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Stereoselective synthesis of y-acoradiene iX) > 6-acoradiene (2̂ ) , 

and the enantiomers of acorone (̂ ) and isoacorone (4̂ ) is described. 

Compounds (1̂ ) and {T) are naturally occurring sesquiterpenes first 

isolated from juniper trees (Juniperus rigida) , while O ) and (4_) are 

isolated from sweet flag oil (Acorus calamus _L). The spirocyclic 

ketone 2. prepared by the Lewis acid catalyzed Diels-Alder reaction 

of R(-)-3-methyl-2-methylenecyclopentanone (5̂ ) and isoprene (̂ ) was 

converted to the corresponding tertiary alcohol (̂ ) upon treatment 

with isopropyllithium. Dehydration of alcohol ̂  gave a GLC separable 

mixture of exocyclic-endocyclic double bond isomers. The "exo" isomers 

f 

were found to be identical with 1̂  and !_, Hydroboration and Jones 



oxidation of the "endo" isomers followed by preparative GLC and high 

pressure liquid chromatography gave crystalline materials found to be 

the enantiomers of 3^ and 4̂. The synthesis confirms the proposed 

absolute stereochemistry of 1̂  and 2̂ . 
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CHAPTER I 

INTRODUCTION 

Nature has supplied the organic chemist with innumerable mole

cules whose structure and properties cover essentially the complete 

spectrum of complexity, stereochemistry and functional groupings. 

Natural products chemistry is the general branch of chemistry dealing 

with these naturally occurring organic molecules. Relating to the 

organic chemist, two distinct areas of this field exist. The first 

involves isolation of some compound from a plant or animal source 

and then proposal of its structure from chemical and spectral studies. 

A second, perhaps more widespread area, is verification or disproval 

of a proposed structure by its total synthesis by unambiguous routes. 

In working toward total synthesis of natural products, the organic 

chemist performs a valuable service by giving the final confirmation 

of a certain molecule's structure, but even more importantly develops 

new synthetic methods and procedures while working on these natural 

systems. 

There are found in living organisms compounds of practically 

all general classes. One of the largest and most widespread classes 

of natural products is the terpenes. The terpenes, which are found 

in essential oils, perfumes, and many other plant sources, include 

molecules of diverse structure and varying complexity. Some well 

known examples include limonene (2.), a-santonin (2), abietic acid 

(3), 3-amyrin (^), a-carotene (5) and caoutchouc (natural rubber 

when n is large) (6) . 



COOH 

They are classified according to their biogenetic origin, since thoy 

are all blosynthesized from five-carbon precursors having the isoprene 

skeleton (2-methylbutadiene). Thus, compounds formally composed of 

two, three, four, five and six units of isoprene are known as moruj-. 



sesqui-, di-, sester- and triterpenes, respectively. This "isoprene 

rule" of classification is illustrated on the formulas ^-6^ with the 

dotted lines separating each isoprene unit. The "isoprene rule" is 

a valuable asset in many terpenoid structure determinations. 

The largest class of terpenes is the sesquiterpenes, which have 

fifteen carbon atoms and three isoprene units. There are over 1000 

known compounds with thirty main structural classes and seventy classes 

of less common carbon skeletal structures. The acorane class of ses

quiterpenes is one of these thirty main classes, and possesses the 

2 
spirocyclic structure shown below. An accepted biogenetic pathway 

leading to the acorane skeleton starting from trans-cis-farnesol is 

shown below, farnesol being the biogenetic precursor to all 

sesquiterpenes. 

> - > 

trans-cis-farnesol 
pyrophosphate 

acorane 
skeleton 

A survey of the naturally occurring sesquiterpenes of the acorane 

skeleton reveals there are relatively few known members of this class 

at present, though new ones are being isolated and identified 

regularly. 



Isolation and Characterization of Acorane Sesquiterpenes 

The first acorane member was isolated from the essential oil of 

sweet flag (Acorus calamus L) in 1948 by ?orm and Herout. Distilla

tion and chromatography gave a great number of compounds, and among 

these was a ketonic fraction which by repeated A1„0^ chromatography 

gave two compounds of melting points 98.5-99'' and 97-98° after crys

tallization from benzene-petroleum ether. These compounds were found 

20° 
to have the formula C-^H^^O^ and were named acorone, [cx]̂  (ethanol, 

15 26 2 ' •• ̂D 
?0** 

C = 2.19) = + 139.4°, and isoacorone, [a] (ethanol, C = 3.72) = 

- 92.4°, respectively. Treatment of either compound or a mixture of 

the two with potassium hydroxide gave an equilibrium mixture of the 

same optical rotation (calculated to be 68% acorone and 32% isoacorone 

from their specific rotations), indicating that the two compounds 

differed only in the configuration at an epimerizable carbon atom 

4 
next to one of the keto groups. Also, a third compound was isolated 

during this work which was called neoacorone, melting point = 83-84°, 

[a] = +126.9°. Neoacorone, also thought to be a stereoisomer of 

acorone, was found to elute between acorone and isoacorone during 

A1«0^ chromatography. 

The structure of acorone was first proposed by Sorm and co-

workers in 1956 after a very lengthy chemical procedure utilizing 

a selective reduction of the six-membered ring carbonyl, sulfur 

catalyzed aromatization-rearrangements, and some other high tempera

ture degradation experiments. The proposed structure is given by _7̂, 

and acorone is the first isolated naturally occurring terpene 



possessing a spirocyclic skeleton. Thioketalization-desulfurization 

of acorone gave 8̂ , which is known as acorane, the parent saturated 

hydrocarbon for this class of sesquiterpenes. The numbering system 

shown on 1_ was proposed by ^orm and is used consistently by all workers 

in the field. 

8 

Peracid oxidation of acorone was shown to give the crystalline 

compound 9̂  called acoronolide. In attempting to obtain the correspond-

^ 7 ing Baeyer-Villiger oxidation product from neoacorone, Sorm obtained 

a small yield of acoronolide as the only isolated crystalline product. 

He proposed at this point that neoacorone was not a pure compound, 

but a "molecular compound" consisting of acorone and another stereo

isomer which he called cryptoacorone. The proof of existence of this 

isomer was brought forward by a selective reduction of the 6-membered 

ring carbonyl of neoacorone and a rapid separation using preparative 

TLC of the two stereoisomeric alcohols. Re-oxidation of the higher 

20 
RF alcohol gave cryptoacorone, mp = 107-108°, [«]_ = +96.7°. This 

compound reportedly gave a mixed melting point depression with acorone, 

isoacorone and even neoacorone. By taking equimolar amounts of 

acorone and cryptoacorone, mixing and recrystallizing, they also 



report geLiLng a crysLaJllne compound of mp = 84-85° which did not 

change upon admixture of neoacorone. Thus, they conclude neoacorone 

is a mixture of two stereoisomers, acorone and cryptoacorone. 

In a still later paper, Sorm established the stereochemistry of 

acorone, isoacorone and cryptoacorone to be 10, 11, and 12, 

respectively. These stereochemical assignments were made using molecu-

10 11 

lar rotatory dispersion, circular dichroism, dipole moments and some 

of their relative chemical properties. Notice the proposed chair con

formation change between acorone and isoacorone. This is proposed to 

allow the methyl to remain equatorial in epimerizing from acorone to 

isoacorone. 

The actual, correct absolute stereochemistry of these stereo-

9 
isomers was firmly established in 1966 by Sim, who did x-ray crystal 

analysis and reports the following structure 3.3̂  for acorone p-bromo-

phenylsulfonyl hydrazone. 



H—f\ 

0 

R = -NH-NH-S-C,H,Br(p) 

0 

13 

Using structure 1^ as the correct acorone formula, the facts that 

isoacorone differs only from acorone at the epimerizable methyl of 

the 6-membered ring and that cryptoacorone differs from isoacorone 

Q 

only in the absolute configuration of the isopropyl group, one can 

extend the structure obtained for acorone by the x-ray analysis and 

obtain also the relative stereochemistry of isoacorone (14) and 

cryptoacorone (15). One can see in comparing structures 1£ and 13 

X N ^ ^ 

13 14 15 

that Sorm actually had the conformations of isoacorone and acorone 

reversed as compared to the ones obtained from the x-ray data. One 

should also note, using the Cahn-Ingold-Prelog convention of 



8 

specifying absolute configuration, that the stereochemistry at C-4 and 

C-5 is S in IJ, 14., and 3^, C-8 is S in 14_ and 15 while R in j3, and 

C-1 is R in _14̂  and L5 but S in 13̂ . It is again worthwhile to re-

emphasize that Sorm's absolute stereochemical assignments are based 

upon C-8, whose absolute stereochemistry was determined from rotatory 

dispersion and circular dichroism data. 

Sorm isolated from sweet-flag oil another crystalline sesquiter-

Its infrared spectrum was charac

teristic of an a,B-unsaturated ketone, and the compound yielded 

pene of molecular formula C,^H_,0. 
15 24 

11 

acorane (8̂ ) by catalytic hydrogenation followed by a thioketal-

desulfurization sequence. Its proposed structure is given by 1^. The 

position of the carbonyl group was established by oxidative degrada

tion of acorenone, yielding 17̂  and a trace of acetic acid, thus elimi

nating structure 1^ as a possibility for acorenone. No stereochemical 

assignments were made for acorenone. 

COOH 

COOH 
y s 

16 17 18 

A compound quite similar to acorenone was reported in 1968 by 

12 Zalkow and was entitled acorenone B. This compound, isolated from 

the volatile oils of a hybrid grass from two parent races of 

Bothriochloa intermedia, was found to give a dihydro derivative upon 

hydrogenation which is different from the hydrogenation product of 



acorenone. The same oxidation sequence as used for acorenone gave the 

identical diacid 17. The structure of acorenone B was unequivocally 

determined to be 19̂  by an x-ray analysis of acorenone B-4-iodo-2-

nitrophenylhydrazone. 

19 

The following members of the acorane class were isolated and 

13 
characterized in 1969-1970 by Tomita and Hirose and slightly later 

14 
by Anderson and Syrdal. Appearing first in print was the work of 

Tomita and Hirose, who were examining the sesquiterpenic constituents 

of the wood of Juniperus rigida. They isolated compounds 20̂  and 21, 

and named them acorenol and acoradiene, respectively. The structure 

assignments were made by catalytic hydrogenation of acoradiene (21) 

r 

20 21 

to the tetrahydro derivative, and comparing its spectral properties 

to the ones published for acorane. Acorenol was found to give a 



10 

material identical in all respects to acoradiene when treated with 

pyridine modified alumina. 

The stereochemistry of acoradiene was established by the acid 

catalyzed cyclization of acoradiene to the known (-)-a-cedrene (22) 

(vide infra), as depicted in Scheme I. This cyclization of acorane-

type compounds is a well-accepted biogenesis of the cedrenes, and is 

16 
amply discussed in a review by Parker. 

Scheme I 

1/ 
> 

21 22 

In a later paper in 1970 Tomita and Hirose published work on 

the isolation of further compounds from Juniperus rigida and a revision 

of the names given to ̂  and _21. The new compounds were given the 

names a-acoradiene (23), 6-acorenol (24), y-acoradiene (25) and 

6-acoradiene (26). 

A 
23 24 25 26 
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Also the name of compound ^ , previously acoradiene, was revised to 

a-acoradiene, and acorenol (20) was renamed a-acorenol. Structures 

23-26 were in complete agreement with their expected spectral properties. 

The structure Z3 was proposed for 3-acoradiene. The primary 

reasons for this assignment were the facts that its spectral properties 

were almost identical with _21, and the same tetrahydro derivatives were 

obtained from hydrogenation, but 3-acoradiene (23) was separable from 

21 by gas liquid chromatography (GLC). The structure 2^ for 3-acorenol 

follows from the data, since dehydration with pyridine-modified alumina 

gave a material completely identical with B-acoradiene. 

The structures ^ and ^ were both in complete agreement with 

mass spectral and NMR data. Upon catalytic hydrogenation, 2^ and 26 

gave one of the same tetrahydro derivatives as did a- and B-acoradiene. 

This indicates that 25̂  and ̂  differ only in the configuration at the 

spiro-center. The assignment of the relative stereochemistries at the 

spiro-centers for 25^ and 26^ was accomplished by heating the isomers 

in ethanol-HCl for 2 hours. It was found that 2^ gave a small percent 

of double-bond migration to a-acoradiene (plus other products) while 

26 gave a slightly higher conversion to B-acoradiene. Hence, the 

structure and relative stereochemistry of 6-acoradiene and of Y~ 

acoradiene are established. 

14 
Anderson and Syrdal, working with the leaf oil of Chamaecyparis 

nootkatensis (Alaska cedar), have isolated two acorane-type sesquiter

penes. From 20 kg of fresh needles was obtained 35 mg of a compound 

called a-alaskene and 15 mg of another material named B-alaskene. 

Structures 2̂ ^ and ^ were assigned a- and B-alaskene, respectively. 



• = * ^ 

12 

27. 28 

These structural assignments of '2J_ and 28^ were allowed from consistent 

NMR, IR and mass spectral data and also the following hydrogenation 

experiments. Both a- and B-alaskene gave four (GLC resolvable) 

diasteromeric hydrocarbons, 

18 
Neoacorone (obtained from Sorm) was analyzed by GLC and found 

simply to be a mixture primarily of j ^ and 14, so it was reduced to 

the corresponding mixture of diols, then dehydrated to give two 

isomeric dienes 29 and 30. 

29 30 

Catalytic hydrogenation of 2£ using the same conditions as for T]_ and 

28 gave again four GLC resolvable diastereomers in almost equal pro

portions and identical to the reduction products of a- and B-alaskene 

(27 and 28). The actual position of the six-membered ring double bond 

was established by treatment of 2^ and _28̂  with formic acid. Compound 

27 gave natural (-)-a-cedrene (22) in over 70% yield, while 28̂  gave 



13 

no detectable amount of this tricyclic material. For this cycliza

tion reaction of these dienes to the cedrene to occur (see Scheme I), 

the double bonds must be spatially oriented face to face with one 

another, thus enabling electrophilic attack to occur after the 

protonation step. One can see that this required orientation is not 

present in ̂ , therefore clearly allowing the stereochemical assign

ments of 2Z ̂ ^^ ?^ t° ̂ ^ made. 

19 
in a later paper Anderson and Syrdal discuss the relationship 

between their a-alaskene and 3-alaskene and the compounds Y~ and 

6-acoradiene reported by Tomita and Hirose. The authors observed 

that a-alaskene had a specific rotation (sodium D line) of -88 1 10**, 

while Tomita and Hirose report -66° for yacoradiene. From this they 

conclude a-alaskene and y-acoradiene are identical. They also found 

B-alaskene to have a specific rotation of -18**, while Tomita and Hirose 

reported +16° for 6-acoradiene. Since these two molecules (26 and 28) 

appear chemically identical, Anderson and Syrdal believe them to be 

enantiomers. The fact a- and B-alaskene belong to a different 

enantiomeric series, yet are isolated from the same source, and the 

biological implications of this are discussed in this paper. 

20 
Kaiser and Naegeli, working with components of vetiver oil 

(Vetiveria zizanoides), reported the most recent additions to this 

class of sesquiterpenes. Two unnamed acoradienes represented by 

structures ^ and 3̂2 were isolated along with seven cedrene derivatives. 

The structure proof of ^ was by comparison of its spectral properties 

19 
to those reported by Anderson and Syrdal and also by comparison to 



14 

31 32 

synthetic products (see the last section of this chapter). The struc

ture of ̂  was obtained by spectral methods relating to _3^. The 

absolute stereochemistry of _32̂  was assigned by the assumption that it 

should have the same absolute stereochemistry at the C-4 methyl as the 

cedrenes, since it is a precursor to them and isolated from the same 

source. 

Scope and Purpose of Research 

The primary goal of this research and thesis was to synthesize 

some members of the acorane class of sesquiterpenes and to confirm or 

disprove the structure and stereochemistry previously proposed for each 

of them. The compounds picked as the initial objective of a total 

synthesis were yacoradiene (25) and acorone (13). A synthesis of 

these two molecules by a stereospeclfic, unambiguous route would meet 

all requirements for an unequivocal structure determination. In com

pleting a total synthesis of y-acoradiene and acorone, one would not 

only have clearly elucidated a structure of a molecule which, until 

then, only nature had been able to produce, but one would also hope 

to extend and improve the known boundaries of synthetic methods by 

working on a system not previously explored. Although the fundamental 



15 

problem is obtaining these compounds from the laboratory, an acceptable 

total synthesis should also be efficient, as short as possible, and 

possess the degree of elegance expected of the modem organic chemist. 

Previous Synthetic Work 

In reviewing the literature for existing synthetic work on the 

acorane skeleton, one finds several attempts at synthesis of some 

naturally occurring acorane-type sesquiterpenes. The synthesis of an 

unnamed acoradiene (compound 31), some syntheses of a-cedrene involving 

acorane-type precursors, a rather novel entry into the acorane skeleton, 

and unsuccessful attempts to synthesize acorone and acorenone-B are 

known and discussed in the following review of existing literature on 

the area. 

21 
A synthesis described in a paper by Pinder, Price and Rice has 

acorone (13) as the primary objective. The following Scheme II out

lines the reaction sequence used. 

Scheme I I 

OCH-

> 

OGH-

CO^Et C02Et 

33 34 35 

C02Et CO^Et 
C02Et 

> JA 

36 37 38 
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Compound 32 was prepared from p-methyl acetophenone by successive 

nitration, reduction, diazotization, acid treatment and methylation. 

Treatment of 33. with ethyl bromoacetate in the Reformatsky reaction, 

dehydration, and catalytic hydrogenation led to 3U^. The corresponding 

acid from _3^ was reduced with lithium-liquid ammonia and the enol 

ether of the resulting diene was hydrolyzed and esterified, yielding 

35̂  as a result of the double bond migrating into conjugation with the 

ketone. The thloketal of ester ^5. was hydrolyzed to the corresponding 

acid. From this acid 3j6 was prepared by obtaining the corresponding 

methyl ketone via methyl lithitrai, reaction of this ketone with dimethyl 

carbonate, and hydrolysis of the thloketal. The spirocyclic 37 was 

formed smoothly from ̂ 6 by an Internal Michael type addition resulting 

from the action of sodium methoxide. Coming as a surprise to Pinder, 

the alkylation of the B-keto ester 3^ with isopropyl iodide could not 

be effected. Had _3^ been prepared, ester hydrolysis of it and sub

sequent decarboxylation of the corresponding acid would have given, 

neglecting stereochemistry, acorone (13). A detriment to this syn

thetic approach is the fact that none of the reactions are stereo-

specific. A very complex mixture of diastereomers would have been 

obtained and dl-acorone would had to have been separated from them. 

22 
Corey, Girota and Mathew first published a biogenetically-

16 
paralleled synthesis of cedrene: Corey's approach, using the 

23 
cyclization of acorane type intermediates, was centered on the ideas 

outlined in Scheme III. 



17 

Scheme III 

> 

The cyclization of an ion of type â  would give ion b̂  which possesses 

the tricyclic cedrane nucleus. This ion was constructed beginning 

with _3i (Scheme IV) . The tetrahydropyranyl (THP) ether 40̂  was pre

pared by ether hydrolysis of 22 (48% HBr), re-esterification with 

methanolic-HCl and then reaction of the phenolic ester with dihydro-

pyran with toluenesulfonic acid catalysis. This ester was converted 

to the bromo ester 41 by the following overall sequence: (1) condensa

tion with methyl oxalate to form the methoxy allyl derivative, (2) 

Scheme IV 

CO^Me --CO^MG 

39, R = Me 

40, R = OTP 

41 42 

43 22 
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bromination of the sodlo derivative followed by in situ deoxyallylation 

from reaction with sodium methoxide, and (3) removal of the THP pro

tecting group by acid hydrolysis. Reaction of Ul_ with potassium 

t-butoxide gave a cis-trans mixture (53:47) of the spirocyclic dienone 

42, which slowly epimerized to the more stable trans form in methanolic 

sodium methoxide. Catalytic hydrogenation of ̂  gave the correspond

ing tetrahydro derivative which afforded the diol 43 upon treatment 

with excess methyl lithium. Exposure of diol 42 to anhydrous formic 

acid gave a mixture of hydrocarbons, from which dl-cedrene (22) was 

obtained via preparative gas liquid chromatography (GLC). 

Appearing very slightly later is another biogenetic-type synthesis 

24 
of cedrene reported by Crandall and Lawton. Their basic approach 

22 
was similar to the one employed by Corey since the spirocyclic 

dieneone U2_ was a key intermediate in the sequence. Crandall and 

Lawton's synthesis of 4_2 was much more involved than that of Corey's, 

and will not be presented here. They converted the tetrahydro deriva

tive of 42 into the halide ̂  by the sequence of (1) reaction with 

methylenetriphenylphosphorane to yield the normal Wittig product, 

(2) ester hydrolysis in alcoholic potassium hydroxide, and (3) chlorina-

tion with ether-hydrogen chloride. 

-CO2M 

44 45 46 47 
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The dehydrochlorination of 44̂  was effected by a very ingenious method. 

Solvolysis of the tertiary halide 44 in a basic methanol system in 

which the pH is maintained just high enough to ensure formation of 

the corresponding carboxylate anion allows this anion to act as an 

internal base, abstracting a proton selectively to yield olefins 45 

and j46̂  in the ratios of 3:1, obtained after diazomethane esterifica

tion and preparative GLC. Treatment of ̂  with excess methyl lithium 

gave the alcohol 47. Dissolving 47̂  in 88% formic acid gave an oily 

layer instantaneously which was identical by IR, NMR and behavior on 

VPC (vapor phase chromatography) with natural cedrene. The alcohol 47, 

although not characterized by Crandall and Lawton, is presumably 

13 
identical vrLth B-acorenol (24), isolated later by Tomita and Hirose. 

25 
Conia, Drouet and Gore have used a somewhat more novel approach 

to the acorane skeleton. The basic idea of their work involves thermal 

cyclization reactions of the following types. These reactions are 

known high yield reactions with the cis nature of the products well 

^ 350'' 

48 49 

50 51 



20 

established. Therefore, if a molecule of the type ̂ 0 were cyclized, 

a spiro compound 21 could be obtained. If compound 2P. was appro

priately substituted as 5J*_, then this cyclization would yield the 

acorane skeleton. 

The following series of reactions yielded this desired cyclo-

hexanone 2^' Starting with C+)-3-inethyl-cyclohexanone as prepared by 

26 
Johnson, et̂  ̂ . , and formylation with ethyl formate-sodium hydride 

gave 22* "^^ a,B-unsaturated ketone 22'ŵ as obtained by the Grignard 

reaction of 4-bromo-l-butene with 22 and subsequent dehydration. A 

CHOH 

52 53 54 

1,4-addition of isopropenylmagnesium bromide into the enone 22 gave 

a mixture of stereoisomers 54. 

Heating 24. to 220° for 36 hours (using 350° caused excessive 

polymerization) gave a mixture of stereoisomers represented by 55-57. 

55 56 57 



21 

Isomers 22 ^^^ ^2 were inseparable by GLC, but the mixture of "exo" 

double bond isomers 2Z. were separable from the "endo" isomers 52 and 

56 by column chromatography. The two isomers of 2Z were separated by 

preparative GLC, and treatment of each of these with p-toluene sulfonic 

acid gave 22 ^^^ A§. ^^ very low yield. The stereochemistry of the 

cyclohexane ring methyl group was assigned from NMR, mass spectral, 

IR, ultraviolet (UV) and circular dichroism (CD) data. Hydroboration-

oxidation of a mixture of 22 ^^'^ ^ gave the corresponding anti-

Mar kownikoff's addition diols, and these were oxidized with chromic 

acid to the diketones. This mixture of isomers is represented by 58. 

No further work in separation, identification or chemical transforma

tions of this mixture of isomers was performed. If the carbonyl of 

C-10 in 58 were transposed to C-9, then this mixture would possibly 

be separable into acorone (13), isoacorone (14) and cryptoacorone (15). 

No further work on this system has been published to date. 

27 
Naegeli and Kaiser used the following synthesis (Scheme VI) 

as structure proof of 22 when 22 and 22 were isolated. (See the first 

section of this chapter.) Heating the racemic dehydrolinalool 22 

in an autoclave to 200° gave the mixture of epimeric alcohols 6»2» 



Scheme VI 

22 

59 

> 

62 

31 

> 

60 61 

63 

and treatment of these alcohols with methyl isopropenyl ether and 

phosphoric acid at 150° gave ketone 62. Selective hydrogenation of 

ketone 22 using palladium on calcium carbonate gave the isopropyl-

substituted ketone 62, \jhich was converted to the corresponding 

tertiary allylic alcohol 22 upon treatment with vinyl magnesium 

bromide. Dissolving alcohol 22 ̂ ^ benzene-ether and addition of 1.5 

equivalents of stannic chloride gave the cyclized products 22 and 2^ 

after preparative GLC. The major component 2^ (70%) was characterized 

by spectral analysis, and the minor isomer 22 (20%) was identical 

file:///jhich
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with the unnamed acoradiene 22 isolated by this same group. The abso

lute stereochemical assignment to 22 was made on the assumption 22 

should have the same absolute configuration at the C-4 methyl as 

a-cedrene since both are isolated from the same source. The isolation 

of a- and B-alaskene (27 and 28) from the same source and their belong-

19 
ing to an enantiomeric series, as reported by Anderson and Syrdal, 

would be one example to cause doubt of this assumption. 

The following synthetic work toward acorenone (16) has been 

recently described, although work has been completed only on model 

series. The proposed synthesis of acorenone is outlined in Scheme VII 

Scheme VII 

AcO 

> 

65 66 

^^^5yX-V, 

•>Xi ̂^5^^I6 

67 68 

This sequence outlined in Scheme VII has never been attempted. 

The authors proposed that the photochemical cycloaddition of 22 ^^^ 

2-acetoxycyclopentenone should be the most critical step in the 
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synthesis, so the model reaction, using methylenecyclopentane was 

studied in detail. Using this model compound, the reaction sequence 

was developed to give the spiro[4.5]decane ring system of 22* ^ ^ 

method for conversion of 62 into acorenone was proposed, but no actual 

work was done. This paper was concluded by stating synthesis of the 

desired exocyclic methylene compound 22 ^^ in progress. No further 

work with this system has been reported. 

Since the first writing of this thesis, a non-stereospecific, 

complex S3mthesis of (-)-a-acorenol (20) and (+)-B-acorenol (24) has 

28b 
been reported by Ramage ejt a2' Their synthesis used a Dieckmann 

cyclization of a-disubstituted 3-propionic ester groups to form the 

spiro center and a ring contraction to generate the cyclopentane ring 

system. 

These previous paragraphs represent the known literature on sjm-

thetic methods directed toward the acorane sesquiterpene class. The 

work by Crandall and Lawton and by Kaiser and Naegeli represents a 

syntheses of naturally occurring sesquiterpenes of the acorane 

skeleton. Although these two syntheses exist, their complexity and 

limitations to only one stereochemical series make establishment of 

more efficient synthetic methods into this class desirable. Also, 

the many unsuccessful or incomplete papers mentioned, which have been 

published in this area, cause one to feel that further work would be 

profitable. 



CHAPTER II 

SYNTHESIS OF SOME ACORANE-TYPE SESQUITERPENES 

Original Synthetic Plan 

The original synthetic scheme proposed for synthesis of the 

acorane carbon skeleton showing the key intermediates is shown belov; 

in Scheme VIII. 

Scheme VIII 

CO2R CO2K 

69 

v V ± ^ 

70 71 

72 73 74 

The key to this approach to the acorane skeleton involves a 

fundamentally different idea to generate the spirocyclic center than 

22—28 
the methods used by the previous workers. The previous approaches, 

as described in Chapter I, all involve an intramolecular alkylation-

addition type reaction of an appropriately substituted four carbon 

chain on to a six-membered ring to generate the spiro-five-membered 

ring. The present approach constructs the spirocyclic system through 

25 
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generating the six-membered ring on an intact five-membered ring by 

means of a Diels-Alder reaction between the a,B-unsaturated ketone 

72 and isoprene. 

29 
Fundamental principles of the Diels-Alder reaction allow one 

to predict that this reaction will be fairly facile and that the major 

product will have the methyl group on the cyclohexane ring "para" to 

the spiro center rather than "meta," since the transition state for 

this orientation is a lower energy pathway due to the electronic 

30 

influence of the methyl. Two stereoisomeric "para" isomers, dif

fering only in configuration at the spiro center, were expected from 

the reaction and each would correspond in stereochemistry to some 

naturally occurring acorane. The spirocyclic compounds _72 obtained 

from this cycloaddition reaction are well suited precursors to the 

acoranes, since addition of an isopropyl group to the carbonyl would 

produce the correct carbon skeleton, and this skeleton possesses a 

double bond and an alcohol functionality in suitable positions for 

converting it to the natural products. 

The use of dienophiles such as 22 f°^ ̂ ^® preparation of a spiro

cyclic natural product is not without precedent. Tanaka, Uda and 

Yoshikoshi used the same basic idea in reacting 72 with isoprene, 

forming the spirocyclic system 26, which was converted into the 

naturally occurring sesquiterpene chamigrene (77) . 

7 
> 

75 76 77 
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The original synthetic plan for preparing the dienophile 22 (see 

Scheme VIII) started with 2-carbomethoxy cyclopentanone (69), which is 

commercially available as a mixture of methyl and ethyl esteirs or can 

32 
be prepared pure by Dickmann cyclization of dimethyl adipate. While 

this work was in progress the pure methyl ester of 22 also became 

commercially available. Bromination-dehydrobromination of this B-keto 

ester starting material was expected to lead to the a,B-unsaturated 

ketone 70. A 1,4-addition of a methyl group should then yield 3-methyl-

2-carbomethoxycyclopentanone (71). A reductive-elimination sequence 

on the ester function of 71, similar to one published by Behare and 

Miller, should give the desired exocyclic methylene compound 72. 

After the Diels-Alder reaction of 72 and isoprene, forming 22 as 

discussed, a normal Grignard addition of isopropyl magnesium bromide 

33 
to 22 should give the tertiary alcohols 2^. One would predict that 

dehydration of V^ would give a mixture of "endo-exocyclic" double bond 

isomers. The "exo" isomer from this dehydration would have the same 

structure (neglecting stereochemistry) as "y-acoradiene (25), a-

acoradiene (26), a-alaskene (27) and B-alaskene (28). A standard 

hydroboration-oxidation of the "endo" diene from the dehydration of 

74 would produce the structure of the acorones (13-15). A mixture of 

diasteromers was expected in all these final synthetic products, 

necessitating complex separation procedures. However, the relative 

shortness of the approach and its versatility, leading to several 

natural products, was considered sufficient to offset this difficulty. 
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Synthesis of 2-Carbomethoxycyclopent-2-enone (70) 

The initial approach to 22 ̂ ^^ to brominate 2-carbomethoxy cyclo

pentanone, forming the 2-bromo compound 22» followed by dehydrobromina-

tion to yield 22» In practice, treatment of a CCl, solution of 22 

with one equivalent of bromine in CCl, produced the 5-bromo isomer 

79 exclusively. This conclusion was founded on the appearance in the 

NMR spectrum of a broad multiplet at 6 4.88, attributed to the proton 

of 22 on the brominated-a-carbon. This came as a surprise, as one 

would predict the bromination to proceed through the most stable enol 

form of 2-carbomethoxycyclopentanone, represented by 80. 

22 22 80 81 

A study of the literature on this seemingly trivial reaction revealed 

34 
that in a kinetic study by Pederson on the bromination of 22 ^^® 

rate was vastly increased by catalysis with certain metal ions, such 

pi pi 2+ 
as Cu , Ni , La and many others. Pederson assumed the bromination 

product of 69 to be 7^, but no characterization of the product was 

reported. Following this suggestion, it was found that bromination 

of 22 in an aqueous solution containing HNO^, KBr and Cu(N02)2 yielded 

only 2i with no traces of 22. detected by NMR analysis. 

r 
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With pure 22 ^ ° ^ ^^ hand, the seemingly tractable dehydro-

bromination of 28. to 22 "^^^ with unexpected difficulty. A number of 

35 
known methods to effect dehydrohalogenation were investigated. 

Heating a DMF solution of 22 ^^^ CaCO- or LiBr-Li^CO^ to 150° and 

36 

working up as suggested by Corey gave a very dark, viscous oil whose 

NMR spectrum contained no vinyl proton resonance. This spectrum 

resembled the spectrtim of 69, but had no well defined peaks, and pre

sumably results from a pol3aneric material derived from 22* Attempted 

dehydrobromination of 22 with neat l,5-diazabicyclo[5.4.0]undec-5-ene 
35 

(DBU) or 5-ethyl-2-methylpyridine (aldehydine) at room temperature 

or in ether solutions at -60° gave dark, viscous uncharacterizable oils. 

These results suggested that possibly 2-carbomethoxycyclopent-2-enone 

22 was being formed but polymerized under the reaction conditions. In 

order to check whether the methods used were suitable for dehydrobro-

minating similar compounds, a DMF solution of 22 was heated with CaCO. 

for 15 minutes. After working up as before, a brown oil was obtained 

whose NMR spectrum exhibited vinyl peaks at 6 6.45 and 8.17 and other 

peaks consistent with the structure of 2-carbomethoxycyclopent-4-enone 

(81). Numerous attempts to migrate the double bond of 22 into the cross 

conjugated 22 using dilute aqueous and anhydrous HCl gave only poly

meric type material or starting material. It was then found that 

heating the 2-bromo isomer 28. in CaCO^-DMF for very short periods of 

time (5 min) gave low yields of 21> ^^t no trace of the desired 22* 

One must conclude from this either the starting material 72 was con

taminated with a small amount of 22 which was not detectable by NMR 

or rearrangement to 29 preceded the elimination. Attempted purification 
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of 22 ̂ y vacuum distillation instead gave partial rearrangement, so 

that the distillate collected was a mixture of 22 ̂ nd 79, as judged 

by NMR. From this the conclusion was made that 72 rearranges to 79 

upon heating, so preparation of 22 is unlikely from this sequence 

due to the great propensity of 72 to rearrange and the eliminated 

products to poljmierize. 

Another possible method for forming 22 is by the direct oxidation 

of 22* ^ related type of oxidation of a B-formyl ketone in a steroid 

37 
system has been reported by using 2,3-dichloro-5,6-dicyano-l,4-

benzoquinone (DDQ) as the dehydrogenation reagent. Another common 

reagent for oxidation of ketones to a,B-unsaturated ketones is 

selenium dioxide. Many examples of its use are reported by Fleser 

38 
and Fieser. 

Refluxing a solution of 22 ̂ nd DDQ in benzene, filtering and 

removal of the solvent at reduced pressure yields a viscous, light 

brown oil which is estimated to contain 5-10% 72' This conclusion 

follows from the relative integration of the vinyl H triplet of 70 

appearing at 6 8.38 in the NMR spectrum. Repeated attempts to increase 

the conversion of 22 to 70, and purification of it by chromatography 

and high vacuum distillation failed. This is attributed to the extreme 

instability of 22 *̂o polymerization during the reaction, and also 

polymerization by the purification methods tried. Heating a dioxane 

solution of 22. and SeO« to reflux and rapid silica gel chromatography 

gave a trace of fairly pure 70, but far from an acceptable yield. 

Monitoring of the oxidation of 62_ with SeO« in dioxane by removing 
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an aliquot and running an NMR spectrum of the total material revealed 

that 72 was being formed in up to 45% yield with a reflux time of 

25 "t 2 minutes. Longer reaction times or any purification procedure 

resulted in the destruction of 22* With a method in hand for forma

tion of 70, and the fact it is fairly stable in the dioxane reaction 

media, the following procedure for its trapping, purification and 

regeneration was developed. 

As mentioned in the opening remarks of this chapter, the Diels-

Alder reaction between an a,B-unsaturated ketone and alkyl substituted 

dienes is predicted to be a low energy reaction. The a,B-unsaturated 

ketone 22 possessing the a-substituted ester group should be even 

29 
more favored to react with such a diene. Also, it was expected that 

a retro-Diels-Alder reaction at elevated temperatures could be used 

to regenerate 22* This idea has been used for purification and 

39 
regeneration of a number of unstable compounds. With these facts 

in mind, a dioxane solution of 22 ^^°"^ ^eO^ oxidation was heated to 

100° in a sealed tube with a five-fold excess of 2,3-dimethyl buta

diene. NMR analysis of several runs indicated the 6 8.38 triplet of 

70 to be gone after 6 hours, and the desired adduct 2?. was obtained 

after silica gel chromatography of the resulting products. 

0 C02Me 

82 83 84 
\^ G=C02Me 
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An attempt was made to pyrolyze adduct 21 by passing it in a 

nitrogen gas stream through a flask immersed in molten lead at 438°. 

The nitrogen flow rate was adjusted to give a pyrolysis contact time 

of approximately 25 seconds, and the products were collected in a 

dry ice-acetone bath. 2^. was unchanged upon passing through the 

pyrolysis apparatus. The energy of activation for the decomposition 

of 22 is evidently too high for doing the reaction at this tempera

ture, and since the melting point of Pyrex glass precludes increasing 

this temperature significantly, another Diels-Alder adduct which would 

crack at a lower temperature was desired. 

Cyclopentadiene was employed for this purpose. Not only should 

this diene be more reactive, but one predicts the resulting adducts 

83 and 84. to have a lower activation energy for the reverse reaction. 

41 
By heating cyclopentadiene, prepared as suggested by Fieser, with 

the dioxane reaction mixture of 22 in a sealed tube for 3 hours at 

100° and purification by column chromatography, the adducts 22 ̂ nd 22 

were obtained in a 1:1 ratio. The most practical method of effecting 

this reaction was found to be simply to add a ten-fold excess of 

cyclopentadiene directly to the dioxane-SeO_ reaction flask and stir 

for two days at room temperature. Silica gel was then added, all 

volatile materials removed at reduced pressure, and 22 ̂ nd 22 obtained 

by column chromatography on silica gel. The adducts were separated 

well enough that a fairly pure sample of each was obtained, as well 

as many intermediate fractions containing mixtures. The NMR spectra 

of these "endo-exo" adducts 83 and 84 are different enough in the 
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vinyl region and also in the carbomethoxy signal to easily distinguish 

them; however, no attempt was made to assign stereochemistry to these 

two isomers and normally they were used without separation. 

Pyrolysis of either 22» 84_» ^^ a mixture of the two at 438° gave 

22 as a pure colorless oil in 57% yield. By cooling the pyrolysis 

receiver only to ice-salt temperature, no cyclopentadiene was condensed 

from the nitrogen stream, giving 22 f^ee of impurities. 

Examining some of the chemical properties of 22 reveals it to 

polymerize readily. At low temperatures (-10°) it can be stored for 

several weeks in dilute solution, but it polymerizes within several 

days when stored neat at (-10°). Treatment of 22 with a variety of 

acidic and basic reagents (e.g. anhydrous HBr, diethyl amine, NaOMe 

in MeOH, semicarbazide) caused immediate polymerization. 

The proclivity of 22 ^° polymerize and work in other similar 

systems from the literature deserve mention at this point. Inspec

tion of the literature reveals there are no known simple cyclopente-

nones possessing only an electron withdrawing group in the 2-position. 

42 Yates has prepared the 3-methyl-2-carboxylcyclopentanone 22 from 

a base catalyzed opening of the cyclobutene 05^, Also, attempts by 

43 44 

Acheson and by Finch £2 £!i*» *-° produce cyclopentenones possessing 

an electron withdrawing group in the 2-position by acid treatment of 

substituted furans failed for compounds 22 ^^^ 88, respectively. The 

reactivity of these compounds can be attributed to the highly polarized 

enone system. This can be seen from the highly deshielded B-vinyl 

proton of 22 ^" ^^® ^'^^ having a chemical shift of 6 8.38. The 

corresponding proton in cyclopentanone appears at 6 7.52. 
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2 2 R=H, R'=COCH 

2 2 R=CH2, R'=CO CH 

From the fact that 22 is the first isolated cyclopentenone 

possessing an electron withdrawing group in the 2-position, to our 

knowledge, and that it has much potential value as an intermediate in 

45 
prostaglandin synthesis, the work on the synthesis of 22 ̂ ^^ 

published. A copy of this publication appears in Appendix B. 

Preparations of 3-Methyl-2-carbomethoxycyclopentanone (71) 

As stated in the original synthetic plan (p. 25), a 1,4-addition 

of a methyl group to the a,B-unsaturated ketone 22 would give the 

Michael-tjrpe adduct 22' -̂  standard method for doing a 1,4-addition 

to an a,B-unsaturated ketone is the Grignard reaction catalyzed by 

Cu(I) ions. Recently, House has reported an improvement of the 

Grignard-Cu method. By treatment of cuprous iodide with two equiva

lents of methyl lithium, a complex determined by House to be Li(CH-)^Cu, 
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lithium dimethyl copper, was obtained. Work by House on trans-3-

penten-2-one gave 1,4-addition and no 1,2-addition upon treatment with 

this Li(CH^)2Cu complex. This reagent has proven valuable in effect

ing selective 1,4-additions in a number of cases, including two recent 

48 49 

natural product syntheses by Corey and Pesaro. 

An ethereal solution of lithium dimethyl copper was cooled to 

-80°, and one equivalent of 22 in ether was added dropwise. Warming 

the solution slowly to room temperature (1 hr), adding water and 

separating gave the desired 1,4-addition product 22 ^^ tiigl̂  yield. 

The success of this reaction came as a pleasing surprise, since 22 

did polymerize immediately with every other reagent investigated. 

This can possibly be explained as an effect of the low temperature 

or some immediate complex formed with the Cu which prevents any 

other reactions from happening as fast as the desired addition. The 

lithium dimethyl copper is a good nucleophile and a Lewis acid, and 

none of the reagents causing the pol3rmerization had this property. 

Compound 22 '^^^ ^^^ only in full agreement with its expected 

spectral properties (NMR, IR) and semicarbazone melting point compared 

42 
to a sample prepared by Yates (vide infra), but was also compared 

to the GLC retention time of 22 prepared by an alternate synthetic 

procedure. Treatment of a mixture of sodium hydride and dimethyl 

carbonate with 3-methylcyclopentanone (commercially available) gives 

an approximately 40:60 mixture cf 2 2 ^ ^ ^ 4-methyl-2-carbomethoxycyclo-

pentanone. These isomers are slightly separated by GLC. The product 

from the lithium dimethyl copper reaction caused peak enhancement of 

the minor isomer of this mixture (predicted to be 22 for steric 
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reasons) and revealed them to be identical. Although the synthesis 

of 22 requires only one step in this method, no practical method of 

removal of the 4-methyl isomer could be found, preventing this syn

thesis from being used in further work. 

42a 
Yates has published an alternate, longer sjmthesis of 22 

starting from pulegone, which is outlined in the following sequence. 

.̂  NaOEt O 

89 90, R-Et 

91, R-Me 

71 

Pulegone, an optically active, commercially available monoterpene, 

was brominated in glacial acetic acid to yield the dibromide 89. 

Addition of 22. to boiling sodium ethoxide-ethanol, and refluxing for 

four hours gave the crude Favorskii rearrangement product 90, called 

ethyl pulegenate. This crude material 22 ̂ ^^ purified by saponifica

tion, distillation of the acid and re-esterification with diazomethane 

to the pure methyl ester 22* Ozonolysis of 22 in CCl, at -20° gave 71. 

The overall, distilled yield of 22 from pulegone reported by Yates 

using this procedure is 5%. 

Although the preparation of 22 using the 2-carbomethoxycyclo

pentanone route was now developed, the route was far less satisfactory 

than originally planned for preparing quantities of 22 large enough 

to continue the synthesis toward the natural products. The yield of 
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71 using this sequence was also less than 10%. Thus, there were two 

pathways now open at this time. Work could be done to improve our 

synthesis of 21.> or else Yates *s procedure could be used If one could 

improve the yield. Since the largest reduction in yield of our sequence 

was in the trapping of 22. as the cyclopentadiene adduct, and this was 

already a very difficult reaction at best, the work on development 

of Yates's procedure was decided as the proper course to take. A very 

definite advantage to Yates's method is that the starting material 

pulegone is optically active, with the absolute stereochemistry of 

the asymmetric methyl group known to be R, yielding 22 also optically 

active and with known absolute stereochemistry. 

A close examination of the work reported by Yates in sjmthesis 

of 22 revealed that the crude ethyl pulegenate 22 ̂ ^^ obtained in over 

90% yield, but the subsequent purification by hydrolysis, distillation 

and re-esterification reduced the yield of 22 ^^ ^2%. No apparent 

reason was visible at that time for accepting such a low yield purifica

tion method. Also, the ozonolysis step of the methyl pulegenate 22 

to 71 was reported to go in 17% isolated yield, and again, no reason 

was evident for not being able to Improve this. 

The first effort directed toward improving the overall yield of 

71 was rerunning the preparation of 22 using Yates' published proce

dures, but investigating in detail the total crude material from the 

Favorskii reaction. By direct distillation of the crude rearrangement 

product, there was obtained in about a 50% yield a 30:70 mixture of 

pulegone-ethyl pulegenate. Very careful distillation of this mixture 
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with a spinning band column was not effective in removing the pulegone, 

so this is probably the reason for the saponification, distillation, 

and re-esterification sequence used by Yates. 

Since unreacted pulegone was present in the distillation products 

of the crude Favorskii rearrangement reaction, and one equivalent of 

bromine was used in the reaction, one concludes there is bromine being 

consumed to form products such as 22* Acid catalysis (HBr) should 

0 0 

2B ̂2 

22 

increase the amount of enolized pulegone or 22 present. Since a-

bromination of a ketone is known to proceed through the enol form, 

then enolized pulegone or 22 should form products such as 22 "̂ ore 

readily, consuming bromine, and giving rise to unreacted pulegone. 

Also observed in these initial experiments was that dropping 

the dark, red, unpurified dibromide 22 into the boiling ethanol-

ethoxide solution caused immediate precipitation of a white solid. 

This solid is doubtlessly NaBr formed in the Favorskii rearrangement, 

indicating the reaction is instantaneous at these conditions, and a 

shorter reaction time and lower temperature could be used. 

Pulegone was thus brominated using ether as the solvent, and a 

huge excess of solid NaHCO^ was suspended and stirred in the reaction, 

removing all HBr as it is formed. The NaHCO^ was removed by filtra

tion after the Br^ was added, and this filtrate added directly to an 
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ethanol-sodium ethoxide mixture at room temperature (the NaOEt pre

cipitates under these conditions). Again, the white solid precipi

tates immediately as a slightly exothermic reaction gently refluxes 

the ether co-solvent. Addition of water after stirring at room 

temperature overnight and repeated extraction with ether gave in 

almost quantitative yield an oil which was 15% pulegone and 85% 

ethyl pulegenate (90), by GLC analysis. The ethyl pulegenate peak 

from this low temperature rearrangement was actually partially re

solved into two unseparated, approximately equal sized humps which 

are presimiably the cis-trans isomers of 22* Repetition of this 

sequence using CCl, and tetrahydrofuran (THF) for the bromination 

solvent, various temperatures (-60 -> 0°) for the bromination, ethanol 

free sodium ethoxide in both ether and THF, and low rearrangement 

temperatures did not improve the conversion of pulegone to ethyl 

pulegenate above about 80-85%, with pulegone being the only appreciable 

impurity detected by VPC. Previous to the development of this prepa

ration of ethyl pulegenate the literature was searched since the time 

of Yates' work until the present, and no new report of the improve

ment of this reaction was found. The assimiption was made that any

thing prior to the time of Yates' writing would have been used by 

Yates; however, this was not the case. After the completion of our 

42b 
work, a paper by Wolinsky and Chan was found, quite by accident, 

which describes conditions for bromination of pulegone and its 

Favorskii rearrangement with sodium methoxide to give methyl pulegenate 

in 67% yield, after distillation. 
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The removal of the pulegone from ethyl pulegenate by hydrolysis, 

distillation of pulegone from the higher boiling acid, and re-

esterification now seemed the only way to effect this separation. 

The hydrolysis and re-esterification steps could, hopefully, be car

ried out in greater than the 44% and 73% yields reported, but prepara

tion and use of the large quantity of diazomethane required for the 

esterification would be expensive and very dangerous. One would 

hesitate before attempting a normal Fisher esterification of the 

acid of ethyl pulegenate, since the B,Y-clouble bond would most likely 

migrate into conjugation with the ester carbonyl under the reaction 

conditions. Avoiding this complicated purification method, the 

removal of pulegone from the ethyl pulegenate mixture was accomplished 

by the almost trivial method of formation of a semicarbazone deriva

tive of the more reactive carbonyl of pulegone, and separation by 

virtue of the relative solubilities. The crude mixture of 22 ̂ ^^ 

treated with a saturated water solution containing a 3-fold excess 

of semicarbazide hydrochloride and 4-fold excess of sodium acetate, 

based on the calculated amount of pulegonfe present, and enough 

boiling ethanol was added to effect dissolution. The amount of un

reacted pulegone was monitored by VPC and after its complete trans

formation to the semicarbazone, the mixture was cooled to 0°. After 

removal of the precipitated semicarbazone by filtration, a large 

volume of water was added, and this was extracted with petroleum 

ether. Distillation of the resulting oil gave clear, colorless 92 

of purity over 99.5% by GLC. The yield of purified 22 ^^o™ pulegone 

by this sequence is 67%. 
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Improvement of the ozonolysis of 22 *̂o the desired B-keto ester 

was directed toward finding the best solvent and the optimal reaction 

temperature for the actual ozonolysis, then the most efficient work-up 

procedure for transforming the ozonides into 21.' A survey of many 

38 
ozonolysis reactions revealed ethyl acetate to be a very standard 

solvent, and this solvent was found to be suitable for our purposes. 

Bubbling ozone through an ethyl acetate solution of 92 at -78° until 

ozone consumption ceased, as judged by detection with KI, gave the 

expected peroxide solution of ozonolysis products. A positive 

peroxide test (KI) remained after addition of 5% palladium on carbon 

directly to this solution and stirring for 24 hours under hydrogen. 

Likewise, removal of the ethyl acetate and boiling the ozonide in 

water for 18 hours (Yates' method) did not completely destroy all 

peroxidic materials. By removal of the ethyl acetate, dissolving the 

glassy, viscous ozonides in glacial acetic acid, and addition of zinc 

dust, the peroxides were rendered completely undetectable. This 

acetic acid solution after filtration yielded crude 22 ̂ pon sodium 

bicarbonate neutralization and ether extraction. This reaction 

sequence using a -78° (dry ice-acetone) ozonolysis temperature gave 

yields in the range of 60-70%. By lowering the reaction temperature 

to below -89° (isopropyl alcohol frozen with liquid N^) the yield 

was increased to 85% with product purity greater than 99% by GLC. 

The material from this ozonolysis is identical by NMR and IR with 

71 formed from the previously discussed lithium dimethyl copper 

reaction. 
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Preparation of 3-Methyl-2-methylenecyclopentanone 

With a practical method available for preparing large quantities 

of 71, the next step in the synthesis was to convert the ester group 

of the B-keto ester into the exocyclic methylene function desired 

for the Diels-Alder reaction with isoprene (see Scheme VIII, p. 25). 

For this reaction 22 "*• 22L» ^^^ subsequent reactions 72->-73->-74, the 

methyl group of 22 ^ s no influence on the course of the reactions, 

except for steric hindrance. For this reason a model compound, 2-

carbomethoxycyclopentanone (69) was substituted for 22 ^^ developing 

experimental conditions and methods for doing the transformations 

71 ->- 2A* With 22 being inexpensive and commercially available, the 

use of 22 instead of 22 allows working with larger quantities of 

material, and also gives fewer isomers in the Diels-Alder reaction, 

aiding in the initial product characterization. Therefore, for 

essentially all of the remainder of this synthetic work, there were 

two series of compounds: model series a, having no methyl group on 

the cyclopentane ring, and series 2> having the 3-methyl group on the 

cyclopentane ring. Obviously, compounds of series 2 are the pre

cursors to the acorane sesquiterpenes. 

The entire work toward preparation of 22 ^^ shown in Scheme IX. 

51 
The method of Behare and Miller originally proposed for transforming 

the ester group into an exocyclic methylene is outlined in the follow

ing reaction sequence. This reaction is simply a Mannlch condensation 

followed by a cleavage-elimination directed by the Ester group. This 

sequence was developed for methylenelactones and nothing was known 
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CH20^MepNH 

COgMe 

H2NMe2 

COgMe ^ 
CH2NMe3r 

DMF 
80* > 

about its applicability to the synthesis of methylene ketones. Treat

ment of 22 with this series of reagents using conditions similar to 

those of Behare and Miller gave none of the desired 2-methylenecyclo-

pentanone (99) in preliminary investigations. From literature 

references to preparation of 22 from cyclopentanone and a normal 

52 
Mannlch condensation and elimination, one finds 22 ^° b® a very 

unstable compound, polymerizing and dimerizing quite rapidly. There

fore, one would not expect it to survive the conditions used by Behare 

and Miller, so another approach was employed in effecting the trans

formation of the ester group into the methylene group of 92 and 22* 

The overall plan for conversion of the B-keto esters into the 

cisoid a,3-unsaturated ketones 22. and 22^^^ ^° reduce the ester to 

the corresponding primary alcohol while protecting the ketone, then 

regenerate the ketone and eliminate water from the B-hydroxy ketone. 
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Although this type of reaction sequence is quite standard and can in 

principle, be effected in nimierous ways, many difficulties were en

countered before a reproducible, efficient method of obtaining compound 

72 was discovered. 

Refluxing a benzene solution of 22 with a three fold excess of 

ethylene glycol and a catalytic amount of p-toluenesulfonic acid into 

a Dean-Stark trap to remove the water yielded the desired ethylene 

ketal 93a in quantitative yield. Adding an ether solution of ketal 

93a to a slight excess of lithium aluminum hydride in ether and stir-

53 
ring for 30 min followed by a work-up using the method of Micovic 

gave the ketal-alcohol 94a in very high yield. The first method 

explored was a one-step approach for conversion of 94a into 22* Treat

ment of an acetone solution of 94a with aqueous HCl varying in acid 

strength from 5-50% (volume-volume) yielded 22 ^^ very low yields. 

The optimum yields (5-10%) obtainable by this route were from stirring 

the ketal alcohol 94a for 4 days in an equal volume mixture of acetone 

and 5% HCl. Compound 22 ̂ ^ ^ very characteristic vinyl signal in the 

NMR; these gem-vinyl protons appear as complex multiplets at 6 5.66 

and 5.05, and can be used to determine the presence and relative con

centration of 92« Distillation of 22 ^^^^ these long reaction time 

hydrolysis-eliminations revealed the remainder of the material to be 

an approximately equal mixture of 98a and polymer. Therefore, simply 

allowing the reaction to run longer would lead to a great deal of 

undesirable polymeric material. 

Analysis of the ketal hydrolysis reaction, 2^^ -^ 92a revealed the 

reaction to be complete in an equal volume mixture of 5% aqueous 



46 

HCl-acetone in approximately 2 hours, but elimination of the resulting 

B-hydroxy ketone occurred with a half life of about four days. For 

this reason, making the hydroxy1 a better leaving group was desired, 

and this was accomplished by its conversion to the tosylate. Thus, 

94a was converted into the corresponding tosylate 22 ̂ sing purified 

p-toluenesulfonyl chloride and anhydrous pyridine. 

Treatment of tosylate 22 ̂ ith 25% HCl-acetone for 10 hours gave 

a dark brown oil possessing a very pungent odor, characteristic of 22* 

A low (10%) yield of 22 ̂ ^^ obtained by vacuum distillation of this 

oil. The pot residue had no signals characteristic of the tosylate, 

so presumably the elimination occurred and then polymerization. 

A similar, base catalyzed elimination of the B-tosyl group was 

attempted. NMR analysis of the products of 22 after an hour's reac

tion in 5% HCL-acetone indicated the tosylate was still present, and 

the ethylene ketal absent. This compound was assumed to be compound 

97. An aqueous acetone solution of 22 treated with NaOH, NaHCO^ or 

Na^CO- resulted again in low yields (1-5%) of 22 after distillation 

of worked-up material. The conclusion from these results is that 

either acid or base will polymerize 22 under conditions required for 

its formation, so another variation in this elimination-hydrolysis 

was attempted. 

Refluxing a Jt̂ -butyl alcohol solution of 22 with an excess of 

potassium ^''butoxide overnight gave the olefin 22 ^^ ^^^ distilled 

yield. With the methylene group of 22 being formed, it was hoped rapid 

hydrolysis of the ketal would give the desired 2£ in higher yields. 
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Hydrolysis of 92 by stirring for one hour in 5% HCl-acetone gave 99 

as expected, but unfortunately the yield was still only 20%. The con

clusion was now obvious that 92 is too unstable to acid or base, so 

another entirely different approach was required. 

Alexandre and Rouessac have recently published a new method 

for effecting the dehydration of B-hydroxy ketones. They report that 

many B-hydroxy ketones yield the corresponding a,B-unsaturated ketones 

upon treatment with dicyclohexylcarbodlimide (DCC) or diphenyl carbo-

diimide (DPC). Among the examples used in their tests of this reagent 

was 98a, and a 60% yield of 22 ̂ ^^ obtained by treatment with DPC. 

With this method appearing the best for obtaining the desired compound 

99, conditions for a high yield ketal hydrolysis in the conversion 

94 -*• 22 were required. These optimal conditions would be achieved 

when no ethylene ketal remains, and no elimination products are yet 

formed. By using several combinations of time, HCl, and acetone and 

monitoring each run by NMR, it was determined that treatment of neat 

94a with 25% HCl (no co-solvent) gave a homogeneous solution, and 

hydrolysis was complete in 2.0 minutes at room temperature. Rapid 

quenching of this reaction mixture by pouring it into saturated brine 

followed by chloroform extraction gave 98a in over 95% yield, with 

no detectable amount of 22 present. 

The desired dehydration of 98a was then accomplished by reflux

ing it in ether containing one equivalent of DCC and a catalytic amount 

of cuprous chloride. DCC was used instead of the DPC used by Alexandre 

and Rouessac since DCC is commercially available, and DPC would 
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have to be synthesized. After refluxing for 2 hours, the precipitated 

dicyclohexylurea formed in the reaction was removed by filtration, and 

the ether removed at reduced pressure. Vacuum distillation with a -60° 

receiver gave 22» ^ clear, colorless oil, bp. < 25°, in 57% yield. 

With a route for preparing 22 opened with this model series, the 

sequence was repeated using the 3-methyl-2-carbethoxycyclopentanone 

71. Treatment of 22 with ethylene glycol, p-toluenesulfonic acid and 

benzene gave the ketal-ester 93b as before. This material, unpurified, 

was reduced with lithium aluminum hydride and purified by vacuum dis

tillation, giving 94b bp^ ^ = 60-65°, as a clear, colorless oil. This 

oil was dissolved in 25% HCl for 2.0 minutes, and worked up as in the 

model series, giving a 95% crude yield of 98b. Dehydration of 94b 

using a 50% excess of DCC gave 22» bp = 32-33°, in 69% yield from 

crude 98b. Compound 22 also possessed a very disagreeable, pungent 

odor similar to 22» ^^ ^^^ be stored in dilute ether solution for 2-3 

days at low temperatures, but when fitored neat at -10° polymerizes to 

a white, solid, rubber-like mass. 

Synthesis of 4,8-Dimethylspiro[4.5]dec-8-ene-l-one CZ3} 

With copious supplies of a,B-unsaturated ketones 22 ̂ nd 99 

available, their reaction with isoprene to form the acorane spiro

cyclic system was ready to be explored. As mentioned previously, 

the reaction between compounds such as 22 °^ ̂  with isoprene was 

expected to be quite facile, so the rather vigorous conditions (200°) 

31 
employed by Tanaka et^ al. in their sjmthesis of chamigrene were not 

employed. 
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Stirring equivalent amounts of 22 (model series a) and isoprene 

in CCl, solution for three days gave no decrease in the amount of 

methylene protons of 22 observable in the NMR spectrum. Using more 

vigorous conditions, the above mixture was heated to 110° in a sealed 

tube. No vinyl signals characteristic of 22 ̂ ®r® present in the total 

reaction solution. Chromatography of this solution gave a clear oil 

eluted with 10% ether in petroleum ether whose NMR and IR spectra were 

consistent with structures 100 and 101, the desired spirocyclic 

systems. The yield of 100 and 101 from the reaction in CCl, solution 

22 100 101 102 

was less than 10%. The dimerization of 22 bas been reported to give 

the spiropyran 102 by Roth, Schwenke and Dvorak so a 5-fold excess 

of isoprene was used as the solvent in order to minimize the dimeriza

tion. From this run the excess isoprene was removed at reduced 

pressure, then the thick oil was chromatographed to remove poly

merized isoprene and the ketonic fractions were vacuum distilled to 

give a mixture of 100 and 101 in 47% yield. 

Since only the "para" isomer 100 was desired, an analysis of 

this Diels-Alder product was required to determine the presence and 

concentration of this "meta" isomer 101. Gas-liquid chromatography 

was selected as a likely method for this analysis. After trying 
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several different liquid phases, an SB-30 column was constructed (3.8% 

SE-30 on Chromsorb G, 40' x 1/8") which resolved this mixture, sup

posedly 100 and 101, into two peaks whose ratios were 28:72 in order 

of elution, as measured by a planimeter. Since the electronic effects 

of the methyl of isoprene should cause formation of more "para" isomer 

100, the larger peak was assumed to be 100. 

Although the relative amount of the "meta" isomer 101 was larger 

than originally hoped for, the following analogy for improvement of 

this ratio appeared quite promising. Williamson and Hsu report the 

following results for the Diels-Alder reaction between acrolein and 

isoprene. 

•CHO 
_̂  „ A r' 

uncatalyzed 59% 41% 

SnCl, catalyzed 96% 4% 

Lewis acid catalysis, usually by AlCl^, is well known to Increase the 

58 
rate of the Diels-Alder reaction, but the above data are the first 

reported on the effect of Lewis acid upon the product distribution. 

SnCl,*5H«0 was used by Williamson and Hsu because the stronger, more 
4 2 

commonly used Lewis acid AlCl^ caused polymerization of the starting 

59 
materials. Recently, Houk has reported a theoretical treatment 

for explaining the increased "para" to "meta" ratio from Lewis acid 

catalysis of the Diels-Alder reaction. 
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In order to test the effect of Lewis acid in formation of our 

spiro products, 22 ^nd Isoprene were heated to 60° for 10 hours in 

the presence of 0.2 equivalents SnCl.'SH^O. Analysis of the result

ing products revealed a 96:4 ratio of 100:101. Even though this ratio 

would be quite satisfactory for our purposes, a more detailed study 

was made to determine if even less "meta" isomer 101 could be formed. 

By varying the reaction temperature from 25° to 100°, the amount of 

SnCl,*5H 0 used up to one equivalent, and the reaction time from 1 

hour to 2 days, no improvement was made on this 96:4 ratio. No use 

of other stronger Lewis acids was examined since Williamson and Hsu 

reported AlCl polymerized isoprene and acrolein. The highest yields 

(50%) using the SnCl,*5H20 catalysis were obtained when a 5-fold 

excess of isoprene and 0.2 equivalents SnCl,•5H«0 were stirred with 

99 for 2 days at room temperature. 

With the Diels-Alder reaction to form the spirocyclic 22 fully 

developed on this model series, 72 was subjected to reaction with 

excess isoprene and 0.2 equivalents stannic chloride pentahydrate at 

25° for two days. After chromatography and distillation, a 45% yield 

of product was obtained which is represented by structures 103-106. 

GLC analysis of these isomers on the same column used for the model 

series (100 and 101) gave two peaks, well but not baseline resolved, 

with slightly longer retention than 100 and 101, in the ratio of 

70:30 by planimeter measurement. 
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vv A..o:.,.6..X'. 
22. 222 104 102 106 

The stereochemical assignment of structures 103-106 is based 

upon two possible modes of attack of the isoprene on the dienophile 

72, either above or below the olefinic bond. Examination of molecular 

models reveals that compound 22 ^^ essentially a planar molecule, 

except for the methyl group, which at least partially blocks attack 

by isoprene from the top side, looking at 22 ̂ ^ ^^ ^^ drawn above. 

Using the fact that the orientation of diene and dienophile in the 

Diels-Alder reaction is well known to be Influenced by steric hin

drance, and the fact that one side of 22 i^ more sterically hindered 

than the other, one predicts the ratio of 103 and 104 to 105 and 106 

to be greater than 1. Since two major products are observed, in a 

quite reasonable ratio of 70:30, the above stereochemical assignments 

for 103 and 105 can be made, assuming the corresponding "meta" isomers 

104 and 106 are formed in only small amounts as in the model series 

(96% 100: 4% 101). This assumption appears quite valid if one con

siders the "para-meta" product distribution to be primarily due to 

electronic effects, while the stereochemical orientation of 103 and 

105 is due to steric hindrance. 



53 

Since GLC analysis of the Diels-Alder adducts from isoprene and 

72 gave only two resolved peaks, the presence or absence of the cor

responding "meta" isomers of 103 and 105 deserves further considera

tion. In order to ascertain whether the two observed peaks of the GLC 

trace of 103-106 contained unresolved "meta" isomers, or there were 

none of these isomers present, the uncatalyzed reaction between 22 

and isoprene was run at 110°. GLC analysis of the resulting products 

using identical conditions as for the catalyzed reaction gave, again, 

two main peaks. However, the appearance of the two peaks was defi

nitely different from the ones observed for the catalyzed reaction in 

the following three ways: (1) their relative retention times from their 

maxima differ by only 2.5 minutes as compared to 4.0 for the catalyzed 

reaction, (2) the relative intensity is 1:1 rather than the 70:30 for 

the catalyzed reaction, and (3) they are much broader and less resolved. 

From this the conclusion can be made that more than two compounds are 

present, but not resolved, and that the apparent shift in maxima is 

due to overlapping peaks. By analogy with the model work, it is 

expected that all four compounds 103-106 are present and that the 

ratio of "para" to "meta" isomers is again about 72:28. No success 

in further resolution of these peaks was obtained, but the result is 

consistent with the conclusions from the model work and verified by 

conversion to dienes (see the following section). 

Synthesis of Acoradienes and Alaskenes 

As outlined in Scheme VIII (page 25) of the original synthetic 

plan, the acorane skeleton is now constructed except for attachment 
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of an isopropyl group at the carbonyl carbon of 103 and 105. To this 

end, the following experiments were conducted. 

The mixture of Diels-Alder adducts in the model series 100 (plus 

4% 101) were added as an ether solution to a tetrahydrofuran (THF) 

solution of isopropyl magnesium chloride (commercially available). 

After stirring at 25° for 5 minutes, the reaction was worked up and 

NMR analysis revealed only starting material was present. Resubmission 

of this material as a THF solution to reaction with excess i-PrMgCl at 

reflux temperature gave back starting material again after work-up. 

A small amount of gas evolution was observed during this heating 

process, indicating at least partial enolization of the ketone by the 

Grignard reagent was occurring. However, a large gas evolution was 

observed during the work-up of these reactions, suggesting that the 

reagent was simply not reacting rather than taking the undesired, 

alternate path of enolization of the ketone. Since the isopropylmag-

nesium chloride employed does have a lot of steric requirements, and 

the ketone 100 is fairly sterically hindered, it is not surprising 

that this reaction outlined below to give 107 was not successful. 

100 207 
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Reaction of 100 with a more nucleophilic organometallic complex 

than the isopropylmagnesium chloride was desired, and this was accom

plished with isopropyl lithium, also commercially available. Treatment 

of a dry pentane solution of 100 with a slight excess of commercial 

isopropyl lithium in pentane was accompanied by gas evolution. NMR 

analysis of the resulting products revealed about equal amounts of 

starting material and the desired tertiary alcohol 107. This recovered 

ketone was proved to be arising from enolization by quenching the 

reaction with deuterium oxide and comparing the NMR spectrum of it 

and a similar reaction using H„0 for neutralizing the enolate anions. 

Very definite differences in these NMR spectra strongly suggest 

deuterium has been incorporated into 100. The overall conversion 100 

to the alcohol 107 was increased by sinqply resubmitting the worked-up 

materials to a second reaction with isopropyl lithium, giving a con

version of about 75%. 

The removal of the remaining 25% ketone 100 in the alcohol 107 

was possible, presumably, at this point by column chromatography on 

silica gel since the two were very slightly separated by thin layer 

chromatography (TLC) using 2% ether in petroleum ether. In order to 

avoid this rather tedious separation problem, the total mixture of 

100 and 107 was dehydrated using one equivalent of thionyl chloride 

(SOCl^) in pyridine at 0°, as shown below. Chromatography of the 

total reaction product on silica gel gave pure 108 and 109 upon 

eluting with petroleum ether, and unreacted ketone 100 when the 

column was eluted with 10% ether in petroleum ether. 
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> r r^ + 
107 108 222 

The NMR and IR spectra of the diene mixture 108 and 109 were in 

complete accord with these structures. From the relative integration 

of NMR signals for the vinyl and methyl protons of this mixture 108 

and 109, the conclusion must be made that the endocyclic diene 109 

represents the major portion of this mixture. This is supported by 

GLC analysis of this mixture with an oven temperature of 172° using 

the same column (3.8% SE-30, 40' x 1/8") as was used for the Diels-

Alder adducts. There is observed on the GLC trace two major peaks 

in the ratio of 70:30 eluting in 55 and 72 minutes, respectively. 

Appearing approximately two minutes before each of these major peaks 

was a small peak, and the ratio of each set of peaks is 96:4. These 

sets of peaks are doubtlessly due to the "endo-exo" isomers 108 and 

109 with their corresponding "meta" isomers representing the minor 

(4%) component. 

Recalling the structures of the acoradienes and alaskenes (25-

28), the alcohols eliminating water to give the exocyclic double bond 

as in 108 were desired. Reaction of tertiary alcohol 107 with one 

equivalent of SOCl and varying the reaction time and temperature from 

20 seconds to 10 minutes and -20° to 25°, respectively, gave no GLC 



57 

observable change in the ratio of 108 and 109. A more selective de

hydrating agent, phosphoryl chloride, POCl^, was employed in order to 

selectively dehydrate 102 ^° 108.' Reaction of phosphoryl chloride in 

pyridine with 107 gave no reaction at room temperature, but heating to 

92° and monitoring by TLC indicated the starting material was gone 

after 27 hours. NMR and GLC analysis of the resulting products indi

cated that the POCl was selective, but the endocyclic diene 109 was 

the only product. 

A selective approach for generating the isopropylidene group of 

the acoradienes and alaskenes was desired since the dehydration could 

not be controlled to give this exocyclic isomer. For this reason, 

the Wittig reaction between ketone 100 and the ylid of triphenyl 

phosphine and isopropyl bromide was attempted, even though the high 

steric requirements of the Wittig reaction made its success seem 

fairly unlikely. Using a procedure similar to the one of Eagerlund 

and Idler, isopropyl bromide and triphenyl phosphine were heated 

in a sealed tube at 140°, and the corresponding triphenyl phosphonium 

bromide salt was obtained. This salt was then converted to the ylid 

using methylsulfinyl carbanion in dimethyl sulfoxide as suggested by 

/ C H 3 DMSO w 

100 108 
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Corey or by the use of isopropyl lithium in THF. Treatment of this 

ylid with 100 in DMSO or THF, and heating to 83° and 63°, respectively, 

for 3 days gave no reaction. Although a selective reaction for adding 

the Isopropylidene group would have been advantageous, it was concluded 

that the reaction failed for steric reasons, so the method was abandoned, 

This is not, however, an insurmountable difficulty, because the "endo-

exo" isomers 108 and 109 are well separated by GLC, and a complex 

separation of diasteromers was anticipated for the compounds in the 

natural product series anyway. 

Pyrolysis was also investigated as another possible method to 

dehydrate alcohol 107 selectively. Simple injection of alcohol 107 

into the gas chromatograph with the injection port heated to 250° gave 

a peak corresponding to the "endo" isomer 109, and none of 108. From 

all these experiments one concludes that 109 is both the thermody-

namically and kinetically preferred dehydration product, so obtaining 

selective dehydration to the "exo" isomer appears quite unliekly. 

With preparation and structure assignments of the model series 

(a) now fully explored, the sequence was repeated on series h_ starting 

with the unseparated diastereomeric mixture of ketones 103-106. Thus, 

reaction of the ketonic mixture with isopropyl lithium, working up, 

and re-submission gave the complex mixture of diasteromeric alcohols 

(110 and 111) in 77% crude yield, as outlined below. The alcoholic 

mixture 110 and 111 was characterized only by its NMR and IR spectra, 

and again contained about 20% unreacted starting ketones. 
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103 -106 -'-Pr-Li 

no 

S0CI2 

111 

> 

112 113 114 115 

116 117 118 119 

Dehydration of this mixture with SOCl^-pyridine at 25° for 10 

minutes gave, after chromatography, a 56% yield of dienes 112-119. 

GLC analysis of this mixture using the same analytical coltjmn as before 

at 175° gave major peaks eluting in 66, 88, and 93 minutes in the ratio 

72:8:20, respectively. Using the analogy from the model series where 

the major "endo" isomer eluted first, the peak eluting in 66 minutes 

(72% of total) was assumed to be a mixture of unseparated endocyclic 

dienes 116-119. Appearing approximately two minutes before the second 
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and third major peaks, presumed to be the exocyclic dienes 113 and 

115, were very small shoulders. Using the analogy of the model series 

where the "meta" isomer eluted just before the "para" isomer, these 

small peaks were assumed to be the corresponding "meta" isomers 114 

and 116. The ratio of these four peaks was calculated to be 1:27:3:69 

in order of elution by assuming the major isomers 113 and 115 should 

be present in the same ratio (30:70) as their ketone precursors 103 

and 105, and that the ratio of "para-meta" isomers should be 96:4, 

as in the model series. Summarizing, the reason for assigning struc

tures 112-115 to these four peaks were: (1) steric hindrance in the 

Diels-Alder reaction causes isomer 115 to be formed more abundantly 

than 113, (2) the "meta" isomers 112 and 114 are assumed to elute 

before their corresponding para Isomers 113 and 115, and (3) the ratio 

of each "para-meta" isomer pair is predicted to be 96:4 from the model 

series. 

In order to further substantiate the proposed structures and the 

corresponding GLC peaks in the series of dienes 112-115, the mixture 

of ketones 103-106 prepared from the Diels-Alder reaction uncatalyzed 

by Lewis acid was converted into the series of dienes 112-119 using 

the same sequence. GLC analysis of these isomers revealed a marked 

broadening of the endocyclic diene peak, and the second family of peaks 

appeared in the approximate ratios 10:20:25:45, listed in order of 

elution. Although the maxima of each peak in this mixture from the 

uncatalyzed reaction was clearly the same as for those from the 

uncatalyzed reaction, the given ratios are not very accurate due to 
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the peaks not being well resolved. Therefore, the assignment of 

structures 112-115 appears quite consistent with this family of "exo

cyclic" peaks numbered in order of elution. 

With all peaks of the GLC trace now identified, this mixture of 

isomers 112-119 was subjected to preparative GLC, using SE-30 (20' x 

3/8", 30% on Chromsorb G). By using small sample sizes (10 mg) three 

distinct peaks were again resolved with intensities the same as with 

the analytical column. For isomers 113 and 115, the "meta" isomer 

impurities were predicted to slightly preceed these "para" peaks, so 

collecting only the center 50% of peak two and the last 75% of peak 

three gave 113 and 115 as pure, colorless oils. Peak one from this 

chromatography was also collected, and is presumably a mixture of 

isomers 116-119. These three collected peaks were removed from their 

collectors as a pentane solution, and then weighed after high vacuum 

removal of all solvent residue. Each fraction was then made up to a 

standard volume with pentane and its optical rotation determined at 

the sodium D line. From these rotations a specific rotation for each 

fraction was calculated to be -41°, +14°, and -82° for peaks one, two 

and three, respectively. IR, NMR and high resolution mass spectra 

were also obtained for these peaks, and are consistent with structures 

116-119, 113 and 115. 

6-Acoradlene [(-)-B-alaskene] has been compared to 113 (peak 2 

from GLC) in the following respects. An authentic sample of B-alaskene 

.63 , 
isolated from Chamaecyparis nootkatensis (Alaska cedar) was compared 

to 113 by GLC retention and peak enhancement and found identical. 
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18 
Comparison NMR, IR and mass spectra of B-alaskene and those obtained 

for 113 are identical. The optical rotation reported by Tomita and 

Hirose for 6-acoradiene is +16°, while 113 has the value of +14°. 

From these facts, one can concliide that 6-acoradiene (the enantiomer 

of B-alaskene, Chapter I, p. 13) and 113 are Identical. 

Y-Acoradiene (a-alaskene) has been compared to 115 (peak three 

from GLC) in the following ways. Although no sample from the natural 

63 
sources could be obtained, the NMR, IR, and mass spectra of a-

alaskene (identical to y-acoradiene. Chapter I, p. 13) and those ob

tained for 115 were compared and found completely identical. Since 

19 
a-alaskene cyclizes to a-cedrene upon treatment with formic acid, 

115 was stirred for 12 hr in a two-phase mixture of heptane and 98% 

formic acid, GLC and spectral analysis of the product of this reac-

63 
tion compared to natural a-cedrene revealed the two to be identical. 

25 
The optical rotation of y-acoradiene was reported to be [^]-Q = -66° 

25 
by Tomita and Hirose, and [a] - -88° by Anderson and Syrdal. Since 

25 
the oil 115 was found to have [a] - -82°, the conclusion must be made 

that it is identical with the naturally occurring sesquiterpene y-

acoradiene (a-alaskene). 

Synthetic Enantiomers of Acorone and Isoacorone 

With the synthesis of the naturally occurring products 6-

acoradiene and y-acoradiene (a-alaskene) now complete, extension of 

this synthetic series into their ketonic counterparts acorone (22) and 

isoacorone (14) was desired. Actually, only the enantiomers of natural 
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products 22 and 22 can be synthesized by this synthetic method utilizing 

pulegone as the starting material, because the absolute stereochemistry 

of the C-4 methyl of 22 ^^^ 14_ is S, while the absolute configuration 

of C-4 in the acorane skeleton derived from pulegone is R. There

fore, since only the enantiomers of the natural products acorone and 

isoacorone can be synthesized from pulegone derived precursors, the 

compounds from this synthetic series, which have the absolute configura

tion at each chiral center reversed (mirror images) should correspond 

to the natural products in all respects except optical rotations, and 

these should be equal but opposite in sign. 

Recalling from the previous section, a mixture of endocyclic dienes 

represented by formulas 116-119 was collected as the first peak eluted 

from the preparative GLC of the total diene mixture. If one assumes 

the ratio of "para" (117 and 119) to "meta" (116 and 118) isomers is 

96:4 in this series also, then this mixture can practically be con

sidered as essentially a mixture of "para" diastereomers 117 and 119. 

As was noted in Chapter I, the absolute configuration of C-5 of acorone 

is S, and one can see from structures 117 and 119 the absolute con

figurations of C-5 are R and S, respectively. Therefore, since 
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compound 117 possesses the R absolute configuration at carbon-5, the 

enantiomeric acorones should be derivable from this isomer. Unfortu

nately, 117 just as 6-acoradiene (113), arises from the Diels-Alder 

attack of isoprene on 7^ from the same side as the methyl, meaning it 

is the lesser isomer in the mixture 117 and 119. However, y-acoradiene 

(113) and 6-acoradiene (ll5) were found present in the ratio of 69:27, 

and one predicts 119 and the desired 117 to be found in similar ratio, 

so at least usable quantities of the required isomer 117 should be 

obtained from this mixture. 

With no further attempts to separate the diene mixture 116-119, 

the total mixture was converted into the corresponding diketone mixture 

via hydroboration-oxidation, followed by Jones oxidation of the result

ing alcohols, as outlined in the following sequence. The initial 

116-119 
1. B2H^ 

2. NaOH , H^o^r 2 2 

All Isomers 

120 

Cr03, H2SO4 
> 

(Jones Reagent)* 

All Isomers 

121 

attempt to prepare the ketonic mixture 121 from 116-119 was by hydro

boration and a direct heterogeneous oxidation of the resulting organo-

64 
boranes with aqueous chromic acid. The infrared spectrum of the 

products from this oxidation method indicated the 5-membered ring 

carbonyl (1737 cm" ) to be less abundant than the cyclohexane carbonyl 
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(1712 cm ), so a more efficient oxidizing method was sought. This 

was accomplished by the following two-step procedure. The stereo

isomeric mixture of diols 220 was prepared in high yield by conversion 

to the organoboranes with B^H^ in THF, then oxidation with basic aqueous 

hydrogen peroxide as a two-phase mixture. After characterizing 120 only 

by its IR and NMR spectra, it was smoothly converted by Jones oxidation 

to the mixture of diketones represented by formula 121. Neglecting 

the minor "meta" isomers, and assuming the methyl and isopropyl groups 

on the cyclopentanone ring are in the thermodynamically more stable 

trans configuration, one can represent the components of this mixture 

by structures 122-125. 

122 123 124 

Comparison of isoacorone and acorone (formulas 2^ and 13) with 

122 and 123 of the above series reveals them to be the mirror images 

(enantiomers) of isoacorone and acorone, respectively. With the syn

thetic entry to these enantiomeric acorones now apparently accomplished, 

the experimental task of their separation and characterization was the 

vr 4 

ultimate step. Sorm and co-workers have reported acorone and iso

acorone, hence 122 and 123, to be separable by chromatography on 

alumina, so the real problem at hand at this point was removal of the 
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undesired isomers 124 and 125 possessing the S configuration at the 

spiro center. 

Gas liquid chromatography was investigated as a means for effect

ing this desired separation. The behavior of the ketone mixture 121 

was examined on the liquid phases SE-30 and polydiethanolamlne suc

cinate (PDEAS). The SE-30 column (3.8%, 40' x 1/8") is a nonpolar 

column while the PDEAS (30%, 20' x 3/8") is a moderately polar column. 

Mixture 121 on both of these colimins elutes as a single, unresolved 

peak at oven temperatures giving a retention time up to two hours. 

Analysis of the mixture 121 using an analytical Carbowax 20M (13%, 

18* X 1/8") column, a fairly polar column, gave resolution into two 

peaks eluting about 6 minutes apart with baseline separation. A sample 

63 
of "neoacorone," reported to be a mixture of acorone, isoacorone and 

18 
a small amount of cryptoacorone (15), was also analyzed with this 

same Carbowax column, and found to elute in one peak with identical 

retention time (peak enhancement) as the second peak of the mixture 

121. Since the ratio of the two peaks from mixture 121 is the same 

(about 70:30) as found for the corresponding exocyclic dienes (113 

and 115) differing only in the configuration at the spiro center, it 

is reasonable to assume the pair of isomers 122 and 123 is separating 

from isomers 124 and 125, with each pair being unresolved. 

A preparative Carbowax column (12% on chromsorb G, 20' x 3/8") 

was constructed, and the behavior on this column of mixture 121 and 

neoacorone was found to be Identical with the results from the analyti

cal Carbowax column. The ketone mixture 121 was then separated using 
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this column. Since the two peaks were baseline separated, the second 

peak, presumed to be primarily a mixture of 222 and 123, was obtained 

free of the first eluting peak, 224 and 225. Not at this purification 

stage, nor at later ones, were the undetectable "meta" isomers of 

mixture 122 of great concern, since the natural products are crystal

line, and a final purification by crystallization should remove these 

minor components. 

Numerous attempts to crystallize either 122 or 123 from the total 

material collected in peak two failed using ethyl acetate, petroleum 

ether and benzene solvent systems. As already mentioned, Sorm reported 

acorone and isoacorone to be separable by "repeated" chromatography 

on alumina. In order to obtain more efficient separation, high pres

sure liquid chromatography was utilized for effecting this separation 

of 122 and 123. Using high pressure liquid chromatography allows one 

to use more theoretical plates for separation, and also smaller sample 

sizes. Obviously only small sample sizes of the mixture 122 and 123 

was available at this point due to two preparative GLC purifications. 

Silica gel was used instead of alumina for this separation for 

the practical reason that both analytical and preparative columns were 

available. Using an analytical silica gel column (1/8" x 2'), "neo

acorone" (a mixture of natural acorone and isoacorone) was used as the 

sample for development of the solvent system to be used in the separa

tion of the isoacorone and acorone enantiomers. By eluting with 10% 

chloroform in hexane, "neoacorone" was found to be separated into two 

baseline separated peaks in the ratio of approximately 1:3, with a 
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very small, but definite shoulder on the tailing side of the minor 

leading peak. This further confirms the analysis of "neoacorone" as 

being a mixture of acorone, isoacorone and a very small amount of 

18 
cryptoacorone, as already reported by Syrdal, and also demonstrates 

separation and relative retention times of acorone and isoacorone. 

The acorone and isoacorone can be identified in this mixture on the 

basis of their relative abundance, since known optical rotations of 

the pure compounds and the mixture require acorone to be present in 

63 
the greatest amount (68%). Also, an authentic sample of acorone was 

found to be identical with the larger, second eluting peak. 

With the separation of isoacorone and acorone now satisfactory, 

the mixture of 122 and 123 was eluted from this same analytical column 

under identical conditions. Two peaks were observed in about equal 

amounts which had retention times identical to those of isoacorone 

and acorone. Repeated injections of small (1 mg) samples of this 

mixture and collecting the two peaks gave a white, semicrystalline 

residue from each peak upon evaporation of solvent. 

Crystallization of the material from each peak with very small 

amount of purified n-hexane by cooling to -90° gave white crystalline 

needles for each, which were collected by centrifugation and removing 

the bulk of the solvent by pipet. After complete removal of crys

tallizing solvent at high vacuum, the melting points of material from 

peaks one and two were 92-94° and 94-96°, respectively. Optical rota-

25 25 
tions for peaks one and two (hexane) were [a]^ = +83° and [a]^ = -121°, 

respectively, with a fairly large but unknown uncertainty in the values. 



69 

A second crystallization with the same solvent of each peak gave very 

sharp melting points of 94.0-95.5 for peak one and 96.0-97.5° for peak 

two. The optical rotations were not redetermined since quantities of 

each of less than 0.5 mg was present at this point, and weighing errors 

would have prevented obtaining accurate rotations. 

Examining the physical properties of isoacorone and acorone, ?orm 

25 
has reported for isoacorone [a] = -92.4° and a melting point of 97-98° 

25 
and for acorone [a] = +139.4° and a melting point of 98.5-99°. 

Remembering that the optical rotations of products from this synthesis 

have opposite signs from the natural products and that 122 and 123 are 

mirror images of isoacorone and acorone, respectively, peak one with 

25 
an [a]-. • +83° must be the isoacorone enantiomer 122, while peak two 

25 
with [a]^ = -121° must be the acorone enantiomer 123. Since all the 

melting points of these enantiomers were about 1-2° low, the melting 

point of authentic acorone was redetermined using the same apparatus 

as for the synthetic enantiomers and found to be 96.0-97.0°. 

With this perfect agreement of melting points of these synthetic 

acorone enantiomers, and the quite acceptable agreement of predicted 

and observed optical rotations, this synthesis can be considered com

plete. High resolution mass spectra were the only other means of 

characterization used on the small samples of these products, and the 

mass match of all parent ions was in agreement with the predicted 

mass. No differences of fragmentation pattern could be observed for 

122, 123, acorone, isoacorone or "neoacorone." 
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It should be pointed out that the entire synthetic sequence 

leading to (-)-acorone (223) and (+)-Isoacorone (122) could be carried 

out, in principle, to give acorone and isoacorone with the same abso

lute stereochemistry as the naturally occurring compounds. S(-)-

pulegone, well known but not commercially available, would have to 

be substituted for the R(+)-pulegone starting material of this synthesis 

and the entire sequence repeated. Doing this would give enantiomers 

of Y-acoradiene and 6-acoradiene, of course. 

Absolute Stereochemistry of y-Acorodiene, 
6-Acoradlene, Isoacorone and Acorone 

114 

Y-Acoradiene 

113 

6-Acoradiene 

122 

(+)-Isoacorone 

123 

(-)-Acorone 

A synthetic entry into the acorane sesquiterpenes y-acoradiene 

and 6-acoradlene and the enantiomers of acorone and isoacorone has 

now been developed and completed. Also of importance from this work 

is the confirmation of the absolute stereochemistry assigned by Tomita 

and Hirose for Y" and 6-acoradiene. The absolute stereochemistry 

of all asymmetric centers for 122 and 123 except the C-8 methyl group 

is also established by this synthesis. The stereochemical assignments 

in these natural products just sjmthesized is based upon the 
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stereochemistry of the starting material pulegone. The absolute con

figuration of the asymmetric methyl in pulegone was determined to be 

R by Eisenbraum and McElvain, by degradation to R(-)-a-methylglutaric 

acid, whose absolute configuration was already known. 

Although the work for a formal synthesis for pulegone has not been 

done in any one laboratory, all reactions necessary for its total syn

thesis are presently in the literature. These reactions are given 

in the following Scheme X. The synthesis of dl-citronellol (128) was 

Scheme X 

PBr: 
> 

1. Mg 

2. CICH^CH^ OM^r 

CrO, 
> 

CH2OH 

126 127 128 

CO2H 
> 

129 Pulegone 

described by Doeuvre by converting 2-methyl-2-heptan-6-ol (126) into 

the corresponding bromide 127 with phosphorous tribromide. Bromide 

127 was then converted to dl-citronellol by conversion into the cor

responding Grignard reagent with magnesium and iodine, and this treated 
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with the salt obtained from 2-chloroethanol and ethylmagnesium bromide. 

Optical resolution of dl-citronellol via the strychnine salts of its 

68 
acid phthlate has been reported by Pinder. Oxidation of citronellol 

128 to citronellic acid 129 by chromic acid is a well known process 

69 
first reported by Semmler in 1893, and the cyclization of citronellic 

acid to pulegone by acid treatment is also a known reaction. Citro-

nellal and citronellic acid are both naturally occurring monoterpenes 

with both optical antipodes found in nature. With these reactions 

discussed yielding pulegone, the synthesis of natural products using 

pulegone as the starting material can be regarded, at least formally, 

as a total synthesis. 

Using the absolute stereochemistry of the asymmetric methyl of 

pulegone as a reference point, one can predict with confidence that 

it remains R in all the synthetic products. This prediction is valid, 

since the methyl remains on a saturated position throughout the syn

thesis and no reactions are used which could epimerize it. Further

more, any epimerization, had it occurred, would have led to partial 

racemlzation instead of inversion, so the stereochemical assignments 

would still be valid. The good agreement of optical rotations between 

synthetic and natural y- and 6-acoradiene assures that this has not 

happened. 

The relative stereochemistry of y- and 6-acoradiene at C-5, the 

spiro center, follow from the well-documented effect of steric hindrance 

60 ^ 
on the stereochemistry in the Diels-Alder reaction. The reaction 

of R-3-methyl-2-methylenecyclopentanone (72) with isoprene should give 
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the larger amount of C-5 isomer with an S absolute configuration, as 

represented for 112' The experimental ratio of S to R isomers (115:113) 

w^s 66:3A, and allows assignment of the stereochemistry represented 

by 113 and 115 for 6-acoradiene and y-acoradiene, respectively. 

These arguments also extend into the acorone enantiomers 122 and 

123 for the same chiral centers C-4 and C-5. Using the assumption that 

the epimerizable C-1 isopropyl group of 222 and 222 is in the thermo

dynamically more stable trans relationship to the C-4 methyl group, 

the absolute stereochemistry at C-1 can be assigned as R for both 122 

and 123, hence S in the natural products. No straightforward state

ment can be made concerning the C-8 methyl of (+)-isoacorone and (-)-

acorone from this work, leaving it as the only center whose absolute 

o 

stereochemistry is not confirmed. However, previous work has shown 

that acorone and isoacorone differ only at this C-8 center, and that 

acorone is the more thermod3m,amically stable isomer, and therefore 
72 

predominates (68:32) in the equilibrium mixture. It should be noted 

that both acorone and isoacorone are believed to have this C-8 methyl 

equatorial in their more stable conformations, and that they differ 

in the conformation of the 6-membered spiro ring. This present 

synthesis gave approximately equal amounts of (-)-acorone and (+)-

isoacorone; however, no epirimizlng conditions were actually present 

in the preparation of these acorone enantiomers. This was verified 

by subjecting a sample of authentic acorone to the conditions of the 

Jones oxidation used on the diols 120 to prepare the diketones. No 

epimerization of acorone was observed. Thus, the formation of a 
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non-equilibrium mixture of 122 and 123 can easily be rationalized since 

no epimerization is occurring after ketone formation, and assurainR the 

diol mixture 120 is the result of a kinetically controlled hydroboration, 



CHAPTER III 

CONCLUSION 

The goal of this research was to synthesize some members of the 

acorane class of sesquiterpenes by a route which would not only be 

efficient, but which would also allow confirmation or disproval of 

previously assigned structure and stereochemistry. y-Acoradiene, 

6-acoradiene, (-)-acorone and (+)-isoacorone have now been synthesized 

by a stereoselective route which is presented in its entirety in the 

following flow scheme. Minor isomers and undesired products are 

omitted from this Scheme XI. 

Summary of S3nathesis of Acorane Sesquiterpenes—XI 

0 

65% 

1. Br, 

2. NaOEt 
3. 0., 

cPaEt 
O 1. (CH2OH) 

2. LiAlH 

isoprene >w 
SnCl, 

.0 i-PrLi 

77% 

OH SOCl 
^ ^ 

+ 
Y-acoradiene 6-acoradiene 

+ 
endocyclic isomers 

75 
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I. B2Hg 
> 

2.Cr03 

Endocyclic Isomers (-)-Acorone (+)-Isoacorone 

With the successful synthesis and characterization of these four 

acorane-type compounds, this work now stands complete, although more 

work could definitely be done on improvement in reaction yields and 

separating efficiencies in thje later stages of this synthesis. Also, 

more work could be done in characterizing minor isomers from the Diels-

Alder and subsequent reactions; however, these things would not increase 

the net value of this work as far as the natural product synthesis is 

concerned. 



CHAPTER IV 

EXPERIMENTAL 

General. All routine NMR spectra were run on a Varian A-60 

spectrometer in 25-50% CCl^ solutions unless otherwise stated. NMR 

spectra of small samples or for higher resolution were run on a Varian 

XL-100 as 10% deuterochloroform solutions. All NMR chemical shifts 

are reported in 6 units downfield from internal reference TMS. Infra

red spectra were obtained with a Perkin-Elmer 457 in CCl, solution or 
4 

as a thin film. All melting points are uncorrected and were determined 

after at least one recrystallization and drying at 0.1 Torr. Melting 

points were obtained in open capillaries for abundant sanqples on a 

Laboratory Device's "Mel-Temp" or with an Arthur H. Thomas "Hot-Stage" 

apparatus for smaller quantities. 

Thin layer chromatography was done on silica gel using Eastman 

Chromagram sheets 6060 with fluorescent indicator and were visualized 

with I vapors or a short-wave ultraviolet lamp. Silica gel, 60-200 

mesh, high purity, from W. H. Curtin and Co. was used for all column 

chromatography. Columns were packed as a slurry using the first 

eluting solvent as the packing solvent. High pressure liquid chroma

tography was done with a Waters Associates ALC-100 Liquid Chromatograph. 

Either a Beckraan GC-45 or Aerograph Hy-Fi 600-C was used for analytical 

gas chromatography with helium flow rates of 20 ml-min . A Varian 

Aerograph 1520 was used for preparative gas chromatography with helium 

flow rates of 120 ml-min . All preparative GLC samples were collected 

manually. 

77 
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Optical rotations were determined with a Perkin-Elmer 141 

Polarimeter using the sodium D line and several other wavelengths 

from a built-in Hg lamp. The cell path length was 1.00 decimeter and 

the concentrations used gave experimental values of 0.1-5.0°. 

Elemental analyses were done commercially by Chemalytics, Inc., 

Tempe, Arizona. 

Unless otherwise stated, when reactions were worked up using an 

organic-aqueous separation, the organic layer after 3 extractions 

with appropriate aqueous solutions was dried over anhydrous MgSO, for 

5 minutes, then filtered into a tared flask and the organic solvent(s) 

removed with a Buchi Rotavapor R with water aspirator vacuum of 20 to 

30 mm Hg. 

5-Bromo-2-carbomethoxycyclopentanone (79). — Treatment of 1.42 g 

(10 mmol) 2-carbomethoxycycldpentanone in 10 ml of CCl, with 1.60 g 

of Br„ (10 mmol) in 10 ml of CCl, by dropwise addition with stirring, 

then washing and drying gave a quantitative conversion, 2.22 g to 

the 5-bromo isomer 22> homogeneous by TLC. NMR 2.50 (5 H, m), 3.89 

(3 H, s, COOMe), 4.88 (1 H, m, C-5 H). 

2-Bromo-2-carbomethoxycyclopentanone (78).—To a 25° aqueous 

solution (250 ml) which was 0.10 M in KBr, 0.15 M in HNO^, and 0.10 M 

in Cu(NO^)^, was added 14.2 g (0.10 mol) of 2-carbomethoxycyclopenta

none. An aqueous solution containing 16.0 g of Br^ (0.10 mol) was 

added during 0.5 hr. Ether extraction gave 20.8 g (94%) of 2-bromo-

2-carbomethoxycyclopentanone, homogeneous by TLC, NMR: 2.31 (6 H, 

m), 3.86 (3 H, s, COOMe), absence of absorption at 2.8-3.2 due to the 

C-2 of starting material. 
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5-Carbomethoxycyclopent-2-enone (81) .—To 1.1 g of 5-bromo-2-

carbomethoxycyclopentanone in 10 ml of DMF under N was added 3 g of 

powdered CaCO^, and the mixture was refluxed 10 min. The cooled dark 

mixture was filtered, diluted with H^O, and extracted with ether. 

After washing, drying, and ether removal 460 mg of oily 5-carbomethoxy-

cyclopent-2-enone was obtained which had NMR: 2.0-3.6 (m, 3 H), 3.82 

(3 H, s, COOMe), 6.45 (1 H, m, C-2 H), 8.17 (1 H, m, C-3 H). Only 

polymerization resulted when preparation of the semicarbazone or 2,4-

dinitrophenylhydrazone was attenqpted. 

Substitution of 1.2 g of 2-bromo-2-carbomethoxycyclopentanone (78) 

for the 5-bromo isomer 22 i^ ^be above procedure gave (NMR analysis) 

0.4 g of an oil containing mostly 5-carbomethoxycyclopent-2-enone (81), 

but no 2-carbomethoxycyclopent-2-enone (70), as shown by the absence 

of an NMR signal at 8.38. 

Other dehydrobromination reagents whose action on the above 

compounds was investigated include: Li„CO,j-LiBr-DMF; 1,5-diazabicyclo-

[5.4.0]undec-5-ene (DBU); 5-ethyl-2-methylpyridine (aldehydine). Only 

polymeric, uncharacterizable material was obtained with these reagents. 

Se02 Oxidation of 2-Carbomethoxycyclopentanone and Trapping as 

Cyclopentadiene Diels-Alder Adducts ̂  and 84.—To a solution of 14.2 g 

(0.10 mmol) of 2-carbomethoxycyclopentanone in 25 ml reagent grade 

dioxane was added 12.2 g (0.11 mol) of SeO«. No oxidation occurred 

in dioxane which had been distilled from LiAlH,. The mixture was 
4 

refluxed for 25 min, then the black Se was removed by filtration. 

Then 66 g of cyclopentadiene was added and the dark brown solution 
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stirred at room temperature overnight. Distillation of all volatile 

materials at 0.25 mm was followed by absorption of the residue on 

25 g of silica gel and chromatography on 600 g of silica gel packed 

in petroleum ether (40-60°). After elution with 3 £ of petroleum 

ether, a 1:1 mixture of the two stereoisomeric adducts 83 and 22 

(2.92 g) was obtained by elution with 10% ether in pet ether (2 £). 

More careful rechromatography of the combined fractions under the same 

conditions with 5% ether in pet ether gave in early fractions, one pure 

stereoisomer of the adducts, IR (film): 3000, 1760, 1730 cm""*"; NMR: 

0.9-3.4, complex absorption, 3.63 (3 H, s, COOMe) , 6.28 (2 H, t, J=2 

Hz, vinyl); 2,4-dinitrophenylhydrazone, mp 164-166°. (Anal. Calcd. 

for Cj^gH^gN^O^: C, 55.96, H, 4.70. Found: C, 55.87; H, 4.65.) 

Further elution with the same solvent mixture gave the same 

isomer contaminated with increasing amounts of its stereoisomer, which 

was obtained essentially pure in later fractions: IR (film); 3000, 

1760, 1730 cm" ; NMR: 0.8-3.4 (complex absorption), 3.70 (3 H, s, 

COOMe), 6.20 (2 H, t, J=2, vinyl H's). 

Se02 Oxidation of 2-Carbomethoxycyclopentanone and Trapping as 

the 2,3-Dimethylbutadlene Diels-Alder Adduct ^,2.—To a total SeO^ 

oxidation mixture from 1.42 g of 2-carbomethoxycyclopentanone as 

described above was added 0.74 g of 2,3-dimethylbutadiene and the 

mixture heated in a sealed tube for 6 hr at 100°. The adduct 22 was 

isolated (256 mg) as the only monomer ic product by chromatography over 

silica gel, IR (CCl^): 1760, 1730 cm"-'-; NMR (CCl^): 6 1.65 (6 H, 

broadened s, Me's), 1.8-2.5 (mult), 3.70 (3 H, s, COOMe). (Anal. 
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Calcd. for ^^4^21^3^* ^' 60.20; H, 7.58. Found: C, 60.45; H, 

7.95). 

Pyrolysis of Adducts M and M . Preparation of 2-Carbomethoxy-

cyclopent-2-enone (70) .—A 1:1 mixture of the two isomeric adducts 83 

and 2:4 (676 mg, 3.3 mmol) was heated at 60-65° and carried by a slow 

stream (2 ml/min) of N^ through a heated inlet system into a 50 ml 

pyrolysis chamber heated to 438° with a lead bath (contact time: 

20-30 sec) . The exit gasses were condensed in a U-tube cooled in an 

ice-salt bath, conditions which allowed the cyclopentadiene to escape. 

After 3 days, the tube contained 263 mg (57%) of pure 2-carbomethoxy-

EtOH 
cyclopent-2-enone (70). The compound had UV: X 220 nm (e > 8000); 
"' max 

NMR (CDCl^): 6 2.70 (4 H, mult), 3.92 (3 H, s. Me); 8.38 (1 H, t, J=2.5 

Hz, vinyl H) . The compound polymerized on standing a few hours neat 

at room temp or after several days in a refrigerator, but can be kept 

for extended periods in dry ether solution in a refrigerator. It also 

poljrmerized during attempts to form a crystalline derivative or to 

effect reaction with a nimiber of nucleophiles in protic media, as 

mentioned in the text. 

Pyrolysis of the 2,3-dimethylbutadiene adduct 82 under identical 

conditions gave starting material as the only product. 

2-Carbomethoxy-3-methylcyclopentanone (71) from 2a.—To a suspen

sion of 114 mg (0.50 mmol) of pure dry Cul in 10 ml of dry ether was 

added by syringe 26 mg (1.2 mmol) of methyl lithium (0.67 ml of 1.8 M 

ethereal solution). The resulting pale yellow solution was cooled to 

-78° (Dry Ice-acetone) and 150 mg (1.06 mmol) of 2-carbomethoxycyclo-

pent-2-enone (70) in 10 ml of ether was added dropwise. The mixture 
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was allowed to warm to room temperature during 1.5 hr, then poured 

into a saturated NH^Cl solution. Cone. NH.OH was added until solution 

was complete, then the ether layer was washed, dried, and the ether 

evaporated to give an oil (100 mg) showing one spot on TLC and one 

peak on vpc. It shows IR (CCl^) : 1765 and 1735 cm"-*" (ketone and 

ester of keto form) and 1665 and 1630 (ester and double bond of enol 

form); NMR (CCl^): 1.22, 1.24 (3 H total, d, J=6 Hz, C-3 Me's of enol 

and keto form), 2.3-2.9 (complex absorption), 3.81 (3 H, s, COOMe); 

semicarbazone, mp 168-169.5° (H^O) no depression on admixture with 

a sample synthesized by the procedure of Yates; 2,4-dinitrophenyl

hydrazone (EtOH-H_0), mp 127.5-128.5°. (Anal. Calcd. for C,,H,,N,0,: 
^ 14 16 4 D 

C, 50.00; H, 4.80. Found: C, 50.05; H, 4.48). 

3 and 4-Methyl-2-carbomethoxycyclopentanone Mixture.—The follow-

73 
ing procedure was adapted from a similar method reported by Rapoport. 

To 75 ml of distilled (CaH«) dimethyl carbonate was added 3.504 g of 

57% oil dispersed NaH (83.4 mmol), after washing with anhydrous ether. 

Dropwise addition of 4.09 g of 3-methycyclopentanone (41.7 mmol) was 

followed by refluxing for one hour. The mixture was then neutralized 

with HOAc, water and ether were added, and the resulting oil was 

obtained after removal of all solvents at reduced pressure. Distil

ling yielded a colorless oil, bp^ ^ = 70-75°, 5.3 g (81%). Two peaks 

were found (poorly resolved) in the ratio of about 3:2 by GLC analysis 

on 5% SE-30 (1/8" x 5', 75°). The second peak of this mixture was 

identical to the 22 (P^ak enhancement) prepared from 22 ̂ '̂ ^ Li(CH )2Cu. 

No difference in NMR and IR was observed for this mixture and 22' 
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Ethyl 5-Isopropyl-2-methylcyclopentanecarboxylate (Ethyl Pule

genate) (S£0 »—The following is an improvement of the method described 

42 
by Yates. To a 2 il round bottom flask was added 152.23 g (1.00 mol) 

of pulegone, 25 g of anhydrous powdered NaHCO , and 1 £ of anhydrous 

reagent grade ether. The mixture was cooled and stirred under N. in 

an ice-salt bath, then 159 g of Br^ (1.00 mol) was added dropwise over 

a 30 min period. The mixture was then filtered and added to a cooled 

EtOH-NaOEt mixture which had been prepared from refluxing 50.6 g of 

Na (2.2 mol) in 1 £ of dry (Mg(OEt) ) ethanol. This mixture was 

cooled in ice and the solid NaOEt cake slowly broken up with a spatula, 

causing an exothermic reaction. All refluxing subsided after one hour. 

The mixture was stirred overnight, then 2 H of 5% aqueous HCl and 0.5 

il of ether was added. The aqueous layer was re-extracted with ether 

and the combined extracts washed and dried, giving 189.4 g of brown 

oil, which was shown to consist of 85% ethyl pulegenate and 15% 

pulegone by GLC (1/8" x 3', 3.8% SE-30 at 110°). This oil was added 

to a warm solution containing 75 g of semicarbazide-HCl, 75 g of NaOAc 

and 600 ml of H«0, then enough boiling ethanol (600 ml) was added 

to give a clear solution. After refluxing 2.5 hr, then stirring at 

25° overnight, the mixture was treated with 2 il H^O and 0.5 £ petroleum 

ether. The water layer was extracted twice with 250 ml portions of 

pet ether, the combined extracts were washed, and dried and the solvent 

was removed, yielding a brown oil. Distillation gave pure (99%+ by 

GLC) ethyl pulegenate, 131.6 g (67%), bp = 83-85° (1.0 ram). All 

physical and spectral properties were in complete accord with those 

teported by Yates. The NMR spectrum is reproduced in Appendix A. 
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2-Carbethoxy-3-methylcyclopentanone (71) by Ozonolysis of i^.— 

Ethyl pulegenate (24.0 g, 0.12 mmol) was dissolved in 100 ml of reagent 

ethylacetate and cooled to -90° with isopropyl alcohol-liquid nitrogen. 

Ozonized oxygen (about 0.4 mmol 0^ per min as determined by bubbling 

into KI solution and titrating liberated KI with thiosulfate solution) 

was bubbled through this solution, with periodic addition of liquid 

nitrogen to maintain the cooling bath. The ethyl acetate was then 

removed at reduced pressure, and the resultant greenish, glassy 

ozonide mixture was dissolved in 150 ml of glacial acetic acid. The 

solution was cooled in ice, 45 g of powdered zinc added, the solution 

stirred for 30 min, and then filtered. Neutralizing the acetic acid 

of this solution with aqueous sodium bicarbonate, ether extraction, 

drying, solvent removal, and distilling gave 18.55 g (85%) of clear 

oil, bp » 72-74° (0.1 mm), which was 100% pure by GC analysis. The 

IR and NMR spectra are in complete accord with those of the correspond

ing methyl ester prepared from Li(CH^)2Cu and 20, and also are re-

25 
produced in Appendix A. The optical rotation was [a]^ = +66.9° (lit 

+78° for the methyl ester ) and semicarbazone mp - 124-128° (EtOH-H^O) , 

Analysis calcd. for C^o"i7N303- ^' ^^'^^'' ^' ^*^^' ^°'^^'' ^' "*^^* 

H, 7.67. 

Ethylene Ketal of 2-CarbethoxycvclopentPTinne (93a).—A mixture of 

40.0 g of 2-carbethoxycyclopentanone (0.26 mol), 300 ml of reagent 

benzene, and about 50 mg of p-toluene sulfonic acid was treated with 

40 ml of ethylene glycol and refluxed for 6 hr into a Dean-Stark trap, 

then 3 hr into a large Soxhlet extractor filled with anhydrous MgSO^. 
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The solution was then cooled, 100 ml of ether added, and washed with 

saturated brine. Drying, solvent removal, and distilling gave 45.3 g 

(87%) of clear, pale yellow oil, bp = 78-81° (2.0 mm) with the pre

dicted spectral properties. NMR (CCl,): 1.27 (t, J=7, 3 H, -OCH^CH,), 

^ 2 3 

1.6-2.2 (m, 6 H), 2.6-3.0 (m, 1 H), 3.90 (m, 4 H, -OCH2-CH2O-), 4.2 

(q, J=7, 2 H, -OCH2CH2). IR (film): 1752 cm"-*" (C=0, ketone), 1721 

(C=0, ester). 

Ethylene Ketal of 2-Carbethoxy-3-methylcyclopentanone (,9̂ 3fc).— 

Treatment of 18.80 g of 2-carbethoxy-3-methylcyclopentanone (0.11 mol) 

in a manner given above gave 20.68 g (87%) of clear, colorless oil 

which was used without further purification. NMR: 1.03 (d, J-6, 3 H), 

1.15 (t, J=7, 3 H), 1.6-2.1 (m, 4 H), 2.3-2.6 (m, 2 H), 3.84 (m, 4 H, 

-OCH2CH2O-), 4.11 (q, J=7, 2 H). 

Ethylene Ketal of 2-Hydroxymethylenecyclopentanone (,p,̂a) .—A 

mixture containing 250 ml of dry ether and 4.83 g of LiAlH, was treated, 

dropwise, with a 50 ml of ether solution containing 45.34 g of the 

ethylene ketal of 2-carbethoxycyclopentanone (0.23 mol). After stir

ring at 25° for 30 min, the mixture was treated, carefully, with 0.48 

ml of H«0, 0.48 ml of 15% NaOH, and 1.5 ml of H^O, respectfully, then 
2 ^ 

filtered and the solvent removed. Distillation gave 27.53 g (84%) 

of "water white" oil, bp = 72-73° (0.25 ram) with NMR: 1.3-2.0 (m, 7 H), 

2.91 (s, 1 H, -OH), 3.44 (d, 2 H, -CH^OH), 3.82 (s, 4 H, -OCH^CH^O-). 

Ethylene Ketal of 2-Hydroxymethylene-3-methylcyclopentanone (Mb).-

In a manner similar to the one above, 34.5 g of 2-carbethoxy-3-

methylcyclopentanone ethylene ketal (0.16 mol) was treated with 4.55 g 

of LIAIH,. Distillation gave 24.8 g (86%) of clear, colorless oil; 
4 
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bp - 60-63" (0.1 mm); [a]^^ - -14.8°; NMR: 1.04 (d, 3 H, -CH ), 1.66 

(m, 6 H, ring H), 2.74 (t, J=6, 1 H, OH), 3.57 (d of d, J-6 and 3, 

2 H, -CH^OH), 3.87 (s, 4 H, -OCH2CH2O-); IR: 3440 cm"-*" (m, 0-H), 2960 

and 2880 (s, C-H) . The NMR spectrum is reproduced in Appendix A. 

Numerous attempts to make a crystalline derivative failed. High 

resolution mass spectrum: calculated for C.H-^0^ = 172.10994; found, 

172.11006. Analysis. Calcd. for C^H,.0^: C, 62.77; H, 9.36. Found: 
y lo 3 

62.55; H, 9.79. 

2-Methylenecyclopentanone. Acid Treatment of ,̂ ,4a.—A mixture of 

7.80 g of 94a, 50 ml of reagent acetone and 50 ml of 5% HCl was stirred 

at 25° for 4 days, then poured on ice and brine. This mixture was 

extracted twice with CHCl^, the combined extracts dried and the solvent 

removed at 25° and reduced pressure. Distillation of the resulting 

oil gave two fractions: Fraction 1; 1.02 g, bp = 25-30° (0.2 mm), 

and fraction 2; 2.52 g (bp = 45-50°). Fraction 1 was found to be 

2-methylenecyclopentanone (92) by NMR: 1.7-2.3 (m, 4 H), 2.5-2.9 (m, 

2 H), 5.05 (m, 1 H), 5.66 (m, 1 H); and IR (film): 2973 cm" (m, 

C-H), 1728 (s, C=0), 1640 (m, C=C), 1251, 1083. Fraction 2 was found 

to be 2-hydroxymethylenecyclopentanone by NMR: 1.6-2.4 (m, 7 H), 3.51 

(s, 1 H, -OH), 3.63 (d, 2 H, -CH2OH); and IR (film): 3460 (broad, 

0-H), 2965 (m, C-H), 2880 (m, C-H), 1731 (s, C=0). 

Tosylate of 2-Hydroxymethylenecyclopentanone Ethylene Ketal 

(95) .—The following method was adapted from one given by Pelletier. 

To 80 ml of reagent, dry (CaH^) pyridine and 6.50 g of keto-alcohol 

24a (41 mmol) cooled to 0° was added 17.1 g (90 nrnol) of p-toluene-
38 

sulfonyl chloride (purified according to Fieser ) and the solution 
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allowed to stand overnight. The precipitated Py-HCl was removed by 

filtration, then the solution poured on 300 ml of IceTwater and ex

tracted with 200 ml of ether. Washing the ether layer twice with cold, 

5% HCl, drying and stripping gave 9.00 grams (70%) of a brown oil. 

This crude oil, NMR: 1.6 (m, 7 H), 2.37 (s, 3 H, -CH^), 3.72 (s, 4 H, 

-OCH2CH2O-), 3.84 (m, 2 H, -CH2O-TS), 7.22 (d, J=8, 2 H), 7.66 (d, J=8, 

2 H); and was used with no further purification. 

2-Methylenecyclopentanone from Tosylate 35. by Acid Catalyzed 

Elimination.—A solution of 10.57 g of unpurified ketal-tosylate 22 

was taken up in 100 ml of reagent acetone and treated with 25 ml of 

25% HCl. After stirring for 4 hr at 25°, the mixture was poured on 

150 ml of cold brine, extracted twice with CH«C1«, dried, and the 

solvent removed. Distillation of the resulting oil gave 0.29 g (10%) 

of 2-methylenecyclopentanone, bp = 25° (0.1 mm), identical by NMR 

analysis with material described above. The distillation pot residue 

contained about 20% ketone-tosylate 22 (̂ MR analysis of aromatic H 

and absence of ketal H absorption) in a very viscous, polymeric-like 

brown oil. 

Methylenecyclopentanone from Tosylate 95 by Base Catalyzed 

Elimination.—(a) A 50 ml acetone solution containing 4.75 g of ketal-

tosylate 95 was stirred with 25 ml of 25% HCl at 25° for 1.0 hr. 

Working up in the same manner as for the acid catalyzed eliminations 

above gave the crude ketone tosylate (97) by NMR analysis (aromatic 

H of tosylate, absence of ethylene ketal H). This crude oil was taken 

up in 75 ml of acetone and divided into three equal portions. Treat

ment of one portion with 40 ml of cold 5% NaOH and stirring 10 hr. 
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then working up by adding brine and extracting with ether gave no 22 

or 22 by NMR, only polymer. The second portion was treated with 5 g 

of powdered NaHCO„ and stirred at room temperature for 4 days. Filter

ing and removal of the acetone gave no detectable amount of 22» o^ly 

unreacted 22 as judged by NMR. The third portion was treated with 

5 g of powdered Na„CO^ and 5 ml of H^O. Stirring for 10 hr and work

ing up as portion 1 gave a heavy oil which yielded 40 mg (5%) of 99 

identified by bp and NMR. The pot residue contained about 10-20% non-

eliminated tosylate 22 by NMR analysis as well as polymeric material. 

(b) To a dried (potassiimi) t-BuOH <50 ml) solution of 5.95 g 

ketal-tosylate 22 (0.02 mol) was added 3.36 g of freshly sublimed 

potassium t-butoxide (0.03 mol). The solution was refluxed 30 hr, 

cooled, poured on brine, and the layers separated. Drying and removal 

of the t-BuOH from the organic layer, then distilling gave 508 mg (20%) 

of 2-methylenecyclopentanone ethylene ketal 96^, bp = 40-45° (0.1 mm) 

with NMR: 1.75 (m, 4 H), 2.34 (m, 2 H), 3.86 (s, 4 H, ketal), 4.86 

(m, 1 H), 4.99 (m, 1 H). 

This methylene ketal 2i was hydrolyzed by dissolving 100 mg in 

5 ml of reagent acetone, adding 2.5 ml of 5% HCl and stirring for 

1.2 hr. Working up by pouring on sat. brine and CH2CI2 extraction gave 

15 mg (22%) of crude 22. 

2-Hydroxymethylenecyclopentanone (Ma) .—To 10.00 grams of 

ketal-alcohol 94a (63 mmol) was added 100 ml of 25% HCl and the homo

geneous solution stirred for 2.0 min (± 5 sec), then quenched by 

pouring into 200 ml of saturated brine. Quickly extracting twice with 
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chloroform, drying the combined extracts and removal of the solvent 

gave 7.22 g (96%) of 2-hydroxymethylenecyclopentanone whose NMR 

spectrum was Identical to the values already given and free of 22 

(absence of vinyl H at 5.05 and 5.66). 

2-Hydroxymethylene-3-methylcyclopentanDne (,|9̂b) .—In a like manner 

as above, 11.16 g of 2-hydroxymethylene-3-methylcyclopentanone (65 

mmol) was hydrolyzed for 2.0 min with 111 ml of 25% HCl. After 

working up, 8.13 g (98%) of 92b was obtained with NMR: 1.17 (d, J-6, 

3 H, -CH^), 1.4-2.4 (complex absorption, 6 H), 3.40 (s, 1 H, OH), 3.72 

(d of d, J=5 and 3, 2 H, -CH2OH), and IR: 3460 (b, 0-H); 2965, 2940, 

2880 (m, C-H); 1735 (s, C=0). No solid derivatives could be obtained 

from this compound. The NMR and IR spectra are reproduced in Appendix 

A. 

2-Methylenecyclopentanone from ̂ 8a and DCC.—The following method 

was adapted from a similar one given by Alexandre and Rouessac. A 

dry (LlAlH.) 50 ml ether solution of 7.00 g 92a (61 mmol) was treated 

with 13.95 g of dicyclohexylcarbodiimide (DCC) and 60 mg of CU2CI2. 

After refluxing for 2.5 hr, the solid ppt, presumably dicyclohexylurea, 

was removed by filtration and the filtrate evaporated at the aspirator. 

The resulting oily, green residue was rapidly distilled by heating the 

distillation pot with a hot air gun, and the distillate receiver cooled 

in a Dry Ice-acetone bath, giving 3.37 g (57%) of 92 as a clear, 

colorless, pungent smelling oil. All physical and spectral properties 

were identical to the ones given in the preceding section. 
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2-Methylene-3-methylcyclopentanone (72) .—Tr. a manner as described 

above, 8.177 g of 92b (64 mmol) in 70 ml of dry ether was treated with 

19.7 ^ of DCC (96 mmol, 50% excess) and 50 mg of Cu CI . Refluxing 

2.2 hr, working up as before, and distilling gave 4.843 g (67%) of 

clear oil, bp = 33-34° (0.1 mm) with NMR: 1.15 (d, 3 H), 1.8-2.8 

(complex absorption, 5 H), 4.89 (d of d, J=l and 3, 1 H) , 5.58 (d of 

d, J=l and 3, 1 H); IR: (film): 2980 cm"-*" (m, C-H), 1732 (s, C=0), 

1641 (m, C=C); and [a]^^ » 53.5° (213 mg-ml""^ in EtOH) . The semi

carbazide adduct (probably not a simple semicarbazone, but this was 

not investigated because of its insolubility in NMR solvents) had a 

mp = 177.5-179° (MeOH). Anal. Calcd. for C^H^^'&^O: C, 57.46%; H, 

7.80%, Found C, 57.79%; H, 8.06%. This material could be stored 

without polymerization only in dilute solutions at -10°. The NMR and 

IR spectra of 22 ̂ ^® reproduced in Appendix A. 

8-Methyl spiro[4.5]dec-8-ene-l-one (100). Diels-Alder Reactions 

of 33. and Isoprene.—Distilled, dried (MgSO,) isoprene (8 ml) was 

added to 3.27 g of methylenecyclopentanone (29 mmol) and the solution 

was added to a 20 mm Pyrex tube, cooled to -78°, and the tube sealed 

with a flame. After heating to 105° for 1.0 hr, the tube was cooled 

(-78°), opened, and the contents chromatographed on silica gel, eluting 

with 90% petroleum ether-10% ether. All materials eluting with this 

solvent system were combined, the solvent removed, and distilled, 

yielding 2.15 g (47%) of product, bp = 59-63° (0.1 mm) with NMR: 1.67 

(broad s, 3 H, -CH ), 1.5-2.4 (complex absorption, 12 H), 5.2-5.4 

(broad singlet, 1 H, vinyl H); and IR: 1735 cm""*- (s, C=0). The NMR 
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spectrum is reproduced in Appendix A. GLC analysis (3% SE-30 on Chrom

sorb G, 40' X 1/8", 147°) of this oil gave two peaks, well but not 

baseline separated, eluting in 81 and 83.5 min, in the ratio of 28:72, 

respectively. These ratios were determined by manually resolving 

these unseparated peaks by assuming Gaussian shaped curves and measur

ing each area with a planimeter. 

In a similar reaction, 4 ml of distilled isoprene, 1.10 g of 2-

methylenecyclopentanone (9 mmol) and 770 mg of SnCl, •5H«0 (0.2 molar 

equivalents) were mixed and stirred at room temperature for 2.5 days. 

The dark red mixture was washed with water, then worked up as above, 

yielding 640 mg (46%) of material. GLC analysis of this oil gave, 

again, two peaks eluting in 81 and 83.5 minutes, only in the ratio of 

4:96. As mentioned in the text, these peaks are assumed to be 101 and 

100, respectively. NMR and IR spectra were essentially identical to 

those for the uncatalyzed reaction. 

4,8-Dimethylspiro[4.5]dec-8-ene-l-one. All Isomers 103-106.— 

As already given for the desmethyl isomer 100, 4.30 g of 3-methyl-2-

methylenecyclopentanone (72, 34 mmol), 20 ml of isoprene and 2.36 g 

of SnCl,*5H^0 (0.2 equivalents) were mixed and stirred for 2.5 days. 

Working up and distilling gave 3.15 g (45%) of clear oil, bp = 60-66° 

(0.1 mm) with the following characteristic NMR signals: 0.94 (small 

doublet, -CH^), 0.96 (large doublet, -CH ), 1.4 (broad singlet, 

C=C-CH ), 1.3-2.2 (complex absorption), 5.1-5.4 (broad singlet, vinyl 

H) and IR: 1734 cm""̂  (s, C-0) . GLC analysis with the same column 

(159°) gave two, unseparated peaks eluting in 90 and 94 min in the 
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ratio of 30:70, determined by planimeter measurement. The semicarbazone 

of this stereoisomeric mixture had mp » 159-173° (MeOH-H 0). Anal, 

calcd. for Cj.̂ H2ĵ N30: C, 66.35; H, 8.99. Found C, 68.49; H, 9.34. 

The NMR spectrum of this isomeric mixture is reproduced in Appendix A. 

A similar uncatalyzed reaction was done by heating 245 mg of 3-

methyl-2-methylenecyclopentanone and 2 ml of Isoprene in a sealed tube 

at 105° for 1.2 hr, as described for preparation of 100. Working up 

as described gave 161 mg (40%) of oil with the same spectral charac

teristics as the above mixture. GLC analysis as above gave two poorly 

resolved humps with retention times of 91 and 93.5 min, and estimated 

to be in the ratio of 1:1. 

l-Isopropylidene-8-methylsplro[4.5]dec-8-ene (̂ )̂ and 

l-Isopropyl-8-nnethyl-spiro[4.5]deca-l,8-dlene (109) .—A dry (LiAlH.) 

15 ml pentane solution at 25° containing 23 mmol of isopropyllithium 

(15 ml of 1.6 M commercial solution) was treated, dropwise, with a 

dry pentane (10 ml) solution containing 1.25 g of 100 (contaminated 

with 4% 101) and stirred for 15 min. Careful addition of water fol

lowed by drying and evaporation of the pentane layer gave 1.22 g of 

clear, colorless oil. NMR analysis of this oil indicated it to be 

about 50% isomeric alcohols 107 and 50% starting material as judged 

by the relative integration of the vinyl H (5.2-5.4, broad s) and 

isopropyl CH^ groups (0.91, d). This oil was re-submitted exactly as 

described, yielding 1.16 g of clear oil. The same NMR analysis revealed 

this oil to be about 75% 102 ̂ nd 25% 100 with IR: 3630 (m, OH, non-

H-bonded), 3500 (broad, 0-H, H-bonded) and NMR: 0.91 (d, J=6, 
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-CaiCtt^^)^), 1.3-2.3 (complex absorption), 1.62 (broad s), 5.2-5.4 

(broad s, vinyl H). 

With no purification, this oily mixture of 100 and 102 was dis

solved in 20 ml of dry pyridine and the mixture treated with 490 mg of 

SOCI2 (one equivalent, based on the oil containing 75% 107) in 5 ml 

of pyridine at 25°. The solution was stirred for 10 min, then poured 

on 5% HCl and extracted with ether. Washing the ether layer with 5% 

HCl, drying and evaporating gave a light brown oil which was deposited 

on 5 g of silica gel and chromatographed (2.5 x 25 cm column). Elution 

with petroleum ether gave 510 mg of oil in fraction 1, and 10% ether-

90% pet ether gave 280 mg of oil in fraction 2. Fraction 1 was 

analysed by NMR: 1.03 (d, J-6, -CH-(CH ) ), 1.06 (d, J-6, CH-(CH )2), 

1.4-2.3 (complex absorption), 1.55-1.70 (broad s, C-C-CHJ, 5.2-5.4 

(broad s, C=C-H), and the relative integration of the vinyl H and 

isopropyl methyl H indicated the mixture was approximately 75:25 "endo" 

isomer 102 "exo" isomer 108. GLC analysis (172°) using 3% SE-30 (40' 

X 1/8") gave two major peaks in an approximate ratio of 30:70 eluting 

in 55 and 72 min, respectively. Approximately 2 min before each major 

peak was a well separated, minor peak of 4% the size of the major peak 

by planimeter measurement. These last four peaks were assigned to be 

the "meta" isomer of 109, 109, "meta" isomer of 102 ̂ "^ i^» ^" order 

of elution, as discussed in the text. Fraction 2 was concluded to 

be unreacted ketones 100 and 101, and had the same spectral properties 

already given for this mixture. 
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6-Acoradiene (11^ and y-Acoradiene (115)_.—In a manner identical 

to that given for 100, 4.18 g (23.2 mmol) of the ketone mixture 103-

106 was reacted with 32 innol of i-PrLi (20 ml of 1.6 M pentane solu

tion, 50% excess). Working up gave 4.19 g of oil, and this was re

submitted, yielding 4.03 g of crude oil with NMR: 0.8-1.1 (complex 

multiplet with peak maxima at 0.85, 0.88, 0.92, 0.96, 0.99 and 1.12), 

1.55-1.70 (broad s), 1.5-2.2 (complex absorption), 5.1-5.5 (broad s, 

vinyl H) . Relative integration of the vinyl H and methyl H, as before, 

indicated the reaction product to be about 75% alcohols 107 and 25% 

unreacted ketone, and this is supported by IR: (film): 3550 (broad, 

0-H), 1732 (s, C=0) . The NMR spectrum is reproduced in Appendix A. 

With no purification, this total mixture of alcohols was de

hydrated with 1.52 g of SOCI2 (13 mmol) and the resulting products 

were chromatographed, all as described for the desmethyl series. Again, 

two chromatographic fractions were obtained; 1.79 g eluted with petroleum 

ether in fraction 1, and 1.45 g eluted with 10% ether-90% pet ether 

in fraction 2. The NMR spectrum: 0.87 (d, J-6, -CH^), 1.02 (broad 

d, J=6, -CH of i-Pr), 1.4-2.4 (complex absorption), 1.55-1.75 (broad 

8, C-C-CH ), 5.2-5.4 (broad s, C-C-H) of fraction 1 indicates this is 

a mixture of "endo-exo" isomers 112-119 (56% based on consumed ketone) 

in the approximate ratio of 70:30, using relative integrations as before. 

The NMR spectrum is reproduced in Appendix A. Fraction 2 was again 

concluded to be unreacted ketones due to its identical NMR and IR 

spectra with the starting material. 

GLC analysis of fraction 1 using the same analytical 3% SE-30 

column at 172° gave three major peaks eluting in 68, 88 and 93 min in 
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the ratio of 72:8:20, respectively, by planimeter measurement. Appear

ing 2 min before the second and third peaks were minor, poorly resolved 

shoulders. The first major peak was assumed to be a mixture of un

separated "endo" isomers 116-119, and the last four peaks were assumed 

to be 112-115, calculated to be in the ratio of 1:27:3:69, respectively. 

These assignments are discussed in Chapter II of the text. Subjection 

of fraction 1 to preparative GLC using 30% SE-30 (20' x 3/8", 300° 

injector, 250° column, 200° exit tip heater) gave separation into 3 

peaks similar to the analytical column. A standard EtAc solution of 

this fraction (25 mg/100 yil) was then prepared, and peak 1, the center 

50% of peak 2, and the last 75% of peak 3 were collected in repeated 

injections (100 yil), consuming the entire sample. The collectors, 

U-tube type with a collection bulb, were cooled in ice. Removing the 

sample as a pentane solution, evaporating the pentane, and a final 

drying by pumping at 0.1 mm Hg gave 98, 17, and 46 mg of material for 

the three fractions, respectively. As discussed in the text, these 

peaks were assigned to compounds 116-119, 113 and 115 and had the 

following properties: for 116-119: [a]^^ = -41°, 100 MHz NMR: 0.80 

(d, J=7, 3 H, -CH3), 1.01 (d, J-7, 6 H, CH(CH3)2), 1.1-2.5 (complex 

absorption), 1.61 (s, 3 H, C-C-CH^), 5.30 (m, 1 H, C-C-H). The NMR 

25 
spectrum of 116-119 is reproduced in Appendix A. For 113: [a]^ = 

+14° (lit = +16°-'-^), 100 MHz NMR: 0.82 (d, J-7, CH^), 1.1-2.3 (complex 

absorption), 1.50-1.70 (m with intense peak maxima at 1.59 and 1.68), 

5.30-5.40 (broad s, vinyl H); IR: (film): 2840-3000 cm" (complex 

C-H), 1435-1460 (broad), and the following medium, sharp peaks; 1380, 
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1260, 1006, 906, 800 and 733; high resolution mass spectrum, p"̂  = 

204.19184, calcd. for C^3H22, 204.18779. The IR and NMR spectra are 

reproduced in Appendix A and are identical to ones furnished for 

63 
B-alaskene. Also, 115, peak 2, was compared to an authentic sample 

63 

of 6-alaskene and found identical (retention time and peak enhance

ment) using 3% SE-30 (40' x 1/8", 160«»). For 115 (peak 3): [a]^^ -

-82° (lit = -66 and -88 ), 100 MHz NMR: 0.88 (d, J-7, -CH ), 1.2-

2.3 (complex absorption), 1.60-1.75 (multiplet with intense peak 

maxima at 1.63, 1.69, 1.70 and 1.71), 5.25-5.30 (broad s, C-C-H); 

IR (film): 2840-3020 (complex C-H), 1432-1455 (broad), and the fol

lowing medium, sharp peaks: 1375, 1312, 1192, 1138, 1050, 950, 800 

and 788. High resolution mass spectrum of P"*" = 204.18219; calcd. for 

^15^22 '̂  204.18779. The NMR and IR spectra of 115, reproduced in 

Appendix A, were compared to those of a-alaskene and found identical. 

Also, 115 was stirred as a hexane solution heterogeneously with 98% 

formic acid at 25° for 24 hr as suggested for converting a-alaskene 

18 
to a-cedrene, and the resulting product was identical to natural 

a-cedrene by GLC comparisons. 

4,8-Dimethyl-l-lsopropylsplro[4.5]deca-2,7-diones. (-)-

Acorone and (+)-Isoacorone.—Peak 1 of fraction 1 ("endo" isomers 116-

119 from prep GLC of the acoradienes just described), 98 mg (0.48 mmol)^ 

was dissolved in 5 ml of dry (LiAlH.) THF and treated with 2 ml of a 

THF solution which was 1.0 M in BH (Aldrich) and stirred at 25° for 

2 hr. The mixture was then carefully treated with 1 ml of H^O to 

destroy the excess diborane, then with 2 ml of 15% NaOH followed by 
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2 ml of 30% H2O . The mixture was stirred for 1 hr, 10 ml of ether 

and 5 ml of H2O added, and the organic layer was washed with brine. 

Drying and removal of the solvents gave 88 mg (77%) of colorless oil, 

presumed to be the isomeric mixture of alcohols 120. This was supported 

by IR (film): 3200-3600 (broad, 0-H) and NMR: no absorption of vinyl 

H at 5.2-5.4. 

With no further purification, these alcohols were dissolved in 

5 ml of reagent acetone and treated dropwise with Jones reagent 

(̂  1 ml) until a permanent orange color remained. To the mixture was 

then added 5 ml of H^O and 10 ml of ether, and the organic layer was 

washed with brine, dried, and evaporated, yielding 84 mg (96%) of 

viscous oil. This oil contained ketonic mixture 121, as supported by 

IR (film): 1715 (s, C-0 of 6-member ring), 1739 (s, C-0 of 5-membered 

ring) and NMR: 1.5-2.5 (complex absorption due to presence of protons 

a to a carbonyl) . The NMR and IR spectra of this ketonic mixture 221 

are reproduced in Appendix A. 

Analytical GLC analysis of this oil using 13% Carbowax 20 M (13% 

on Chrom W, 1/8" x 18', 240°) gave two peaks eluting in 88 and 94 min, 

\63 
in the ratio of 70:30, respectively. Neoacorone (acorone + isoacorone) 

gave a single, symmetrical peak corresponding (peak enhancement) to 

this second eluting (94 min) peak. These two peaks were then separated 

and collected by preparative GLC using 12% Carbowax 20 M on Chrom G 

with: injector temp = 300°, oven temp = 232°, detector temp = 300°, 

exit tip heater - 215° and 20 mg sample in 50 y£ EtAc. Removal of the 

compounds from the collectors and weighing as described in the acoradiene 
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preparation gave 13.9 and 7.8 mg of oily residue for peaks 1 and 2, 

respectively. 

As discussed in the text, peak 2 was assumed to be a mixture of 

(-)-acorone and (+)-isoacorone, and each isomer was obtained pure from 

this peak by using an analytical silica gel (porasll T, 1/8" x 2,0', 

from Waters Associates) column and high pressure liquid chromatography 

with a 10% CHCl^-90% hexane solvent system. Repeated injections and 

collections of 1.0 mg samples of peak 2 (in 10 yjl of the eluting sol

vent system) gave baseline separation into two, approximately equal 

sized peaks eluting in 52.5 and 65 min, using an elution rate of 55 

ml-min . Combination of all eluents collected for each peak gave 

3.4 and 3.6 mg, respectively. Neoacorone eluted under the same 

conditions gave two major peaks with the same retention times as the 

components of peak 2 in the ratio of 1:3. As discussed in the text, 

the first peak of peak 2 was assumed to be (+)-isoacorone and the 

second peak of peak 2 (-)-acorone. 

These assumptions were proven to be true as follows. The 3.4 

and 3.6 mg samples were each crystallized from purified n-hexane by 

evaporating a hexane solution to 0.1 ml in a conical tipped centrifuge 

tube, then cooled to -78° for 1 hr, quickly centrifuged and the bulk 

of the solvent removed with a very fine tipped pipette (preventing the 

crystals from entering the pipette). Complete removal of the solvent 

at 0.1 mm gave 2.00 and 0.58 mg of white crystals for the first and 

second peaks of peak 2, respectively. For the first peak an optical 

rotation of [a]^^ = +83° (lit for isoacorone -92.4 ) and mp = 92-94° 
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4 
(lit for isoacorone 97-98° ) was obtained, and for the second peak an 

25 A 
optical rotation of [a]^ => -121° (lit for acorone +139.4° ) and 

mp = 94-96° (lit for acorone 98.5-99° ). These samples were recrystal-

llzed as described for the first crystallizations, and very small 

samples were obtained with mp = 94.0-95.5 and 96.0-97.5 for the two 

63 

peaks respectively. The mp of authentic acorone on the same "hot 

stage" apparatus was found to be 96.0-97.0. No further optical 

rotations were determined due to the small sample sizes. High 
65 

resolution mass spectra for neoacorone, acorone, isoacorone, or these 

two peaks assigned as being (+)-isoacorone and (-)-acorone were identical 

in fragmentation patterns and the expt P mass for the synthetic mixture 

of (+)-isoacorone and (-)-acor6ne is 236.17589. Calculated P mass 

for C-cH,g02 is 236.17762. 
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Appendix A: 

Nuclear Magnetic Resonance and Infrared Spectra 



NMR Spectrum of Ethyl Pulegenate (90) 
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NMR Spectrum of 3-Methyl-2-carbethoxycyclopentanone (71) 
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IR Spec 
trum of 3-Methyl-2-carbethoxycyclopentanone (71.) 
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NMR Spectrum of the Ethylene Ketal of 3-Methyl-

2-hydroxymethylcyclopentanone (94b) 
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NMR Spectrum of 2-Hydroxymethyl-3-

methylcyclopentanone (98b) 

CH^OH 

q 
pi 

q 
CO 

q 

. MS 

O 



112 

IR Spectrum of 2-Hydroxymethyl-3-

methylcyclopentanone (98b) 

CH^OH 
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NMR Spectrum of 3-Methyl -2-methylenecyclopentanone (72) 
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IR Spectrum of 3-Methyl-2-,nethylenecyclopentanone (72) 
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NMR Spectrum of 8-Methylspiro[4.5Jdec-8-ene-l-one (100) 
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NMR Spectrum of 4 ,8-Dimethylspl ro[4 .5]deca- l -one (103-106) 
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NMR Spectrum of 4,8-Dimethyl-l-hydroxy-l-

isopropylspiroI4.5Jdec-8-ene (110) 
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NMR Spectrum of Diene Mixture 112-119 
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100 MHz NMR Spectrum of 6-Acoradiene 
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IR Spectrum of 6-Acoradiene 
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100 MHz NMR Spectrum of y A c o r a d i e n e 
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IR Spectrum of y-Acoradiene 
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100 MHz NMR Spectrum of 4 ,8 -Dimethy l - l - i sopropylsp i ro [4 .5 ]deca-

1,8-diene (116-119) 
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NMR Spectrum of 4,8-Dimethyl-l-isopropylspi 
iroI4.5]deca-2,7-dione 
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IR Spectrum of 4,8-Dimethyl-l-isopropylspiroI4.5jdeca-2,7-dione 
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Appendix B: 

Publications Arising from this V/ork 



n _i u , , - „ . n^P""**^ from the Journal of Organic Chemiitey, 37, 4489 (1972). J 
(Xtpyright 1972 by the American Chemical Society and reprinted by permiaeion of the copyright owner. 

2-Carboinethoxycyclopent-2-enone' 

JoBM K. MAKX,* JAME* H. COX,** AND LEWIS R. NORMAN*^ 

Departmtnt of Chemutry, Texat Tech Univer$Uy, 
Lubhoek, Texai 79409 

Received May t5, 197M 

Although many subBtituted cyclopentenonos are 
known, no Himpl** derivatives containing only an elec
tron-withdrawing Hubstitucnt in tho 2 position 8cem 
to havo been reported. Buch compounds would be 
expected to be relatively unstable, since the substituent 
would polarize the enone system further, and probably 
enhance the tendency toward polymerization shown 
by cyclopentenone itself. An unsuccessful attempt 
to synthesize 2-acetylcyclopcnt-2-cnone (la) has been 
reported.' A recently reported* mothod for synthe
sizing 3-alkyl-2-carboalkoxy(:yclopentenones failed for 
3-methyl-2-carbethoxycyclopent-2-enone (lb), the sim
plest ca«c investigated, although lb had been prepared 
by Yates' previously by a similar route. 

Wc now report the synthesis of 2-carbomethoxycyclo-
pent-2-enonc (Ic), a compound of much potential 

value for natural products synthesis. The compound 
can be obtained in ca. 45% yield (nmr analysis) by 
oxidation of 2-carbomcthoxycy(lopentanone (Ila) with 
selenium dioxide in refluxing dioxano. Dichlorodicy-
anoquinone (DDQ) oxidation also gives the compound, 
but in low yield (5-10%), as it is polymerized under 
the reaction conditions. Ic is fairly stable in dioxane 
solution, but attempted purification by any of several 
methods leads to rapid polymerization. KraetionB 
containing colored, moderately pure material (nmr 
analysis) were obtained by very rapid silica gel chroma
tography, but the material polymeriwd fairly rapidly. 
However, the compound could be trapped by adding 
dienes to the reaction mixture. 2,3-Dimethylbutttdiene 
reacted smoothly at 100° to give the adduct 111, and 
cyclopentadiene at 2')" gave a 1:1 mixture of the endo 
and exo adducts IV, which were separated by silica 
gel chromatography. Pyrolysis of either isomer or 

(1) Pr«Miit«<l St th* IMth NfttloBftI McrUof of th« Amvricaa Chamicai 
Society. New York, N. Y.. Au( 31. 1973. Ah«trMl OKGN Ml. 

(2) (k) Robert A. Wtleh UodarsradukU Raeawch Scholar: (b) NSF 
trainee. 

(3) R. M. Acheeon. J. Chtm. 80t., 4232 (lOM). 
(4) N. Finch. 1. 1. Fit«, and I. H. C, H«u. / . Or0. Cktm . If, SIBl (1»TI). 
(5) P. Yates. N. J. Jofganton, and P. Singh, J. Amtr Chtm. St., • ! , 473* 

(loes). 
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the mixture of IV at 438° and trapping at ~10° 
gave a pure sample of 2-carbomethoxycyclopent-2-
enone (Ic). In contrast, adduct III was Htable under 
these conditions. 

All spectral data on compound Ic ore in accord with 
the assigned structure. The vinyl proton signal in 
the nmr spectrum appears as a triplet ( / = 2.5 Hz) 
at I 8.38. This is a very deshielded value for a vinyl 
proton and reflects the great polarity in the enone chro-
mophore of the compound. 

Pure 2-carbomethoxycyclopent-2-enone (Ic) polym-
eriics within several days at —10° but can be stored 
for prolonged periods in dilute solution at —10°, It 
polymerizes very readily with a variety of acidic and 
basic protic reagents {e.g., anhydrous HBr,* diethyl-
amine, NaOMe in MeOH, semicarbazide). Reac
tion with Hthium dimethylcopper,' however, pro
ceeds smoothly to give 3-methyl-2-carbomethoxycy
clopentanone (lib), whose semicarbazone was identical 
with an authenic sample.' 

Some other attempts to obtain 2-carbomethoxycy-
clopent-2-cnone (Ic) are of interest. Bromination 
of 2-carbomcthoxycyclopentanone (Ila) in CCU gave 

0 O 
JL^CXX)Me 

la, X = COOEt, R = Me 
b,X-COMe, R - H 
c, X = COOMe, R = H 

MeOOC Q , . 

na, R = H 
b, R-Me 

. COOMe 

-SP ""^ 
m rv 

exclusively the 5-bromo isomer. However, bromina
tion of Ila in water containing Cu(N0j)2 gave the 2-
bromo isomer in good yield, as suggested by a mecha-
nisti<'-study of the reaction.* However, on attempte<l 
ddiydrobromination, rearrangement of th(> 2-bromo 
isomer to the 5-bromo isomer evidently occurred since 
cither isomer gave only .")-carbomcthoxyeyclopent-2-
enone and much polymer, but no Ic, under any dehy
drobromination conditions investigated. 

Experimental Section 

2-Carbom«thoxycyclopentenone-Cyclopentadiene Diels-Alder 
A4duct (IV).—To a ^̂ olutioll of 14.2 n (010 mmol) of 2-carl)o-
mtthoxycyclopentanone (IIu) in 2^ ml of reagent Riade dioxatie 
WtH added 12.2 R (0.11 mol) of SeOv No oxidation occurred in 
dioxane which had heen distilled from LiAlH4 The mixture 
mut refluxed for 2.'> min, and the Wlock >Sc was removed by filtra
tion. Then 60 n of cydoiuMitadiene wivs added and the dark 
brown .solution stirred at room temperature overnight. Ui.>«tilla-
tion of all volatile niatcriaK al 02.) mm was followed by absorp
tion of the residue on 2.") R of silica gel and chromaitjRraphy on 
600 K of silica Ri'l packed m ix-troleuni ether (bp 40 (.0"), After 
•lation with 3 1. of |>etroleuni ether, a 1:1 mixture of the two 
•toreoisomeric adduct.i IV (J.<)2 g) wa-s obtained by elution with 
10% ether in petroleum etiier t2:l). More careful rechroma-

(6) J. N. Marx, TttrahtJren t.rtt.. 4057 (1U7I). 
(7) C/. H. O. HouM, W. L. Kenpoee. and G M. Whltaaidea. y. Or». C*rin.. 

• t , 312S (IBM). 
(«) K. 3. PeUcraon. Acta. Ch»m. Stand., t, 388 (1»4«). 
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tography of th« oombined frictions under the aame conditiooa 
with 5% ether in petroleum ether gave, in early fractions, one 
pure stereoisomor of the adduct IV: ir (film) 3000, 1760, 17S0 
cm-»; nmr (CCU) * 0.9-3.4, complex absorption, 3.63 (3 H, s, 
COOMe) 6.28 (2 H. t, J - 2 Hz, vinyl); 2,4-dimtrophenyUiy-
drazoDO. mp 164-166°. i4na/. Cafed for Ci«HitN«Ot: C. 
55.96, H. 4.70. Found: C, 55.87; H, 4.65. 

Further elution with the same solvent mbcture gave the same 
Isomer contaminated with increasing amounts of its stereoisomor, 
which wa.s obtainod es-sentiaUy pure in later fractions: ir (fUm) 
3000, 1760, 1730 cm"'; nmr (CCl«) i 0.8-3.4 (complex absorp
tion), 3.70 (3 H, a, COOMe), 6.20 (2 H, t, J - 2 H», vinyl H's). 

2-Carbomotb«]Kyclopentonoae-2,3-Dimethylbntadiene Ad
duct (UI).—To a total SeOt oxidation mixture from 1.42 g of 3-
carbomethoxycydopentanone as described above wan added 
0.74 g of 2,3-dimethylbutadiene and the mixture heated in a 
sealed tube for 6 hr at 100*. The adduct III wae isolated (2A6 
mg) as the only monomerie product by chromatography over 
silica gel: ir (CCU) 1760, 1730 cm"'; nmr (CCU) < 1.05 (6 H. 
broadened s, Mo's), 1.8-2.6 (mult). 8.70 (3 H, s, COOMe); 
simicorbazone, mp 207-208* (ethanol). Aiuil. Calcd for 
CuHuNiO.: C. 60.20; H. 7.58. Found: C, 60.45; H, 7.95. 
This compound was recovored imchanged upon attempted 
pyrolysis at 438*. 

Pyrolysis of Adduct IV. 2-Carbofnethoxycyclopent-2-eaoBe 
(Ic).—A 1:1 mixture of the two isomeric adducts IV (676 mg, 
3.3 mmol) was bested at 60-65° and carried by a slow stream (2 
ml/min) of Ni through a heated inlet system into a •'>0-ml pyrol
ysis chamber heated to 438* with a lead bath (contart time 20^ 
30 sec). The exit gases were condensed in a U-tube cooled in an 
ico-salt bath, conditions which allowed the cyclopentadieno to 
escape. After 3 days, the tube contained 263 mg (57%) of pure 
2-carbomethoxycyclopent-2-cnone (lo): \ « . 220 nm (« 
>8000); nmr (CDCU) < 3.70 (4 H, mult), 3.92 (3 H, s, Me), 
8-38 (1 H, t, y « 2.5 H7., vinyl H). The compound polymerised 
on standing a few hours neat at room temperature or after several 
days in a refrigerator but can be kept for extended periods in dry 
ether solution in a refrigerator. It also polymerised during at
tempts to form a crystalline derivative or to effect reaction with 
a number of nucleophiles in protic media, as mentioned in the 
text. 

2-Carbomethoxy-3-methyIcyclopentanone (lib).—To a sus
pension of 114 mg (0.50 mmol) of pure dry Cul in 10 ml of dry 
ether was added by syringe 26 me; (1.2 mmol) of methyllithium 
(0.67 ml of 1.8 Jlf ethereal solution). The resulting pale yellow 
solution was cooled to -78* (Dry Ice-acetone) and 1.50 mg (i.(X} 
mmol) of 2-carl)omethoxycyclopent-2-enone in 10 ml of ether 
was added dropwise. The mixture was allowed to warm to room 
temperature during 1.5 hr, then poured into a saturated NH4CI 
solution. Concentrated NH4OH was added i<ntil solution was 
complete. Then the ether layer was wsMhed and dried (Mg30«) 
and the ether evaporated to give an oil (UK) mg) showing one 
spot on tic and one peak on vpc: ir (CCl.) 17(i.') and 1735 cm"' 
(ketone and ester of keto form) and IGO.'i and 1630 (ester and 
doubly bond of enol form); nmr (CCU) » 1 —, 1.2'l (3 H total. 
d. y •• 6 Hz, C-S Me's of enol and keto form), '2.3-2.9 (complex 
absorption), 3.81 (3 H, s, COOMe); semicarbazone, mp 168-
169.5* (HjO), no depression on admixture with a sample kindly 
supplied by Professor Yates;' 2,4-dinitrophenylhydraaone 
(EtOH-H,0). mp 127.5-128.5°. Anal. Caled for CMHWN.O.: 
C. 50.00; H. 4.80. Found: C, 50.05; H, 4.48. 

2-Bromo-2-carbomethoxycyclopentanone.—To an aqueous so
lution (2.-)0 ml) whieh was 0.10 M in KBr, 0.15 M in UNO,, and 
0.10 M in Cu(NOa)j was added 14.2 g of 2-carbomelhoxyryclo-
pentanune (0.10 mol). An aqueous solution containing 10.0 g 
of Uri (O.IO mol) was added during 0.5 hr. lither extraction 
ttave 20..S K (94%) of 2-bromo-2-parbonu'fhoxyoyclopentanone, 
homoKcneous by tic: nmr (CCl,) < 2.31 (<> H, mult). :l.HO (3 11, 
s, COOMe), absence of absorption at 2.8-3.2 due to the C-2 H of 
starting material. 

S-Bromo-2-carbomethoxycyclopentanone—Treatment of 1.42 
K of 2-<arb()methoxv( yclopentanone in 10 ml of CCI4 with 1.60 K 
of bri in 10 nd of C("l< by dropwise addition with siirrinit and 
ihen washinK and drying (MgS()«) uave a (luaiititative yield of 
the .Vbromo isomer, homogeneous by tic: nmr (('(M.) i 2..')0 
(."1 11, mult), 3.89 (3 II, s. COO.Me), •i.K8 (I H. mult. C'-.'. 11). 

5-Carbomethoxycyclopent-2-enone.—To l.l g of ••»-bromo-2-
(•arbomethoxyeyelopoii(aiu)nc in 10 ml of I).\IK untler Ni wa.s 
added 3 g of powdrred CaCOj, and the nurture was relluxed 10 
min. The euulod mixture was tiltercd, diluted with water, and 
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extracted with ether. After washing, drying, and removal of 
the ether, 460 mg of oily 5-rarbomethoxyoyclopenl-2-enone WSA 
obtained: nffir (CCU) i 2.0-3.0 (mult), 3.82 (3 H, s. COOMe), 
6.46 (1 H. mult, C-2 H),8,17 (1 H. mult, C-3 H). No corbonyl 
derivative could be obtained. 

Substitution of 1.2 g of 2-bromo-2-carbomethoxycy(loi)en-
tanone for the 5-bromo isomer in the above procedure gave (nmr 
analysis) 0.4 g of an oil containing mostly "i-carbomeihoxycyclo-
pent-2-enone and .some 2-carbomethoxycyclopentanone (con
taminant in the starting material), but no 2-carbomcthoxycyclo-
pent-2-enone (Ic), since the siRiial at * 8.38 was absent. 

Other dehydrobromination reagents who.>;e action on the above 
con^>ounds was investigated include LijCOj-LiBr-D.MF; 1,5-
diasabicyclo[5.4.0Jundec-5-ene (DBU); o-ethyl-2-methylpyr-
idine; and KOBu-(. These reagents gave only polymeric ma
terial. 

Registry No.—Ic, 36601-73-7; lib, 18067-.33-9; 
l ib DNP, .36601-75-9; III, 36601-76-0; exo-IV, .36601-
77-1; endo-lY, 36622-61-4; IV DXP, 36.-)96-59-.5 
2-bromo-2-carbomethoxy cyclopentanone, 36."J96-60-8 
5-bromo-2-carbomethoxycyclopentanone, 36.')9(}-61-9 
5-c4rbomethoxycyclopent-2-enone, 3C596-62-0. 
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SYNTHESIS OF 7-ACORADIENE (a-ALASKENE) A>ID 6-ACORADIENE 

John N. Marx* and Lewis R. Norman 
Department of Chemistry 
Texas Tech University 
Lubbock, Texas 79A09 

We wish to report syntheses of y-acoradiene (IX) and 6-acoradiene 

(X) , two spirocyclic sesquiterpenes isolated from Juniperus rigida. 

Y-Acoradiene has been shown to be identical to a-alaskene, isolated from 

2 
Alaska cedar, Chamaecyparis nootkatensis, though 6-acoradiene is 

2 3 
enantiomeric to B-alaskene from the same source. * 

Previous syntheses of members of the acorane class have been 

reported for racemic forms of an unnamed acoradiene and for a compound 

which was an intermediate in a biogenetic-like synthesis of a-cedrene 

and which has the structure assigned later to a-acorenol. Some other 

J 7-9 
synthetic approaches toward acoranes have also been reported. 

The synthesis of y- and 6-acoradiene is summarized in Chart I. 

R(+)-Pulegone (I) was converted into 3-methyl-2-carbethoxycyclopentanone 

(II), bp 72-74°, la] + 53" in 57% yield by improvement of published 

procedures.-^^ Conversion of II into its ethylene ketal and reduction 

with LiAlH gave the ketal alcohol III (64%). Careful hydrolysis (25% 
4 

HCl, 2.0 min) gave the corresponding keto alcohol (98%), which was de

hydrated with dicyclohexylcarbodiimide^^ to 3-methyl-2-methylenecyclo-

/TXT\ c.Q'v fml + S3 5° bo 32-33°, semicarbazide adduct, pentanone (IV), D9^, icxĵ ^ •̂  JJ.J , ^0.1 -̂  * 

mp 177-179.5°. 

S t i r r i n g the eas i ly-polymerized IV with isoprene and a 0.2 eq. 

of SnCl ^^ gave a 69 :27 :3 :1 mixture (39% y ie ld ) of the Diels-Alder 
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adducts V, VI, VII, and VIII. ̂ ^ The two major products are the "para" 

isomers V and VI, as predicted from increased electronic control of 

orientation in the Lewis acid-catalyzed Diels-Alder reaction^^*^^ and 

verified by model experiments."^^ The well-known sensitivity of the 

Diels-Alder reaction to steric effects^^ allows one to assign structure 

V to the major isomer, in which the isoprene has attacked from the side 

opposite the methyl group in IV. The structures of the two minor 

isomers follow from their predicted relative abundances and their rela

tive retention times on vpc, as judged from the model work."'"̂  

Treatment of the ketone mixture V -> VIII with i-propyl lithium 

gave a 1:1 mixture of unchanged ketones (enolization) and stereoisomeric 

alcohols. This was resubmitted to the reaction conditions, then the 

total material treated with SOCl. in pyridine (5 min at 0°) and chroma

tographed on silica gel to give a mixture of dienes (60% based on 

ketones consumed). 

The diene mixture was well resolved by vpc into an exocyclic frac

tion (40%) and an endocyclic fraction (XI) (60%). The exocyclic frac

tion contained four compounds in approximately the same ratios as their 

ketonic precursors. The major isomers were purified by preparative 

vpc on SE-30, The major component (longest retention time) was identi

cal by chromatographic and spectral comparisons with y-acoradiene 

(a-alaskene) IX, [a]^ - 82° (lit. -88 t 10°), and was cyclized to 

2 
a-cedrene with formic acid as reported. The other major exocyclic 

diene was identified as 6-acoradiene (X) [a]ĵ  + 14° (lit. +16°) by 

vpc and spectral comparisons. 
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Since a formal total synthesis of pulegone is on record"*"̂  and the 

absolute configuration of the methyl group has been shown-"-̂  to be R, 

the present formal total synthesis confirms the relative and absolute 

stereochemistry proposed for y- and 6-acoradiene. 
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