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The total synthesis of (f-)-4-demethylaristolone (14) and its epimer, (2)-5-epi-4-demethylaristolone 
(15) is described. The key step of this synthesis involves the intramolecular cyclization of the olefinic 
diazoketone 12, which produces the two epimers, 14 and 15, in a ratio of approximately 2:1, respec- 
tively. The stereochemistry of the two epimers is unambiguously determined. It is observed that the 
lithium-ammonia reduction of 14 gives a dihydro derivative 16 containing trans-fused six-membered 
rings, while, interestingly, a similar reduction of 15 affords the corresponding cis-fused decalone 
system 26. 
Canadian Journal of Chemistry, 47.4299 (1969) 

Very recently, we reported (1) the total syn- 
thesis of the racemic form of the sesquiterpenoid 
aristolone (1) (2-4). This synthesis, in which the 
key step involved the cupric sulfate catalyzed 
intramolecular cyclization-of the diazoketone 2, 
was based on a model study involving the prepa- 
ration of (*)-4-demethylaristolone. The model 
study, which has already been reported in pre- 
liminary form (5), was undertaken primarily with 
the aim of determining whether or not the crucial 
cyclization of the type 2 --> 1 would take place. 
That is, in order to initially avoid some of the 
stereochemical problems involved in the syn- 
thesis of aristolone itself, we first decided to pre- 
pare a diazoketone of the type 3. Successful 
intramolecular cvclization of the latter would 
then eventually lead to aristolone-type com- 
pounds lacking the C-4 secondary methyl group. 
We r e ~ o r t  here the details of this model studv 
which, in addition to demonstrating the feasibil- 
ity of the proposed synthetic approach, also 
produced some interesting results regarding the 
lithium-ammonia reduction of the final products, 
(_+ )-4-demethylaristolone and (&)-5-epi-4-de- 
methylaristolone. 

Alkylation of 2-methyl-6-n-butylthiomethyl- 
enecyclohexanone (4) (6) with methallyl chloride 
in t-butyl alcohol in the presence of potassium 
t-butoxide gave, after removal (6) of the 11-butyl- 

thiomethylene blocking group from the product 
5, a 56% overall yield of 2-methyl-2-methallyl- 
cyclohexanone (6). Conversion of the latter into 
the desired 2-methyl-2-methylpropenylcyclohex- 
anone (7) required isomerization of the olefinic 
double bond from the terminal position to the 
more highly substituted internal position. Al- 
though a number of different methods were 
attempted in order to carry out this transforma- 
tion, it was eventually found that simple acid 
catalyzed isomerization was the most convenient. 
Thus, treatment of the methallyl compound 6 
with p-toluenesulfonic acid in refluxing benzene 
for 3 days produced, in 77 % yield, a mixture of 
compounds which, by gas-liquid chromato- 
graphic analysis, was shown to consist of ap- 
proximately 80 % of the desired isomerized 
ketone 7, 17 % of the starting material 6 ,  and 3 % 
of an unidentified component. Careful fractiona- 
tion of this mixture through a spinning band 
column allowed the isolation of nearly pure 
desired ketone 7. The fact that simple double 
bond isomerization had taken place was shown 
clearly by the nuclear magnetic resonance (n.m.r.) 
spectra ofcompounds 6 and7. Thus, although the 
starting material 6 exhibited signals for two 
olefinic protons (r 5.18 and 5.33) and one vinyl 
methyl group (r 8.33), the product 7 showed sig- 
nals for one olefinic proton (r 4.74) and two vinyl 
methyl groups (r 8.3 1 and 8.57). 

In order to obtain, from ketone 7, the diazo- 
ketone required to test the feasibility of the pro- 
posed intramolecular cyclization, the reaction of 
7 with the modified Wittig reagent, triethyl 
phosphonoacetate (7), was attempted. This reac- 
tion proved very sluggish and even when high 
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reaction temperatures were used, none of the 
desired product could be isolated. However, use 
of the sterically less demanding reagent, diethyl 
cyanomethylphosphonate (7), proved successfi~l. 
Thus, reaction of the cyclohexanone 7 with this 
reagent in the presence of methylsulfinyl car- 
banion in dimethyl sulfoxide (8) a t  100' for 15 h 
gave, in 95% yield, a mixture of the u,P-u~isatur- 
ated nitrile 8 and the P,y-unsaturated nitrile 9, in 
a ratio of approximately 4:1, respectively. An 
analytical sample of the major compoulid (8) was 
obtained by preparative gas-liquid chroinatog- 
raphy (g.1.c.) and gave spectral data in complete 
accord with the assigned structure. Furthermore, 
the n.m.r. spectrum of the mixture clearly showed 
that the other component of the mixture was 
indeed the P,y-unsaturated isomer 9. 

Hydrolysis of the mixture of nitriles with 
potassii~m hydroxide in ethanol produced, in 
good yield, the P,y-unsaturated carboxylic acid 
10. The fact that the double bond had now com- 
pletely isoinerized into the P,y-position was 
clearly shown by the spectral data. The acid 10 
exhibited no strong absorption in the ultraviolet 
(u.v.) spectrum and, in the n.m.r. spectrum, 
exhibited, in addition to the expected signals due 
to the angular methyl group and the metliylpro- 
penyl side chain, a two-proton mnltiplet at  
T 7.09 (-CH2COOH) and a one-proton triplet at  
T 4.38 due to  the y-vinyl hydrogen. Altliough it is 
well known that equilibration of a,P- and P,y- 
unsaturated carboxylic acids occurs in the pres- 
ence of base (9), it is of interest to note that in the 
present case the equilibrium lies coinpletely on 
the side of the P,y-unsaturated isomer. One of 

the major factors contributing to this phenom- 
enon may well be the A(193'  strain (10) which 
would be associated with the exocyclic double 
bond in the u,P-unsaturated i s o i n e r . ~ ~ r e s u m a b l ~  
this is more severe than the strain (lo) which 
is inherently present in the P,y-unsaturated com- 
pound. 

Treatment of the sodium salt of the carboxylic 
acid 10 with oxalyl chloride in benzene at  room 
temperature gave the acid chloride 11. The latter 
was quite unstable and readily cyclized to the 
cross-conjugated dienone 13. In fact, when the 
acid chloride was allowed to  stand at room teni- 
perature, or if it was gently warmed, a nearly 
quantitative yield of the dienone 13 was obtained. 
Therefore, even though special precautions were 
taken during the isolatioi~ of the crude acid 
chloride and even though the latter was reacted 
immediately with excess diazomethane, the re- 
sulting crude diazoketoiie 12 contailled a con- 
siderable quantity of the bicyclic dienone 13. 
Since no separatioii was affected a t  this stage, 
compound 13 was eventually isolated along with 
the demethylaristolones (uide irfrn). It  is impor- 
tant to note that lhe n.1n.r. spectrum of the crude 
diazoketone clearly showed that the olefinic 
double bond of this conlpound had remained in 
the P,y-position with respect to the carbonyl 
group. 

When the crude diazoketone 12 was heated 
with cupric sulfate in refluxing cyclohexane (1 1) 
for 2 h, a mixture of products was obtained. 
Analysis of the ~nixture by g.1.c. showed that it 
contained, in addition to a number of minor 
components, three major products, the cross- 
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conjugated dienone 13, (5)-4-demethylaristolone 
(14), and (+)-5-epi-4-demethylaristolone (15), in 
a ratio of approximately 2 :2 : 1, respectively. 
Treatment of this mixture with sodium hydroxide 
in hot aqueous ethanol for 10 min removed the 
minor components and gave a neutral product 
containing only the three compounds 13, 14, and 
15. Purification of this latter mixture by means of 
successive column chromatography on alumina 
and preparative g.1.c. allowed the isolation of all 
three components. The fact that the crucial 
cyclization had indeed taken place was clearly 
shown by the spectral data of the two cyclization 
products 14 and 15. The major cyclization prod- 
uct, (+)-4-demethylaristolone (14), gave an U.V. 
maximum at 235 mp and a strong carbonyl 
absorption at 6.10 p in the infrared (i.r.). The 
n.m.r. spectrum, which was particularly instruc- 
tive, exhibited a broad singlet at T 4.32, due to the 
olefinic proton, and three sharp singlets at  T 8.70, 
8.77, and 8.83 due to the three tertiary methyl 
groups. The minor cyclization product (f )-5- 
epi-4-demethylaristolone (15) was shown to be 
isomeric with 14 by means of a high resolution 
mass spectrometric measurement and gave spec- 
tral data very similar to that of compound 14. 

Having clearly shown that the initially pro- 
posed intramolecular cyclization of a diazoketone 
of the type 3 was a feasible process, we wished to 
unequivocally determine the stereochemistry of 
the two cyclization products, 14 and 15. In order 
to accomplish this objective, we planned to con- 
vert the demethylaristolones into relatively simple 
decalone derivatives which, hopefully, could then 
be synthesized unambiguously. 

Lithium-ammonia reduction of ( + )-4-demeth- 
ylaristolone (14) gave, in quantitative yield, 
(2)-9,lO-dihydro-4-demethylaristolone (16). The 
fact that only the olefinic double bond had re- 
duced and that the gern dimethylcyclopropyl 
moiety had been retained was clearly shown by 
the spectral data of the product 16. The latter 
gave an u.v. absorption maximum at 212.5 mp 
(see reference 12) and, in the n.m.r. spectrum, 
showed three sharp singlets due to  the tertiary 
methyl groups, but gave no signal due to a vinyl 
proton. When compound 16 was again subjected 
to reduction with lithium in ammonia, the ex- 
pected (1 3) substituted decalone 17 was obtained, 
again in virtually quantitative yield. 

An unambiguous synthesis of the decalone 17 
and subsequent correlation with the above reduc- 

tion product would, of course, provide unequivo- 
cal proof for the stereochemistry of (+)-4- 
demethylaristolone (14). This synthesis was car- 
ried out as follows. Dehydrobromination of the 
known bromo ketone 18 (14) with a mixture of 
lithium bromide and lithium carbonate in hot 
dimethylformamide (15) afforded, in 90% yield, 
the octalone 19 (1 6). When the latter was reacted 
with isopropenylmagnesium bromide in the pres- 
ence of cuprous chloride in tetrahydrofuran 
(17, IS), a mixture of products was obtained. 
Column chromatography of this mixture gave, 
in addition to a number of minor uncharacterized 
non-ketonic materials (presumably resulting 
from 1,2-addition of the Grignard reagent to the 
carbonyl of 19), a 50% yield of the conjugate 
addition ~ r o d u c t  20. It  is noteworthv that the 
conjugate addition reaction was completely 
stereoselective, since a careful examination of the 
crude product of the reaction revealed that only 
one of the two possible epimeric 1,4-addition 
products was formed. Hydrogenation of the 
olefinic ketone 20 over Adams catalyst produced 
the decalone 17, which was shown to be identical 
(m.p., mixed m.p., i.r.) with the decalone 17 
obtained from the lithium-ammonia reduction of 
(5)-9,lO-dihydro-4-demethylaristolone (16). 

The stereochemical outcome of the above con- 
jugate addition reaction requires comment. I t  has 
been proposed (19) that the conjugate introduc- 
tion of a Grignard reagent to  octalones of the 
type 19 must, for stereoelectronic reasons, take 
place via one (or both) of the two transition states 
A and B. Molecular models show that if stereo- 
electronic control is to be maintained in the boat- 
like transition state B, then the incoming Gri- 
gnard reagent must approach the molecule in 
such a way that it is nearly eclipsed with the 
angular methyl group. The resulting torsional 
strain (20, 21) should override the steric hindrance 
(between the incoming isopropenyl group and the 
syiz-axial hydrogens) present in transition state 
A and should ensure that the latter is favored ovcr 
transition state B. Therefore, we fully expected 
that the cuprous chloride catalyzed 1,4-addition 
of isopropenylmagnesium bromide to  octalone 
19 would be highly stereoselective and, further- 
more, predicted that the product should possess 
the stereochemistry depicted in 20. 

That the above prediction regarding the stereo- 
chemistry of 20 was correct was shown unam- 
biguously as follows. Ketalization of 20 with 
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ethylene glycol afforded the crystalline ketal 21, 
in 8 8 m i e l d .  Ozonolysis of this material, fol- 
lowed by column chromatography of the crude 
product, gave, in addition to the diketone 22, the 
desired keto ketal 23. The latter, upon reaction 
with methylenetriphenylphosphorane in dilnethyl 
sulfoxide (8), gave a high yield of the olefinic ketal 
24 which, on the basis of m.p., gas-liquid 
chromatographic rctcntion time, and spectral 
data, was clearly different from, and therefore 
epimeric with, the olefinic ketal 21. Successive 
hydrolysis and hydrogenation of compound 24 
produced the decalone 25 which again was 
different from the decalone 17 obtained previ- 
ously. 

Obviously, the overall epimerization involved 
in the conversion of 21 into 24 required that the 
isopropenyl group was axial in the starting ina- 
terial 21, and equatorial in the product 24. The 
above stereochemical prediction was therefore 
correct and the stereochemistry of 20 was corn- 
pletely defined. This, in turn, unanlbig~~ously 
established the stereochemistry of (+_)-4-de- 
methylaristolone (14). 

The lithium-ammonia reduction of (+)-5-epi- 
4-demethylaristolone (15) was also carried out. 
As in the case of the epimeric (i-)-4-demethyl- 
aristolone (14), reduction of 15 was completely 
stereoselective and cleanly produced, in high 
yield, only one dihydro derivative (26). Lithium- 

ammonia reduction of the latter afforded the 
substituted decalone 27. Somewhat surprisingly, 
this decalone proved to be different from decalone 
25, the structure of which was unambiguously 
defined. This observation could only lead to the 
interesting conclusion that the lithium-ammonia 
reduction of (f )-5-epi-4-demethylaristolone (15) 
had produced a dihydro derivative with cis-fused 
six-membered rings. In contrast to the normal 
stereochemical outcoine of reductions of this 
type (10, 22, 23) this is, to our knowledge, the 
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first recorded example of a lithium-aliirnonia 
reduction of a substituted A'("-octal-2-one which 
stereoselectively gave the correspolidilig cis-fused 
decalone derivative. 

Experimental 
Cer~ercil' 

Mclting points, which wcrc detcrmincd on a Kofler 
block, and boiling points arc ~~ncorrcc tcd .  Ultraviolct 
spcctra wcrc ~iicas~lrcd in ~iietlianol solution on eithcr a 
Cary, modcl 14, or  a Unicani, niodcl SP.800, spectro- 
photomctcr. Routine i.r. spectra wcre recorded on a 
Pcrkin-Elmcr Infracord modcl 137 spectrophotomctcr, 
\vIiilc all comparison spectra wcre rccordcd on a Pcrkin- 
Elnicr modcl 421 spcctropliotomcter. Nuclear magnctic 
rcsonancc spcctra were takcn in dcutcrochloroform solu- 
tion on Varian Associates spectronieters, model A-60 
and/or niodcl HA-100. Signal positions are givcn in thc 
Ticrs r scalc, with tctramctliylsilanc as an internal 
standard; tlic m~~ltiplicity, intcgratcd peak areas, and 
proton assignments arc indicatcd in parentlicscs. High 
rcso l~~t ion  ~iiass spectra W C ~ C  recordcd on an AEI, type 
MS9, mass spcctromcter. Gas-liquid chromatography 
was carricd out on an Acrograph Autoprcp, modcl 700. 
The following columns (10 ft x 114 in., ~inlcss othcrwisc 
statcd) wcrc cmploycd, with thc inert, supporting niatcrial 
being 60180 nicsh Chromosorb W in cach casc: Column 
A, 20% FFAP;  Column B, 15% QF-1; Column C ,  20% 
Apiezon J., Col~lnin D ,  10% Apiezon J ;  Coli~nin E 
( I 0  ft x 318 in.), 30% FFAP;  Col~lnin F ( l 0  ft x 318 in.), 
30%, Carbowax 20 M ;  Col~lrnn G (10 ft x 318 in.), 30% 
SE 30; Col~irnn H, 20j', SE-30; Column I ( I0  ft x 318 
in.), 30% Apiczon J. Thc spccifc column uscd, along 
witli tlic colilrnn tcmpcratLlrc and carricr gas ( h c l i ~ ~ m )  
flow-ratc (in nil/min), arc indicatcd in parcntlicscs. 
M icroanalyses wcrc perfornicd by Mr. P. Borda, Micro- 
analytical Laboratory, University of British Columbia, 
Vanco~lver. 

Thc proccdurc cniploycd for isolation of rcaction 
p r o d ~ ~ c t s  consistcd of t l ioro~~gli  cxtraction witli tlic spcci- 
ficd solvcnt, washing tlic conibincd cxtracts first witli 
watcr, thcn witli saturatcd brine, and drying ovcr cithcr 
anliydrous magncsium sulfatc or  sodium sulfatc. The 
solvcnt was rcniovcd from tlic fltcrcd cxtracts by means 
of a rotary evaporator, under rcduccd prcssurc. 

~-l~~~~/1}~/-~-f11e1/1fl//~~/-6-11-i~111}~/l/~io111c~l/1)~/@11e- 
c~~c. /o /~esc~rro~~e  (5) 

T o  a stirrcd sol~ltion of potassi~~m-I-butoxidc (140g, 
1.23 niolcs) in 1200 rnl of dry I-butyl alcohol was addcd 
77 g (0.363 niolc) of 2-methyl-6-11-b~~tylthiomcthylcnccy- 
clolicxanonc (4) (6) and tlic rcsulting solution was stirrcd 
a t  room tcmpcratLlrc for 10 min and thcn coolcd to 0 . 
Frcshly distillcd metliallyl cliloridc (174 g, 1.92 molcs) 
was added and tlic rcaction mixtlirc was rcfluxcd under 
an atmosplicrc of dry nitrogcn for 2 11. Aftcr most of thc 
solvcnt had bccn rcnioved ~ lndc r  rcduccd prcssurc, tlic 
residue was dil~rtcd with watcr and tlic product was 
isolatcd with cthcr. Distillation ~ lndcr  rcduccd prcssure 
affordcd 78 g (70%) of thc alkylatcd kctonc 5, b.p. 

'This gcneral scction is applicablc to both thc prcsent 
paper and the succeeding paper (24). 

101-103" at 0.08 m m ;  rr,'' 1.4965; L I . ~ .  ?,,,,, 280 n ip  
(E = 12 100); i.r. (film), h ,,,,, 5.98, 6.31, 10.92 u. 

Anal. Calcd. for C, ,H,20S: C,  72.12; H, 9.84; S, 
12.03. Found: C,  72.07; H. 9..77; S, 11.94. 

2-Mel/ry/-2-1?1e1/1~//}~/cj~c/o/1e~~n11or1e (6) 
A stirrcd solution of compound 5 (65.8 g, 0.25 molc) 

in 150 ml of 25% aqueous potassium liydroxidc and 150 
ml of ctliylcnc glycol was rcfluxed, under an atmosphere 
of nitrogen, for I8 h. Tlic rcaction mixtilrc was stcam 
distillcd until thc distillatc was clcar. Tlic distillate was 
saturatcd with salt and the p r o d ~ ~ c t  was extracted with 
cthcr. Distillation of the c r i~dc  oil gavc 33.3 g (801j/,) of 
thc dcsired ketone 6, b.p. 54-58 ' at  0.6 mni; 1 1 , ~ ~  1.4772; 
i.r. (film), ?, ,,,;,, 5.86, 6.10, l l . I 6 ~ . 1 ;  n.m.r., r 5.18, 5.33 
(two m~lltiplcts, 2H, =CH2) ,  8.33 (broad singlct, 3H,  
vinyl ~iicthyl), 8.92 (singlet, 3H, tcrtiary mcthyl). 

Anal. Calcd. for C l l H l n O :  C, 79.47; H, 10.91. Found: 
C, 79.67; H, 10.79. 

~ - ~ L ~ ~ ~ ~ I J ~ ~ - ~ - ~ I I ~ ~ / I J ~ / ~ I ~ ~ ~ ~ I I ~ ~ / ~ ~ ~ C / ~ / I ~ Y I I J I I  (7) 
A solution of the kctonc 6 (36 g) and p-tolucnesulfonic 

acid (460 mg) in 700 ml of dry bcnzcnc was rc l l~~xcd ~ lndc r  
nitrogcn for 3 days. Tlic solution was coolcd, washed 
with saturatcd aqueous sodium bicarbonatc, waslicd with 
saturatcd brine, and tlic p r o d ~ ~ c t  was isolatcd in the 
normal manncr. Distillation of thc crudc product gave 
27.7 g (77%) of a clcar oil, b.p. 59-62" at 0.8 mni. Gas- 
liquid chroniatographic analysis (column A, 170", 75) 
of this niatcrial indicatcd that it was a l i i ixt~~rc,  consisting 
of approximately 80% of the dcsircd kctone 7, 17% 
starting matcrial 6, and 3 % of an ~~nidcntificd compound. 
This 17iixt~lrc was subjcctcd to fractional distillation 
t l i ro~~gl i  a spinning band column (stainlcss stccl, 8 mni x 
24 in.). Tlic distillation was carried out at a prcss~lrc o f  
28 mni, and cach fraction was subniittcd to gas-liquid 
chro~iiatogral~liic analysis (column A, 170", 75). The  
initial, small fractions ( 1  and 2), b.11. 105-1 12", consistcd 
mainly of tlic unidcntificd impurity. Fractions 3, 4, and 
5 (15.1 g, b.p. 112-1 16') contained tlic dcsircd kctonc 7, 
grcatcr than 07% ~ L I T C .  Fraction 6 (3.3 g, b.p. 116-1 18") 
containcd approximatciy 80% of tlic dcsircd product 7,  
and 20% starting niatcrial 6. Tlic still-pot r c s i d ~ ~ c  (6.4 g) 
consistcd of a ~ i i i x t ~ ~ r c  of compo~lnds 6 (85%) and 7 
(15%). An analytical samplc of 2-mcthyl-2-mcthylpro- 
pcnylcyclohcxanonc (7) was collcctcd by preparative g.1.c. 
(col~lriin A, 170 ,  75) and cxliibitcd I I ~ "  1.4767; i.r. (film), 
5.88 p ;  n.ni.r., r 4.74 ( m ~ ~ l t i l ~ l c t ,  IH,  vinyl H), 8.31, 8.57 
(doublets, 6H, vinyl mctliyls, J = 1.5, 1.2 Hz, rcspec- 
tivcly), 8.91 (singlct, 3H, tcrtiary mcthyl). 

Anal. Calcd. for C 1 , H , n O :  C,  79.47; H, 10.91. Found: 
C, 79.56; H, 11.10. 

Rec~c~iorr of' Kelorrc. 7 I I ,~I / I  Diellr~.l 
~ ~ ~ ~ f l O l ? l ~ ~ l / l ~ / ~ / l O . ~ ~ ~ l O l l ~ l l ~ ~  

A stirrcd s~lspcnsion of sodium liydridc (10.9 g, 0.454 
niolc) in dry dimcthyl sulfoxidc (220 ml) was slowly 
hcatcd, ~~nc l c r  an atniospherc of nitrogcn, to 75" and kcpt 
at this tcnipcratilrc until frothing had ccascd (approxi- 
matcly 45 niin). Tlic solution was coolcd to roolii tcnl- 
pcraturc and a solution of dictliyl cyanomcthylphos- 
phonate (80.5 g, 0.455 molc) in 150 nil of diniethyl 
sulfoxidc was addcd. After stirring the rcaction niixt~lre 
for 10 niin, a solution of kctonc 7 (15.1 g. 0.091 mole) 
in 40 ml of dinicthyl s~llfoxidc was added. Thc rcaction 
was hcatcd at 100" overnight, cooled, diluted with water, 
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and the P I - O ~ L I C ~  was isolated with petroleunl ether (b.p. 
30-60"). Distillation of the crude product gave 16.3 g 
(95%) of a clear oil, b.p. 84-87" at 0.15 mm. Analysis by 
g.1.c. (colunln B, 200°, 100) showed that this material 
was a mixture, containing approxin~ately 80% of the 
cc,fl-unsaturated nitrilc 8 and 20% of the P,y-unsaturated 
nitrile 9. An analytical sample of the major product was 
obtained by preparative g.1.c. (colun~n B, 170", 100) and 
exhibited rlDZ0 1.5069; u.v., 219 mp (E = 10 900); i.r, 
(film), 4.55, 6.20 p; n.nl.r. T 4.75 (singlet, IH, =CHCN), 
4.81 (ni~~ltiplet, IH, vinyl H), 8.28, 8.49 (doublets, 6H, 
vinyl methyls, J = 1.4, 1.3 Hz, respectively), 8.80 (singlet, 
3H, tertiary methyl). 

Mol. Wt. Calcd. for C,,H19N: 189.152. Found (high 
resolution mass spectrometry): 189.150. 

Although tllc minor product 9 was not isolated in pure 
form, the n.m.r. spectrum of the mixture of 8 and 9 
clearly showed that the minor constituent was indeed the 
P,y-unsaturated nitrile 9. The mixture also gave satis- 
factory analytical data. 

Anal. Calcd. for Cl,H19N : C, 82.48; H, 10.1 3. Found: 
C, 82.25; H, 10.35. 

Prepornrior~ of C(1rbosy1ic Acid 10 
To a solution of potassium hydroxide (75 g) in 390 1111 

of 95 % ethanol was added 15.1 g (0.08 mole) of the mix- 
ture of nitriles 8 and 9. The solution was relluxcd under 
an atmosphere of nitrogcn for 3 days. Most of the solvent 
was rcmoved under reduced pressure, and the residue 
was diluted with water. The niixture was washed with 
ether and then acidified wilh dilute hydrochloric acid. 
Thc product was isolated in the normal manner wilh 
ether. Distillation of the crude product gavc 10.9 g (65 %,) 
of the a,y-unsaturated carboxylic acid 10, b.p. 1 18-122" 
at 0.05n1111; 1 1 , ~ ~  1.5035; i.r. (CHCI,), ?, ,,,,, 2.9-4.1 
(broad), 5.85 p; n.ln.r., r 4.38 (triplet, IH, y-vinyl H), 
4.95 (multiplct, IH, vinyl H), 7.09 (m~~ltiplct, 2H, 
-CH2COOH), 8.36, 8.40 (doublets, 61-1, vinyl methyls, 
J = 1.5, 1.2 Hz, respectivcly), 8.87 (singlet, 3H, tertiary 
methyl). 

Anal. Calcd. for C13H2'02: C, 74.96; H, 9.68. Found: 
C, 74.80; H, 9.91. 

Dienorre 1 3 ,  ( t ) -3-  Der~rerlrylori~rolotre ( I d ) ,  nrrri 
(+_)-5-Epi-4-(/ele,rre1/1j~/~iri.sIo/a,,e (1.5) 

The a,y-unsaturated carboxylic acid 10 (4.0 g, 20.6 
mn~oles) was dissolved in 0.1 N aqueous sodium hy- 
droxidc (22.6 m~noles), the watcr was rcrnovcd ~lndcr 
reduced pressure, and the residue was dricd in a vacuum 
oven at 70". To a stirrcd suspcnsion of the resulting acid 
salt in 80 ml of cold (Oi), dry bcnzene was added 6 drops 
of pyridine, followed by 28 rnl of oxalyl chloride. The 
solution was stirred at room temperature for 30 min, 
filtered, and conccntrated, under reduced prcssurc, at 
40". The crude acid chloride 11 [i.r. (film), h,,;,, 5.60 LI] 
thus obtained was immediately dissolved in 40 mi of dry 
ether and an excess of dry, alcohol-free ethercal diazo- 
methane was added. Aftcr 30 niin the solvcnt was re- 
moved under reduced pressure, an'ording thc crude 
diazoketone 12. Thc i.r. (film) spectrum showcd ?,,,,,, 4.80, 
6.16 p. The n.m.r. spectrum of this crude material indi- 
cated that the olefinic d o ~ ~ b l e  bond had reniaincd in thc 
?,y-position relativc to thc carbonyl group. F~~rthcrmorc,  
it was clear from thc spectrum that thc crudc material 

contained a significant amount of the cross-conjugated 
dienone 13. 

The crudc diazoketone was dissolved in 400 ml of 
cyclohexane and 8 g of anhydrous cupric s ~ ~ l f a t e  was 
added. The resulting suspension was stirred vigorously 
and refluxed under an atmosphere of nitrogen for 2 h,  at  
which time thc i.r. absorption at 4.80 p had disappeared. 
The s~~spcnsion was cooled, filtered, washed with satur- 
ated aqueous sodiuni bicarbonate and with saturated 
brine, dried, and concentrated. Gas-liquid chromato- 
graphic analysis (column C, 200°, 85) of the res~~l t ing 
crude product (3.77 g) showed that it contained, in 
addition to a number of minor components of short 
retention time, three major components, 13, 14, and 15, 
in a ratio of 2:2:1, respectively. The crude prod~lct was 
refluxed for 10 min in a mixt~lre of ethanol (280 n11) and 
water (25 1111) containing I0 g o f  sodium hydroxide. The 
solution was concentrated undcr reduced pi-essure, the 
residue was diluted with water, and the n e ~ ~ t r a l  product 
was isolated with ether. Analysis of this crude product 
(2.32 g) by g.1.c. showed that all the minor components 
had been removed by this treatment, leaving only a 
mixture of the three major colnponents 13, 14, and 15. 
After partial separation of these compo~~nds  had been 
etrected by colunin chromatography on Woelm neutral 
alumina, activity 1, an analytical sample of each com- 
pound was obtained by preparative g.1.c. (column C, 
200°, 85). 

The cross-conjugated dienone 13, an oil, exhibited 
rru2' 1.5408; 11.v. h ,,,, 255 n ~ p  (E = 17 200); i.r. (CHCI,), 
A. ,,,, 5.98, 6.18 p ;  n.m.r., r 4.13 (broad singlet, lH, vinyl 
H, width at half-height = 2 Hz), 7.68, 8.06 (singlets, 6H, 
vinyl methyls), 8.66 (singlct, 3H, tertiary nlethyl). 

Anal. Calcd. for C13H180: C, 82.05; H, 9.54. Found: 
C, 81.94; H, 9.72. 

This compound could also be prcparcd by allowing 
the acid chloride 11 to stand at room tcmperatilre for 
24 11, followed by distillation, b.p. 75" (bath temperature) 
at 0.2 mm. This product was identical with 13, described 
above. 

(+_)-4-Demethylaristolone (14), an oil, exhibited the 
following spectral properties: L I . ~ . ,  I,,,,, 235 nip (E = 
11 600); i.r. (CHCI,), ? .,,,, 6.10 11; n.m.r., r 4.32 (broad 
singlct, IH, vinyl H), 8.70, 8.77, 8.83 (singlets, 9H, 
tcrtiary mcthyls). 

Mol. Wt. Calcd. for C,,HZoO: 204.151. Found (high 
resolution mass spectrometry) : 204.151. 

The crystalline (+_)-5-epi-4-demctl~ylaristolone (15) 
was recrystallized from petrolc~ln~ ethcr (b.p. 60-80') and 
cxhibitcd m.p. 86.5-87.5,; U.V. h ,,,;,, 232 111~1 ( E  = 11 700); 
i.r. (CHCI,), h ,,,:,, 6.1 1 LI; n.m.r. r 4.28 (singlct, IH, vinyl 
H), 8.62, 8.65, 8.70 (singlets, 9H, tcrtiary methyls). 

Mol. Wt. Calcd. for C1,H2,0: 204.151. Found (high 
resol~~tion mass spectrometry) : 204.150. 

Prep~rolior~ of Octcrlor~e 19 
A stirred suspcnsion of lithium bromide (1.1 g) and 

lithium carbonatc f l .6g)  in 30ml of dry dimethyl- 
for~namidc was heatcd, under an atmosphere of nitrogen, 
to 120'. A solution of thc b ro~no  ketone 18 (14) (1.5 g, 
6.1 mnioles) in 30 ml of dry dimethylfor~l~an~ide was 
added and the ~nixturc was heated at 120" for 1.75 h. The 
reaction mixturc was cooled, filtered, diluted with water, 
and the product was isolated with rr-heptane. Distillation 
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of the crude product gave 0.91 g (90%) of octalone 19  
as a clear, colorless oil, b.p. 100" at 0.35 mm; nD20 1.5088 
(lit. b.p. 69" at  0.1 mm; 1.5006 (16)). Gas-liquid 
chromatographic analysis (column D, 200°, 85) of this 
material showed that it consisted of only one component; 
U.V. k,,, 229 mp  (E = 9200); i.r. (film), I,,, 5.95, 6.16 p ;  
n.m.r., T 3.33,4.24 (pair of doublets, 2H, (O=C)CH=CfI 
and (O=C)CH=CH, respectively, J = 9.8 Hz), 8.96 
(singlet, 3H, tertiary methyl). 

Preparation of Decalorre 20 
To a stirred, ice-cold 1 M solution (120 ml) of isopro- 

penylmagnesium bromide in tetrahydrofuran was added 
0.65 g of anhydrous cuprous chloride. A solution of 
octalone 19 (10.0 g, 0.061 mole) in 40 ml of tetrahydro- 
furan was added dropwise, over a period of 20 min. 
The reaction mixture was stirred for 2 h at 0" and then 
poured into 350ml of aqueous ammonium chloride- 
ammonium hydroxide buffer (pH 2: 8). The product was 
isolated by extraction with ether. Analysis by g.1.c. 
(column D, 180°, 80) revealed that the crude ~ r o d u c t  
(10.7 g, b.pl 99-103"'at 0.5 mm) contained, in addition 
to a number of minor components, one major product 
(approximately 60% of the mixture). Chromatography of 
this mixture on Woelm neutral alumina (300 g) afforded, 
in the fractions eluted with 4:l benzene-ether, 5.2 g 
(50%) of decalone 20, as pale yellow crystals. A careful 
examination of the various chromatography fractions 
showed that 20 was the only carbonyl-containing com- 
pound present in the product. Recrystallization of 20 
from hexane-ether afforded clear, colorless plates, n1.p. 
83-84"; i.r. (KBr), h,,, 5.88, 6.14, 11.25 p; n.ni.r., 7 5.08, 
5.45 (multiplets, 2H, =CH2), 8.23 (multiplet, 3H, vinyl 
methyl), 8.84 (singlet, 3H, tertiary methyl). 

Anal. Calcd. for C14HZ20: C, 81.49; H, 10.75. Found: 
C, 81.33; H, 10.69. 

20 was carried out at  atnlospheric pressure and room 
temperature. From 200 mg of 20, there was obtained 
182 mg (91 %) of the crystalline decalone 17. Recrystal- 
lization from 11-hexane gave an analytical sample, m.p. 
49-50"; i.r. (CHCI3), I,,, 5.85 p; n.m.r., T 8.89 (singlet, 
3H, tertiary methyl), 9.08, 9.17 (doublets, 6H, secondary 
methyls, J = 6.8 Hz). 

Anal. Calcd. for CI4H2,O: C, 80.70; H, 11.61. Found: 
C, 80.95; H, 11.51. 

(b )  By Lithium-arntnonia Reduction of 
( i ) -9,lO-Ditzydro-4-demethyhistolorre (16) 

The lithium-ammonia reduction of compound 16 was 
carried out by a procedure identical with that used for 
the reduction of (2)-4-demethylaristolone (14) (see 
above). From 60 mg of 16 there was obtained 58 mg of 
the crude crystalline decalone 17. Recrystallization from 
12-hexane gave an analytical sample, m.p. 49-50". This 
material was shown to be identical (m.p., mixed m.p., 
g.1.c. retention time, i.r. spectrum) with compound 17 
obtained as described above. 

Preparntion of Ketnl21 
A solution of the decalone 20 (3.1 g, 15 mmoles), 

ethylene glycol (3.72 g, 60 mmoles), and p-toluenesulfonic 
acid (50 mg) in 50 ml of dry benzene was refluxed under 
a Dean-Stark water separator for 20 h. The cooled 
solution was diluted with 50 n11 of ether and washed with 
50 ml of aqueous sodium bicarbonate. The organic layer 
was dried and concentrated, affording 3.93 g of colorless 
crystals. Recrystallization from tz-hexane gave 3.31 g 
(88 %) of the ketal21 as colorless plates, n1.p. 80-81"; i.r. 
(CHCI,), ?,,,, 6.15, 9.07, 9.28, 11.18 p ;  n.m.r., T 5.01, 
5.20 (multiplets, 2H, =CH2), 6.10 (multiplet, 4H, 
-OCH2CH20-), 8.13 (multiplet, 3H, vinyl methyl), 
9.02 (singlet, 3H, tertiary methyl). 

Anal. Calcd. for CI6H2,O2: C, 76.75; H, 10.46. 
Littlilrm-nmnroniaia Rerl~iction of Found: C. 76.69: H. 10.39. 

( 2 )-4-~emeth~laristolo& (14) 
To 50 ml of ammonia, which had been distilled from 

sodium metal, was added 70 mg of lithium ~netal, and 
the res~~lting blue solution was stirred, under an atmos- 
phere of dry nitrogen, for 15 min. A solution of (*)-4- 
demethylaristolone (14) (100 mg) in 8 ml of anhydrous 
ether was added dropwise and the resulting solution was 
stirred for 1 h. After the reaction had been quenched 
with ammonium chloride, the ammonia was allowed to 
evaporate and the residual material was diluted with 
water. Isolation of the product with ether gave 90 nig 
(90%) of a clear, colorless oil. Gas-liquid chroniato- 
graphic analysis (column C, 200°, 85) showed that this 
material consisted of nearly pure (+)-9,lO-dihydro-4- 
demethylaristolone (16), the only inipurity being a small 
amount of starting material (14). An analytical sample of 
compound 16, an oil, was obtained by preparative g.1.c. 
(column C, 200°, 85); u.v., I ,,,, 212.5 mp (E = 5200); i.r. 
(CHCI,), a,,, 6.00 p ;  n.m.r., T 8.35, 8.94 (pair of doub- 
lets, 2H, cyclopropyl protons, J = 8.0 Hz), 8.59, 8.87, 
8.97 (singlets, 9H, tertiary n~ethyls). 

Mol. Wt. Calcd. for C14HZ20:  206.167. Fo~lnd (high 
resolution mass spectronietry): 206.166. 

Preporntior~ of Decnlorre 1 7  
(a) By Hyr/rogeirn/iotl of Decnlorre 20 
Hydrogenation (platinum oxide, ethanol) of compound 

Ozor~olysis of Ketal 21 
A solution of 3.0 g (12 mmoles) of ketal 21 was dis- 

solved in 150 ml of ethyl acetate and the solution was 
cooled in a dry ice-acetone bath. Ozone was bubbled 
t h r o ~ ~ g h  the so l~~ t ion  until a blue color began to appear 
(approximately 15 min) and continued for a further 15 
min. Platinum oxide (400 mg) was added and the reaction 
mixture was subjected to hydrogenation at room tem- 
perature and atmospheric pressure. After hydrogen up- 
take had ceased, the mixture was filtered and the filtrate 
was concentrated under reduced pressure. Gas-liquid 
clironiatographic analysis (column B, 200°, 85) showed 
that the residual oil (2.63 g) consisted of three compon- 
ents. This niatcrial was subjected to column cliroma- 
tography on Woelm n e ~ ~ t r a l  alumina (120 g). The first 
fraction (500 mg) showed no carbonyl absorption in its 
i.r. spectrunl, and was not investigated further. The 
fractions eluted with 9:l  to 4:l  benzene-ether gave a 
total of 620 mg (21 %) of the crystalline keto ketal 23 
which, upon recrystallization from 11-hexane, exhibited 
m.p. 74-74.5"; i.r. (CHCI,), h,,, 5.88, 9.08, 9 . 2 8 ~ ;  
n.ni.r., r 6.06 (singlet, 4H, -OCH2CH20-), 7.84 
(singlet, 3H, -COCH,), 9.09 (singlet, 3H, tertiary 
methyl). 

Anal. Calcd. for C,,HZ4O3: C, 71.38; H, 9.59. Found: 
C, 71.15; H, 9.47. 
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The fractions from the above chromatography which 
were eluted with 4:l to 7:3 benzene+ther afforded 1.0 g 
of oily crystals which were recrystallized from n-hexane 
to afford 840 mg (33 %) of the diketone 22, m.p. 95-95.5"; 
i.r. (CHCI,), h,., 5.85 p; n.m.r., r 7.80 (singlet, 3H, 
-COCH3), 8.83 (singlet, 3H, tertiary methyl). 

Anal. Calcd. for C13HZ002: C, 74.95; H,  9.67. Found: 
C, 74.98; H, 9.89. 

Preparation of Ketal24 
To a solution of methylenetriphenylphosphorane (1.27 

g, 4.5 mmoles) in 6 ml of dimethyl sulfoxide was added 
a solution of the keto ketal 23 (225 rng, 0.9 mmole) in 
10 ml of dimethyl sulfoxide. The resulting solution was 
heated at 100" for 6 h, cooled, and poured into 25 ml of 
cold water. Isolation of the product with pentane gave 
203 mg (91 %) of the crystalline ketal 24 which, upon 
recrystallization from n-hexane, exhibited m.p. 76-77"; 
i.r. (CHC13), h,., 6.14,9.08, 9.28, 11.18 p; n.rn.r., r 5.05, 
5.34 (multiplets, 2H, =CHz), 6.04 (singlet, 4H, -OCHz- 
CH20-), 8.26 (multiplet, 3H, vinyl methyl), 9.17 
(singlet, 3H, tertiary methyl). 

Anal. Calcd. for C16H2602: C, 76.75; H, 10.46. Found: 
C, 77.00; H, 10.45. 

Prepararion of Decalone 25 
A solution of the ketal 24 (186 mg, 0.75 mmole) in a 

mixture of acetone (5 ml) and 10% hydrochloric acid 
(5 ml) was heated on a steam bath until most of the 
acetone had distilled. The product was isolated from the 
cooled reaction mixture by extraction with ether. The 
crude product [I56 mg; i.r. (film), A,,, 5.85, 6.14, 11.20 
p] thus obtained was not purified further, but was sub- 
jected directly to hydrogenation (platinum oxide, ethanol) 
at atmospheric pressure and room temperature. Distilla- 
tion of the crude hydrogenation product gave 110 mg of 
pure decalone 25 as a clear, colorless oil, b.p. 95" at 0.1 
rnm; nDZ0 1.4965; i.r. (film), h,,. 5.85 p; n.m.r., r 9.01 
(singlet, 3H, tertiary methyl), 9.12, 9.18 (doublets, 6H, 
sccondary methyls, J = 6.5 Hz). 

Anal. Calcd. for Cl4HZ40:  C, 80.70; H, 11.61. Found: 
C, 80.63; H; 11.49. 

Lithium-att~tnonia Reduction of 
( f )-5-Epi-4-dernethylaristolot~e (15) 

The lithium-arr-monia reduction of 15 was carried out 
in a manner identical with that described previously for 
the reduction of (+)-4-demethylaristolone (14). From 
100 mg of compound 15 there was obtained 90 mg of 
crude product, consisting nearly entirely of the dihydro 
derivative 26. An analytical sample of the latter, an oil, 
was obtained by preparative g.1.c. (column C, 200°, 85); 
u.v., h,., 210 mp ( E  = 4800); i.r. (CHCI,), h,,, 5.99 p; 
n.m.r., .r 8.43, 9.04 (pair of doublets, 2H, cyclopropyl 
protons, J =  8Hz), 8.71, 8.74, 8.87 (singlets, 9H, 
tertiary methyls). 

Mol. Wt. Calcd. for C14HZzO: 206.167. Found (high 
resolution mass spectrometry): 206.167. 

Lithium-ammonia Reduction of Compound 26 
Reduction of 60 mg of compound 26, via a procedure 

identical with that described previously for the reduction 
of 14, gave 55 mg of crude crystalline material. Recrystal- 

lization from tz-hexane afforded an analytical sample of 
the decalone 27, m.p. 50.5-51"; i.r. (CHCI,), h ,,,, 5.88 p; 
n.m.r., .r 8.87 (singlet, 3H, tertiary methyl), 9.08, 9.16 
(doublets, 6H, secondary methyls, J = 6.5 Hz). 

Mol. Wt. Calcd. for C,,H,,O: 208.183. Found (high 
resolution mass spectrometry): 208.182. 
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