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i-ciac&isaisis utasic solution washec wmn etr-er $ acidified with 

hydrochloric acid and extracted with ether. After drying 

over anhydrous sodius sulfate, the ether extract was evaporated 
to yield 0.30 ge of yellow oily acid LVe 

The crude acid was chromatographed on silica. Elution 

with 1:4 ether-benzene yielded an oily solid which was converted 

to the lactone LIV by sublimation at 175° (2 nan.). Chromato

graphy of the crude lactone on silica and elution with 1:19 

ether-benzene, followed by 6 crystallizations from hexane and 

sublimation at 140° (1 mm.) gave the pure lactone LIV as white 

crystals, m.p. 114-115°. 

Analysis 

Calculated for C^gHg^O^: C, 74.97; H, 8.39, Found: C, 

75.32; H, 8.18. 

Infrared spectrum 

See Figure 1. 

Nuclear magnetic resonance spectrum 

See Figure 9. 

Optical rotation 

[<*]" - 254° (C, 2.59) 
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Drimic Anhydride (LVI) 

A solution of 1.70 g. of crude acid LV3 obtained directly 

from the Baeyer-Villiger oxidation of 7-keto-0-methylpodo-

carpane (LIII), in 200 ml. of methylene dichloride was ozon

ized at room temperature for 3 hours. The resulting solution 

was added slowly to a stirring mixture of 6.0 g. of sodium 

hydroxide and 40 ml. of 30% hydrogen peroxide in 100 ml. of 

water. The stirring was continued for 12 hours at room tem

perature with conconsaitant evaporation of the methylene di

chloride. The basic solution was washed with ether, acidified 

with hydrochloric acid and extracted with ether. After washing 

with water and drying over anhydrous magnesium sulfate, the 

ether extract was evaporated yielding 0.47 g. of oily, crude 

drimic acid (XXXI). 

Refluxing of the acid in 25 ml. of acetic anhydride for 

1 hour and evaporation of the acetic anhydride under vacuum gave 

an oily residue which was chromatographed on silica, Elution 

with 1:20 ether-benzene, followed by sublimation at 120° (1 mm.) 

gave 0.28 g. (22%) of drimic anhydride (LVI). After four cry

stallizations from hexanss the anhydride became isotropic at 

66=66.5° and melted at 112-113°. 

Analysis 

Calculated for C-, 2H18°3: C> 68.54; H, 8.63. Found: C, 

68.54; H, 8.49. 
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Infrared spectrum 

See Figure 1. 

Nuclear magnetic resonance spectrum 

See Figure 9. 

Optical rotation 

jY]*5 - 46.6° (C, 3.77) 

Drimic Acid (XXXI) 

A solution of 0.182 g. of drimic anhydride (LVI) in 20 ml, 

of 957c ethanol and 20 ml. of 10% sodium hydroxide was re fluxed 

for 0.5 hours and the ethanol removed by distillation. The 

remaining basic solution was acidified with hydrochloric acid 

and extracted with ether. The ether extract was washed with 

water, dried over anhydrous magnesium sulfate and evaporated to 

yield 0.198 g. (100%) of drimic acid (XXXI) which, after recry

stallization from hexane s gave a melting point of 166-168°; 

reported^* m.p. 167-168°. 

Infrared spectrum 

Maxima; 5.55 (s), 5,70 (s)yg/(CHClg)o 
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Optical rotation 

[cff25 - 6.5° (Cs 11 e44) (acetone); reported23 rJl^S _ cO 
L Jrv 8 ' 3 

Dehydroabietane (LX) 

Lithium aluminum hydride, 1,25 g,, was added slowly to 

a stirring cold solution of 25.0 g. of dehydroabietonitrile 

(LVII) in 250 ml. of ether. After stirring for 10 minutes, 

curing which time a white precipitate formed, the excess lith

ium aluminum hydride was decomposed by the dropwise addition 

of water. The mixture was then acidified with 50 ml. of 5% 

hydrochloric acid, dropwise at first, and then with concen

trated hydrochloric acid. After stirring at room temperature 

for 0.5 hours, the ether layer was separated, washed with 5% 

hydrochloric acid, water, and dried over anhydrous magnesium 

sulfate. Evaporation of the ether afforded 24.9 g. of crude 

oily aldehyde LÏX. 

A mixture of the crude aldehyde and 100 g. of 95% hydra

zine in 300 ml. of diethylene glycol was refluxed for 6 hours. 

The excess hydrazine was then distilled off until the temper

ature of the solution reached 200°. The cooled solution was 

treated with 150 g. of potassium hydroxide, heated slowly with 

stirring until the potassium hydroxide had dissolved and re-

fluxed for 3 hours. The cooled mixture was diluted with 1 

liter of water and extracted with ether. After washing with 
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was evaporated yielding 22,0 g, of a green oil. A solution 

of the latter in 100 ml. of hexane was rapidly chrcsatcgraphed 

on 100 g. of alumina and eluted with 500 ml. of hexane. Evapor

ation of eluant gave 17.4 g. (70%) of dehydroabietane (LX), 

m.p. 38-42°; reported3** m.p. 41-44°. 

7-Ketodehydroabietane (LXI) 

A solution of 13.5 g. of chromic anhydride in 60 ml. of 

80% acetic acid was added to a stirring ice-cooled solution of 

24.6 g. of dehydroabietane (LX) in 300 ml. of acetic acid. The 

mixture was stirred at room temperature for 6 hours, diluted 

with 1.5 liters of water and extracted with ether. After re

moving the acetic acid by repeatedly washing with 5% sodium 

hydroxide and drying over anhydrous magnesium sulfate, the ether 

extract was evaporated yielding 23.8 g. of an orange oil. Chro

matography of the resulting oil on alumina and elution with 

hexane produced 7=4 g. (30%) of unreacted dehydroabietane (LX). 

Further elution with 1:1 hexane-benzene gave 12.7 g. (48%) of a 

yellow solid. Crystallization of the latter from hexane yielded 

n 0% 
pure 7-ketodehydroabietane (LXI), m.p. 92-93"; reported m.p. 

83-84°. 
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Baeyer-Villiger Oxidation of 

7-Ketodehydroabietane (LXI) 

A stirring ice-cooled mixture of 11.0 g. of 7-ketodehydro= 

abietane and 11.0 g. of anhydrous disodium hydrogen phosphate 

in 300 ml. of methylene dichloride was treated with a cold 

solution of 18.5 ml. of trifluoroacetic anhydride and 2.2 ml. 

of 90% hydrogen peroxide in 100 ml. of methylene dichloride. 

After warming to room temperature, the mixture was refluxed 

for 2 hours, washed with 5% sodium hydroxide and dried over 

anhydrous magnesium sulfate. Evaporation of the solvent yield

ed 10.6 g. of red oil which was chromatographed on silica. 

Elution with benzene produced 7.7 g. of a yellow solid whose 

two crystallizations from hexane gave 5.9 g. (51%) of white 

crystalline lactone LXII, m.p. 86.5-87.5°. 

Analysis 

Calculated for C20H28°2: 79.95; H, 9.39. Found: 

C, 80.27; H, 9.45. 

Infrared spectrum 

See Figure I. 

Optical rotation 

[cfl25 - 234° (C, 1.86) 
JD 
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Hydrolysis of Lactone LXII 

A solution of 5.85 g. of lactone LXII in 100 ml, of 10% 

potassium hydroxide and 200 ml. of isopropyl alcohol was re-

fluxed for 1 hour. The isopropyl alcohol was evaporated 

under vacuum and the remaining basic solution washed with 

ether, acidified with hydrochloric acid and extracted with 

ether. After drying over anhydrous magnesium sulfate, the 

extract was evaporated to give 6.2 g. of a yellow oily solid 

which was chromatographed on silica. Elution with 1:9 ether-

benzene gave 5.91 g. (95%) of acid LXIII which melted at 147-

149° after crystallization from aqueous methanol. 

Analysis 

Calculated for CggH^Og: C, 75.43; H, 9.50. Found : C, 

75.34; H, 9.37. 

Infrared spectrum 

Maxima; 5.90 (s), 6.20 (wjyf(CHClg). 

Optical rotation 

[cC]25 + 28.8° (C, 1.38) 
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Drimic Anhydride (LVI) 

A solution of !»84 g» ©f acid LX!!! in 100 ml» cf methy

lene dichloride was ozonized at room temperature for 4 hourse 

The resulting solution was added slowly to a mixture of 100 

ml. of 10% sodium hydroxide and 50 ml. of 30% hydrogen per

oxide and stirred at room temperature for 12 hours during 

which time the methylene dichloride evaporated. The remaining 

solution was washed with ether, acidified with hydrochloric 

acid and extracted with ether. After washing with water and 

drying over anhydrous magnesium sulfate the extract was evapo

rated yielding 1.3 g. of a green oil. Chromatography of the 

latter on silica and elution with 1:4 ether-benzene gave 0.60 

g. of crude drimic acid (XXXI). 

Refluxing the acid in 15 ml* of acetic anhydride for 1.5 

hours and evaporating the solvent under vacuum afforded a 

yellow solid residue. Treatment with Norit in hexane follow

ed by crystallization from hexane gave 0.37 g. (31%) of drimic 

anhydride (LVI), which became isotropic at 66-66.5° and melted 

at 113-114°, The infrared spectrum was identical with that of 

drimic anhydride obtained from podocarpic acid and a mixed 

sample became isotropic at 66-66.5° and melted at 111-113°. 

Infrared spectrum 

See Figure 1. 
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Nuclear magnetic resonance spectrum 

See Figure 9= 

Optical rotation 

jVj25 - 42.8 (C, 8.58) 

Trans-5,5,9^-trimethyldecalindione-1, 3 (LXIX) 

Magnesium turnings, 1.49 g., were added to a solution o£ 

55 ml. of methyl iodide in 150 ml. of ether and the ice-cooled 

mixture stirred under nitrogen. After the completion of the 

Grignard reaction, 5.72 g. of powdered anhydrous cadmium chlo

ride was added and the mixture stirred and refluxed under 

nitrogen for 0.5 hours. After distilling the excess methyl 

iodide and ethers 300 ml. of sodiun=dried benzene and 4.0 g. 

of drimic anhydride (LVI) was added and the mixture stirred and 

refluxed under nitrogen for 8 hours. The cooled mixture was 

treated with 200 ml. of 107. sulfuric acid, stirred for 10 min

utes and the layers separated. The aqueous solution was washed 

with benzene and the combined benzene solution was extracted 

with 57. sodium hydroxide. The basic extract was acidified with 

hydrochloric acid, extracted with ether and dried over anhydrous 

magnesium sulfate. Evaporation of the ether yielded 4.3 g. of 

green oil, presumably a mixture of the keto-acids LXVII and 

LXVIII. 
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Repeating the reaction with a 3 fold increase of dimethyl-

cadmium gave a 25% yield of the keto-acid mixture and a 75% 

yield of a neutral oil. Distillation of the latter at a bath 

temperature of 155-160° (5 mm.) gave a clear liquid which solid

ified on standing, m.p. 40=48°. Analysis, infrared and nuclear 

magnetic resonance spectra showed the neutral product to be 

lactone LXX. 

Analysis 

Calculated for ci4H24°2: %, 10.75. Found: C, 

74.95; H, 10.75. 

Infrared spectrum 

See Figure 2. 

Nuclear magnetic resonance spectrum 

See Figure 9. 

Optical rotation 

[OFF5 + 24.1° (C, 4.22) 

The above keto-acid mixture, 4.3 g., was dissolved in 

ether, treated with excess diazomethane and allowed to stand 

at room temperature for 1 hour, The excess diazomethane was 

decomposed with acetic acid and the solution washed with 5% 

sodium bicarbonate. After drying over anhydrous magnesium 
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sulfate, the ether was evaporated leaving 4.3 g. of an oily 

mixture of the methyl esters of LXVI1 and LXVIII. 

The mixture was added to a previously prepared solution 

of 1.7 g. of potassium in 300 ml. of t-butyl alcohol and reflux

ed under nitrogen for 3 hours. The cooled solution was acidi

fied with hydrochloric acid and the solvent evaporated under 

vacuum. The resulting solid residue was dissolved in chloro

form, washed with water and extracted with 57, sodium hydroxide. 

The basic extract was acidified with hydrochloric acid and 

extracted with chloroform. After drying over anhydrous mag

nesium sulfate the solution was evaporated yielding 3.67 g. of 

a yellow solid. Crystallization from an ethyl acetate-methanol 

mixture gave 2.64 g. (66%) of trans-5,5,94-trimethyldecalindione-

1,3 (LXIX), m.p. 194-201°. 

Analysis 

Calculated for ̂ ^^O°2' 74.96; H, 9.68. Found : C, 

74.67; H, 9.52. 

Infrared spectrum 

See Figure 2. 

Optical rotation 

J©/]2"' - 94.8° (Cs 1 = 43) (methanol) 
L D 



87 

Trans-3-methoxy-5,5,9#-trimethyl-Zf-

octalone-1 (LXXIl) and Trans-1-methoxy-5, 

5, 9J?= trims thyl- ̂-octalone-3 (LXX1V) 

A mixture of 2.0 g. of dike tone LX1X. 0.2 g. of g- toluene 

sulfonic acid, 100 ml. of methanol and 150 ml. of benzene was 

refluxed with slow distillation for 5,5 hours. The remaining 

25 ml. of solution was diluted with 100 ml. of ether, washed 

with 5% sodium hydroxide and dried over anhydrous magnesium 

sulfate. Evaporation of the solvent afforded 2.19 g. of oily 

solid which was chromatographed on alumina. Elut ion with ben

zene gave 1.78 g. (84%) of crystalline trans-3-methoxy-5,5,9f-

trimethyl-Z^-octalone-1 (LXXII) which after crystallization 

from hexane gave a melting point of 55.5-57°. 

Analysis 

Calculated for C^H^C^: C, 75.63: H. 9.97, Found: Cs 

75.59; H, 9.71. 

Infrared spectrum 

Sse Figure 3. 

Nuclear magnetic resonance spectrum 

See Figure 10. 
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Optical rotation 

[ecf5 - 81.1° (C, 2.55) 

Further elution with 1:4 ether-benzene yielded 0.31 g. 

(13%) of trans- 1-me thoxy- 5,5,9^- tr ime thyl- oct alone - 3 (LXXIV). 

Distillation at a bath temperature of 130° (1 mm.) followed by 

sublimation gave white crystals, m.p. 68-70°. 

Analysis 

Calculated for ci4H22®2: C* 7^.63; H, 9.97. Found: C, 

75.89; H, 9.78. 

Infrared spectrum 

See Figure 3. 

Nuclear magnetic resonance spectrum 

See Figure 10. 

Optical rotation 

[e<]25 -5- 78.8° (C, 2.48) 

Trans-5,5, 9f-tr ime thy 1- o c t alone -1 (LXXXIV ) 

A solution of 0.070 g. of enol ether LXXIV in 10 ml. of 

ether was treated with 0.030 g. of lithium aluminum hydride 
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ium aluminum hydride was decomposed with water and the ether 

solution filtered and dried over anhydrous magnesium sulfate. 

Evaporation of the ether gave 0.063, g. of hydroxy enol ether 

LXXX11I, a white solid. After 2 crystallizations from hexane 

and drying in vacuum, the solid melted at 80-94°. On standing 

at room temperature for 12 hours, the solid became oily due to 

partial decomposition to the enone LXXIV. 

The combined 0.063 g. of crude hydroxy enol ether LXXXIII 

was dissolved in 10 ml. of 0.01 N sulfuric acid in 95% ethanol 

and allowed to stand at room temperature for 0.5 hours. The 

acid was neutralized by adding 5% sodium bicarbonate and the 

solvent evaporated under vacuum. The residue was dissolved in 

ether, washed with water and dried over anhydrous magnesium 

sulfate. Evaporation of the ether afforded 0.060 g. (98%) of 
o 

crude trans-5.5,9J-trimethyl-A-octalone-1 (LXXIV) which on 

distillation at a bath temperature of 95-100° (1 mm.) gave a 

clear liquid. 

Analysis 

Calculated for ^3^20^2' 81.20; H, 10.48. Found : C, 

80.91; H, 10.63. 

Infrared spectrum 

See Figure 4. 



90 

Nuclear magnetic resonance spectrum 

See Figure 10» 

Optical rotation 

jvr5 - 41° (c, 1.38) 

Trans-5,5s9f-trimethyidecalone-l (LXXXVIII) 

A mixture of 0»107 g= of enone LXXXIV, 0,030 g. of 10% 

palladium on charcoal and 15 ml. of ethyl acetate was stirred 

at room temperature under hydrogen at atmospheric pressure for 

1 hour. Filtration of the catalyst and evaporation of the sol

vent gave 0.105 g. (98%) of crude trans-5.5.9£-trimethyldecalone-

1 (LXXXVIII). Distillation at a bath temperature of 80-85° 

(1 mm.) gave a clear liquid which did not solidify on standing. 

Analysis 

Calculated for C, 80.39; H, 11,41. Found: C, 

80.46; H, 10.93. 

See Figure 4. 

Nuclear magnetic resonance spectrum 

See Figure 11. 
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Optical rotation 

[RFF1 - 39.4° (C, 2.14) 

2.4° Dinitrophenylhydrazone 

Recrystallized from ethyl acetate-methanol, m.p. 165.5-167°. 

Calculated for CigH26N404: C, 60.94; H, 7.00; N. 14.96. 

Found: C, 60.83; H, 7.24; N, 15.04. 

Trans- cyano-5,5,trimsthyldecalone-1 (XCV1) 

A solution of 0.078 g. of enone LXXIV in 10 ml. of di

me thylformami de was treated with a solution of 0,053 g. of 

potassium cyanide and 0.032 g. of ammonium chloride in 4 ml. of 

water. The mixture was stirred at 100° for 3 hours, cooled and 

added to 100 ml. of ether. After washing with water and drying 

over anhydrous magnesium sulfate the solution was evaporated 

yielding 0,093 g. of a white solid. Crystallization from hexane 

and sublimation at 110° (0.4 mm.) gave crystalline trans-34-

cyano-5,5,9f-trimethyldecalone-1 (XCVI), m.p. 102-103°. 

Analysis 

Calculated for C^^-jON: N, 6.39. Found: N, 6.29. 

Infrared spectrum 

Maxima; 4.48 (w), 5.84 (s)/< (CHCl^), 
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Optical rotation 

- 43.6° (C, 3.46) 

Trans-3P-cyano-5,5,9^-trimethyIdeealone-1 (XC1X) 

A mixture of 0.190 g. of «(-cyanoketone XCVI, 30 ml, of 

benzene, 5 ml. of ethylene glycol and a trace of p-toluene-

sulfonic acid was refluxed with a Dean-Stark water separator 

for 7 hours, The cooled solution was diluted with 50 ml. of 

ether, washed with water and dried over anhydrous magnesium 

sulfate. Evaporation of the ether gave 0.226 g. of white, 

solid «(-cyanoketal XCVII. 

Nuclear magnetic resonance spectrum 

See Figure 11. 

The latter was dissolved in a solution of 0.100 g. of 

potassium in 15 ml. of jt-butyl alcohol and stirred at room 

temperature for 10 hours. The solution was added to 100 ml. 

of ether, washed with water and dried over anhydrous magnesium 

sulfate. Evaporation of the ether yielded 0,205 g. of oily 

cyanoketal XCVIII. 

Nuclear magnetic resonance spectrum 

See Figure 11. 
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hydrochloric acid and refluxed for 15 minutes. Evaporation of 

the acetone afforded ass oily residue which was dissolved in 

ether, washed with 5% sodium bicarbonate and dried over anhy

drous magnesium sulfate» The solution was evaporated yielding 

0.183 g. (96%) of crude trans-3f-cyano-5s5s9$-trimethyldecalone-

1 (XCIX). 

Distillation at a bath temperature of 135-140° (1 mm.) gave 

a clear liquid which did not solidify when cooled in a freezer 

for 24 hours. Thin layer chromatography (silica) indicated the 

presence of only one compound which was slightly faster than the 

of-cyanoketone XCVI. 

Analysis 

Calculated for Cj^^jON: N, 6.39. Found: N, 6.28, 

Infrared spectrum 

Maxima; 4,45 (w)$ 5,86 (s)y/ (film, Infracord). 

Optical rotation 

f ,i25 r."7 f.Q *r* i 

Id 
- •*/»* \Li, syj 
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Hydrogénation of Trans-3-methoxy-

5,5,9§- triûie thyl- -octalone-1 (LXXII ) 

A mixture of 0=100 g. of enol ether LXXII, 0,100 g. of 10% 

palladium on charcoal and 10 ml. of ethyl acetate was stirred 

at room temperature under hydrogen at atmospheric pressure for 

13 hours. Filtration of the catalyst and evaporation of the 

solvent gave 0.084 g. of an oil which was chromatographed on 

alumina. Elution with 1:4 benzene-hexane afforded 0.032 g. 

(37%) of trans-5.5.9J-trimethvldecalone-1 (LXXXVIII). Further 

elution with 1:1 ether-benzene yielded 0.023 g. (23%) of white 

crystalline solid. Crystallization from hexane and sublimation 

at 120° (1 mm.) yielded pure trans-3 f-methoxy-5,5,9^-tr imethy 1-

decalol-lf (LXXXIX), m.p. 88-90°. 

Analysis 

Calculated for C^HgyCg: C, 74.28; R, 11.58. Found: C, 

74.01; H, 11.66. 

Infrared spectrum 

See Figure 3. 

Nuclear magnetic resonance spectrum 

See Figure 12. 
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Optical rotation 

M25 - 9.6° (G, 0.96) 
- -Q 

Lithium Aluminum Hydride Reduction 

of Trans-3-methoxy-5,5,9^-

2 
trimethy1= A -octalone-1 (LXXII) 

A solution of 1.0 g. of enol ether LXXII in 100 ml. of 

ether was treated slowly with 0.25 g. of lithium aluminum 

hydride and stirred at room temperature for 1 hour. The excess 

lithium aluminum hydride was decomposed by the cautious addit

ion of moist sodium sulfate and the ether solution filtered and 

dried over anhydrous sodium sulfate. Evaporation of the ether 

yielded 0.988 g. of an oily solid which was shown to be a three 

component mixture by thin layer chromatography (silica). 

Chromatography of the latter on alumina and elution with 

1:19 ether-benzene gave 0.058 g. (7%) of trans-5,5, 9f-trime thy 1-

^-octalone-3 (LXXIII). Continued elution with 1:9 ether-

benzene afforded 0.416 g. (41%) of a white solid. Crystalli

zation from hexane gave pure trans-3-methoxy-5,5,9ff-trimethyl-

it-octalol-If (LXXXI), m.p. 96-97°. 

Infrared spectrum 

See Figure 5. 
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Nuclear magnetic resonance spectrum 

See Figure 12e 

Optical rotation 

[otf5 - 53.3° (C, 1.24) 

Further elution with ether gave 0.174 g. (18%) of trans-

II?-hydroxy- 5,5,9^-trimethyIdeealone-3 (LXXX1I ) which was 

crystallized from hexane to give fine needles, m.p. 111-112°. 

Analysis 

Calculated for 74.24; H, 10.54. Found: C, 

73.96; H, 10.57. 

Infrared spectrum 

See Figure 5. 

Nuclear magnetic resonance spectrum 

See Figure 12. 

Optical rotation 

r<*)25 - 27.3° (C, 2.43) 
- -D 
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directly hydrolyzed by the following proceduree A solution of 

the mixture, 0.988 g», in 100 ml, of 95% ethane! was treated 

with 4 ml. of hydrochloric acid and allowed to stand at room 

temperature for 10 minutes. The ethanol was evaporated under 

vacuum and an ether solution of the residue was washed with 5% 

sodium hydroxide and dried over anhydrous magnesium sulfate. 

Evaporation of the ether and distillation of the residue at 

90-95° (1.5 mm.) gave 0.75 g. (86%) of liquid trans-5,5,9-f-

trimethyl-Z^-octalone-3 (LXXIII). 

Analysis 

Calculated for C^î^qO: C, 81.20; H, 10.48. Found: C, 

80.71; H, 10.31. 

Infrared spectrum 

See Figure 5e 

Nuclear magnetic resonance spectrum 

See Figure 13. 

Optical rotation 

M25 + 7.4° (C, 2.82) 
L JD 
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Hydrolysis of Trans-3-raethoxy-5,5.90-

trimethyl-£\ -octalol-if (LXXXï) 

(a) A solution of 0.135 g. of enol ether LXXXI in 10 ml. 

of 0,01 N sulfuric acid in 95% ethanol was allowed to stand at 

room temperature for 36 hours. The solution was neutralized 

with 5% sodium bicarbonate and the ethanol evaporated under 

vacuum. The residue was dissolved in ether, washed with water 

and dried over anhydrous magnesium sulfate. Evaporation of the 

ether yielded 0.121 g. of an oil which was shown by thin layer 

chromatography (silica) to be a mixture of the starting enol 

ether LXXXI, enone LXXIII and ketol LXXXII. Chromatography on 

alumina and elution with benzene gave 0.033 g. (28%) of crude 

trans-5,5,9^-trimethyl-A^-octalone-3 (LXXIII). Continued 

elution with 1:19 ether-benzene afforded 0.019 g. (14%) of un-

reacted enol ether LXXXI. Further elution with ether yielded 

0.062 g. (49%) of a white solid, trans-14?-hydroxy-5,5,9£-

trimethyldecalone-3 (LXXXII), m.p. 110.5-111„5°e 

(b) A solution of 0.339 g. of enol ether LXXXI in 25 ml. 

of 1.0 N sulfuric acid in 95% ethanol was allowed to stand at 

room temperature for 5 minutes. The solution was neutralized 

with 5% sodium bicarbonate and the ethanol evaporated under 

vacuum. The residue was dissolved in ether, washed with water 

and dried over anhydrous magnesium sulfate. Evaporation of the 

ether afforded 0.268 g. of oily solid. Thin layer chromato

graphy (silica) shewed the presence of enone LXXIII and ketol 
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graphy on alumina and elution with benzene yielded 0.135 g. 

(47%) of trans-5,5,9#-trimethyl-^-octalone-3 (LXXIII). 

Continued elution with ether gave 0.144 g. (45%) of trans-if-

hydroxy-5,5,9#-triinethyldecalone-3 (LXXXII), a white crystalline 

solid. 

Dehydration of Trans- 1-f-hydroxy-

5,5,9^-trimethyldecalone-3 (LXXXII) 

(a) A solution of 0.035 g. of ketol LXXXII in 5 ml. of 

0.01 N sulfuric acid in 95% ethanol was allowed to stand at 

room temperature for 36 hours. The solution was neutralized 

with 5% sodium bicarbonate and the ethanol evaporated under 

vacuum. The residue was dissolved in ether, washed with water 

and dried over anhydrous magnesium sulfate. Evaporation of the 

ether yielded 0.033 g. (94%) of unreacted ketol LXXXII. 

(b) A solution of 0.090 g. of ketol LXXXII in 10 ml. of 

1.0 N sulfuric acid in 95% ethanol was allowed to stand at room 

temperature for 5 minutes. The solution was neutralized with 

5% sodium bicarbonate and the ethanol evaporated under vacuum. 

The residue was dissolved in ether, washed with water and dried 

over anhydrous magnesium sulfate. Evaporation of the ether gave 

0.090 g. (100%) of unreacted ketol LXXXII. 
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(c) A solution of 0.075 g. of ketol LXXXII in 12 ml. of 

2 N sulfuric acid in 95% ethanol was refluxed for 0.5 hours. 

The ethanol was evaporated and an ether solution of the residue 

washed with water and dried over anhydrous magnesium sulfate. 

Evaporation of the ether yielded 0.067 g. (98%) of trans-5.5.9ft-

trimethyl-^-octalone-3 (LXXIII). 

Trans-5.5.9#-trimethyldecalone-3 (XC) 

A mixture of 0.100 g. of enone LXXIII, 0.040 g. of 5% 

palladium on charcoal and 15 ml. of ethyl acetate was stirred 

under hydrogen at atmospheric pressure and room temperature for 

4 hours. Filtration of the catalyst and evaporation of the 

solvent yielded 0.092 g. of oil which was distilled at a bath 

temperature of 80-90° (1 mm.) to give 0.072 g. (72%) of pure 

liquid trans-5,5,9^-trimethyldecalone-3 (XC). 

Analysis 

Calculated for C^^^O: C, 80.35; H, 11.41. Found: C, 

79.97; H, 11.28. 

Infrared spectrum 

See Figure 6. 

Nuclear magnetic resonance spectrum 

See Figure 13. 
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Optical rotation 

[ce]*5 - 11.5° (C, 3.99) 

2,4- Dinitrophenylhydrazone 

Crystallization from 95% ethanol gave m.p. 164-165°; 

reported^® mep, for the enantiomer, 169-184° (slight decompo

sition). A sample of the enantiomer obtained from Dr. Enzell, 

after 3 crystallizations from 95% ethanol, gave a melting point 

of 164-166° and an infrared spectrum (see figure 4) identical 

with that of the 2,4-dinitrophenylhydrazone of XC. 

Trans- l«f- cyano -5,5,90-

trimethyldecalone-3 (XCI1) 

A solution of 2019 g. of enone LXXIII in 50 ml. of di

methyl form amide was treated with a solution of 1.16 g. of 

potassium cyanide and 0.84 g. of ammonium chloride in 20 ml. of 

water. The mixture was stirred at 100° for 3 hours, cooled and 

added to 500 ml. of ether. After washing with water and drying 

over anhydrous magnesium sulfate, the solution was evaporated 

yielding 2.59 g. of yellow oily solid. Chromatography of the 

solid on alumina and elution with 1:19 ether-benzene afforded 

2.19 g. of crude trans= cyano-5,5,9^-trimethyldecalone-3 

(XCXI). Crystallization from hexane gave 2.00 g. (80%) of the 

pure crystalline compound, m.p. 102-103°. 
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Analysis 

Calculated for C, 76.66; H, 9.65; N, 6.35. 

Found: C5 76.82; Hs 9.45; N, 6»40, 

Infrared spectrum 

Maxima; 4.50 (w), 5.83 (s)ysf (KBr). 

Optical rotation 

[pif 5 - 33.7° (C, 1.91) 

Trans-l£-cyano-5,5,9f -

Crimethyldecalone-3 (XCV) 

A mixture of 1.31 g. of c(-cyanoketone XCII, 300 ml. of 

benzene, 25 ml. of ethylene glycol and 0.030 g. of 2,-toluene-

sulfonic acid was refluxed for 7 hours in the presence of a 

Dean-Stark water separator. The excess benzene was distilled, 

200 ml. of ether added and the solution washed with water and 

dried over anhydrous magnesium sulfate. Evaporation of the 

ether yielded 1.66 g. of white crystalline ̂ -cyanoket&l XCIII. 

Nuclear magnetic resonance spectrum 

See Figure 13. 
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potassium in 75 ml. of t-butyl alcohol and allowed to stand 

at room temperature for 10 hours. The solution was diluted 

with 400 ml, of ether, washed with water and dried over anhy

drous magnesium sulfate. Evaporation of the ether gave 1.63 ge 

of crystalline $-cyanoketal XCIV. 

Nuclear magnetic resonance spectrum 

See Figure 14. 

The ketal was dissolved in 150 ml. of acetone and 5 ml. of 

hydrochloric acid and the solution refluxed for 0.5 hours. The 

acetone was evaporated and an ether solution of the residue 

washed with water and dried over anhydrous magnesium sulfate. 

The solution was evaporated yielding 1.28 g. (98%) of crude 

trans-If-cyano-5.5.9§-trimethvldecalone-3 (XCV). Treatment of 

the product with Norit in ether and crystallization from hexane 

gave white crystals, m.p. 100=101°. 

Analysis 

Calculated for C-j^l^ON: C, 76.66; H, 9.65. Found : C, 

77.03; H, 9.57. 

Infrared spe ctrum 

Maxima; 4.48 (w), 5.83 (s)^(KBr). 
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Optical rotation 

[ecf5 - 4.2° (C, 1.50) 

Trans-ly-carboxy-5,5,9f-

trimethyldecalorie-3 (CVI) 

(a) A solution of 0.128 g. of c{-cyanoketal XCIII and 3.0 

g. of potassium hydroxide in 15 ml. of diethylene glycol was 

stirred under nitrogen at 200° for 24 hours„ The cooled solut

ion was diluted with 50 ml. of water, washed with ether, acidi

fied with hydrochloric acid and extracted with ether. Evapora

tion of the ether afforded a yellow solid residue which was re-

fluxed in 25 ml. of acetone and 1 ml. of hydrochloric acid for 

0.5 hours. The acetone was evaporated and an ether solution of 

the residue washed with water, dried over anhydrous magnesium 

sulfate and evaporated. Treatment of the residue with Norit in 

methanol, followed by crystallization from aqueous methanol and 

sublimation at 170° (1 mm.), gave 0.73 g. (68%) of trans-If-

car boxy- 5,5,9J?-trimethyldecalone-3 (CVI), m.p. 210-212°. 

Analysis 

Calculated for C, 70.55; H, 9.31. Found: C, 

70.07; H, 5.22. 
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Infrared spectrum 

See Figure 6. 

Optical rotation 

[e*]*5 + 37.2° (C, 1.84) 

(b) Treatment of 0.052 g„ of ̂ -cyanoketai XCIV with 2,0 

g. of potassium hydroxide in 10 ml, of diethylene glycol under 

the conditions stated above gave 0.029 g. (69%) of trans-If-

carboxy-5,5,9f-trimethyldecalone-3 (CVI), m.p. 212-214°. The 

infrared spectrum was identical with that of the product ob

tained above from the ef-cyanoketal XCII and their mixed melting 

point was 210-212°. 

Trans- 1-t- carbomethoxy-

5,5,9$-trimethyIdecalone-3 (CVII) 

An ether solution of 0.095 g. of keto-acid CVI was treated 

with excess diazomethane in ether and allowed to stand at room 

temperature for 3 hours. The excess diazomethane was decomposed 

with acetic acid and the ether solution washed with 5% sodium 

bicarbonate, dried over anhydrous magnesium sulfate and evapo

rated, Treatment of the residue with Norit in ether followed 

by crystallization from aqueous methanol and sublimation at 80° 

(1 mm.) gave 0.083 g. (87%) of trans-If-carbornethoxy-5,5,9^-
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"under 50°"* 

.Analysis 

Calculated for C15H2403: C, 71.39; H, 9.59. Found: C, 

71.24; H, 9.53. 

Infrared spectrum 

See Figure 6. 

Nuclear magnetic resonance spectrum 

See Figure 14. 

Optical rotation 

2.4-Dinitrophenylhydrazone 

Crystallization from methylene dichloride-methanol gave 

Trans-1^-carboxy-5,5,1rimethyIdecalone-3 (CVI), 0.070 

g., was dissolved in a solution of 0.050 g. of potassium in 2 

ml. of t-butyl alcohol and treated with 2 ml. of ethyl formate. 

After stirring at room temperature for 12 hours, the solvent 

" °5 +38° 

m.p. 221-223°; reported63 m.p. 216-217° 



wets evaporated under vacuum and a dilute hvrirochloric acid 

solution of the residue extracted with ether. The ether extract 

was washed with water, dried over anhydrous magnesium sulfate 

and evaporated. The resulting oily residue and 0.030 g. of 

fused sodium acetate was added to 3 ml. of acetic anhydride and 

the mixture heated on a steam bath for 0.5 hours. The acetic 

anhydride was evaporated under vacuum and an ether solution of 

the residue washed with water and dried over anhydrous magnesium 

sulfate. Evaporation of the ether gave 0.080 g. of an oil which 

was chromatographed on alumina (Giulini, Act. III). Elution 

with 1:4 benzene-hexane and sublimation at 140° (1 mm.) afford

ed 0.035 g. (48%) of 7-ketoisodrimenin (XXXVIII). Crystalli

zation from hexane gave crystalline plates, m.p. 111-112°; re

ported24 Sep. 112-113°. 

Infrared spectrum 

See Figure 7. 

7-Keto-7,8-dinydrodrimenin (CIX) 

(a) 7-Ketoisodrimenin (XXXVIII) was reduced with zinc in 

acetic acid according to the procedure of Overton24 et al- to 

give 7-keto-7.8-dihydrodrimenin. m.p. 124-125°; reported24 

m.p. 124-126°. 

Infrared spectrum 

See Figure 7. 
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(b) A mixture of 0.010 g. of 7-ketoisodrimenin (XXXVIII), 

0=010 ge of 10% palladium on charcoal, 2 drops of sulfuric acid 

and 5 ml, of ethyl acetate was stirred under hydrogen at atmo

spheric pressure and room temperature for 12 hours. The catal

yst was filtered and the filtrate diluted with ether, washed 

with 5% sodium bicarbonate and dried over anhydrous magnesium 

sulfate. Evaporation of the solvent gave 0.010 g. of an oil 

which was sublimed at 140° (1 mm.) and crystallized from hexane. 

The infrared spectrum and melting point, 124-125°, showed it to 

be 7-keto-7,8-dihydrodrimenin (CIX). 

7f-Hydroxy-7,8-dihydrodrimenin (CX) 

A solution of 0.100 g. of 7-keto-7,8-dihydrodrimenin (CIX) 

in 25 ml, of 95% ethanol was treated with 0,020 g. of sodium 

borohydride and stirred at room temperature for 2 hours. The 

ethanol was evaporated and an ether solution of the residue 

washed with water and dried over anhydrous magnesium sulfate. 

Evaporation of the ether yielded 0.074 g. (74%) of 7^-hydroxy-

7,8-dihydrodrimenin (CX) as a white solid. Crystallization 

from hexane-benzene followed by sublimation at 135° (1 mm.) 

gave needles, m.p. 159-161°. 

Analysis 

Calculated for c> 71.39; H, 9.59. Found : C, 

71.89; H, 9.38. 



109 

Infrared spectrum 

See Figure 7. 

Optical rotation 

[O(F5 - 66.8° (C, 2.39) 

Drimenin (XXXII) 

A solution of 0.046 g. of 7^-hydroxy-7,8-dihydrodrimenin 

(CX) and 0.100 g. of £-toluenesulfonyl chloride in 10 ml. of 

pyridine was allowed to stand at room temperature for 5 days. 

The solution was diluted with 50 ml. of water and extracted 

with ether. The extract was washed with 5% hydrochloric acid, 

570 sodium bicarbonate, water and dried over anhydrous magnesium 

sulfate» Evaporation of the ether gave 0.065 g. of a yellow 

oil. 

A solution of the latter in 15 ml. of dimethyl sulfoxide 

was stirred under nitrogen at 100° (bath temperature) for 1.5 

hours. The cooled solution was added to 70 ml. of water and 

extracted with ether. After drying over anhydrous magnesium 

sulfate, the solution was evaporated yielding 0.047 g. of oil 

which was chromatographed on silica. Elution with benzene 

afforded 0.017 g. (40%) of drimenin (XXXII) which after cry

stallization from hexane and sublimation at 120° (0.4 urn.) 

melted at 132-133°; reported24 m.p. 133°. The infrared 
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product and their mixed melting point was 132-133°. 

Continued elution with 1:4 ether-benzene yielded 0,008 g « 

(17%) of crude 7-ketoisodrimenin (XXXVIII). Further elution 

with 1:1 ether-benzene gave 0.008 g„ (19%) of unreacted 1$-

hydroxy-7,8-dihydrodrimenin (CX). 

Lithium Aluminum Hydride 

Reduction of Isodrimenin (XXXIII) 

Isodrimenin was reduced with lithium aluminum hydride 

according to the procedure of Overton24 et al. to give the diol 

XL, m.p. 121-122°; reported24 mep. 123-124°. 

Confertifolin (XXIV) 

A mixture of 0.012 g. of diol XL, 0.100 g. of manganese 

dioxide and 3 ml. of ether was stirred at room temperature for 

12 hours. After filtering the manganese dioxide and washing 

with methanol, the combined filtrates were evaporated to yield 

0.010 g. of yellow solid. Its crystallization from hexane and 

gradient sublimation at 120° (1 mm.) afforded long needles of 

confertifolin (XXXIV), m.p. 152.5-153.5°; reported24 m.p. 152°. 

The infrared spectrum (see figure 8) was identical with that of 

the natural product and their mixed melting point was 152-153°, 
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12-Hydroxydrimenol (XXXV) 

Drimenin (XXXII) was reduced with lithium aluminum hydride 

according to the procedure of Overton24 et al. to 12-hydroxy-

drimenol (XXXV). 

Drimenol (XXVI) 

A mixture of 0.021 g. of 12-hydroxydrimeno1 (XXXV), 0.003 

g. of sodium acetate and 5 ml. of acetic anhydride was heated 

on a steam bath for 0.5 hours. The acetic anhydride was evapo

rated under vacuum and the oily residue dissolved in 6 ml. of 

tetrahydrofuran (sodium-dried). The latter solution was added 

to 15 ml. of liquid ammonia, cooled in a Dry I ce-ethanol bath, 

treated with 0.018 g. of lithium wire and stirred for 1.5 hours. 

The Dry Ice bath was removed and the solvents allowed to evapo

rate. The resulting residue was dissolved in ether, washed 

with water and dried over anhydrous magnesium sulfate. Evapo

ration of the ether gave 0.020 g. of an oil which dissolved in 

10 ml. of 95% ethanol and 7 ml. of 5% sodium hydroxide and re-

fluxed for 1 hour. The ethanol was evaporated and the aqueous 

residue extracted with ether. After drying over anhydrous 

magnesium sulfate, the ether was evaporated yielding 0.019 g. 

of an oil. It was chromatograpnea on a 5 mm. thick silica 

plate and developed with 1:19 ethyl acetate-benzene. The po

sitions of the products were determined by their fluorescence 

under ultraviolet light, their silica spots scraped from the 
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plate and the products extracted by boiling with 1:19 methanol-

ethyl acetate. Filtration and evaporation of the eluate gave 

0.009 g. of oil which was sublimed at 70° (1 mis.) yielding 

0.008 g. (41%) of a white solid. Crystallization of the latter 

from hexane afforded drimenol (XXXVT). m.p. 94-95°; reported2* 

m.p. 97-98°. The infrared spectrum (see figure 8) was ident

ical with that of the natural product and their mixed melting 

point was 94-95°. 

Nuclear magnetic resonance spectrum 

See Figure 24. 



113 

UUVlVLfiaXJL 

The degradation of podocarpic acid and dehydroabieto-

nitrile to drimic acid has been achieved. This acid has 

been used for the synthesis of the drimanic sesquiterpenes: 

drimenol, drimenin, isodrimenin and confertifolin and the 

intermediates characterized. The synthetic sesquiterpenes 

have been compared and found identical with the natural 

products, constituting their total synthesis. 

The mechanism of the acid hydrolysis of two hydroxy 

enol ethers has been investigated and evidence presented 

for the co-occurrence of two mechanistic pathways. 

The stereochemistry of the cyanide addition to two 

-unsaturated ketones has been elucidated and the reactions 

shown to be stereospecific. 
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