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Abstract. The trans-syn-cis tri 
(8) was formed via a Diels- 2Y 

clic system, present in (+)-9BH- imara-7,19-diene 
lder reaction of enone aldehy X e 2 with 2-(tert- 

butyldimethylsilylox 
enol ether was de ormylated, reduced and acet lated Y 

)-3-methyl-1,3-butadiene. The resulting regiospecific silyl 
to the acetate 4. 

Stereoselective alkylation of the silyl enol ether with (I-chloroethyl)thio]benzene Jy 
followed by oxidation and elimination of the sulfoxide group, gave 6 with the B- 
oriented vinyl roup at C-13. A Wolff-Kishner reduction followed by dehydration 
afforded the ht e compound 8. *P 

Diterpenes with a 9BH-pimarane skeleton belong to a rather unusual class of natural products 

possessing a trans-syn perhydrophenanthrene system. Examples of such pimaranes are the 

momilactones A, B and C*, annonalide* and icaceins. As part of our investigations into the 

total synthesis of these compounds we now report on the synthesis of (i)-9BH-pimara-7,19- 

diene (8) which is probably one of the intermediates in the biosynthesis of photoalexines in 

rice*. 
Our synthetic approach is based upon the Diels-Alder reaction of enone aldehyde 2 with 2-(tert- 

butyldimethylsilyloxy)-3-methyl-1,3-butadiene. It was shown befo&6 that this approach gives 

the correct stereochemistry at C-9 and in addition it provides the desired regiospecific silyl enol 

ether which is directly suitable for alkylation at C-13. In our former study it was shown that the 

acetate group at C-7 prevents alkylation of the silyl enol ether 4 from the a-side thus securing 

the introduction of the vinyl precursor at C-13 from the desired B-side. The same acetate group 

at C-7 can be used lateron for the introduction of the A7ts double bond. 

The Diels-Alder reaction of the enone aldehyde 2 and 2-(tert-butyldimethylsilyloxy)-3-methyl- 

1,3-butadiene proceeded smoothly at room temperature with ZnCl2 as catalyst in nearly 
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a. NaH, HCOOEt; b. PhSeCI, pyr., &Q; c, H&=C(OSiM~tBu)C(CH$=CH2, ZnCI2; d, NaOEt, HOEt; 
e, LiAWU3u)3H; f, AC&. pyr., DMAP; g. H&CHCISPh, SnCl& h, NalO,, A ; i, H2N-N&, KOH, A; j, poc13, pyr. 

quantitatieve yield. When 3-methyl-2-trimethylsilyloxy-1,3-butadiene was used, the initially 

formed trimethylsilyl enol ether proved to be extremely labile and it was hydrolized very fast. 

This problem was effectively overcome by the use of a m-butyl-dimethylsilyloxy enol ether. 

The stereoselective reduction of the carbonyl group at C-7 was accomplished using tri-w- 

butoxyaluminium hydride and the resulting alcohol was acetylated with acetic anhydride and 4- 

(dimethylamino)pyridine as catalyst. 

In our former approach the silyl enol ether was alkylated with 2-ethoxy-1,3-dithiolane as a 

precursor for the vinyl group. In thii case a roundabout way involving reduction, reoxidation 

and finally complete reduction of the carbonyl group at C-12, proved necessary to achieve the 

desired situation at C-13 and C-12. We now have effected a substantial simplification for the 

introduction of the vinylgroup via Paterson alkylation of the silyl enol ether 4 with J(l- 

chloroethyl)thioJbenzene7. This reaction proceeded in 80% yield using SnC4 as catalyst and 

again the correct stereochemistry at C-13 was achieved. Oxidation of the sulfide in 5 and 

elimination of the sulfoxide group provided the vinylgroup in 6, now in a straightforward way. 

The Wolff-Kishner reduction of the carbonylgroup in 6 simultaneously gave the expected and 

desired saponifiaction of the acetate at C-7. Dehydration of the alcohol 7 with POC13 in pyridine 

finally yielded 9J3H-pimara-7,19-diene (8) in 28% overall yield from decalone 1. 

ACKNOWLEDGEMENTS 

The authors wish to thank C.J. Teunis and H. Jongejan for the mass spectroscopic data and A. 

van Veldhuizen for recording the *SC NMR and 300 MHz IH NMR spectra. 



Synthesis of (_+)-9/?H-pimara-7,19-diene 2775 

EXPERIMENTAL PART 

ctra were recorded on a 

cis-Qa-cisoid-4a.4~trans-Qb-3-(tert-Buhr)-l,4,4a.4b5,6.7.8.8a.lOa-decahvdro- 
~8.~tetramethvlnhenanthrenelO(9H)-on (3) 
A mixture of 11.0 g (50 mmol) of 21” and 11.2 g (56 mmol) of 2-(tert-but )-3- 
methyl-1,3-butadiene** was stirred for 16 h at room temperature with d 

ldimethylsilylox 
r 

ZnCl2 in 150 ml of toluene in a N2 atmos 
.75 g (57 mmol) o 

P 
here. The catal 

dry 

B 
st was filtered off and the solvent 

evaporated under reduced 
ellow oil *H NMR (C e 

ressure. This a forded 19.85 g ( 5%) of spectrosco icall pure adduct 
as a 4). 6 0 10 (s 3H)* 0 13 (s 3H)* 0 82 (s 3H)* 0 87 (s 3 R )* 0 &I (s, 9H). 110 
(S 3L). 1.52 (s 3H). 1 10-2.00 (m, iOH): 2.15-230 (6, 4$;‘9.43’(s, 1Hi. HR?vlS: &lcd (M+.)‘m/e 
4i8.2ti3, found 418.546. 

The adduct was dissolved in 250 ml of methanol and treated with 5.4 g (100 mmol) of sodium 
methoxide at room temperature. After 16 h the methanol was eva orated under reduced 
pressure. The residue was dissolved in water and worked up as usua . Flash chromate ra h P 
eluting with etroleum ether/ether (96/4) yielded 3 (18.3 g, 94%) as a colourless oil. Q#GU 
(CC4): 8 0.10 g, 3H); 0.13 (s, 3H); 0.82 (s, 3H); 0.84 (s, 3H); 0.90 (s, 9H); 1.25 (s, 3H), 1.53 (s, 3H); l.lO- 
2.00 (m, 1OH); 2.00-2.30 (m, 4H); 2.75 (br.s, 1H). HRMS: Calcd (M+.) m/e 398.2954, found 398.2955. 

cis-4a-cisoid-4aA~~ans-4b-lOa-Acetooxv-S-(tert-butvldimethvlsilvlo~~lAAa.4b5.6.7,8.8a,9.10.10a- 
dodecahvdro-2.4bE8.8~tetramethvlohenanthrene @ 
A solution of 10.0 
solution of 7.62 

(25.6 mmol) of 3 in 250 ml of dry THF was added over 10 min to a stirred 

0°C. After 16 h 
0 mmol) lithium tri-tert-butoxyaluminium hydride in 100 ml of dry THF at 

successive1 
ml of water, 6 ml of 4N sodium hydroxide and 3 ml of water were added 

esium 
obtained r 

. The mixture was dried by adding ma 
tgn 

sulfate directly. The crude product, 

The 
a ter filtration and evaporation of the so vent was used as such in the next reaction. 

P 
roduct, 10.2 g (lOO%), appeared to be s 

0.06 s, 3H); 0.77 (s, 3H); 0.85 (s, 3H); 0.96 (s, 5 x 
ectroscopicall 
H); 1.00 (s, 3 

pure. *H NMR (CCLQ): 8 0.03 (s, 3H); 
); 1.50 (s, 3H); 1.10-2.20 (m, 16H); 3.82 

(dd, J=3,4.5 Hz, 1H). HRMS: Calcd (M+.) m/e 392.3110, found 392.3109. 

The unpurified alcohol was dissolved in a mixture of 50 ml of pyridine and 50 ml of acetic 
anhydnde and 200 mg of 4dimethylaminopyridine was added. The reaction mixture was stirred 
for 48 h at room tern erature, the solvents were evaporated under reduced pressure and the 
residue was dissolve 8. m water. This mixture was worked up as usual and 
chromatography on silica gel elutin .lp 

urified by flash 

of the acetate 4 was obtained as a w ?Ii 
with petroleum ether/ether (98/2). A 
te crystalline solid, mp 71-72°C. H ’ 

e d of 8.29 g (75%) 
&R (CC4): 8 0.10 (s, 

3H); 0.13 (s, 3H); 0.77 (s, 3H); 0.85 (s, 3H); 0.91 (s, 9H); 1.01 (s, 3H); 1.45 (s, 3H); 1.10-2.10 (m, 15H); 
5.12 (br.s, 1H). HRMS Calcd (M+.) m/e 434.3216, found 434.3219. Anal: &H%@Si calcd C 71.84, 
H 10.67; found C 71.57, H 10.69. 

cis-4a-cisoid-4a,4b-~ans-4b-lO~-Acetoxv-~erhvdro-2~,4b8,8,~tetramethvl-26-vinvl-~henan- 
threne-3-one (6) 

(s. 3H): 1.15 (s. 3H): 1.30 (d. I=7Hz. 3H): 1.10-2.00 (m. 11H): 1.97 (s. 3H): 2.10-3.00 (m, 4H): 3.43 
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(q, J=7Hz, IH); 5.00 (br.s, 1H); 7X1-7.50 (m, 5H). HRMS (minor isomer): Calcd (MC*) m/e 456.2698, 
found 456.2699. 

The mixture of sulfides, 1.62 
9 

(3.55 mmol), was dissolved in 250 ml of methanol/water (90/10). 
Sodium periodate, 0.76 g (3.5 mmol), was added and the reaction mixture was stirred for 24 h at 
room temperature. The solvents were evaporated under reduced pressure and the residue was 
dissolved in dichloromethane. The solution was washed with water and the dichloromethane 
was evaporated. The crude mixture of isomeric sulfoxides was dissolved in toluene and 
refluxed for 2 h. The reaction mixture was worked up as usual and the residu was purified by 
flash chromate 

$ 
aphy on silica el elutin with 

1.00 (82%) of as a colourless or 9 lHNMli807? 
etroleum ether/ether @O/10). Thrs afforded 

3H);&rO-2.50 (m, 3H); 4.93 (dd, J=i.5,7Hz, 1H); 4.99 
(s, 6H); 1.03 (s, 6H); 1.10-2.00 (m, 12H). 1.94 (s 
cbr.s, 1H); 5.12 (dd, J=1.5,14Hz, 1H); 5.90 (dd: 

J=9,17Hz, 1H). HRMS: Calcd (M+.) m/e 346.2508, found 346.2520. 

(m, 16H); 3.90 (br.s, 1H); 4.78 (dd, J=6, lHz, 1H); 4.94 (dd, J=lZ, lHz, 1H); 5.85 (dd, J=lO, 17Hz, 1H). 
HRMS: Calcd (M+.) m/e 290.2610, found 290.2604. 

cisoid-4a-4b-trans-4b-l.23.4.5.6.7.8.8a,9-Dod~ahvdro-2a.4b~.8.&tetramethvl-26- 
vinvlphenanthrene (8) J96H-Pimara-7,19-diene(S)J 
A solution of 40 mg (0.13 mmol) of alcohol 7 in 5 ml of pyridine was treated with 0.2 ml of 
phosphorus o chloride at 0°C. After 10 min the reaction mixture was diluted with 100 ml of 
water and acl ifred with 5 ml of concentrated hydrochloric acid. After the usual work up 

7. 

procedure the residue was purified by flash chromatograph 
A 

usin petroleum ether as eluent. 

0. 5x 
‘eld of 30 mg (89%) of 8 was obtained as a colourless or . -r ‘H I&R (300 MHz): 60.89 (s, 3H). 
(s, 3H); 0.91 (s, 3H); 0.94 (s, 3H); 1.10-2.0 (m, 16H)* 4.86 (dd, J=ll, lHz, 1H); 4.93 (dd, J=18,1Hz: 

IH); 5.31 (br.d, J=6Hz, 1H); 5.83 (dd, J=lS, llHz, 1H). iv NMR: 8 18.85 (t). 21.88 ( )* 22.13 ( )* 22.72 
( )* 23.85 (t); 25.01 (t); 32.89 (s); 33.50 (q); 35.24 (s); 36.84 (t); 37.94 (t); 38.82 (s); 4&l (t); 41.67 (d). 
8’ 4 .ll (t); 55.33 (d); 109.07 (t); 119.93 (d); 136.81 (s); 150.54 (d). MS m/e 272 (M+*, 100); 257 (77); 243 

(22); 229 (16); 203 (18); 187 (23); 161(18); 148 (46); 133 (25); 124 (25); 119 (32); 109 (52); 105 (34). 
HRMS: Calcd &I+.) m/e 272.2504, found 272.2504. 

la 

b 

2 

3. 
4. 
5. 
6. 

7. 
8. 

9. 
10. 
11. 
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