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idc. No carboxylic acid could be detected when the alka- 
h e  solution was acitlified. From the ether layer was ob- 
tained 0.130 g. of solid which was shown to be aldal by its 
iiifrarcd spectrum. One recrystallization from hexane- 
ether yielded 0.110 g .  (55'3&) of VI I I ,  m.p.  117-148.5". 
The remainder of the starting material had been convcrted 
to  water-soluble products (probably sulfonic acids) by the 
sulfuric acid. 

In  another, similar experiment, the white suspension 
which resulted when the sulfuric acid solution was pourcd 
onto ice was filtered directly, instcad of bring taken up in 
ctlicr and trcatcd with sodium hydroxidc solution. The 
solid iiiclted a t  about  65", was very hygroscopic, and yielded 
:in acidic oil on standing. Dilute alkali converted the solid 
to 17111. I t  seems likely tha t  the solid was an oxonium 
s.Llt of VI11 or a sulfate ester of VII .  

x-Isopropyl-1-naphthoic Acid.-Ethyl 1-naphthoate was 
alkylated with isopropyl bromide in carbon disulfide in the 
prrsence of aluminum chloride by the procedure of Gilman 
and  Calloway.12 The alkyl ester, b.p. 96-1 10" (0.2 mm.), 
72n 1.5772-1.5780, was saponified with sodium liydroxidc. 
After chrotnatogrxpliy and standing for three weeks, the  
oily acid crystallized. Iiccrystxllization yielded :i mixture 
o f  acids, probably the 5- and G-iso~~ro~iyln;~pIitlioic acids, 
which melted at 95-105' (:i(,!L yield); ncut. equiv., 215; 
calcd. for ClaHlrO,, 214. 

(12)  11. Gilrnan :111<1 N .  0 C,i I i# iw;~y,  ' ~ ' l r i s J ~ ~ ~ l ~ N . ~ i . ,  66 ,  .1!?05 (193:j). 

A 0.35-g. sample of the acid was dissolved in cold, con- 
centrated sulfuric acid and allowed to stand at 0' for 30 
minutes. The  mixture was then poured onto ice and 
worked up in the usual way t o  give 0.20 g. (57%) recovery 
of the wid  (m.p. 128-133', the  infrared spectrum was 
virtually identical with tha t  of the starting material). 
Only a trace of a neutral material was obtained and this 
did not  give a dinitrophenylhydrazine derivative. There 
was, therefore, no evidence tha t  an aldal had formed. 

Attempted Reaction of Cumene with Benzoyl Chloride.- 
A solution containing 1.2 g. of cumene, 1.4 g. of benzoyl 
chloride and 3.5 cc. of stannic chloride in carbon disulfide was 
refluxed for 7 hours. No observable reaction occurred. 
The pale yellow solution was poured onto ice and hydro- 
chloric acid, and the organic matter was taken up in ether. 
This solution was extracted with sodium bicarbonate soh- 
tion and then washed with water and tested for the presence 
of carbonyl compounds with 2,4-dinitrophenylhydrazine 
reagent. There was no indication tha t  any  aldehydes or 
kctoncs were present. The  ether layer was then extracted 
with dilute potassiuni hydroxide solution. Acidification of 
tlie cnnibiiicd alkaline extracts yielded 1.10 g. (90%). of 
benzoic acid. Evaporation of the ether left a n  oil whlch 
was sliown by its infrared spectrum t o  be cumene con- 
taininatrtl with :i very small amount  of benzoyl chlo- 
ride. 

EVANSTON. 11.1. 

'1'11~ structiirc o f  iiiaaliol, i t  tricyclic bcsquiterpciic alc(i11o1, W:LS shown to be LIII. 

arit to catalytic reduction over platinum in neutral 
solvents. hlaaliol was iiot affected by prolonged 
exposure to ozonc and thus exhibited properties 
typical of saturated molecules. Treatment with 
hot formic acid produced a hydrocarbon CIJI:e 
which on catalytic hydroger1:ition absorbed almost 
Iwo mole equivalents of hydrogen. Dehydrogeria- 
tioii of inanliol with scleriiuni gave eudalenc (VI)  
characterized by n picrate and a styphnatc which 
were both co~iil~:~rcd with authentic samplcs. Hos- 
king correctly eoiicludcd that this natural product 
is 3 saturated tricyclic sesquitc.rpcne alcohol which 
may contaiii a cyclopropatie ring. 

\Ye first cliiiiiiiatrd the possibility that 11ixtIio1 is 
idciitical with juiiipcrc 11 ( I  ~iacri )c:irl)ol) ( CiJ Id3) , 
111.1). 10s". coi~i~)ariso~i o f  tlic iiifrarctl sl)ccb-:t 
o f  tlic two substmces dciiiotistratcd their i i o ~ i -  

identity wliich wis colliirliietl by mixture tiidti1ig 
point dcterininntioii.8 Hoski1ikfi hnd sliowri pre- 
viously by riiisture iiicltiiig poitit detcriiiiiiation 
that iiiaaliol is not identical with ledo19 (c&d )), 

In this paper i t  is shown that iiiaaliol has struc- 
ture I. In agreenicrit with a previous fiiidiiig6 
trcattiietit of I with seleliiu~n gave eudalcne (VI)  

( I  0 5 5 ) .  

n1.p. 105". 

(7)  H. I t rd tmnn  and 13. I<. ' rhnmas, ChC.mislry + I i i d i i ~ I i ~ ,  :181 

(8) This cornparixm n , i >  Linclly carricrl o t l t  b y  Dr. I $ .  I<. 'rh~~Ittd5, 

(!I\ I .  i ) c ~ c j < ,  11 ~ < , t i c c k ,  31 I i<,r . ik  :nid 1'. ,3orrn, ( ' i , ,m:, \~>! L+ 
R o y d  I ~ i h t i t i i t ~  r t f  ~ r c c l ~ n d ~ x y ,  Stockholm 

Ii, ,!u\/,y, 1 0 1  ( I ! ) . X ) ,  N .  I' Kiry:d<i\,,  J .  C'CII .  ( . ' h t m .  1 
1617 (1!153), orid carlicr paprrs cited. 
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Dehydrogenation of the molecule in the gas phaselo 
over a palladium catalyst produced eudalene (VI) 
again, but also a small amount of vetivalene (VII) 
(ClsHls) which had been obtained previously from 
alantolactone.11e12 These facts suggest that maal- 
io1 is a eudalene-type sesquiterpene and the small 
yield of vetivalene (VII) obtained indicates that 
the fifteenth carbon atom is located a t  Clo rather 
than C1 (d. 11) of the eudesmane skeleton. If this 
assumption is correct, we merely have to place the 
tertiary hydroxyl and one additional carbon-carbon 
bond to arrive a t  the complete structure. 

The location of thc hydroxyl group became clear 
from the following transformations. Acetylation 
of maaliol (I) with ketene, or more conveniently 
with acetic anhydride in boiling pyridine,I3 gave 
maaliacetate (VIII). That no skeletal rearrange- 
ment had occurred in this trarisformation was as- 
certained by reconversion to starting material with 
lithium aluminum hydride. Pyrolysis of maali- 
acetate (VIII) a t  300" afforded a mixture of iso- 
meric olefins C15H24 which could be separated into 
pure compounds by fractional distillation. Strong 
absorption bands in the infrared a t  SS5, 1G37 and 
2992 cm.-' suggested the presence of a high per- 
centage of an olefin with a terminal methylene 
group. For more accurate characterization the ole- 
fin mixture was oxidized with osmium tetroxide 
and the products separated into 8-inaalidiol (XIX) 
(C15H~02) (7.5y0 yield) and the isomeric y-maali- 
diol (X) (> 61 % yield) which could also be prepared 
by permanganate oxidation of IX.14 Further oxi- 
dation of X with lead tetraacetate yielded form- 
aldehyde and normaalione (XI) (C14HnO), XEZ" 
280 mp (e  24.5), which could also be synthesized 
by ozonization of the olefin mixture just described. 
That  this substance was a ketone rather than an 
aldehyde became clear from its infrared spectrum, 
which had a band a t  1702 crn.-' but no peak charac- 
teristic of the aldehyde C-H stretching vibration. 
Furthermore, its 2,Pdinitrophenylhydrazorie had 
X ~ ~ ~ , " . "  3G4 mp (e  21240) which is in good agree- 
ment with values reported for other ketone deriva- 
t i v e ~ . ' ~  If i t  is assumed for the time being that the 
carbon skeleton was not altered in the pyrolysis of 
the acetate (VIII), iimnliol must contain tlic group- 

I 
ing CH3--C-OH. 

The spehral properties of the iiorketoiic (XI) 
:tiid its derivative deiuonstrate that tlic cyclopro- 
p;me ring (if present) is riot conjugated with tlic 
earboiiyl group. Equilibratioii of X I  with potas- 
siuiii tlcuteroxide in deuteroethaiiol afforded a tri- 

(IO) hlctliod ol A. G. Aiiderscrn, J. A.  Nelsoii ;rnd J. J .  'Tazumn, 
l'iris JOURNAL, 75. 4980 (1953). 

( 1 1 )  L. Ruzicka, P. Pieth. T. Kciclistein ;md I,. Klimann, I l c lo .  
Chinr. A c l n ,  16, 268 (1033). 

(12) We wish to thank Dr. A.  Eschenmoser, lb ' l" .  Zurich, for an 
authentic sample of VII .  

(13) This method for the acctylotioii 01 trriinry : ~ l c o h d ~  was dr- 
vcloped by Y. R .  Navcs and P. Aridizio. Airir. f ihnr iu .  I : l a r i c c ,  12, 471 

(14)  We have adoptrd the convcnicnt ionone-ironc nc,mrncl;ttlkrc 
for thc dcsign:ition of the isomeric maalicnes. Tlitls, u iiixali<~ne COII- 

t i n s  a trisuhstitutcd-, 8 niaalirnc a tetrasiihstitutcd- and -,-in;mlic.,lu :1 
terminal double bond. 

(15) J. D. Rolrrrts and C .  Grern. 1"iS J U I I H N A I ,  68, 2'1.1 ( l ! i l l ; ) ;  
1.. A. Jones, J .  C .  Holmes and R.  U. Sclignian, A r i d .  Clrcir~., 28, 191 
(1!436). 

(1951). 

deuteroderivative which, when coupled with the 
fact that normaalione (XI) gave a negative iodo- 

form test, demonstrated the presence of a -CH- 
CO-CHt- grouping. In agreement with this 
statement the band a t  1430 cm.-l due to the defor- 
mation frequency of the methylene group adjacent 
to the carbonyl group present in the norketone (XI) 
had disappeared in the deuterated substance. 

Oxidation of normaalione (XI) with perbenzoic 
acid yielded a saturated lactone (XII) (C&&?) 
and the rapid rate of oxidation observed is in agree- 
ment with the behavior of cyclohexanones.16 It  
then became necessary to develop a method for tlic 
conversion of this lactone (XII) to the ketocarbox- 
ylic acid XIV without cleaving the cyclopropane 
ring. After completion of experirncnts concerned 
with the conversion of thujone to thujaketocarbox- 
ylic acid (described in the Experimental Part) 
we adopted the following procedure. Mild hydrol- 
ysis of the lactone XI1 with aqueous sodium car- 
bonate produced a hydroxycarboxylic acid (XIII)  
(C14H2403) which, as anticipated for an e-hydroxy- 
carboxylic acid, did not relactonize. Further oxi- 
dation with chromium trioxide in pyridine solution 
gave a ketocarboxylic acid (XIV), X,",t,"," 215 nip 
( e  2650) which possessed stroiig infrared bands (in 
cc14) a t  1709 (carboxyl), 1690 (carbonyl) and 1006 

Ring cleavage in the per- 
acid oxidation had thus again occurred bctwceii 
the carbonyl group and the most highly substituted 
carbon atom. The spectral data of XIV are in 
good agreement with those of cnrone (XVI), 
XELoH 210 mp (e  3970),17 infrared band (in CCl,) a t  
1685 cm.-','* but not with dihvdroumbellulone 

I 

(cyclopropane). 

(XVII), XEtoH 210 inp (E 2470), :nfrared peak at  
1721 cm.-1.19--22 

These findings can be suiiiniarizcd in thc exlms- 
sion 

CHa 

OH 

Further verification of this part structure was 
forthcomiiig from the degradation of P-iiiaalitliol 
(XIX). When i t  was oxidized with lead tctra- 
acetate a dikctone (XX) (C&&) was forinul 
which gave a positive iodoform test. /3-\Ianlitliol 
(XIX) is thus not a stcreoisoiiier o f  y-iiixiIi(lio1 
(X) but originated froill 0-iiiaaliwe (XVIII). 111 
analogy to the previously reported pyrolysis i )i 
patchouly acetatez3 the therinal decoiiipositioii of  
VIII did not yield the terniinal olefin csclusivcly. 
The spectral properties of the diketone XX, A::,:':" 
214, 280 !np (e  2S00, 68), strong infrared peaks ( i l l  

CC14) a t  1704 (methylketone), lGSl (carbonyl coli- 
(16) S. L. Friess, Ters J O U R N A L ,  71, 2571 (1949) .  
(17) I .  hf. Klotz, i b i d . .  66, 88 (1941); A. E .  Gil1:rm and T .  I:. I V c \ t ,  

(18) We arc indebted to Dr. R .  R.  nates for this dcccrminalirm. 
(10) K. H. Eastman, Tiris JOIIKNAI. .  76,  4115 (l!IS.l), I<. 11 

(20) C .  Xichi and I .  A I .  Goldman, ih rJ . .  79, ,1741 ( l ! J L i )  
(21) D. 1%. I<. Barton, P. dc hlayo and A I .  Shnfiq. J. C/iC,vr. .%,c , 1-10 

(1958). 
( 2 2 )  U Arigoni, 11. 13ossharrl. 11. Hrudcwr. G. Uucl i i ,  0. Jcgfr dn(1 

(23) G. Buchi and R.  E. Erickson, THIS JOURNAL. 78,  12ti2 (195ti). 

J .  Cheni. SOC., 95 (1945). 

lhstmaii  and J .  C. Selovcr, rhid . ,  76 ,  4118 (1954). 

1.. J .  Krelmum. Ilr lv .  Chirii. i l < l n ,  40, 1733 (1957) .  
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jugated with cyclopropane), 1013 cm.-' (cyclopro- 
pane), are again in agreement with the part-struc- 
ture proposed. Attempts to convert the diketone 
X X  to the ketocarboxylic acid XIV by oxidation 
with sodium hypoiodite furnished mainly an un- 
saturated ketocarboxylic acid, A:::" 236 mp 
( E  10100) which we believe to be XV. Cleavage of 
the cyclopropane ring may well have taken place 
during the acid work-up of the reaction product. 
Equilibration of the diketone X X  with potassiuni 
deuteroxide in deuterioethanol (0.5%) yielded a 
pentadeuteriodiketone. Under more drastic con- 
ditions a mixture of products was formed whose 
composition became clear from the mass spectrum. 

I1 111 IV V 

I t  contained (1) 20% of pentadeuteriodiketone, 
(2) 25% of hexadeuterodiketone, (3) 23y0 of a tri- 
deuterio derivative C1JI19D30, and (4) 3370 of a 
tetradeuterio compound C16H18D40. The infrared 
spectrum of this mixture had additional prominent 
peaks (in CCl,) a t  1647 (C=O) and 1618 cm.-' 
(conjugated C=C). Both findings suggest that  
the diketone XX had undergone partial conversion 

VI VI1 
VlII I 

1 
IX I ~ 

COOH 

XVII XVI XV XII I ,  RI=OH; & = H  
XIV, R, & = 0 = 

XXIV XXIII XXII XXI 

to a tricyclic a,p-unsaturated ketone which is most 
likely XXI, although the cycloheptenone formula 
XXII  is not excluded. We can therefore exclude 
formulas 111, I V  and V for maaliol from further 

consideration. Structure I is in accord with the 
evidence presented if the cyclic carbonyl in X X  can 
indeed enolize. Deuterium exchange on carone 
(XVI) confirmed the existence of the higely strained 
enol XXIII. In  the presence of 20y0 NaOD in deu- 
terioethonol XVI did exchange two hydrogens and 
reconversion to carone (XVI) proved that no struc- 
tural change had taken place in the basic medium. 
The transformations so far discussed may now be 
illustrated in terms of formula I. 

It was desirable to prove the presence of a cyclo- 
propane ring in maaliol (I) by chemical methods. 
In  principle, this problem can be solved by (a) 
degradation to a known derivative of cyclopropane 
or (b) by cleavage of the three nuclear carbon-car- 
bon bonds.21.22.24 Encouraged by the successful 
degradations of both car-3-ene and carone (XVI) to 
caronic acid (XXIV) by means of permanganate, we 
studied the effect of this oxidizing agent on maali- 
enes. Under drastic conditions a-hydroxyisobu- 
tyric acid (XXV) was the only isolable product. 
Whether it was formed by further oxidation of the 
anticipated caronic acid (XXIV) (cf. XXIV - 
XXV) or by other processes is unknown. Its 
formation, however, left no doubt that maaliol 

COOH 

""Y: - XXIV -+ 

9 COOfI COO11 
H ~ ~ - ~ ~ o - U n o ,  -+e - 

XXV 

(I) possesses a geminal dimethyl group whose 
presence has so far been indicated only by the con- 
version to eudalene (VI). Attempts to degrade ma- 
aliene (IX) to caronic acid (XXIV) by oxidation 
with the same reagent under milder conditions pro- 
duced only y-maalidiol (X) and the norketone (XI). 
We were thus forced to use the second more 
circuitous approach (b) to establish the presence of 
a cyclopropane ring. 

When maaliol (I) was heated with concentrated 
formic acid a hydrocarbon ClaH24 (XXVII) was 
formed A:"."," 241, 247, 256 mp ( E  19000, 20000, 
13500) which is undoubtedly identical with a sub- 
stance described by previous  investigator^.^ 
Catalytic reduction over Adams platinum catalyst 
confirmed the presence of two double bonds. If 
we assume that the change is initiated by dehydra- 
tion of maaliol (I) to 0-maaliene (XVIII) two bicy- 
clic formulas, XXVI and XXVII, emerge. 

'.-i 'IQ ;rn$XJ+J& 
H 

XXVI XXVII 
H f l H  

XVIII 
HF 

4 

I 

In harmony with both structures, the diene did not 
react with maleic anhydride and was not reduced by 

(24) E g , E I' Kohler and J. B Conant, THIS J O U R N A L  39, 1104 
(1817). 
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sodium in alcoholic solution. Structure XXVI is 
excluded on the following grounds: (a) neither 
ozonization nor periodate-permanganatez6 oxida- 
tion of the diene gave acetone; (b) the most in- 
tense ultraviolet absorption maximum observed is 
in better agreement with XXVII than with 
X X V P ;  (c) the triple absorption is present in the 
spectra of other heteroannular dienesz7 but not in 
neoabietic acid.ze The formation of eudalene (VI) 
in 6OY0 yield by dehydrogenation of the diene is 
consistent with formula XXVII. 

We now proceed to a discussion of the acid-cata- 
lyzed isomerization of maaliane (XXVIII). It can 
be prepared by catalytic hydrogenation of y-maali- 
ene (IX) over a supported palladium catalyst. In 
agreement with structure XXVIII a high resolu- 
tion infrared spectrum of the carbon-hydrogen 
stretching region using a lithium fluoride prism 
showed no absorption bands characteristic of a 
methylene group on a three-membered ring.m~zs-30 
The reliability of this method has recently been 
questioned3l but it should be recognized that the 
measurements were taken on substances containing 
interfering functional groups rather than on satu- 
rated hydrocarbons. Isomerization of XXVIII 
with hydrogen chloride furnished an isomeric olefin 
containing a terminal methylene group with in- 

XXXIV, R = CH2 
XXXV, R = 0 = 

XXXVI, R=CHr 
XXXVII, R = 0 = 

frared bands a t  880, 1629 and 3000 cm.-’. I ts  
oxidation with osmium tetroxide led to a mixture of 
stereoisomeric glycols which was cleaved with lead 
tetraacetate to formaldehyde and a single crystal- 
line norketone (XXXII) (C14Hz40) which had an in- 
frared band (in CC14) a t  1700 cm.-I. It did not re- 
act with hydroxylamine, semicarbazide and 2,4- 

(25) R. U. Lemieux and E. v. Rudloff, Can. J .  Chem., 33, 1701 
(1955). 

(26) Compare abietic acid (i). Xmsx 241 mp, and neoabietic acid (ii), 
Am,, 250 mp (G. C. Harris and T. F. Sanderson. THIS JOURNAL. TO, 
339 (1948)). 

A 
COOH ’ A 

COOH ii 
(27) E. R. H.  Jones and T. G. Halsall in L. Zechmeister, ”Progress 

in the Chemistry of Organic Natural Products,” Vol. XIl ,  Springer, 
Wien, 1955, p. 53. 

(28) A. R.  H. Cole, J .  Chem. Soc., 3807, 3810 (1954). 
(29) S. E .  Wiberly and S. C. Bunce, Anal. Chem., 24, 623 (19.52). 
(30) We are indebted t o  Dr. M. Evans for these data. 
(31) C. F. H. Allen, T. J. Davis, W. J.  Humphlett and D. W. 

Stewart, J ,  070. Chcm., 41, 1281 (1957). 

dinitrophenylhydrazine and gave a negative iodo- 
form test (checked). The ketone afforded a maxi- 
mum of 1.64 C-Me groups on Kuhn-Roth oxida- 
tion. On deuteration with both 0.570 and 7.70 
NaOD in boiling deuterioethanol 2.98 D were m- 
troduced. Maaliane (XXVIII) could theoreti- 
cally give rise to  four olefins (XXIX, XXXI, 
XXXIV and XXXVI), whose genesis is outlined. 
The results of the deuterium exchange and the nega- 
tive iodoform test led us initially to believe that 
the ketone is correctly represented by either XXXV 
or XXXVII and the non-Markownikoff ring open- 
ing was attributed to a conforniational effect2 We 
were aware of the possibility that the ketone 
XXXII might not have enolized toward Ce under 
the conditions of the deuterium exchange, but con- 
sidered i t  unlikely because the scale model of the 
enol XXXIII did not appear to be unduly strained. 
New and definitive evidence in favor of a methyl 
ketone structure has now been adduced from the 
mass spectrum of this degradation product for 
which we are indebted to Drs. K. Biemann and J 
Seibl, M.I.T.32 The norketone gave a arent peak 
of (m/e) 208 and a strong peak of ( m i )  43 corre- 
sponding to a CH,CO@ fragment, while the spec- 
trum of the trideuterioketone exhibited a parent 
peak of (m/e) 211 and a high intensity peak of (m/ 
e) 46 as demanded by a CD3COa ion. I t  further- 
more became clear that deuterium was introduced 
only on the methyl group because both the deuter- 
ated and the undeuterated ketones showed the (m/ 
e) 165 ion corresponding to the molecule minus the 
methyl ketone group. This implies that the olefin 
contains an isopropenyl unit (XXIX or XXXI). A 
decision between the two remaining structures 
(XXX and XXXII) for the norketone seems pos- 
sible on the following grounds: (a) compound 
XXX should give an iodoform test because the 
methyl ketone system is unhindered in both the 
axial and equatorial configurations; (b) the deu- 
terium exchange experiment is incompatible with 
XXX, which should enolize toward C, as LIX in-  
deed does and thus yield a tetradeuterio deriva- 
tive. It must also be recalled that dihydroeudes- 
mene (XXXIX) with two space-demanding mdhyl 
groups attached to the exocyclic double bond is 
formed with great ease by dehydration of the cor- 
responding tertiary alcohol XXXVII;.33 The 

LIX XXXVIII XXXIX 

cleavages of the two cyclopropane bonds thus dem- 
onstrate the presence of Cg - CII and C.I + C,, 
bonds in rnaaliol (I). The reality of the Ce + C, 
bond in the molecule can hardly be questioned be- 
cause i t  is yetained in the dehydrogenation prod- 
ucts. 

We now wish to describe a reaction in which two 
cyclopropane bonds were ruptured competitively. 

(32) These spectra were taken on a CEC 21-103 C mass spectroketer 
equipped with heated inlet system (135’) using an ionization potential 
of 70 V. 

(33) L. Rucicka, P1. A.  Plattner and A.  Ftirst, Helo. Ckim. Acta, 46. 
1364 (1942). 
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When maaliol (I) was treated with a catalytic 
amount of iodine a mixture of products was forth- 
coming which could be separated by chromatog- 
raphy into an olefin fraction and a crystalline prod- 
uct C15H260 isomeric with starting material. A 
partial separation of the olefin mixture was achieved 
by fractional distillation. The lower boiling por- 
tions had only strong terminal absorption in the 
ultraviolet region and the infrared spectrum with 
bands a t  3000, 1630, 881 and 825 cm:-' indicated 
the presence of olefins containing terminal and tri- 
substituted double bonds. The higher boiling dis- 
tillation cuts had XEt,"," 245 mp (e  2420-10000) and 
the infrared spectra were in agreement with the 
presence of the conjugated diene XXVII. The ex- 
act composition of the olefin fraction was ascer- 
tained by oxidation with osmium tetroxide which 
furnished P-maalidiol (XIX) ~ a-maalidiol (XLI), a 
solid tetrol (XLIII) and a mixture of oily tetrols 
(XLIV). The structure of XLI was established by 
cleavage with lead tetraacetate to a ketoaldehyde 
and oxidation with silver oxide to a saturated ke- 
tocarboxylic acid (XLV) which gave iodoform on 
further oxidation with sodium hypoiodite. a- 
maaliene is thus XL. The solid tetrol XLIII 
consumed only two equivalents of sodium perio- 
date and gave one equivalent of formaldehyde in 
68% yieId. The parent olefin is thus a non-conju- 
gated diene for which we tentatively propose 
structurz XLII. Isomerization of XLI l  to XLVII 
or a conjugated diene derived from XLVII does 
not seem possible because of steric interaction of 
the isopropylidene group with the methyl a t  C4. 
Scale models also indicate that XLVI is prohibi- 
tively strained and the acid stability of XLII is 
thus explained. The formation of these four hy- 
drocarbons (XVTII, XXVII, XL and XLII) can 
be rationalized as 

HO QH Q H T Q - H  HO OH 

CHzOH Ho H 
XLI XLII XLIII 

HO QH Q H T Q - H  HO OH 

CHzOH Ho H 
XLI XLII XLIII 

I c 
\ 

HOOC m H  . .H 

XLV XLVI XLVII 

The structure of the product C.5H2ti0 obtained by 
iodine catalysis must nom be considered. Both 
the ultraviolet and the infrared spectra of the sub- 
stance were in agreement with the presence of a 
saturated oxide. I t  was stable to lOy0 sulfuric 
acid and did not react with Brady 2,4-dinitrophen- 
ylhydrazine reagent3i a t  reflux temperature. The 

(34) 0. L. Brady, J Chem. Soc., 756 (1931). 

high stability of the oxide was also evidenced by its 
resistance to selenium a t  300". Since both epox- 
ides and trimethylene oxides35 may be expected to 
react with acids under the conditions quoted, the 
oxide must contain a larger hetero ring. Its gene- 
sis becomes rational if we assume cyclopropane 
bond cleavage again a t  CrCl l  by a proton followed 
by bond formation with the tertiary hydroxyl a t  
Cq ( c j .  XLVTII + XLIX) 

XLVIII XLIX 

The formulation XLIX requires the presence of a 
geminal dimethyl system and the infrared spectrum 
does, in fact, possess strong bands of comparable 
intensity a t  1360 and 1371 

We shall now discuss the configurations of the 
five asymmetric centers present in maalio! (I). The 
tertiary hydroxyl group is equatorial for the follow- 
ing reasons : (a) The C-0 stretching absorption in 
the infrared spectrum of I occurs a t  935 cm.-' 
which is in good agreement with the values for 3a- 
rnethylcholestan-3i9-ol (940 ern.-') 37 and epi-pat- 
chouly alcohol (917 ~ m . - ~ ) . ~ ~  (b) Dehydration of 
maaliol (I) with phosphorus oxychloride in pyridine 
gave a mixture of olefins which contained more than 
iOyo of y-maaliene (IX) as determined by gas- 
liquid partition chromatography. The mode of 
dehydration is characteristic of equatorial alco- 
hols.1,:47J9-41 (c) Treatment of normaalione (XI! 
with niethylinagnesium bromide gave only epi- 
niaaliol (L) (C-0 stretch a t  892 cni.-l). Unhind- 
ered cyclohexanones in general seem to yield mainly 
the methylcarbinols with axial hydroxyl g r o ~ p s . ~ ~ , ~ ~  
(d) Epoxidation of y-maaliene (IX) with perben- 
zoic acid led to a mixture of epoxides LI and LII 
which on reduction with lithium aluminum hydride 
gave maaliol (I) and cpi-maaliol (L) in a ratio of 

J 
I 

8 :  1, which also proves that no rearrangement had 
occurred in the acetate pyrolysis. Approach of the 
peracid should be more facile on the /?-side of the 

(35) G. Biichi, C. G. Inman and E. S .  Lipinsky, THIS JOURNAL, '76, 
4327 (1954). 

(36) We have nof observed the appearance of a doublet in this region 
in any compound which includes the geminal dimethyl group on the 
cyclopropane ring; cf. the spectrum of car-3-ene, J. Pliva and V. 
Herout, Coll. Czech. Chem. Coinm., 15, 160 (1950). 

(37) D. H. R. Barton, A. da S. Campos-Neves and R.  C. Cookson, 
J .  Chem. Soc., 3500 (1956). and references cited. 

(38) G. Buchi, R. E. Erickson and N. Wakabayashi, to be published. 
(39) H.  Heusser, N. Wahba and F. Winternitz. Helu. Chim. Acta. 

(40) M. Stall, ibid., 38, 1587 (1955). 
(41) J. D. Cocker and T. G. Halsall, J .  Chem. Soc., 4262 (1956). 
(42) L. Ruzicka, N. Wahba, P. Th. Herzig and H. Heusser, Ber.,86, 

37, 1052 (1954). 

491 (1952). 
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molecule (opposite the angular methyl group) and 
thus lead mainly to the epoxide LI. (e) The mass 
spectrum of maaliol has a low intensity parent peak 
(0.09% of total ion yield) of (m/e) 222 like that of 
ppi-patchouly alcohol (O.O18%) which is definitely 
an equatorial The parent peaks in the 
spectra of epi-maaliol (L) (0.47%) and patchouly 
alcohol (3.46’%), on the other hand, are intense and 
these substances therefore are axiai alcohols. 
Whether this property must be ascribed to higher 
thermodynamic stability of the axial alcohols (less 
1,3-diaxial interactions!) or to other factors is now 
being investigated by Dr. Biemann, who will re- 
port his findings in due course. 

Maaliol is a trans-decalin as evidenced by the 
following observations. (a) The norketone S I  
was not epimerized in the presence of lOyo sodium 
methoxide in methanol and therefore predominates 
a t  equilibrium. That  the enol necessary for epi- 
merization was actually formed is clearly evident 
from the previously described deuterium exchange 
experiment. The resynthesis of y-maaliene (IX) 
from the norketone (XI) according to Wittig43 
demonstrated that X I  and I have the same config- 
uration a t  C5.44 Maaliol (I)  should t?ius be a 
trans-decalin because both the trans-anti-cis and 
the trans-syn-cis isomers have lower free energies 
than the corresponding cis-syn-cis and cis-anti-cis 
corn pound^.^^ (b) The formation of p-maaliene 
(XVIII) in the pyrolysis of maaliacetate VI11 sug- 
gests that  the acetyl group a t  C4 and the hydrogen 
atom a t  C5 are cis, although a partial isomerization 
of the y-isomer IX to the B-isomer XVIII is not 
rigorously excluded. However, if this were the 
mode of formation of the p-isomer XVIII one would 
anticipate also the presence of the a-isomer XL 
which we were unable to detect (cf .  the iodine-cata- 
lyzed dehydration of maaliol). (c) The rotatory 
dispersion curve of the norketone X I  provides some 
further evidence for a tr~ns-cu-decalone.~~ It exhi- 
bits a positive single Cotton effect curve (see Ex- 
perimental) which resembles that of (10-R)-trans- 
10-me.thy1-1-decalone, but is enantiomeric to that 
of cholestan-4-0ne.~~ If we assume that the cyclo- 
propane ring in XI does not alter the rotatory dis- 
persion curve drastically, maaliol (I) should have 
the opposite absolute configurations a t  C5 and Clo 
from those of eudesni01.~~ The absolute config- 
uration a t  C,, however, is identical to that of 
eudesmo14* and santonin.49 

The configurations a t  Cg and C? must be identical 
because a cyclopropane ring can be condensed with 
a cyclohexane ring only in a cis fashion. I t  is clear 
from the formation of the oxide XLIX that the 
potential isopropyl group a t  (26 must have the equa- 
torial (p) configuration because oxide formation 
with the equatorial hydroxyl a t  C4 is possible only in 

(43) G. Wittig,Angew. Chcm.,  68, 505 (195G), and references cited. 
(44) We are indebted to Dr. R. Albrecht for this experiment. 
(45) Cf. the relative stability of perhydrophenanthrenes: W. S. 

Johnson, THIS JOURNAL, 76, 1498 (1953), and also N. L. Allinger. 
J .  Org. Chem.,  21, 915 (1956). 

(46) We wish to thank Prof. C. Djerassi, Wayne State University, 
for this determination. 

(47) C. Djerassi and D .  Marshall, THIS JOURNAL, 80, 3986 (1958). 
(48) B. Riniker, J. Kalvoda, D. Arigoni, A. Fhrst, 0. Jeger, A.  M. 

(49) H. Bruderer. D. Arigoni and 0. Jcger, Helw. Chin:. A d o .  89, 
Gold and R.  B. Woodward, ibid., 76, 313 (1954). 

858 (1956). 

this configuration. Scale models furthermore dem- 
onstrate that the formation of a tetrahydropyran 
ring (C4 -*. C,) is exceedingly unlikely if we are in- 
deed dealing with a C4 /3-hydroxyl and a trans-deca- 
lin. The complete structure of maaliol is thus rep- 
resented by LIII  and that of the oxide by LIV. 

H 

w-3 , ,  H 
8 1  ’ ;  

1,111 LIV 

It now seems possible to assign configurations to 
some of the degradation products already discussed. 
There is little doubt that both a- (XLI) and y- 
maalidiol (X) are ,&glycols which originated from 
&attack of the oxidizing agent. Similarly, maali- 
ane might be XXVIII and in support of this 
statement we may cite the configurations a t  Cq of 
dihydroeudesrnol (XXXVIII)50 and tetrahydro- 
alantolactone (LVI),51 both of which are obtainable 
by catalytic reduction of the corresponding termi- 

H 

LV Lvl +* 
LVII LVIII 

nal olefins. We now know that the acid-catalyzed 
isomerization of maaliane (XXVIII) results in the 
formation of XXXI with an equatorial isopropenyl 
group by cleavage of the “axial” CI - C11 bond. 
We should recall that  dehydrogenation of maaliol 
(I) gave eudalene (VI) but none of the isomeric 
naphthalene (LV). This finding is no longer re- 
markable if we consider the steric interference be- 
tween the bulky substituents a t  Cg and C4 in XXXI 
and XXXII.  hIolecular models suggest that such 
an interaction is augmented in the planar structure 
LV. In conclusion, we must consider the relation- 
ship between the diene XXVII and 6-selinene pre- 
pared by isonierization of a-selinene (LVII) with 
sulfuric acid.52 The carbon skeleton of 6-selinene 
was established by dehydrogenation to eudalene 
(VI) and catalytic reduction to a tetrahydroderiva- 
tive indicated the presence of two double bonds. 
Because the diene was not reduced with sodium in 
ethanol, the authors supposed that the two double 
bonds were not conjugated. Mechanistically i t  is 
tempting to assume that 6-selinene is LVIII and the 
known facts, including the resistance to sodium in 
alcohol, ase in agreement with this proposal.j3 If 
this were correct 6-selinene should be the enantio- 
mer of the diene XXVII obtained from maaliol (I) 

(50) D .  H. R .  Barton, Chemisfry  & ’ I d u s f r y ,  6G1 (1953); W. Klyne, 

(51) K. Tanabe, Pharm.  Bull. ( T o k y o ) ,  6 ,  218 (1958). 
(52) L. Ruzicka and M .  Stoll. Helw. Chim. Acto.  6 ,  846 (1923). 
(53) Other heteroannular dienes are known not to be reduced under 

J. Chem. Soc.. 3072 (1953). 

these conditions (cf. abietic acid and XXVII). 
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because the absolute configuration of a-selinene 
(LVII) was established previously by conversiqn 
to  o l - e ~ d e s r n o l . ~ ~  The optical rotations of 6-seli- 
nene (CYD +194') and diene XXVII ((YD -191') 
seem to confirm this relationship although a direct 
comparison of samples was not possible because no 
6-selinene was available to us. 

Acknowledgments.-\\-e are indebted to Fir- 
menich and Co., Geneva, for generous financial 
support and to Dr. Xlida Hosking-\Yind for the 
maaliol which iTas made available to us by Prof. 
0. Jeger, ETH, Zurich. 

Experimental 
Microanalyses hy  Dr.  S. 31. S a g y  and associates, M.I.T. 

Deuterium analysts using the  combustion method were 
carried out by Llr. J .  Semeth ,  Cniv. of Illinnis. 

Melting points were taken on a Kofler ho - i t age  micro- 
scope and are cnrrected. Xi1 ultraviolet spectra were meas- 
ured in ethanol solution on a Cnry recording spectrophotome- 
ter,  model 11. Infrared spectra, unless otherwise indicated, 
were measured on a Biird .Isjnciates recording spectro- 
photometer, model B ,  n.ith a sodium chloride prism. The  
listings of infrared bands include those which are relevant 
to structural arguments and other strong hands. For all 
chromatograms carried out on alumina, unless otherwise 
indicated, Alcoa alumina (Grade F-20, 8&YK mesh), which 
had been neutralized by treatment n.ith ethyl acetate 
IfJwed by washing with mtter and methan<,], was used. 
The activity of the  alumina was determined hy  the  absorp- 
tion of dyes  according to the  procedure of B r f ~ c k m a n n . ~ ~  

Maaliol (I).-.% resin extract of Cnnrlrium  oni inn en.^^ 

containing approxinstely 10% maalioi 1ra5 o1)taintrl from 
Prof. Jrger,  E T H ,  Zurich. The resin extract ( l r f )  ml.) 
WBS dissolved in 200 ml. of ether, extracted ivith aqueous 
570 sodium carbonate solution and aqueous 10% sodium 
hydroxide solutir,n, washed Kith water and dried over :in- 
hydrous magnesium sulfate. The ether was remover1 l ~ y  
distillation and  a prjrtivn of the  concentrate (G8 g . )  was dii- 
soli-ed in pi.troleun ether and  passed through a column c ( J ~ -  
t:iining 13,N g. rjf alumina (activity I). The material elutr-d 
\vith bcnzenc (16.2 g.)  was crystallized from ligroin (b .p .  
g f h l f J 0 ' ) ;  yield 7.5 g. Two recrystallizations yielded an 
analL-tical sample of maaliol, m.p. 103-104", pure and 
mixed with an  authentic sample obtained from J .  R .  Hos- 
king.  The  infrared spectrum was identical Kith tha t  of the  
authentic sample; infrared spectrum (KBr):  752, 791, 
$33, 569, 877, "00, 917, 93.5, 970, 1031, 1099, 1136, 1163, 
1379, 1449, 2s.57, cm.-I. The cornpound gave a pale 
veilom color reaction irhen treated ITith tetranitromethane. 

Anol.  Calcd. for C15H.60: C ,  81.02; H,  11.79. Found: 
C ,  81.23; H,  11.6.;. 

hlaaliol was also isolated by distillation. Base-extracted 
rcsin (131 g.)  was distilled through a modified Podbielniak 
column. The  fractirin briilin2 from 99-141' a t  2.2-2.7 
mm.  (56 9 . )  cry.jtal1ized partiaiiy on cooling. The  crystals 
(12 g.)  were recrystallized from ligrcin to  yield maaliol 
(lcl.4 g . ) .  Chroxatography of the  filtrates afforded an 
adtiitlrJ:i3.l 4 . 5  g. of I .  

Maali Acetate IVIII) .  A .  Reaction of Maaliol with Ke- 
tene and Sulfuric Acid.-Ketene was prepared by the 
pyrolysis r j f  acetone in an appnratus described previously.56 

3Iaalif~l 14.44 g.. 0.02 mcJleJ dissolved in 75 ml. of anhy- 
to  200 ml. of anhydrous 

crjntaining ketene (0.2 mole). 
hied through the reaction mix- 
trated sulfuric acid (0.1 ml . )  
mus ether n'as added dropwise 

mole) vas bubbled through 
21lC~n'ed to  stand a t  -1.5' 

i r as  mashed with aqueous 
and dried over anhydrous 

cJf the  ether afiorded 5.26 g. 
raphcd on alumina (activity 
ed a fractim containing ole- . 

fins (0.61 g.) which was followed by a fraction of semi- 
crystalline material (4.21 g . ) .  Recrystallization from pe- 
troleum ether at -60" afforded 3.06 g. of maali acetate, 
m.p.  36.0-36.4"; infrared spectrum (CCL): 1014, lOrji, 
1093, 1148, 1162, 1245, 1330 (wk), 1365, 1376, 1457, 171C1, 
2825, 2882, 2922 crn.-l. The compound gave a pale yellom 
color reaction with tetranitromethane. 

Anal. Calcd. for C1,H&: C, 77.22; H,  10.67. Found: 
C, 77.36; H, 10.60. 

B. Reaction of Maaliol with Pyridine and Acetic Anhy- 
dride.'-A mixture of maaliol (4.44 g., 0.02 mole), acetic 
anhydride (23 ml.) and pyridine (7 ml.) was heated under 
reflux for five hours. The  reaction mixture, after cooling 
to  ice temperature, was poured into lOrJ ml. of water and 
treated slovily with powdered sodium carbonate (23 g.). 
.Ifter carbon dioxide evolution had ceased, the  arganic 
ninterial was extracted with five portions of ether, washed 
with two portions of 1 N hydrochloric acid, cine portion 
CJf lfJ70 sodium carbonate solution and one portion of water 
and the combined ether extracts were dried over anhydrous 
magnesium sulfate. Removal of the  ether and chromatog- 
raphy of the  residue afforded 2.9 g. of maali acptate ( V I I I )  
and 1.4 g. of rnaalienes. 

Conversion of Maali Acetate (VIIIj to  Maaliol (I).--MaaIi 
acetate (100 mg.) was dissolved in ether and slow!y added to  
excess lithium aluminum hydride dissolved in ether. The 
mixture was shaken for 30 minutes and left a t  room tempera- 
ture for IS hours. Ethyl acetate folloired by sodium hy- 
droxide solution was added to destroy exct-ss reagent. The 
ether layer was dried over anhydrous magnesium sulfate 
and evaporated to  a crystalline residue which was rfcrys- 
tallized from petroleum ether to yield XJ mg. of maa!iol, 
i11.p. 102..%10.3.0°, pure or mised with an  authentic sam;Jle. 

-pMaaiiene (IX),-lTaali acetate ( V I I I )  (5.6 g., rJ.021 
mole), in a 10-nl.  one-neck round-bottom flask irith a 20- 
cm. I'igrcux cclumn leading t o  a n  iceeooled receiver, was 
heated in a ii700d metal-bath to  29.>315' for 10 minutes. 
rZcetic acid was evolved readily and collected in the receiver. 
After cooling to  r i m a  temperature, the  p r d u c t  anti the dis- 
tillate I r e r e  combin?d and dissolved in ether. The ether 
solution was washed with 10% sodium carbonate srilutirin 
anti miter and dried o\*er anhydrous magnesium sulfate. 
Rt:nr~val of t:ie ether yielded 4.1~13 g. of a co;orless oi! Jvhich 
on di,tilldtion through a modified PcAhieIniak column af -  

, 7-maaliene (3.71 g . ) ,  b.p.  123.5- 
1.5008; i n f r a rd  spectiurn ( p  
, 885, 961, lf j l2(\yk),  11.3.3, 13 
2992 cm.-l. 'The cmipound g. 
ith tetrsnitrnnethane. 

Anal.  C~ilcrl. for Ci5€I?,: C ,  F8.1.5; H, 11.9.;. F' ,und:  
C ,  87.75; H ,  11.72. 

y-Maaliene wa? also fcrmed in small yield in the reaction 
of maaliol with ketene and sulfuric acid and in the reaction 
of maaliol with acetic anh::dri!le and p:;ridine (see t!ie 
preparation of maali acetate). 

-,-Maalidiol (X).-.% solution i,f -,-r;iaaliene (IS) (2.40 g . ,  
17.6 mmolesj in 10 ml. of reagent pyridine TTas added slon.ly 
and with cooling ( 2 0 ' )  t o  a solution of osmium tetroxide 
(3.0 g., 17.6 mmoles) in 15 ml. of pyridine and the  mixture 
was alloired to stand for 11 days a t  25' in the dark.  1ilcJst 
of t he  pyridine was  removed in I'IICUO and the  brr1n.n residue 
taken u p  in a mixture of 50 ml. of ethanol and 5') ml. of ben- 
zene to  which was added 21 g. of mannitol and a SfJlution cif  

21 g. of potassium h3;droxide in 59 ml. of water and 1QiJ n11: 
of ethanol. The  mixture n'as heated under rr.fl?lx for i 

hours, allowed to cool t o  2,5", concentrated in cccun to 3Q 
ml. and extracted with three 120-ml. portions Gf ether. 
The  combined ether extracts were Kas:hed with Kater and 
dried over anhydrous sodiurn sdf2 tq .  Removal of t:ie sol- 
vent yielded a yellriTr oil which v a s  dissJlved in benzene and 
chromatographed on  a cc,lunin of alumina (activity 111). 
Benzene eluted 0.33 g. of a semi-crystal:ine product. Re- 
crystallization from petroleum ether a t  -UJ' follorred bj. 
sublimation afiorded 
95.@95.5", pure and 
preparation of &ma- 
ethanol (followed by 
slov~ly eluted 1.69 g. o 
tion from diisopropyl ether fnllowed by sub1inatir)n zfhrded 
y-maalidiol (XI,  m . p .  139.4-159.7"; infrared spectrum 
ICCL): 10lXn.k).  1028. 137.1, 145.5, 2,340, 3320 cm.-l. 
' A&. Ca1cd.for CljH?a02:' C, 7g.58; H, 11.00. Found: 
C, i5.37; H, 10.94. 
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y-Maalidiol has also been prepared from y-maaliene in 
IrJW yidd by oxidation with potassium permanganate (see 
pc.rrn;mg:rn'ite oxidation ( J f  7-maalime). 

Normaalione (XI).  A. Lead Tetraacetate Oxidation.- 
A EiJlUtirJn of ;-ma:tlidi~Jl (Xi  (1.19 g., 5 mmolesj in 15  ml. 
of reagent acetic acid was added to  lcad tetraacetate ( 2 . 2 2  
g., 5 mmoles) in 10 ml. of reagent acttic acid and allowed to  
stand frJr 1rJ hours a t  25'. The acetic acid was removed 
in vacuo and the  residue triturated with petroleum ether. 
T h e  petroleum ether was dried over anhydroui magnc4um 
suifite and the solvent removed to  yield a liquid (fJ.72 g. ,  
n 2 $ ~  1 ..jorJ7J which crystallized on standing. Rtcrystalliza- 
tifin from petroleum ether fCJllrJ\wd by sublimation afirrded 
normaalione, m.p. 58.G58.5'; infrared spectrum ICC14): 
94.5, 1018!wk), 1fJ70, 1300, 1372, 1450, 1702, 2<%J ern.-'; 
ultraviolet spectrum: 280 mp ( e  24.5).  The compound 
gave a pale yellow color reaction with tetranitromethane; 
I<.  D. in methanol (c  0 . l j  a t  27":  [Q];w ti", [a]- +l f J ' ,  
[ Q ! S W  +42", [ a ] ~  +68', [a]m +132 , [Q]ZS +330", 
[ Q ] X ~  +938', [alr~o + 1478', [ Q ] ~ w  +lW;0', [a], ,  +1085', 
[ c r ] n o  +170", [u]m -760°, [Q]no -2180 , ( ~ 1 2 5 7  -213.5'. 

Anal.  Calcd. for Cl,HZ1O: C, 81.50; H, 10.75. Found: 
C ,  81.47; H ,  10.82. 

B. Ozonolysis in Ethyl Acetate.-.\ solutirin fJf y-maaliene 
( 1 s )  (1 .00 g.,  4.9 mmoles) in 50 ml. of reagent ethyl acetate 
a t  -1.5" was ozonized (8 mg. of w ~ n e  per minute) fiir 50 
minutes. The solution was concentrated z ~ t  a c u o  to 10 ml., 
added to  prereduced palladium-on-charcoal ( 10cT j and hy- 
drogenated until hydrogen uptake ceased. The reaction 
mixture was filtered and the  solvent removed under  reduced 
pressure leaving 1.1; g. of a residue. An ether SrJIUtion of 
this residue was extracted with 105% sodium carbonate s ~ l u -  
tion, washed with water and dried over anhydrous magne- 
sium sulfate. Removal of the solvent left 0.58 g.  of a n  oil 
which was diSVilved in hexane and passed thrriugh a column 
containing 15 g. of alumina (activity I ) .  Hexane eluted 
0.18 g. of normaalione (XI) ,  characterized by  its 2,4dinitrc- 
phenylhydrazone. Elution with benzene afforded oils 
which could not be crystallized. 

The sodium carbonate washings of t he  crude product 
after acidification with hydrochloric acid yieldrd 0.58 g. of 
organic material tha t  could not be crystallized. 

C. Ozonolysis in Methanol.67-.I solution of ymaaliene 
(IS) (0.50 g. ,  2.45 mmoles) in 30 ml. of reagent methanol 
a n d  5 ml. of reagent carbon tetrachloride a t  -60" was 
ozonized ( 5  mg. ozone per minute) for one hour. The solu- 
tion was treated with 3 g. of sodium iodide in 10 ml. rif glacial 
acetic acid and 20 ml. of methanol. The yellox coloration 
which gradually developed was removed by addition of 
aqueous 1 S sodium thiosulfate s o l u t i ~ J ~ .  Xfter concentra- 
tioa in iacuo to a v.o!ume of 10 ml., the  organic material 
was taken up in ether. T!ie ether was washed with aqueous 
1076 s d i u m  carbonate so!utii,n and  water and dried over 
anhydrous magnesium sulfate. Removal of the  ether 
aiiorded 0.2 2. of an oil Tvnirh n.as passed through a column 
containing 15 g. of alumina factivity I ) .  Elution irith 
petroleum ether yielded .20,5 mg. of nornaalione (SI). 

Sormxnlicne has also been prepared in  lo^ yield by per- 
manganate oxidation of -pmoaliene (see pe rman~ana te  oxi- 
datinn Of -,-maaliene). 

Normanlione 2,4-Dinitro~henvlhrdrazone .-.\ddition of 
normaalione in ethanol t o  2 l r ~ %  excess of weakly acidic 
2,1-ciinitrophenylhl-drnzine reagent ( 2 . 5  g. of 2 ,k i in i t ro-  
phenylhydrazine and 4 ml. r ~ f  hl-drochloric acid per IrJ'J ml. 
c,f methanr,l, resulted ix immcdihte precipitation of y el lo^ 
crystals. T!:ree recrystallizatims from ethanol yielded 
crystals with 2 constant melting point of lW.,jjlG7.0'; 
ultraviolet spectrum: 364 rnp ( e  2121CJ) in &HIOH. 

A m i .  1. for C?,,H:'S,O,: C ,  62.16; H ,  6,;s; S, 
11..50. Fr C ,  69.15; H ,  6.79; S, 14.35. 

Reaction of Normaalione (XI)  with Sodium Methoxide.- 
A solution of nnrmaalione i l l 5  n g . ,  0.56 mmole) in 5 ml. 
of l c ~ ? ~  sodium rxethoxide in methanol !vas a1lon.c.d to stand 
a t  27' for one d a y .  IYater was added and the mixture ex- 
tracted with three portions of ether. T5e ether extracts 
were combined, Tasked x i th  water ar.d dried over anhy- 
drous sodium sulfate. Removal r,f the ether afirirded a 
quantitative yield of normaalione, identical with an au- 
thentic sample. 

Deuterium Exchange of Normaalione (XI).--A niyture  
of nnrmaalione (103 mg.,  0.5 mmole); 20 mg. of potassium 

( 5 ; )  P.  S. Bailey. Bcr . ,  88, 725 (1955). 

deuteroxide, 1 ml. of deuerium oxide and 3 ml. of deuterio- 
ethanol was heated under reflux in a nitrogen atmosphere for 
10 minutes. .4fter the reaction mixture had been cooled 
to 23", the  solvent was removed in wmuo. Three additional 
exchanges were carried out  by the following procedure: 3 
ml. fJf deuterioethanol and 0.5 ml. of deuterium oxide were 
:dtled, the  mixture refluxed for 10 minutes and the  solvent 
removed in '~'acuo. .2fter the  final exchange deuterium 
oxide was added and the  organic material removed with two 
portirms fJf  ether. The ether fractions were combined, 
dried over anhydrous magnesium sulfate and the  ether re- 
moved. Sublimation of the  crystalline rFidue (93 mg.) 
afiorded pure deuterionormaalione, m.p. 58.1)-58.3". 

Ani!!. Calcd. for C14HL~D30:  13.64 atom 7 0  D. Found: 
13.42 atom Yc. D. 

Epimaaliol (L).--A solutirm of normaalione (XI) (102 
mg. ,  11.5 mmole) in 4 ml. (if anhydrous ethyl ether was 
added slowly to  a solution of 4rJO mg. of methylmagnesium 
iodide in 4 ml. of allhydrrJUS ethyl ether. The  s l u t i o n  was 
heated under reflux for 22 hriurs, cooled in an ice-bath and a 
saturated solution of ammonium chloride in water was 
added drr,pwise. The ether layer was separated, mashed 
with water and dried over anhydrous magnesium sulfate. 
Krmr,vsl of the ether left a crystalline residue which upon 
recrystallization from petroleum ether afiorded pure epi- 
maaliol ( L ) ,  m.p.  59.1-59.5': infrared spectrum (KBrj:  
#?A;, 910, %?, lrJl-l:wk), 10 .3 ,  1103, 1137, 1170, 1240, 
1290, 1461, 3099, 3630 cm.-'. 

Ami. Calcd. for C1511:50: C, 81.02; H ,  11.79. F o m d :  
C ,  81.12; H ,  11.71. 

Lactone IXII) from Norrnaalione (XI).-Te a solution of 
normaalii,ne (927 K Z . ,  1.5 mmoles) in 50 ml. of reagent 
chluroforin a t  ZJ' a mixture of perbenzoic acid (820 mg.,  
5.9 mnoles,  and 10 mg. C J ~  p-toluenesulfonic acid in 23 ml. of 
benzene was added drop:vise. After alloiring the solution 
to stand a t  2.5' for 6.25 hriurs, the  solution \vas extracted 
with two portions of lfJ% sodium Carbonate SolUtion, 
washed with water and dried over anhydrous magnesium 
sulfate. Removal of the solvent under reduced pressure 
afirlrded 1.0 g. of an oil, which was passed through a column 
containing lCJ g. CJf Davisrm silica gel. Benzene eluted 464 
mg. fJf normaalione (identifiid by melting point and mixed 
melting point with an authentic sample). Ether eluted 
492 mg. of a crystalline p r fduc t .  Recrystallization from 
ethanrJl and water follnwed h: sublimation a5orded the lac- 
trine ( X I I ) ,  m . p .  118.2-114.:J': infrared spectrum (CCL): 
1022, 1-lf)O, lnfl(l, 114rJ, 118VJ, 12rJr), 1234, 12;:?, 1324, 1334, 

A d .  Calcd. frir CI,HnOz: C ,  75.63; H,  9.97. Found: 
C ,  75.67; H ,  9.73. 

.\ varicty fJf reagents and experimental COnditiOns were 
tried befrre the hiio\-e prrr tdure \vas deveioped. Initial 
espuiments invrilving ptrbtnzciic acid in chlcirf,fc,rm with 
times varying f r o n  3 ti, 24 hrJcrs gave yields of 1(1-2.5~,: with 
little recrivered Ctarting nzterial .  Per.isytrifluorriacetic 
acid in methylene chlrjride yielded no  lactone. Ptrbenzoic 
acid and p-toluenesuifanic acid in benzene gave yields of 
.?I:,:, but  n Q  starting material could be recovered. The  
vield based on reCrJVEred starting materials for the prrxedure 

1411, 1719,2f%0 cm.-'. 

jinally used was 895. 
Hvdroxvcarbonlic Acid (XITI).-.% solution of the  lactone . .  

(492 mg., 2.21 rn-moits, in 5 mi. of dirisane and 20 ml. of 
lfJ:G sodium c a r h n a t e  SrJ!uti-in v a s  heated under refiux for 
3 hours. The solutiiin was cooled, extracted with two por- 
tions (if ether and acidified xvith a saturated aqueGus tar- 
taric acid solution until the  p H  was 2-3.  T h e  insoluble 
organic materid was taken up in ether and the ether vnshed 
with wa:?r and dried over anhydrous magnesium sulfate. 
Removal of t'he ether left 440 mg. r,f crystalline residue. 
Recrystallization from CiJld etlher afiorded the  hl-droxycar- 
bosylic acid ( X I I I ) ,  m . p .  12',+191'; infrared spectrum (KBr  
pellet): 9.73, 1030[wkj, 1134l, 10.58, 1691, 1111, 1214, 12.50, 
1273, 1259, 1394, 13322, 1.?6J, 1491, 1427, 1464, 1486, 1702, 

.4?:gZ. Ca?cd. for C:;H.:rJ,: C, GS.96; H ,  10.0;. Found: 
C ,  7Ij.W: H ,  16.0;. 

Ketocarboxylic Acid X1V.-.I solution of the hydrnsy- 
CarboX).liC acid SI11 (145 mg., 0.6 mrnolej in 3 .5  ml. rJf re- 
agent pyridine was added dropvise to  a pyridinechrrimiurn 
trimide cornplex formed by adding chromium trioxide (56 
mg., 0.96 mmole) to 1.8 ml. of reagent pyridine Kith tem- 

9560, 2940, 3460 cm.-1. 
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perature maintained between 10 and 15". The  mixture, 
which darked quickly, was agitated with a mechanical 
stirrer for 17 hours at 27". After the  addition of water, 
the organic material was removed by extraction with three 
portions of ether and the combined ether extracts were 
dried over anhydrous magnesium sulfate. Removal of the  
ether left 138 mg. of semi+rystalline material which was 
passed through a column of silica gel (Davison). Benzene 
containing 10% ether and later pure ether eluted 100 mg. of 
a liquid which crystallized when scratched. Three recrys- 
tallizations from petroleum ether-ether afforded pure 
ketocarboxylic acid SIV, m.p. 64 .0445 ' ;  infrared spec- 
t rum (CCI,!: 1005, 1100, 1225, 1260, 1690, 1709, 2700- 
(broad), 2950 cm.-I; ultraviolet spectrum: 215 mp (E 
2650). 

Anal .  Calcd. for Cl,Hz103.~/2H20: C,  63.93; H, 9.37. 
Found: C, 68.41; H ,  9.54. 

Maaliane (XXVIII)~--l solution of y-maaliene (11)  
(4.95 g., 0.024 mole) in 100 ml. of absolute ethanol was 
catalytically reduced a t  1 a tm.  and 27' with 0.1 g. of pre- 
reduced 1 0 7 ~  palladium-on-charcoal catal\.st. .\fter two 
hours 0.022 niole of hydrogen mas absorbed. Continued 
treatment for 15 hours resulted in no further hydrogen up- 
take.  The ethanolic solution was filtered and the solvent 
removed under reduced pressure to yield 4.53 g. of liquid. 
The  liquid -ras distilled through a modified Pudbielniak 
column,55 b.p. 109-110' (7 mm.),  n25D 1.1576; infrared 
spectrum (pure liquid): 823, 954, 972, 1020, 1122, 1152, 
1228, 1371, 1450, 27SCb2880 cm.-'. A high resolution 
spectrum of the carbon-hydrogen stretching frequency re- 
gion using a lithium fluoride prism showed no absorption 
bands characteristic of a methylene group on a three-mem- 
bered ring. 

Isomerization of Maaliane (XXVIII).--Anhydrous hy- 
drogen chloride was bubbled through pure maaliane (3.50 
g., 0.017 mole) a t  ice-bath temperature for 75 minutes. 
The product was allon-ed to  stand a t  0" for 20 hours, dis- 
solved in petroleum ether, washed with 10% sodium hy- 
droxide solution and -rater and dried over anhydrous mag- 
nesium sulfate. Removal of the  petroleum ether yielded 
3.2 g. of liquid Tvhich was distilled through a modified 
Podbieliiiak column. Two fractions were collected: (1 )  
0.34 g . ,  b.p. 112-115" ( 7  mm.),  n Z 6 ~  1.4931; (2)  2.08 g., 
b.p. 11>118" (7 mm.) ,  ffZ5D 1.4947. The infrared spectrum 
of ( 1  i \\-a5 identical with the spectrum of (2) except tha t  the 
bands due to a terminal olefin (3000, 1629 and 880 cm.-l) 
were more intense in ( 2 )  than in (1) .  Thus fraction 2 corre- 

purer sample of X S S I ;  infrared spectrum 
SSld, 955, 1017> 1050, 1172, 1119, 1727, 1371, 

7SL'-20(10, 3000 cm.-1. 
A n a l .  Calcd. for C.jH~6: C, S7.30; H ,  12.70. Found: 

Oxidation of XXXI with Osmium Tetroxide .--'he olefin 
S S S I  was oxidized Kith osmium tetroxide by the procedure 
used for the osid:ition of ymaaliene (see the preparation of 

~ -niaalidiolI. I n  a typical r u n  7.,50 g. (0.012 mole) of SSSL 
>-ielded 1.65 g.  of diols. .i second product (0.30 g . )  was 
idvntified as  3-maalidiol (XIS), m.p. 92.C-92.5', pure or 
mixed \\-ith an :iuthentic sample xhich must hFve origi- 
riatrti from S1.111 present in S S Y I I I ;  infrared spectrum 
(CCI. : 103.i. 1370, 1156. 2S40, 33011 cm.-'. 

XXII.-.$ solution of the above diol (0.340 
and lead tetrancetate (1.507 g . ,3 .5  mmoles) 
cia1 acetic acid Ira5 allowed to  stand a t  25" 

f r r  10 hours. The solution %as concentrated in  vacuo t o  a 
vi,lunie of 1 nil. .  20 mi. of IClclc sodium carbonate solution 
W : I S  added and the organic material taken up in three por- 
tions of petroleum ether. The petroleum ether extracts 
\\-ere combined and dried over anhydrous sodium sulfate. 
Removal of the sol\-ent yielded 0.55 g. of oil which was 
psssed through a column containing ln g. of alumina (ac- 
tivity I11 ) .  Petroleum ether eluted 0.43 g. of liquid which 
crystallized from aqueous methanol. Recrystallization 
afforded the norketme S S S I I ,  m.p .  33.2-33.4"; infrared 
spectrum (CCI,; :  1140, 1160, 1185, 1271, 1348, 1156, 
17cJ0, 2560 cIn.-l; C-methyl determination: 4 hours osi- 
dation, 1.35 C-Ale; S hours osidation, 1.61 C-Me; 12 hours 
asidation, 1.59 C-Me. The compound did not form a de- 
rivative when treated Kith 2,?-dinitrophenylhydrazine, 
hydroxylamine and semicarbazide. 

E7.39; I f ,  12..52, 

(58) J.  Cason and H. Rapoport, "Laboratory Text in Organic 
Chemistry," Prentice-Hall, Inc., Kew York, N. P., 1950, p. 237. 

Anal. Calcd. for C1dH:rO: C ,  80.71; H ,  11.61. Found: 
C, 81.17; H, 11.81. 

Deuterium Exchange on Norketone XXXI1.-The active 
hydrogen atoms in S S S I I  were exchanged with deuterium 
by the  procedure used for the  exchange on normaalione. 
In  the  reaction 172 nig. of SSSII yielded 12; mg. of sub- 
limed deuterioketone, m.p.  33.2-33.8". 

Anal.  Calcd. for C I I H ? ~ D ~ O :  12.50 atom Yo D .  Found: 
12.41 atom Yo D. 

Repetition of the exchange using 770 of S a O D  in EtOD 
gave the Same result. 

Iodine Dehydration of Maaliol (Preparation of 8-Maaliene 
( X W I ) ,  a-Maaliene (XL), Maalidienes (XXVII and XLII) 
and Maali Oxide (XLIX).-Pure maaliol (12 g. ,  0 . 0 2  mole) 
was heated to  melting (103') and several crystals of iodine 
were added. -4fter an  initial vigorous effluence of n-ater the  
reaction mixture was gradually heated over a period of 7 5  
minutes t o  120". The product wascooled to  25', dissolved 
in petroleum ether and passed through a column containing 
2 3  g. of alumina (activity I) .  

Petroleum ether eluted 7.62 g. of liquid vhicli was frac- 
tionally distilled through a modified Podbielniak columno 
Five fractions Rere collected: (1)  0.83 g. ,  b.p.  110-112 
( 8  mm.), t1% 1.5036; (2)  2.63 g . ,  b.p.  l17-113c ( S  tnm.), 
?a% 1.5038; (3) 1.95 g. ,  b .p .  113-115' ( 8  nim.),  n 2 5 ~  
1.5035; (4) 1.22 g . ,  b.p. 115-118' (8  mm.) ,  7Z'jD 1.5fl.58; 
(5) 0.35 g., b.p.  11S-1203 (8 mm.),  n ? j ~  1,5152. Each 
fraction gave an intense brown color reaction with tetrani- 
tromethane. Infrared spectra (pure liquid): fractions 1 
through 4 had almost identical spectra Kith bands a t  772,  
825, 881, 892, 955, 1065, 1132, 1159, 1191, 1224, I X R ,  
1441, 1630, 2780-2890 cm.-'; fraction 5 had bands at  S76 ,  
953, 1050, 1150, 1223, 1363, 1442. 1610, 163G16311, 2:T- 
2890 cm.-'; ultraviolet spectra: fractions 1 through 4 lind 
only end absorption; fraction 5 had a maximum a t  245 ~nw 
( E  2120). 

Petroleum ether-benzene (1 : 1) eluted ?.!U g. c 
line material. RecrystallizatiTm from inetlia 
afforded maali ether, m.p .  66.5-R7.53; infrared 

3160 cm.-'. 
Anal. Calcd. for C15H?60: C, Sl.02; H,  11.79; mul. 

wt., 222. Found: C ,  80.73; H ,  11.62; mol. wt . ,  21!1. 
Maali oside (XLIX) did not react with 2 .4dinitrophenyl- 

hydrazine even when refluxed in Brady reagent,31 and gave 
no color reaction with tetranitromethane. 

Catalytic Reduction of the Olefins from the Maaliol- 
Iodine Reaction.--A solution of maalienes (fraction 2 frc irn 
the iodine dehydration of maaliol: 0.41 g. ,  17.0t12 mole) \\-as 
added to 40 mg. of prereduced 10% palladium-sn-charci,nl 
catalyst and reduced a t  1 a tm.  and 77'.  Hydrrigen uptake 
was very rapid during 10 minutes until 70cc of the calcu- 
lated volume for one double bond h3d been a h s ~ ~ r b d .  
steady for 5 hours until 43% of the calcul.ited r o l u m e  113t1 
been absorbed, but then further uptake ceased. ( I n  :i 

second experiment 177, of the  calculated volume ( i f  hydrri- 
gen was absorbed readily with the total volume nhsorhetl 
being 177' of the calculated \vluine.'I Filtration of t!ic rc- 
action mixture and removal of the sol\-ent at  r edncd  pry'- 
sure afforded 0.41 g. Ef-a liquid product; infrared 
(pure liquid, CCI,): l f 4 ,  935, 967, 1 1 3 1 4 ( ~ k ) ,  11) 
1221, 1353. 1443, 2940 cm.-'. 

B-Maalidiol (XIX\,-*l solution of 4.31 g. of crude .3- 
maaliene (SITIII) (from the pzirtial reductinn of tile olefin, 
p rd i iced  by iodine dehydration of maaliol; ci.rrr;p~nding 
to  2.46 g . ,  0.012 mole, of pure 3-maaliene cdcul.ited fr<)nl 
thereduction da ta)  in 15mI. of reagent pyridine idistil!ctl fr ,  ' ' 1 1  
barium oside) xras oxidized with osmium tetroside 1 : < . I  1 1  1 p.. 
0.011s mclle) by the procedure described for the ~nx i~ i . i t i~~n  of 
-, -1naaliene (see preparation of -,-maalidiol i. T;lc crutlc 
product (3.8 g . )  n'as passed through a colurnn cimtLiiiii:ig 1 > 1 1  
g. of alumina (activity 111). Elutiun with petroleuIn etlicr 
yielded two fractions: (1) 1.16 g. of culorless 1ic;uid t 
gave a red-brown color reaction with tetranitril:xet!:.t 
( 2 )  0.56 g. of yelloTc liquid that gave a p d e  yello~r colt ' r  \v~t!l 
tetranitromethane. Elution with petritleuln ethcr-ben- 
zene ( 9 : l )  yielded 0.29 g. of yellow liquid tha t  gal-? .I neg.i- 
tive color reaction with tetranitromethane. Furt!ier elu- 
tion with benzene and later with ether >-ielded 1.-1:3 g. <if :I 
liquid which crystallized on cooling. Recrystallizatiun fruni 
hexane aflorded 8-maalidiol ( X I S ) ,  m.p. 95-96"; infrared 

(CCL, Cs?): 959, 1053, 1136, 131;0, 1:371, 1440, 1437, 
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spectrum (CCI,): 931, 971, 1007 (wk),  1032, 1050, 1332, 
1371, 1456, 2900, 3381-3520 em.-'. 

Anal .  Calcd. for C15H2602: C, 75.58; H, 11.00. Found: 
C, i5.37; H,  11.14. 

Elution with ether-methanol (49: l )  yielded 0.60 g. of 
liquid. The  material gave a pale yellow color reaction 
when treated with tetranitromethane. Elution with meth- 
anol yielded a trace of yellow material which gave no color 
reaction with tetranitromethane. 

,!i-Maalidiol ( S I X )  has been prepared also by  osmium 
tetroxide oxidation of the  olefin mixture from iodine dehy- 
dration of maaliol ( I )  (see preparation of a-maalidiol ( X I )  j 
and maalitetrol (XLI I I )  and as a side product in the osmium 
tetroxide osidation of y-maaliene ( IX)  and of XXXI .  

Diketone XX.--A solution of 8-maalidiol (XIX) (536 mg., 
2.25 mrnoles) and lead tetraacetate (1.10 g., 2.47 mmoles) 
in 30 ml. of reagent glacial acetic acid was allowed to  stand 
at 25' for S hours. Removal of the  acetic acid in WUCUD left 
a residue TThich n-as triturated with four portions of petro- 
leum ether. The  petroleum ether fractions were combined 
and concentrated to  550 mg. of liquid which was dissolved 
in petroleum ether and passed through a column containing 
20 g. of alumina (activity 111). Petroleum ether eluted 231 
mg. of colorless liquid. Distillation through a semi-micro 
distillation apparatus affurded the diketone X S ,  ? 1 ? 3 . i ~  
1.1858. Elution with benzene afforded an additional por- 
tion (131 mg.), ? i Z 3  'D 1.4S55 (inirared spectrum identical 
to  that of the petroleum ether fraction); infrared spectrum: 
B.5, 9.52, EWU, 1013, 1124, 1163, 1920, 1316, 1351, 1408, 
1651, 1704 cm.-'; ultraviolet spectrum: 214.5 mp ( e  
?SUO), ?SO mp ( e  6s). 

; I ? t a l .  Calcd. for ClsH.:Oz: C ,  76.22; H,  10.24. Found: 
C, 76.15; H ,  10.31. 

Osidation of the diketone X S  n-ith alkaline sodium hypo- 
iodite aff(:rded iodoform which was recrystallized from eth- 
anol, 1n.p. 12?.cC122.5", pure and mised Kith an  authentic 
sample. 

The diketone SS gave no color reaction when treated 
with fuchsin-aldehyde reagent. I t  reacted ivith 9,4-dinitro- 
phenylhydrazine reagent to  give two crystalline products 
which could be separated by trituration with ethanol. The 
ethanol-soluble conpound crystallized from solution on 
cooling, 1n.p. 87-911', ultraviolet masimum a t  360 mp ( e  
21Si10,'. The ethanril-insoluble derivative ivas recr>-stal- 
lizcd fr(.ain eth>-l acetate-et!ianol, m.p. 113.9-144.€1~, ultra- 
violet mnsimum a t  3611 mp (E 2Sl.50). 

Deuterium Exchange of the Diketone XX.-The active 
h>-drogen atvrns in SS Irere eschanged with deuterium b y  
the prncedurc used for the ewhange of normanlime ( S I  . 
I n  the re.ictiun 172.7 mg. lcjf  diketone yielded 131 mg. c t f  

distilled dcu te r i , , d i~~ t , , I i e ,  b .p .  120$ ( h t h ,  10.1 mm. I ,  

. - I t i ~ / .  Cnlcd. fur C::H:8Ds02: W.S3 atom 7 D. Fuund: 
21.1.1,; 3t*. in  ' ;  I). 

The rc>u!tG obtained \vIieii t!ie exchange was cxr ied  out 
under I:], 'rc tlr.istic c, mtlititins are dcscribed in t!ie Discus- 
sivn section. 

)i''.'D 1.4%?1. 

fr ~::i h r i u i n  oxide , 

E l ~ ; t i ~ ~ I i  \\.it!] ether-meth.inol ' 99: 1' yiclded 1.3: g. (of 
semi-cryst.iilii:e material. Cr>-st.iliizJtiun from benzene 

afforded 0.200 g. of fine needles of a-maalidiol (XLI), m.p' 
129.0-129.2 . A mixed melting point determination with 
7-maalidiol (X)  gave a marked depression, 120-130°; 
infrared spectrum ( K r r  pellet): 997, 1020, 1039, 1057, 
1150, 1181, 1370, 1447, 2860, 3360crn.-l. 

Anal. Calcd. for C15H2601: C ,  75.58; H, 11.00. Found: 
C, 75.30; H,  11.09. 

Elution with methanol yielded 1.06 g. of semi-crystalline 
material. Crystallization from petroleum ether-benzene 
and from benzene afforded 0.30 g. of a tetrol (XLI I I ) ,  
m.p. 145.6-146.0'; infrared spectrum (KBr  pellet): 890, 
964, 1006, 1030, 1072, 1121, 1148, 1212, 1293, 1371, 1454, 
2860, 3260 cm.-l. 

Anal. Calcd. for ClsH%Or: C, 66.11; H,  10.36. Found: 
C, 66.26; H,  10.15. 

The  infrared spectrum of the mother liquors suggested 
the presence of S L I V  which was obtained by osidation of 
X S V I I  with osmium tetroxide. 

Ketocarboxylic Acid XLV.--.\ solution of a-maalidiol 
(XLI)  (56.7 mg., 0.71 mmole) and lead tetraacetate (116 
mg., 0.26 mmole) in glacial acetic acid xras allon.ed to stand 
a t  23" for 6 hours. Removal of the acetic acid in v(2cxo left 
a residue which was triturated with three pnrtions of ether. 
The  ether portions were combined and concentrated to an 
oil (Z3 nig.). The oil was dissoll-ed in 2 ml. of e thxno l ,  2 
ml. of water and treated mith 1 ml. of 1.4.Ysodium h!-dr~~s- 
ide solution and 123 mg. of silver nitrate. .lfter shaking 
the misture for 15 minutes and allowing the reaction to 
stand for 12 hours at  23', the mixture \vas filtercd through 
Filter-cel and the Filter-cel washed Ij-itli w a t u  and then 
with ether. The washings were added to  the filtrate and 
the ether layer separated. The aqueous layer was washed 
with two portions of ether. The ether extracts were com- 
bined, dried over anhydrous magnesium sulfate and con- 
centrated to an oil (-1 mg.) .  The aqueous layer i:as acidi- 
fied with tartaric acid and estracted with three pmtions of 
ether. The combined ether extracts Kere dried over nn- 
hydrous magnesium sulfate Ind  concentrated ti? an oil (57  
mg.). The product. S L I ' ,  could not be crystallized. I t  
gave a positive iodoform tes t ;  infrared spectrum (CCI:): 
1161, l2 lS ,  1996, 1351, 1.399, 1415, 1419, 1606. 26:3Cl, ' 7 0  
cm.-' 

Oxidation of the Tetrol XLIII with Sodium Periodate.- 
To a slurry of tetrol XLII I  (34.5 mg.,  @.I27  nninle in 4 
ml. of hot water in a distillation pot was added IS ml. of 
sodium periodate solutipn (0.04 Jf in 1 -1- sulfuric acid j and 
allon.ed to stand at  rimm temperature for cone !inur. .lfter 
10 ml. of writer had been added to the pi2t. t!lt 51 lu t i r in  i ras 
distilled and the first 10 ml. of the distillate collected in a 
small ice-cnoled flask. .I second IQ-mI. frarti8)n  is cnl- 
lected after addition of another 10 ml.  of r : i tcr  to the dis- 
tillstion p>t. The trace of indine present in the distiliation 
fractin.1~ was remcJved by lidding a smnll amount x ~f srldium 
thiosulfate. Dimednne solution ill10 mg. in 2 ml. of !rater 
and 2 ml. of e thanol j  ivss added to each flask and the fi 
were alloived tc3 st-.nd for 24 hours. Filtratil'n yielded 
crystalline material from both fractions, 32.6 mg. frn.p.  
146-175' I and 47 .2  mg. (m.p .  14.5-131'~, respecti\-ely. 
Recrystallization from ethanol nff x l e d  pure forinaldehyde 
derivatives, 1.5 mg. !m.p. lOGl91'  I and 111 mg. m.p ,  lO1.J- 
191.3' 1 ,  respectivelJ-. There was nu melting pmint de- 
pression on mixture with an authentic simple. The total 
yield of derivative was 23 
alysis performed on mann 
i WS of form.ildehyde deri 

Eudalene ( V I '  from Ma 
mm iles ivna he:ii ed with selenium f 1 .I 1 g. f t  lr ;Sl; ht mrs at 
-I .'Q1.L31.j2. The yeaction niixtcre v-n5 c ~ ~ ~ - ~ l d  to 25' ?.!id 
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Eudalene (VI) and  Vetivalene (VII) from Palladium Dehy- 
drogenation.-Molten maaliol (7.0 g., 0.0315 mole) was 
added dropwise for a period of 8 hours t o  a column contain- 
ing 2 g. of 10% palladium-oneharcoal and 2 g.  of acid- 
washed asbestos. The  column was heated by refluxing a 
motor oil cu t  which provided a temperature of 336-338" at 
the center. Benzene (4 ml.) was passed through the  column 
to remove any residual products. The  products were dis- 
solved in petroleum ether, water was separated with a separa- 
tory funnel and the organic layer was dried over anhydrous 
magnesium sulfate. Removal of the solvent yielded 5.27 g. 
of liquid, which was dissolved in petroleum ether and passed 
through a column containing 250 g. of hferck acid-washed 
alumina (activity I). Petroleum ether eluted two olefinic 
fractions: (1) 1.30 g .  n 2 6 . 6 ~  1.47SG; ( 2 )  0.71 g., n ? 6 . 6 ~  
1.4941. Petroleum ethcr-benzene eluted (3) 0.56 g., 
nZ6.% 1.5032. Petroleum ether-benzene (49: 1) eluted (4) 
0.49 g., n26 , sD 1.5530. Petroleum ether-benzene (19: 1 )  
eluted ( 5 )  1.55 g., 7226.5D 1.5740. Benzene eluted (6)  0.16 

Fraction (5) distilled through a Holzman column in one 
fraction, 1.53 g., b.p. 122' ( 7  mrn.), 72% l.5SO0, was 
treated with an  cthanolic solution of picric acid to  yield 
eudalene picrate, m.p.  92-93', pure and mixed with an 
authentic sample. 

A solution of 0.14 g. of fraction 4 in ethanol was added to  
4.7  ml. of 4yo picric acid in ethanol, heated to  boiling and 
then cooled. Four crystalline fractions were obtained by 
concentration of the mother liquors. The first fraction, 91 
nig., m.p.  102-105O, was recrystallized twice from ethanol 
to yield vetivalene picrate, m.p. 113-114', pure and mised 
with an authentic sample. The three other fractions con- 
sisted of eudalene picrate, 76 mg. 

Partial Synthesis of Maaliol ( I )  and Epimaaliol (L).-To 
a solution of y-maaliene ( IX)  (380 mg., 1.5 mmoles) in \5 ml. 
of chloroform was added with cooling to  20" a solution of 
perbenzoic acid (290 mg., 2.1 mrnoles) in 8.1 ml. of benzene 
and the solution allowed to  stand at 25" for 2% hours. The 
reaction mixture was extracted with 10% sodium carbonate 
solution, washed with water, dried over anhydrous sodium 
carbonate and concentrated to  0.49 g. of liquid epoxides 
(LI  and LII ) .  The entire product was dissolved in 15 ml. 
of anhydrous ether and added dropwise to a slurry of lithium 
aluminum hydride (70 mg., 1.8 mmoles) in 15 ml. of anhy- 
drous ether. The mixture was stirred a t  25" for 3 hours 
and 2 ml. of water followed by 10 ml. of 6 N sodium hydrox- 
ide was added. The  ether layer was separated and the 
aqueous layer extracted with two portions of ether. The  
ether solutions were combined, dried over anhydrous mag- 
nesium sulfate and concentrated to  384 mg. of oil, which 
was dissolved in 10 ml. of petroleum ether and passed 
through a column containing 13 g. of alumina (activity 
111). Petroleum ether eluted 189 mg. of oil. Petroleum 
ether-benzene ( 9 : l )  and later benzene eluted 11s mg. of 
crystalline maaliol (I) ,  which was recrystallized from ligroin, 
inrp. 10'7-103". pure and mixed with an authentic sample. 

The oil eluted with petroleum ether was redissolved in 
petroleum ether and passed through a column of very active 
alumina (heated a t  220" a t  25 mm. for one day) .  Petro- 
leum ether-benzene (9:  l )  eluted an  oil (19 mg. after distilln- 
tion). Benzene eluted 15 mg. of liquid which crystallized 
when seeded with epimaaliol (L). The  material WLS sub- 
lirncd and found to  be identical with epimaaliol (L). 

Permanganate Oxidation of 7-Maaliene (IX) .-To a 
solution of y-maaliene (0.95 g., 4.65 mmoles) in 70 ml. of 
acetone a t  - 10" was added dropwise with stirring a solution 
o f  potassium permanganate (0.58 g., 5.57 mmoles) in 22.5 
111l. of acetone and 7.5 ml. of water. The solution was 
mxintained a t  - 10' for 3 hours, then gradually warmed for 
a period of 2 hours to  10'. The solution was filtered and 
poured into 300 ml. of water. The mixture WRS extracted 
w i t h  three portions of ether, the ether washed with water 
ant1 dried over anhydrous magnesium sulfate. Removal of 
the solvent left 1.25 g. of seini-crystalline material which 
\ V A S  dissolved in bpnzene and passed through a column con- 
t:linirig 40 g. of alumina (activity 1). Benzene eluted 490 
rllg. of starting material. Benzene-ether (9 :  1) and later 
ether eluted 0.66 g. of a liquid. Ethanol eluted,,200 mg. 
crystalline material. Recrystallization from diisopropyl 
ether afforded y-mnalidiul ( X ) ,  m.p .  135..5-136.5', 
1i;ised TTith an authentic sample. 

The fraction eluted with benzene-ether and ether was 
rechrornatograplled on 15 g. of alu1i:ina (activity 111 1. 

g., n?'.'D 1.5750. 

The sample was put on the column in benzenc and came 
through in the  first fraction. The  eluate (0.49 g.)  w:is dis- 
tilled through a semi-micro distillation apparatus and 
afforded 0.45 g. of distillate, b.p. 180' (ba th ,  0.3 mm.) ;  
infrared spectrum ( C C l r ) :  935(wk), 957(wk), 1038, 1077, 
1121, 1194, 1282, 1366, 1416, 1466, 1579(wk), 1600(wvk). 
1721, 2890 cm.-'; ultraviolet spectrum: 227 mK ( e  3 S O ) ,  
276 mp (E 925). 

Anal .  Calcd. for Cl3HI80,: C, 65.53; H ,  7.61. Calcd. 
for C10H;,O3: C, 63.91; H,  7.04. Found: C, 65.53, 63.81; 
11, 7.50, 7.71. 

The compound did not react with 2,4-dinitrophenylhydra- 
zine reagent and gave a negative test with ferric chloride. 
Treatment with tetranitromethane alTurded a vcry pale 
yellow color reaction. 

Permanganate Oxidation of a Mixture of Maalienes. A .  
-To the olefin fraction from the pyridine-acetic anhydride 
acetylation of maaliol (10.35 g., 0.05 mole) in a 2-1. flask 
ivith stirrer, condenser and dropping funnel, 1000 ml. of 
aqueous 5% potassium permanganate solution was added 
over a 3-hour period while the temperature was gradually 
r:iised from 25 to 100". To  the gefluxing solution 112 g. o f  
powdered potassium permanganate was gradually added 
during 45 hours. Onlv a trace of volatile material was 
obtained from steam distillation of the  reaction mixture. 
The  flask was cooled in an  ice-bath and sulfur dioxide 
passed over the reaction mixture until all the m:inganese 
dioxide was reduced. The  reaction mixture wns acidified 
with sulfuric acid, saturated with sodium chloride and ex- 
tracted with eight 100-ml. portions of ether. The  cther 
h y e r  was extracted with sodium carbonate solution until 
all the  acidic matcrial was removed. Evaporation of the 
ether left 0.5 g. of liquid. The  aqueous basic extract was 
acidified with sulfuric acid, saturated with sodium chloride 
and  extracted with five 100-ml. portions of ether. The r x -  
tract  was dried over anhydrous magnesium sulfate and the 
ether evaporated leaving 0.5 g. of liquid, which \v:~s dissolved 
in ether and treated with diazomethane. The  solution W:LS 

dried over anhydrous magnesium sulfate and concentrated 
t o  a liquid (0.51 g.). Saponification of the product by hrxt- 
ing for 90 minutes with 2 ml. of 1070 potassiuin hydroside 
in methanol yielded 0.45 g. of acidic m.itcrial ivhicli conltl 
not be crystallized. 

The  aqueous acidic osidation medium wns conccntrntcd 
to  SO0 ml. and continuously extracted with ethyl acet.ite for 
45 hours. The ethyl acetate was washed with 10\70 sodiuin 
hydroxide solution and water. The ethyl acetate \\-,jsliings 
of the aqueous layer were added t o  the  cthyl acetate es- 
tract ,  dried over anhydrous magnesium sulfate and concen- 
trated to  a trace of liquid. The  sodium hydroxide extract 
was acidified, saturated with brine and extracted with ethyl 
acetate, which was dried over anhydrous magnesiuin sulfate. 
Removal of the solvent left 1.5 g .  of liquid which \V:LS dis- 
solved in ether and pnssed through a column containing 40 
g. of silica gel (Davison). Ether eluted 0.3 g. of oil from 
which on heating in a sublinintion app:lratus :it 15 mm.  :L 
crystalline mnterial (50 nig.) sublimed. Kecryst.illizatior1 
from ether-petroleum ether afforded a-hydr,)xyisnbutyric 
acid ( S S V ) ,  n1.p. 75-79', pure and mixed witli an authcntic 
sample. 

Anal.  Calcd. for CIHsOl: C, 46.13; H ,  7.75; ncut. 
equiv.. 104. Found: C, 45.97; €1, 7.41; neut.  equiv., 102. 

B.-When the above procedure was used on a solution of 
maalienes (10 g., 0.049 mole) in 10 ml. of acetone under 
milder oxidation conditions (the temperature w-ns innin- 
tained at 35' for 20 hours, then raised to 63" for 23 hours). 
starting material and norrnaalione ( X I )  were isolated (2.6 
g.). The acids isolated could not be induced to  crystallizc. 

Conversion of the Diketone XX to  the Ketocarboxylic 
Acid XXV.-To a solution of the diketone SS (164 mg.) 
in 0 .8  ml. of dioxane, 0.2 ml. of rrater and 0.1 1111. of 10% 
potassium hydroxide solution was added iodine-potassiurn 
iodide solution until the reaction misture was a pale yelloFv 
for one minute. It was then heated to  60" for three min- 
utes and more iodine-potassium iodide solution \vas added 
until the yellow color persisted. The  mixture wns cooled, 2 
ml. of water added and the misture centrifuged to  remove 
the iodoform tha t  crystallized from the soiiitinn. The 
supernatant was treated with lOyo sodium bisulfite srilution, 
acidified with hydrochloric acid and extracted with three 
portions of ether. The ether then was dried over nnliytlrous 
magnesiuni sulfate and evaporated IcJvirig !IO I I I ~ .  of 3 
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liquid. The product was dissolved in ether arid extracted 
into sodium hydroxide solution. The  dried ether after 
evaporation left 8.5 mg. of oil. The sodium hydroxide 
extract was acidified with hydrochloric acid and the organic 
material extracted into ether, which was dricd over anhy- 
drous mignesiuni sulfate. Removal of the solvent left a 
liquid product which was chromatographed on silica gcl. 
The  reaction yielded 68 mg. of acidic material which was 
eluted from the coluinri with ether; infrared spectrum 
(CCI,): 885, 925, 1110, 1205, 1275, 1412, 1452, 1656, 1606, 
2858 cni.-l; ultraviolet spectrum: 236 mp ( e  10100). 

The product foriued an  oily 2..i-dinitrophetiylhydrazone; 
ultraviolet spectrum: 376 nip ( e  22000). 

Treatment of the Diketone XX with Sodium Methoxide.- 
To  a solution of the diketone XX (43.4 mg., 0.18 mmole) 
in 3 1111. of reagent methanol a t  O " ,  3 ml. of 1Oy0 sodium 
nietlioxide in methanol was added and the solution was al- 
lowed to stand a t  0' for 20 minutes and 25' for one hour. 
Water (15 ml.) was added and the mixture was extracted 
witli tliree portions of etlier, which were combined and 
dricd over aiiliydrous Inagnesiuin sulfate. Kenioval of tlie 
etlier left 3S.3 nig. of liquid, which was passed througli a 
coluiiin of aluriiiiia (activity 111) in petroleum ether and 
treated \vi l l i  2,-j-dinitropltetiylliydrazine reagent to  form 
i i  derivative (40 nig.) whicli was recrystallized from ethanol, 
1ii.p. 147.0-147.5', pure aiid mixed with a sample of the 
3,4-dinitroplicnylliydrazone of S X .  

Treatment of Maali Oxide (XLIX) with Selenium.--A 
mixture of X L I S  (523 mg., 2.36 rnmoles) and 525 rug. of 
seieiiiutn was heated to  YW-330" for one day  in a Wood 
metal-hatli. The reaction mixture was cooled to  25" and 
triturated with ether. The ether was filtered, extracted with 
two portions of 107, sodium hydroxide solution, washed with 
water and dried over anhydrous magnesium sulfate. Re- 
moval of the ether left 0.47 g. of a brown oil which mas dis- 
solved in petroleum etlier and passed through a column of 
alumina (very high activity, heated at 220' and 25 mm. 
for one day) .  

Petroleum etlier eluted 122 mg. of a liquid which after 
distil1:itiuti weighed 81.5 mg., b.p. 7G80° (bath,  0.04 
!ii!n.), 1.50%; iiifrared spectrum ('2'214): 1370, 1460, 
2950 ciii.-l. The ultraviolet spectrum indicated the ab- 
sence of naplithalenes. 

Furtlier elution with petroleum ether yielded 254 mg. of 
liquid, of wliicli "OS mg. was distilled (yield 176 mg.), b.p. 
K v 7 3 '  (ba th ,  0.04 i n i n . ) ,  7 ~ 2 ~ ~  1.5035. The compound did 
i i u t  form a picrate \\hen treated with 470 ethanolic picric 
xcid. After tlie distillate had set for several days crystals 
fvriiietl whicli were identical with starting material. 

Etiicr eluted 42 nig. of a brown oil whicli was distilled 
(17 iiig.), b.p. 80' (bath,  0.04 inin.). After cooling, the dis- 
tillate crystallized partially. The crystals were identical 
with starting iii,itcrial. 

Dehydration of Maaliol ( I )  to the Diene XXVI1.-Maaliol 
( I )  (2.0 g.) w n s  dissolved in 20 ml. of anhydrous formic acid 
and the mixture heated on tlie steam-bath for 5 hours. 
The iii,iterial \vas then poured on ice-\v;itcr and the hydro- 
carbun extracted with five portions of petroleuiii ether. 
The organic layer was washed repeatedly with aqueous so- 
diuni bicarbonate solution and with water and was then 
filtered tllrougli 20 g. of aluiiiiiia (activity I) .  

After the solvent I i x I  been reiriuved by evnporatiim the 
idue was distilled and liad b.p. 11S-120a (8 inni.) (1.L3 
, U * ~ D  1.5223, [ a ] %  -231' (c  2.07, CHC13), CYD -191 , 1" 241. 247, '756 nip ( E  10000, 20000, 13500). Vapor 

I)li:ise cliroiii~itogr~ipliy itidiclited the presence of only r i l le 
sulxtaiice; iiifraied spectrum (neat)  S76, 955, 995, 10:3), 
l(!(i5, 1175, 1215, 12i0, 1295, 1375, 1355, 1450-1470, 1620, 
1643, POW ( b r m d )  ciu.-l. 

/ l w / .  Calcd. for ClsIIzr: C, m.16; H, 11.S4. Found:  
C, 8S.16; 11, 11.iS. 

The dicne S S V I I  did not react with maleic anhydride 
i i i  biding benzene (25 hr.) and was not reduced by sodium 
i i i  boiling e:.linnol nor in boiling 1-pentaiiol. 

Catalytic Reduction of XXVI1.-The diene XXVII  (14.7 
nig., 0.072 niiriole) was dissolved in 1 rnl. of glacial acetic 
.ieid aiitl reduced over Adnms platinum catalyst in a niicro- 
1i:drogen~tor. The uptake of hydrogen ceased after 3.14 
1111. (0.14 niiiiole) of liydrogcn had been absorbed. 

Oxidation of the Diene XXVII to a Mixture of Tetrols 
XL1V.-Tiic dieae XXVII (2.54 9.) was dissolved in pyri- 
cliiic (04 6. ) .  After the addition of osmium tetroxide (6 9.) 
the reaction mixture was allowed to  stand in the dark for 13 

days. The pyridine was tben removed in  vacuo and the 
residue dissolved in a mixture of 100 ml. of ethanol and 100 
ml. of benzene. Forty grams of mannitol and potassium 
hydroxide (42 9.) were then added and the mixture allowed 
t o  reflux for 7.5 hours. After tlic organic material had been 
isolated by the conventional method it was further purified 
by chromatography over 60 g. of alumina (activity 111). 
Ether eluted 2.69 g. of a colorless material which could not 
be crystallized. Both the infrared and ultraviolet spectra 
indicated the absence of unsaturation aiid the substance 
gave a negative color reaction with tetranitromethane. 
Oxidation of this mixture of tetrols XLIV with sodiuiii pe- 
riodate gave an  oily substance which was treated with 2,4- 
dinitrophenylhydrazine. Paper chromatographic analysis 
of the crude derivatives indicated the absence of acetone 
and formaldehyde. 

Ozonization of the Diene XXVII.-The diene (204 ma.) 
was dissolved in ethyl acetate (10 ml.) and ozonized -at 
-60'. The solution was then mixed with 20 ml. of water 
and heated to reflux. The distillate was treated with 800 
mg. of 2,4dinitrophenylhydrazine in 30 ml. of methanol. 
After the addition of water, crystals separated which were 
filtered. Analysis by paper chromatography deinonstratcd 
the absence of the derivatives of acetone and formaldehyde. 

Conversion of the Diene XXVII to Eudalene (VI).--The 
diene (0.858 9.) was mixed with seleniuni (0.79 g . )  and 
heated to  reflux for 20 hours. The reaction mixture was 
extracted with ether and the ether washed consecutively 
with aqueous potassium hydroxide solution and water. 
After drying, the ether was removed in  L J U C Z ~ O ,  tlie oily resi- 
due (0.61 9.) dissolved in petroleum ether and passed through 
a column of 5 g. of alumina (activity I). The eluate had an  
infrared spectrum which was superimposable on that  of 
eudalene (VI). The picrate had m.p. 93.5' (from ethanol) 
and the styphnate m.p. 118-121' (from ethanol). Neither 
derivative gave a melting point depression when mixed 

~~ 

with an authentic sample. 
Dehydration of Maaliol (I) with Phosphorus Oxychloride. 

-Maaliol (1 E.) was dissolved in a mixture of pyridine (15 
ml.) and pilosihorus oxychloride (1.85 9.) and t h e  solution 
allowed to stand at room temperature for 18 hours. The 
pyridine hydrochloride which had separated was removed 
by filtration and the filtrate diluted with water and extracted 
with petroleum ether. The organic layer was washed sub- 
sequently with aqueous sodium bicarbonate solution and 
water. After the solvent had been dried with sodium sulfate 
i t  was removed by evaporation in  vacuo and the oily residue 
chromatographed in hexane solution over 35 g. of alumina 
(activity I). The eluate was concentrated and distilled 
through a Hickruan flask. It had strong infrared bands a t  
871, 1637 and 2990 em.-' and contained over io% of y- 
maaliene ( I X )  ascertained by gas-liquid partition chroma- 
tography. 

JuniperoL-A sample of juniperol, obtained from B. I t .  
Thomas, Kungl. Tekniska Hogskjjlan, Stockholni, Sweden, 
was recrystallized, m.p. 103-106 , and used for a niixed 
melting point determination with maaliol, mixed m.1). 74- 
84'; infrared spectrum (KBr  pellet): 970, 1010, 1021, 
1043, 1114, 1170, 1240, 1282, 1360, 1452, 3020, 3100 
cm.-l. 

Thujalactone.-Thujone (4.6 g., 0.03 mole) was added 
to  a mixture of peroxytrifluoroacetic acid (0.032 mole, 
prepared by tlie method of Sager and Duckwurth59) and 
triauoroacetic acid in an ice-bath at a rate  suficient tu 
maintain the temperature a t  10-15O. The rcaction niixturc 
was diluted with 10 ml. of chloroform and made basic with 
6 g. of sodium carbonate in 30 ml. of watcr. The two 
layers were separated and the aqueous layer extracted with 
chloroform. The chloroform solutions were combined and 
dried over anhydrous magnesium sulfate. Removal of the 
solvent lefL 4.4 g. of liquid which was distilled through a 
modified Podbielniak column. The fraction boiling a t  
152-155' (31 mm.), 1.3 g., partially crystallized on cooling. 
The crystals were filtered and washed with cold petroleum 
ether (yield 0.70 g.). Recrystallization afforded thujalac- 
tone, m.p. 60.2-60.4'. 

Anal. Calcd. foi CldIlsO: C, 71.39; 11, 0.69. Found: 
C,  71.32; H, 9.65. 

In  another oxidation the above procedure was altered by 
using chromatography over alumina (activity 11) instead 

(59) W. F. Sager and A.  Duckworth. Tal3 J O U R N A L ,  77, 188 
(1955). 
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of fractional distillation to isolate the product. The yield 
of recrystallized product was 38%. 

Thujaketonic Acid.-A solution of thujalactone (500 
mg., 3 mmoles), chromiuni trioxide (220 mg., 2.2 mmoles), 
two drops of concentrated sulfuric acid and three drops of 
water in 6.5 ml. of glacial acetic acid was allowed to  stand 
a t  27' for 5 hours. Sodium carbonate was added t o  neu- 
tralize the sulfuric acid and the solvent was removed in 
vacuo to yield a viscous liquid which was dissolved in ether 
and extracted with 10% sodium carbonate solution. The 
ether layer was washed with water and dried over anhydrous 
magnesium sulfate. Removal of the solvent afforded 0.30 
g. of starting material. The basic aqueous layer was acidi- 
fied with hydrochloric acid and extracted with ether, which 
was dried over anhydrous magnesium sulfate. Removal of 
the ether left 0.18 g. of liquid. When seeded with a crystal 
of thujaketonic acid (prepared from thujone by perman- 
ganate oxidationw) the product crystallized. Recrystalli- 
zation from benzene-petroleum ether afforded thujaketonic 
acid, m.p. 74.5-75.3'; infrared spectrum (CCl,): 944, 
1022(wk), 1092, 1172, 1220, 1380, 1684, 2880 cm.-l. 

The product formed a 2,44initrophenylhydrazone which 
was recrystallized from ethanol, m.p. 161-162'; ultraviolet 
spectrum: 368 mfi ( E  22000). 

Several other methods for the preparation of thujaketonic 
acid were attempted but the yields were low. These meth- 
ods consisted of: (1) ,base hydrolysis of thujalactone 
followed by chromium trioxide-pyridine oxidation, (2) base 
hydrolysis of thujalactone followed by sodium hypobromite 
oxidation and (3) chromium trioxide oxidation of thujalac- 
tone a t  15-20' in acetic acid.61 

Conversion of Normaalione (XI) to 7-Maaliene (IX).- 
A 0.9 M solution of n-butyllithium (3.15 ml.) in anhydrous 
ether was added under vigorous stirring to a suspension of 
methyl-triphenylphosphonium bromide (1.02 9.) in 12 ml. 
of ether. After 2 hours a t  room temperature normaalione 
(0.5 g.) in 15 ml. of ether was added and the solution stirred 
overnight. Tetrahydrofuran (50 m1.)62 was added and the 

(60) F. Tiemann and F. W. Semmler, Ber., 30, 429 (1897). 
(61) Method of E. J. Carey and J. J. Ursprung, THIS JOURNAL, 78, 

(62) Modification of F. Sondheimer and R.  Mechonlam, ;bid., 19, 
5041 (1956). 

5029 (1957). 

ether removed by distillation. After 6 hours at reflux the 
solution was poured in water, extracted with petroleum 
ether and the organic layer washed with water and then 
dried with sodium sulfate. The solvent was removed by 
evaporation and the residue chromatographed over 15 g. of 
alumina (Woelm, neutral, act. I). Hexane eluted 400 mg. 
(80%) of an oil which after distillation had an  infrared 
spectrum identical with that  of highly purified 7-maaliene 
( I X )  prepared by pyrolysis of maaliacetate (VIII) .  

Deuterium Exchange of Carone (XVI).-Sodium (0.149 
g.) was dissolved in EtOD (3 ml.). After the addition of 
carone (0.9 g.) the solution was allowed to  reflux for 20 
minutes and the deuterioethanol removed by evaporation. 
Three additional exchanges were carried out using 2 ml. of 
EtOD each time. After the last exchange the residue was 
taken up in petroleum ether, the organic phase washed 
with DzO and dried. The deuterated carone was purified by 
distillation, b.p. 95-105' (3.8 mm.) (bath temperature 
measured). I t s  mass spectrum indicated the presence of 
80% dideuteriocarone and 207, monodeuteriocarone. The 
above exchange was repeated using deuteriocarone and 
ethanol. The  product obtained had an  infrared spectrum 
identical with that  of carone.e3 

Deuterium Exchange of LIX.@LDihydroeudesrnoP (230 
mg., m.p. 85-86') was dehydrated by means of Pocl~ in 
pyridine.".64 Ozonolysis of the mixture of olefins ( -60" in 
methanol-carbon tetrachloride solution) and work-up in the 
usual way67 afforded a n  oil, the active hydrogens of which 
were exchanged with deuterium (cf. procedure used on 
normaalione (XI)) .  Distillation of the deuterated material 
in a micro-distillation apparatus afforded 138 mg. of color- 
less oil which, upon mass-spectral analysis, showed mass 
peaks at 212 (tetradeuterated nor-ketone LIX), 194 (tetra- 
deuterated LIV minus -CD3), 184 (tetradeuterated trisnor- 
ketone derived from X X X I X )  and 46 (CDaCO- group 1. 

(63) We are indebted to Dr. T. Matsuura for these experi- 

(64) We wish to thank Dr. I .  M. Goldman for this eaperi- 

(65) We are indebted to Dr. D. Arigoni, ETH, for providing this 

ments. 

ment. 

material. 
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The condensation reaction of substituted 3(2H -thianaphthcnonc-1,l-dioxides ( I )  with aromatic aldehydes now has been 
further investigated. Oxidation of 2-arylidene-3(2H)-thianaphthenone and its substituted derivatives (IIIa-e) with hydro- 
gen peroxide proved to be a general method for the preparation of 2-arylidene-3(2H)-thianaphthenone-l,l-dioxide and its 
substituted derivatives (cf. IIa,b,g,i,k). 2-Arylide11e-3(2H)-thianaphthenone-l,l-dioxides (11) undergo an addition reac- 
tion with p-thiocresol, yielding the thiol adducts believed to have structure V. Conjugate addition, without any indication 
of cleavage, now has been observed when substances of typc I1 are allowed to  react with arylmagnesium halides, yielding 
colorless reaction products, believed to  have structures VII.  

Recently112 the condensation of 3(2H)-thia- and its substituted derivatives (IIIa-e, respec- 
tively) with hydrogen peroxide also leads to the 
formation of the corresponding 2-arylidene-3(2H) 
thianaphthenone-1,l-dioxides (IIa,b, j,i,k) in good 

iiaphthenone-1,l-dioxides (1) with aromatic alde- 
hydes has been reported; e.g., 3(2H)-thianaphthe- 
none-1,l-dioxide (Ia) condenses with benzaldehyde 
to give 2-benzylidene-3(2H)-thianaphthenone-l, 1- yield. 
dioxide (Ira). We now have extended the study of , 
number of new arylidene derivatives (IIc-f,h,j,l). 
this condensation reaction and have obtained a R ~ ~ ~ ~ + k c H o  - c=cHAr 
Oxidation of 2-arylidene-3 (2H) -thian aphthenone R" Oa R" Oa 

(1) A.  Mustafa and S. M. A. D. Zayed, THIS JOURNAL, 19, 3500 

(2) W. Asker. A.  F. A. Shalaby and S. M. A. D. Zayed, J .  Org. 

Ia, R = R'  = R" = H 
(1957). b, R '  K" = H ;  R = CHJ 

c, R = I<' = H ;  R '  = CHJ 
Chcm.,  23, 1781 (1958). d , R  = R'  = H ;  R' = CHJ 


