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.4 novel and efficient total synthesis of the racemic form of the sesquiterpene (-)-aristolone (1) is 
presented. The key step involves the cupric sulfate catalyzed intralnolecular cyclization of the diazoketone 
27, which produces a mixture of products, the major component of which is (i)-aristolone. 

Canadian Journal of Chemistry, 47, 831 (1969) 

The sesquiterpene (-)-aristolone was initially 
isolated from Aristolochia debilis Sleb. et Zucc. in 
1955 (1). The structure determination of this 
interesting natural product was reported (2) some 
six years later and, in 1962, Biichi and co-workers 
(3), on the basis of an indirect correlation with 
maaliol (4), of known absolute configuration, 
established the absolute configuration of (-1- 
aristolone as depicted in 1. We previously carried 
out, and reported in preliminary form (5), a 
model study involving the synthesis of ( t ) - 4 -  
demethylaristolone. In this paper we describe the 
total synthesis of (k)-aristolone. 

In any consideratio~l of possible approaches to 
the total synthesis of (k)-aristolone, it is obvious 
that the most difficult and complex part of the 
synthesis would involve the construction of ring 
B, contailling the olefinic double bond and the 
genz dimethylcyclopropyl moiety coiljugated to 
the carbonyl. Of the number of possible routes 
which might be employed in the construction of 
these functionalities, we chose the scheme which 
can be illustrated, in general terms, by the hypo- 
thetical conversion of 2 into 3. This conversion, 
involving an intramolecular cyclization of an 
olefinic diazoketone, appeared at first sight to be 
a potentially efficient method for the synthesis of 
the required substituted bicyclo [4.l.O]heptar:one 
system. The use of olefinic diazoketones in intra- 
molecular cyclizations was already well docu- 
mented (6), and success of the above proposed 
conversion (2 into 3) appeared, in our opinion, 
quite likely. 

The starting material which was chosen for the 
synthesis of the required crucial intermediate of 
type 2 was the readily available 2,3-dimethyl- 
cyclohexanone (7). Collversion of the latter into 

IPresented at the 51st Annual Conference and Exhibi- 
tion of the Che~llical Institute of Canada, Vancouver, 
British Columbia, June 3-6, 1968. 

its 6-~~-butylthiomethyle11e derivative 5, Ilia the 
correspondillg hydroxymethylelle coinpoulld 4, 
was readily accoillplished by standard proce- 
dures (8). Alkylation of 5 with xnethallyl chloride 
in t-butyl alcohol in the presence of potassium 
t-butoxide (8) gave, in 87"h yield, a n~ixture of 
the correspollding alkylatedproducts (6). Remov- 
al of the 11-butylthiomethylel~e blocking group by 
treatment of 6 with potassium hydroxide in 
refl~lxing aqueous diethylene glycol (8) provided, 
in 90 7, yield, a mixture of cis-(7) and trat~s-2,3- 
diinethyl-2-methallylcyclohexanone (8). Analysis 
cf this mixture by gas-liquid chromatography 
(g.1.c.) indicated that these two compounds were 
present in a ratio of approxin~ately 411, respec- 
tively. Ail ailalytical sample of each epimer was 
obtained by preparative g.1.c. and each exhibited 
spectral data which \$ere fully in accord with the 
assigned structure. 

Since the factors which affect the stereo- 
chemical outcome of the alkylation of cyclo- 
hexanone derivatives are not we11 ullderstood in 
detail and were, in fact, the subject of very recent 
discussion (9), it was rather difficult to predict 
with certainty the stereochemistry of the alkyla- 
tion products 7 and 8. We therefore felt it 
necessary to obtaiil unainbiguous proof con- 
cerning this point and showed that the major 
alkylatioil product was, in fact, the desired cis 
con1pound 7. 

Reaction of the well known and readily avail- 
able (1 0) trarjs-10-methyl-2-decalone (9) with 
excess methyllithium in refluxing ether provided 
a high yield of a semicrystalline material, 
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consisting of a mixture of the epimeric tertiary 
alcohols 10. Dehydration of this material with a 
catalytic amount of y-toluenesulfonic acid in 
refluxing benzene produced 2,lO-dimethyl-trans- 
2-octalin (11) (see ref. 1 I). The latter was obtained 
as a clear, colorless oil and was shown by g.1.c. 
analysis to be greater than 95 % pure. Further- 
more, the nuclear magnetic resonance (n.m.r.) 
spectrum exhibited only one olefinic proton 
signal, an unresolved multiplet at z 4.72, with a 
half-height width of 8 Hz. This was clearly in 
accord with the octalin structure having the 
olefinic double bond at the 2-position. 

The octalin 11 was subjected to a modified 
ozonolysis reaction (12) and the resulting crude 
keto-aldehyde was immediately oxidized with 
Jones reagent (13). The keto-acid thus obtained 
was esterified mith ethereal diazomethane, 

affording an overall 68 % yield (from the octalin 
11) of the keto ester 12. 

In order to obtain, from the keto-ester 12, a 
compound suitable for appropriate comparison 
with the alkylation products (7 and/or 8), it can 
readily be seen that the acetic ester side chain of 
12 required conversion to an isobutyl-type group, 
while the keto containing side chain required 
degradation to a methyl group. This was 
accomplished as follows. 

Baeyer-Villiger oxidation of the keto-ester 12 
with trifluoroperacetic acid in dichloromethane 
in the presence of disodium hydrogen phosphate 
(see ref. 14) gave, in 83 % yield, the diester 13. 
Interestingly, the n.m.r. spectrum of this com- 
pound exhibited, in addition to the expected 
signals, a pair of quartets (AB of ABX system) 
between T 5.65 and z 6.32, readily attributable to 
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the methylene protons on the carbon bearing the 
acetate group. However, the magnetic non- 
equivaience of methylene protons found in an 
asymmetric environment is a well-established 
phenomenon (15), and this therefore deserves no 
further comment. 

Reaction of the diester 13 with excess reflux- 
ing ethereal methyllithium afforded the diol14 in 
97% yield. Treatment of the latter with a 
catalytic amount of p-tolueiiesulfonic acid in 
refluxing benzene, followed by careful distillation 
of the crude product, gave, in addition to the 
cyclic ether 15 (44 %, b.p. 64-66" at 0.1 mm), a 
mixture of the olefinic alcohols 16 (46"/, b.p. 
104-108" at 0.1 mm). Hydrogenation of the 
latter over Adam's catalyst in ethanol at room 
temperature and atmospheric pressure provided 
the primary alcohol 17. This material was con- 
verted, by treatment with p-toluenesulfonyl 
chloride in pyridine at Oo, into the corresponding 
tosylate (18) and the crude material thus obtained 
was subjected to lithium aluminium hydride 
reduction in refluxing tetrahydrofuran. The 
product, cis-l,2-dimethyl-1-isobutylcyclohexane 
(19) was obtained in 66 % overall yield from the 
alcohol 17. 

When the major alkylation product (7) was 
subjected to successive catalytic hydrogenation 
(ethanol, Adam's catalyst) and Huang-Minlon 
reduction (16), the corresponding hydrocarbon 
was obtained in high yield. The latter was shown 
to be identical (refractive index, infrared and 
n.m.r. spectra, g.1.c. retention time) with cis-1,2- 
dimethyl-1-isobutylcyclohexane (19) obtained 
from alcohol 17 as described above. This com- 
parison unambiguously proved that the major 
alkylation product was, in fact, the desired cis- 
2,3-dimethyl-2-methallylcyclohexanone (7). 

Having obtained a suitable synthetic inter- 
mediate with appropriate stereocheinistry, it 
became necessary at this point, bearing in mind 
the initially proposed synthetic approach, to con- 
vert the methallyl group of 7 into the methyl- 
propenyl moiety. In this connection, we had 
found in a model study (5) that 2-methyI-2- 
metliallylcyclohexanone was snioothly converted, 
by treatment with p-toluenesulfonic acid in 
refluxing benzene, into a mixture consisting 
mainly of tlie starting material and 2-methyl-2- 
methylpropenylcyclohexanone in a ratio of 
approximately 1 :3, respectively. This procedure 
was therefore adopted in the present work. 

A solution of compou~ld 7 in benzene contaia- 
ing p-toluenesulfonic acid was refluxed for three 
days and the reaction mixture was then subjected 
to aqueous work-up. Gas-liquid chromato- 
graphic analysis of the crude product showed that 
it consisted of a mixture, containing the starting 
material 7 (approximately 12 %), tlie desired 
cyclohexanone derivative 20 (46%), the cyclic 
hemiketal 21 (37%) and an unidentified com- 
pound (5%). Distillation of this material (b.p. 
66-68" at 2.8 mm) allowed the isolation (see 
Experimental) of a small amount of the crystal- 
line hemiketal 21, m.p. 74-74.5'. The spectral 
data of this compou~id was in full accord with 
the assigned structure. It  should be noted that 
the hemiketal 21, when heated at temperatures 
greater than 120" readily dihydrated to afford the 
corresponding cyclic enol-ether 22 (see below). 

When the bulk of the material obtained from 
the abobe distillation was redistilled, at 53 mm 
pressure, through a spinning band column, tlie 
initial fractions consisted of a mixture of water 
and the en01 ether 22 (the dehydration product of 
hemiketal 21). The structure assigned to com- 
pound 22, b . ~ .  128" at 53 mm, was fully substan- 
tiated by spectral data. It should be noted that 
this compound was extremely sensitive to mois- 
ture and, even upon exposure to the atmosphere, 
readily hydrated to re-form the crystalline 
hemiketal 21. 

A later fraction from the above spinning-band 
distillation consisted of nearly pure desired cis-2,- 
3-dimethyl-2-methylpropenylcyclohexanone 20, 
b.p. 143-144" at 53 mm. The isolated yield of 
this compound was approximately 22% and 
thus, in contrast to the equivalent reaction in the 
model study (5), the direct acid-catalyzed con- 
version of compound 7 into compound 20 was 
not particularly efficient.' The n.m.r. spectrum of 
compound 20, particularly when compared with 
that of the starting material 7, clearly showed 
that the carbon-carbon double bond had under- 
gone the desired migration. Thus, while 7 
-- 

2We here subsequently able to show ( E .  Piers and W .  de 
Waal, unpublished results) that the conversion o f  7 into 
20 could be carried out more efficiently by use o f  a 
mod~fied sequence in which the keto group o f  7 was first 
protected by formation o f  the corresponding ethylene 
ketal. Subsequent acid-catalyzed isomerization o f  the 
carboni-arbon double bond, followed by removal o f  the 
ketal protecting group (p-toluenesulfonic acid in refluxing 
dry acetone) and separat~on o f  isoiners allowed the 
isolation o f  cyclohexanone 20 in 50% overall yield 
(from 7). 
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exhibited signals for two olefinic protons ( t  5.17 
and r 5.27) and one vinyl methyl group (r 8.38), 
the isomerized material 20 showed signals for 
only one olefinic proton ( t  4.59) and two vinyl 
methyl groups (z 8.27 and z 8.57). 

Having obtained in sufficient quantity a cyclo- 
hexanone derivative with the desired functional- 
ity and stereochemistry, we planned to use the 
keto group of 20 as a "handle" for the introduc- 
tion of the required diazoketone-containing side 
chain. We initially considered for this purpose 
the reaction of 20 with the modified Wittig 
reagent, triethyl phosphonoacetate (17). How- 
ever, this reaction proved very sluggish and even 
when carried out at elevated temperatures, pro- 
duced no useful result. Since we felt that the 
failure of this reaction was due, at least in part, 
to  the sterically hindered nature of the carbony1 
group in 20, we decided to attempt the use of a 
reagent which was sterically less demanding, 
namely, diethyl cyanomethylphosphonate (17). 
This approach proved successful. Thus, reaction 
of cyclohexanone 20 with diethyl cyanomethyl- 
phosphonate in the presellce of nlethylsulfinyl 
carbailion in dimethyl sulfoxide (18) at LOO" for 
1 h, produced: in 87% yield, a mixture of 
the a,P-unsaturated nitrile 23 and the P,y-un- 

saturated nitrile 24, in a ratio of approximately 
2 : 1, respecti~ely.~ The fact that these compoullds 
were isomeric was clearly shown by the spectral 
data. The a,P-unsaturated isomer 23 exhibited a 
strong ultraviolet absorption at 220.5 mp (E = 
12 300) and, in the n.m.r. spectrum, showed a 
one-proton singlet at z 4.75 (=CHCN). The P,y- 
unsaturated isomer 24, on the other hand, gave 
110 strong ultraviolet absorption and, in the 
n.m.r. spectrum, exhibited a broad one-proton 
signal at r 4.07 (y-vinyl H) and a two-proton 
multiplet a t  z 7.01 (-CH,CN). 

Hydrolysis of the mixture of nitriles (23 and 
24) with potassium hydroxide in refluxing 
aqueous ethanol afforded, in 82% yield, the 
j3,y-unsaturated carboxylic acid 25. That the 
double boild had now completely isomerized 
into the P,y-position was again clearly shown by 
the lack of an appropriate absorption in the 
ultraviolet and by the n.m.r. spectrum which 
showed, in addition to a two-proton multiplet at 
.t 7.07 (-CH,COOH), the y-vinyl proton as a 
poorly resolved triplet at r 4.35. Although the 

3T11e relative amounts of these tno isolllers in the 
product depended sonleahat on the reaction conditions 
and reaction time. 
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base-promoted equilibration of a,P- and p,y-un- 
saturated carboxylic acids is a well-known 
process (191, it is interesting that in the present 
case the equilibrium lies coinpletely on the side 
of the P,y-unsaturated isomer. One of the major 
factors contributiilg to this phenomenon may 
well be the strain (20) which would be 
associated with the exocyclic double bond in the 
a,p-unsaturated isomer. 

The carboxylic acid 25 was converted into its 
sodium salt and the latter was reacted with 
oxalyl chloride in benzene at 0". The crude acid 
chloride 24 (A,,,, 5.62 p) thus obtained was, due to 
its instability, immediately converted, by reac- 
tioil with dry ethereal diazomethane, into the 
corresponding diazoketone 27 (A,,, 4.79,6.15 p). 
The n.m.r. spectrum of the crude diazoketone 
indicated that during the sequence 25 -t 26 -t 27, 
the olefinic double bond had remained in the 
P,y-position with respect to the carbonyl group. 
This was of some importance since any migration 
of the double bond into conjugatioil with the 
carbonyl would uildoubtedly have resulted in a 
large predominance of the geometric isomer 
having the diazoketone moiety trans to the ring 
carbon bearing the methylpropenyl substituent, 
thus making the subsequent intramolecular cycli- 
zation (see below) of the diazoketone impossible. 

When the crude diazoketone 27 was refluxed in 
cyclohexane in the presence of cupric sulfate (6) 
and the crude product distilled under reduced 
pressure, a clear oil (70 ",, based 011 the carbox- 
ylic acid 25) was obtained. This material was 
shown by g.1.c. analysis to consist of approxi- 
mately 42% (+)-aristolone (I), 20% (1)-6,7- 
epi-aristolone (28) and a number of minor 
unidentified components. Purification of this 
mixture by a combination of preparative thin- 
layer chromatography and preparative g.1.c. 
allowed the isolation of both of the major 
products. Thus, (+)-aristolone (1) was obtained 
as a crystaliine solid which, upon recrystalliza- 
tion from petroleum ether, exhibited m.p. 62-63". 
This material was show11 to be identical (m.p., 
mixed m.p., infrared, and n.m.r.4 spectra) with a 
recrystallized (petroleum ether) 1 :1 mixture of 
(-)-aristolone and a-ferulone [(I-)-aristolone] 
(22). 

"For an analysis of the n.m.r, spectrum of (-)-aristo- 
lone, see ref. 21. 

(5)-6,7-Epi-aristolone (28) was obtained as an 
oil. It was shown to be isomeric with (f )- 
aristolone by high resolution mass spectrometry, 
and gave spectral data in complete accord with 
the assigned structure. 

It should be noted that very recently another 
synthesis of (5)-aristolone by a sequence com- 
pletely different from that described above, was 
reported (23). 

Experimental 
Melting points, which were determined on a Kofler 

block, and boiling points are uncorrected. Ultraviolet 
spectra were, unless otherwise noted, measured in meth- 
anol solution on either a Carp, model 14, or a Unicam, 
model SP. 800, spectrophotometer. Routine infrared 
spectra were recorded on a Perkin-Elmer Infracord model 
137 spectrophotometer, while all comparison spectra were 
recorded on a Perkin-Elmer nlodel 421 spectrophotom- 
eter. Nuclear magnetic resonance spectra were taken in 
dueteriochloroforn~ solution on Varian Associates spec- 
trometers, model A-60 and/or model HA-100. Line 
positions are given in the Tiers T scale, with tetramethyl- 
silane as an internal standard; the multiplicity, integrated 
peak areas, and proton assignments are indicated in 
parentheses. Gas-liquid chro~natography (g.1.c.) was 
carried out on an Aerograph Autoprep, model 700. The 
following columns (10 ft x 1/4 in., unless otherwise 
noted) were employed, with the inert, supporting material 
being 60/80 mesh Chrolnosorb W in each case: column A, 
20% FFAP; column B (10 ft x 318 in.), 30% FFAP; 
column C, 15 % QF-1; column D, 3 % SE-30; colun~n E, 
20% SE-30; column F (10 ft x 318 in.), 30% Apiezon J;  
column G, 10% Apiezon J; column H, 10% FFAP; 
column .I (20 ft x 318 in.), 30% SE-30. The specific 
column used, along with column temperature and carrier 
gas. (helium) flow-rate (in ml/min), are indicated in 
parentheses. Microanalyses were perfornled by Mr. P. 
Borda, Microanalytical Laboratory, University of British 
Colun~bia, Vancouver. 

6-Hj~d~ox~~nethyle~~e-2 ,3-dimethylcycohe.noe  (4 )  
To an ice-cooled, stirred suspension of powdered 

sodium methoxide 78 g, 1.44 moles) in 800 mi of dry 
benzene, kept under an atmosphere of dry nilrogen, was 
added 71 g (0.564 mole) of 2,3-dimethylcyclohexanone. 
The resulting mixture was stirred for 10 min, and then 
70 g (0.945 mole) of ethyl formate was added. The mix- 
ture was warmed to room temperature and allowed to 
stand ovcrnight. Water was added, the mixture was 
thoroughly shaken, and the layers separated. The organic 
layer was extracted with two portions of 10% aqueous 
sodium hydroxide. The combined aqueous layer and 
alkaline extracts were cooled, acidified with 6 N hydro- 
chloric acid, and thoroughly extracted with ether. The 
combined extracts were washed with water and dried over 
anhydrous magnesium sulfate. Reinoval of the solvent, 
follo~ved by distillation of the residual oil under reduced 
pressure, gave 77.5 g (90%) of the hydroxymethylene 
deribative 4 as a pale-yellow oil, b.p. 60-63" at 2 mm, 
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r7," 1.5135. Ultraviolet, j.,,, 281 mu, h,,, (NaOH added) desired cis epimer 7 exhibited nDZ0 1.4809. Infrared (film), 
316 my; infrared (filln), i .,,, 6.05, 6.25 p. The instability I,,, 5.89, 6.13, 11.25 mu; n.m.r., T 5.17, 5.27 (unresolved 
of this conlpound precluded the acquisition of satis- multiplets, 2H, =CH2), 7.33, 7.84 (broadened AB-type 
factory analytical data. pair of doublets, 2H, vinyl -CH,, J = 14 Hz), 8.38 

(broad singlet, 3H, vinyl methyl), 9.13 (singlet, 3H, 
6 - n - B ~ i f ~ ~ l t h i o m e t h y I e n c - 2 , ~ ? - d i m e r y / c x r o r  (5 )  tertiary methyl), 9.28 (doublet, 3H, secondary nlethyl, 

A solution of the hydroxymethylene derivative (4) = 6.5 
(77.5 g, 0.504 mole), n-butyl mercaptan (55.5 g, 0.615 Anal. Calcd. for C I ~ H L O O :  C, 80.01; H, 11.11. Found: 
molc), andp-toluenesulfonic acid (50 mg) in 500 nll of dry C, 79%; H, 11.31. 
benzene u7as refluxed in a nitrogen atmosphere under a The trans epimer (8) exhibited nDZO 1.4812; infrared 
Dean-Stark water separator for 6 h, at which time 6 ml of (film), h,,,, 5.88, 6.11, 11.28 p;  n.m.r., 7 5.22, 5.32 (un- 
water had been collected. The cooled solution was \vaslled resolved multiplets, 2H =CHz), 7.62, 8.04 (broadened 
with saturated aqueous sodium bicarbonate, then with AB-type pair of doublets, 21-1, vinyl -CH2, J = 14 Hz), 
water and finally dried over anhydrous magnesium sul- 8.42 (broad singlet, 3H, vinyl niethyl), 8.84 (sing!et, 3H, 
fatc. Removal of the solvcnt gave an oil which, upon tertiary n~ethyl), 9.27 (doublet, 3H, secondary methyl, 

distillation under reduced pressure, afforded 99.4 g (87 %) = 5.8 Hz). 
of the n-butylthiomethylene derivative (S), b.p. 116-118" Anal. Calcd. for ClzHzoO: C, 80.01; H, 11.11. Found: 
at 0.3 mm, nDzO 1,5368; ultraviolet, j.,,, 309 mp (E = C, 79.78; H, 11.27. 
15 400); infrared (film), i .,,, 6.01, 6.48 D. 

Anal. Calcd. for C,,H2,0S: C. 68.97; H, 9.79. Found: 
C, 68.59; H, 9.71. 

2,3- Dimethyl-2-~neihnllyl-6 71-bufj~lilziomefh~~leriecyclo- 
hexanor~e i6/ 

The n-butylthion~ethylelle derivative 5 (99.4 g, 0.440 
moie) was added to 1800 ml of dry t-butanol containing 
144 g (1.40 molesj potassium f-butoxide and the resulting 
solution was stirred at room temperature for 13 min and 
then cooled to 0'. Freshly distilled methallyl chloride 
(255 g, 2.82 moles) was added slowly and the reaction 
mixture was refluxed under an atmosphere of dry nitrogen 
for 2 h. Most of the solvent was removed under reduced 
pressure a.nd the residue \+as diluted with water. The 
resulting mixture was extracted thrice with ether. The 
combined ether extracts were washed with water and 
dried over anhydrous magnesiunl sulfate. Removal of the 
solvent gave an oil which, upon distillati011 under reduced 
pressure, afforded 1079 (87%) of 2,3-dimethyl-2- 
n~ethallyl-6-ii-butylthion1etl1ylenecpclohexanone (6) (mix- 
ture of epimers), b.p. 106-109- at 0.25 mm, nDZ0 1.5043; 
ultraviolet, 7 .,,, 281 mp ( E  = 14 700); infrared (film), ? ,,,,, 
6.00, 6.32, 11.10 p. 

Anal. Calcd. for C,,H,,OS: C, 72.80; H, 10.06. Found: 
C, 73.09; H, 10.11. 

cis- and tmnr-2,3-Dimeflz~I-2-rnetI1a/IyIcy~/ohexarzone (7 
and 8 )  

To a solution of the above alkylated material (6) (107 g) 
in 700 ml of diethylene glycol was added 650 ml of 25 % 
aqueous potassiunl hydroxide and the resulting solution 
was refluxed under nitrogen for 18 h. The reaction mix- 
ture was steam distilled until the distillate was clear. The 
distillate was saturated with salt and extracted thrice with 
ether. The combined ether extracts were washed with 
water, dried (anhydrous magnesium sulfate), and eva- 
porated. The residual oil, upon distillation under reduced 
pressure, gave 66 g (96 %) of a mixture of cis- and fmrzs- 
2,3-dimethyl-2-methallyl cyclohexanone, (7 and 8), b.p. 
76-80" at 3.6mm. Analysis of this mixture by g.1.c. 
(column A, 140°, 85) indicated that the ratio of the cis 
compound (7) to the trans compound (8) was approxi- 
mately 4:1. An analytical sample of each epimer was 
obtained by preparative g.1.c. (column B, 250", 120). The 

2,10-Dimrthj~!-tratis-2-octn!in (11) 
To a solution of trms-10-~~lethyl-?-decalone (10) (9, 

44.5 g, 0.236 mole) in 1 1 of dry ether was added 9 g 
(0.41 mole) of n~ethy!lithium in 2001111 of ether. The 
solution was refluxed for 8 h, cooled, and the excess 
n~ethyllithium was destroyed by careful addition of dilute 
hydrochloric acid. The ether layer was washed with water, 
dried (anhydrous nlagnesiunl sulfate), and evaporated. 
Distillation of the residual material under reduced pres- 
sure gave 42.7 g (88 P/,) of a mixture of epimeric alcoho!~ 
(10) as a semi-crystalline mass. b.p. 62-67' at 0.2 111111. 

This material was not further purified, but was ~ ~ s e d  
directly for the next step. 

A solution of the above mixture of alcohols (10) (2.C g) 
and p-toluenesulfonic acid (25 mg) in 25 ml of dry ben- 
zene was refluxed under a Dean-Stark water separator 
until the required amount of water had been collected. 
The solution was cooled, washed with dilute aqueous 
sodiu~n hydroxide, and evaporated. Distillation of the 
residua! oil afforded 1.15 g (70%) of 2.10-dimethyl-trans- 
2-octalin (11) as a clear colorless oil, b.p. 91-93 at 11 mm. 
Gas-liquid chronlatographic anaiysis (column C, 17O0, 
85) indicated that this material was greater than 95 %pure. 
An analytical sample, collected by preparative g.1.c. 
(column C, 150°, 85) exhibited nDZO 1.4873. Infrared 
(film), h,,, 6.94, 7.33, 12.73 p;  n.m.r., r 4.72 (unresolved 
multiplet, IH, olefinic proton, width at half-height = 
8 Hz), 8.37 (broad singlet, 3H, vinyl methyl), 9.23 (sin- 
glet, 3H, tertiary methyl). 

Anal. Calcd. for ClZH2,: C, 87.73; H, 12.27. Found: 
C, 87.58; H, 12.40. 

Prepavafion of Keto-e~tev 12 
A solution of the octalin 11 (19.6 g, 0.12 mole) in 1 1 of 

dry methanol was cooled by means of a dry ice -acetone 
bath. Ozone was bubbled through the solution until a 
permanent blue color persisted, and then continued for an 
additional 15 min. Dimethyl sulfide (11.9 ml, 0.162 mole) 
was added and the solution was allowed to warm to room 
temperature. The methanol and excess di~nethyl sulfide 
were reliloved under reduced pressure and the residue was 
taken up in ether. The ether solution was washed with 
water, dried (anhydrous magnesium sulfate), and eva- 
porated. The residual crude keto-aldehyde was immedi- 
ately oxidized with Jones reagent (13) (30 m!) and, after 
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the normal work-up, afforded 22.7 g of the corresponding 
keto-acid. Treatment of the latter crude material with 
excess ethereal diazomethane, folio\\-ed by removal of the 
ether and dis:illation of the residual oil, gave 18.2 g (68 %) 
of the desired keto-ester (12). b.p. 85-85.5" at 0.1 mm. An 
analytical salnple isolated by preparative g.1.c. (column D, 
160', SO), shoaed nuz0 1.4712. Infrared (film), i .,,, 5.83, 
6.97, 9.83 p ;  n.m.r., T 6.34 (singlet, 3H, -COOCH,), 7.73 
(singlet, 2H. -CHzCOOCH3), 7.85 (singlet, 3H, 
-COCH,), 9.07 (singlet, 3H, tertiary methyl). 

Anal. Calcd. for CI3H,,O3: C, 68.99; H, 9.79. Found: 
C: 69.30: H,  10.01. 

The 2.4-dinitrophenylhydrazone derivative of the keto- 
ester 12 exhibited m.p. 11 1-112'. 

Anal. Calcd. for C i~Hz6N4O, :  C, 56.15; H, 6.44; N, 
13.78. Found: C, 55.85; H, 6.65; N, 13.61. 

Prepuri~fion qf' Die.ster 13 
To a solution of the keto-ester 12 (15.2 g, 85 nimoles) in 

1.7 1 of dichlorornethane A-as added 220 g of anhydrous 
disodiuln hqdrogen phosphate. The resulting mixture was 
stirred vigorously and a solution of trifluoroperacetic acid 
(prepared by adding 13.5 ml of 90 % hydrogen peroxide to 
86.5 ml of trifluoroacetic anhydride in 42 ml of dichloro- 
methane) \has added. The mixture was stirred at room 
temperature for 1.5 h and then at reflux for 3.5 h. Ethyl 
acetate (500 ml) was added and the mixture was washed 
with saturated aqueous sodium bicarbonate, Rater, sat- 
urated brine, and then dried over anhydrous magnesium 
sulfate. Removal of the solvents, followed by distillation 
of the residual oil afforded 16.2 g (83 %) of the diester 13, 
b.p. 96-102' at 0.1 nim. An analytical sample, collected 
by preparative g.1.c. (colun~n D, 190°, 90), exhibited rzD20 

1.4658; infrared (film), h,,, 5.77, 6.97, 9.71 y;  n.m.r., 
T 5.65-6.32 (pair of quartets, 2H, -CH,-OAc, AB of 
ABX system), 6.35 (singlet, 3H, -COOCH,), 7.64 (sin- 
glet, 2H, CH,COOCH,), 7.96 (singlet, 3H, -OCOCH,), 
9.03 (singlet, 3H, tertiary methyl). 

Anal. Calcd. for c~ ,H, ,o , :  C, 64.43; H, 9.14. Found: 
C, 64.28; H, 9.23. 

Preparation of Diol14 
To a solution of the diester 13 (15.8 g, 65.5 mmoles) in 

250 n ~ l  of dry ether \%as added 300 n11 of 1.7 M methyl- 
l i t h i ~ ~ n ~  in ether. The solution was refluxed overnight, 
cooled, and quenc!led by careful addition of water. The 
ether solution bras dried over anhydrous magnesium 
sulfate. Removal of the ether and distillation of the 
residual oil provided 12.6 g (97%) of the diol 14, b.p. 
109-110- at 0.15 mm; infrared (film), X,,, 3.08, 6.89, 
9 . 8 0 ~ ;  n.m.r., ~6.17-6.83 (pair of quartets, 2H, 
--CH,OH, AB of ABX system), 6.65 (singlet, 2H, 

OH 
I 

2-0-HI, 8.15, 8.54 (doublets, 2H, -CH2-C(CH3),, 
AB sqstem, J = 15 Hz), 8.64, 8.76 (singlets, 6H, 

OH 

-C(CH3),), 9.12 (singlet, 3H, tertiary methyl). Due to 
the ease with which this compound dehydrated, it was 
virtually impossible to obtain pure diol which was not 
contaminated with small anlounts of its dehydration 
products. Satisfactory analytical data was therefore not 
obtained. 

De/~y&ation of Diol63 
A solution of the diol 14 (5.0g) in 250ml of dry 

benzene containing 50 mg of p-toluenesulfonic acid was 
refluxed ~ ~ n d e r  a Dean-Stark \\ater separator for 4 h, at 
which time the required amount of water had been 
collected. The solution was cooled, washed with dilute 
aqueous sodium bicarbonate, and dried over anhydrous 
n~agnesiun~ sulfate. Rerno~ral of the benzene gave an oil, 
mhicb, upon disti!lation gave t\r70 distinct fractions. The 
first fraction (2.0 g, 44%, b.p. 64-66' at 0.1 mm) was 
sho~vn by g.1.c. analysis (colilmn E, 135', 100) to consist 
of nearly pure cyclic ether 85. An analytical sample was 
collected by preparative g.1.c. (column F, 230', 1501, and 
exhibited nDZO 1.4747; infrared (film), i .,,,, 6.97,7..10, 9.40, 
9.57 y; n.1n.r.. T 6.25-6.80 (diffuse, 2H, -CH,-0-, 
overlapped AB of ABX system), 8.71, 8.51, 8.97 (singlets, 
9H, tertiary methyls). 

Anal. Calcd. for C l2HZ20:  C, 79.07; H, 12.15. Found: 
C, 79.19; H, 12.17. 

The second fraction (2.1 g, 46%) was 2 mixture of the 
two olefinic alcohols 16, b.p. 104-108' at 0.1 mm, nDZ0 
1.4919; infrared (film), i .,,, 3.05, 6.12, 6.98, 9.80, 10.19, 
11.28 p. 

Anal. Calcd. for CI2H2,O: C, 79.07; H, 12.15. Found: 
C, 79.17; H, 12.35. 

Preparation ofAlcof7ol17 
The hydrogenation of the mixture of the olefinic 

alcohols 16 was carried out in ethanol at room tempera- 
ture and atmospheric pressure using platinum as the 
catalyst. Fronl 1.85 g of 16 there was obtained 1.23 g 
(71 %) of pure saturated alcohol 17, b.p. 110-1 15' (bath 
temperature) at 0.15 mm, nuZo 1.4749. Infrared (film), 
1 .,,, 6.04, 6.90, 9.83 y;  n.m.r., r 6.12-6.88 (pair of quar- 
tets, ZH, -CHZOH, AB of ABX system), 9.07 (doublet, 
6H, -CH(CH3)2, J = 6.2 Hz), 9.22 (singlet, 3H, tertiary 
methyl). 

Anal. Calcd. for C12H2,O: C, 78.19; H, 13.12. Found: 
C, 78.33; H, 13.20. 

cis-1,2-Dime~hyl-I-i.~011~~tyIc~clohexaie (19) 
( a )  Froin Alcoho! 17 
A solution of alcohol 17 (1 g, 5.4 mmoles) in 5 ml of 

dry pyridine was cooled to O3 and 1.09 g (5.75 nlmoles) of 
p-toluenesulfonyl chloride was added. The solution was 
stirred at 0' for 1.5 11 and then diluted with ice-cold water. 
The mixture was extracted with ether and the ether solu- 
tion was washed with saturated aqueous sodium bicarbo- 
nate, water, saturated brine, and then dried over an- 
hydrous magnesium sulfate. Relnoval of the ether gave 
1.77 g of the crude tosylate 18 as a pale-yellow oil. The 
latter was dissolved in 32 ml of dry tetrahydrofuran and 
380 n ~ g  (10 nimoles) of lithium aluminium hydride was 
added. The mixture was refluxed, with stirring, for 22 h, 
cooled, and the excess hydride was destroyed by ca re f~~ l  
addition of ice-cold water. Ether was addcd and the 
organic layer was separated and dried over anhydrous 
magnesium sulfate. Removal of the solvents, followed by 
distillation of the residual oil, afforded 500 nig (66 %) of 
cis-1,2-dirnethyl-l-isob~itylcyclol1exane (19!, b.p. 110' at 
10 mm. An analytical sample was collected by preparative 
g.1.c. (column G, 165', 85) and exhibited nD20 1.4544. The 
n.nl.r. spectrum of this compound sho~ved signals only in 
the expected region, between T 8.0 and z 9.3. 
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Anal. Calcd. for C12H24: C, 85.63; H, 14.37. Found: singlet, IH, -0-H, D,O exchange), 8.14 (sing!et, 2H, 
C, 85.73; H, 14.41. I 1 

(b )  fionz cis-2,3-Di~ethyl-2-mefhall~.lc?;clohe,ynno~e -C-Cff-C-), 8.58, 8.65,9.06 (singlers, 9H, 3 tertiary 
i 

(71 
Hydrogenation of 202 nlg of cis-2,3-dimethy!-2-nleth- ri~ethyls), 9.13 (doublet, 3H, secondary illethyl J = 6.2 

allylcyclohexanone (7) in ethanol at room temperature Hz!. 
and atmospheric pressure, using platinum as the catalyst, Anal. Calcd. for CIZH,ZO,: C, 72.68; H, 11.18. Found: 
gave 195 mg of undistilled cis-2,3-dimethyl-2-isobutyl- C> 73.00; H, ll.OO. 

cyclohexanone, exhibited one colnponent by g.1.c. Fraction 2 and the oil of fraction 3 from the above 

(column G, 2000, 80). l-he latter was not furtiler purified, distillation were combined and subjected to careful 
but was directly subjected to a u a n g - ~ i n l o n  reduction fractional distillation through a spinning band column 
(16). ~ h ~ ~ ,  a solution of the cyclohexanone (190 mg) in (stainless steel, 8 nlm x 24 in.). The distillation was 
diethylene glycol (1.5 ml) containing 0.5 g of potassiulll carried out at a pressure of 53 nlm, and the various 
hydroxide and 0.2 ml of hydrazine 11ydrate u7as refluxed fractions were subjected to g.1.c. analysis (colunln H, 140', 
for 2 h. ~h~ reflux condensor was removed and replaced 85). The initial three fractions (5.5 g) consisted mainly of a 
by a distillation head, and the temperature of the reaction nlixture of the cyclic enol-ether 22 and water (due to  
lnixture was slowiy raised to 195" and kept at this tern- dehydration of the hemiketal21). Fraction 4 (11.1 g, b.p. 
perature for 1 h. The distillate and the cooled reaction 128') Was nearly pure enol-ether 22, fraction 7 (13.7 g, b . ~ ,  
mixture were combined, diluted with water, and thor- 143-144') was shown to be greater than 90 "/, pure ketone 
oughly extracted with ether. The cornbilled ether extracts 20, while fractions 5 and 6 (6.4 g, b.p. 128-143') consisted 
were washed wit11 dilute hydrochloric acid, \vater, saru- of a mixture of compounds 20 and 22. Fractions 8 and 9 

rated brine, and dried ovcr anhydrous magnesiun~ sulfate. (5 8, b.p. 144-147') contained ketone 20 and starting 
careful renloval of the ether afforded 176 mg (94 %) of a material 7 in a ratio of approxilllately 5:2, respectively. 
pale-yellow oil which exhibited one conlponent by g.1.c. An analjitical sample of the cyclic en01 ether 22 was 
(column G, 155", 80). An analytical sample, collected by obtained from fraction 4 by preparative g.1.c. (column B, 
preparative g.1.c. (column G, 155", 80), exhibited refrac- 200°, 110). This co~llpound was extrelnely sensitive to 
tive index, infrared and n.m.r. spectra, and g.1.c. retention moisture and, even Won exposure to the atnlOsp!lere, 
tinle idelltical \vith those of c;3-],2-di1net]1y]-1-imbutyl- readily hydrated to afford the crystalline hemiketal 21. 

cyclohexanone (19) obtained from the alcohol 17, as The pure enol-ether exhibited E D Z 0  1.4760. Ultraviolet 

described above. (cyclohexane) h,,, 200 n ~ p  (E  = 8 760); infrared (film), 
h ,,,, 5.92 y ;  n.m.r., r 5.36 (triplet, IH, olefinic H ,  J = 3.5 

Acid-cntal~~zed Zsornerizntiorz o f  cis-2,3-Di~netlzyl-2-meilz- Hz), 8.57, 8.74, 8.90 (singlets, 9H, tertiary methyls), 9.10 
allylcy.cluhexanone (7) (doublet, 3H, secondary methyl, J = 6 Hz). 

A solution of compound 7 (62 g, containing approxi- Anal. Calcd. for CI2H,,0: C, 80.01; H, 11.11. Found: 
mately 5 %of its epimer 8) in I 1 of dry benzene conraining C, 80.19; H, 11.10. 
1 g of p-toluenesulfonic acid was refiuxed under an  An analytical sample of cis-2,3-dimethyl-2-methyl- 
atmosphere of nitrogen for 3 days. The cooled solution propenylcyclohexanone (20) was obtained froin fraction 7 
was extracted twice with saturated aqueous sodium by preparative g.1.c. (column B, 200°, 110) and exhibited 
bicarbonate, then with water, and finally with saturated nDZo 1.4822. Infrared (film), h,,,, 5.85 y; n.m.r., r 4.59 
brine. After drying (anhydrous magnesium sulfate) the (multiplet, lH ,  vinyl H), 8.27, 8.57 (doublets, 6H, vinyl 
benzene was removed, yielding a yellow oil, which was methyls, J = 1.5, 1.3 Hz, respectively), 8.91 (singlet, 3H, 
shown by g.1.c. analysis (column H, 1402, 85) to consist of tertiary methyl), 9.17 (doublet, 3H, secondary methyl, 
approximately 46 % of the desired cyclohexanone 20, 12 "/, J = 7 Hz). 
of the starting material, 37% of the cyclic hemiketal 21,' Anal. Calcd. for C12Hi00: C ,  80.01; H, 11.11. Found: 
and 5 0/: of an unidentified compound. Distillation of the C, 80.08; H, 11.02. 
oil under reduced pressure (2.8 mm) gave the following 
fractions: fraction 1, b.p, 66-66.50, 7 g; fraction 2, b,p. Reactiolz of Ketone 20 with Diet12?;1 Cyanonzethylpl~os- 
66.5", 7 g;  fraction 3. b.p. 66.5-67.5', 37.5 g; fraction 4, phonate 

b.p. 67.5-68", 3.5 g. Fraction 3 contained a snlall amount A stirred suspension of sodiulll h ~ d r i d e  (9.3 g, 0.387 

of crystalline material, while fraction 4 was nearly entirely in dry dimethyl sulfoxide (200 ml) was 

crystalline. Isolation of this material, followed by recrys- heated under an atmosphere lo 75c and kept 
tallization from petroleum ether (b.p. 60-80-) gave pure at this temperature until frothing had ceased (approx- 
hemiketal 21 (3.2 g), m.p. 74-74.5". Infrared (Nujol), h,,, inlately 45 min). The was room 
2.92, 6.92, 7.28, 9.16, 9.85, 10.08 H ;  n.rn.r., 7.69 (broad temperature and a solution of diethyl cyanonlethylphos- 

phonate (72.6 g, 0.387 mole) in 125 ml of dimethyl 
sulfoxide was added. The solution was stirred for 10 min 

51t should be noted that the henliketal21 was not stable and then a solution of compound 20 (13 g, 64.2 nlmoles) 
to the high temperatures used in the g.1.c. analysis, but, in in 125 of dimethyl sL1lfoxide was added. The reaction 
fact, dehydrated to the enol-ether 22. Thus, both authentic mixture was heated at for I h, cooled, diluted with 

s h s d d u e  water, and then thoroughly extracted with petroleumether 
product under reduced pressure at a relatively low tern- @.P. 30-60"). The combined extracts were washed twice 
perature clearly showed that none of the relatively low with water, once with saturated brine, and then dried over 
boiling enol-ether was present in the initially obtained anhydrous magnesium sulfate. Removal of the solvent, 
mixture. followed by distillation of the residual oil under reduced 
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pressure yielded 12.7 g (89 %) of a pale-yellow oil, b.p. 
86-91" at 0 25 min. This material was shown, by g.1.c. 
analysis (column C, 190'; loo), to consist of a niixture of 
the a,P-unsaturated nitrile 23 and the P,y-unsaturated 
nitrile 24, in a ratio of approximately 2:1, respectively. An 
analytical sample of each of these compounds was iso- 
lated by preparative g.1.c. (column F,  2303, 120). The 
w,P-unsaturated nitrile 23 exhibited nDZO 1.5109. Ultra- 
violet, 1 ,,,, 220.5 my (E = 12 300); infrared (film), X,,, 
4.53, 6.20 y; n.m.r., r4.75 (singlet, l H ,  =CHCN), 4.82 
(unresolved multiplet, 1H, vinyl H), 8.25, 8.44 (doublets, 
6H, vinyl methyls, J = 1.4, 1.6 Hz, respectively). 8.84 
(singlet, 3H, tertiary methyl), 9.13 (doublet, 3H, secon- 
dary methyl, J = 6.5 Hd. 

Anal. Calcd. for Cl4HZ1N: C, 82.70; H, 10.41. Found: 
C, 82.85; H, 10.25. 

The B.7-unsaturated nitrile 24 exhibited izD20 1.4981. 
~nfrared ?film), ? ,,,, 4.48, 6.06 y;  n.m.r., r 4.07 (unre- 
solved mult~piet, lH ,  y-vinyl H), 4.94 (unresolved 
mu!tiplet, 1H, vinyl H), 7.01 (unresolved n~ultiplet, 2H, 
-CH2CN) 8.31, 8.40 (do~~blets,  6H, vinyl methyls, 
J = 1.5, 1.7 Hz respectively), 9.00 (singlet, 3H, tertiary 
methyl), 9.1 1 (doublet, 3H, secondary methyl). 

Anal. Calcd. for Cl4HZlN: C, 82.70; H, 10.41. Found: 
C, 82.71; H, 10.45. 

Preparation of Carboxylic Acid 25 
Potassium hydroxide (77 g) was dissolved in a mixture 

of ethanol (380 ml) and water (20 ml), and a mixture of 
the two nitriles (23 and 24) (13.2 g) was added. The solu- 
tion was refiuxed under an atmosphere of nitrogen for 
3 days and then most of the solvent was removed under 
reduced pressure. The residual inaterial was diluted with 
water and the resulting solution was washed with ether. 
The aqueous layer was acidified with 6 N hydrochloric 
acid and extracted thoroughly with ether. The combined 
extracts were washed with water, saturated brine, and 
then dried over anhydrous sodium sulfate. Removal of 
the solvent gave a viscous yellow oil which, upon distilla- 
tion under reduced pressure, yielded 12 g (82 %) of the 
P,y-unsaturated carboxylic acid 25 as a clear viscous oil, 
b.p. 130-134" at 0.25 n ~ n ~ ,  nDZ0 1.5040; infrared (CHCI,), 
?,,,, 2.94.2  (broad), 5.88 y; n.m.r., z 4.35 (poorly re- 
solved triplet, lH,  y-vinyl H), 4.93 (unresolved multiplet, 
l H ,  vinyl H), 7.07 (unresolved multiplet, 2H,-CH,C- 
OOH), 8.32, 8.38 (doublets, 6H, vinyl methyls, J = 1.5, 
1.3 Hz, respectively), 8.99 (singlet, 3H, tertiary methyl), 
9.11 (doublet, 3H, secondary methyl, J = 6.5 Hz). 

Anal. Calcd. for C14H2202: C, 75.63; H, 9.97. Found: 
C ,  75.61 ; H, 10.00. 

( t )-Aristoloize (I) and (k )-6,7-Epi-aristolone (28)  
The e,y-unsaturated carboxylic acid 25 (5.0 g, 22.4 

mmoies) was dissolved in aqueous sodium hydroxide 
(25.0 mmoles), the water was evaporated under reduced 
pressure, and the residue was dried in a vacuum oven at 
70". A stirred suspension of the resulting dry sodium salt 
in 140 n ~ l  of dry benzene containing 0.5 111! of pyridine 
was cooled to 0' and 56 g (0.44 mole) of oxalyl chloride 
was added. The reaction mixture was stirred at 0' for 
15 min, filtered, and evaporated under reduced pressure 
(vacuum pump). The solution was kept at 0" during this 
process. The crude acid chloride 26 [infrared (film), h,,,, 
5.62 y;  n.m.r., very similar to that of the carboxylic acid] 

thus obtained was taken up in 250 1111 of dry ether and the 
resulting solution was added to excess alcohol free 
ethereal diazomethane which had been dried over 
potassiunl hydroxide. The solution w-as stirred for 15 min 
and evaporated under reduced pressure affording the 
crude diazoketone 27. Infrared (film), h,,, 4.79, 6.15 p. 
The crude diazoketone 27 \+as dissolved in 600 ml of 
cyclol-iexane and cupric sulfate (15 g) was added. The 
resulting suspension was refluxed, with stirring, until the 
infrared absorption at 4.79 y had disappeared (approxi- 
mately 4 h). The cooled mixture was filtered and the 
filtrate was washed nith saturated aqueous sodium 
bicarbonate, water, saturated brine, and then dried over 
anhydrous sodium sulfate. Removal of the solvent, 
followed by distillation of the residual material under 
reduced pressure, yielded 3.5 g (approximately 70%, 
based on the acid 25) of a clear oil, b.p. 100-110" (bath 
temperature) at 0.1 mm. This material was shown by g.1.c. 
analysis (colunm G, 220', 110) to consist of approximately 
42 % of ( + )-aristolone (I), 20 % of (+ )-6,7-epi-aristolone 
(28) and a number of minor unidentified components. 
This mixture was partially purified by preparative thin- 
layer chromatography. Neutral alumina plates (20 x 60 
cm, 0.5 mm thick) were used, with 3:2 n-hexane - ether 
being enlployed as developing solvent. Approximately 
150 mg of the distilled material was applied per plate and 
the appropriate band of each plate, containing (+)- 
aristolone (1) and its isomer 28, was eluted with ether. 
Fro111 3.5 g of distilled material there was thus obtained 
2.1 g of a clear oil which consisted inainly of (f)-aristo- 
lone (1) and its isomer 28, in a ratio of approximately 
2.4:1, respectively. Final purification was effected by 
preparative g.1.c. (column I, 240", 110). Crystalliile ( f  )- 
aristolone (I), thus obtained was recrystallized from 
petroleum ether (b.p. 60-8OZ), and exhibited n1.p. 62-63". 
Ultraviolet, ?.,,, 236 mp ( E  = 10 300); infrared (CHCI,), 
h,,, 6.09 p; n.in.r., r 4.28 (unresolved multiplet, 1H, 
-C9H,  width at half-height = 3.5 Hz), 8.28 (pair of 
doublets, lH ,  -C7H, J = 8 and 1.2 Hz), 8.61 (doublet, 
1H; -C6H, J = 8Hz), 8.74, 8.80, 8.81 (singlets, 9H, 
tertiary methyls), 8.93 (doublet, 3H, secondan methyl, 
J = 6.5 Hz). This materiai was found to be identical 
(in.?., nixed m.p., infrared, n.m.r., g.1.c. retention time) 
with authentic (+)-aristolone, prepared by recrystallizing, 
froin petroleum ether (b.p. 60-8O0), a 1:l mixture of 
(-)-aristolone and a-ferulone [(+ )-aristolone] (23). 

Mol. Wt. Calcd. for C,,Hz,O: 218.167. Found (high 
resolution mass spectrometry): 218.166. 

Pure (+I-6,7-epi-aristolone (28) was obtained as a 
colorless oil. Ultraviolet, k,,,,, 233 (E = 10 000); infrared 
(CHCI,), 7. ,,,, 6.08 H; n.in.r., r 4.24 (unresolved multiplet, 
IH,  --C9H, width at half-height = 2.5 Hz), 8.38 (pair of 
doublets, lH,  -C7H, J = 8 and 1.1 Hz), 8.45 (doublet, 
lH ,  -C6H, J = 8 Hz), 8.80, 8.81, 8.84 (singlets, 9H, 
tertiary n~etl~yls), 9.02 (doublet, 3H, secondary methyl, 
J = 6.0 Hz). 

Mol. Wt. Calcd. for Cl,Hz,O: 218.167. Found (high 
resolution mass spectrometry) : 218.167. 
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