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fcwaiuning vasic soiurion washeg With ether, acidifisd with
hydrochloric acid and extracted with ethér. After drying

over anhydrous sodium sulfate, the ether extract was evaporated
to yield 0.30 g. of yellow oily acid LV,

The crude acid was chromatographed om silica. Elution
with 1:4 ether;benzene ylelded an oily sclid which was converted
to the lactone LIV by sublimation at 175° (2 mm.). 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 mn,) gave the pure lactone LIV as white

crystals, m,p. 114-115°,

Analysis

Calculated for C,gH,,05: C, 74.97; H, 8.39. Found: C,
75.32; H, 8.18,

Infrared spectrum

See Figure i,

Nuclear magnetic resonance spectrum

Optical rotation

[_,{];5 - 254° (C, 2.59)
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Drimic Anhydride (LVI)

A sclution of 1.70 g. of crude acid LV, obtained directly
from the Baeyer-Villiger oxidation of 7-keto-0O-methylpodo-
carpane (LIII), in 200 mi. of methyiene 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 concommitant 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, foilowed by subiimation at 120° (1 mm.)

gave 0,28 g. (227} of drimic anhydride {(LVI)., After four cry-
stallizaticons f£rom hexane, the anihiydride became isotropic at
66-66, 3° melted at 112.112°

= o w and wv-—e a~ -hla™ s A o

Analysis

Calculated for CyoH; 803t C, 68.54; H, 8.63. Found: C,
68.54; H, 8,49.
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Infrared spectrum

See Figure 1.

Nuclear magnetic resgnance spectrum

See Figure 9,

Optical rotation

[¢]§5 - 46.6° (C, 3.77)

Drimic Acid (XXXI)

A solution of 0.182 g. of drimic anhydride (LVI) in 20 ml.
of 957 ethanol and 20 ml. of 107 sodium hydroxide was refluxed
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 cver anhydrous magnesium sulfate and evaporated to
yield 0.198 g. (100%) of drimic acid (XXXI) which, after recry-
stallization from hexane, gave a melting point of 166-168°;

reported21 m.p. 167-168°,

-
Infrared spectrum

Maxima; 5.55 (s}, 5.70 (s} (CHCLis).
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Optical rotatien

‘ed23 ,.125

Eg?zs - 6,5° (c, 11,44) (acetone); rteport L.J“

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,

50

during 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 L

A mixture of the crude zldehyde and 100 g. of 95% hydra-
zine in 300 mi. of diethylene glycol was refiuxed for 6 hours
The excess hydrazine was then distililed off until the temper-

ature of the soiution reached 200°. The cooied 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 mi, of hexane was rapidly chromatographed
on 100 g. of alumina and eluted with 500 ml. of hexane. Evapor-
ation of eluant gave L7.4 g. (707.) of dehydroabietane (LX),

:: 1 8 38-42°; reported36 m. p. 41-44°,
7-Ketodehydroabietane (IXI)

A solution of 13.5 g. of chromic anhydride in 60 mi. of
80% acetic acid was added to a stirring ice-cooled solution of
24,6 g. of dehydroabietane (LX) in 300 mi. of acetic acid. The
mixture was stirred at room tempefature 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. Chrof
matography cf the resulting cil 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
pure 7-ketodenydroabietane (LXI), m.p. 92-93%; reported23 m.p.

83-84°,
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Baeyer-Villiger Oxidation of
7-Ketodehydroabietane (LXI)

A stirring ice-cocled 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 trifluorcacetic 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 CyoHogls: G, 78.85; H, 9.3%9. Found:
c, 80.27; H, 2.45.

Infrared spectrum

See Figure 1,

Optical rotation

25 o
Ll ( )
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Hydrolysis of Lactone LXII

A scluticn 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 eé;porated 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 CootizpQ3: ©Cs 75.43; H, 9.50. Found: C,
75.34; H, 9.37,

Infrared spectrum

Maxima; 5.90 (s), 6.20 (wZ/((CHCI3).

Optical rotation

r 25 .
1 +28.8° (¢, 1.38)
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Drimic Anhydride (LVI)

b=t
M

A soluticn of 1.8%4 g, of acid LXIII in 100 ml. of methy-
lene dichloride was ozonized at room temperature for & hours,
The resulting sclution was added slowly to 2 mixture of 100
ml, of 107 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 watexr 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

vellow solid residue., Treatment with Norit in hexane f£olleow-

ed by crystallization from hexane gave 0,37 g. (31%) of drimic

113-114°, The infrared spectrum was identical with that of
mic annydride obtained from podocarpic acid and a mixed

o

sample became isotropic at 66-66,3° and meited at 111-113°,

Infrared spectrum

See Figure 1.
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Nuclear magnetic resorance Spectrum

See Figure &,

Optical rotation

[d]lz)s - 42,8 (cC, 8.58)

Trans-5,5,99-trimethyldecalindione-1,3 (LXIX)

Magnesium turnings, i.49 g., were added to a sciution of
55 mi. of methyl icdide 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 ether, 300 ml, of sodium-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 benzéne solution was extracted
with 5% sodium hydroxide. The basic extract was acidified with
hydrochloric acid, extracted with ether and dried over anhydrous
magnesium sulfate, Evaporation of the ether yieided 4.3 g. of
green oil, presumzbly a mixture c¢f the keto-acids LXVII and

IXVIII,
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Repeating the reaction with a 3 fold increase of dimethvi-
cadmium gave a 25% yield of the keto-acid mixture and a 75%
yield of a neutral oil, Distillation of the iatter at a bath

150° a ciear 1iquid which soiid=

{4

(5 mm,) gav
ified on standing, m.p. 40-48°, Analysis, infrared and nuciear

magnetic resonance spectra showed th

(']
(4]
o
[
o
"
o))
y-‘
3
"
Q
4
fa
0
(a4
(o
(4]
(v
m

lactone LXX,

Analysis

Calculiated for Cy,H,,0,: C, 74.70; H, 10.75, Found: C,

74.95; H, 10.75.

Infrared spectrum

See Figure 2.

Nuclear magnetic resonance spectrum

See Figure 9.

Optical rotation

E¢J§5 +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 i hour. The exXcess 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 ieaving 4.3 g. of an oily
mixture of the methyl esters of LXVII and LXVIII.
The mixture was added to a previously prepared solution

£ t-butyl alcohol and refiux-

ct

- . | -
cf 1,7 g, cf petassium in 300 wl. o

ed under nitrogen for 3 hours, The cocled sclution was acidi-
fied with hydrochloric acid and the solvent evapcrated under
vacuum, The resulting solid residue was dissolved in chloro-
form, washed with water and extracted with 5% sodium hydroxide.
The basic extract was acidified with hydrochloric acid and
extracted with chicrecfcrm. After drying over anhydrous mage
nesium sulfate the solution was evaporated yielding 3.67 g. of

a yellow soclid. rystallization from an ethyil acetate-methancl
mixture gave 2.64 g. (66%) of Esggg-s,5,9£-trimethyldecalindidhe-

1,3 (LXIX), m.p. 194-201°,

Analysis

Calculated for C13H2602: c, 74.96; H, 9.68, Found: C,
74.67; H, 9.52.

Infrared spectrum

See Figure 2.
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Trans-3-methoxy-5,5,9§-trimethyl-£§-

octalone-1 (LXXII) and Trans-l-methoxy-35,

A mixture of 2.0 g. of diketone LXIX, 0.2 g, of p-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. Elution with ben-
zene gave 1,78 g. (84%) of crystalline trans-3-methoxy-5,5,98-
trimethyl-zg-octalone-l (LXXII) which after crystallization

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

Analysis

Calculated for Ci4Hp90,: G, 75.63; H, 9.97. Found: C,
75.59; H, 9.71.

Infrared spectrum

Nuclear magnetic resonance spectrum

See Figure 10,
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Optical rotation

Exgzs - 81,1° (c, 2.55)

Further elution with 1:4 ether-benzene yieided 0.31 g.
(13%) of trans-l-methoxy-s,5,9?-trimethy1-Lg-octalone-3 (LXX1IV).
Distillation at a bath temperature of 130° (1 mm.) followed by

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

Analysisg

Calculated for Ci4Hg900: G, 75.63; H, 9,97, Found: C,
75.89; H, 9.78.

Infrared spectrum
See Figure 3.

Nuclear magnetic resonance spectrum

See Figure 10.

Optical rotaticn

Eg]25 +78.8° (C, 2.48)
D

Trans-S,5,99-trimethyl-Ag-octalone-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
LXXXIII, 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 anhydrcus magnesium
sulfate., Evaporation of the ether afforded 0.060 g. (98%) of
crude ££§5§-5,5,92-trimethyl-é?-octalone-1 (LXX1IV) which on
distillation at a bath temperature of 95-100O (1L mm,) gave a

clear liquid,

s 81.20; H, iC.48. Found: C,

Iinfrared spectrum

See Figure 4.
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Nuclear magnetic resonance spectrum

See Figure 10,

Optical rctation

{¢J§5 - 41° (c, 1.38)

Trans-5,5,99-trimethyidecalone-1 (LXXXVIII)

A mixture of 0.107 g. of enome LXXXIV, 0.030 g. of 1i0%
palladium on charcocal 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-5,5,98-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;3Hy,0: C, 80,395 H, 11,41, Found: C,
80.46; H, 10,93,

[

See Figure &,

Nuclear magnetic resenance spectrum

See Figure 1i.
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Optical rotation

1'425 - 39.4° (C, 2.14)
Lp

2.4-Dinitrophenylhydrazone

Recrystallized from ethyl acetate-methanol, m.p. 165.5-167°,
Calculated for CyoHogN,0,: C, 60.%4; H, 7.00; N, 14.96.
Found: C, 60.83; H, 7.24; N, 15,04,

Transg-3d-cyano-5,5,98-trimethyldecalone-1 (XCVI)

A solution of 0,078 g. of enone LX{IV in 10 ml, of di-
methylformamide 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., Crystzllization from hexane
and sublimation at 110° (0.4 mm.) gave crystalline trans-3¢-

cyano-S;S,9§-trimethyldecalone-1 (XCV1i), m.p. 102-103°,

- e ) w-

Calculated for Clé‘ZION: N, 6,39, Found: N, 6.29,

" Infrared gpectrum

Maxima; 4.48 (w), 5.84 (s)A (CHCL,).
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Optical rotation

Ed\-ézs - 43.6° (C, 3.46)
4n

Trans-3f-cyano-5,5,9f-trimethyldecalone-1 (XCIX

A mixture of 0,190 g. of d-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 sclution was diluted with 50 mi, of
ether, washed with water and dried over anhydrous magnesium
sulfate., Evaporation of the ether gave 0,226 g. of white,

solid f-cyanoketal XCVII.

Nuclear magnetic resonance spectrum

See Figure'll.

The latter was dissolved in a solution of 0.100 g. of
potassium in 15 ml. of t-butyl alcohol and stirred at room

temperature for 10 nours. The solution was added to 100 mi.

. 3
of ether, washed with water and dried cver anhydrous magnesium
- -~ mmas eed -~ n -~ - 22
sulfate, Evapcraticn ©f the sther yieided C.203 g. of oily

Nuciear magnetic resonance spectrum

See Figure 11.
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hydrochioric acid and refluxed for 15 minutes. Evaporation of
the acetone afforded amn oily residue which wasg disselved in
ether, washed with 57 sodium bicarbonate and dried over anhy-
drous magnesium suifate. The sclution was evaporated yielding
0.183 g. (96%) of crude E£§£§f3§-cyano-5,5,9§-trimethy1decalone-
1 (XCIX).

Distillation at a bath temperature of 135-140° (1 m=m,) 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 cocmpound which was slightly faster than the

o«-cyanoketone XCVI.

Analysis

Calculated for Cy4HpiON: N, 6.39, Found: N, 6,28,

Infrared spectrum

Maxima; 4.45 (w), 5.86 (s)/q (film, Infracord).

Optical rotation

- 2.0 ZA A AannN
¢l ot \L" 4.3,}

liy” = *
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Hydrogenation of Trans-3-methoxy-

5,5,9@-trimethyl-é?-octalone-1 (LXXIi)

A mixture of 0.100 g. of enol ether LXXII, 0,100 g, of 107
palladium on charccal and 10 ml. of ethyl acetate was stirred
at room temperature under hydrogen at atmospheric pressure for
13 hours, Filtratiocn of the catalyst and evaporation of the
sclvent gave 0.084 g, of an o0il which was chromatographed on
alumina, Elution with 1l:4 benzene-hexane afforded 0.032 g.
(37%) of trans-5,5,9§-trimethyldecalone-1 (LXXXVIII). Further
elution with i:1 ether-benzene yielded 0.023 g. (23%) of white
crystalline solid. Crystallization from hexane and sublimation
at 120° (1L mm.) yielded pure trans-3§-methoxy-5,5,98-trimethyl-
decalol-1§ (LXXXIX), m.p. 88-90°,

Analysis
Calculated for C148970,: G, 74,28; K, 1i.58. Foumnd: C,

74001; H, 11.66.

Infrared spectrum

See Figure 3.

Nuclear magnetic rescnance spectrum

L ———

See Figure 12,
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Optical rotation

(612> - 2.6° (c, 0.96)
[ JD
Lithium Aluminum Hydride Reduction
of Trans-3-methexy-5,5,98-
trimethyl=é?=cctalone-l (LXXII)

A solution of 1.0 g. of enol ether LXXII in 100 ml. of
ether was treated slowly with 0.25 g. of iithium 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 amhydrous sodium sulfate. Evaporation of the ether
yielded 0,988 g. of an oily solid which was shown to be a three
compeonent mixture by thin layer chromatography (silica).

Chromatography of the létter on alumina and elution with
1:19 ether-benzene gave 0.058 g. (7%) of trans-5,5,9f-trimethyl-

£§

benzene afforded 0.416 g. (417%) of a white solid. Crystalli-

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

zation from hexane gave pure trans-3-methoxy-=5,5,98-trimethyl-

Af-octalol—l@ (LXXX1), m.p. 96-97°.

See Figure 5.
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Nuclear magnetic resonance spectrum

See Figure 12,

Optical rotation

E“]is - 53.3° (C, 1.24)

Further elution with ether gave 0.174 g, (18%) of trans-
18-hydroxy-5,5,9¢-trimethyldecalone-3 (LXXXII) which was

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

Analysis

Calculated for Cy3H,,0,: GC, 74,24; H, 10,54, Found: C,
73.96; H, 10,57.

Infrared spectrum

See Figure 5.

Nuclear magnetic resonance spectrum

roll?® - 27.3° (c, 2.43)
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directly hydrolyzed by the following procedure. A solution of

do

h

83% ethancl was treated

the mixture, 0.988 g., in 100 mi, ¢
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 cf the residue at
90-95° (1.5 mm.) gave 0.75 g. (86%) of liquid trans-5,5,96-

trimethyl-é&-octalone-B (LXX111).

Analysis

Calculated for C;3Hy00: C, 81,205 H, 10,48, Found: C,
80.71; H, 10,31.

Infrared spectrum

See Figure 3.

Nuclear magnetic resonance spectrum

See Figure 13,

Optical rotation

25 o
PV + 7.4 . 2,81
LG%D 7 (C. )
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Hydrolysis of Trans-3-methoxy-5,5,95-
trimethyl-[f-octalol-l@ (LXXX1)

(a) A solution of 0,135 g. of enol ether LXXXI in 10 ml.
cf 0.01 N sulfuric acid in 957% ethanol was alicwed 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 o0il 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, (287%) of crude
55235-5,5,9§Ltrimethyl-zg-octglone-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, trang-l§-hydroxy-5,5,96-
trimethyldecalone-3 (LXXXII), m.p. 110,5-111,5°,

(b) A solution of 0.33%9 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 anhydrocus magnesium sulfate, Evaporation of the
ether afforded 0.268 g. of oily solid, Thin layer chromato-

3

the presence of encne LXXIII and ketol
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graphy on alumina and elution with benzene yielded 0.135 g,
(47%) of trams-5,5,98-trimethyl-A-octalone-3 (LXXIII).
Continued elution with ether gave 0.144 g. (45%) of trans-16.
hydrexy-5,5,9f-trimethyldecalone-3 (LXXXII), a white crystalline

solid,

Dehydration of Trans-1§-hydroxy-
5,5,98-trimethyldecaione-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 dissoived 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 neutréliZed with
5% sodium bicarbonate and the ethanol evaporated under vacuum.
The residue was dissclved in ether, washed with water and dried
over anhydrous magnesium sulfate, Evaporaticn of the ether gave

0.0906 g. (i0G0%) of unreacted ketoi LXXXII.
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(¢) 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
vashed with water and dried over anhydrous magnesium sulfate.

f the ether yielded 0.067 g. {98%) of trams-S5,5,99-
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trimethyl-tg-octalone-3 (LXXIII).
Transg-5,5,98-trimethyldecalone-3 (XC)

A mixture of 0,100 g. of enone LXX1ii, 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-5,5,98-trimethyldecalone=3 (XC).

Analvsis

Calculated for C13H220: Cc, 80.35; H, 11,41, Found: C,
79.97; H, 11.28,

infrareé¢ spectrum

See Figure 6.

Nuclear magnetic resonance spectrum

See Figure 13,
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Optical rotatiocn

Ed?zs - 11.5° (c, 3.99)
-0

2, 4-Dinitrophenyilhydrazone

Crystallization from 95% ethanol gave m.p. 164-16S°;
-reported48 m,pe for the enantiomer, 169-184° (slight decomno-
sition). A sample of the enantiomer obtained from Dr. Enzell,
atter 3 crystailizations from $5% ethanoi, gave a melting point
of 164-166° and an infrared spectrum (see figure 4) identical
with that of the 2,4-dinitrophenylhydrazcne of XC.

Trans-19-cyano-5,5,96-

trimethyldecalone-3 (XCIIi)

A solution of 2,19 g. of enone LXXIII in 50 ml, of di-
methylformamide was treated with a solution of 1.16 g, of
potassium cyanide and 0.84 g. of ammonium chioride in 20 mi. of
water. The mixXture 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 eiution with 1:19 ether-benzene afforded
2,19 g. of crude trans-l9-cyanc-53,5,98-trimethyldecalone-3
(XCii), Crystallization from hexane gave 2.00 g. (80%) of the

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



Analysis

Calculated for Ci4H90N: G, 76,665 H, 9,653 N, 6,39,

Found: C, 76.82; H, 9.45; N, 6.4C,

Infrared spectzum

Maxima; 4.50 (w), 5.83 (s%;{(KBr).-

Optical rotation

25 o

[«]7 - 33.7° (c, 19D)
Trans-1§-cyano-5,5,9§-
trimethyldecalone-3 (XCV)

A mixture of 1.31 g.. of £-cyanoketone XCII, 300 ml. of
benzene, 25 ml, of ethylene glycol and 0,030 g. of p-toluene-
sulfonic acid was refluxed for 7 hours in the presence of a
Dean-Stark water separator. The excess benzeme was distilled,
200 mi. 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 d-cyancketsl XCIII.

See Figure 13,
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potassium in 75 mi. of t-butyl aicohol 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-
drcu; magnesium sulfate. Evapofation of the ether gave 1.63 g.

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 ﬁhe solution refluxed for 0.5 hours. The
acetone was evaporated and an ether soiution of the residue
washed with water and dried over anhydrous magnesium sulfate,
The solution was evaporated yielding 1.28 g. (98%) of crude
trans-1§-cyano-5,5,9¢-trimethyldecalone-3 (XCV)., Treatment of
the product with Norit in ether and crystaliization from hexane

gave white crystals, m,p. 100-101°,

Anaiysis

Calculated for(ClQHZION: c, 76.66; H, 9.65. Found: C,
77.03; H, °.57.

Infrared spectrum

Maxima; 4.48 (w), 5.83 (s)4{ (KBr).



Optical rotation

Ed‘zs - 4,2° (c, 1.50)
n

Trans-1§-carboxy-5,5,9¢-
trimethyldecalone-3 (CVI)

(a) A solution of 0.128 g. of d-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 soiut-
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
methanel, feollowed by crystallizaticn from aquecus methanol an
sublimation at 170° (1 mm.), gave 0.73 g. (68%) of trans-16-

carboxy-5,5,98-trimethyldecaione-3 (CVI), m.p. 210-212°,

A wa

1 2
nuaa'z's.g S

Caleulated for C,,H,,05: C, 70.55; H, 9.31. Found: C,
70.07; H, 9.22.



Infrared spectrum
See Figure 6,

Qptical rotation

[pqis +37.2° (C, 1.84)
(b) Treatment of 0.052 g. of B-cyanoketal 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-1€-
carboxy-S,5,93-trimethy1decalone-3 (CV1), m.p. 212-214°, The
infrared spectrum was identical with that of the product ob-
tained above from the ¢-cyanoketal XCII and their mixed melting

point was 210-212°,

Tzans-1¢-carbomethoxy-

5,5,98-trimethyldecalone~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 57 sodium
bicarbonate, dried over anhydrous magnesium sulfate and evapo-
rated, Treatment cf the zresidue with Norit im ether foliowed
by crystaliization from aquecus methanol and sublimation at 80°

(1 mm.) gave 0.083 g, (87%) of trans-l&.carbomethoxy-5,5,98-
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Calculated for C15H2403: C, 71.39; H, 5.55. Found: C,
71.24; H, 9.53,

Infrared spectrum

See Figure 6,
Nuclear magnetic resonance spectrum
See Figure 14,

Optical rotation

[‘oazs + 40° (c, 1.75); reported63 [,(]25 + 389,
~ 4D D

2,4-Dinitrophenylhydrazone

Crystallization from methylene dichloride-methanol gave

m.p. 221-223°; reported®> m.p. 216-217°.

Trans-18-carboxy-5,5,98-trimethyldecalone-3 (CVi), 0,070
g., was dGissoived in a soiution of 0,050 g. of potassium in 2
ml, of t-butyl alcchol and treated with 2 ml. of ethyl formate.

After stirring at room temperature for 12 hours, the solvent



was evaporated under vacuum and a Gilute hvdrochiorie 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 mli. 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 annydrous 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 (XXXVITI). Crystalli-

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

Infrared spectrum

See Figure 7.
7-Keto-7,8=-dihydrodrimenin (CIX)

(a) 7-Ketoisodrimenin (XXXVIII) was reduced with zinc in
24

cetic acid =according to the procedure of Overton” et al. to

g24

m

ive 7-keto-7,8-dihydrodrimenin, m.p. 124=1259; reporte
m.p. 124-126°,

Infrared spectrum

See Figure 7.
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(b) A mixture of 0,010 g. of 7-ketoisocdrimenin (XXXVIII),
0.010 g. of 10% palladium on charcecal, 2 drops of sulfuric acid
and 5 mi, of ethyl acetate was stirred under hydrogen at atmo-
spheric pressure and room temperature for 12 hours. The catai-
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, 124-125Y, showed it to

be 7-keto-7,8-dihydrodrimenin (CIX).
7§-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 78-hydroxy-
7 ,8-dihydrodrimenin (CX) as a white solid., Crystallization
from hexane-benzene followed by sublimation at 135° (1 mm.)

gave needies, m.p. 159-161°,

Analysis

Caicuiated for CisHps0p: G, 71,393 H, 9.5, Founéd: C,
71.89; H, 9.38,
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Infrared spectrum

See Figure 7.

Optical rotation

25 o |
[ - 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 p-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,
5% sodium bicarbonate, water and dried over anhydrous magnesium
sulfate. Evaporation of the etﬁer 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 soiution 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 (XXXI1) which after cry-
stallization from hexane and sublimation at 120° (0.4 mm.)

meited at 132-133%; reported?* 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 vielded 0.008 g.
(17%) of crude 7-ketoisodrimenin (XXXVIII). Further elution
with 1:1 ether-benzene gave 0,008 g. (i9%) of unreacted 75-

hydroxy-7,8-dihydrodrimenin (CX).

Lithium Aluminum Hydride

Reduction of Isodrimenin (XXXIII)

Isodrimenin was reduced with lithium aluminum hydride

‘according toc the procedure of Overtonz4

XL, m.p. 121-122°; reported®® m.p. 123-124°,

et al., to give the dicl

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 ﬁcurs. After filtering the manganese dicxide and washing
with methanol, the combined filtrates were evaporated to vield
0.010 g. of yellow solid., 1Its crystallization from hexane and
1 mm, ) afforded long needles of

e - - -2 - -
33.30; reportced 4 m.P. 152°.

N

e dl o el T S mded 1900
gradient sublimation at 120

-

confertifoiin {KXXiV), m.p. 132,5-

pod

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

24

according to the procedure of Overton” et al, to 12-hydroxy-

drimenol (XXXV),.
Drimenol (XXVI)

A mixture of 0,021 g, of 12-hydroxydrimenol (XXXV), 0,003
g. of sodium acetate and 5 ml, of acetic anhyvdride 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 Ice-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 o0il which dissolved in
10 ml. of 95% ethanol and 7 ml, of 5% sodium hydroxide and re-
fluxed for 1 hcur. 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,

rh

of an oii. It was chromatograpned onm a S mm. thick silica
plate and developed with 1:19 ethyl acetate-benzene. The po-
sitions of the products were determined by their fluorescence

under ultravioclet light, their silica spots scraped from the
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piate and the products extracted by boiling with 1:19 methancl-
ethyl acetate. Filtration and evaporation of the eluate gave

ding
1

0.009 g. of oil which was sublimed at 70° (1 =m,)

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

from hexane afforded drimenol (XXXVI), m.p, 94-95°; 't.:'eport:ec!21
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,
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The degradstion 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
encl ethers has been investigated andé evidence presented
for the co-occurrence of two mechanistic pathways.

The stereochemistry of the cyanide addition to two
d,8-unsaturated ketones has been elucidated and the reactions

shown to be stereospecific,
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