and C*°H; protons. Both
11-H protons showed NOE on 12-H, while 12-H gave
NOE only on 11-H. These data unambiguously con-
firm the steric structure assumed for compound V.

EXPERIMENTAL

The mass spectra (electron impact, 70 eV) were
obtained on a Finnigan MAT-8200 high-resolution
mass spectrometer (vaporizer temperature 190-250°C).
The NMR spectra were recorded on Bruker AC-200
(200.13 MHz for 'H and 50.32 MHz for °C) and
Bruker DRX-500 spectrometers (500.13 MHz for 'H

and 125.76 MHz for °C) from solutions in CDCl;,
CDs0D, or CCly. Signals in the NMR spectra were
assigned using various proton—proton and carbon—
proton shift correlation techniques (COSY, COLOC,
CORRD), as well as '"H NMR 2D-NOESY spectros-
copy (for compounds V and VIb). The IR spectra were
measured in KBr on a Vector-22 instrument. The UV
spectra were recorded on an HP 8453 UV-Vis spectro-
photometer from solutions in ethanol (¢ = 10~* M). The
optical rotations [a]p were measured in chloroform
or ethanol at room temperature (20-23°C) using
a WXQ-4 polarimeter. The progress of reactions was
monitored by TLC on Silufol UV-254 plates. The
products were isolated by column chromatography on
silica gel or aluminum oxide.

(15,4a8,5R,6R,8a5)-5-[2-(3-Furyl)ethyl]-6-hy-
droxy-6-hydroxymethyl-1,4a-dimethylperhydro-
naphthalene-1-carboxylic acid [(8R)-15,16-epoxy-
8,17-dihydroxy-13(16),14-labdadien-18-oic acid]
(IV) and (25,3aR,5aS,65,9aS5,9bR)-2-(3-furyl)-3a-
hydroxymethyl-6,9a-dimethylperhydronaphtho-
[2,1-b]furan-6-carboxylic acid [8a,120:15,16-
diepoxy-17-hydroxy-13(16),14-labdadien-18-oic
acid] (V). Lambertianic acid (IIla), 6.3 g (20 mmol),
was dissolved on heating in 200 ml of distilled water
containing 3 g (75 mmol) of sodium hydroxide, the
solution was cooled to 5°C, 50 g of ice was added, and
a cold solution of 4.1 g (26 mmol) of potassium per-
manganate in 100 ml of water was added over a period
of 30 min under stirring. The mixture was kept for 1 h
at 0-5°C, the precipitate of MnO, was filtered off and
washed with hot water (2x20 ml), and the filtrate was
acidified with acetic acid. The precipitate was filtered
off, washed with cold water, and dried. We thus
isolated 5.0 g of a mixture of dihydroxy acid IV and
epoxy acid V as a colorless powder. Recrystallization
from ethyl acetate gave 0.38 g (5.5%) of compound V.
The mother liquor was evaporated, and the residue was
recrystallized from petroleum ether—fers-butyl methyl
ether. Yield of IV 4.1 g (59%), mp 192-194°C (from
petroleum ether—-BuOMe), [a]d = + 42° (¢ = 5.2,
ethanol). IR spectrum, v, cm': 787, 874, 973, 1023,
1042, 1094, 1157, 1500, 1696, 3200, 3337, 3441,
3515. '"H NMR spectrum (CD;OD), &, ppm (J, Hz):
0.75 s (3H, C*°Hs), 1.01-1.10 m (3H, 1-H, 3-H, 5-H),
1.14 s (3H, C""Hs), 1.20 m (1H, 7-H), 1.31-1.48 m
(3H, 2-H, 9-H, 11-H), 1.73-1.92 m (5H, 1-H, 2-H,
6-H, 11-H), 2.13 m (1H, 3-H, 27 = 13.2), 2.21 m (1H,
7-H, 2J = 14.0), 2.43 m (1H, 12-H, °J = 14.6), 2.60 m
(1H, 12-H, °J = 14.6), 3.48 d and 3.69 d (2H, 17-H,
J=17.1),6.28 d.d (1H, 14-H, J=2.6, 1.0), 7.22 d (1H,
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16-H, J = 1.0), 7.32 d (1H, 15-H, J = 2.6). °C NMR
spectrum, 3¢, ppm: 13.87 (C*), 19.56 (C?), 21.93 (C®),
26.40 (C'), 28.66 (C'?), 29.21 (C"), 38.06, 38.35 (C°,
C7), 40.46 (C"), 41.23 (C'%), 44.03 (C*), 56.00 (C°),
60.13 (C%), 62.70 (C'"), 75.57 (C®), 111.41 (C"),
126.23 (C"), 139.03 (C'®), 142.97 (C"), 180.79 (C'®).
Mass spectrum, m/z (I, %): 350 [M]" (1.6), 332 [M —
18] (11), 319 (10), 273 (17), 161 (22), 147 (34), 121
(57), 109 (30), 96 (24), 81 (100), 55 (45), 43 (32), 41
(41), 31 (60). Found: [M]" 350.20869. C,H3,0s. Cal-
culated: M 350.20931.

Compound V. mp 232-234°C (from MeOH),
[a]3% = +12° (¢ = 3.1, EtOH). '"H NMR spectrum
(CDsOD), &, ppm (J, Hz): 0.84 s (3H, C*°Hs), 1.13 d.d.d
(1H, 3-H, J=13.5, 13.2,4.3), 1.15d.d.d (1H, 1-H, J =
13.0, 11.9, 3.8), 1.20 m (1H, 7-H, 2J = 12.4), 1.25 s
(3H, C"H3), 1.26 m (1H, 5-H), 1.50 m (1H, 2-H, *J =
14.2), 1.61 m (1H, 1-H, J=13.0, 4.2, 2.8, 1.5), 1.87 m
(1H, 11-H), 1.92 m (1H, 9-H), 1.96-2.06 m (3H, 2-H,
6-H), 2.17-2.24 m (2H, 3-H, 11-H), 2.37 d.d.d (1H,
7-H, J = 12.4, 7.0, 3.5), 3.44 d.d (1H, 17-H, J = 10.9,
2.0), 3.73 d (1H, 17-H, J = 10.9), 5.06 d.d (1H, 12-H,
J=9.0, 6.6, 1.1), 6.49 d.d (1H, 14-H, J = 2.0, 1.0),
747 m (1H, 15-H, J = 2.0, 1.7), 7.57 d.d (1H, 15-H,
J=1.7, 1.0). ®C NMR spectrum, 8¢, ppm: 14.14 (C*),
20.18 (C?), 23.21 (C%), 29.34 (C"), 31.74 (C'"), 35.92
(C"), 38.18 (CY), 39.49 (C°), 41.49 (C"), 44.54 (CY),
58.22 (C°), 62.52 (C°), 63.57 (C'), 74.77 (C'?), 84.46
(C%), 109.99 (C'), 129.68 (C"), 140.64 (C"), 144.77
(C'%), 180.90 (C'®). Found, %: C 67.24; H 7.51.
C20H2805. Calculated, %: C 6704, H 7.89.

Methyl (15,4a8,5R,6R,8aS)-5-[2-(3-furyl)ethyl]-
6-hydroxy-6-hydroxymethyl-1,4a-dimethylper-
hydronaphthalene-1-carboxylate [methyl (8R)-
15,16-epoxy-8,17-dihydroxy-13(16),14-labdadien-
18-o0ate] (VIa) and methyl (15,4a8,5R,6R,8a5)-5-[2-
(3-furyl)ethyl]6-hydroxy-6-methoxymethyl-1,4a-di-
methylperhydronaphthalene-1-carboxylate [methyl
(8R)-15,16-epoxy-8-hydroxy-17-methoxy-13(16),14-
labdadien-18-oate] (VIb). To a solution of 6.0 g
(17.1 mmol) of dihydroxy acid IV in 20 ml of ethanol
we added a 40% aqueous solution of potassium
hydroxide to pH 9 (about 1 ml). The mixture was
heated to 50-55°C, and 5 ml (6.6 g, 51 mmol) of
dimethyl sulfate was added dropwise under stirring.
The mixture was stirred for 15 min, 2 ml of 40%
aqueous potassium hydroxide was added to decompose
excess dimethyl sulfate, and the mixture was stirred for
15 min, poured into water, and extracted with zert-
butyl methyl ether. The extract was washed with water

and evaporated, and the residue was subjected to
chromatography on aluminum oxide using petroleum
ether—tert-butyl methyl ether (3:1 to 1:1) as eluent to
isolate (in the order of elution) 2.8 g (44%) of com-
pound VIb and 3.0 g (49%) of VlIa.

Compound VIa. Oily substance, [a]y = +30° (¢ =
5.9, chloroform). '"H NMR spectrum (CCly), 8, ppm
(J, Hz): 0.51 s (3H, C*°H;), 0.90-1.02 m (2H, 1-H,
3-H), 1.12 s (3H, C""H;), 1.08-1.22 m (3H, 5-H, 7-H,
9-H), 1.36 m (2H, 2-H, 11-H), 1.58-1.82 m (5H, 1-H,
2-H, 6-H, 11-H), 2.08-2.13 m (2H, 3-H, 7-H), 2.36 m
(1H, 12-H, °J = 14.2), 2.54 m (1H, 12-H, %J = 14.2),
3.35d.d (1H, 17-H, *J = 8.0, J=1.2), 3.52 d (IH,
17-H, J = 8.0), 3.58 s (3H, OCHj3), 6.18 d.d (1H, 14-H,
J=26,1.0),7.14 d (1H, 16-H, J= 1.0), 7.23 d.d (1H,
15-H, J = 2.6, 1.0). Mass spectrum, m/z (I, %): 364
[M]" (4.1), 346 [M — 18] (20), 315 (16), 273 (16), 264
(16), 255 (20), 161 (30), 147 (39), 135 (27), 121 (84),
95 (56), 81 (100), 73 (84), 55 (57), 41 (67). C2;H3,0:s.

Compound VIb. Oily substance. 'H NMR spectrum
(CDCL—CCly), 8, ppm (J, Hz): 0.53 s (3H, C*°Hs),
0.90-1.05 m (2H, 1-H, 3-H), 1.09 s (3H, C"°H;), 1.07—
1.12 m (2H, 5-H, 7-H), 1.22 d.d (1H, 9-H, J = 12.2,
3.0), 1.31 m (1H, 11-H, 27 = 12.9), 1.38 m (IH, 2-H,
2J = 13.6), 1.55-1.80 m (5H, 1-H, 2-H, 6-H, 11-H),
2.08-2.13 m (2H, 3-H, 7-H), 2.36 m (1H, 12-H, *J =
14.2), 2.53 m (1H, 12-H, 7 = 14.2), 3.15 d.d (1H,
17-H, 27 = 8.2, J = 1.2), 3.48 s (3H, OCH3), 3.65 d
(1H, 17-H, J = 8.2), 3.68 s (3H, OCHj3), 6.19 d.d (1H,
14-H, J = 2.6, 1.0), 7.14 d (1H, 16-H, J= 1.0), 7.23 d
(1H, 15-H, J = 2.6). °C NMR spectrum, 8¢, ppm:
13.34 (C*), 19.04 (C?), 21.48 (C°), 26.05 (C'), 27.98
(C'), 28.65 (C"), 37.79 (C%), 38.51 (C7), 38.96 (C").
39.67 (C'), 43.56 (C*), 50.81 (OCHj;), 56.51 (C°),
58.43 (OCHs), 58.98 (C%), 73.35 (C'"), 74.00 (C%),
110.92 (C'), 125.46 (C"), 138.30 (C'®), 141.98 (C"),
176.47 (C'®). Mass spectrum, m/z (I, %): 378 [M]"
(3). 349 (11), 331 (24), 271 (20), 173 (25), 161 (21),
147 (28), 135 (21), 121 (100), 107 (42), 95 (53),
81 (77), 67 (37), 55 (68). Found: [M]" 378.20079.
C22H3405. Calculated: A378.20422.

Methyl (15,4aS8,5R,6R,8a5)-9-[2-(3-furyl)ethyl]-
2',2',4,10-tetramethylperhydrospiro[naphthalene-
8,5'-1,3-dioxolane]-4-carboxylate (VII). Trifluoro-
acetic acid, 0.1 ml, was added to a solution of 0.35 g
(1 mmol) of diol VIa in 5 ml of acetone. After 10 h,
the mixture was diluted with water and extracted with
tert-butyl methyl ether. The extract was washed with
a 3% solution of NaHCO; and water and evaporated,
and the residue was subjected to column chromatog-
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raphy using petroleum ether—ters-butyl methyl ether
(4:1) as eluent. Yield 0.27 g (76%), [a]y = +10° (c =
8.2, chloroform). "H NMR spectrum (CDCls), 8, ppm
(J, Hz): 0.43 s (3H, C*°Hs), 0.92-1.0 m (2H, 1-H, 3-H),
1.10 d.d (1H, 5-H, J = 12.4, 2,8), 1.12 s (3H, C"°H,),
1.27 s and 1.35 s [3H each, C(CH;),], 1.25-1.42 m
(4H, 2-H, 7-H, 9-H, 11-H), 1.55 m (1H, 11-H), 1.68 m
(2H, 1-H, 6-H), 1.74 d.d.t (1H, 2-H, 2/ =13.9, J=3.7),
1.86 d.d.d (1H, 6-H, J = 14.4, 6.6, 3.3), 2.04 d.t (1H,
7-H, 2T = 12.7, J = 3.4, 3.4), 2.10 m (1H, 3-H, *J =
13.3), 2.30 m (1H, 12-H, %/ = 14.3, 12.1, 5.4, 0.9),
2.54 m (1H, 12-H, 27 = 14.3), 3.61 d.d (1H, 4-H, J =
8.4, 1.7), 3.71 d (1H, 4-H, J = 8.4), 6.16 d.d (IH,
14-H, J = 1.8, 0.9), 7.11 m (1H, 16-H, J = 1.5, 1.0,
0.9), 7.22 d.d (1H, 15-H, J = 1.5, 1.0). >C NMR spec-
trum, 3¢, ppm: 12.36 (C*°), 18.94 (C?), 21.90 (C°),
26.42 (C'), 28.02 (C'?), 26.70, 28.51 (2'-CH3), 28.54
(C"), 37.70 (C?), 38.83 (C"), 39.34 (C'%), 39.54 (C),
43.55 (C*), 50.95 (CHs), 55.76 (C°), 56.40 (C), 68.28
(CY), 84.85 (CY), 106.59 (C*), 110.71 (C'), 125.27
(C"), 138.23 (C'), 142.27 (C"), 176.91 (C'®). Mass
spectrum, m/z (I, %): 404 [M]" (0.8), 357 (1.1), 346
(4), 269 (6), 147 (10), 135 (12), 127 (22), 121 (31),
117 (100), 84 (22), 81 (21), 73 (34), 57 (24), 47 (19),
41 (41). Cy4H340s.

(15,4a8,5R,6R,8aS5)-6-Formyl-5-[2-(3-furyl)-
ethyl]-6-hydroxy-1,4a-dimethylperhydronaphtha-
lene-1-carboxylic acid [(8R)-15,16-epoxy-8-hy-
droxy-17-0x0-13(16),14-labdadien-18-o0ic acid]
(VIII). Acetic acid, 1 ml, was added to a solution of
3.0 g (8.5 mmol) of acid IV in 20 ml of methanol, and
a solution of 1.9 g (8.8 mmol) of NalO, in 3 ml of hot
water (90-95°C) was then added dropwise under stir-
ring. After 10 min, the mixture was poured into water
and extracted with methylene chloride (3%x10 ml). The
extract was washed with a 3% solution of NaHCO;
and water and evaporated, and the residue was recrys-
tallized from petroleum ether—ert-butyl methyl ether.
Yield 2.3 g (77%), mp 171-173°C, [a]h = +37° (¢ =
8.4, chloroform). "H NMR spectrum (CDCl;—CCly),
8, ppm (J, Hz): 0.64 s (3H, C**H;), 1.05-1.25 m (4H,
1-H, 3-H, 5-H, 7-H), 1.27 s (3H, C'°H;), 1.40-1.90 m
(7H, 1-H, 2-H, 6-H, 9-H, 11-H), 1.96-2.08 m (3H, 3-H,
7-H, 11-H), 2.21 m (1H, 12-H), 2.32 m (1H, 12-H),
6.06 d.d (1H, 14-H, J = 2.0, 1.2), 7.07 d.d (1H, 16-H,
J=16,1.2),7.28 d (IH, 15-H, J = 2.0, 1.2), 932 s
(1H, CHO), 10.5 brs (1H, OH). >C NMR spectrum,
8c, ppm: 13.37 (C*), 19.65 (C?), 22.27 (C°), 24.16
(C™), 25.99 (C'), 28.97 (C"), 37.74 (C7), 39.44 (CY),
4247 (C"), 43.40 (C"), 44.18 (C*), 55.09 (C°), 61.68
(C%), 82.00 (C%), 110.82 (C'), 124.58 (C"), 138.75

(C'), 142.53 (C"), 183.33 (C'®), 209.50 (C'7). Mass
spectrum, m/z (I, %): 318 [M — 30] (10), 224 (23),
209 (100), 163 (17), 121 (35), 107 (28), 95 (31), 91
(33), 81 (79), 55 (70), 41 (80). CooHy50s.

6,9a-Dimethyl-5,524,6,7,8,9,9a,9b,10,11-deca-
hydrophenanthro[1,2-b]furan-6-carboxylic acid
(IXa). Hydroxy aldehyde VIIIL, 2.0 g (5.7 mmol), was
dissolved in 8 ml of methanol, 0.3 ml of 10% hydro-
chloric acid was added, and the mixture was kept for
30 min at 0°C. The precipitate was filtered off and
washed with 50% aqueous methanol. Yield 1.4 g
(74%), mp 225-227°C (from petroleum ether—
t-BuOMe). IR spectrum, v, em b 733, 816, 833, 884,
893, 964, 977, 1024, 1102, 1500, 1686. '"H NMR spec-
trum (CDCI3), 8, ppm (J, Hz): 0.76 s (3H, C'"H;),
1.04-1.14 m (2H, 7-H, 9-H), 1.27 s (3H, C'°H;),
1.37 d.q (1H, 10-H, J = 12.3, 12.2, 4.0, 2.8), 1.48—
1.56 m (2H, 5a-H, 8-H), 1.87-1.98 m (3H, 8-H, 9-H,
10-H), 2.02 d.d (1H, 9b-H, J = 12.3, 5.1), 2.18 d.d.t
(1H, 7-H, J = 13.5, 3.2, 2.2), 2.36-2.45 m (2H, 5-H,
11-H), 2.52 m (1H, 11-H, 7 = 16.0, J = 5.2, 3.0),
2.68 m (1H, 5-H, 7 = 14.2), 5.96 quint (1H, 4-H, J =
2.8,2.7),6.17d (1H, 13-H, J=1.8), 7.19 d (1H, 14-H,
J=1.8). 3C NMR spectrum, dc, ppm: 12.53 (C”),
19.50 (C*), 22.32 (C'"), 23.78 (C'%), 23.92 (C°), 28.65
(C'), 35.21 (C*), 38.11 (C7), 39.25 (C%), 43.80 (C°),
49.85 (C*), 51.03 and 51.09 (C**, OCHs), 110.60
(C"), 115.09 (C*), 118.37 (C?). 125.76 (C'?), 140.75
(C'™), 150.02 (C?), 177.49 (C"). Mass spectrum, m/z
(L1 %): 300 [M]" (100), 254 (99), 239 (77). 183 (50),
146 (40), 134 (76), 131 (40), 115 (24), 91 (44), 77
(26), 55 (38), 43 (37). 41 (43). Found: [M]" 300.17364.
C19N2403. Calculated: A300.17253.

Methyl 6,9a-dimethyl-5,52a,6,7,8,9,9a2,9b,10,11-
decahydrophenanthro[1,2h]furan-6-carboxylate
(IXb) was synthesized in a similar way from 0.6 g
(1.9 mmol) of ketone XI. Yield 0.51 g (82%), mp 125—
128°C (from petroleum ether—acetone), [a]y = —7°(c =
3.6, chloroform). IR spectrum, v cm™': 696, 883, 986,
1575, 1610 (C=C), 1093, 1127, 1148 (C-0O-C), 1248,
1718 (C=0). UV spectrum, Ap.x, nm (loge): 255
(4.44), 268 (4.85), 282 (4.13). '"H NMR spectrum
(CDCls), 8, ppm (J, Hz): 0.66 s (3H, C'"H;), 1.06 m
(1H, 7-H, 27=13.4), 1.08 m (1H, 9-H, /= 14.0), 1.20 s
(3H, C'°H;), 1.35 d.d.d.d (1H, 10-H, J = 12.9, 12.4,
4.9, 2.9), 1.48 m (2H, 5a-H, 8-H), 1.85-1.95 m (3H,
8-H, 9-H, 10-H), 2.00 d.d (1H, 9b-H, J = 12.9, 6.1),
2.16 d.dt (1H, 7-H, J = 134, 3.2, 2.0), 2.36-2.45 m
(2H, 5-H, 11-H), 2.53 m (1H, 11-H, *J = 15.9, 4.9,
2.9), 2.57 m (1H, 5-H), 3.63 s (3H, OCHj5), 5.96 q (1H,
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4-H, J=2.7,2.8), 6.17 d (1H, 13-H, J = 2.0), 7.18 d
(1H, 15-H, J = 2.0). 3C NMR spectrum, d¢c, ppm:
12.53 (C'), 19.50 (C*), 22.32 (C"), 23.78 (C'"), 23.92
(C%), 28.65 (C'®), 35.21 (C*), 38.11 (C7), 39.25 (C").
43.80 (C°), 49.85 (C™), 51.03 and 51.09 (C**, OCH),
110.60 (C"), 115.09 (C*), 118.37 (C%), 125.76 (C"),
140.75 (C'*), 150.02 (C?), 177.49 (C"). Mass spec-
trum, m/z (I, %): 314 [M]" (50), 254 (100), 239 (58),
183 (31), 146 (13), 121 (23), 91 (12), 81 (13), 55 (15),
43 (11), 41 (13). Found: [M]" 314.18897. CaHy0s.
Calculated: M 314.18818. Compound IXb was also
obtained by methylation of acid IXa with dimethyl
sulfate according to the procedure described above for
compound IV.
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