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The 4,5-seco-20(10+5)-abeo-abietane derivative aethiopinone (l), a natural o-naphthoquinone isolated from 
some Salvia species, was subjected to a series of acid-catalyzed reactions which yielded phenalene derivatives 
(2,6,9, and 11) and other cyclization produda (3 and 10). The 11-nor derivative 3 is formed by an intramolecular 
[4 + 21 cycloaddition reaction, and a mechanistic pathway for the formation of the phenalene derivatives 6 and 
11 is also proposed. These transformations of aethiopinone (1) allowed the partial syntheses of the naturally 
occurring diterpenes salvipisone (8), saldenone (9), and the racemic form of prionitin (ll), a rearranged abietaue 
diterpenoid previously isolated from the root of Salvia pn'onitis, to which structure 12 had been attributed only 
on the basis of NMR spectroscopic studies. In the light of the results reported herein, including an X-ray analysis 
of compound 11, the structure 12 assigned to prionitin must be changed to 11. 

The roots of various species of sage, Salvia spp. (La- 
biatae), are used throughout the world in folk medicine 
to treat a wide variety of  ailment^.^ The chemical com- 
position of these plant materials has been studied exten- 
sively over the last 50 years, and their organic extracts are 
particularly rich in abietanoids and diterpene quinone 
pigments. These substances have attracted considerable 
attention because many of them exhibit significant cyto- 
toxic,5 antibacterial,6 antioxidant,' antiinflammatory: 

(1) Dedicated to Professor F. Farifia, Instituto de Quhnica OrgHnica, 
CSIC, Madrid, on the occasion of his 65th birthday. 

(2) Permanent address: Departamento de Q h c a  OrgHnica, Facultad 
de Ciencias Quimicas, Universidad de Salamanca, E-37008 Salamanca, 

(3) (a) Instituto de Qdmica Orgbica, CSIC. (b) College of Pharmacy, 
University of Illinois at Chicago. (c) Instituto "Rocasolano", CSIC. 
(4) (a) Grieve, M. In A Modern Herbal; Dover: New York, 1971; Vol. 

11, pp 7W707. (b) Morton, J. F. In Atlas of Medicinal Plants of Middle 
America; Charles C. Thomas, Publisher: Springfield, IL, 1981; pp 
780-784. (c) Duke, J. A. In Handbook of Medicinal Plants; CRC Press, 
Inc.: Boca Raton, FL, 1986; pp 118,419-422. 
(5) (a) Lin, L.-2.; Blaskb, G.; Cordell, G. A. Phytochemistry 1989,28, 

177. (b) Lin, L.-2.; Wang, X.-M.; Huang, X.-L.; Huang, Y.; Yang, B.-J. 
Planta Med. 1988,54,443. 

(6) (a) Fang, C.-N.; Chang, P.-L.; Hsu, T.-P. Acta Chim. Sin. 1976,34, 
197. (b) Honda, G.; Koezuka, Y.; Tabata, M. Chem. Pharm. Bull. 1988, 
36, 408. 
(7) Houlihan, C. M.; Ho, C.-T.; Chang, S. S. J. Am. Oil Chem. SOC. 

1985,62,96. 
(8) (a) Gao, Y.-G.; Song, Y.-M.; Yang, Y.-Y.; Liu, W.-F.; Tang, J.-X. 

Acta Pharm. Sin. 1979,14,75. (b) Gao, Y.-G.; Wang, L.-Z.; Tang, K.-S. 
J. Integrated Trad. Western Med. 1983, 3, 300. 

Spain. 

antineoplastic: and antiplatelet aggregationlo activities. 
AethiopinonesnJ1 (1, Chart I, 4,5-seco-20(10--5)-abeo- 

abieta-4(18),5(10),6,8,13-pentaene-ll,l2-di0ne~~) is a re- 
arranged diterpenoid easily available from the root of 
Salvia aethi0~is.l~ We have focused our attention on the 
utility of this substance (1) as an expedient starting ma- 
terial for obtaining several biologically active rearranged 
abietane derivatives previously isolated from the roots of 
some Salvia species. In this paper, we report some acid- 
catalyzed cyclizations of aethiopinone (1) which allowed 
the formation of compounds 2,3, and 6-11. T w o  of these 
substances have previously been isolated from the roots 
of S. aethiopisllb (compound 8, salvipisone), Salvia 
moorcraftiamP and Salvia mil t i~rrhiza '~~ (compound 9, 

(9) Wu, W.-L.; Chang, W.-L.; Lee, A.-R.; Lin, H.-C.; King, M.-L. J. 
Med. Sci. 1986, 6, 159. 

(10) (a) Onitsuka, M.; Fujiu, M.; Shinma, N.; Maruyama, H. B. Chem. 
Pharm. Bull. 1983,31,1670. (b) Lee, A.-R.; Wu, W.-L.; Chang, W.-L.; 
Lin, H.-C.; King, M.-L. J. Nat. R o d .  1987,50, 157. (c) Luo, H.-W.; Hu, 
X.-J.; Wang, N.; Ji, J. Acta Pharm. Sin. 1988,23,830. 
(l!) (a) Boya, M. T.; Valverde, S. Phytochemistry 1981,20,1367. (b) 

Rodriguez, B.; Fernhdkz-Gadea, F.; Savona, G .  Phytochemistry 1984, 
23, 1805. 
(12) The nomenclature and numbering system for all these compounds 

are based on those in abietane diterpenea. This decision was taken since 
the substances described herein can be biogenetically generated from an 
abietane derivative. 
(13) Aethiopinone (1) waa isolated as the extract.'lb) constituent of the 

acetone extract of the root of Salvia aethiopis (0.58% on dry plant 
material, 24.8% of the extract).lLb This sage is profusely widespread in 
Southern and South-Eastern Europe and North Africa. 
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Table I. 'H NMR Spectrorcopic Data of Compounds 2-6 and 11" 
H 2 9 a 5 6 11 

la 
18 
2a 
28 
38 
6 
7 
12 
14 
15 
16 (3 H)C 
17 (3 H)c 
18 (3 H) 
18a 
188 
19 (3 H) 
20 (3 H) 
OMe 
J 
la,V 
la,2a 
l a m  
18,2a 
18,28 
2a,28 
2a,38 
28 tB  
6,7 
6,14 

7,20 
12a,l8a 
12a,18@ 
128,lBU 
128,188 
1438 
14,15 
15,16(17) 
l B U , l B ~  
188,19 

7,w 

3.17 ddd 
2.81 dddd 
1.69 qd 
2.19 dddd 
3.40 br dd 
7.05 br d 
7.50 br dd 

7.36 br t 
3.14 sept d 
1.33 d 
1.29 d 
1.73 s 

1.18 s 
2.37 br s 

16.5 
4.2 
2.5 
12.3 
4.6 
12.3 
12.3 
4.5 
8.4 
<0.2 
0.8 
<0.2 

0.7 
0.7 
6.9 

2.76 ddd-- 
b 
b 
b 
b 
7.16 br d 
7.06 br d 

7.03 d 
3.22 sept d 
1.16 d 
1.16 d 

2.55 d 
2.89 dd 
1.21 d 
2.25 br s 

15.0 
4.9 
4.2 
b 
b 
b 
b 
b 
7.7 
<0.2 
0 
<0.2 

0 
0.7 
6.9 
15.0 
0.6 

~ 2 . 6 ~  
~ 2 . 6 ~  
b 
b 
b 
6.95 br d 
6.90 br d 
4.36 dd 
6.31 br s 
2.80 sept d 
1.24 d 
1.18 d 

2.09 dd 
2.29 ddd 
1.35 d 
2.20 br s 

b 
b 
b 
b 
b 
b 
b 
b 
7.7 
<0.2 
0 
K0.2 
6.9 
5.3 

0 
0.7 
6.8 
14.3 
0.5 

b 
b 
b 
b 
b 
6.94 br d 
6.94 br s 
4.44 dd 
6.24 br s 
2.76 sept d 
1.20 d 
1.15 d 

2.03 dd 
2.06 br dd 
1.26 br s 
2.18 br s 

b 
b 
b 
b 
b 
b 
b 
b 
0 
<0.2 
0 
<0.2 

8.0 
8.4 
0 
0.7 
6.9 
14.1 
<0.2 

3.15 ddd 3.16 ddd 
2.76 br ddd 
1.64 ad 1.65 ad 

2.79 dddd 

2.16 dddd 
3.32 dd 
7.14 br d 
7.85 br d 

3.74 sept 
1.41 d 
1.32 d 
1.71 8 

1.16 s 
2.37 br s 

16.5 
4.1 
2.5 
12.3 
4.6 
12.3 
12.3 
4.7 
8.7 

<0.4 
<0.2 

2.17 dddd 
3.34 dd 
7.07 br d 
7.68 br dd 

3.52 sept 
1.40 d 
1.31 d 
1.71 s 

1.17 s 
2.37 br s 
3.88 s 

16.5 
4.2 
2.6 
12.3 
4.5 
12.3 
12.3 
4.6 
8.4 

0.9 
<0.2 

7.0 7.0 

Chemical shifta are reported in ppm downfield from internal TMS; J values in hertz. All spectra were recorded at 300 MHz, in CDC13 
solution. All these aeeignmenta were confirmed by double resonance experimenta and homonuclear COSY spectra. *Overlapped signal. 
Interchangeable assignmenta. 

~a lv i lenone~~~) .  Salvilenone has also been prepared syn- 
thetically.l"*d Moreover, the derivative 11 [ (3-&-4,12- 
epoxy-14-methoxy-3,11-cyclo-4,5-seco-20( 10+5)-ubeo- 
abieta-5(10),6,8,11,13-pentaene12] showed physical and 
spectroscopic data identical (apart from the specific ro- 
tation) to those previously reported for prionitin, a natural 
diterpenoid isolated from the root of S. prionitb, to which 
structure 12 has been attributed on the basis of NMR 
spectroscopic studie~.'~ 

Results and Discussion 
Treatment of aethiopinone (1) with 80% sulfuric acid 

at 0 O C  for 5 min gave compounds 2 and 3 (39% and 14% 
yields, respectively), besides starting material (1, 25%). 
The m e  derivatives 2 and 3, but in a different ratio (5.8% 
and 68% yields, respectively), tugether with decomposition 
products, were also obtained when a solution of compound 
1 in benzene was treated with boron trifluoride etherate 
at room temperature for 3 h. 

The structure of the phenalene derivative 2 was in 
agreement with its 'H and 13C NMR spectra (see Tables 

(14) (a) Bakahi, B.; Mdchandani, N. B.; Shanknr, J. Phnta Med. 1988, 
52,408. (b) K m d ,  T.; Ooi, T.; Hayashi, T.; Kakisawa, H. Phytochem- 
istry 1986,24,2118. (c) H e w h ,  M.; Eugater, C. H.; Weber, H.-P. Helu. 
Chim. Acta 1976,58,1934. (d) Weber, H.-P.; Petcher, T. J.; Hemch, M.; 
Eugeter, C. H. Helu. Chim. Acto 1976,58,2009. 

(15) Blaek6, G.; Lm, L.-Z.; Cordell, G. A. J. Org. Chem. 1988,63,6113. 

620 
Figure 1. Computer-generated perspective drawing (ORTF~P) of 
compound 2. (Hydrogens are omitted for clarity.) 

I and 11, respectively), NOE experiments (see Table 111), 
and other spectroscopic and analytical data (see Experi- 
mental Section), and further confirmed by single-crystal 
X-ray diffraction analysis. Figure 1 shows the molecihr 
structure of one of the enantiomers of the racemic form 
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Chart I 

Cuadrado et al. 

201 - 6 

1 

19 1s 

2 R=H 3 R=O 
6 R=CI 4 R=aH,POH 

5 R=aOH,PH 

9 
10 R=Me 
13 R=H 

11 12 14  

Table 11. *% NMR Smctra of Compounds 2, 6, and 11' 
C 2 6 11 

1 26.56 tb 26.63 t 26.60 t 
2 23.70 t 23.58 t 23.67 t 
3 48.32 d 47.92 d 47.70 d 
4 93.58 a 93.65 a 93.60 a 
5 121.62 s 121.34 s 120.83 8 
6 126.28 d 127.31 d 126.10 d 
7 124.37 d 122.47 d 119.99 d 
8 132.74 a 131.36 a 124.90 a 
9 130.23 a 130.25 a 130.84 a 
10 129.11 a 129.39 a 129.49 a 
11 127.31 s 127.32 a 127.34 8 
12 152.27 a 152.85 s 152.16 8 
13 127.06 a 127.45 s 118.11 8 
14 122.08 d 124.78 s 153.26 8 
15 29.36 d 29.97 d 25.65 d 
16' 22.54 q 20.57 q 21.50 q 
17' 22.16 q 20.42 q 21.30 q 
18 28.03 q 27.97 q 28.05 q 
19 21.95 q 21.87 q 21.92 q 
20 18.74 q 18.82 q 18.86 q 
OMe 62.87 q 

(I At 50.3 MHz, in CDC13 solution. Chemical shifts are reported 
in ppm downfield from internal TMS. Assignments of carbons 
bearing hydrogen atoms were confirmed by heteronuclear *H-W 
2D COSY spectra. Quaternary carbons were assigned by aeries of 
selective INEPT  experiment^.'^ SFORD multiplicity. 
Interchangeable assignments. 

of compound 2. It is of interest to note that the two methyl 
groups attached to the C-4 position (Me-18 and Me-19) 
in 2 adopt a different spatial relationship with respect to 
the plane of the naphthalene part, Me-18 deviates from 
this plane by only 0.26 A, whereas Me-19 deviates by 1.94 
A. This structural feature is clearly reflected in the 'H 

NMR chemical shifts of these methyl groups, one of them 
(Me-18) appears downfield shifted (6 1.73) with respect to 
the other one (Me-19, 6 1.18) as a consequence of the 
magnetic anisotropism of the naphthalene moiety.16 

The formation of compound 2 may arise by a mecha- 
nistic pathway related to that proposed for compounds 6 
and 11 (see below, Scheme II), where aethiopinone (1) may 
act as the reducing agent. This assumption ie in agreement 
with the appreciable amount of unrecovered material ob- 
served in these reactions (see the Experimental Section). 

The structure of 2 is closely related to phenalen-8-one 
derivatives such as compound 9, which have already been 
obtained from abietane diterpenoids'Qd by a rearrange- 
ment reaction catalyzed by acids. A mechanistic pathway 
previously proposed" for this reaction postulates 4,5- 
seco-20(10-5)-abeo-abietane derivatives, like aethiopinone 
(I), as key intermediates for this transformation. 

Combustion analysis and low-resolution mass spec- 
trometry indicated a molecular formula C19Hz40 for com- 
pound 3. Its IR spectrum showed strong absorption for 
a conjugated ketone function (1655 cm-') together with 
characteristic bands of an aromatic moiety (3050, 1625, 
1590 cm-I). Intense absorptions in the UV spectrum a t  
A- (log t) 209 (4.37), 218 (3301,238 (3.89),243 (3.891, and 
317 (4.16) nm suggested'* the presence of a substituted 
cinnamoyl chromophore in the molecule of 3. The 'H 
NMR spectrum (see Table I) of this substance indicated 
the presence of an isopropyl group (6 1.16,6 H, d, J = 6.9 
Hz; 6 3.22, 1 H, septet of d, J1 = 6.9 Hz, J2 = 0.7 Hz), an 
aromatic methyl (6 2.25 br s), and another methyl group 
(6 1.21) attached to a fully substituted sp3 carbon atom and 
long-range coupled (d, J = 0.6 Hz) with a methylene proton 
(6 2.89 dd, Jgem = 15.0 Hz, JlowrangS = 0.6 Hz) whose proton 
partner resonated at  6 2.55 as a doublet (J = 15.0 Hz). 
Moreover, this spectrum also showed signals of two ortho 
aromatic protons (6 7.16 br d, and 7.06 br d, J = 7.7 Hz) 
and an olefinic proton (6 7.03 d, J = 0.7 Hz). Extensive 
decoupling experiments, together with the homonuclear 
COSY spectrum of compound 3, allowed the establishment 
of the partial structure of rings B and C of formula 3 
(Chart I). On the other hand, from the above data and 
the degree of unsaturation it was apparent that the mol- 
ecule possessed three condensed rings and that the re- 
maining three carbons and six hydrogens were involved 
in the third ring, closed at the C-4 and C-10 positions, 
thereby establishing structure 3 for this substance. This 
conclusion was also supported by a one-proton signal at  
6 2.76 (ddd, J1 = 15.0 Hz, Jz = 4.9 Hz, J3 = 4.2 Hz) which 
was assigned to the pseudoequatorial C-la benzylic proton, 
coupled with the C-2 methylene grouping of compound 3. 
The C-lS, C-2, and C-3 methylene protons appeared ov- 
erlappedlS in the 'H NMR spectrum of 3, but its homo- 
nuclear COSY spectrum showed a coupling pattern only 
compatible with three consecutive methylene groups. 

In addition, sodium borohydride reduction of 3 yielded 
two C-12 epimeric alcoholsm (compounds 4 and 5), the 'H 

(16) In the crystalline state, the naphthalene moiety of compound 2 
(rings B and C, see Figure 1) is almost planar, with maximum deviations 
of 0.04 A. Rings A and D present envelope conformations with the flap 
at C-2 and (2-4, respectively. The dihedral angles between rings A/B, 
A/C, A/D, B/C, and C/D are 8O, go, 1l0, 3O, and 1l0, respectively. There 
are no unusually short intermolecular contacts in this crystalline struc- 
ture. 

(17) Thomson, R. H. Naturally Occurring Quinones, III, Recent Ad- 
uances; Chapman and Hall: London, U.K., 1987, p 613. 

(18) Scott, A. I. Interpretation of the Ultraviolet Spectra of Natural 
Products; Pergamon Press: London, U.K., 1964; pp 107 and 122. 

(19) The C-2 and C-3 methylene protons resonated as a complex 4 H 
signal between 6 1.60 and 1.95, whereas H-16 appeared overlapped with 
the H-18a proton at 6 2.55. 
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Table 111. Nuclear Overhauser Effect Experiments on Compounds 2,6,10, and  11" 

no. (proton) H-la H-2a H-6 H-7 H-14 H-15 Me-16, Me-17 Me-18 Me-19 Me-20 OMe 
observed NOE enhancement* irradiation 6 

2 7.36 (H-14) ++ ++ +++ 

6 7.85 (H-7) +++ 
2.37 (Me-20) + ++ -C 

1.18 (Me-19) + + -C 

7.14 (H-6) +++ ++ 
2.37 (Me-20) + + 

2.37 (Me-20) + + +c 

10 3.96 (OMe) + + + + 
11 3.88 (OMe) + + ++ 

nMeasured at 300 MHz, by the FT difference method. *The signs (+I, (++I, and (+++I denote weak (1-4%), medium (4-7%), and 
strong (>8%) positive NOE enhancements, respectively. The sign (-) denotes a weak negative (<3%) NOE enhancement. CThese weak 
NOE enhancements could be caused by transference NOE. 

Scheme I 
r 

1 

L 

[4+21 

n 
t 

J 

L 

3 

NMR spectra of which (Table I) showed their (2-12 protons 
as double doublets at 6 4.36 (J1 = 6.9 Hz, Jz = 5.3 Hz) and 
6 4.44 (J1 = 8.4 Hz, Jz = 8.0 Hz), respectively, whereas the 
C-18 methylene protons displayed the typical pattern of 
an ABX system (see Table I). Finally, the 13C NMR 
spectra of compounds 3 and 4 (see the Experimental 
Section) were in complete agreement with the proposed 
structures. 

The formation of a compound such as 3 starting from 
aethiopinone (1) is not surprising and should be ration- 
alized as the addition of a pentadienyl cation moiety, ar- 
ising from the o-quinone ring of aethiopinone, to the 2u 
electron alkene group in the side chain and subsequent loss 
of carbon monoxide, as it is outlined in Scheme I. An 
identical [4 + 21 cycloaddition has been proposedz1 to 
explain the thermal rearrangement of perezone into the 
pipitzols.22 

On the other hand, when a solution of aethiopinone (1) 
in dioxane was treated with concentrated hydrochloric acid 
at  80 "C for 3 h, five substances (2,6-9) were obtained, 

(20) The C-12 epimeric alcohols 4 and 6 were obtained in a 7:l ratio, 
respectively. We suppose that the major alcohol (4) is the IZg isomer, 
because the ring C of compound 3 adopts an envelope conformation in 
which the (3-12 keto function is the flap, in a trans spatial relationship 
with the C-19 methyl group. In this conformation the g face of the 
carbonyl group shows a strong steric hindrance with ring B and, conse- 
quently, a moat favored exo attack of the reducing reagent from the a side 
can be expected. (See the Dreiding's molecular model of 3.) 

(21) Woodward, R. B. Aromaticity; The Chemical Society Publication 
No. 21: London, U.K., 1967; pp 241-242. Joseph-Nathan, P.; Mendoza, 
V.; Garcia, E. Tetrahedron 1977,33,1573. 

(22) Walls, F.; Padilla, J.; Joseph-Nathan, P.; Giral, F.; Escobar, M.; 
Romo, J. Tetrahedron 1966, 22, 2387; Tetrahedron Lett. 1965, 1577. 

together with major quantities of several unidentified 
decomposition products. The previously synthesized 
phenalene derivative 2 (see above) was a minor constituent 
(4.7% yield), but its 14-chloro derivative 6 was the most 
abundant product (29.5% yield) of this reaction, which also 
gave an inseparable 1:2 mixture (7.9% yield) of the natu- 
rally occurring p-benzoquinone salvipisonellb (8) and ita 
isomer 7, respectively (see the Experimental Section). In 
addition, this reaction also yielded minute amounts of the 
phenalen-&one 9 (3% yield), previously known as a syn- 
the ti^'^^^^ and n a t ~ r a l l ~ ~ i ~  product (~alvilenonel~~). 

Compound 6 (C&230Cl) had 'H and '3c NMR spectra 
almost identical to those of derivative 2 (see Tables I and 
11), and the observed differences [e.g. downfield shift of 
the (2-15 proton in 6 (6 3.74) with respect to 2 (6 3.14), 
absence of the signal of the aromatic (3-14 proton in 6, a 
higher upfield resonance of the C-16 and (2-17 carbons in 
6 than in 21 clearly revealed that these compounds were 
identical except for the substituent at the C-14 position, 
namely an hydrogen in 2 and a chlorine atom in compound 
6. Scheme I1 shows a plausible mechanistic pathway for 
the formation of the derivative 6 starting from aethio- 
pinone (1). 

We next turned our attention to the striking similarity 
of the 'H and '3c NMR spectra of compound 6 with those 
previously reported16 for prionitin, a diterpene isolated 
from the root of S. prionitis, to which structure 12 was 
attributed on the basis of spectroscopic studies. In fact, 
these spectra are identical, apart from small differences 
in the chemical shift values, and the absence in the spectra 
of compound 6 of the signals corresponding to the meth- 
oxy1 group of prionitin (12). Consequently, we decided to 
obtain the C-14 methoxyl derivative of compound 2 by a 
nucleophilic aromatic substitution reaction on ita 14chloro 
derivative 6. Unfortunately, several attempts for achieving 
this transformation were unsuccessful, even when the 
derivative 6 was fused with sodium methoxide or treated 
with this reagent in HMPA solution.23 However, when 
a methanolic solution of aethiopinone (1) was treated with 
boron trifluoride etherate at  room temperature for 24 h, 
two compounds (10 and 11) were obtained in 34 9% and 3 7% 
yields, respectively. The major product poeseased structure 
10, supported by its IR, UV, 'H and 13C NMR, and mass 
spectra data (see the Experimental Section) as compared 
with those of compound 13, a rearranged derivativeua of 
the abietane diterpenoid fueratione (14), found in Fuerstia 
africanu (Labiatae)." In particular, the result of the NOE 
experiment shown in Table I11 clearly established the 

(23) Shaw, J. E.; Kunerth, D. C.; Swanson, S. B. J.  Org. CheM. 1976, 
41, 132. 

(24) (a) Karanatsios, D.; Scarpa, J. S.; Eugster, C. H. Helv. Chim. Acta 
1966,49,1151. (b) Karrer, P.; Eugster, C. H. Helu. ChiM. Acta 1962,35, 
1139. 
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T \ P H  

+X- 

21 

c 
Figure 2. Computer-generated perspective drawing (ORTEP) of 
one of the enantiomers of racemic prionitin (11). (Hydrogens are 
omitted for clarity.) 

attachment of the methoxyl group to the (3-12 position of 
compound 10. 

The other product obtained in the reaction of aethio- 
pinone with BF,-EhO in methanol solution (1 1) showed 
IR, UV, lH and 13C NMR, and mass spectra absolutely 
identical2s with those reported for prionitin (see Tables 
I and 11, Experimental Section, and ref 15), although it was 
devoid of optical activity  CY]'^^ Oo (c 1.34, CHCl,); 
prionitin:16 [alD -11.9O (c 0.042, Me0H)I because 11 is a 
racemate. However, in the light of the sure structures of 
compounds 2 and 6 discussed above, all the spectroscopic 
data of the racemic compound (Tables 1-111 and Experi- 
mental Section) are in complete agreement with structure 
11, whose plausible formation from aethiopinone is out- 
lined in Scheme II. This conclusion was corroborated by 
the molecular structure obtained for the synthetic samples 
of compound 11 by a single-cryetal X-ray diffraction% (see 
Figure 2). 

The need to revise the structure of prionitin was also 
established through an examination of the heteronuclear 
multiple bond connectivity (HMBC) spectrumn obtained 

(25) In accordance with the SFORD spectrum of compound 11, the 
carbon atom rwnancea at d 41.10 d and 62.87 q must be wigned to the 
C-3 methine and the methoxyl carbons, respectively. These assignments 
are reversed in ref 15, where the multiplicity of the carbons w a ~  estab- 
lished by the APT spectrum. 

(26) In the crystalline ntate compound 11 powe.8~ ita rinp B and 
C (Figure 2) h a t  planar (maximum deviatiom of 0.04 A). R i  A and 
D present the same conformations that in compound 2 (see footnote 16) 
and the dihedral angles between rings A/B, A/C, AID, B/C, and CQD 
are 9O, loo, 1l0, 3O, and 1l0, respectively, identical mth those found' m 
2, except for the angles between ringa A/B and A C. Moreover, the 
deviations from the plane of the C-18 (0.28 A) and d -19 (1.94 A) methyl 
groups are identical in both compounds (2 and 11). 

6 Xlcl 
11 X-OMe 

on a sample (1.7 mg) of the racemic material. Using a J 
value of 7 Hz, three bond correlations were observed be- 
tween the OCH, and (2-14 and between the isopropyl 
methyl groups and (3-13. Similarly, the aromatic protons 
H-6 and H-7 showed correlations with C-8 and C-10, and 
C-5 and C-9, respectively. With these relationships es- 
tablished, the crucial observations were the correlations 
observed between H3-20 and C-6, and C10, and even more 
importantly, the unambiguous correlations observed be- 
tween H-15 and the two oxygenated carbons C-12 and (2-14 
in 11. The latter are key in distinguishing 11 from 12 and 
in affming that 11 is indeed the correct structure of 
prionitin. 

Finally, comparison (TLC behavior as well as 'H and '9 
NMR spectral comparison) of natural prionitin and ita 
synthetic racemic form (1 1) confirmed the identity. From 
all the above data, it  was evident that structure 12 pre- 
viously assigned to prionitin should be changed to 11. 

It is important to note that, from a biosynthetic point 
of view, phenalene derivatives, such as prionitin (1 l), must 
be considered as compounds of natural origin, arising from 
abietane diterpenes via 4,5-seco-20(10+5)-abeo-abietane 
derivatives like aethiopinone (l), by an enzymatic process 
which controls the chirality, because natural prionitinls 
shows optical activity, thus excluding ita formation as an 
artefact. 

Experimental Section 
Melting points were determined in a Kofler apparatus and are 

uncorrected. Low-resolution mass spectra were obtained at 70 
eV (mode EI, solid probe). 

Starting material (1, aethiopinone) was available from previous 
studies.llbJ3 
Compounds 2 and 3 from Aethiopinone (1). H@04 (80%, 

120 A), cooled at 0 "C, was added to aethiopinone (1,2 g, without 
solvent), and the mixture was vigorously stirred at 0 OC for 5 min. 
Then, the reaction mixture was dropwiee added to icewater (500 
mL) under vigorous stirring. After a further 0.5 h, the reaction 
mixture was extracted with EhO (5 X 200 mL). The organic 
extract was dried (Na@04), filtered, and evaporated to dryness. 
The residue (1.85 g) was chromatographed on a silica gel (deac- 
tivated with 15% H20, w/v) d u m n  eluted with n-hexane, yielding 
compound 2 (0.74 g, 39%). Further elution with n-hexane-WAC 
(491) successively gave compound 3 (255 mg, 14% yield) and 
starting material (1, 0.5 g, 25%). 

To a benzene (200 mL) solution of aethiopinone (1,2 g) was 
drepwise added BF3.Eh0 (10 mL) under stirring at rt for 3 h. 
Then, the reaction mixture was diluted with H20 (500 mL) and 
extracted with EhO (5 X 150 mL). Workup in the usual manner 
yielded, after column chromatography, compounds 2 (80 mg, 5.8% 
yield) and 3 (900 mg, 58% yield). 

(3-rac )-4,12-Epoxy-3,1 l-cyclo-4,S-reco-20( 10--6)-abeo - 
abieta-s(lO)~~,ll,l3-pentasne (2): mp 87-88 OC (MeOH); [CY]~D 
0' (c, 3.1, CHC1,); IR (KBr) 3040, 2970,2930, 1655, 1605,1525, 
1425,1370,1250,1100,875,820,780,770 cm-'; UV (MeOH) nm 
(log c) 219 sh (4.461, 241 (4.78), 243 (4.79). 280 (3.591, 291 (3.73), 

(27) Bax, A.; Summers, M. F. J. Am. Chem. SOC. 1986, 108, 2093. 
Summers. M. F.: Marzilli, L. G.: Bax. A. Zbid. 1986,108,4285. Bax. A.: 
A", A.; Dinya, 2.; Sudo, K;Zbid; 1986, 108, M56. 
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intensity) 312 (M+, 20), 294 (12), 244 (82), 229 (17), 128 (15), 69 
(loo), 41 (32). CzoHH03: M, 312. 

Salvilenone" (9): mp 140-141 "C (n-hexane); IR (KBr), W 
(MeOH), 'H NMR (300 MHz, CDC13), and MS identical with 
those previously reported for the synthetic1&Pd and natural lCsb  
product (mp 141 "C).14@* 

Compounds 10 and 11 [ r e c - P r i ~ n i t i n ~ ~ ]  from Aethiopinone 
(1). To a solution of aethiopinone (1, 2 g) in MeOH (150 mL) 
was added BF,.EhO (10 mL), and the mixture was stirred at rt 
for 24 h. The reaction mixture was diluted with H20 (500 mL) 
and extracted with Et20 (6 X 100 mL). The extract was dried 
(Na2S04) and evaporated to dryness. The residue (1.3 g) was 
subjected to column chromatography (silica gel deactivated with 
15% H20, w/v, n-hexane as eluent) giving compounds 10 (725 
mg, 34%, less polar constituent) and 11 (64 mg, after crystallimtion 
from MeOH, 3% yield). 

4,ll-Epoxy- 12-met hoxy-4,5-seco-20( 10+5)-abeo -abieta- 
5(10),6,8,11,13-pentaene (10): thick oil; IR (NaCl) 3050, 2970, 
1605,1565,1500,1460,1410,1360,1260,1120,1020,945,880,825, 
790 cm-'; UV (MeOH) nm (log e) 219 sh (4.73), 238 (5.19), 290 
sh (4.08), 297 (4.10); 'H NMR (300 MHz, CDClJ 6 7.48 br d, J 
= 8.3 Hz (H-7), 7.34 br s (H-14), 7.14 br d, J = 8.3 Hz (H-6), 3.96 
s (OMe), 3.35 septet d, J1 = 6.9 Hz, J2 = 0.7 Hz (H-15), 2.43 br 
s (Me-20Ll.60 s and 1.13 s (Me-18 and Me-19),1.29 d and 1.28 
d, J = 6.9 Hz (Me-16 and Me-17); 13C NMR (50.3 MHz, CDC13) 

(C-15),23.46 q (C-l6), 23.08 q (C-17),26.37 q (C-18 or 19),26.92 
q (C-19 or 18), 19.95 q (C-20), 60.50 q (OMe), quaternary sp2 
carbons at 6 142.78,140.63,132.26,131.36,130.38, and 126.41 (C-5, 
8-11, and 13, without assignment); MS m/z  (re1 intensity) 312 
(M+, 211, 243 (loo), 215 (25), 185 (6),68 (16). Anal. Calcd for 
C21H2802: C, 80.73; H, 9.03. Found: C, 80.65; H, 9.09. 

0" (c 1.02, 
CHCl,); IR (KBr), UV (MeOH), 'H and 13C NMR (see Tables 
I and 11, respectively), and MS superposable with those of natural 
(-)-pri~nitin'~ [mp 98-100 "c; [a]D -11.9" (c 0.042, MeOH)]. Anal. 
Calcd for CZ1HBO2: C, 81.25; H, 8.44. Found C, 81.29, H, 8.39. 
Comparison ('H and 13C NMR, TLC) between compound 11 and 
natural p r i~ni t in '~  confirmed the identity. 

Spectral Analysis of rac-Prionitin. A sample (1.7 mg) of 
11 was dissolved in CDC13 (0.3 mL, 99.8% D) in a 5-mm NMR 
tube. Some NMR spectra were recorded at 25 "C on a GER 500 
spectrometer operating in the Fourier transform mode at 500.12 
MHz for protons and 125.76 MHz for carbons, respectively. 
Chemical shifts were determined relative to TMS employing the 
residual solvent peak as a reference (7.26 ppm for proton and 77 
ppm for carbon). All phase-sensitive 2D experiments were carried 
out in the hypercomplex mode. 

The 'H-detected heteronuclear multiple bond 'H-W corre- 
lation (HMBC) spectrumn was obtained using GE HMBCF3 pulse 
sequence. The data were collected in l k  X 512 data pointa, using 
a data acquisition of 64 scan X 512 incrementa in the tl. The 
spectral widths of 4400 and 15600 Hz were employed in the F2 
(for 'H) and F1 (for 13C) domains, respectively. The acquisition 
time was 13 h. Double Fourier transformation after zero filling 
yielded a data matrix of l k  X Ik with a resolution of 4.3 Hz in 
proton and 15.2 Hz in carbon. Sine bell windows shifted by 90" 
and 90° were applied for proton and carbon dimension, respec- 
tively, prior to Fourier transformation. 

X-ray Structure Determination of Compounds 2 and 11. 
The crystal samples of both compounds are colorless flattened 
prisms. Table IV (see the supplementary material) summarizes 
the crystal data and data collection characteristics for compounda 
2 and 11. The data were corrected for Lorentz and polarization 
effects, but not absorption correction was applied. The structures 
were solved by direct methods, using MIJLTAN~ and D ~ J F . "  All 

6 26.93 t (C-l), 23.02 t (C-2), 33.50 t (C-3), 83.96 8 (C-4), 128.00 
d (C-6), 125.66 d (C-7), 151.69 8 (C-12), 120.45 d (C-14), 27.76 d 

rac-Prionitin (11): mp 102-104 "c (MeOH); 

303 (3.67),326 (3.39), 340 (3.52); 'H NMR see Table I; '3c NMR, 
see Table II; MS m/z (re1 intensity) 280 (M+, 961, 265 ( l l ) ,  237 
(loo), 207 (111,179 (111,165 (11). Anal. Calcd for C&€210: C, 
85.66, H, 8.63. Found C, 85.40; H, 8.48. 

12-Keto-ll-nor derivative 3 thick oil; [a'$ 0" (c 4.7, CHClJ; 
IR (NaC1) 3050,2960,2930,1655 (ketone), 1625,1590,1465,1260, 
995,930, 835, 810 cm-'; UV (MeOH) nm (log e) 209 (4.37), 218 
sh (3.90), 238 (3.89), 243 (3.89), 317 (4.16); 'H NMR, see Table 
I; '3C NMR (50.3 MHZ,  CDClJ 6 27.75 t (C-l), 18.28 t (C-2), 40.05 
t (C-3), 33.79 s (C-4), 132.93 d (C-6), 127.72 d (G7), 199.08 8 (C-12), 
140.16 d (C-14), 28.22 d (G15), 22.84 q (C-lS), 22.05 q (C-17), 56.39 
t (C-l8),20.99 q (C-19L20.55 q (C-201, quaternary sp2 carbons 
at b 132.37,134.64,139.12,143.77, and 144.07 (C-5,8-10, and 13, 
without assignment); MS m/z (re1 intensity) 268 (M+, loo), 253 
(30), 225 (27), 198 (26), 183 (34), 165 (21), 155 (18), 43 (18). Anal. 
Calcd for ClgHHO C, 85.02; H, 9.01. Found: C, 84.89; H, 9.17. 

Sodium Borohydride Reduction of Compound 3 Alcohols 
4 and 5. To a solution of compound 3 (200 mg) in MeOH (20 
mL) was added an excess of NaBH4, and the reaction mixture 
stirred at rt for 4 h. Workup in the usual way gave a residue (190 
mg), which was subjected to column chromatography [silica gel, 
n-hexane-EtOAc (491) as eluent] giving compounds 4 (165 mg, 
less polar constituent, 82% yield) and 5 (23 mg, 11.7% yield).20 

12/3-Hydroxy-ll-nor derivative 4 thick oil; IR (NaC1) 3450 
(OH), 3050,2930,1660,1645,1590,1465,1380,1070,1045,875, 
810 cm-'; UV (MeOH) nm (log e) 208 (4.34), 245 sh (3.89), 264 
(4.01), 295 (3.61); 'H NMR, see Table I; 13C NMR (50.3 MHz, 
CDClJ 6 28.50 t (C-1), 18.63 t (C-2), 41.77 t (C-3), 36.31 8 (C-4), 
124.56 d (C-6), 126.80 d (C-7), 71.06 d (C-12), 128.98 d (C-14), 
30.43 d (C-15), 22.82 q (C-l6), 22.75 q (C-17), 53.46 t (C-18), 26.67 
q (C-19),20.20 q ((2-201, quaternary sp2 carbons at 6 134.23,134.88, 
135.10,143.22, and 147.83 (C-5,8-10, and 13, without assignment); 
MS m/z (re1 intensity) 270 (M+, 121, 255 (61, 252 (l), 227 (loo), 
199 (29), 171 (ll), 85 (20), 83 (31). Anal. Calcd for Cl9HB0 C, 
84.39; H, 9.69. Found C, 84.51; H, 9.42. 

l2a-Hydroxy-11-nor derivative 5: thick oil; IR (NaCl) 3340 
(OH), 3050,2930,1660,1590,1465,1385,1035,1015,1000,970, 
945,890,810 cm-'; W (MeOH) nm (log e) 215 (4.30), 260 sh (4.17), 
267 (4.21), 277 (4.08); *H NMR, see Table I; MS m/z (re1 intensity) 
270 (M+, 12), 255 (4), 252 (24), 237 (35), 227 (loo), 199 (25), 171 
(12), 165 (20), 57 (43). Anal. Calcd for ClgHZ60: C, 84.39; H, 
9.69. Found: C, 84.43; H, 9.73. 

Reaction of Aethiopinone (1) with Hydrochloric Acid 
Compound6 2,6,7,8 (Salvipisonellb), and 9 (Salvilenone"). 
To a solution of aethiopinone (1, 700 mg) in dioxane (150 mL) 
was added concentrated HCl acid (7 mL), and the mixture stirred 
at  rt for 3 h. Then, the reaction mixture was diluted with H20 
(200 mL) and extracted with EhO (5 X 100 mL). The extract 
was dried (Na2S04) and evaporated to dryness giving a residue 
(625 mg), which was chromatographed on a silica gel column. 
Elution with n-hexane gave 6 (220 mg, 29.5% yield, less polar 
constituent) and 2 (31 mg, 4% yield). Further elution with n- 
hexaneEtOAc (955) successively yielded a 2 1  mixture of 7 and 
8 (58 mg, 7.9% yield) and 9 (21 mg, 3% yield). 

(3-rac )-4,12-Epoxy- 14-chloro-3,l l-cyclo-4,5-seco-20( l e -  
5)-ebeo-abieta-5(10),6,8,11,13-pentaene (6): mp 130-132 OC 

1620,1600,1575,1510,1460,1400,1370,1250,1050,855,835,785, 
775 cm-'; W (MeOH) nm (log e) 221 (4.39), 241 (4.57), 297 (3.71), 
310 (3,721,333 (3.48), 347 (3.60); 'H NMR, see Table I; '3c NMR, 
see Table II; MS m/z (re1 intensity) 316 and 314 (M+, 33 and 100, 
respectively), 273 (35), 271 (801, 221 (211,205 (21), 189 (181, 165 
(15), 43 (18). Anal. Calcd for CzoHZ3OC1: C, 76.29; H, 7.36; C1, 
11.26. Found: C, 76.58; H, 7.15; C1, 11.35. 

12-Hydroxy-4,5-seco-20( 10+5)-abeo-abieta-3,5( 10),6,8,12- 
pentaene-llJ4-dione (7) and Salvipisonellb (8). Several at- 
tempts at isolating compounds 7 and 8 were unsuccessful. The 
'H and 13C NMR spectra of this mixture revealed that it was 
constituted by salvipisonellb (8) and ita A3 isomer (7) in a 1:2 ratio, 
respectively. These spectra showed all the signals previously 
reportedllb for salvipisone and those corresponding to compound 
7, which were identical to those of 8, except for the signals due 
to the 2-methyl-2-penten-5-yl side chain: 6" 5.28 br t, J = 7.3 
Hz (H-31, 1.72 d and 1.60 d, J = 0.9 Hz (Me-18 and Me-19); 6c 

q (C-l8),17.50 q ((2-19). The MS of the mixture showed m/z (re1 

(M&H); [CY]~D 0" (C 2.6, CHC13); IR ( m r )  3060,2965,2940,1640, 

27.80 t (C-l), 30.16 t (C-2), 123.72 d (C-3), 132.43 s (C-4), 25.68 

(28) Main, P.; Fiski, S. J.; Hull, S. E.; Lessinger, L.; Germain, G.; 
Declercq, J.; Woolfaon, M. M. MULTAN 80; Physic Department, Univ- 
ersities of York England, and Louvain: Belgium, 1980. 

(29) Beurskens, P. T.; Boeman, W. P.; Doesburg, H. M.; Gould, R. 0.; 
Van der Hark, T. E. M.; Prick, P. A. J.; Noordick, J. H.; Beurskens, G.; 
Parsthasarati, V.; Bruins, S. H. J.; Haltiwanger, R. C.; Smite, J. M. M. 
DIRDIF System; Crystallography Laboratory: Toemmiveld, Nijmegen, 
The Netherlands, 1984. 
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The stereospecific synthesis of the novel allenic cyclohexanoid epoxide 13 is reported. Key steps include 
Diels-Alder reaction between a 1,4-dioxygenatedbuta-l,3-diene 1 and a ketene equivalent 2 and the coupling 
of a mixed isopropenyl cuprate with propagylic sulfinate 10. 

Recently we reported the isolation of a novel allenic 
epoxycyclohexane 13l from the fungus Eutypa lata, the 
pathogen responsible for the vineyard dieback observed 
in recent years in Switzerland and France? The structure 
of 13 was elucidated by classic spectroscopic techniques 
and confirmed by an X-ray study. Due to the novel 
structure of 13 and the small quantity isolated, we thought 
it interesting to carry out its total synthesis, eventually 
with a view to assign ita absolute configuration by carrying 
out the synthesis enantioselectively. 

Compound 13 shows a large structural similarity to the 
recently isolated asperpentyn3 and contains the same ep- 
oxy-1,4-diol system found in e~penoxide.~ Our retrosyn- 
thetic analysis suggested a ketone of type 7 as a key in- 
termediate, which we thought would be obtainable by a 
Diels-Alder reaction between a 1,4dioxygenated butadiene 
and a ketene eq~ivalent.~ Most Diels-Alder reactions 
between dienes and ketene equivalents have been used to 
form bicyclic systems where the questions of double-bond 
migration and epimerization of the functionality a to the 
newly formed ketone have not posed problems. In our 
case, we needed to choose from among the wide range of 
available ketene equivalents one which would be trans- 
formed under conditions mild enough not to cause these 
problems. For the diene we chose the bis(sily1oxy) diene 

(1) Renaud, J.-M.; Tsoupras, G.; Stoeckli-Evans, H.; Tabacchi, R. 
Helv. Chim. Acta 1989, 72, 1262. 

(2) (a) Bolay, A.; Moller, W. J. Rev. Swiss Vitic., Arboric., Hortic. 1977, 
9,241. (b) Carter, M. V.; Bolay, A. Phytopath. Z. 1972, 75,187. Mauro, 
M. C.; Valiant, V.; Tey-Rulh, P.; Mathieu, Y.; Fallot, J. Am. J.  Enol. Vitic. 
1988,39,200. 

(3) Mllhlenfeld, A.; Achenbach, H. Phytochemistry 1988, 27, 3853. 
(4) Duke, R. K.; Rickards, R. W. J.  Org. Chem. 1984,49, 1898. 
(5) Ranganathan, S.; Ranaganathan, D.; Mehrota, A. K. Synthesis 

1977,289. 
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1 that Duke and Rickards used in their synthesis of eu- 
pen~xide .~  

Results and Discussion 
Heating the diene 1 with 1-acetoxy-1-cyanoethylene (2) 

in a sealed tube a 110 "C for 4 days gave the required 
cycloadducts 3a and 3b (ratio by NMR ca. 8:l). Recrys- 
tallization gave 3a in 50-65% yield. In most cases both 
unreacted diene and dieneophile could be recovered and 
reused. The double bond of the cycloadduct proved un- 
reactive to peracid under standard conditions (CH,Cl,, rt), 
probably due to the presence of two allylic oxygen func- 
tions, but heating 3a under reflux in dichloroethane with 
m-CPBA in the presence of a radical inhibitor6 gave a 
single epoxide 4 in quantitative yield. We were reIying on 
the directing influence of the two bulky TBDMS groups 
to give the epoxidation on the rear face of the molecule. 
That the epoxidation had in fact taken place in the desired 
manner was proven by the following NMR experiments. 
A NOE difference experiment based on the irradiation of 
the signal centered a t  6 1.75 led to a 7% enhancement of 
the signal at 6 4.12 (2-H) and an 8% enhancement of the 
triplet at 6 4.27 (5-H) leading its assignment as Hdendo. 
A second experiment irradiating the signal at 6 2.62 led 
to a 2% enhancement of the triplet at 6 4.27 (5-H) leading 
to its assignment as H-4exo. Irradiation of the signal at 
6 3.21 (6-H) revealed a W-type coupling (J = 0.7 Hz) with 
the signal at 6 2.62 (H-4exo). This information taken with 
the very small coupling constants Jla (0.5 Hz) and (1.3 
Hz) show that epoxidation had occurred on the required 
face of the molecule. Further NMR experiments were 

(6) Kishi, Y.; Aratani, M.; Tanino, H.; Fukayama, T.; Goto, T.; Inoue, 
S.; Sigiura, S.; Kakoi, H. J.  Chem. SOC., Chem. Commun. 1972, 64. 
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