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Thi, Ic,:irr:inpi,iiif,iIt of thr h r  ii.s-dienone:Lac:tic acid ( IVa) in acetic snhydritle-sulfuric acid frirnishcd predoniirinntly the p - 
~I 'wlJl  IS 1, wlitw:ts with 5O', i1 siilhiric wid the unexpected m-crrsol ( X I )  was obtained as a chief product, together wit11 
iiiitior : t inourits  O E  the iioriiid ni-cresol (X) .  On tlie other hand, the cis-dienoneacrtic acid ( I V b  j with acetic anhydridp- 
siilfi~rii: acid mainly rcxrr:ingd to the iiormal rri-crysol (X), accompanied with IX.  Also with 50% sulfuric acid, the cis- 
isotric'r ( IVb) prc:doniiri:tritly affordrd X. Thr~  structures of these rear rangd products were confirnmed by unequivocal syii- 
thcws. Both Irons- and cis-isomers of the 4-methyl homologues (XXXIIIa  and XXXIIIb. R1 = COO11 and RZ = H, respcac- 
tivt:ly) ot' I V  reacted with 50% sulfuric acid giving exclusively the identic11 xylenol (XXXV). Plaiisible routes for the forina- 
tioii of t lw ~ I I I L I S U ~  tmmsol ( X I )  from 1V:t \+we tentatively proI)osed. 

It' has been st,ntcd3S4 that  the dienone-phenol re- 
:umngements of a number of naphthalenic dienones 
p rocecdd  through two different courses principally 
tlcpending 011 thc media uscd. For a typical ex- 
ample, !)-inct,hyl-5-ket,o-~1,~-li(~~ah~dronapht'halene 
( I )  has hwn wported to rcarrnnge in acet'ic anhy- 
tlridc, ciu, t l i c  spimii, t,o the. acetate of the p-cresol, 
4-1ncthyl-nr,-l-tctr~lol (11). On t'he other hand, 
treatment of I with aqueous mineral acid mostly 
Icd, ain a siniplc 1,2-methyl shift, to the m-cresol4- 
mc\t h~.l-ai-~-tt~ti~:ilol (111). Similar relationships be- 
t w v i i  i l i o  i w r t i o i i  procrms aiid nmli:i wcd have 
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hccn report od iii many cases of the aromatizations 
of t;he steroidal A1~4-3-dienones.4~5 

T o  test this grnerality the same reactions were 
npplicd t o  t,he aromatization of the A'p4-3-dienone 
systcm prysessing the acetic acid side chain a t  the 6- 
positioii. Phis would serve to examine the confor- 
1113 tiond cffect's of the relatively bulky suhst#itueiit 
011 the coiirsc of the rcarrangcnicnt. 

(1) Pap1.r S S I ,  H. Ogura, J .  Org. Chei)~. ,  2 5 ,  679 (19GO). 
( 2 )  Thi. \vork 1 ~ : ~ s  supported in part Iiy the (:rant, in Aid 

for Sricsntiiic. 1Icw:ircli froni the Jap:mesc:! Ministry of 
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The starting materials, trans- and cis-9-methyl-3- 
ket~-A~~~-hexahydronaphthyl-G-acetic acids (IS'$ 
and IVb, respectively), were prepared by selenium 
dioxide oxidation of the corresponding stereomers 
of the 3-octalone-6-acetic acid (Va and Vb), in 
which the configurations have been established.6 
Rearrangement of the trans-dienoneacetic acid 
(IVa) wab effected in acetic anhydride-sulfuric acid 
uiider standard conditions3 and resuted in a mix- 
ture of the acetates. On recrystallization of this 
mixture, one acetate, m.p. 137.5-138.5', was iso- 
lated in a 76y0 yield, which mas hydrolyzed with 
alkali to a phenol A, m.p. 143-144'. Hydrolysis of 
the mother liquors of this acetate gave minute 
amounts of two other phenols B and C, which mill 
bc described below. The trans-dienone (IVa) mas 
trcated with 50% sulfuric acid leading to a mixture 
of the phenols. This mixture mas subjected to  
chromatography on silica gel and eluted with chloro- 
form-benzene. The first eluted fractions furnished 
in a 40% yield a phenol B, m.p. 158-158.8', and 
traces of the phenol A. In addition, a phenol C, 
m.p. 160-161°, was isolated, in a 24% yield, from 
the last eluted fractions. The existence of the three 
different phenols were confirmed by the mixture 
melting point determinations and infrared spectra. 

The aromatization of the cis-dienoneacetic acid 
(IT%) took place in a somewhat different way from 
that of the trans-isomer (IVa). With acetic anhy- 
dride-sulfuric acid, the cis-dienoneacetic acid rc- 
arranged to give predominantly the acetate of the 
phenol C, the yield of which was much better (50%) 
than that  from IVa under the same conditions. 
Nevertheless the phenol A was obtained only in a 
relatively lower yield ( 2 0 ~ o )  after hydrolysis of the 
mother liquors. Dilute sulfuric acid treatment of 
IS'b, like that of IVa, resulted in a mixture, which 
separated predominantly the phenol C (70%) on 
fractional crystallizations. I n  addition, the mother 
liquors afforded traces of the phenol A. 

These three products exhibited the same ultra- 

(6) M. Ynnagita, S. Inayama, 31. Hirakiirn, and F. ScBki, 
,l. Org. Chetn.. 23, 690 (1058). 



violet absorpt'ion maximum, Xc,2,H,6°H 280 mp ( E  2.050 - 2.200), typical of a phenol.' In  the infrared 
spectrum the pheiiol A showed A:::' 800 cm.-l, 
:itt,ributablc tjo two adjacent hydrogens on a ben- 
zene rir~g:'~~ It iiidicates that, it is a conipound of 
the p-cresol type analogous to 11. Contrary to 

probable. To  clarify the problem, syntheses of these 
structures were undertaken. The 2-tctralol-7-ncet,ir: 
acid (X) was prepared by the conventional method 
starting with the tetralone (XXXI, R = H), which 

phenol A, the phenols B and C had almost the ;A wmt: 
bands, respectively, VI",$' 868 and 864 em.-', bc- 
cause of isolated hydrogens on a benzene ring.Y 140" HO" 
From this, these latter two may be reasonably as- 
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X XI  
signed the structures of the m-cresol type such as 
T T T  
111. 

Based on the mechanisms of the dienone-phenol 
rearrangements suggested previously, 3 , 4 * q  the for- 
mation of a type of the p-cresol compound from IV 
may be anticipated to pass through the spiran 
intermediate (VII) via the cation (VI). The cleavage 
of the spiran ring would occur in either of two 
possible ways, leading to 4-methyl-ar-l-tetralol-7- 
or -6-acetic acid (VIII or IX, respectively). A 
choice between these two structures for the re- 
arranged phenol A was made by synthetic study. 

n a s  su1,mittcd l o  the reactions sequence similar to 
that described for IX from XXVIT. The resulting 
product (X) m.p. 160-161 O ,  was identified in every 
respwt with the second phenol C. Parallel sequence 
starting with XXXII  (R = II), i n  place of XXXI 
(11 = €I),  led to  the 2-tctralol-6-acetic acid (XI) ,  
m.p. 1~%-15S.5°, completely indentical to the third 
phenol B. More detailed syntheses of these m- 
cresols will be stated later. 

The rearranged products, described above, arc 
summarized in Table I. 

@& \ COOII l + p I .  

HO HO 
VI11 IX 

l.'irst, the former acid (VTII) was prepared by the 
standard method involving the reactions sequence 
(XVII + XXI), details of which will be described 
below. The desired tetralol-acetic acid (VIII), so 
obtained, had the m.p. 121-122', and was ob- 
viously differentiated from the above phenol A, 
m.p. 143' (the mixture melting point examination 
and the infrared spectra). Evidently it follows that  
the phenol A must be represented by the alternative 
structure (IX), which was rigidly proved by the 
unequivocal syntheses (XXVII + XXX) described 
below. 

For the two other phenols B and C, either of the 
two possible structures, 4-methyl-ar-2-tetralo1-7- 
(X) or -&acetic acid (XI) must be taken into con- 
sideration. Of these two, the former (X) seems more 
preferable, as i t  may reasonably result from the 
usual 1,2-shift of the angular methyl group in the 
dienoiie (IV), whereas the latter is much less 

(7)  A. Sondoval, L. hliramontes, G. Rosenkrsnz, and C. 
Iljrraasi, J .  Am. Cheni. SOC., 73,990 (1951). 

( 8 )  I,. J. Bellamy, The Infrared Spectra of Complex 
,?lo/ecules, Methuen & Co., Ltd., London, 1954, p. 67. 

(9)  It. B. Woodward, Perspectzves in  Organic Chemistry, 
In tc~rec ic~nc~~,  S r w  York, 1956, p. 178: S. M. Bloom, J .  
-I / / i  f h r  )/i Soc .. 80, (280  ( 1 C)T,R'i. 

TARIJE I 
hlnjor Proctiirts I i ( b l l l  

( (  < )  (CI csols) Compound hfrdium 

From this Table, i t  can be seen that the course of 
the rearrangements of the present dienones (IV) 
does not always conform to the above cited gener- 
alization3s4 about the influences of the reaction 
media on the rearrangement processes. It is easily 
noted that, in agreement with this generality, thc 
reaction of the trans-dienoneacetic acid (IVa) in  
anhydrous medium and of the cis-isomer (IVb) i t 1  

aqueous acid afforded chiefly the normal p- and m- 
cresols, respectively. On the other hand, the prc 
dominant formation of the m-cresol (X), over the p -  
isomer, from the cis-dienone (IVb) in anhydrous 
medium was unexpected. Also it is somewhat sur- 
prising that  the trans-dienone (IVa) with mine1 al 
acid furnished the anomalous compound m-cr esol 
(XI), as the major product. 

On the basis of the previous postulation for thta 
dienone-phenol rearrangements, two possible mecha- 
nisms for the formation of the anomalous prod- 
uct (XI) from TVa are tentatively propowd a< 
fol1on.s. 



RELATEI) CORIPOUNDS. XXII 3063 
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I n  both paths, 11 = CHICOOH 
Figure 1 

Two pathways (Fig. 1) involve different modes of 
triple Wagner-Meerwein rearrangements. Path A, 
starting with thc cation XII, would in three steps 
form the spiran (XIII) ,  in which, if the bond a is 
cleaved, XI would result. Alternatively the rupture 
of the bond b would lead to X, the normal product, 
the formation of the latter being differently ex- 
plained as stated above. In  Path B,l0 the cation 
(XII) would directly yield the spiran (XIV) re- 
lai ing to XI. 

The foregoing results may demonstrate that on 
dienone-phenol rearrangement, the trans-dienone 
(IVa) carrying the acetic acid side chain axial shows 
stronger tendency to undergo the ring methylene 
group migration, whereas the cis-isomer (IVb) with 
the same residue a t  the equatorial position is in- 
clined to suffer the shift of the angular methyl 
group. Such striking differences in the behavior of 
these two stereomers may be clearly ascribed to thc 
clifffcrences in the conformational features, but a 
completc rationale of the available data is not yet 
appar .nt. 

Now we should like to state the detailed syrithescs 
of the above four phenols (VIII, IX, X, and XI). As 
simply described above, 4-methyl-a~-l-tetralol-7- 
acetic acid (VIII) was prepared through the se- 
quence of reactions (XV - XVIII  -+ XXI). By 
application of the procedures reported previously, l1 

y - hydroxy - y - (2 - methoxy - 5 - methylpheny1)- 
(IO) This route was suggested by a referee. 
(11) J. Citson, C. E. Adams, and L. L. Bennet, J. Am. 

Client. SOC., 66,  1764 (1044). 

butyric acid lactone (XV)I2 was treated with thionyl 
chloride and then with dry hydrogen chloride- 
ethanol. There was obtained in a satisfactory yield 
an oily chloroester (XVI), which was not com- 
pletely purified. h l ~ l l e r ~ ~  has published that con- 
densation of ethyl a -bromoisobutyrate with sodio- 
methylmalonate produced, under a 1,2-shift, ethyl 
y,y - dicarbethoxy - a - methylvalerate. Under 
the similar conditions, the above crude chloroester 
was heated to reflux with diethyl sodiomalonate in 
ethanol. The crystalline adduct, obtained in a 66% 
yield, map be favorably assigned the rearranged 
structure (XVII R = C2H6) rather than the 
normal one (XIX), in view of the Moller's observa- 
tion. This formulation was further supported by the 
fact that  the triester (XVII, R = C2H5) was 
hydrolyzed and decarboxylated to give a dibasic 
acid (XVIII). The latter is different from the 
known adipinic acid (=),I4 which would be 
derived from XIX under the same conditions. To 

1 

CH,<O 
XVIII 

X X I  
I 

, ,.-H 

c'l I,aO 

SXI I .  R = C1 
XXIII. I i  = CH(COOC,H,)? 
XSIV. 1 i  CH(CfI&H), 
XXV. R = CH(CFI,080yCEI,)~ 
SXVI.  R = CH(CII,CK), 

(12) K. R7. Roscntnund and D. Shopirn, A ~ d t .  Phnrm., 

(13) E. ilfolkr, Ber ,43,3250 (1910). 
(14) A. S. Dreiding nnd 11. J. Tom:tscwvalti, J .  Org. Chern., 

313,272 (1934). 

76,540 (195-4). 



3061 HIHAKCHA, YANAGITA, A S D  INAYhXIA VOL. 2G 

definitely prove the structure, XVIII was made by 
the standard method.15 The alkylation of diethyl 
aodiomalonate with 2-n~tthoxy-3-methyIbenzyl 
chloride (XXII) l6 gave the benzylmalonate 
(XXIII), which was reduced with lithium alu- 
minum hydride to the 1,3-diol (XXIV). The bis- 
methanesulfonate (XXV) of this diol was converted 
to the dinitrile (XXVI) and, hence, to the corre- 
sponding benzylglutaric acid, identical to XVIII. 

Cyclization of the chloride of the above benzyl- 
glutaric acid (XVIII) to the tetralone-acetic acid 
(XXI, R = CH3) was readily effected with stannic 
chloride. On demethylation and subsequent Clem- 
mensen reduction, the latter was converted to the 
desired tetralol-acetic acid (VIII), m.p. 121-122'. 

The structure (IX) for the phenol A was syn- 
thesized by the conventional method as follows : 
Condensation of &met hoxy-8-me th yl- 1 - te tralone 
(XXVII) with ethyl oxalate gave the glyoxalate 
(XXVIII), which was decarbonylated to the p-keto 
ester (XXIX). The latter waz condensed with [,thy1 

XXVII. R = H 
XXVIII.  R = COCOOC2Hh 
NXIX. R = COOCeH5 
XXX. It = CHZCOOH 

0 

XXXI X S S l I  

0 0' L p  CH(COO('irI,), 
Rz 

HO b C O O H  

XXXIIIa.  11 XXXIVa,b 

xxxv 
bromoacetate, and then treated with alkali to give 
the acetic acid compound (XXX), which was de- 
methylated and reduced by the Clemmensen 
method. The end product (IX) showed the m.p. 143'. 

The starting point for X was 7-methoxy-5- 
methyl-1-tetralone (XXXI. R = H), which has 
been reported previously. As described above, the 
conversion of this tetralone into the acetic acid com- 

(15) J. H. Boothe, A. S. Kende, T. L. Fields, and R. G. 

(16) R. Quelet, Compt. rend., 198, 102 (1934). 
(17) J. Herran, Q. Mancera, G. Rosenkranz, and C. 

(18)!A. S. Dreiding and 'jv. J. Pnmmer, J .  Am. Chem. 

lyilkinson, J .  Am. Chem. SOC., 81, 1006 (1959). 

Djerassi, J .  Org. Chem., 16, 899 (1951). 

SOC., 75,3162 (1953). 

pound (X) was carried out, through the glyoxalate 
(XXXT. R = COCOOC2Hb) in five-steps, pnmllel- 
irig that cited above for XXVII + IX. The result,- 
ing 7-acetic acid (X) showed the m.p. 160-161 '. By 
similar sequence, 6-methoxy-8-methyl-1-tet'ralone 
(XXXII. R = H), prepared as reported earlier,18 
was t'ransformed into the 6-acetic acid isomer (XI) ,  
m.p. 158-158.5'. 

In view of the above anomaly in the rearrange- 
ments of tlhe dienones (IV), it] seems worthwhilc t o  
study the warrangemcnt of the 4-methyl homo- 
logue of IT7, 4,9-dimethyl-3-ket0-A~~~-hexahydro- 
napht,hyl-G-acet'ic acid (XXXIII.  R1 = COOII and 
R2 = H). I t  is well known that the 4,g-dimethyI- 
dienone moiety in the santonin series readily re- 
arranges with acid to  the p-xylenol derivatives. i! 
small possibility, however, must be considered that,, 
as in IV, the differences in the cofigurational fen- 
tures of the side chains would exert import,ant 
influences on the rearrangement course in the samc 
moiety in XXXII I  (R '  = COOH and R2 = I€). 

Mikilg has claimcd that the cis-isomer of the 
above dimethyldienone, m.p. 194', was prepared 
using the A4-3-octnlonemalonat~e (XXXIV) as the 
starting material. The reported sequence, involving 
five steps, was lengthy and the over-all yield was 
considerably low. E'urthermore, the starting malo- 
nat'e, used by this worker, was supposedly assigned 
cis, but later corrected to trans.6 Therefore, it is 
desirable to synthesize the dimethyldienones of the 
correct configurations. In the present work, the 
two stereomers of XXXII I  (R1 = COO13 and 
R2 = H) ,were prepared, in three steps, st,arting 
from the octalonemalonates (XXXIV) of the well 
established configurations. On usual selenium 
dioxide oxidation, the octalones (XXXIV) fur- 
nished, in satisfactory yields, the corresponding 
isomers of the dienonemalonat>es (XXXIII.  R1 = 
R2 = COOC2H5). Upon hydrolysis and decarboxyla- 
tion, the tians-malonate gave, in an over-all yield of 
32%, the trans-dienoneacetic acid (XXXIIIa. 
R1 = COOH and R? = H), m.p. 194-195', identi- 
fied with a sample of the Miki's iici"'-isomer.2" 
Similarly, the cis-malonate (XXXIIIb. R1 = 
R2 = COOC2H5) afforded in better over-all yield 
(68%) the cis-dienone acet,ic acid (XXXIIIb.  Iil = 
R2 = COOH), m.p. 151-153'. Rearrangements of 
both stereomers of the above dimethyldienoxe 
were effected with dilute sulfuric acid under t'hc 
standard conditions.3 There resulted in reasonable 
yields the identical xylenol 1,4-dimethyl-ar-2- 
tetralol-7-acetic acid (XXXV), as t'he only product 
detectable. This structure is based on the elenien- 
tary analyses and the analogous migration of sal]- 
tonin. It was further supported by its ultraviolet 
spectrum (A max 285 mp, log t 3.29), similar to  that 

(19) T .  Miki, J .  Pharm. SOC. J a p a n ,  75,410 ( 1  955). 
(20) We wish to thank Dr. hliki, Research Laboratory, 

Takeda Pharmaceutical Industries, Osulm, J n p m ,  for gener- 
ous supply of this sample. 
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of 1,4-tlimet,hylest'rndiol (A,,,,,, 285 mp, log e 
: i, 23).  

E't.otii l h s e  result#s, it; i s  c:le:tr Lhat 4,1)-diniet,hyl- 
~ l~%Ii t . r io i t r : s  with iniiiet~al acid rearrange ex- 
c.liisi\-ely to the p-sylenol compound (XYXV) , 
itmq)ec't ive of the configurat,ioris of the acetic acid 
rwitlut:. These straightforward processes of the re- 
:~rrangerneiits of the. dimethyldic,nones are in sharp 
cboiitrast to the complicatcd courses dcscribcd :hove 
for IV. 

 EXPERIMENTAL^^ 

.\11 tmpc"irt1s were iincorrectetl. 1nfr:treil :ilisorpt,ion 
slx'rtra \vere measured with n Prrliin-El~nt~r inotlvl 21 doul)l(> 
I J ( , : L I I I  spcctropliotometer. 

trana-0-JIeth yl-S-keto- A', 4-hexa~hydronaphth~~l-6-acctic acid 
( Under the same conditions as drscribed previously 
for the oxidation of 4,9-dimethyl-A'-3-octalon~,~ trans-9- 
111c~tl i~l-4~-:3-o~talone-~-ac~~tic  acidG (Va, 4.02 g.) was heated 
to reflux with selenium dioxide (2.0 g.) in tert-butyl alcohol 
(280 cc.) for 48 hr., without addition of acetic acid as the 
solvent. The brown viscous product was dissolved in 
ctliyl acetate, and on addition with benzene, the trans-9- 
iiitrthyldienonencetic acid (IVa) separated as the crude 
carystals (1.36 g., %yo), m.p. 142-14i". Recryst,allization 
from benzene-ethyl acetate formed pale yellow prisms, 
1i1.p. 150-151"; k ~ ~ ~ ~ , ~ ~  211 ( e  15.800). 

iinal. Calcd. for C13H1603: C, 70.89; H, 7.32. Found: C, 
C, 70.58; H, 7.26. 

On chromatography, the mother liquors gave an additional 
0.52 g. (total 47%). 

cis-9-Methy1-S-keto-A1~4-herahydronaphthyl-6-acetic acid 
(IS%). A s  described above for IVa, cis-9-methyl-A4-3-octa- 
lone-6-acetic acidG (Vb, 2.05 g.) was oxidized with selenium 
dioxide. The brown viscous product was chromatographed 
on silica gel (30 g.) and the chloroform elution afforded the 
cis-dienoneacetic acid (IVb, 0.76 g. 38%), which was re- 
crystallized from ethyl acetate-petroleum ether to form fine 
prisms, m.p. 95-96'; A:iyt:z 240 ( e  14.400). 

Anal. Calcd. for C13Hi603: C, 70.89; H, 7.32. Found: 
C, 71.22; H, 7.52. 

Rearran,gment of the trans-9-methyldienoneacetic acid 
(IVa) in  acetic anhydride. This reaction was carried out prin- 
r.ipally by the procedure described for 9-metliyl-3-ket0-A~~~- 
hexahydronaphthalene.3 IVa (0.56 g.) was dissolved in 
acetic anhydride (10 cc.) coiitaining a trace of concentrated 
sulfuric acid, and allowed to stand for 20 hr. To  decompose 
thr anhydride, the pale yellow reaction was poured into 
cold water, and, on standing in a refrigerator, the acetate of 
the phenol -1, 4-methyl-ar-1-tetralol-6-acetic acid (IX), 
tlvpositrd as crude crystals (0.44 g.), m.p. 131-135". The 
mother liquors gave an additional 0.06 g. (total i6yo). 
:iwrystallization from benzene-petroleum et,her formed 
colorlpss plates, m.p. 137.5-138.5"; A ~ ~ ~ ~ ~ ~ $  264 ( e  310); 
Y , . ~ ~ , ~ , ~ . - , ~  1764 (CO of OCOCHI), 1706 (CO of COOH), and 
813 jntljncent hydroppns on a benzene ring).418 

Ancd. Chlcd. for CljH1801: C, 68.68; H, 6.92. Found: C, 
68.72 11, 7.17. 

Thp :tbove acetate (0.05 g.) was hydrolyzrd in 10% po- 
tas:ium hydroxide at room temperature for 5 hr. to give the 
phcAnol A ( IX ,  0.035 g.), m.p. 142-143'. Recrystitllization 
from 1)rnxrne formed prisms, m.p. 143-144'; Az;;,:: 280 
( t  2.140); v ~ ~ $ ~ . - , )  3190 (OH), 1688 (CO of COOH) and 800 
i:idjacent hydrogens on a benzene ring).'ja Its melting point 
was not depressed on admixture with IX, hiit, obviously 

(21) F. Sondheimer and Y. Maziir, J .  Ana. Chem. Soc., 
79,2006 (1957). 

(22) Microanalyses were carried out by Mrs. Ch. Tnayama 
nncl the iiltraviolet measiirement>s hy Miss M. Suzuki, both 
of Koio ITnivrrsitv. 

~ '11101 
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depressed with VIII, bot11 of which were synth(1sised as 
described below. 

Anal. Calcd. for C13H16OJ: C, 70.89; H, 7.32. Found: 
C ,  70.54; H, 7.03. 

The inother liquor iiiaterials of t,he crystallizations of tllr 
acetate was hydrolyzed and t,he resulting phenolic mixture 
was chromatographed on silica gel. The e1ut)ion with chloro- 
form-ethyl acetate gave, in order, the pheilols A (0.05 g.), 
€3 (0.02 g.), and C (0.02 g.), the latter two beirig described 
in the following paragraph and all identified by the inixtiiri, 
melting point examinations. 

Rea.rrangement of the trans-9-melhyldienoneucetic acid 
( IVa) with Soy0 sulfuric acid. This rearrangement mas 
rarried out by a slight modification of the procediire re- 
ported for the steroidal A184-:3-di(3nones.4 IYa (0.50 g.) was 
dissolved in 38 cc. of 50% sulfiiric acid ani1 heated a t  55-60' 
for 20 hr. Soon a brown oil separnted out from t,he solution, 
and after cooling, the mixtire was diluted with water and 
extracted with ethyl acetate. The bicarbonate washing of 
the acetate extract was acidified and shaken with ethyl 
acetate. A viscoLs residue from evaporation of the acetate 
solution was chromatographed on silica gel (15 g.). The first 
elution with chloroform-ethyl acetate (19: 1) afforded 0.20 
g. (407,) of a mixture, chiefly consisting of the phenol €3, 
4-methyl-ar-2-tetralol-6-acetic acid (XI). Recrystallization 
from ethyl acetate-or benzene-petroleum ether gave fine 
prims, m.p. 158-158.5'; Az::: 280 (t 2.200); ~ 2 : 2 L ~ , - ~ ~  
3360 (OH), 1712 (CO of COOH) and 864 (isolated hydro- 
gens on a benzene r i ~ ~ g ) . ~ t s  This showed no depression of the 
melting point on admixtiire with an authentic sample of 
XI synthesized as descrihed below. 

Anal. Calcd. for C13HI~Ol: C, 70.89; H,  7.32. Found: C, 
70.69: H, 7.11. 

The mother liquors of the phenol B gave minute amounts 
of the phenol A, m.p. and mixed m.p. 143-144". 

From the later elution of the above chromatography, the 
crude phenol C (0.12 g., 4-methyl-ar-2-tetralo1-7- 
acetic acid (X), m.p. 155-158', was isolated. Recrystalliza- 
tion from ethyl acetate-petroleum ether formed prisms, 
m.p. 160-161"; XPtf::: 280 ( E  2.050); v ~ : $ , ~ . - ~ ~  3190 (OH), 
1705 (CO of COOH) and 868 (isolated hydrogens on a ben- 
zene ~-ing).~,Z This melting point was not depressed on ntl- 
mixture with an authentic sample of X synthesized as d(1- 
scribed below. 

Anal. Calcd. for CI3Ht6O3: C, 70.89; H, 7.33. Found 
C. 70.71: H. 7.34. 

'12ear&ye;nent of the ~is-~9-mefh1~ldienoneacetic acid ( IVb) 
in  acetic anh,i/d,ride. Under the same conditions as described 
above for IVa, the cis-dienoneacetic acid (IPb,  0.48 g.) 
was dlowed to react with acetic anhydride-sulfuric acid. 
After decomposition of the anhydride, the aqiicous solution, 
separating no solid, was extracted with ethyl acetate. Evapo- 
ration of the acetate left a viscous oil, which crystallized 
from benzene-petroleum ether to give the above acetate 
(0.12 g., 217,), m.p. and mixed m.p. 137.5-138.5", of the 
phenol 4. 

The combined mother liquors of the acetate afforded a 
viscous oil (0.38 g.), which was hydrolyzed with alkali to give 
a crystalline mixture of the phenols. On rcwystallizatioI1 
from benzene, the phenol C (X),  m.p. and niixed m.p. 160- 
161", separated out in a 504;; yield (0.25 g.). From its mother 
liquors, minute amounts of the additional phrnol A (IX, 
0.02 g., 47,) were detectrd after chromatography on silica, 
gel. 

Rearrangement of the cis-9-meth yldienoneacetic acid ( IVb)  
with 50% sulfuric acid. Similarly as described for IT'a, IS'b 
(0.30 g. )  was treated with 5Ogb sulfuric acid (25 cc.) resiilt- 
ing in a viscous oil. Crystallization from ethyl acetate- 
petroleum ether afforded the phenol C (X, 0.21 g.), m.p. 
and mixed m.p. 160-161 '. On chromatographic separation 
of the mother liquors on silica gel, the elution with chloro- 
form furnished traces of IX  and the following elution with 
chloroform-ethyl acetate gave a,n additional 9 (0.02 g., 
t,otal 77%). 
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Ethyl r-chloro-y-( bmethoxg-6-meth ylph en yl ) but yraie (XVI ) 
By application of the procedure of Cason and Adams,ll 
14.2 g. of thionyl chloride was added to a solution of 8.16 g. 
of ~-hydroxy-~-(2-methoxy-5-methylphenyl)butyric acid 
lactone (XV)I2 in 10 cc. of dry benzene. and heated to reflux 
for 3 hr. To the cooled brown solution, 28 cc. of ethanol 
saturated with dry hydrogen chloride was added in a period 
of 10 min., and allowed to stand at room temperature for 
30 min. The solvent was evaporated under reduced pressure 
and the residual oil was fractionated to afford 8.16 g. (77%) 
of the crude chlorobutyrate (XVI) aa almost colorless oil, 
b.p. 160-1G5' a t  7 mm. It distilled with slight decomposition 
even under reduced pressure, and was used for the following 
step without further purification. 

Diethyl ~~-carbethoxy-~~-(&methoxy-6-methylphenyl)gluta- 
rule (XVII. R = C2H6). This was prepared by the general 
procedurela for preparing the malonate adducts. To a solution 
of diethyl sodiomalonate (1.56 g. of metallic sodium in 25 
cc. of absolute ethanol and 11.0 g. of diethyl malonate) 
was added a solution of 9.16 g. of the above crude chloroester 
(XVI) in 10 cc. of absolute ethanol. The mixture was heated 
to reflux on a water bath for 50 min. After cooling, the 
reaction was acidified with acetic acid and concentrated under 
reduced pressure. The residual oil was mixed with water, 
extracted with ether, and the ether extract waa washed with 
aqueous bicarbonate. Evaporation of the ether and three 
distillations of the residue furnished 8.85 g. of almost color- 
less viscose, b.p. 205-210' a t  5 mm., which solidified after 
standing in a refrigerator; m.p. 61-63'. Recrystallization 
from petroleum ether afforded 7.86 g. of the triester (XVII. 
R = CzH,), m.p. 64-65'; X~~~~~ 222.5 ( E  6.550) and 280 
( E  2.330). 

Anal. Calcd. for C21HaoO : C, 63.74; H, 7.66. Found: C, 
63.95; H, 7.56. 

The mother liquors gave an additional 0.52 g. (total 
74%). 

Hydrolysis of the triester (5.0 9 . )  was conducted by re- 
fluxing with alkaline solution (9 g. of potassium hydroxide 
in 12 cc. of water and 60 cc. of methanol) for 5 hr. The 
product crystallized out from ethyl acetate by addition 
of petroleum ether to afford 3.6 g. (93%) of the tribasic acid 
(XVII. R = H) as colorless prisms, m.p. 167-168' (dec.); 
X ~ ~ ~ ~ ~ ~ 2 8 0  ( B 2.400). 

A n d .  Calcd. for GHlaO : C, 58.06; H, 5.85. Found: C, 
57.94; H, 5.87. 

B-( d-Methosy-6-methylbenzyl)gZularic acid (XVIII). The 
above tribasic acid (XVII. R = H, 4.10 g.) was pyrolyzed 
a t  200-210' for 15 min. The melt crystallized from ethyl 
acetate by addition of petroleum ether to give the glutaric 
acid (XVIII, 2.84 g., 81 yo) as fine needles, m.p. 130-131'; 

Anal. Calcd. for ClrHlsOs: C, 63.13; H, 681. Found: C, 
63.31; H, 6.89. 

For rigid proof of the structure, this material was pre- 
piired by another route described below. 

6-Methoxy-8-methyl-l-tetralone-bacetic acid (XXI.  R = 
CHI). T o  a suspension of 2.20 g. of the above glutaric acid 
(XVIII)  in 12 cc. of dry benzene waa added 4.60 g. of phos- 
phorus pentachloride in portions. The reaction started some- 
what exothermically and, after standing for 2 hr. a t  room 
temperature, the mixture was gently warmed to make a 
clear solution. To the cooled solution was added 7.30 g. of 
stannic chloride in 8 cc. of dry benzene and kept in an ice 
bath for 20 min. The mixture was poured into iced dilute 
hydrochloric acid and extracted with ether. The residual oil 
of the ether extract, which in some runs contained a sub- 
stantial amount of a neutral fraction, was hydrolyzed by 
refliix in 5% aqueous methanolic sodium carbonate for 2 hr. 
On concentration and acidification, the reaction furnished 
1.79 g. (87%) of the 5-methoxytetralone (XXI. R = CHs), 
m.p. 146-151'. Recrystallization from ethyl acetate-petro- 
leurh ether formed colorless prisms, m.p. 154-155"; X~~~~~ 
226 ( e  24.000), 256 (e 9.700), and 325 ( c 3.800). 

280 (e 2.140). 

Anal. Calcd. for C14HlsOd: C, 67.73; H, 650. Found: C, 
67.85: H, 6.58. 

6-Hydroxy-8-methyl-l-teiralone-3-acetic acid (XXI. R = 
H). The above methoxytetralone (XXI. R = CHa, 0.45 9.) 
waa heated to reflux in 8 cc. of 48% hydrobromic acid for 2 
hr. On cooling, a small amount of crystals separated out from 
the reaction, and after dilution with water, 0.37 g (817,) 
of XXI ( R  = H),  m.p 209-211°, w~a9 collccted. Recrystalli- 
zation from ethanol- or acetone-benzene formed colorlesv 
needles, m.p. 216-217", h2t:;:: 228 ( e  17.000), 2% ( C  9.050), 
and 329 ( E  3.470) 

Anal. Calcd. for ClaH1404: C, 66.65; H, 6.02. Found: C, 
66.68; H, 5 89. 

4-Methyl-ar-l-telraEol-7-~et~ acid (VIII). The above 5- 
hydroxytetralone (XXI. R = H, 0.15 g.) was added to a 
suspension of 1.7 g. of zinc amalgam in a mixture of 1 cc. of 
water, 4 cc of concd. hydrochloric acid and 0.6 cc. of toluene, 
and heated to reflux for 16 hr. The cooled reaction waa de- 
canted from the undissolved metals and shaken with ethyl 
acetate, and the organic layer was washed with water. 
Drying and concentration of the solvent left a yellowish solid 
(VIII) (0.08 g. .%yo), which was recrystallized from ethyl 
acetate by addition of petroleum ether to give prisms, m.p. 

(CO of COOH), and 818 (adjacent hydrogens on a benzene 
ring).a 

Anal. Calcd. for C18H1608: C, 70.89; H, 7.32. Found: C, 
70.46; H, 7.43. 

e-( d-Methoxy-6-methyEbenzyl)-l,3-propanediol (XXIV). 
Essentially aa described above for the glutarate (XIX. 
R = CtH6), the sodiomalonate (from 18.0 g. of diethyl 
malonate and 2.37 g of metallic sodium) was alkylated with 
17.2 g. of 2-methoxy-5-methylbenzyl chloride (XXII) ,  
prepared as reported previously.16 There waa obtained 24.9 
g. (80%) of diethyl 2-methoxy-5methylbenzylmalonate 
(XXIII)  aa an almost colorless liquid, b.p. 169-171' at 5 
mm., which waa used for the next step without further 
purification. 

The lithium aluminum hydride reduction of the above 
benzylmalonate (XXIII)  was carried out by the standard 
procedure. To an ice-cooled solution of 10.0 g. of XXIII  in 
10 cc. of absolute ether waa added, with stirring, a solution 
of 1.6 g. of lithium aluminum hydride in 80 cc. of absolute 
ether over a period of 30 min. After the stirring was contin- 
ued a t  room temperature for additional 15 min., the mixture 
was heated to reflux for 10 min. The reaction was worked 
up as usual to afford a crystalline solid, which was recrystal- 
lized from petroleum ether to give 5 3 g. (76%) of the 1,3- 
propanediol (XXIV) as colorless plates, m.p. 7G78'. 
Further recrystallization from benzene-petroleum ether 
raised the melting point to 80-81"; A:::: 221 ( E  6.360) 
and 279 (e 2.050). 

Anal. Calcd. for C12H1802: C, 68.54; H, 8.63. Found: C, 
68.38; H, 8.38. 

B-(&Methox y-6mthylbenzyZ)-l,8propanedwlbis( methane- 
sulfonate) (XXV). According to the general procedure 
reported previously,** the above 1,3-propanediol (XXIV, 
0.33 9.) in pyridine (2  cc. )  reacted with methanesulfonyl 
chloride (0.5 cc.). The reaction waa poured into dilute 
hydrochloric acid, and an oil, separated, was taken dp in 
ether. Drying and evaporation of the ether solutiori gave 
quantitatively the bismethanesulfonate (XXV) aa orystals. 
Recrystallization from benzene by addition of petroleum 
ether formed needles, m.D. 67-68": Az%!z 225 ( e  8.080) 

121-122'; A:::/:: 280 (e 1860); vz: , , , . - i )  3310 (OH), 1700 

, -  . --- 
and 280 ( E  2.820). 

Anal. Calcd. for CZ~HZZOSZ: C. 45.63: H, 6.05; S, 17.49. , .  . .  
Found: C, 45.88; H, 6.25, S, 16.97.' 
~-(2-Methoxy-6-mthyZbe~~Z)glutaric acid (XVIII). 

This was prepared from the above bismethanesulfonate 
(XXV) via the dinitrile (XXVI) by similar procedures as 
described previously.za To a solution of 0.37 g. of XXV in 

(23) M. S. Newman and R. M. Wise, J .  Am. Chem. Soe., 
78, 450 (1956). 
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'2 cc. of dimethy1form:tmidc was added a solut'ion of 0.2 g. 
of pot.assium cyanide in 0.5 cc. of water. After heating a t  
90-100' for 3 hr.: the mixture was poured into ice water and 
extracted with benzene. Drying and evaporation of the 
bcneene extract afforded 0.19 g. of the crude dinitrile (XXVI) 
as a light-brown oil. 

To the above dinitrilr, dissolved in 3 cc. of ethanol, was 
added a solution of 0.15 g. of potassium hydkoxide in 0.5 
cc. of watcr, and heated to reflux on a water bath for 5 hr. 
Worked up as usual, there was obtained 0.18 g. (68%) of 
the benzylglutaric acid (XVIII),  from benzenc-petroleum 
ether. This melting point was not depressed on admixture 
with R sample, altwnativrly prepared as above. 

Ethyl 6-melliozy-Y-methyl-f -tetralone-2-glyoxalate (XXVIII). 
By the general method described by Bachman et U Z . , ~ (  0.96 
g. of 5-methoxy-8-mrthyl-1-tetralone (XXVII), prepared 
as described previously,'' was condensed with 1.5 g. of 
diethyl oxalate ill dry benzene in the presence of sodium 
cthoxide (from 0.23 g. of metallic sodium). After working up 
RR usual, the reaction product was complekly dissolved in 
2% iced alknli, and acidification of the alkaline solution 
scparated immedi:itely 1.45 g. (quantitative) of the glyoxa- 
late (SXVII I )  as yellow crystals, m.p. 63-67'. Purification 
by passing through silica gel in benzene and recrystallization 
from petroleum ether formed yellow needles. m.p. 68-69"; 

253 ( e  7.800) and 332.5 ( e  16.400). This showed a 
wine-red coloration with ethanolic ferric chloride. 

And.  Calcd. for Cl8HlsOa: C, 66.19; H, 6.25. Found: C, 
66.29; H, 6.27. 

Ethyl 6-methory-8-methyZ-~-~e~ra~one-bcarbozy~ate (XXIX). 
The above glyoxalate (XXVIII, 1.00 g.) was pyrolyzed over 
powdercd glass (0.7 g.) a t  170-175" for 30 min. The reaction 
mass, removed from the glass, was fractionated to 0.72 g. 
(BOf%) of a palp yellow oil (XXIS) ,  b.p. 165-170' a t  3 mm., 
which soon solitiificd; m.p. 74-76'. Recrystallization from 
pctroleiini ether forrncd colorless needles, m.p. 77-78'; 

228 ( E  23.050), 257 ( e  9.800), and 322 ( e  4.750). 
This, in spite of a p-keto ester, showed no coloration with 
cthanolic ferric chloride. 

Anal. Calcd. for C15HL804: C, 68.08; H, 6.92. Found: C, 
G8.61; H 6.74. 

5-~~Zethoxy-8-~iael~~~l-l-fetraZone-b-acef~c acid (XXX). To 
a tert-butoxide solution (0 15 g. of metallic potassium in 5 cc. 
of tert-butyl alcohc 1) was added, with stirring, a solution of 
0.26 g. of the above carboxylate (XXIX)  in 0.5 cc. of 
dry benzcne, follomd by 0.65 g. of ethyl bromoacetatc. 
The stirring was further continued a t  room temperature for 
30 niin., and thcn tho mixture was heated on a water bath 
for additions1 30 min. The light brown solution was con- 
centrated under reduced pressure and extracted with ether. 
After washing with aqueous bicarbonate and water, the ether 
\vas evaporated to leave a brown oil (0.4 g.), which could 
not be crystallized. This oil, as described above for XVII 
(R = H), WM hydrnlyzcd by refluxing in alkaline solut,ion 
to give 0.20 g. (81.57,) of the acetic acid (XXX), m.p. 
118-121°. Recrystallization from ethyl acetate by addition 
of petrolcum ether formed needles, m.p. 122-123'; A:::::; 
?26 ( 6  lS.SOOj, 254 ( E  8.450), and 320 ( e  3.210). 

=inn/. Calcd. for Cl4H,,O4: C, 67.73; H, 6 50. Found: C, 
G7.55: H, 6.335. 

6-i~,~ydrori/-S-~~ie/l/~il-f-trtralone-d-ncefic acid (SXX. OH 
instead of OCHI). The al)ovc 5-methoxyacetic acid (XXX, 
0.10 6.)  was hp:tted wit,h 48% hydrobromic acid a.s described 
x h v c  f ir S X I  (I(. = H). There was obtained 0.08 g. (85% 
of thp cr;idt. 5-hytlroxy compound, m.p. 214220'. IEecrystal- 
liz:ttion froni cthyl :m.t;ttc, formcrl prisms, m.p. 220-221O; 
AZ::;; 220 ( e  lO.OOO), 267 ( e  9.300), and :324 ( E  3.500). 

And.  Calcd. for C I J € I I O ~ :  C, 66.65; 13, 6.02. Found: C, 
GG.52; H, 5.95. 

4-i~~elhyl-ar-l-fetralol-fi-acetic acid (IX).  The above 
B-hydroxyacetic acid (XXX, OH instead of OCH8) (0.06 g.) 

xCZHSOH < c 

(24) \V. E. R x h r n a n ,  W. Cole, and A. L. MXds, J .  4 m .  
Chem. Soc., 62,824 (1040). 

was reduced by the Clemmensen method as descrihcd al)ovcs 
for VIII. The product (IX, 0.04 g., 70%) was recrystallizcd 
from ethyl acetate by addition of petroleum ether t o  form 
fine prisms, m.p. 143-144'. 

Ethyl 7-methoxy-6-methyl-1-tetralone-2-glyozalafe (XXXI. 
R = COCOOCoH6). Under similar conditions as described 
above for XXVIII, 7-methoxy-5-methyl-1-tetralone (XXXI. 
R = H) (1.90 g.), prepared as described previously,ls was 
condensed with diethyl oxalate (2.92 9.) in the prescnce of 
sodium ethoxide. Acidification of the alkaline extract from 
the reaction afforded the glyoxalate (XXXI. R = COCOOCP 
H6) as crystals (2.62 g., 91yo), m.p. 92-98', Recrystalliza- 
tion from benzene by addition of petroleum ether furnished 
yellow plates, m.p. 101-102'; AF2:fz 325 ( e  10.160) and 370 
( e  9.420). This showed a brown-green coloration with ethn- 
nolic ferric chloride. 

Anal. Calcd. for C1~H1*06: C, 60.19; €I, 6.25. Found: C, 
65 96; H, 6.57. 

Ethyl 7-methoxy-6-melhyl-f -letralone-I-carboxylate (XXX'I. 
R = COOCZHg). As described for XXIX, the above 7- 
methoxyglyoxalate (XXXI. R = COCOOCzHb) (2.42 g.) 
was pyrolyzed over powdered glass (1.7 g.). The product was 
fractionated to a light yellow oil (1.73 g., 79%), b.p. 195- 
201' a t  2 mm., which soon solidified. Two recryst.allizations 
from benzene by addition of petroleum ether formed pale 
yellow prisms, m.p. 91-91.5'; A:::/:; 225 ( e  20.800), 265 5 
( 6  6.650), 295 ( e  11.800), 307.5 ( E  11.700\, and 335 ( e  9.800). 
This, in spite of a &keto ester, showed no coloration with 
ethanolic ferric chloride. 

Anal. Calcd. for ClsH180t: C, 68.68; H, 6.92. Found: C, 
68 73; H .  6.93. 

It formed quantitatively a 2,4dinitrophenylhydrazonc, 
m.p. 206-207', from benzene-petroleum ether. 

Anal. Calcd. for CzlHWN4O7: C, 57.01; H, 501; N, 12.W. 
Found: C, 57.28; H, 5.04; N. 12.92. 

7-Methozy-6-methyl-1 -tetralone-2-acelie acid (SXX I .  
R = CHZCOOH). The above 7-met.hosy-carboxylato 
(XXXI. R = COOC2H6) (1.10 g.), aa described for X X S ,  
was alkylated with ethyl bromoacetate (1.94 g.) and then 
hydrolyzed with alkali. The acetic acid compound was ob- 
tained as crude crystals (0.96 g., 9370), melting in the range 
143-150'. Recrystallization from benzene formed Linc 
prisms, m.p. 151-152'; A~~~~~ 220 ( e  19.100), 275.5 ( e  8.250), 
and 320 ( e  3.030). 

Anal. Calcd. for Cl4II1804: C, 67.73; II, 6.50. Fountl: 
67.80; H, 6.84. 

7-Hydroxy-6-methyl-l-telralone-2-ucetic acid (XXXI 
R = CHzCOOH, OH instead of OCHa). As described for 
XXI  ( R  = H), the above 7-methosyacetic acid (0 30 g . )  
was treated with hydrobromic acid tjo give the 7-hydroxy 
compound (0.265 g., 94%), m.p. 182-187". Recrystalliza- 
tion from ethyl acetate or dilute methanol formed necdlts, 
m.p. 193-194"; 214 ( E  20.600), 258 ( e  9.800) and 326 
(E 3.360). 

Anal. Calcd. for ClaHI4Or: C, 66.65; H, 6.02. Found: C, 
66.93; H, 6.20. 

4-Melhyl-ar-2-t~tralol-7-acetic acid (X). As described above 
for VIII, the above 7-hydroxyacetic acid (0.50 g.) wtts re- 
duced by the Clemmensen method. The product (S. 0.30 g., 
640/,), m.p. 155-160°, was rccrystallized from ethyl ai.etatc 
by addition of petroleum ether to give prisms, m.p. 160-161". 

TransfornLation of XXXII  ( R  = H .-t COCOOC2Hj + 

CHzCOOH) into XI This reaction sequence was conductrd 
parallel to that  described above for I X  from XXVII. 
Reaction of diethyl oxalate (1.35 g.) with G-niethoxy-8- 
methyl-1-tetralone (XXXII.  R = H, 0 90 g.), prcpard 
as described previously,'* furnished tho glyoxalate (XXXII.  
R = COCOOC2H6) (1.22 g., go%), ni.p, 57-60" Recrystalli- 
zation from pet,roleuni ether formed yellow prisms, n1.p. 
61-62'; 22:;; 247 (e 5.020) and 345 ( e  15.400). This m ~ i t , 4 t l  
showed a brown-green coloration with ethanolic f'erric: 
chloride. 

Anal. Calcd. for C1t,HUO6: C, 06.19; H, G.25; Found: (2 
65.78; H, 6.11. 
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Pyrolysis of the glyoxalate (1.15 g ) afforded the carboxyl- 
lite (XXXII.  R = COOC2Hs) (0.85 g., 82%) as a pale yellow 
oil, b p. 167-176' a t  1.5 mm.; A:::!:: 226 ( e  11.200) and277 
( e  14.350). Alkylation of this ester (0.90 9.) with ethyl bro- 
moacetate (1.20 9.) gave the diethyl ester (XXXII. R = 
COOCZH~ and CH&OOCZH~) (0.77 g., 64%) as crystals, 
m.p. 68-72'. Recrystallization from benzene-petroleum 
ether formed fine colorless prisms, m.p. 74-75'; 
227 ( e  13.150) and 277 ( L 16.200). 

Anal. Calcd. for ClsH2rOs: C, 65.50; H, 6.94. Found: C, 
65.76; H, 6.93. 

Alkaline hydrolysis of the diester (0.60 g.) furnished quan- 
titatively the ketoacetic acid (XXXII. R = CH2COOH) 
which was recrystallized from benzene to give prisms, m.p. 
155-156'; X",:::: 225 ( e  13.300) and 273 ( e  14.800). 

Anal. Calcd. for CuHleO4; C, 67.73; H, 6.50. Found: C, 
67.52; H, 6.37. 

Clemmensen reduction of the above ketoacetic acid (0.08 
g.) gave the methoxyacetic acid (XI.  OCHa instead of 
OH) (0.05 g.), which was recrystallized from dilute methanol 
to give prisms, m.p. 127-128'; A::;;:: 215 ( 6  7.400) and 283 
( e  1.900). 

Anal. Calcd. for CllHlaOa: C, 71.77; H, 7.74. Found: C, 
71.87; H, 7.48. 

Acid treatment of the above methoxyacctic acid (0.05 9.) 
afiorded 4-methyl-ar-2-tetralol-6-acetic acid (XI )  as crude 
crystals (0.02 g.), n1.p. 153-155'. Purification by passing 
through silica gel in chloroform-ethyl acetate (1 : 1) and 
recrystallization from ethyl acetate-petroleum ether formed 
fine prisms, m.p. 158-158.5'. 

Diethyl trans- and cis-4,9-dimethyl-S-kelo-ds4-herahydro- 
naphthyl-6-malonates (XXXIII.  R' = R2 = COOCzH,). 
By the general method described above for IV, trans-4,9- 
dimethyl-A'-3-octalone-6-malonate (XXXIVa, 3.2 g.), pre- 
pared as reported previously,6 was treated with selenium 
dioxide (1.15 g.). There resulted a red-brown oil, which 
was fractionated to give the trans-dimethyldienone (XXX- 
IIIa. R1 = It2 = COOCZH;) as a light brown oil (2.33 g., 
73%),  b.p. 171-172' a t  0.015 mm. This fraction could not 
he induced to crystallization. 

I t  formed quantitatively a 2,4-dinitrophenylhgdraz~rle 
ns brown-red scales, m.p. 167-169", from ethanol-ethyl 
acetate; 257.5 ( e  19.155), 311 ( e  7.122), and 403 
( e  38.100). 

Anal. Calcd. for C2SHdJ10R: C, 58 36; €1, 5.58; N, 13.89. 
Found: C, 58.81; H, 5.59; N, 10.75. 

The distillation residue of the abovo fraction was dis- 
solved in ether and the ether solution was passed through 
an alumina coliimn. On evaporation of the ether, the selen- 
ium compound26 (0.02 g.) was obtained as white crystals, 
m.p. 168-171 '. Two recrystallizations from ethyl acehate 
raised the melting point to 177-179"; A:',Ft:: 242 ( E  9.661) 
and 264 (E 10 589). 

Anal. Calcd. for C1gH2605 Se: C, 55.18; H, 6.34. Found: 
C, 55.08; H, 6.07. 

Similarly, the cis-octalonctnnlontLte (XXXIVb, 1.1 g.), 
prepared as reported previously,e was dehydrogenated to 
give the cis-dirnethyldienone (XXXIIIb. R' = R2 = COOC2- 
Hb)  as a pale yellow oil (0.83 g., 76(%). b p .  171-172" a t  
0.015 mm.; Az:::: 242 ( E  10.602) and 265 ( e  7.121) (inf.). 
This fraction could not be induced to -crystallization. Con- 
trary to the trans-series, t,he distillation residue in this case 
did not reveal the presence of the selenium compound. 

The cis-ketone formed quantitativcly a 2,4dinitrophcnyl- 
hydrazone as deep-red scales, m.p. 164-166", from ethyl 
awtate-ethanol; 257 ( e  15.500), 311 ( c  5.609), arid 
405 ( e  29.520). 

( 2 5 )  Sim lar selenium adduets have been reported to be 
iwktted from selenium dioxidc oxidations of the A4-3- 
nionocnonr systems; K. Florry and A. R. Restivo, J .  Org. 
( ' h f - ! j i . ,  22,  406 (1957) and related rcferenccs cited there. 

Anal Calcd. for CrjHsoNlO9: C. 58 3G; 11, 5.58; S, 10.89. 
Found: C, 58.49; H, 5.62; N, 10.71. 

Respective transformations of the di?nelhyldienone?~ialonates 
(XXXIII.  R' = R2 = COOCzH,) into the acetic acid com- 
pounds (XXXIII.  R1 = H and R2 = COOH) via the malonic 
acids (XXXIII.  R' = R2 = COOH). These sequences wercb 
conducted under similar conditions as described earlier for 
the analogous dienone malonates.6 

Alkaline hydrolysis of the trans-dienonemalonate 
(XXXIIIa.  R1 = R* = COOCtH6) (0.80 9.) gave in 60% 
crude yield the trans-malonic acid XXXIIIa. R1 = R2 = 
COOH) (0.40 g.), which on crystallization from ethyl ace- 
tate formed colorless prisms, m.p. 125-126' dec.; X::y/6mqtl 
241 (e 20.805) and 263 ( e  15.203) (inf.). 

Anal. Calcd. for Cl6H1805: C, 64.73; H, 6.52. Found: C, 
64.49; H, 6.68. 

Pyrolysis of the above malonic acid (0.37 g.) afforded the 
trans-dienoneacetic acid (XXXIIIa. Ri = H and It2 = 
COOH) (0.23 g., 74'%), which was recrystallized from ethyl 
acetate to give colorless prisms, m.p. 194-195'; A:i:(",: 241 
( e  11.320) and 265 ( e  8.002) (inf.). This showed no depression 
of the melting point on admixture with a sample of the 
Miki's "ciS"-dienoneacetic a ~ i d . ~ ~ t * o  

Similarly, the cis-dienonemalonate (XXXIIIb. Rl = 
R2 = COOCBH~) furnished in a 96% yield the cis-malonic 
acid (XXXIIIb R1 = RZ = COOH), which on crystalliza- 
tion from ethyl acetate formed colorless prisms, m.p. 176- 
178' (dec.); A:::::: 241 (. 20.550) and 262 (E 15.185) (inf.). 

Anal. Calcd. for CIEH1806: C, 64.73; H, 6.52. Found: C. 
64.28; H, 6.73. 

Decarboxylation of the cis-malonic acid led to a 95% yield 
of the cis-acetic acid (XXXIIIb. R1 = H and R2 = COOH), 
which on crystallization from ethyl acetate formed colorless 
prisms, m.p. 152-154"; Azt:: 240 ( e  10.824) and 265 ( e  
7.799) (inf.). 

Anal. Calcd. for C1dH1803: C, 71.77; H, 7.74. Found: C, 
71.52; H, 7.35. 

It formed quantitatively a 2,4-dinitrophenylhydrazone US 
deep-red prisms, m p. 197-202', from ethyl acetate; 
258 ( e  17.343), 311 (C 6.402) and 404.5 ( e  33.214). 

And.  Calcd for C2oHzzi\j405: C, 57.96; H, 5.35; N, 13.52. 
Found: C, 57.88; H, 5.68; N, 13.09. 

Rearrangements of the dimethyldienoneacetic acids (XXXIII.  
Rl = H and R2 = COOH). Under the s a n e  conditions as 
described above for IVa, the trans-acetic acid (XXXIIIa 
R1 = H and R2 = COOH, 0.50 g,)  was warmed with 50% 
sulfuric acid (30 cc.). Soon the clear solution turned cloudy 
and the brown semisolid separated out in 6 hr. After increase 
of the separation had not been observed, the reaction was 
diluted with ice water and the crude crystals (0.45 g.), 
melting in the range 120-153", were collected and chroma- 
tographed on silica gel (10 X 1.5 em ) in chloroform. A!] 
fractions, after crystallization from ethyl acetate-petroleunl 
ether, had the same melting point (mixed), 153-160", indi- 
cating the homogeneity of the rearranged product. Furth(,r 
recrystallizations from the same mixture afforded 0.30 g. 
(60%) of the xylcnol (XXXV) as white prisms, m.p. 16%- 
166O26; A::;::: 213 ( t  8.258) and 285 ( E  1.968). 

Anal. Calcd. for ClnH1803: C, 71 77; H, 7.74 Foulid: C, 
71.30; H, 7.76. 

It formed quantitatively an acrtate, colorless prisms, 
n1.u. 108-110" (from benzene-Detrohm ether). 

Anal. Calcd.'for Cl8H20O4: C, 69.54; H,  7.30. Found: C, 
69.32; H, 7.28. 

The combined mot,her liquors furnished an additionwl 
0.04 g., but any other traceable materials could not he 
isolated. 

(213) T. bliki [ J .  Phtcrni. SOC. Japan., 75, 399 (1055)l 
gave the n1.p. I l l '  for the d-form of X S S V  



The action of sulfuric acid 011 thc cis-isoilicr (XxxIIIb.  .4c/cnowledgmolt. \vc arc indcbtcd to s f r .  Ii. 
1X.l = TI and R2 = COOH) proceeded similarly giving the 
comparable yield (SGYo) of the identical xylenol (XXXV), 
n1.p. 160-162". Recrystallization from ethyl acetate-hexanc 
fortiied white prisms, m.p. and mixed m.p. 164-166O. 
.\ny other traceable materials could not be obtained from 
thc iiiot,her liquors. 

ICotera, the ~~~~~b~ seiyaku co., Ltd., Osaka, 
Japan, for determination and interpret,ation of the 
infrared spect,ra in this work. 
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I I I  1tir ( ~ O I I I * W  of  oiir rcscarch on llic coiislitueiits 
o f  11a1v:iii:tti pl:tnts it, scmiicd attriickive to investi- 
gat e tho ulkaloicls of Ochrosia sandwicensis A. 
Gray. 0rhro.sici is oiic of soine 300 genera in the 
pltciit family A POCYSACEAE arid its ca. thirty-six 
spccics3 :ire distributed from Madagascar through 
AIalayu :tiid tropical Australia into P o l y n e ~ i a . ~  
0. sandwiccmis is the only endemic Hawaiian rep- 
iwcntative of the gcnus. It is reported4 to be bo- 
t aiiically rclated to 0. elliptica and 0. opposihfol in .  
'l'hc Hawaiian name of the tree, which is rather scarce 
i i o w ,  is holez:. -1 yellow tapa dyc used to be extracted 
f r o i n  tho ivood and the roots4; the bark and leavcs 
\\x>i'c cstrncctcd \vith boiling ivater and the stearniiig 
( x l m c t  was used in svcat bath trmitnients.5 

\Vhen thc prcwriL study \vas initiated, the chciiii- 
( , t i l  litvrat iirc of thct gciius Ociirosia corisistcd of onc 
l ~ ~ p c r  hy [ ;rcshofP in Ivhich Iic reported the prcscurc 
of alkaloids i n  four Octwosia specics. 1Ie surmised 
(lie pt'cacncc~ o f  thrce scparate bases by virtue of 
c d o r  and soliihility. IVhile t,his work was in prog- 
ims Buz:ts ct 01.' isolated and cliuractcrizcd a 
ycllow hxsc f loin 0. opposit<folia; Goodwin and 
cw-workcrsfi isolated four alkaloids from 0. elliptica, 
of \vhich they ideiitificd the kno\\n isorcscrpiline 
xii (  I c:haracterizcd th iw 11cw compoiinds, ellipti- 
(siiic, ni(11 lioxycllipticine and clliptitiinc; from a 
m u 1  I col !cctioi i I )f 0. . s a ~ h i c : c r i  sisg G ood\vin8 

( I  ) Part i' of this writs: C. 1;. S\v~tti110111i, I€.  St. John, 
and 1'. J. Schciinr, T'acijic S 

( 2 )  I n  part from tlic X f .  
I'nivcrsi'y of Hswitii, l!)iil. 

(3)  31. Pichon, 13~11. nitri.scini  at. hist. //ut. ( f 'ur i s )  [ii], 
19,205 ; 19-17). 

(-1) J .  F. Rock, ?'he Indigeuous Trsrs of the Hawaiian 
Is lands.  I'ullishecl und(,r patronage, Honolulu, 1913, p. 413. 

( 5 )  I) .  11. Ka:ii:iltamanu and J. I<. Akiiia, Hawaiian 
l I ed . s  of .2/cdicinal Vnlue, Board of Health of th(, Territory 
of Hawxi i ,  Ir~~tioleil~i, 1922, p. 44. 
i(i) .\I (;r(,shoff, Her . ,  23, 3537 (18!)0). 
( 7 )  .\. Hrizus, M. Oswicclti, arid 0. SO~I~IICIII:~, C'ortapt. 

18)  S. Gooilwin, .\, 11'. Siiiitli, : i d  E. C .  Horiiiiig, J .  .l,/a. 
?~ewl . ,  247, 1300 (1958). 

f ' h f / ! I .  s,,,..; 81, l!lo:$ [ I O . ~ ! l ; .  

isolated ellipticinc, methoxyellipticine, and a new 
colorlcss alkaloid; tlie synthesis of ellipticine, which 
represents the first example of a novel ring systcni 
was reported by Woodward, Hochstein, and Iaco- 
buccilO; and, most recently, Moore" reported the 
isolation of five new alkaloids in addition to iso- 
rcserpiliiie from 0. poweri. 

During the early stages of this work we, too, 
isolated ellipticine and methoxyellipticine, but we 
discontinued our efforts in that direction when 
Goodwin informed us of her work prior to publica- 
tion. This paper deals with the structure deternii- 
nation of a new colorless alkaloid from 0. sand- 
wicensis, which we have called holeinine after the 
Hawaiian name of the Ochrosia tree. 

The plaiit material was collected on the islarid 
of l l au i  in the L h a h i  lava fields, about eight miles 
from Llupalakua a t  an elevation of ca. 3000 feet.12 
The dried and inilled root and trunk bark was 
extracted by conventional procedures (see experi- 
mental). The crude alkaloids were obtained as a 
brown solid, which mas repeatedly treated with 
benzene. This treatment removed a mixture of 
yellow bases, ellipticine, methoxyellipticine and, 
after chromatography on acid-washed alumina 
a third ycllow base, m.p. 289-296' dec., whose 
spectral characteristics were similar t o ,  but not 
idcntical with, tlioie of ellipticine. I t  was obtaiiied 
in 0.01'L yield and has iiot been iiivestigated fur- 
thcr. The benzciie-insoluble residues n ere cx- 
tractcd with watcr. ltenioval of the mater, treat- 
ment of thc solid residue with methanol and chro- 

(9) Goodwin et nl. riarnc their plant ni:itcsrial 0. snnd- 
~ciiceraszs A .  IIC. According to lEoc:k4 t,his I IN  tile is syiioriy- 
mous with flauiuolja sandwicensi.5 A .  DC. :tiid I,he a,iithnrit,y 
for 0. san,dwicensis is A. Gray. 

(10) R. R. Woodward, G. A. Iacoburci, aiid b'. A. Hoch- 
st2rin, .I.  A tu. ('hem. ,Cot., 81, 4x34 (1959). 

(11 ) B. 1'. AIoorc, Abstracts of Papers, InlernaliormI Syrji- 
posiutn orb the (:he// i istry of Saturul  Products,  Austr:ili;i, 
1960, p. 39. 

(12)  The assist:tncc' of Mr. Iiciiry C. Iiiciorig is gr;LtcEull,s 
acIIIIu\YIC)d#t~l1. 


