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A new class of bicgenetically important sesquiterpene s 

has recently been discovered6 The purpose of this research 

is to confirm the structures of the first four members of 

this class: drimenol, drimenin, isodrimenin and conferti-

folin, by total synthesis. 
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In 19209 as the structures of more and mere tsrpsnic 

compounds had become known. Ruzicka noted a basic similarity 

among them» Despite the variety of structural patterns, 

Ruzicka1 pointed out that the carbon skeleta of all terpenes 

consisted of combinations of the basic isoprene unit. This 

initial observation was supported by further structure deter­

minations and gradually evolved into the isoprene rule. In 
2 

1953, Ruzicka stated a revised version called the "biogenetic" 

isoprene rule, to account for terpenoids which did not complete­

ly follow the "empirical" isoprene rule. He indicated that 

isoprene units are condensed to the hypothetical precursors 

geraniol, faraesci, geranylgeraniol and squalene which lead to 

terpenes by cyclization and rearrangement mechanisms. 

Although the fine points of terpens biogenesis are still 

being investigated, it is generally accepted that mevalonic 

acid (I) leads to an active intermediate, isopentenyl pyro-

phosphate (II), which self-condenses in a head-to-tail manner 

to form unsaturated alcohols. The condensation of two, three 

or four units of isopentenyl pyrophosphate produces geraniol 

(III), famesol (IV) or geranylgeraniol (V), respectively. 

These alcohols and squalene (VI), the head-to-head dimer of 

fame sol, are envisioned as terpene precursors. 

The transformation of squalene (VI) into cholesterol (VII) 

was suggested by Robinson* in 1934. Later this idea was re­

vised by Woodward and Bloch"* to explain the isotope distri-
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button in cholesterol biosvnthe sized from labeled acetate. 

They postulated lanosterol (VIII) to be the primary product of 

oxidative cyclization and the precursor of cholesterol. The 

cyclization was assumed to be initiated by GH+ which attacks 

the terminal double bond starting a concerted cyclization (as 

in IX) and leading to the cation-olefin complex X which re­

arranges to lanosterol (VIII). 

The cyclization of squalene has been studied in great 

detail and the experimental results support the above postu­

lates. Tchen and 51cch^ were successful in proving that the 

conversion of squalene (VI) to lanosterol (VIII) was a con­

certed process. When the experiment was carried out in the 

presence of no deuterium appeared in the lanosterol, 

indicating the absence of any intermediate in the cyclization. 

18 
Furthermore, cyclization in an atmosphere enriched in 0 £ 

18 
gave lanosterol containing 0 in the hydroxyl group of ring 

A. This is consistent with a cyclization initiated by a 

cationic species such as OH*1". The experiments of Maudgal, 

7 
Tchen and Bloch based on synthetic all-trans squalene pro­

vided evidence that this stereoisomer is in fact the precursor 

of lanosterol. The postulate that lanosterol (VIII) is the 
Q 

precursor of the steroids was proven by Clayton and Bloch 

by the transformation of C^-labeled lanosterol into cholesterol 

(VII) in liver homogenates. 

The concerted cyclization of squalene is also involved 

in the biogenesis of triterpenes. Eschenmoser^ et al. 
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postulated the biosynthesis of ail known pentacyclic triter-

penes j such as ^-amyrin (XI), from the cation-olefin complex 

X by accepted cyclization and rearrangement mechanisms. An 

analogous cyclization of geranylgeraniol (as in XII) is en-

2 visioned by Ruzicka to lead to the cyclic diterpenes, such 

as sanool (XIII). 

The concept of steroids, triterpenes and diterpenes 

being formed by similar concerted polyene cyclizations is 

supported by their similarities in structure and stereo­

chemistry. Investigations"® have shown that the great majority 

have the same absolute stereochemistry at the A/B ring juncture, 

as depicted in manool (XIII). 

However, the similarities in structure which are found in 

the higher terpenes and steroids do not continue into the ses­

quiterpene group, where a large variety of carbon skeleta are 

encountered**. Two groups contain a decalin ring system5 

exemplified by cadinene (XIV) and selinene (XV), but their 

structures and biogeneses are not analogous to those of the 

2 12 
higher terpenes. Ruzicka , and later Hendrickson , proposed 

the cyclization of £arnesol (IV) to intermediates XVI and XVII 

which could lead to the carbon skeleta of cadinene, selinene 

and several other sesquiterpenes. 

Until most recently the structure patterns characteristic 

of the higher terpenes could not be found among the sesqui-

2 
terpenes. In 1953, Ruzicka stated: "The one carbon skeleton 

which has never been observed is the bicyclofarnesol skeleton 
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This appears to indicate that the biogenesis of steroids, 

diterpenes and triterpenes differs in some fundamental detail 

from that of monoterpenes and sesquiterpenes". 

While the expected bicycio fame sol structure had not been 

observed yet in nature, investigations of in vitro acid-

catalyzed cyclizations of farnesol derivatives had been going on 
i 3 

for some years. In 1949, Schinz* reported that the cyclization 

of famesic acid (XVIX) in formic acid gave a mixture from which 

he isolated cf-bicyclofamesic acid (XX). This acid was reduced 

with lithium aluminum hydride to 4-bicycio fame sol (XXI). The 

stereochemistry was not known at this time, but later work by 

Eschenmoser*^" showed that it was, as indicated in XXI, the same 

as that observed in higher terpenes. 

In 1954, Djerassi*^ published the isolation of the first 

bicyclofarnesol sesquiterpene, called iresin (XXII), from the 

Mexican plant Iresine celosioides. Although the position of 

16 
the C(10) methyl group was still in doubt, he proposed the 

correct structure on the basis of the isoprene rule and bio­

genetic analogy with the higher terpenes. Later work 

corroborated the structure, but optical rotatory dispersion 

studies with steroid models showed that the .absolute stereo­

chemistry at the A/B ring juncture (indicated in XXII) was 

the opposite of that found in the higher terpenes. Three 

related compounds*® were subsequently found and Djerassi*^ 

stated: "Iresin (XXII) and its naturally occurring relatives 
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dihydroiresone (XXIII)? dihydroiresin (XXIV) and isoiresia 

(XXV) represent the first group of sesquiterpenes which follow 

the isoprene skeleton XVIII. This particular bicyclofarnesol 

skeleton xs found in virtually all of the diterpenes and tri— 

terpenes and, in damethylated form, in the steroids. The 

discovery of iresin has thus afforded a missing link between 

the lower (mono- and sesquiterpenes) and the higher ones". 

90 
In 1957, Overton and Brooks published the structure and 

absolute stereochemistry of the second bicyclofarnesol sesqui­

terpene found in nature. The new sesquiterpene, named drimenol 

(XXVI), was isolated from the bark of the South American tree 

21 
Drimys winteri in 1948 by Appel who also accomplished some 

preliminary degradations. The structure elucidation was later 

21 
continued and completed by Overton et al. who proposed the 

name drimane for the basic hydrocarbon structure XVIII. 

It was determined rapidly that drimenol (XXVI) was an 

alcohol with a tri-substituted double bond by its ultraviolet 

and infrared spectra. Moreover, drimenol gave a yellow color 

with tetranitromethane and consumed one mole of peracid indicat­

ing the presence of one double bond. The fact that drimenol 

was not an allylic alcohol was evident from its inertness to 

manganese dioxide oxidation. The carbon skeleton was estab­

lished by dehydrogenation with palladium on charcoal, which 

afforded 1.2.5-trimetnylnaphthalene (XXVII) as the only 

identified product. 

Inferring that drimenol was a bicyclofarnesol sesqui-
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mined by its oxidation to known degradation products of higher 

terpenes. Catalytic hydrogénation of drimenol furnished a 

saturated alcohol, drimanol (XXVIII), which was oxidized by 

potassium dichromate without the loss of carbon to a mono-

car boxylic acid, drimanic acid (XXIX). Direct comparison 

showed that drimanic acid was identical with the known acid 

XXIX which had been obtained previously by the degradation of 

22 
oleanolic acid and ambrein . Oxidation of drimenol with 

chromic anhydride led to an # -unsaturated ketone, nor-

drimenone (XXX), which was ozonized to a dicarboxylic acid, 

drimic acid (XXXI). Direct comparison of drimic acid and the 

9 3  
known degradation product XXXI of onocerin and abietic acid 

proved that they were identical. As a final point, the 

infrared spectrum of drimenol (XXVI) was identical with that 

of «(-bicyclofarnesol (XXI) (dl-drimenol), which had been 

.21 

11 
synthesized in vitro in 1949. 

Considering the final structure of drimenol, Overton 

stated: "Drimenol is thus the first representative of this 

class possessing both the skeletal structure and absolute 

stereochemistry normally found in ring A and B of the di-

and triterpenes, and so constituting a biogenetic link between 

these three groups". 

Three isomeric sesquiterpene lactones, drimenln (XXXII), 

isodrimenin (XXXIII) and ccnfertifolin (XXXIV), were subse­

quently isolated.from Drimys winteri. Their structural and 
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they were oxidation derivatives of drimenol« 

Investigation of the infrared spectrum of drimenin 

(XXXII), indicated the presence of a butanolide 

and an isolated, triply substituted double bond. Its lactonic 

nature was supported by reduction with lithium aluminum hydride 

to an unsaturated diol (XXXV)„ Both drimenin (XXXII) and the 

unsaturated diol (XXXV) gave a yellow color with tetranitro-

methane further supporting the presence of a double bond. 

Drimenin was also catalytically hydrogenated to a saturated 

lactone (XXXVI) which was reduced with lithium aluminum hydride 

to a saturated diol (XXXVII). 

Consideration of the analytical data, functional groups 

and similarity of infrared spectra to drimenol suggested that 

drimenin (XXXII) had a bicyclof arnesol skeleton. Further work 

showed this to be correct by the correlation of degradation 

products with those of drimenol (XXVI). 

Oxidation of drimenin (XXXII) with potassium dichrornate 

afforded an sf,5-unsaturated ketone (XXXVIII) whose infrared 

spectrum contained a butenolide absorption band, indicating 

migration of the previously isolated double bond. The un­

saturated ketone (XXXVIII) was readily dehydrogenated by 

selenium dioxide to a dienone lactone which could be accommo­

dated on the drimane template only as in XXXIX. This evidence 

defined the constitution of drimenin as in XXXII. Further 

experiments supported this structure and also defined the 
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ketone (XXXVIII) and decomposition of the ozonide with hydrogen 

peroxide famished drimic acid (XXXI)9 previously obtained from 

21 
drimenol . Secondly, the unsaturated diol XXXV consumed two 

moles of hydrogen over Adams catalyst to yield drimanol 

21 
(XXVIII), the hydrogénation product of drimenol . 

The structure of isodrimenin (XXXIII) was rapidly eluci­

dated when isomerization of drimenin (XXXII), a butanolide, 

with 10% potassium hydroxide at 20° for 1 hour afforded iso­

drimenin, whose infrared spectrum indicated it to be a buteno-

lide. 

Rirther evidence was obtained when the oxidation of iso­

drimenin (XXXIII) with potassium dichromate gave the ketone 

XXXVIII previously obtained from drimenin (XXXII) and lithium 

aluminum hydride reduction gave the new unsaturated diol XL. 

Isodrimenin is probably not an artefact since drimenin was 

substantially unchanged when subjected to the conditions used 

in the isolation procedure. 

Confertifolin (XXXIV), whose infrared spectrum also 

suggested a buter.olide, did net give a color with tetranitro-

methane shewing the double bond to be tetra-substituted, as in 

isodrimenin (XXXIII). The infrared and ultraviolet spectra 

were very similar with those of isodrimenin (XXXIII), suggesting 

that confertifolin (XXXIV) differed only in the arrangement of 

the lactone ring. This was confirmed when the lithium aluminum 

hydride reduction of confertifolin afforded the same unsaturated 
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hydrogenated to a new saturated lactone (XLI) which was 

reduced with lithium aluminum hydride to the saturated diol 

XXXVII previously obtained from drimenin. 

Several other sesquiterpenes of the bicyclofarnesol 

skeleton have been reported. The structure of famesiferol A 

(XLII) was determined by Jeger^ in 1958 and has the 5$,1Q«C 

configuration found in the iresin series. Recently, Barnes 

26 
and Loder isolated polygodial (XLIII) from both Polygonum 

27 hydropiper and Drimys lanceolata and rapidly established 

the structure as a di-aldehyde of the drimenol series. Firstly, 

sodium borohydride reduction of polygodial afforded the un­

saturated diol XXXV previously obtained from drimenin^ (XXXII). 

Secondly, treatment with alkali led to an isomeric e(,^-unsatu­

rated lactone (XLIV) by an internal Cannizzaro reaction. Cata­

lytic hydrogénation of the latter afforded a lactone which by 

direct comparison was shown to be identical with the hydro­

génation product XLI of confertifolin^. Other reports indicate 

28 
that a second similar sesquiterpene, tadeonal (XLV), has been 

isolated from Polygonum hydropiper and the reported sesquiter-

29 
pene» tadenal , has been shown to be polygodial (XLIII). 

30 
Very recently, Overton et al. determined the structures 

of four new sesquiterpenes: winterin (XLVI), valdiviolide 

(XLVIl), fuegin (XLVIII) and futronolide (XLIX). All isolated 

from Drimys winteri, their structures were elucidated as oxi­

dation derivatives of the drimenol series by their relationship 



www.manaraa.com

15 

°^Q Q 

o vu 
A 

0 

xxxix XXXVIII 

/ 
0.x CH20H 

H->0H 

XXXIII XXXII XXXV 

H^OH 

CH-OH 

XL XXXVI 

u CH-OH 

! ! 
r0 

:H5OK 

XXXIV XLI XXXVII 



www.manaraa.com

16 

4 f 4 m f wvtt T \ 

Winterin (XLVI), O^gH^gOg, was identified as a maleic 

anhydride by its infrared and ultraviolet spectra» Assuming 

a structural relationship with confertifolin (XXXIV), winterin 

was assigned the structure XLVI. This was confirmed by reduc­

tion with lithium aluminum hydride to the unsaturated diol XL 

previously obtained^ from both isodrimenin (XXXIII) and 

confertifolin (XXXIV). 

The infrared and ultraviolet spectra of valdiviolide 

(XLVII), ^15^22^3» suggested the presence of a butenolide and 

one hydroxyl group. The reduction with lithium aluminum 

hydride to the previously obtained diol XL and the chromic 

anhydride oxidation to winterin (XLVI) established that the 

hydroxyl group of valdiviolide (XLVII) was on the lactone ring. 

The correct structure, XLVII, was determined by its hydro-

genolysis over platinum oxide to the known^ saturated lactone 

XLI, 

The similarity of the infrared and ultraviolet spectra 

of fuegin (XLVIII) with those of valdiviolide (XLVII) and 

confertifolin (XXXIV) indicated a lactonol structure as in 

valdiviolide with the fourth oxygen present as an additional 

hydroxy! group. The position of a one-proton multiplet at 

4.67 ppm in its nuclear magnetic resonance spectrum suggested 

that the additional hydroxyl group was allylic to the butenolide 

double bond, hence at C(7). This was confirmed by the conver­

sion of fuegin (XLVIII) to the known^ saturated lactone XLI by 
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hydroxy!s and reduced the double bond. The stereochemistry 

of the C(7) hydroxyl group was not deducible from the avail­

able data and lack of material precluded further investigation. 

The C(11) hydroxyl groups in fuegin (XLVIII) and valdiviolide 

(XLVII) was assumed to be in the thermodynamically more stable 

c(-configuration since equilibration through the aldehydo-acid 

was considered to have taken place without difficulty. 

The fourth sesquiterpene, futronolide, was isolated in 

very small amounts and only 5 tag. were available for investi­

gation. However, on the basis of mass spectrometry and other 

spectral properties a tentative structure, XLIX, was assigned 

to futronolide. 

Of all the sesquiterpenes of the drimenol series isolated 

from the South American Drimys species only drimenol and con­

fertifolin are encountered widely and in major amounts. Iso­

drimenin appears occasionally while the remaining compounds are 

found very rarely and only in minor quantities. 
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In view of the biogenetic interest of the bicyclofarnesol 

sesquiterpenes, it was desirable to confirm the structures of 

drimenol, drimenin, isodrimenin and confertifolin by total 

synthesis. Podocarpic acid (L) was chosen as the starting 

material for several reasons. Firstly, podocarpic acid has 

the same 54$ 10f configuration at its A/B ring juncture as the 

drimanic sesquiterpenes. Secondly, the gem-dimethyl arrange­

ment at C(4) is potentially available. Thirdly, since d-podo-

31 
carpic acid has been synthesized , any transformations to 

other natural products constitute their total synthesis also. 

It was decided to degrade podocarpic acid to the known drimic 

acid (XXXI) from which the sesquiterpenes would then be synthe­

sized. 

The first objective, reduction of the C(4) acid group to 

a methyl group, had been previously accomplishede Following 

known procedures, podocarpic acid was dimethylated with di= 

32 
methyl sulfate and reduced to O-methylpodocarpol (LI) with 

lithium aluminum hydride. Oxidation of the alcohol with 

chromic anhydride-pyridine to the aldehyde followed by Wolf f-

33 
Kishner reduction afforded C-methylpodocarpane (LII) in good 

yield. 

The second objective, degradation of ring C, was initiated 

by a benzylic oxidation. Treatment of O-methylpodocarpane with 

chromic anhydride in acetic anhydride gave 7-keto-0-methylpodo-
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carpane (LUI) as an oil. Attempts to crystallize the latter 

faileds but its 2,4-dinitrophenylhydrazones m.p. 235-236°$ was 

prepared and analyzed. These results were repeated subsequently 

by Fstizon^ who reported m.p. 236.5-237°. 

In order to cleave the C(7)-C(8) single bend. the ketone 

LIXI was subjected to a Baeyer-Villiger oxidation. The reaction 

of ketone LIII with excess trifluoroperacetic acid was sluggish 

and after 70 hours at room temperature gave a mixture of pro­

ducts from which the lactone LIV could not be isolated. The 

product mixture was refluxed in alcohslic sodium hydroxide 

thereby hydrolyzing the lactone to acid LV. The crude acid LV 

was reconverted by sublimation to the lactone LIV which was 

isolated in low yield after extensive purification. The by­

products of the Baeyer-Villiger oxidation probably arose from 

reactions of the aromatic ring C, the only other reactive moiety 

in LIII. Since it was planned to degrade ring C by ozonolysis, 

it was decided to ozonize the crude acid LV obtained directly 

from the Baeyer-Villiger reaction. Exhaustive ozonolysis of 

the latter and oxidative decomposition of the ozonide in basic 

hydrogen peroxide afforded crude drimic acid (XXXI). Treatment 

of the latter with acetic anhydride or sublimation gave drimic 

anhydride (LVI) which was purified by chromatography and hydro­

lyse d to drimic acid, m.p. 166-168°; reported^* m.p. 167-168°= 

The yield in the conversion of 7-keto«0=aethylpodocarpane (LIII) 

to drimic anhydride (LVI) was 227== 

Since podocarpic acid was difficult to obtain and its 
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decided to produce the necessary quantity of drimic anhydride 

from a more available source. Dehydroabietonitrile (LVll) was 

chosen as the second starting material since it also has the 

necessary 5<„I0| configuration and the potential gem-dimethyl 

arrangement at C(4). Since abietic acid (LVIII) has been 

35 
synthesized very recently , the conversion of dehydroabieto­

nitrile to the drimanic sesquiterpenes also constitutes their 

total synthesis. 

The reduction of the nitrile LVII to the aldehyde LIX was 

, accomplished by controlled reduction with lithium aluminum 

hydride. Treatment of LVII with 1.5 moles of lithium aluminum 

hydride at room temperature for 10 minutes and rapid acid hydro­

lysis of the irnine intermediate afforded the crude aldehyde in 

high yield. Wolff-Kishner reduction of the latter and chromato­

graphy of the product gave a 70% yield of dehydroabietane (LX), 

m.p. 38-42°: reported^ mepe 41-44°, 

The oxidation of dehydroabietane to the 7-keto compound 

LXI with chromic anhydride in acetic acid has been accomplished 

23 37 
previously in 50% yield. It has also been shown that under 

stronger conditions dehydroabietane (LX) is oxidized both at 

C(6) and on the isopropyl side chain. After several experiments 

it was found that using only 1.5 moles of chromic anhydride 

still afforded a 50% yield of the ketone LXI and also a 30% 

yield of starting material. Increasing oxidant5 time or 

temperature simply increased the by-products. 
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Baeyer-villiger oxidation of the ketone LXI with triflucrc= 

peracetic acid proceeded cleanly and gave a 51% yield of pure 

lactone LXII which was characterized by its analysis and in­

frared spectrum. Hydrolysis of the lactone in alcoholic 

potassium hydroxide afforded the acid LXIII which analyzed 

correctly for G20"30"3* T^le letter was subjected to exhaustive 

ozonolysis, the resulting ozonide decomposed with basic hydrogen 

peroxide and the product chromatographed yielding crude drimic 

acid (XXXI). Refluxing with acetic anhydride converted the acid 

to drimic anhydride (LVI) which was identical (melting point, 

mixed melting point, infrared spectrum) with that obtained from 

podocarpic acid (L). 

With the source of drimic anhydride secure, an attempt was 

undertaken to introduce a one-carbon segment into the anhydride 

and so complete the carbocyclic ring B. This was achieved 

finally by the use of a reaction with an organocadmium reagent. 

Although such reactions with cyclic anhydrides are not numerous, 

3 8 
an analogous reaction was found in the literature. Cason 

reacted a substituted glutaric anhydride (LXIV) with di-n-

butylcadmium and obtained a mixture of keto-acids LXV and LXVI 

in high yield. The usefulness of the reaction for the pre­

paration of keto-acids is somewhat decreased, since two products 

are obtained from unsymmetrical cyclic anhydrides. However, if 

conversion of the keto=acids into cyclic £-diketones is intended, 

the creation of two products presents no obstacle since both 

would be expected to yield the same diketone. 
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dimethylcadmium in benzene gave an acidic oil. Thin layer 

chromatography (silica) showed two close spots9 presumably 

the keto-acids LXVII and LXVIII. The crude mixture was 

esterifled with diazomethane and the resulting keto-ester 

mixture cyclized with potassium butoxide affording a 66% 

yield of trans-5$5s9#-trimethyldecalindione-1,3 (LX1X) (com­

pounds LXIX to CV11 are named as decalin derivatives and 

numbered as in LXIX). Its wide melting point, 194-201°, and 

infrared spectra indicated ready interconversion with its 

tautomers. The potassium bromide mull spectrum revealed the 

compound to be completely enolized in the solid form by a 

strong 6.25/f band and the absence of any absorption in the 

normal carbonyl region. Absorption bands at 5.78, 5.88 and 

6.20/( indicated the presence of both diketone and enol forms 

in chloroform solution. 

When drimic anhydride (LVI) was treated with 10 moles of 

dimethylcadmium a 75% yield of a neutral solid was obtained. 

Its infrared spectrum, a single 5.87>( band in the carbonyl 

region, and its analysis for C-;4»2A°2 suggested the lactone 

structure LXX. This would arise from methylation of the ke to-

acid LXVII with excess dimethylcadmium giving a tertiary 

alcohol which would lactonize to LXX. Structure LXX rather 

than the alternate structure LXXI was assigned to the lactone, 

since C(7) of the anhydride would be expected to be more access­

ible than its C(9) and the nuclear magnetic resonance spectrum 
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from the C(6) hydrogens in structure LXXI. Although organo-

cadmium reagents do not usually react with ketones, it is 

known ^ that an excess of the reagent with a sufficiently 

reactive ketone can yield tertiary alcohols. 

It was desired to introduce a one-carbon segment by for­

mation of the enol ether LXXII, reduction to the enone LXXIII 

and addition of cyanide at the C(l) position. Refluxing the 

/-dike tone LXIX and jd-toluene sulfonic acid in methanol and 

benzene^-*, with slow distillation of the solvent, gave a mix­

ture of the two enol ethers LXXII and LXXIV. Chromatographic 

separation afforded LXXII in 847» yield and LXXIV in 13% yield, 

both analyzing correctly for ^^>2°2' structures were 

assigned by analogy with the yields and chromatographic 

mobilities of the products in similar systems^. The structures 

were subsequently confirmed by the proper assignment of the 

structures of their reduction products. 

The reduction of an enol ether (e.g. LXXV) of a /-diketone 

and treatment of the resulting hydroxy enol ether (LXXVI) with 

acid is a very useful synthesis of an -unsaturated ketone 

(LXXVIX). Previous interpretations^ of the mechanism of the 

hydrolysis of the intermediate hydroxy enol ether assumed its 

primary conversion to a f-ketol (LXXVIII) followed by dehydra­

tion to the -unsaturated ketone (LXXVII). The ketol inter­

mediate was never isolated and various acid treatments^* and 

even adsorption on alumina^ were used to effect the presumed 
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In 1961j Stiles^ investigated this reaction and proposed 

a new mechanism» He treated 3=ethoxy-2*= eyelohesenone (LXXV) 

with lithium aluminum hydride and isolated the hydroxy enol 

ether LXXVI, The latter was converted quantitatively to cyclo-

hexenone (LXXVII) by 10"^ M hydrochloric acid at 0° but the 

proposed ketol intermediate (LXXVI!!) was not observed. When 

the ketol LXXVIII, synthesized by an alternate method, was 
_ O 

treated with 10" M hydrochloric acid under identical conditions 

there was no measurable reaction. Comparison of the rates of 

formation of cyclohexenone (LXXVII) from the enol ether LXXVI 

and the ketol LXXVIII showed that the ketol dehydrated too 
g 

slowly by a factor of ça. 10 to be an intermediate. With this 

evidence in hand, Stiles proposed a new mechanism of enone for­

mation involving an allylic rearrangement of the hydroxyl group 

via intermediates LXXIX and LXXX. 

It was decided to investigate this proposed mechanism with 

respect to the enol ethers LXXII and LXXIV. Reduction of LXXII 

with lithium aluminum hydride and hydrolysis with water gave a 

mixture of products. Chromatographic separation afforded a 7% 

yield of the enone LXXÎÏI, a 41% yield of the hydroxy enol 

ether LXXX! and an 18% yield of the ketol LXXXII. The structures 
5 

of the enone and ketol were assigned on the basis of their 

analyses and infrared spectra. Although the hydroxy enol ether 

LXXX! was stable in the solid form, m.p. 96-97°, a correct 

analysis could not be obtained. However, its infrared and 
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nuclear magnetic resonance spectra were consistent with the 

assigned structure. The hydroxyl group at C(l) in both LXXXI 

and LXXXII was assigned the <$ position on the assumption that 

the reduction had occured from the less hindered ^-side. 

The hydrolysis of the enol ether LXXXI in 0.01 N sulfuric 

acid in 95% etnanol was very slow and after 36 hours at room 

temperature a mixture of products was obtained. Thin layer 

chromatography (silica), with the known compounds as standards, 

showed the presence of the enone LXXIII, ketol LXXXII and 

starting enol ether LXXXI. Chromatographic separation afforded 

yields of 28, 49 and 14%, respectively. When the hydrolysis of 

LXXXI was carried out in 1.0 N sulfuric acid, under identical 

conditions, the reaction was complete within 5 minutes and gave 

a 47% yield of the enone LXXIII and a 45% yield of the ketol 

LXXXII. Treatment of pure ketol LXXXII with acid under con­

ditions identical with those of the above two experiments led 

to its recovery in 94 and 100% yields, respectively. However, 

the ketol LXXXII could be dehydrated to the enone LXXIII in 98% 

yield by refluxing in 2 N sulfuric acid in 95% ethanol for half 

an hour. The products of the above reactions were identified by 

their comparative infrared and thin layer chromatographic pro­

perties with known compounds. 

These results indicate that both mechanisms of hydrolysis, 

formation of the ketol and allylic rearrangement, had occurred. 

The inertness of the ketol (LXXXII) to the conditions which had 

yielded some enone (LXXIII) excludes it as the precursor of the 
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enone LXXIII formed under these conditions. Therefore, the 

enone LXXIII appears to have been formed through the allylic 

rearrangement proposed by Stiles, or some similar mechanism. 

The increase in rate with increasing acidity, especially of the 

enone formation which increased in yield from 28 to 47%, is 

also consistent with the results obtained by Stiles. 

The reduction of the alternate enol ether LXXIV yielded 

a solid whose infrared spectrum indicated the expected hydroxy 

enol ether LXXXIII» Although the solid could be recrystallized, 

a sharp melting point could not be obtained. On standing at 

room temperature for 12 hours, the solid became oily and an 

infrared spectrum indicated that it was decomposing to the enone 

LXXXIV. The crude enol ether LXXXIII was immediately treated 

with 0.01 N sulfuric acid in 95% ethanol for a half hour yield­

ing the enone LXXXIV in 98% yield. The failure to detect any 

ketol LXXXV and the rapid rate of hydrolysis as compared to that 

of LXXXI suggested that the enol ether LXXXIII had hydrolyzed 

to the enone LXXXIV completely by the allylic rearrangement 

mechanism. 

The difference of the rates of allylic rearrangement of 

LXXXI and LXXXIII under identical conditions of treatment with 

0.01 N sulfuric acid can be explained on the basis of a differ­

ence of ease of formation of the intermediate methoxy-allyl 

cations LXXXVI and LXXXVII, respectively. It is known^° that 

in a trans-decalin system a double bond at C(2)-C(3) is more 

stable than at C(1)-C(2)» Hence the introduction of double-
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bond character into cne i ,2-Bona LXXXV i; starting rros- LXXXI 

would be expected to require more activation energy than a 

similar change in the 2,3-bond starting from LXXXIII. There-

fore9 a parallel, independent reaction, the formation of ketol 

LXXXII, can take place alongside the rearrangement in the case 

of LXXXI. The above results indicate that it may be possible 

to adjust hydrolysis conditions in specific systems to the 

needs of the synthesis. 

Before proceeding with the sesquiterpene synthesis, it 

was desirable to establish the structure of the enones LXXIII 

and LXXXIV. Hydrogénation of the enone LXXIV over palladium-

charcoal afforded the saturated ketone LXXXVIII as an oil. 

The structure LXXXVIII was consistent with the analytical 

results of the ketone and its 2,4-dinitrophenylhydrazone. The 

infrared and nuclear magnetic resonance spectra were compared 

and found identical with those of the known racemic compound^. 

Although the racemic compound was a lew malting solid, the 

ketone LXXXVIII could not be solidified at room temperature 

even when purified by gas phase chromatography. However 9 the 

gas phase and thin layer chromatographic properties along 

with the spectral properties indicated a pure compound. The 

ketone LXXXVIII was also obtained by catalytic hydrogénation 

of the enol ether LXXII in 37% yield along with a 23% yield 

of the aethoxy-alcohol LXXXIX. The structure of the alcohol, 

which analyzed for ^^-^7^2 9 was elucidated by infrared and 

nuclear magnetic resonance spectra. 
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saturated ketone XC whose analysis agreed with the formula 

^13^22®° The 2s 4= ti in 11 ropher.yIhydrazone of XC melted at 
O /.Q 

164-165 while the reported melting point of the enanti­

omeric 2,4-dinitrophenylhydrazone was 169-184°. A sample of 

the 2,4-dinitrophenylhydrazone of the enantiomer XCI was 

obtained from Dr. Enzell. Upon recrystallization it melted 

at 164-166°. The infrared spectrum was identical with that 

of the 2,4-dinitrophenylhydrazone of XC. These results sug­

gest that the enantiomer XCI reported by Enzell^ was probably 

impure. 

Proceeding with the synthetic route to the drimanic 

sesquiterpenes, the enone LXXIII was made to react with potas-

49 
siusa cyanide and ammonium chloride in dime thy if ormamide 

giving an 80% yield of pure d-cyanoketone XCII, m.p. 102-103°. 

The stereochemistry of the cyano group was determined by its 

ability to be isomer!zed to the more stable ^-position. To 

protect against any ketonic interactions during the isomeri-

zation, the d-cyanoke tone XCII was ketalized with ethylene 

glycol and the resulting e/-cyanoketal XCI 11 treated with 

potassium t-butoxide^®'at room temperature for 10 hours. 

Hydrolysis of the resulting 5-cyanoketal XCIV afforded the 

£-cyanoketone XCV. @,pe 100-101°= The analyses of both cyano-

ketones XCII and XCV checked for and, as expected, 

their infrared spectra and thin layer chromatographic mobili­

ties were different. The stereochemical assignments of the 
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spectra of the cyanoketals. In the spectrum of the s(-cyano-

ketal XGIII the signal of the hydrogens on the ketal bridge 

was a 4-proton multiplet centered at 3.94 ppm (deuterochloro-

forra solution with tetramethylsilane as internal standard) 

while in the spectrum of the cyanoketal XGIV, the 4-proton 

signal was essentially a singlet at 3.96 ppm. The complex 

multiplet in the of-cyanoketal spectrum can be considered to 

arise from 1,3 di-axial interactions of the axial cyano and 

the proximate ketal methylene group. This would change the 

electronic environment of one methylene group with respect to 

its neighbor and thus change its chemical shift. In the ̂3-

cyanoketal XGIV, in which the cyano group is equatorial there 

is no 1,3-interaction and the ketal hydrogens are identical, 

and hence of similar chemical shift. 

The stereospecificity of the cyanide addition, giving only 

the ̂ -isomer, prompted a similar reaction with the alternate 

enone LXXXIV. Treatment of the enone LXXXIV in a manner iden­

tical with that of LXXIII again afforded only one isomer, the 

e(-cyanoketone XCVI, in high yield. As in the previous case, the 

ô(-cyanoketal XCV 11 was prepared, isomerized with potassium t-

butoxide to the cyanoketal XCVIII and hydrolyzed to the #-

cyanoketone XCIX. Although the other three isomeric cyano­

ketone s were solids, the 0-cyanoketone XCIX, purified by gas 

phase chromatography, was an oil. However, thin layer chromato­

graphy (silica) and its infrared spectrum indicated a pure 
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ketone XCVI. As in the previous cyanoketals, the nuclear 

magnetic resonance spectrum of the eî-cyano ketal XCVI I s in 

which the cyano group is axial, contains a complex 4-proton 

multiplet centered at 4.0 ppm representing the ketal bridge 

hydrogens. In the spectrum of the ^-cyanoketal XCVIII, in 

which the cyano group is equatorial, the ketal 4-proton signal 

is essentially a singlet. 

In recent years the stereochemistry of cyanide addition 

to cf,0-unsaturated ketones has been increasingly investigated. 

52 
Nagata obtained two stereoisomers of the cyanoketone C from 

53 
the hydrocyanation of the enone CI. Subsequent work by Bowers 

and Nagata^'^ in the Zk*-3-ke to steroid series showed that 

cyanide addition gives both axial and equatorial isomers, the 

former in predominance. Very recently cyanide addition has been 

56 57 
utilized in the total synthesis of steroids * and of cone-

58 
ssine . These reactions have usually led to mixtures of axial 

5Q 
and equatorial nitrile isomers. Meyer and Schnautz have ob­

tained a ratio of 3.6:1 of trans to cis isomers of the cyano­

ketone CII from hydrocyanation of the enone CHI*'®. Crabbe^" 

obtained only the equatorial addition product CIV from the 

enone CV. Generally^s it has been found that the cyanide 

addition to -unsaturated ketones yields both stereoisomers, 

with the axial isomer predominating. However, all of the above 

examples concern additions to ring junctures of bicyclic 

systems (except for the special cyclopentene case) in which the 
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conformation of more than one ring. 

The hydrocyanation of the enones LXXXII and LXXIV repre­

sents the first examples of stereospecific addition in rigid 

cyclohexenones whose stereochemical course must be the result 

of the conformational requirements of only one ring. Apparent­

ly axial approach of cyanide ion to the #-carbon of the unsatu­

rated ketone system is the preferred reaction path. Undoubtedly 

59 
this is due to maximum orbital overlap in such a reaction pro­

cess. 

Again proceeding with the synthetic route, it was desired 

to hydrolyze the cyano group in XCV to a car boxy 1 group. Ini­

tial attempts at basic hydrolysis of the 0-cyanoketone XCV 

yielded tars, probably due to reactions of the ketone group. 

In view of this result, it was decided to hydrolyze the pro­

tected 0-cyanoketal XCIV. Treatment of either the 43-cyanoketal 

XCIV or the c(-cyanoketal XCIII with 20% potassium hydroxide in 

diethylene glycol at 200° for 24 hours followed by acid hydrol­

ysis of the ketal afforded the carboxyketone CVI in 68% 

yield. The products from both the d- and <-cyanoketals were 

shown to be Identical by their infrared spectra and mixed melt­

ing point. The cC-cyano group apparently isomerized to the more 

stable ̂ -orientation during the strongly basic hydrolysis. The 

structure of the Q-carboxyketone CVI was confirmed by analysis 

and a favorable comparison of the properties of its methyl ester 
fi O 

with those reported for the degradation product CVII of 
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In an attempt to introduce the final one-carbon segment 

at C(2) in an Aldol condensation, the $ - ear boxyke tone CVI 

was treated with formaldehyde. However, both acid- and base-

catalyzed reactions led to complex oily mixtures and the re­

action was discarded. The f-carboxyketone CVI was then sub­

jected to a Claisen condensation with ethyl formate which 

afforded an oil whose infrared spectrum was consistent with 

the expected intermediate CVIII. A similar reaction was used 

in the synthesis of picropodophyllin^. Treatment of the 

intermediate CVIII with acetic anhydride and sodium acetate 

closed the lactone ring and caused the double bond to migrate 

yielding 7-ketoisodrimenin (XXXVIII) in 48% yield. The pro­

duct, XXXVIII, was identified by comparison of its melting 

point and infrared spectrum with those reported^ for the 

oxidation product of isodrimenin (XXXIII). The migration of 

the double bond, catalyzed by acetate, to a more stable posit­

ion endocyclic to both rings and conjugated with both ketone 

and lactone carbonyls is not surprising and has been observed 

in similar systems^. 

Repeating Overton's procedure, the ketone XXXVII! was 

reduced with zinc in acetic acid to the dihydro derivative 

CIX, whose melting point and infrared spectrum were consistent 

with those previously reported^. The dihydroketone CIX was 

obtained also by the hydrogénation of XXXVIII over palladium/ 

charcoal. Sodium borohydride reduction of the ketone CIX at 
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yield. The analysis and infrared spectrum were consistent 

with the proposed structure and the stereochemistry of the 

alcohol was assumed the more thermodynamically stable § -con­

figuration. 

Treatment of the alcohol CX with d-toluenesuifonyl chlo-

ride and heating the resulting tosylate in dimethyl sulfoxide 

at 100v for 1.5 hours effected the desired elimination. The 

first drimanic sesquiterpene, drimenin^ (XXXII), was obtained 

in 40% yield along with 19% of unreacted alcohol CX and 17% of 

7-ketoisodrimenin (XXXVIII), arising from the oxidation of the 

tosylate with dimethyl sulfoxide. A direct comparison of the 

melting point and infrared spectrum of XXXII with those of the 

natural product and their undepressed mixed melting point proved 

that they were identical. Since drimenin (XXXII) has previously 

been isomerized to isodrimenin (XXXIII)^. this also constitutes 

the total synthesis of isodrimenin. 

Repeating Overton•s procedure, isodrimenin (XXXIII) was 

reduced with lithium aluminum hydride to the diol XL, whose 

melting point and infrared spectrum compared favorably with those 

reported^. Treatment of the diol XL with manganese dioxide at 

room temperature for 12 hours afforded a mixture of isodrimenin 

(XXXIII) and confertifolin (XXXIV)5 according to thin layer chro­

matography. Gradient sublimation of the mixture at 120° (1 mm.) 

gave long needles of confertifolin (XXXIV), whose melting point 

and infrared spectrum were identical with those of the natural 
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products was undepressed. 

Driaenin (XXXII) was reduced with lithium aluminum hy­

dride to the known diol^ XXXV. An attempt to reduce the 

* 67 
allylic hydroxyl group with sodium in liquid asanonia faileds 

giving only the starting diol XXXV. However, treatment of the 

diol XXXV with acetic anhydride and reduction of the resulting 

crude di-acetate CXI with lithium in liquid ammonia followed 

by hydrolysis of the acetate CXII afforded drimenol^* (XXVI) 

in 41% yield. The melting points and infrared spectra of the 

synthetic and natural products were identical and their mixed 

melting point was undepressed. 
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All infrared spectra were taken on a Parkin-Elmer Model 

21 infrared spectrophotometer unless denoted by the term 

"Infracord". The latter refers to those spectra taken on 

a Perkin-Elmer model "Infracord" infrared spectrophotometer. 

The nuclear magnetic resonance spectra were obtained 

from dilute deuterochloroform solutions using a Varian Model 

A-60 Spectrometer. Resonance positions were determined by 

pre-calibrated charts relative to tetramethylsilane as an 

internal standard. 
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Figure 1. Infrared spectra 
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Figure 2. Infrared spectra 



www.manaraa.com



www.manaraa.com

Figure 3. Infrared spectra 
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Figure 4. Infrared spectra 
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Figure 5. Infrared spectra 
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Figure 6„ Infrared spectra 
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Figure 7. Infrared spectra 
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Figure 8. Infrared spectra 
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Figure 9. Nuclear magnetic resonance spectra 
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Figure 10, Nuclear magnetic resonance spectra 
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Figure 11. Nuclear magnetic resonance spectra 
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Figure 12. Nuclear magnetic resonance spectra 



www.manaraa.com

'—"ttarensi ' i o 

• i « 



www.manaraa.com

Figure 13, Nuclear magnetic resonance spectra 
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Figure 14. Nuclear magnetic resonance spectra 
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EXPERIMENTAL 

All malting and boiling points are uncorrected. Micro­

analyses ware performed by Midwest Microlabs, Indianapolis, 

Indiana, and Alfred Bernhardt, Mikroanalytlsches Labcratcr-

ium9 Mulheira (Ruhr)s Germany. 

Silica for chromatography was 50-200 mesh, supplied by 

G. Frederick Smith Chemical Co., Columbus. Ohio. Unless 

otherwise noted, the alumina for chromatography was Aluminum 

Oxide = Merck, supplied by Merck and Co., Râhway, New Jersey. 

Ozonolyses were performed with a 27, weight concentration 

of ozone in oxygen from a Welsbach T-23 ozonator at a flow 

rate of 0.04 cfm. Unless otherwise noted, the optical rotat­

ions were determined on chloroform solutions with an 0. C. 

Rudolf polarimeter. 

O-Methylpodocarpol (LI) 

O-Methylpcdocarpcl was prepared from podocarpic acid (L) 

32 
by standard methods 

0=Mathylpcdocarpana (LÏI) 

Q-Methylpodocarpane was prepared from 0-methyIpodocarpo1 

33 
(LI) by standard methods 

7-Keto-0-methylpodocarpane (LIII) 

A solution of 6.0 g. of chromic anhydride in 25 ml. of 

80% acetic acid was slowly added to a stirring ice-cooled 
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acetic acid. The mixture was stirred at room temperature for 

12 hours g diluted with 300 ml, of saturated scditss chloride 

solution and extracted with chloroform. After washing with 

57o sodium hydroxide and drying over anhydrous sodium sulfate, 

the chloroform extract was evaporated yielding a yellow oil. 

Chromatography of the oil on alumina and elution with 1:1 

benzene-hexane gave 3,5 g. (69%) of 7-keto-0-methylpodocarpane 

(LUI), a clear oil whose 2,4-dinitrophenylhydrazone melted 

at 235-236°; reported34 m.p. 236.5-237°. 

Analysis of 2,4-dinitrophenylhydrazone 

Calculated for Cg^gN^Oy C, 63.70; H, 6.24; N, 12.38. 

Found: C, 63.24; H, 6.32; N, 12.30. 

Baeyer-Villiger Oxidation of 7-

Keto-O-methylpodocarpane (LIII). 

An ice-cold mixture of 0.33 ml. of trifluoroacetic 

anhydride and 0.83 ml. of 90% hydrogen peroxide in 20 ml. 

of methylene dichloride was added to 0.287 g. of the ketone 

LIII In 25 si. of methylene dichloride and the mixture 

allowed to stand for 70 hours at room temperature. Evapora­

tion of the methylene dichloride yielded the crude lactone LIV, 

a red oil, which was hydrolyzed by refluxing for 0.5 hours in 

25 ml. of isopropyl alcohol and 10 ml. of 10% sodium hydroxide. 

The isopropyl alcohol was evaporated under vacuum and the 
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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 



www.manaraa.com

82 

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 
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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. 
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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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UouclILv, bïws wily lulvxLuXe ooLtii^iea iroin tne reâuccion was 

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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£7 

"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° 
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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. 
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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. 
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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. 



www.manaraa.com

114 

MA ÀM»\TXXUUU V/JL 1U &/ 

le Le Ruzickas Procc Chess a See» , 341 (1959) 

2« L0 Ruzicka, Experientia, S. 357 (1953) 

3. G. Popjak, Tetrahedron Letters, 19 (1959) 

4. R. Robinson, Chem. and Ind., 53, 1062 (1934) 

5. R. 33» Woodward and K. Bloch, J. Am. Chem. Soc.,75, 
2023 (1953) " — 

6. T. T. Tchen and K. Bloch, J. Biol. Chem.. 226. 921 (1957) 

/ e Re Ko g Te T. TchSîS Sud Ko BlOCh. J. Aîû. Cu€ûlo Soc. « 
80, 2589 (1958) ~ "" 

8e Re B. Clayton and K. Bloch, J. Biol. Chem.. 218. 319 (1956) 

9. A. Eschenmoser, L. Ruzicka, 0. Jeger and D. Arigoni, 
Helv. Cniae Acta. 3«, 1890 (1955) 

10. J. Simonsen and W. C. J. Ross, The Terpenes, Vol. 5, 
Cambridge, England, Cambridge University Press (1957) 

11. M. Suchy, V. Herout and F. Sorm. Russian Chemical Reviews. 
315 474, (1962) 

12. J. B. Hendrickson, Tetrahedron, %, 82 (1959) 

13. A. Caliez! and H. Schinz, Helv. Chim. Acta. 32, 2556 (1949) 

14. P. A. Stadler, A. Eschenmoser, H. Schinz and G. Stork, 
ibid.. 40, 2191 (1957) 

15. C, Djerassi, p. Sengupta, Je Herraa and F. Walls, J. Am. 
Chem. Soc.. 76, 2966 (1954) ~ 

16. C. Djerassi, W. Rittel, A. L« Nussbaum, F. W. Donovan and 
J. Herraa, ibid.. 76, 6410 (1954) 

17» Ce Djerassi and S. Burstein, ibid,« 80, 2592 (1958) 

18. P. Crabbe, S. Burstein and C. Djerassi. Bull. Soc. Chim. 
Belg0 0 67, 532 (1958) 



www.manaraa.com

115 

19. Ce Djerassi and S, Burstein, Tetrahedron. 7, 37, (1959) 

20. K. H. Overton and C. J. W. Brooks, Proc. Chem. Soc., 
322, (1957) 

21. K. H. Overton. H. H. Appel and C. J. W. Brooks, J. Chem. 
Soc.. 3322, (1959) ~ 

22. L. Ruzicka, H. Gutmann, 0. Jeger and E. Lederer, Helv. 
Chim. Acta, 31, 1/46 (1948) 

23. K. Schaffner, R. Viterbo, D. Arigoni and 0. Jeger, ibid.. 
39, 174 (1956) 

24. K. H. Overton, H. H. Appel, J. D. Connolly and R. P. M. 
Bond, J. Chem. Soc., 4685 (1960) 

25. L. Caglioti, H. Naef, D. Arigoni and 0. Jeger, Helv. 
Chim. Acta, 41, 2278 (1958) 

26. C. S. Barnes and J. W. Loder, Australian J. Chem., 15, 
322 (1962) ~~ 

27. J. W. Loder, ibid., 15, 389 (1962) 

28. A. Ohsuka, J. Chem. Soc. Japan, 83, 757 (1962) 

29. S. Ishikawa, Rika Gaku Kenkyusko Hokohu, 38, 567 (1962) 

30. K. H. Overton. H. H. Appel and R. ?. M. Bond. Tetrahedron. 
19, 635 (1963) 

31. S. Wenkert and A. Tahara, J. Am. Chem. Soc.. 82, 3229 
(1960) "" ~ ~ 

32. H. H. Zeiss, C. E. Slimogiez and V. Z. Pasternak, ibid.. 
70, 1981 (1948) 

33. E. Wenkert. V. î. Stenberg and P. Beak, ibid., 83, 2320 
(1961) ~~ 

34. J. Delobelle and M. Fetizon, Bull. Soc. Chim. France, 
1894 (1961) 

35. E. Wenkert and A. Afonso, Total Synthesis of Abie tic Acid, 
[to be published in J. Am. Chem. Soc, ça. 1964j 

36. W. P. Campbell and D. Todd, J. Am. Chem. Soc., 64, 928 
(1942) 



www.manaraa.com

116 

os e ie r « sanoersosj Derivatives of Dehytireabietonitrile, 
U. S. Patent 2,750,367 (1956) 

38. J. Gasons J. Org, Chem.« 13. 227 (1948) 

39. C, W. Wang, R. Isensee, A. M, Griffith and B. E„ Christensen, 
J, Am. Chem, Soc,, 69, 1909 (1947) 

40. R. Pinson and S, L, Friess, ibid.. 72, 5333 (1950) 

41. A. J. Speziale. J. A. Stephens and Q. E. Thompson, ibid.. 
76, 5011 (1954) 

42» C. Djerassi, E, Lund and A, A. Akhrem, ibid.. 84, 1249 
(1962) 

43. H. Conroy, ibid.. 74. 3046 (1952) 

44. C. Tama, Helv. Chim. Acta, 43, 1700 (1960) 

45. M. Stiles and A. Longroy, Tetrahedron Letters. 337 (1961) 

46. L. F. Fieser and M. Fieser, Steroids. New York, N. Y., 
Reinhold Publishing Corp. (1959) 

47. Fe Sondheimer and Dc Elad, Je Am. Chem. Soc., 79, 5542 
(1957) ~ ~ ~~ 

48. Ce Enzell, Acta Chim. Scand. 16, 1553 (1962) 

49. W, Nagata, Tetrahedron, 13, 280 (1961) 

50. N. L. Allinger and W, Szkrybalc, J. Org. Chem., 27, 4601 
(1962) 

51. B. Rickbom and F. R. Jensen, ibid., 27, 4606 (1962) 

52. W. Nagata, T. Terasawa, S. Hirai and K. Takeda, Tetrahedron 
Letters, 27 (I960) 

53. A. Bowers, J. Org. Chem., 26, 2043 (1961) 

54. We Nagata, S. Hirai, H. Itazaki and K. Takeda, ibid., 26, 
2413 (1961) — 

55. We Nagata, S. Hirai, H, Itazaki and K. Takeda, Ann.« 641, 
196 (1961) 

56. W» Nagata, I, Kikkawa and K. Takeda, Cham, and Pharm. Bull., 
£, 76 (1961) 



www.manaraa.com

117 

3/e V?. S. Johnson, Je F. w«, Keana and W„ S. Johnson, Tetrahedron 
Letters, 193 (1963) 

58. J. A» Marshall and We S. Johnson, J. Am. Chem. Soc., 84, 
1485 (1962) - — — 

59. W. Le Meyer and N. G. Schnautz, Je Org. Chem.« 27. 2011 
(1962) " 

60. Ne Kundu and P. Dutta, Chem. Soc.. 533 (1962) 

61e P. Crabbe, Le M. Guerrero, J. Romo and F. Sanches-Vie sea , 
Tetrahedron. 19. 25 (1963) 

62» We Nagatas M» Yoshioka and S. Hirai, Tetrahedron Letters, 
461 (1962) 

63. E. Kyburg, B. Riniker, H. R. Schenk, H. Heusser and 0. Jeger, 
Helv. Chim, Acta, 36, 1891 (1953) 

64. W. J. Gensler, C, M. S amour, S. Y. Wang and F. Johnson, 
J. Am. Chem. Soc., 82, 1714 (I960) 

65. E. E. van Tamelen, C. E. Osborne, Jr. and S. R. Bach, ibid.. 
77, 4625 (1955) 

66. H. R. Nace, Chem. and Ind.. 1629 (1958) 

67. A. J. Birch and A. R. Murray, J. Chem. Soc.. 1888 (1951) 

68. A« S. Hallsworth, H. B. Kenbest and T. î. Wrigiey, ibid.. 
1969 (1957) 



www.manaraa.com

118 

A r'lv̂ /r'vwo 
* a-iff-fr-rr WT'I'I- - n a w 

The author wishes to express his appreciation to 

Professor Ernest Wenkert for his suggestion of this problem 

and for his guidance and optimism throughout the course of 

this investigation. 

One is grateful to the members of the research group 

who provided a source of valuable discussion during this 

work. The aid of James McChesney and Curtis Leicht with the 

nuclear magnetic resonance spectra is greatly appreciated. 

The suggestions in experimental technique by Robert Sklar 

are gratefully appreciated. 

Special thanks are due Hercules Powder Company, Inc., 

Naval Stores Department, Wilmington 99, Delaware, for their 

supply of dehydroabietonitrile and to G. D. Searle and Co., 

Chicago, Illinois, for their supply of podocarpic acid. The 

generosity of Drs. K. H. Overton, C. Enzell and F. Sondheiaer 

in their granting of comparison samples is appreciated. 

The author is grateful to the National Science Foundation 

for financial assistance and to the Department of Chemistry, 

Indiana university, for the use of their facilities during the 

completion of the latter part of this investigation. 


	1963
	Synthesis of some drimanic sesquiterpenes
	Donald Peter Strike
	Recommended Citation


	tmp.1411411325.pdf.mX2RY

