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INTRODUCTION

The introduction of angular methyl groups in polycyclic
ring systems has been of considersble interest in recent
years because of the general interest in the synthesis of
naturally occurring terpenes and steroids.

The purpose of the present research concerned, firstly,
the study of C-alkylation of A =substituted 4 ~naphthols by
different alkyl halides, secondly, an inspection of the re-
actions of the resulting halomethylcyclohexadienones with
various bases, and, thirdly, a novel synthesis of a hydro-
phenanthrone, which could be a useful intermediate in the

total synthesis of the tricarbocyclic diterpenes.



HISTORICAL

Alkyletion of Phenols

There are three customary procedures for preparing
alkyl phenyl ethers: the inter reaction of dialkyl sulfates
with aqueous solutions of phenol salts, similar reactions of
alkyl halides (1), and the reaction of phenols with halides
in the presence of potassium carbonate in acetone or alcohol
{2, 3). The yislds of the ethers depend upon several
factors. It has been shown that the yields of O-slkylation
products increase, and hence C-alkylation substances decrease,
as the halogen atoms of the reagents become less reactive (L),
as the polarity of the solvent increases (5, 6), as the |
ionizability of the halides increases (2, 3), and as the
phenols become less‘acidic (7, 8)e

Recently, Kormblum and Lurie (8) have reported the
alkylation of sodium and potassium ssalts of phenols with
2llyl and benzyl halides in a variety of solvents. It was
denmonstrated that quantitative yields of O=alkylation
products were obtained in homogeneous reactions carried out
in polar solvents, while Ce- and O-alkylation resulted when
gimilar reactions were carried out in heterogensous manner.

The base-catalyzed reaction of methyl vinyl ketone and



(g-chloroethyl methyl ketone with 2-naphthol (1) was reported
by Robinson (9, 1C). Potassium ethoxide was used as the
catalyst, and l-(% -ketobutyl-)2-naphthol(II) proved to be
the product in the first case. Hardmen (11), found that
acrylonitrile could be condensed with 2~-naphthol (1) in ben-
zene in the presence of sodium hydroxide to give 1-(43 -

cyanoethyl-)2~-naphthol{III).

R I R=H
0
OH ”
OO II R = (cnz)zc - 033
T =
III R (CHa)ZGE

Winstein and Baird (12, 13) have reported the synthesis
of lL,i-dimethylene~ and lL,li-tetramethylene-2,5-cyclohexadien-
one, IV and V respectively, by means of intramolecular alkyla-
tion. In a similar manner, Dreiding (i) prepared l,l-

hexamethylene-2,5-cyclohexadienone (VI).

¢

Iv v Vi



ly

Certain polynuclear phenols have been reported to under-
go alkylation at a nuclear position as well as at oxygen.
For example, the sodium salt of anthranol (VII) has been re-
ported (15) to react with methyl iodide in ethancl to yield
9,9~dimethyl anthranone (VIII). Polyhydric phenols, such as
phloroglucinel (IX), have been found to undergo alkylation,

the position of which was dependent on the order of mixing of

the reagents (16, 17, 18).

OH 0 OH
1
CoO oD I
| HO-~\>"N0H
Vi VIili IX

Zagorevsky has reported (19, 20) that a solution of
sodiuwm  ~naphthoxide reacts with benzyl bromide to give the
C-alkylated product X in 22% yield. Similarly, when p-
nitrobenzyl bromide reacted with a solution of lithium 2=

naphthoxide, XI was formed in 14% yield.

R
OH X R

Claissen (5, 6) discovered that the sodium salts of

P-NOZ-CéﬂS—CHZ

phenols, in non-polar solvents; such as benzene or toluene,

react with very reactive alkyl halides such as allyl or
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benzyl halides to give C-alkylation products preponderantly.
Since the Claissen rearrasngement gives nuclear substi-
tuted phenols, it was suggested that perheps the substituted
phenols prepared in this manner resulted from the rearrange-
ment of ether intermediates. However, Claissen (21) observed
that phenol XII resulted when the reaction between phenol and
l=-bromo-2~butens was carried out in a solution of potassium
carbonate and acetone, when followsd by the rearrangement of
the intermediate ether XITI, while phenol XIV was obtained
when sodium phenoxide in benzene was treated with l-bromo-2-
butene. Thegse r.action products negated intermediacy of

ethers in the second resction.

, XII Rt = H,
OR R. = GH;-CE-CH = CE,
& XIII R? = CHp=CH = CH-CH,
R =H
XIV RS = H
R = CHp-CH = CH-CH,

The demonstration by Clalssen (5, 6) that sodium salts
of phenols undergo alkylation in an ortho position when
treated with allyl or benzyl halides has been extended
recently by Curtin (22, 23, 2l, 25) to substituted phenols.
For example, 2,6-dimethyl phemol (XV) and allyl bromide
yielded ether XVI and.ketone XViI.



OH 0/\” 0

XV XVl XViI

The preparstion of l-benzyl-2-naphthol (XVIII) from the
sodium salt of 2-naphthol in toluene¢ has been reported by
Claissen (6) in 60-70% yield., Dodson and Webb (26) have
synthesized l-allyl-2-naphthol (XIX) under the same condition
in 0% yield, using sodium salt of 2-paphthol (1) ard ailyl
bromide. The same suthors (27) prepared phenol XX by treating
the sodium salt of 2-naphthoil (1) with 1,3-dichloro-2-butene.

R
XVIII R =6, H- - CH
S 65 2
Oe XIX R = CH, - CH = CH,
XX R=CH. -~ CH=( -« CH
2 > - Gy
cl1

It has been reported recently (28, 29, 30) that the
lithium salts of substituted phenols react with methyl ilodide
in toluene to form cyclohexadienones. For example, 2,6~
dimethyl phenol (XV) and methyl iodide produced not only the
expected 2,6~dimethylanisole (XXI), but also 2,6,6~trimethyl-
2,4-cyclohexadienone (XXII) in 22% yield.



0CH, 0
XXI XXII

The "Abnormal" Reimer-Tiemann Reaction Products

The Reimer-Tiemann reaction (31) has been a standard
method of synthesis of phenolic aldehydes. Ortho and para
alkyl substituted phenols yield both phenolic aldehydes and
dichloro-methylcyclohexadienones on treatment with chloro-
form and aqueous base. For exsmple, von Auwers (32, 33, 3.4)
showed that 2,lj-dimethyl phenol (XXIII) gave some "abnormal®
product XXIV along with the expected aldehyde XXV .' The ratio
of the "nomal' to "abnormal" product in similar reactions

varied with thé structure of‘the phenol.

OH 0 OH
CRC,

XXIII X1V XV

At first, the experimental evidence indicated that only
phenols with para substituents gave "abnormal® products.

However, it was found later (35) that ortho substituted



phenols would yield them also, In the case of ortho cresol
(XXVI) an 8% yield of 2-methyl-2-dichloromethyl-l-keto-1,2=
dihydrobenzene (XXVII) was obtained.

OH 0 Opm
XXVI XXVII

Von Auwers (36) also discovered that bromoform reacts
with the substituteé phenols in the same manner as chloroform
tc give dibromemethylecyclohexadienones, but iodoform gave
only small yields of "abnormal® products.

Dodson and Webb (27) have reported the synthesis of 1
dichlorome thyl-l-methyl=-2(IH)-naphthalenone (XXIX) from l-
me thyl-2-naephthol {XXVIII) and chloroform.

O

& o

P 0
C O

XXVIII XXIX

The dichloromethylnaphthalenone XXXI has beon isolated
by Fuson and Miller (37) as a product of the Reimer-Tiemann
reaction on l-methyl-l-naphthol (XXX).



CHC,
CC i
OH
XX XTI

Von Auwers carried out a series of reactions on his "ab-
nomal®™ products. For example, their reduction by zine and
acetic acid gave the starting phenols and dichloromethane (3l).
The reaction of the cyclohexadienone XXXIII, obtained from
para cresol XXXII, with phosphorous pentachloride led to
XXXIV (38, 39), which on further reaction gave the known 2-
methyl-li-chlorocbenzoic acid XXXV,

CHCl, CHC,
XXII LXIIT XXXIV XXV

The methylation of cyclohexadienone XXXIII with methyl
magnesium lodide has been reportgd (38) to yield the hydroxy-
cyclohexadiene XXXVI, which was reaﬁranged to 1-(2%,2%~
dichloroethyle)li-methylbenzene (XXXVII). o
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CHCI,
OH CHCI

XXXVI XXXVII

Von Auwers and Hessenland (40) utilized the cyclohexa-
dienone XXVII for conversion to several interssting mono-
c¢ylic compounds. OCn its treatment with methyl magnesium
iodide followed by acid treatment, substance XXVII led to
the ketone XXXVIII, which on reduction with zinc in acetic
acid gave B2 , ¥ -pulenenone (XXXiX). The acid treatment of
XXIX yielded « ;3 » =pulenenone (XL) which on sodium-alcohol
reduction led to pulernol (XLI). The chromic acid oxidation

of pulenol gave pulenone (XLII);

0y O O

XXVIIY XXXIX XL XL XLIXI

Hydrolysis of the XXXVIII with alcoholic potassium
hydroxide led to a mixture of neutral and acidic products,
which were shown to be 1l,lL~dimethyl-l,3-cyclohexadiene (XLIII),

by oxidation to acetonyl acetone, 2,S-dimethyl-B,h-dihy&robenioic
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acid (XLIV), which could be converted to 2,5-dimethylbsenzoic
acid (XLV); and 2,5-dimethyl-b-chlorocyclohexene-l=carboxylic
acid (XLVI), which was converted to both XLIV and XLV (L;o).

CO,H CO, H CO,H
XLIII XLIV XLV XLVI

In a similar manner, & -terpinene (XLIX) was synthesized
by von Auwers and Heyden (L41) by the following reactions.
The ketone XXVII was treated with isopropyl magnesium iodide
to yield XLVII, which upon acid treatment lied to the cyclo-
hexenone XLVIII. BRase treatment of this product gave the
known o -terpineme {XLIX).

0
Y@/CHCIZ ﬁCHCl \/@/

XLVIIX

Woodward (42) made use of the Reimer-Tiemann reaction to
synthesize 10-methyl-2-decalone (LII). This was accomplished
by the reduction of the dichloromethyl ketone L to the di-
chloromethyl alecohol LI, followed by hydrogenolysis of the
chlorine atoms and chromic acid oxidation of the alcohol to
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the methyldecalone LII.

CHCI, CHCI,
g'@ ?\Qm Qi:ij

L LI LII

The Introduction of a potentisl angular methyl group in
the form of a dickhloromethyl group by means of the Reimer-
Tiemann reaction was reported by Dodson and Webb (26), who
attempted to synthesize L,Q& -(diohloromethyl—)u,hé-dihydro-a
{3H)-phenanthrone (LIV). The ketone LIII was obtained from
the naphthol XX, but the hydrolysis and cyeclizetion of LIII

to0 LIV was not successful.

For similar reassons, Gibson (l43) synthesized the di-

chloromethyl ketone LVI from the phenol LV.

O Cl,HC

Ly vl
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Synthesis of Eydrophenanthrones with Angular Methyl Groups

Robinsorn and Cornforth (Lli) in 1946 synthesized the
me thoxyphenanthrone LIX by adding li~-dlethylamino-2-butanone
methiodide (LVII) to l-methyl-5-methoxy-2-tetralone (LVIII),

) )
Z~0CH, OCH,

.8
o"k NR! o‘U O"W
LviIi LVIII LIX

In a similer menner, Grob and Junt (45) prepared ha-
methyl~5,S-dimethoxy=li,.ja,9,10=-tetrahydro~2{ 3H)~phenanthrone
(KX), and Stork (46, 47) synthesized the methoiyketone LXI.

OCH,
CH3O O

o O
o~ 0*

X . IXI

Wenkert and Stevens (48, L9) have reported the synthesis
of 2 tricarbocyclic ketone by two different methods. Firstly,
by treating methyl ethynyl ketone with l-msthyl-2-naphthcl in
the presence of potassium 3-bubtoxide catalyst. Three products
were obtained, IXIX, LXIII and LXIV. BHydrogenation of the
unsaturated ketol IXIII yielded its tetrahydroderivative LXV,



1,

which on dehydration, gave the unsaturated ketone LXVI.
Secondly, the Michael addition of ethyl acetcacetate to the
naphthalenone XXXI led to LXVII. The zcid catalyzed
hydrolysis of LXVII followed by reduction gave the saturated
ketone ILXVIII, which upon treatment with sodium triphenyl-
methyl yilelded the hydrophenanthrone LXIX,
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DISCUSSION

One of the purposes of this research was the synthesis
of a hydrophenanthrons from /4 -naphthol. To accomplish this
goal, it became of importance to study alkylation reactions
with simple reagents, and then tc attempnt the more compli-
cated project.

It was implied by Claissen (6) and has been accepted
generally that C-alkylation of unsubstituted monohydroxylic
phenol salts was peculiar to benzylic and allylic halides.
However, it has been reported recently (28, 29, 30) that the
salts of substituted phenols also react with methyl iodide
without solvent, or in toluene, to form the corresponding
cyclohexadienores.

It has been shown that # -naphthoxide ion is a good
nucleophile. For example, ,3 -naphthoxide ion can be C-
alkylated in solution whereas phenoxide ion can not (19)}.

It therefore seemed possible that the sodium ssalt of
/3-naphthol suspended in toluene, should also undergo C-
elkylation in good yield. Such proved to be the case. The
sodium salt of & -naphthol, suspended in toluene, was re-
fluxed with methyl iodide for 12 hours. After work-up
neubral and acidiec fractions were obtained. The neutral

fraction was chromastographed over alumina. Elution with



16

petroleum ether led to a 25% yield of a mixture of ethers,
probably methyl 4 -naphthyl ether {IXX) and methyl l-methyl-
2-naphthyl ether (ILXXI). The ultraviolet spectrum of this
mixture was similar to that of the starting material, having
ultraviolet maxima at 230 m 4 (€ 91,400) and 272 mp (€
7,800) and infrared absorption bands at 6.20 M and 6.30/4 .
The reason for assuming "a mixture® was the fact that re-
peated crystallization of this material failed to narrow its
wide melting point range. LElution with 20:1 petroleum ether-
benzene gave an 8% yield of 1,l-dimethyl-2{1H)naphthalenone
(IXXII), identified by its hydrogenation to the known 1,1-
dimethyl-2-tetralons (IXXIII) (50).

Some difficulties were experienced in obtaining li-
methyl-2-naphthol (XXVIII) in a pure state, since the unreacted
2-naphthol was hard to remocve. To obtain the pure product,
the acidic fraction was chromatographed over alumina and the
first portion of the chromatographed substances was crystal-
lized from hexane, m.p. 108-110.

At the time this research began, l-methyl-2-naphthol
(XXVIII) was prepared by another procedure. The method of
Adems and Levine (51) was used to prepare 2-hydroxy-l-
naphthaldehyde (LXXIV). The reduction of this sldehyde by
zinc in acetic acid led to the desired compound. The same
compound has been obtained by Fries and Hubner (52) by re-
duction of bis-(2-hydroxy-l-nsphthyl-)methylene (IXXV).
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However, at the present time the direct methylation of the
sodium salt of 2-naphthol is by far the best method for the
prepsrstion of leme thyl-2-naphthol {(XXVIII), since it is only

a one-step reaction and easier to execute.

LXX RY = CH,, R=H
? = =
] IXXI R* = R = C,

. o% LXXXV R? = CO(CHp)CH,, R =H
llli!lli!{' LOXVII  R® = n-Bu, R = CH,

IXXXVIII R® = CH,, R = n-Bu
XCII R® = cn3, R=(GHZ)2GH(OH)CH3
CVII R

CHB, R = (c32)2 co ca3

LXXII R = CH,
LXXVIII R = CH,I
RJD IXXX R = CH,CL
lllillll!l LXXXVI R = n~Bu
XcI R = (032)203(03)033
Xcv R = (CH,),C0 CH,
CII R =

(c&z}aca(oAc)cE3
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LXXIV
LXXXII
LXXXITT

LXXIV
XC

LXXTIIT
LXXVII
LIXXI
XCIV

CIIX

LXXVI
XCVIIT
Civ
Ccvl

<o B = - N < I < ¢

b= < IR *V B s B <5 B <V

L=V < VIR < B <

"

n

CHO
(CH,) ;0 CH,
n-gu
co(caa)2033
(GHé)ZGH(OH)GHS

CHy
CH Cl,
CH,C1
(cna)zco c§3
(CHé)ch(OH)CHB
(GHZ)ZGH(OAc)GHB
CE Cl,
(CHZ)ZGO CHB
(cE'g)ZCH(OAc)CH3

( CHy ) 20‘3; OH) GH3
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Since l-methyl-2-naphthol (XXVIII) has shown to be a
strong nucleophile, as exhiblited in its ready formation of a
naphthalenone in the "abnormal® Reimer-Tiemaenn reaction (27),
the Michael reaction (48, L49) and the halogenation reaction
{53), it was thought advisable to choose this compound for
further alkylation reaction studies.

When the sodium salt of XXVIII wad refluxzed in methyl
fodide for four hours, there was obtained an 88% yield of the
1,1-dimethyl-2(1H)-naphthalenone (LXXII), which wes identi-
fied by its catalytic hydrogenation to the known ketone
LXXIIT (50), end a L% yield of the known methyl l-methyl-2-
naphthyl ether (IXXI) (52).

In g similar manner, chlorcform was added to the sodium
salt of XXVIII and the resulting mixbture was refluxed for
four hours, which led to a 60% yield of the known dichloro-
methylnsphthalenons XXIX, m.p. 64-65° (27). Hydrogenation of
the product gave a 27% yield of the alcohol IXXVI, which was
identified by elemental analysis and the presence of an
alcoholic O-H band at 2.8 4, and a 65% yield of the known 1-
methyl-l-dichloromethyl-2-tetralone (IXXVII) (26, 27).

Refluxing of a mixture of the sodium sélt of XXVIII and
methylene iodide for four hours, gave a 29% yield of l-methyl-
1-1odimethyl-2( 1H)naphthalenone {LXXVIII) and 3% of bis(1-
methyl-2-naphthyl)methylene ether (LXXIX), m.p. ‘lhé-lh.?".

Attempts to prepare a carbonyl derivativé of the compound
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LXXVIII was unsuccessful. However, the ultravioclet spectrum
of this compound was typical of & naphthalenone chromophore,
exhibiting ultraviclet maxima at 232 m M {& 30,000) and 310

m « (€& 7,450). The infrared asbsorption bands at 6,05 and
6.21 were consistent with the presence of a conjugated carbonyl
group in the substance.,

Assignment of the structure of the ether IXXIX was based
on its ultraviolet spectrum, whick exhibited maxima at 222 mu
(e 35,300), 23hm p (¢ 5,000) and 280 m ¢ (€ 4,750), the
presence of unsaturation bands at 6,20 4 and 6.30 M in its
infrared spectrum, end its ready acid hydrolysis to l-methyl-
2-naphthol.

S e
2

IXXIX

Since no reaction occurred when the sodium salt of XXVIII
was refluxed with methlene chloride for four hours, this re-
action had to be carried out in a sealed tube. The mixture
in the sealed tube was heated at 100° for eight hours. After
werk-up a 32% yield of l-methyl-l-chloromethyl-2(lH)naphthal-
enone {IXXX) land a 10% of the ether LXXIX, m.p. 1).|.6-;-12e.7°,
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were obtained.

¥While the liquid LXXX was not exposed to elemental
analysis, its ultraviclet spectrum was a typical of a
naphthalenone chromophore, and its infrared spectrum indi-
cated the presence of a conjugated carbonyl group. Its red
2,li-dinitrophenylhydrazone wes prepared, m.p. 184-185°, The
catalytic hydrogenation of LXXX led to IXXXI, which exhibited
an infrared absorption band at 5.82 4 due to the saturated
carbonyl group.

It is interesting to note that the results obtained from
these'reactions had two importent features. The high
carbon-oxygen product ratio followed expectations. Keglecting
the possible solubility difference of the salt of lemethyl-
2-naphthol in dichloromethans and chloroform, the yields of
C-alkylated products would be expected to be highest in the
first solvent, if both reactions had proceeded by similar
mechanism. However, in spite of the higher temperature and
pressure applied in the latter case, the oppesite results
were observed. This fact suggests, in concert with interpre-
tations of previously reported reactions of various nucleo-
philes with halomethanes (54, 55), that the sbove substitu-
tion processes proceeded by concerted displacemsnt of chloride
in case of dichloromethane, but not in case of chloroform.

In the latter solvent dichlorocarbene may be a reaction

intermediate (55).
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The addition of methyl vinyl ketone to 2-naphthol was
ca:ried out by a slight modification of the Hobinson procedure
(56). The Wolff-Eishner reduction of the product, 1-{% -Keto-
butyl-)2-nephthol (IXXXII), resulted in i-{n-butyl-)2-
praphthol (IXXXIII), mep. 79-80°. This same compound had been
synthesiged previcusly (57) by Clemmensen redaction of 1l-{« -
ketobutyl=-)2-naphthol (IXXXIV), which in turn has been ob-
tained from the Fries rearrangement of 2-naphthyl butyrate
(Lxxxv).

H4buty1ation of the dry sodium salt of XXVIII gave a 2:1
ratio of the products ILXXXVI and LXXXVII, respectively. Both
of these compounds were identified from their ultraviolet and
infrared spectrs, which exhibited naphthalenone and /5 -
naphthol chromophores, respectively. The elemental analysis
of the 2,li~-dinitrophenylihydrazone derivative of the naphthale-
none IXXXVI was in accord with a 0213220h§h formula, m.pe.
125-126°,

Under similar conditions the methylation of l-(n-butyle)
2-naphthoxide ion in methyl iodide yielded & 2:1 ratio of
C/0 alkylated products, LXXXVI and the known LXXXVIII (57),
respectively. The infrared and ultraviolet spectra of this
naphthalenone and the ketome IXXXVI were identical. Also the
melting point of a mixture cof the 2;4-dinitrophenyl hydraszone
of this materisl snd that of the ketone LEXXVI (me.p. 125-126°)

was undepressed.
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Neglecting the solubility differemnce of the sodium salt
of 1.0 g of l-methyl-2-naphthol (XXVIII) and l-n-butyl-2-
naphthol (LXXXIII) in 30 ml. of methyl iodide, it would be
expected that the amount of O-alkylated products obtained in
each case be identical. However, a more appreciable quantity
of the O-slkylated product was obtained in the second case
(30% yield) than in the first case (4% yield). This may
illﬁstrate the importance of steric féctors in the alkylation
of phenol salts. The same conclusion cen be drawn in the
case of the n-butylation of l-methyl 2«ngphthoxide ion which
again afforded a high yield {29%) of the 0O-alkylated product.
These results were similar to thése observed by Curtin (28,
29, 30) snd Kornblum (8) in the alkylation of the substituted
phenoxide salts.

Since it had now been shown that alkylation of 1l=-
substituted 2-nsphthols would give a good yield of C-alkylated
products, it was thought of interest to apply this one-step
method of introduction of a methyl group to the synthesis of
the hydrophenanthrone LXVI. This was especially necessary,
since the overall yield in a previous synthesis had been low.

Since the reactions with the model cpmpounds had pro-
ceeded as expected, the methylation of 1-( ¥ -ketcbutyl-)2-
naphthol (LXXXII) was carried out under the same conditions.
However, it led to a complicated mixture of products, which
wlll be discussed subsequently. Therefore, it was decided to
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mask the side-chain carbonyl group.

Ketalation of 1-( ¥ -ketobutyl-)}2-naphthol (LXXXII) with
ethylens glycel yielded a mixture of products from which
compound LXXXIX was isolated, me.p. 200-201°.

The evidence for assigmment of structure IXXXIX rests
on the fact that its ultraviolet spectrum indicated maxima at
232 m u (€ 69,200} and 280 m M (€ 5,030} and its infrared
spectrum showed sbsorption band at 6.20 M4 and 6.30/4 due to
carbon-carbon unsaturation. Elemental analyses were 1in

accord with a 03033Q9h formulation.
0-CH,—
0

|

~N
~

IXXIX

Failure to find the ketalation as a good masking pro-
cedure for the side chain carbonyl group resulted in the
preparation of the kmown (58) l=( ¥ -kydroxybutyl-)2-naphthol
(XC) and investigation of its reaction with methyl iodide.

As a consequence compound XC was prepared by lithium aluminum
hydride reduction of the ketone IXXXII.

Treatment of the sodium salt of XC with methyl iodide
led to a 55% yield of l-methyl-l-( ¥ -hydroxybutyl-)2(1H)
naphthalenoﬁe (XCI) and 24% yield of methyl 1-(¥ -hydroxybutyl-)
naphthyl ether (XCII). Thé presence of an aleoholic O E band
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at 2.8 ¥ and 2.9/ and a conjugated carbonyl band at 6.07M
in the infrared spectrum, and the appearance of maxima in the
former's ultraviolet spectrum at 232 mu (€ 62,000) and 30C
m M 3 8,150) revealed its structure as that of a C-alkylation
product. Elemental analysis of its 3,5-dinitrobenzoate was
in aceord with a CZZHZOO?Né formulation,

The identity of the hydroxyether XCII was assured from
its characteristic ultreviolet spectrum with maxima at 232 mi
( £ 109,000) and 282 m M { € 11,100) and its infrared spectrum
with absorption bands at 2.84 x4 Gue to am O H group and at
6.20 £ end 6.32 M correspeonding to carbon-cerbon unsaturation.
Further proof of the structure of this substance was gained
by its ready conversion on acid treatment to a mixture of the
starting naphthol XC and the known ether XCIII (58).

XCIII

0

The hydroxyketone XCI was the crucial intermediate,
which by a combination of oxidation and reduction steps weas
expected to lead to the diketone XCIV. Both sequences of
these steps were studied. In view of the non-stereospecific
introduction of the potential angular methyl group, a reac-

tion which created a second asymetric center, XCI was a
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liquid mixture of two racemates. Since both were expected to
be comvertible to the desired diketone XCIV, no attempt of
separation was made.

Chromic acid oxidation of XCI in acetic acid solution
yielded 1iquid l-methylel-(¥ -ketobutyl-)2(1H)naphthalenons
(XCV). The absence of bands in the 2.8-3 4 region, and the
appearsnce of bands at S5.81 4 , 6,03 M and 6.18 M in its
Infrared spectrum were the basis for the asssigmment of this
structure. Its orange mono-2,li-dinitrophenylhydrazone, m.p.
155-156°, exhibited no infrared peak for a saturated
carbonyl group, but did reveal 2 conjugaeted cerbonyl band at
6,03 M , C=N band at 6.18 # and C=C band at 6.25 4 « Its
elemental asnalysis was in accord with a GZIHEOOSNh fermla.

Hydrogenation of XCV over palladium-charcoal led to a
mixture of products. Chromatography of this mixture led to
thres substances, an ether, a ketonic compound and a ketolic
material,.

The first substance, m.p. 50-56°, was not identified.
There was no indication of sbsorption bands in the 2.8-3 4
and 5-6 M region, while the broad band at 9 4 suggested an
ether linkage. Thus, its infrared spectrum its tetralin
chromaphore as revealed by its ultraviolet spectrum,
suggested 1t to be a product of over-reduction.

A similar tetralin chromophore and a 5.83 4 infrared
band appeared to maeke the second compound the desired
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l-methyl-1~{ ¥ =ketobutyl-)2-tetralone (XCIV). Its orangs
bis=-2,-dinitrophenylhydrazone revealeé an elemental analysls
in aceord with Cp H,cOgNg, mep. 181-182°,

The structure of the ketolic compound obteined in 0%
yiold was established to be the aldol product of the diketone
XCIV, sincs the same compound wee obbtained by 2 mild bage
treatment of the diketone XCIV, mep. 147-149°. The infrared
spectrum of this compound also exhibited OH bands at 2.79 4
and 2.91 M and carbonyl band at 5.83 /4 . 1Its non-identity
with a previously deseribed ketol LXV {4i8) indicated that it
was either the C-5 epimer of ILXV or one of the two epimers of

ZCVI.

Gk

XCVI

The fact that the XCIV could be shown to be unreactive
toward catalytic hydrogenation constituted the first indica-
tion of the susceptibility of the keto group in the
naphthalenones to hydrogenstion. Thus, two possible pathways
of hydrogenation existed: XC to XCVII to XCVIII and XC %o

XCIV,
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O

CJ”

XCVI1I

Wnile scquired by different means, the diketone XCV
could be considered as being the product of the Michael re-
action between l-methyl-2-naphthol {XXVIII) snd methyl vinyl
ketone, & reaction which has been studied in detail by
Wenkert and Stevens (L8). Vhereas two diketonss of structure
XCIX had been the actual reaction producis, compound XCV had
beer considered a vital reaction intermediate. As a conse-
quence, the behavior of XCV toward alkaline reagents became

of interest.

N

’

COCH,

XCIX

Treatment of XCV with sodium methoxide and ethoxide led
exclusively to the retro-Michael product XXVIII. Eowever,
the reaction of the same compound with potassium tert-

butoxide gave both the retro-Michael product XXVIII and the
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known internal Michael product XCIX (48). Compound XCIX had
identical infrared and ultravioclet si:ect.ra, melting point and
mixed melting point as an suthentic sample.

The results of these base treatments indicated that the
previously observed low yield of XCIX may be a consequence
of competitive high rates of the retro-Michael process of XCV
end the formation of methyl vinyl ketone polymer.

When the hydroxyketone XCI, dissolved in ethanol, was
exposed to catalytic hydrogenation over palladium-charcoal,
there was obtained a mixture of products, containing a small
smount of the desired ketone C., The oily substance, left
after filtration of the catalyst and evaporatiocn of the
solvent, exhibited an infrared spectrum of high infensity C-H
bands and 2 low intensity C=0 band. Chromic acid oxidation
of the mixture led te a liquid from which the desired ketone
XCIV was isolated in only 65% yield and was shown to be
identical with XCIV described above.

The unusual low intensity of the carbonyl absorption
band as compéred to other bands in the infrared spectrum of
the reduction mixture of the hydroxyketone XCI was suspected
to be due not only to over-recduction but perhaps also to the
presence of the expected ketone C partiy in hemiketal form
CI. In order to differentiate between these two possibili-
ties, an attempt was made to prepare l-methyl-l-{% -

acetoxybubyl-)2(1H) naphthalenone (CII) teo inspect its
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behavior toward catalytic hydrogenation, and to examine the
carbenyl band in the infrared spectrum of the hydrolyzed
pI’Oducto

0
CO

CI

Acetylation of the liquid mixture of epimeric ketols
XCI yielded CITI which exhibited infrared absorption bands at
S804 , 6,54 and 6.22 4 o

Catalytic hydrogemation of CII in othanol over paliedium
charcoal gave a mixbture of products, which could be separated
by chromatography into three distinctly different fractionms.
Examination of their ultraviolet spectra showed all to have
tetralin chromophores. Inspection of the infrared spectrum
of the first compound revealed two carbonyl bands at 5.78M
(ester) and 5.82 MU (ketone), characteristic of the structure
of the desired ketoacetate CIII., The second compound
eppeared to be the hydroxyacetate CIV with hydroxyl absorp-
tion at 2.8 4 and a cerbonyl band at 5.77M . The third
compound seemed to be CV whose spectrum showed an gbsorption
band at 5.78. 4 .

The problem of over-hydrogenation led to two difficulties:
firstly, low yields of the desired products were obtained,
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OAc

cVv

secondly. separation of the mixture of products was very
difficult and time~-consuming.

- In order to overcome the erratic nature of the hydrogena-
tion reaction, another procedure had yet to be found tc lsad
to an efficient conversion of hydroxyketone XCI to diketone
XCIV. The most efficient method for this transformation was
found to be a chemical reduction.

The reduction of the hydroxyketone XCI by lithium in
liguid ammonia converted the ketone to a mixture of diocls
XVI, which was 1dentified by the absence of s carboayl band
and the presence of an intense and wide hydroxy band at 2.8-
3M in its infrared spectrum. The chromic acid oxidation of
the diols CVI led to an 82% overall yleld of the known dike-
tone XCIV. |

At this point, interpretation of the results of the
mothylation of the sodiumm salt of 1l-{¥ -ketobutyl-)2-naphthol
{IXXXII) became feasible. While the stoichiometry'of the
reaction could not be ascertained because of the intimate

nixture of the reaction products, the structure of most of
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the latter was unravelled.

Chromatography of the mixture over alumina and elution
with petroleum ether gave a solid, which after crystalliza-
tion from hexane was shown to be methyl l-methyl-2-naphthyl
ether LXXI, m.p. 37-38". Elution with 10:1 petroleum ether-
benzene gave methyl l-( ¥ -ketobutyl-)2-naphthyl ether CVII,
m.p. 54°, This same compound was prepared from the reaction
of the sodium salt of 1-( ¥ ~ketobutyl)2-naphthol (ILXXXII) in
methanol snd methyl iodide, m.p. 54°, and showed identical
infrared and ultraviolet spectra with those of the keto-ether
CVII. Further elution with the same mixture of solvents led
to the previously described diketone XCV. Finally, elution
with benzene gave a mixture of phenolic compounds, which were
separated by crystalliszation from petroleum ether-carbon
tetrachloride followed by sublimation of the residue remaining
upon removal of the solvent and were shown to be l-methyl-2-
asphthol (XXVIII) snd starting materisl ILXXXII.

It is interésting to note that beside the expected C-
and O~-alkylated products end the starting meterial, l-methyl-
2-naphthol (XXVIII) and its methyl ether IXXI were also
identified as further products. It would appesr that the
retro-Michael process on XCV, discussed above, 1s even preva-
lent dquring formation of the diketone by methylation, amnd
probebly is induced by varicus naphthoxides acting as bases.

Finally, the tricyclic ketone IXVI was obtalned by refluxing
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the diketone XCIV with e methanolic solution of sodium
methoxide for four hours. A 70% yield of the product; m.p.
89-90°, was realized. Mixed meﬁ. with an authentic sample
(mepo 89-90°) was 89-90. Its infrared and ultraviolet
épectra wore identical with those of an authentic sample.

Along with the studies discussed thus far, the chemistry
of the naphthalenone XXIX was investigated. It had been
noted brisfly by Dodson and Webb (27) and Wemkert and
Stevens (49) that this compound was semnsitive to base treat-
ment. As a consequence it became of interest to study its
chemical behavior and that of its dihydro product ILXXVII in
various bases. Some time after the initiation of these
studies a private communication by Dodson disclosed the re-
sults of a similar but less involved investigation in his
leboratory (26). Dodson and Webb found that potassium
hydroxide treatment of ketons XXIX led to l-methyl-2-naphthel,
l-methyl=-3-naphthoic acid (CVIII); m.p. 203-205, which had
been previously prepared by Darzens (59) and o={ oA -methyle
A~-chlorovinyl-) cis-cinnamic scid (CIX), m.p. 113-11hi. The
acié CIX was identified by its oxidation to phthalic acid
(CX), its reduction to 9o-(< -methyl-A -chlorovinyl-) hydro-
cirnamic acid CXI, and the latter®s oxidation to g—éarboxy-
hydrocinnasmic acid CXII, |

Dodson and Webb (26) also discovered that the reaction
of the ketone LXXVII with sodium hydroxide solution led to
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l-methyl=2,L4-dihydro=-3-naphthoic acid CXIII, m.p. 91.;..5-9500
Confirmation of its structure was obtained by its sulfur
dehydrogenation to the known l-methyl-3-naphthoic acid
(Ccviii).

| CO,H
Co,H = ZCOH

CVIiIX CIX CX

L_CHCI CO,H
<0, @i_/co,_H O CO,H

CX1 CXII CXIII

Refluxing of the ketone XXIX with 20% potassium
hydroxide for 2L hours, led to neutral, pﬁenolic and acidic
fractions. The neutral fraction (}0%) was shown to be the
starting ketone XXIX. Chromatography of the phenolic fraction
on & Celite-silicic acid column and elution with 20:1
petroleum ether-ether gave an 18% yield of l-methyl-2-
naphthol, m.p. 107-109°. Separation of the acidic fraction
on Celite-silicic acid led to three substances. The first

substance was identified as o-(« -methyl-,g ~chlorovinyl-)eis-
cinnamic acid (204), m.p. 113-114°, which exhibited an ultra-violet
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absorption maximum at 260 mu ( € 8,800). The seccnd com-
pound was shown to be l-methyl—3-naphthéic acid (2%), m.p.
203-205°, by its ultraviolet absorption maxima at 238 mu
(& 56,400) and 28 mu (€ 8,289). The third substance,
meps 205-210°, which revealed a brosd carboxy OH band at
208=3.15 4 and a carbonyl band st 5.85 4/ and an ultraviolet
absorption meximum at 260 m 4 , was not ldentified.

Worke-up of the reaction mixture from a seven hour reflux
of the ketone XXIX with potassium hydroxide in ethanol-water
led to an unidentified neutral substance, which was resistant
toward acid or base treastment, 18% of starting ketone XXIX,
4% of l-methyl-2-naphthol, 9% of o-(« -methyl-/ -chlorovinyl-)
cis-cinnamic acid (GIX) end 36% of l-methyl-3-naphthoic acid
(cvIII). |

There is only one possible reaction path from the ketone
XXIX to the acid CIX, which is iilustrated in the sequence

below,

Cl—CHCI
tJ
¥
© OH
/Eii”/a \\\\\\N
XXIX CIX

There are two possible pathways for the formation of 1l-
me thyl=3-naphthoic acid. One path involves the transformation
of acid CIX to CVIII. This was shown not to be the case,
when base treatment of CIX under identical reaction conditions
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led to recovered starting material in 90% yield. A second

possible pathway is illustrated in the following sequence.

CHQ,
o 0
o I — O
OR C1 OR
Cl
AN
Cvilh — I
” COR
OR

Neopentyl halides are known to undergo bimolecular
nucleophilic displacement with difficulty (60). The method
of synthesis of the abnormal Reimer-Tiemann product verifies
this fact. However, Wenkert and Stevens (49, see Historical
Section) have demonstrated that internal chloride ion dis-
placement can occur under certain circumstances.

As expected, path b was favored over path a, when the
reaction was carried out in agqueous ethanol solution. 1In the
latter medium ethoxide ion would be expected to compete, per-
haps favorably, with hydroxide as active reagent. DBecausse of
its greater bulk, but also its higher nucleophilicity, it
would be prone to attack the carbonyl carbon more slowly but
its § ~carbon more rapidly than hydroxide ion.

As the next investigation, ketone LXXVII was submitted

to several base treatmendts. A4 solution of the kebtone LXXVII



37

and sodium hydroxide in ethancl water weas refluxed for eight
hours under nitrogen, whereupon neutral and acidic fractions
were separated. The neutrsl fraction was shown to consist of
the starting ketone ILXXVII, Repeated crystallizations of the
acidic fraction led to l-methyl-3~naphthoic acid (CVIII), m.
p. 202-204°, and lemethyl-3,li-dihydro-3-naphthoic acid
(CXIII), m.p. 94-95°. The acid CXIII exhibited an ultraviolet
maximum at 260 mp# { € 10,200). Its catalytic hydrogenation
over palladium-charcosl yielded the knoun l-methyl-1,2,3,l-
tetrahydro-3-naphthoic acid (CXIV) (58), m.p. 124=125°. The
acid CXIV was recovered when its ester was equilibrated and

hydrolyzed with sodium hydroxide.

CO,H

CXIV

The reaction of the ketone ILXXVII and sodium methoxide
in methanol under nitrogen led to a neutral fraction, which
exhibited infreared absorption peaks at S.6 4/ and 5.85/0 R
probably due to the carbonyl groups of a cyclobutanone and
starting ketone, respectively.

Crystallization of the aclidic fraction yielded ome
crystalline acid, which was identified as l-methyi-3-naphthoic
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acid (CVIII), m.p. 203-205°, The remeinder of the mixbture of
the acids was separated as thelr methyl esters, obtained by
esterification with diazomethane and chromatographed over
alumina. Elution with petroleum ether gave first methyl
ester of l-msthyl-3,li-dihydro-3-naphthoic acid and then
methyl l-methyl-3-naphthoate (59). The first ester showed an
ultraviolet absorption meximum at 260 m# ( € 9,980), while
the second ester exhibited maxima at 240 m)A (€ 52;000) and
285 mumu (€ 8,130).

A t-butanol solution of the ketone LXXVII and potassium
t-butoxide was stirred at rooem temperature for 2l; hours under
nitrogen. The acidic products consisted ornly l-methyle3,l-
dihydro-3-naphthoic acid (CXIII), m.p. 91-92°, The neutral
products again exhibited 5.6 M and S5.E5M infrared pesks.

Attempts to separate the latter products by chromato-
graphy were unsuccessful, since the eluted material still
consisted of a mixture whose 5.6 4 peak, however, had de-
creased in intensity. This mixture was stirred in a t-
butoxide solution for snother 2l hours. The yield of neutral
products as compared to acidic substances now was low and the
former again revealed 5.6 U absorption peeks.

In regard to the base-catalyzed reaction of the ketone
IXXVIII several factors must be considered. Firstly, there
was no indication of the presence of the acid CXI, which
would have been expected to form, had a path similar to
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sequence a been followed.

Secondly, the formation of acids in the alkoxide runs
rust have been due to the presence of water in the media
despite the use of dry alcohols and protection of the reac-
tion mixtures from atmospheric moisture. In the case of the
methoxide run, the origin of the acidic products may lie in a
direct displacement of methoxide ion on the methoxy carbon
atom of the intermediate methyl esters.

Thirdly, the formation of l-methyl-3-ngphthoic acid
(CVII) is unusual, since this product is in a higher oxida-
tion state than expected. To gain more insight into this
oxidation, both the acid CXIII and its methyl ester were re-
fluxed in sodium methoxide-methanol under nitrogen. In the
first case only starting acid CXIII was isolated. In the
second case, inveolving a reflux time of only four hours in-
stead of the usual eight hours, a mixture of the esters of
the aclds CVIII and CXIII and a 45% yield of l-methyl-3-
naphthoic acid (CVIII), m.p. 195-198° were obtained.

These results indicate that l-methyl-3-naphthoic acid
was obtained from the methyl ester of the acid CXIII, but not
from the acid itself., Thus the rate of oxidaticn of ester of
the acid CXIII is higher than its rate of hydrolysis. The
absence of the acid CVIII in the reaction products of the t-
butoxide run indicated that the oxidation of ester of the
acid CXIII must be accomplished by oxidants in the methanclic
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and ethanolic media rather than sgir.
From the observations made above the reaction path from
the ketone LXXVII to the acid CXIII may be postulated as

illustrated in the seguence below.

LXKVII ~—— — co,f
C)
CXV \ l
cxil

At least two analogles seem to favor path b. It has
been shown {61, 62) that a reacticn of chlorine-less
chrysanthenone (CXVI) with base led to the acid CXVII. This
indicates that a chlorine atom is not necessary for the

opening of a cyclobutanone ring.

W 1@
| COH

CXV1 CXVII

The mechanism of the basic hydrolysis and rearrangement
of XXXVIIT to XLVI was suggested by von Auwers to involve a
ring opening to the intermediate CXVIII, followed by a ring
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closure to the product XLVI.

CO,H
Z CHCl,

CXVIII

Since a2 base-catelyzed cyclization of CXVIII has no
mechanistic precedents, the following alternate reaction
paths need to be postulated.

0 o
o CO,H
Xviiy @— —_— —s XLIII
| Cl
Cl
HO,C HO,C
- — XLIV

It is Interesting to note that the isolation of the
intermediate chlioroacid XLVI favors the aforementioned path
b, and again demonstrates that the chlorine atom is not
involved in the ring-opening step.

As a further check on path b it became of interest to

investigate the behavior of cyclobutanone CXIX toward base.
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As a consequence a mixture of the ketone LXXXI and t-
butoxide in t-butanol was stirred for eight hours. Two frac-
tions were isolated, one of which was unseparable, but ex-
kibited infrared absorption bands at 5.6 4 and 5.85 4
probably due to the C=0 of the ketones CXIX and IXXXI,
respectively. However, l-methyl-l,2,3,ij~tetrahydro-3-
nephthoic acid (CXIV), m.p. 124-125°, was obtained from the
second fraction. This compound indicated ultraviolet ab-
sorption maxima at 266 m MU ( ¢ 532) and 27 m MU (& 548),
characteristic of a tetralin chromophore. Its mixed melting
point with an anthentic sample was undepressed.

It is noteworthy that in all present cases the opening
of the cyclobutanone rings occurs toward the most stable

anion, gege?

o OH _°
e @@‘9——»
CXIX 0 ©
Co;



b3

Since the instability of the preceding cyclobutanones
had prevented their isolation, the synthesis of another
ketone was sought. It was decided to construct CXX.

The procedure of wvon Auwers (35) was used to prepare the
ketone XXVII, m.p. 33°, which on hydrogenation over palladiume
charcoal led to the known ketone CXXI, mep. 33-3L° (63).

CHCl,
’/0 ’/O
Cl
CXX | CXXT

The acidic mixture obtained from the reaction of the
ketons CXXI with t-butoxide in t-butanol was not investigated.
The infrared spectrum of the neutral fraction indicated a
band of strong intensity at 5.6 4 and a weak band at 5.85M4 .
The mixture was converted to a single semicarbazone in 83%
vield. |

Hydrolysis of the semicarbazone of CXX in agqueous
levulinic acid solution, in enslogy with a procedure which
has been studied recently in detail by DePuy and Ponder (6l4),
led to the ketone CXX, which now exhibited only one carbonyi
band at 5.6 M o Its semicarbazone was erystallized from
methanol-water, m.p. 218-220°. Thus, finally a pure cyclo-
but anone had been trapped. It appears that CXX is more

stable than its aromatic anslogues.
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In view of the isolation of some alcohol LXXVI in the
reduction of XXIX to IXXVII, the structure of the alcoholic
sideproduct became of interest.

Since the dichloromethyl nephthalenone XXIX must have a
planar or nearly planar structure, addition of hydrogen to
this system should occur predominantly on the side of the
me thyl group. The dichloromethyl moiety would be expected
to offer considerably more steric hindrence than the methyl
group to the approach of the hydrogenastion catalyst. Iscla-
tion of only one product tended to support this point.

The reduction of the tetralone IXXVII with 1iithium
aluminum hydride and with lithium aluminum tri-t-butoxy
hydride led to a high yield of the same tetralol.

These results were in sgreement with the hydrogenation
data, since the hydride attack, especially in the case of the
balky tri-t-butoxy hydride, would be expected also tc occur
from the less hindered methyl side of ILXXVII. As a conse-

guence, the alcohol can be assigned structure CXXII.

H  CHClh

CXXII
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When the alcohol LXXVI was equilibrated with aluminum
isopropoxide, it was recovered unchanged in 69% yield. This
would seem to indicate that the hydroxyl group prefers a cis
orientation with respect to the bulky dichloromethyl func-
tion, rather than the usual trans relationship.

Inspection of a molecular model of such a system reveals
that there is considersbly more non-bonded interaction in
compound LXXVI between the quasi-equatoriasly oriented di-
chloromethyl group at C-1, the hydrogen atom at C-8 and the
squatorial hydroxyl group at C-2 (CXXIII), then in its C-1
epimer CX{IV. Such & peri effect, leading to a more stable
cis relationship between two vicinal bulky substituents, was

also observed by Wenkert and Jackson (65).

CH, CHCI,
R T -
CHCl, CH,
OH OH
H H
CXXIII CXXIV

In conmnection with the previously discussed isolation of
the dihydronaphthoic acid CXIII its isomer came under
scrutiny.

l-Methyl=~3,lj~dihydro-2-naphthoic acid (CXXV) was
prepared by the von Auwers (66) procedure. It was reduced by

catalybic hydrogenation to the known l-methylel,2,3,i-tetra-
hydro~-2-naphthoic ac¢id {CXXVI), m.p. 8L-85° (66).
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COH COR
'ill"llii CXVI EK=HE

CXXVII R=¢C
CXXV EB

1

"

When the saturated acid was esterified with diazo-

methane, and 1ts sster CXXVII was equilibrated and hydrolyzed
th base, it was recovered unchanged. If the C-2 carbo-

methoxyl were in the thermodynemically unstable orientation,
the base catalyzed ecuilibriumm of such an oriented ester
function would isomerize it to the most stable conformation.

Since the acid must be a cis substituted tetralin,
having been obtained through a catalytic hydrogesnation
process, the equilibration result implies a greater
stability in the cis (CXXVIII) then the trens (CXXIX) system.

Thus, this represents another example of the peri effect.

CH, H
H —CH, >
=CO.CH; i CO,CH;

CXXVIII CXXIX
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SPECTRA

Ultraviolet spectra were run in 95% ethanol using =
Beckman model D U quartz spectrophotometer. Infrared ab-
sorption spectra were recorded using a Baird Double Beam
infrared spectrophotometer and Perkin-Elmer Infracord

spectrophotometer.



Figure 1. Ultraviolet spectra
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Figare 2. Ultraviolet spectra
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Figure 3, Ultraviolet spectra
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Figure h. Ultravioclet spectra
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Figure 5. Infrared spectra
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Figure 6. Infrared spectra
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Figure 7. Infrared spectra
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Figure 8. Infrared spectra
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Figure G, Infrared spectra
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Figure 10. Infrared spectra
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Figure 11l. Infrared spectra
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Figure 12. Infrared spectra
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Figure 13. Infrared spectra
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Figure 1. Infrared spectra
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EXPERIMEN TAL

All melting points and boliling points are uncorrected.
The term petroleum ether refers toc the petroleum fraction of
beDo 60-?009 Ultraviolet spectra werse measured in 95%
ethanol solution with a Beckman mcdel DU quartz spectro-
photometer. Micro-analyses were carried out by the Strauss
and Weiler Microanalytical Laboratory, Oxferd, England, end
by the Midwest Microlab, Inc., Indianapolis, Indiana.

Absorbents for Chromatography

Activated alumina, 80-280 mesh, was allowed to sbtand
with ethyl acetate for 2l hours, then washed with water and
methanol, and dried at 100° for 2l hours.

The Celite-silicic acid adscrbent was prepared by
mixing equal weights of Celite and 100 mesh silicic acid.

1-Methyl-2-Naphthol (XXIX)

Method A

The method of Adams and Levine (51) was used to prepare
2-hydroxy-l-naphthaldehyde. This was reduced by the

following procedure.
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Amalgamated zinc was prepared by adding 200 g. of 20
mesh zine to a mixture of 8 g. of mercuric chloride and a
solution of 5 ml, of concentrated hydrechloric acid in 200
ml. of water. The mixture was stirred at room temperature
for a half hour, after which {;he water solution was decanted,
and the smalgamated zinc was washed three times with 100 ml.
of water. Glacial acetic acid, 150 ml. and 15 g. of 2-
bydroxy-l-naphthaldehyde was added to the amal_gamated zinec,
and the resulting mixture was refluxed for elght hours. The
cooled mixture was diluted with water, a precipitate formed
which was filtered and washed with 400 ml, of water. The
crude residue, 11 g., m.p. 100-105° was crystallized from

hexane. + now melted at 110-1110.
Method B

A methanolic solution of 10 g. of 2-naphthol and sogiiumv
methoxide, 1.6 g. of sodium in 30 ml. of methanol, was
evaporated to dryness under vacuum. After addition of 10
ml. of methenol, the distillation to dryness was repeated.
Freshly distilled methyl iodide (20 ml.) and dry toluene {50
ml.) wes sdded to the salt and the mixture was refluxed for
18 hours. The cooled mixture was diluted with water extracted
with toluene. Organic extract was washed with water, dried
with anhydrous magnesium sulfate, and evaporated to give’ a

erude materisl which was chromsastographed over alumina. Elution
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with petroleum ether gave 2.57 g. {25%) of a mixture of
methyl 2-naphthyl ether {IXX) and methyl l-methyl-2-raphthyl
ether (ILXXI), m.p. 50-55°, crystallized from hexane, m.p.
62-66°, Elution with 20:1 petroleum ether-benzene gave 0,78
g+ (8%) of the naphthalenone LXXII, which was identified by
its hjdrogenation to the known tetralone IXXIII.

The aqueous basic sclution was acidified with 1N hydro-
chloric acid and extracted with ether. The ether extract
was dried over magnesium sulfate, evaporated, and the solid
residue was chromatographed over alumina. Elution with
petroleunm ether led to two fractions. Orystallization of
the first fraction from hexane gave 2.52 g. of l-methyl-2-
naphthol, m.p. 108-110°. The second fraction melting at
110-118° was assumed to be a mixturs of the starting material,

mep. 122°, and l-methyl-2-naphthol, m.p. 110°.

Dry Sodium Salt of l-Methyl=-2-Naphthol

To 10 ml. of methanol in which 0.1l g. of sodium had
been dissolved, there was added 1.0 g. of l-methyl-2-
nephthol, The mixture was evaporated to dryness under
vacuum, 10 ml, of benzene was added, and the distillation to

dryness repeated.
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Methylation of l-Methyl-2-Naphthol

Freshly distilled methyl fodide (30 ml.) was added to
the salt of 1 g of l-methyl-2-nsphthel, prepared as
desceribed above, and the mixture was refluxed for four hours.
Upon cooling, 30 ml. of water was added and the mixture ex-
tracted with two 25 ml. portions of chloroform. Drying over
magnesium sulfate and vacuum removal of the solvent gave a2
residue which was chromstegrephed over alumina. Elution
with petroleum ether yielded 12 mg. of an impure unidienti-
fied solid, m.p. 267-270°. Further elution with petroleun
ether gave hO mg. (44j%) of methyl l-methyl-2-naphthyl ether,
melting at 38-39° after crystallization from petroleum ether.
Finally, elution with 5:1 petroleum ether-benzene produced
0.9l g. (88%) of oily 1,l-dimethyl-2(1E)-naphthalenone
(LXXII).

Ultraviclet spectrum

Amax, 230 m u (€ 24,000) and 310 m M4 ( € 5,640);

Amin, 255 m 4 ( € 1,300).
The red 2,[;.-dinitr@phenylhydrazone was crystallized from

ethanol-ethyl acetate, m.p. 230-231°.
Anal,

Calcd, for 0183160}.3{”: C, 61373 H, Lo58: N. 15.90.
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Found: G, 61.20; H, L[.oél; n, 16,17,

Hydrogenation of 1,1-Dimethyl-2(1H}Naphthalenone (ILXXII)

A mixture of 0.50 g. of the compound LXXII dissolved in
60 ml, of ethanol was hydrogenated over 0.05 g. of 5%
palladium on carbon a2t room btemperature and atmosPhefic Pres-
sure unbil hydrogen uptake ceased. After filtration of the
catalyst and vacuum removal of the solvent, C.42 g of a
residue was obtained, which was chromatographed over alumina.
Elutfon with petroleum ether gave 0.31 g. (62%) of oily 1,1~
dimethyl-2-tetralone (LXXIII).

The Z,A-dinitrophenylhydrazone was crystallized from
ethenol, me.p. 130-140°.

1-Methyl-1l-Dichloromethyl-2( 1H)~Naphthalenone (XXIX)

Method A

The procedure of Dodson and Webb was used to prepared
l-methyl-l-dichloromethyl-2(1HE)~-naphthalenone (XXIX), m.p.
6l-65°, |

Method B

The sodium selt of 1,00 g. of l-methyl-2-naphthol was
prepared as described sbove, Distilled chloroform (30 ml.)

was added and the mixturs was refluxed for four hours. After
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dilution with water, the mixture was extracted with chloro-
form. The chloroform layer was dried over magnesium sulfate
and evaporated to dryness under vacuum. The crude residue was
chromatographed over alumina. Elution with petroleum ether
gave first 10 mg. of an unidentified substance, m.p. 220-235°,
end then 0.90 g. {60%) of l-methyl-l-dichloromethyl-2(1H)-
naphthalenone {XXIX) }which was crystallized from chloroform=
petroleum ether, m.p. 6l-65%

Hydrogenation of l-Methyl-i-Dichloromethyl-2(1H)-
Naphthalenone (XXIX)

A solution of 2.0 g. of the naphthalenone XXIX in 20 ml.
of ethanol was hydrogenated over 100 mg. of palladium-
charcoal at room temperature snd atmospheric pressure. The
catalyst was removed by filtration, the solution was heated
on the steam bath under vacuum to remove the solvent, and the
oily residue was chromatographed over alumins. BElution with
petroleum ether led to 1.30 g. (65%) of the tetralone LXXVII,
m.p. 67-70°, which was crystallized from chloroform-petroleum
ether, m.p. 72-—730. Elution with 3:1 petroleum ether-
benzene led to 0.55 g. (27%) of l-methyl-l-dichloromethyl-2-
tetralol (LXXVI), m.p. 68-700. Crystallization of the com-
pound from chloroform-petroleum ether raised the m.p. to 75-

76°.



82

al.

Cale. for C 0012: C, 58.8; H, 5.77; Cl, 28.95.

1281y
Found: €, 58.6; H, 5.7h4; €1, 29.10.

l-Methyl-l-Iodomethyl-2(1B)-Naphthalenone (IXXVIII)

To the sodium salt of l-methyl-2-naphthol, prepared from
1.0 go of l-methyl-2-naphthol as described asbove, there was
added 30 ml., of freshly distilled methylene iodide and the
mixture was refluxed for four hours. Upon cooling, 30 ml.
of water was added and the mixture extracted with two 25 ml.
portions of chloroform. Drying over magnesium sulfate and
vacuum removal of the solvent gave a residue which was
chromatographed over alumina. Elution with petroleum ether
and cerystallization of the eluate from ether gave 30 mg.
(3%) of bis-(l-methyl-2-nsphthoxy=-)methane (IXXV), mop. 1i6-
17°. |

Ultraviolet spectrum

Amax. 222 m M { & 35,300), 234 m u ( & 5,000} and
280 m # ( & I,750), A shoulder 270 m k& ( € 2,900) and 290 m
M & 2,uh0), Amin, 225 m # ( € 35,200) 250 m & { & 2,480)
and 305 m & ( & 1,080). |
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Anal.

Caleds for C

8&..27; H, 5081#0
Fuarther elution with 5:1 petroleum ether-benzene gave

23H2002: C, 84,123 H, 6,12, PFound: C,

0.55 go (29%) of l-methyl-l-iodomethyl«2(1H)-naphthalenone
(LXXVIII) as an oil.

Ultraviolet spectrum

Amax, 232 m u ( & 30,000) and 310 m s (< 7,450),
Amin, 255 mu { € 2,250),

1l-Methyl-1-Chloromsthyl-2{1H)-Naphthalenons {IXXX)

Methylene chloride, 20 ml. was added to the sodium salt
of l-msthyl-2-naphthol, prepared from 1.0 g. of l-methyl-2-
naphthol as described above, in a pyrex tube which was sealed
and heated at 100° for eight hours. The mixture was diluted
with water and extracted with chloroform. The organic layer
was dried and the solvent removed, 0.85 go of a crude sub-
stance was obtained which was chromatographed over alumina.
Elution with petroleum ether gave 0.10 g. (10%) of crystal-
1line bis-(l-methyl-2-naphthoxy-)methane (LXXVf; mep. 16~
1,7° after crystallization from ether. Elution with 5:l
petroleum ether-benzene yielded 0.42 gs (32%) of l-methyl-l-
chlorome thyl-2(1H) ~-naphthalenons (LXXX) as an oil,
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Ulkraviolet spectrum

Amax. 232 m A (£ 30,400) and 310 m &« ( £ 8,540), )
min, 255 mu ( & 2,160).
Its 2;h-dinitrophenylhydrazone was crystallized from
ethanol-ethyl acetate, m.p. 184-85°.

Hydrogenation of l-Methyl-l-Chloromethyl-2(1H)-
Nephthalenone (LXX)

A solution of 00 mg. of the ketore LXXX in 20 ml. of
ethancl wes hydrogenated over 20 mg. of palladium-chercoal at
room temperature and atmospheric pressure., After filtration
and removal of the solvent, this oily residue was chromato-
graphed over alumina. Elution with petroleum ether gave 23C
mg. of the tetralone IXXXI.

Its 2,k dinitrophenylhydrazone was crystallized from
ethanol-ethyl acetate, m.p. 177-178°.

Hydrolysis of bis-(l-Methyl-2~N¥aphthoxy-)Methane
(1XXV)
A mixture of 50 mg. of LXXV in 15 ml. of 95% ethanol and
5 ml. of 2N hydrochloric acid was heated for 15 minubtes and
left standing for 2L hours at room tempersature. After ex-

tractlion with eother, drying of the extract, and vacuum re-

moval of the solvent, the crude product. 35 mg. was
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chromatographed over alumina. Elution with 5:1 petroleum
ether-benzene yielded 20 mg. of l-methyl-2-naphthol, m.p.
106-108°.

n-Butylation of 1l-Methyl-2-Naphthol

The sodium salt of 1.0 g of l-methyl-2~naphthol was
prepared as described asbove, 30 ml, of n-butyl lodide was
added, and the mixture was refluxed for four hours. After
dilution with water, extraction with chloroform, drying of
the organic extract, and vscuum removal of the solvent, the
crude product was chromatographsd on alumina. ZElution with
petroleum ether yielded 0.36 g. (29%) of en oil which became
erystalline on standing, m.p. 33-36°° Crystallization from
petroleum ether gave n-butyl l-methyl-2-naphthyl ether
(IXXXVII), m.p. 35-36°.

Tltraviolet spectra

Amex. 232 m M ( € 65,300) and 282 m 4 ( € 5,500), A
shoulder 272 m# ( &€ l,k30) and 292 m 4 ( € I4,360), A min.
252 mu ( € 2,220) and 305 mc ( € 1,430).

Anal.

Calcd. for clSHNO: C, 8L.07; H, 8.47« Found: C, 84.13;

H’ 8.620
Elution with 5:1 petrolsum ether-benzene yielded 0.65 g.
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(50%) of l-methyl-l-(n-butyl-)2(1H)-naphthalenone {ILXXXVI)
as an oil.
The red 2,h-dinitrophenylhydrazone was crystallized from

o
ethanol, me.p. 125-126 -

al.

———

Caled. for 02132204 s C, 63.,9L; H, 5.62; N, 1h.21.
Found: C, 63.6l4; B, 5.73; N, 1l4.L.

Addition of Methyl Vinyl Ketone to ,5 -Naphthol

1-{ ¥ ~ketobutyl-)2-naphthol (IXXXII) was prepared by a
slight modification of the Robinson procedure. Freshly dis-
tilled methyl vinyl ketone (16.5 g.) was added dropwise and
under nitrogen to a stirred, ice-cold ethanolic solution of
3C.0 ge of /A -naphthol and potassium ethoxide, prepared from
7.5 g. of potassium and 100 ml. of ethanol, and the solution
was concentrated under vacuum, acidified with 1 N hydro-
chloric acid, diluted with 200 ml. of water and extracted
with ether. The extract was dried over anhydrous magnesium
sulfate and the solvent was removed. Two crystallizations
of the residue from 80% ethanol yielded 32.5 g. (72%) of 1-
( ¥ -ke tobutyl-)2-naphthol melting at 88-89°. |
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1-(n-Butyl)-2-Naphthol {LXXXIII)

A mixture of 1.00 g. of 1-(Y¥ -ketobutyl-)2-naphthol
(LXXXII), L g. of potassium hydroxide, 6 ml. of 95% hydrazine
and 20 ml. of ethylene glycol was refluxed for one.hour.

The mixture then was heated for twe hours without reflux
condenser to remove excess hydrazine. The ccoled mixture
was diluted with water, acidified with 2V hydrochloric acid
and extracted with ether. Drying of the extract over mag-
nesium sulfate and removal of the solvent gave 0.92 g. (99%)
of solid, which on crystallization from petroleum ether- |

chloroform gave l-(n-butyl-)2-naphthol, m.p. 79-810.

Methylation of l-(n-butyl)-2-naphthol (IXXXIII)

A mixture of the sodium salt of 1.00 g. of l-{n-butyl-)
2-naphthol and 30 ml. of freshly distilled methyl iodide was
refluxed for four hours. After the usual work-up the crude
product was chromatographed over alumina. Elution with
petroleum ether yielded 0.32 g. (30%) of oily methyl l-{n-
butyl-)2-naphthyl ether {(LXXXVIII),

Ultraviolet spectrum

Amex. 232 m 4 { & 70,500) and 282 m 4 ( & 6,160), A
shoulder 272 m « { € 14,640} and 295 m 4 (£ 5,310), A min.
252 mu (€ 2,320) and 305 m A (€ 1,740).
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Elution with 5:1 petroleum ether-benzene gave 0.63 go
(59%) of oily l-methyl-l-{n-butyl=)2(1H)-naphthalenons
(1'.-}‘2}{‘XVI)° The infrared and ultraviclet spectra of this
material and the ketone (ILXXXVI) above were identical. Also
the mixed m.p. of the 2,4 -dinitrophenylhydrazone of this
material and that of the ketone (LXXXVI) (m.p. 125-126°) was

not depressed.

Methyl 1-(¥ -Ketobutyl-)2-Naphthyl Ether (CVII)

A mixture of 200 mg. of 1-( § -ketobutyl-)2-naphthol
(LXXXIY) sodium methoxide, prepared by the diésolution of 20
mg. of sodium in 15 ml, of methanol, and 10 ml. of methyl
iodide was refluxed for two hours. The cooled mixbture was
diluted with water and extracted with ether. The extract
was washed with water, dried over magnesium sulfate and
evaporated. The residue, 135 mg. (59%), was crystallized
from hexane, yielding crystalline ether (CVII), m.p. 5}_|.°.

Ultraviolet spectrum

Amax. 232 m M ( € 100,500) and 280 mu ( € 9,600)
shoulder 270 m ¢ ( € 7,650) and 295 m 4 ( € 7,960), A min.
252 muy ( € 4,550) and 305 m 4 { £ 2,440).
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Anal.

Caled. for 61531602: C, 76.92; H, 7.96. Found: C,
78,935 H, 6.90.

Methylation of 1l-(% ~Ketobutyl-)2-Naphthol (LXXXII)

The sodium sglt of 2.00 g. of the compound LXXXIIl was
prepared as described for l-methyl-2-naphthol, 30 ml. of
methyl iodide was added, and the mixture was refluxed for
four hours., After extraction with chloroform and subsequent
identical workup with the cases described gsbove, the re-
sulting residune was chromatographed over alumins. Elution
with petroleum ether gaﬁe a solid, which on crystallization
from hexane proved to be methyl l-methyl-2-naphthyl ether
{(LXXI), mep. =nd mixed m.p. with suthentic ssmple {m.p. 37-
389) were 37-38°. The spectra of the two ethers were
identical. Elution with 10:1 petroleum ether-benzene gave
another solid, which after crystallization from hexane could
be shown to be methyl 1l-( ¥ ~ketobutyl-)2-ngphthyl ether
(CVII), m.p. and mixXed m.p. with smthentic sample (m.p. 54°)
were 54°. The spectra of the two ethers were also identical.
Farther elution with the same solvent mixtures yielding
oily ketonic material, which included l-methyl-l-(Y -
ketobutyle)2{1H) -naphthalenons (XCV), as indicated by its

infrared spectrum. Finally, elution with benzene afforded
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the phenolic products. Crystallization of this phenolic
mixture from petroleum ether-carbon tetrachloride gave the
starting material, m.p. and mixed m.p. with authentic sample
(m.p. 88-89°) were 86-8¢°. Evaporation of the mother liquor
and sublimation of the residue yislded ancther solid, which
on crystallizatlion from the same solvent mixture could be
identified by m.p., mixed m.p. and infrared spectrum as l-
methyl-2-naphthol, m.p. 109-110°,

Ketalation of 1l-(¥ -Eetobutyl=)}2-Naphthol (LXXXII)

A mixture of 2.0 g. of 1l-( ¥ ~ketobutyl-)2~-naphthol, 75
mg. of p-toluenesulfonic acidé monohydrate, 16 ml. of ethylene
glycol and 90 ml. of tuluene was distilled slowly for six
hours. The volume of the mixture was kept constant by the
addition of fresh toluene every hsif hour. The mixture was
washed with saturated sodium bicarbonate sclution and then
with water, was dried over magnesium sulfate, after which it
was heated under vacuum to remove the solvent. Crystalliza-
tion of the o0ily residue from methanol gave a solid which was
chromatographed over alumina. Elution with petroleum ether
gave 1.140 g. (33%) of the ether LXXXIX which was crystallized
from methanol, m.p. 200-201°,



Ultraviolet spectrum

Amex. 232 m M ( £ 69,200), 280 m i« ( € 5,030), A min.
250 m i« { € 4,880), 300 m & ( € 1,980).

Reduction of 1l-(¥ ~Eetobutyl-)2-Naphthol (LXXXII)

A solution of 2.00 g. of 1l-( ¥ -ketobutyl-)2-naphthol
(IXXXII) in 30 ml., of tetrahydrofurasn was sdded slowly to s
mizxture of 3.5 g. of lithium aluminum hydride and 30 ml. of
tetrshydrofurom. The mixture was stirred for three hours
under niirogen, ethyl acetate added to decompose the excess
hydride, and the mixture acidified with 1N hydrochloric acid.
The aqueous layer was extracted with ether, and the combined
organic solubtlion washed with water, until the washings were
neutral to litmus. Drying of the orgsnic extracts over mag-
nesium sulfate and removal of the solvent led to 1.92 ge.
(94%) of a solid material which on crystallization from ether
gave 1-{ % -hydroxybutyl-)2-nephthol (XC), m.p. 136-37°.

Ansal,

caICdo for cmﬂléozz G, 77.7“.; H, 7.14.30 Fom&: G,
77.75; B, T.l46.
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Methylation of 1l-{ ¥ -Hydroxybutyl-)2-Naphthol (XC)

The sodium salt of 1.C g. of 1-{ ¥ ~hydroxybutyl-)2-
naphthol (XC) was prepared as described for the preparation
of scdium saif of l-methyl-2-naphthol, 30 ml. of methyl
iodide was added, and the mixture was refluxed for four
hours. The mixbture was extracted with chloroform, and the
combined organic layer was dried over magnesium sulfate, and
evaporated to remcve the solvent. The crude oily residue was
chromatographed over alumina. Elution with 1:1 petroleum
ether-benzene gave a solid; which on crystallization from
petroleum ether-carbon tetrachloride yielded 0.25 g. (23%) of
methyl 1-{ & -hydroxybutyl-)2-naphthyl ether (XCII), m.p. 61-
62°. |

Ultraviolet spectzrum

Mmax. 232 m (€ 109,000) and 282 m« ( € 11,100),
X shoulder 270 m i ( & 8,830) and 295 m 4 ( € 8,900), )\
min. 252 m U (€ 4,150) and 305 mu(é€ 2,940).

Ansl,

Caled. for 6153180‘ C, 78.23; H, 7.88., Found: G,
78.53; H, 7.99.
Elution with benzene gave 0,58 g. (5h%) of l-methyl~{ -

hydroxybutyl=-)2(1H)-naphthalenone {(XCI) as an oil.
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Ultraviolet spectrum

Amaxe 232 m K ( & 62,000) end 300 m &« ( E 8,150),/\
min, 252 m « { £ 1,490).

Its 3,5-dinitrobenzoate was crystallized from carbon
tetrachloride, m.p. 138-139°.

Angl.

Cslecd. for 022H2007 2% G 62.26; H, he75. Found: C,
62.18; H’ uoeab

Reduction of l-Methyl~-l-( ¥ -Hydroxybutyl-)}2(1H)-
Naphthalenome {XCI) |

A solution of 0.40 g. of the hydroxyketone (XCI) in 30
ml. of ethanol was hydrogenated over 0.0 of 10% palladium
on carbon at rocom temperature and atmospheric pfessure unt il
hydrogen uptake ceased. The mixture was filtered and
evaporated. The remaining 0.38 g. of an oil was used for
oxidation without further purificsastion.

Oxidation of l-Methyl-l-(¥ -Hydroxybutyl-)2-Tetralone (C)

A chromic acid solution containing S5O mg. of chromic
oxide dissolved in 0.2 ml. of water and 3 ml. of acetic acid
was added to a solution of 100 mg. of the hydroxyketone (C)
in 3 ml, of glacial acetic acid. The resulting mixture was
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allowed to stand at room temperature for three hours. The
mixture then was diluted with water and extracted with ether,
The exbtract was washed with 2% sodium hydroxide solution and
then with water, dried over magnesium sulfete, and the sol-
vent evaporated. The crude product was chromatographed over
alumina. Elution with 10:1 petroleum ether-benzene gave 65

ng. {(65%) of the diketone {XCIV) as an oil.

Ultraviclet specta

Amax. 265 m & ( € 472) and 272 m# { € }80), A min.
248 mu (€ 322) and 270 m # { £ 374). |
The bis~2,l~dinitrophenylhydrazone was crystallized from
ethanol, m.p. 181-1820.

Anal,

Caled. for 02732608N8= C, 54.92; E, h.yj3. Found: G,
55.36; H, L.39.

2-Methyl-5:6-Benzchroman (XCIII)

A mixture of 200 mg. of methyl 1l-( ¥ -hydroxybutyl-)2-
naphthyl ether (XCII) and 0.5 ml. of concentrated hydro-
chloric acid in 30 ml. of 60% aqueous ethanol was refluxed
for three hours. The mixture was extracted with ether, the

extract washed with water, dried over megnesium sulfate, and
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the solvent evaporated. Alumina chromstography of the crude
residue and elution with petroleum ether gave 82 mg. (L12%) of
2-methyl-5:6-benzchroman (XCIII), which was crystallizad‘from

hexane s MoePo 90"9100

Ultraviolet spectrum

Amax. 234 mp ( € 60,000) and 280 m s { € L,680), A
shoulder 270 m # ( € 4,130) and 290 m 4 ( £ 3,770), A min,
250 m &« ( & 2,4140) and 300 m & ( £ 992).

Elution with benzenrne first gave a solid, which after
erystallization from carbon tetrachloride proved to be
starting material {45 mg., 22%) and secondly another solig,
which on crystallization from ether yislded 12 mg. {6%) of 1-
( ¥ -kydrozybutyl-)2-naphthol (XC), m.p. 135-137°. This
material was in all respects'identical with the authentic

materisl.

Acetylation of 1-{ ¥ -Eydroxybutyl-)2(1H)-Naphthalenone (XCI)

A gsolution of 100 mg. of XCI in 3 ml. of acetic anhydride
and 1 ml. of pyridine was left starding in the refrigerator
for 12 hours. After dilution with water, the mixture was
extracted with ether and the extract washed with dilute
hydrochloric acid, sodium carbonate solution and water. The

extract then was dried over magnesium sulfate;, the solvent
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evaporated and the residue chromatographed over alumina,
Eiution with 5:1 petroleum ether-benzene gave 92 mg. {77%)
of 0ily l-methyl-l-( ¥ =acetoxybutyl=)2(1HE)-naphthalenone |
(cII),

Reduction of l-Methyl-l-( ¥ ~Acetoxybutyl-}2(1H)-
Naphthalenone (CII)

The ketoacetate (CII), 90 mg. dissolved in 2C ml. cf
ethanol was hydrogenated over 0.0l g. of 5% pailadium on
carbon at room temperature and abmospheric .pressure until
hydrogen uptake ceased. The crude material obtained, after
removal of the sclvent, was chromatographed over alumina.

Elution with petroleum ether gave 10 mg. (11%) of CV,

Tltraviolet spectrum

Amax. 258 m4 ( € 1,110), Amin. 248 m < ( € 1,050).
Elution with 10:1 petroleum ether-benzene gave L7 mge
{52%) of oily l-methyl-l-{ ¥ ~acetoxybutyl-)2-tetralone (CIII).

Ultraviolet spectrum

A max. 266 mu (& 925) and 272 m 4 ( & 900), Amin.
248 mp ( € 535) and 270 m i ( € 725). |
Firally, elution with benzene afforded 22 mg. (24%) of

an o0il which may be hydroxyacetate CIV,



97

Uitraviolet spectrum

Amex. 265 m p { & 960) and 272 m M ( € 950), Amin.
250 m m ( & 696) ana 270 m & { € 795).

Hydrolysis of 1-Methol-l-{ ¥ -iAcetoxybutyl-)2-Tetralone (CIII)

A mixture of 100 mg. of the ketoacetate CIII in 20 ml.
of methanol and 2 mle. of saturated sodium carbonate solution
was refluzed for three hours. Tas mixbure was made acidie
with acetic acld, evaporated to dryness and the residue ex-
tracted with ether. The extract was washed with water, dried
over magnesium sulfate and evaporated under vacuum. The re-
maining colorless oil, 78 mg. (95%), exhibited an infrared
spectrum possessing the characteristics of the hemiketal CI,

Reduction of l-Methyl-l-{ ¥-Hydroxybutyl-)2(1H)-Naphthalone
(XCI)

4 solution of 120 mg. of the compound XCI in 10 ml. of
dry etheanol and 50 ml. of ligquid ammonia was stirred while
500 mge. of lithium wire was added over a 15 minute period
during which the solution became deep blue in color and
gradually again colorless. Ether (20 ml.) was added slowly
and the ammonia evaporated by warming the flask in a water
beth. Water (150 ml.) was added and the aquecus layer ex-

tracted with ether. The combinsd extracts were washed with
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saturated brine solution, dried over magnesium sulfate and
evaporated to dryness. The resulting oily diol mixture was

used for oxidation without further purification.

Oxidation of the Lithium Reduction of XCI

All of the product obtained from lithium reduction of
120 mg. of the compound XCI was dissolved in 8 ml. of glacial
acetic 2cid and was added to 2 mixture of 150 mge of chromium
trioxide dissolved in 0.8 ml. of water and 8 ml. of acetic
acid. After the work-up as described above, 99 mg. (82%
overall) of spectrally pure diketone XCIV was obtainéd..

Oxidation of l-methyl-l-( ¥ -Hydroxybutyl-)2(1H)-

Naphthalenone (XCI)

The hydroxyketone XCI {500 mg.) in 13 ml. of glacial
acetic acid was added to s solution of 250 mg. of chromic
acid in 1 ml. of water and 13 ml. of acetic acid, end the
mixture was allowed to stand at room temperature for three
hours. After the usuwal work-up and chromatography of the
erude product over alumina, O.41 g. of the diketone XCV was
obtained from the 5:1 petroleum ethsr-benzene eluate.

Its mono-2,li-dinitrophenylhydrazone was crystallized

from ethanol-ethyl acetate, me.p. 155-156°,



“0
«D

1.

Caled. for 021H2005Nh= C, 61.76; H, L.94; N, 13.72.
Fomd: c, 61.61; H’ 5.27; N, 130720

Reaction of l-Methyl-l-{ ¥ -Ketobutyl-)2(1H)-Naphthalenone
(XCX) with Base

Depending on the catalyst and solvent used, different

products cor mixtures of products were obtained.
Sodium ethoxide

A sodium ethoxide solution, 10 mg. of sodium in 20 ml.
of dry ethanol, containing 50 mg. of the diketone XCX, was
kept at room temperature for eight hours, The solution then
was acidified with acetic scid, concentrated to a reduced
volume, diluted with water and extracted with ether. The
extract was dried over magnesium sulfate, the solvent was
evaporated, and the residue was chromatographed over alumina.
Elution with 1:1 petroleum ether-ether gave 30 mg. (85%) of
1-methyl-2-naphthol, m.p. and mixed m.p. 109-110°. It ex~
hibited the identical infrared spectrum as an authentic

semple,
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Sodium methoxide

The same product, l-methyl-2-nsphthol, was obtained when
the compound XCX was treated with a methanolic solviion of

scdium methoxide.

Potassium t-butoxide

To a solution of 10 mg. of potassium in 5 ml, of %=~
butanol there was added 100 mg. of the diketoms ({(XCX), dis-
soived in 5 ml. of t-butanol, snd the mixture was kept at
room temperature for ten hours. The mixture was diluted with
water, neutralized with acetic acid and extracted with ether.
The organic extract was washed with wster, dried over an-
hydrous magnesium sulfate and evaporated to drynesse Alumine
chromatography of the oily residﬁe and elution with 20:1
petroleum ether-ether led to 25 mg, of an ¢il., Elution with
10:1 petroleum ether-ether yielded 55 mg. (78%) of l-methyl-
2-naphthol, as identified by m.p. and infrareé and ultra-
violet spectra. Rechromatogrsphy of the o0ily eluate, obtained
above, on 50:50 Celits-silicic acid and elution with. 10:1
petroleum ether-ether gave 8 mg. (8%) of diketone XCIX, me.p.
105-107°. It revealed an identical infrared spectrum with
that of an suthentic specimen. Elubtion with 5:1 petroleun
ether-ether geve 10 mg. of en unidentified solid, m.p. 176-
179° after crystallization from petroleum ether-carbon

tetrachleride.
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Reduction of l-Methyl-l-{ ¥ ~Ketobusyi-)2(1H)-Naphthalenone
{xov)

Hydrogenation of 50 mg. of the diketone XCV, dissolved
in 25 ml. of ethanol, over 10 mge. of 5% palladiume-charcosl
at room temperature and atmospheric pressure, followed by
filtrstion and removal of the solvent, led to an oily mixturs
which was chromatographéd over alumina. ZElution with
petroleum ether gave 15 mg. of an unidentified solid, whose
m.p. was 50-56° after crystallizetion from petroleum ether.

It did not reveal OH or C=0 bands in the infrered spectrum.

Ultraviolet spectrs

Amex. 265 m e { € 1482) and 272 m a4 { & 480), Amin.

28 m x (& 322) and 270 ma { € 37h).

Elution with 10:1 petroleum ether-benzene gave 8 mg.
(8%) of l-methyl-1-{ ¥ -ketobutyl-)2-tetralone (XCIV) as an
0il; spectra identical with those of authentic material.

Finally, eiution with benzene led to 20 mg. (40%) of the
ketol LXV or XCVI, crystallized from hexane-carbon tétra—
chloride, m.p. 17-149°%; identifted from its infrared

spectrum,
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An&lo
Calcd. for CygH;g0y: G, 78.22; H, 7.88. Found: C,
78.39; H, 8.3L4.
Reaction of 1-Methyl-l-( ¥ -Ketobutyl-)2-Tetralone (XCIV)

with Base

Different reaction conditions led to a variety of

productse.

Low-temperature

A sodium methoxide sclution, 10 mg. of sodiwm dissolved
in 15 ml, of dry methanocl, containing 25 mg. of l-methyl-l-
( ¥ -ke tobutyl-)2-tetralons (XCIV) was kept in the refrigera-
tor for 10 hours. After dilution with water, the mixture was
extracted with ether, The combined orgenic layer was dried
over magnesium sulfate, the solvent was evaporated, and the
remgining oily residus was chromatographed over 1l:l Celite-
silicic acid. Elution with 10:1 petroleum ether-ecther
yielded 12 mg. (48%) of a solid, m.p. 110-143°%, crystallizae-
tion from hexane-carbon tetrachloride gave the ketol ILXV or
XCVI, m.p. Ui7-149°; identical spectra with those of the

above sample.
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High-temperature

To a solution of 50 mg. of sodium in 20 ml. of methanol
there was added 100 mge. of the diketone XCIV dissolved in 10
ml. of methanol. The mixture was refluxed for four hours, it
then was acidified with acetlic acid, the solvent removed under
vacuum, and the remasining o1l dissolved in ether. The ether
solution was washed wlth water, dried over masgnesium sulfate,
and evaporated to dryness. The crude residue, 76 mg., was
chromatographed over alumina. Elution with 5:1 petroleum
ether-benzene led to 65 mg. (70%) of the tricyclic ketome
IXVI, which was crystallized frdm hexane, mep. 89-90°. The
melting point wes undepressed when admixed with authentic
materiale It revealed identical spectra with those of an

authentic sample.

Reactions of l-Methyl-l-Dichloromethyl-2(1E)-Naphthelenone
(XXIX) with Bases

Potassium hydroxide in water

To a solution of 15 g. of potassium hydroxide in 75 ml.
of water, there was added 5 g. of l-methyl-l-dichloromethyl-
Z(IH)-néphthalenone (XXIX), and the resulting mixture was re-
fluxéd for 2l hours. The solution was then extracted with
ether several tirrv s, until the last ether extract was color-

less. The ether layer was dried over magnesium sulfate.
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Toon evaporation of the.solvent, 2,01 g. (50%) of crude
starting material was obtained, which was crjstallized from
chloroform, m.p. 6&-650. The aqueous solution was acidified
with 1N hydrochloric acid, extracted with ether. The sesther
extract, in turn, was washed with water and extracted wlth a
saturated solution of sodium bicarbonate. The organic layer
was washed with water, dried over magnesium sulfate leaving a
residue, which was chromatographed and evaporated over Celite-
silicic acid. Elution with 20% petroleum ether-ether led to
0.62 go (18%) of i-methyl-2-naphthol, m.p. 107-109° after
purification from hexane. The sodium bicarbonate solution
was acidified with 1N hydrochloric acid and extracted with
ether. The crude so0lid material, remaining after removal of
the solvent, was chromatographed over Cslite-silicic acid,
Elution with 20:1 petroleum ether-ether led to 0.8l g. (20%)
of 1-{« -methyl-g -chlorovinyl-)cis-cinnamic acid (CIX), m;
p. 110-112°, which was crystallized from metheanol-water, me

pe 113-114°.
Ultraviolet snectrum

Amax. 260 m 4 ( € 8,800), Amin. 245 max (€ 8,400).
Further elution with 20:1 petroleum ether-ether gave
0.07 go (2%) of l-methyl-3-naphthoic acid (CVIII), m.p. 199-
203°, crystallized from methanol-water, m.p. 203-205°,

Its methyl ester was crystallized from hexane, m.p.
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Ultraviolet spectrum

max. 238 m i (€ 56,400) and 28 m 2 ( € 8,280), X
min, 255 ms« ( € 3,900).
Finally, elution with 10:1 petroleum ether-ether led to
an acid which upon repeated crystallization from ethanol-
wakter melted at 205-210°.

Potassium hydroxide in ethanol-water

l-niethyl-l-dichloromethyl-2(1E)-naphthalenone (3.0 g.)
was added to a solubtion of 3C ml. of ethanol, L g. of
potassium hydroxide and 15 ml. of HZO’ and the resulting
mixture was refluxed for seven hours. After work-up as
described above, three fractions; neutral, phenclic and
acidic, were obtalned.

The neutrsl fraction was dissolved in hexane and
chromatographed over slumina. Elution with petroleum ether
gave 1.55 g. of the starting ketone XXIX, which was
crystallized from chloroform, me.p. 62-64°. Further elution
with 30:1 petroleum ether-ether gave 0,05 g. of a solid,
which was crystallized from hexane, m.p. 55°, The structure
of this compound was not investigated.

Caromatography of the phenolic residue over Celite-

silicic acid and elution with 20:1 petroleum ether-ether gave
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0.081 go {Ii%) of lemethyl-2-naphthol, m.p. 107-109°.

The crude acidic fraction was crystallized twice from
methanol-water, giving 0.85 g. (34%) of l-methyl-3-naphthoic
acid, M.Pe. 202-20&0, The residue, remaining sfter removal of
the solvent, was esterified with an ether solution of Ca,.

0.5 g. of diazomethane and chromatogrsphed over alumina,
Elution with petroleum ether led to two fractions, which were
hydrolyzed back to the corresponding scids by refluxing a
solution of esters, 0.5 g. of potassium hydroxide, 10 ml, cf
ethanol and 2 ml. of water for two hours. The first fraction
melting at 110-116° was crystallized a few times from hexane
leading to 0.08 g. (4%) of l-methyl-3-naphthoic acid, m.pe
195-198°, and 0.22 g. (9%) 1-( -methyl- -chlorovinyl-)cig-
cimnamic scid, me.Pe. 110-1120. The second acid fraction was
crystallized from cyclohexane, m.p. 205-209°. 1Its structure

was not investigated.

Reaction of l-Methyl-l-Dichloromethyl-2-Tetralone
(IXXVII) with Base

Sodium hydroxide in ethanol-water

To a solution of 20 ml. of 20% sodium hydroxide there was
added 3 g. of thse ketone LXAVII dissolved in 25 ml. of
ethanol, and the reaction mixture was refluxed under nitrogen

for elght hours. The solution was concentrated under vacuum,
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diluted with water and extracted with ether. The ether ex-
tract was washed with water, dried over magnesium sulfate and
evaporated, leaving 0.30 g. of the starting ketone ILXXVII.
The aqueous solution was acidified with 1N hydrochloric acid
and extracted with ether. After drying and removal of the
sclvent, gs0lid material was obtained, which was extracted
with hexane. The residus, 0.65 g., was crystallized twice
with methanolewater, lsading to l-methyl-3-naphthoic acid,
MeDe 202-20&0. The hexsne solution was evaporated and the
remaining 1,15 g. solid material was crystallized a few times
from cyclohexane-hexane, which led $0 l-methyl-3,i-dihydro-3-
naphthoic acid CXIII, m.p. 94-95°.

Ultraviolet spectrum. A max. 260 m « ( € 10,200),
Amin, 235 m @ ( & 3,580). |

Hydrogenstion of l-Methyl-3,li-Dihydro-3-Naphthoic Acid (CXIII)

A solution of 100 mg. of the acid CXIII in 20 mi. of
ethanol was hydrogenated over palladium-charcoal. After
work-up as described above, 94 mg. (94 %) of l-methyl-1,2,3,kL-
tetrahydro-3-naphthoic acid (CXIV) was}dbtained, m.p. 124~
125°,

Ultraviolet spectrum

A max. 266 mu (€ 532) and 273 m 4 ( £ s5i8), A min.
248 m 4 (€ 242) and 270 m o { £ 333).
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Caled. for C;,H;) 0,3 C, 75.76; B, 7.42. Found: G,
75.94;5 H, 7.42.

Sodium methoxide in methanol

A mixture of 2 g. of the ketone IXXVII, 0.2 g. of sodium
in 40 mle. of methanol was refiluxed under a nitrogen
atmosphere for eight hours. After work-up as described
above, neutral snd acidlic fractions were isolated. The
neutral fraction exhibited infrared absorption bands at 5.6
and 5.85 due to the starting ketone IXXVII and the ketone
CXV,

The acidic fraction was crystallized from hexane; 0.86
g. (55%) of l-methyl-3-naphthoic acid (CVIII), m.p. 196-198°,
was obtained. PFurther crystallization from methanol-water
ralsed the m.pe. to 203-2050.

The hexene extract was evaporated, leading to 0.21 ge. of
solid material, m.p. 108-116%, which was esterified with an
ether solution of cge 0ol g. of dilazomethane and chromato-
graphed over alumins. ZElution with petroleum ether gave 0.16
ge (10%) of pure methyl ester of l-methyle3,l-dihydro=-3-
naphthdic acid (CXIII). PFurther elution with petroleum ether
yislded 0,02 ge (1%) of methyl ester of l-methyl-3-naphthoic
acid, which was crjstallized from hexane, m.p. 38-40°.
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Pobassium t-butoxide in t-butanol

To a soluticn of 0.2 go of potassium in 30 ml. of &-
butanol, there was added 1.5 g. of the ketone LXXVII, and the
reaction mixture was stirred at room temperature under a
nitrogen atmosphere for 2l hours. The reaction mixture was
diluted with water and extrascted with ether. Drying and re-
moval of the solvent led to an o0ily substence which was
chromatograsphed over alumina. Elution with petroleum ether
gave 0.86 g. of a mixture of the starting ketone LXXVII, and
the ketone CXV, which on repeated chromatography over-alumina
could not be separated, but partly decomposed.

The aquecus solution was acidified with 1N hydrochloric
acid and extracted with ether. The extract was dried over
magnesium sulfate and evaporated to leave 0.32 g. (27%) of
l-methyl=3,l~dihydro-3-naphthoic acid (CXIII), m.p. 89-900,

which was erystallized from hexans, mep. 91-92°.

Reaction of l-Methyl-3,it-Dihydro-3-Naphthoic Acid
(CXIII) with Base

A nmixture of 200 mg. of the acid CXIII, 10 mge. of scdium
in 15 ml, of methanol was refluxed for eigbt hours. The
solution was acidified with 1N hydrochloric acid and ex-
tracted with ether. Removal <f the solvent led to 192 mg.
(96%) of lemethyl-3,li-dihydro-3-naphthoic acid, m.p. 87-90°,
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which was crystallized from hexsne, m.D. 91-93°.

Reaction of the Methyl Ester of 1-Methyl=-3,li~Dihydro-3-
Naphthoic Acid with Base

To a solutionr of 250 mg. of the aecid CXIII in 10 ml., of
ether there was added ether solution of ca. 0.3 g. of diazo-
methane. After allowing the solution to stend for 30
minutes, the ether and the excess diazomethane were removed.
The resulting liquid was identified as the methyl ester of
the acid CXIII by its infrared spectrum; nc OH bends in the
2.8 to 3.1 M region.

Ultraviclet spectrum

Amex. 260 m 4 ( & 9,950), A min. 235 m 4 ( £ 3,500).

The ester formed was added to a solution of 1.C mg. of
sodium in 15 ml. of methanol, and $he mixture was refluxed
under a nitrogen atmosphere for four hours. It was then di-~
luted with water and extracted with ether. The ether ex-
tract was dried over magnesium sulfate and evaporated,
leaving 95 mg. of a mixture of methyl esters of the acid
CVIII and CXIII, which was ldentified as such by its ultra-
violet spectrum.

The aqueous solution was acidified with 1N hydrochlorie
acid and extracted with ether. Removal of the solvent, after

drying with megnesium sulfate, led to 112 mg. (45%) of
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l-methyl-3-naphthoic acid whose crystalliization from carbon
tetrachloride-hexane gave m.p. 185-189°. Further crystal-
ligzation from methanol-water raised the melting point to
195-198°.

Reaction of l-Methyl-l-Chloromethyl-2-Tetralone (IXXXI)
with Base |

A mixture of 200 mg. of the ketone IXXXI in 10 ml. of
t-butanol was added to a solution of 60 mg. of potassium in
20 ml, of t-butanol. The resulting mixture was stirred under
nitrogen atmosphere for eight hours, after which it was con-
centrated to a reduced volume, diluted with weter and ex-
tracted with ether. The extract was dried over magnesium
sulfate, 2nd the solvent was eveporated. A liguid substance
{94 mg.) was obtained, which was shown %o be a mixture of the
starting material LXXXI and the ketone CXIX by its infrared
spectrume.

The basic aqueous solution was acidified with acetic
acid and extracted with ether. The organic layer was washed
with water, dried over magnesium sulfate, and evaporated.
Sublimation of the crude product (67 mg., 37%) led to an
acid, mep. 105-109°, which after two crystaliizations from
hexane was shown to be l-methyl-1,2,3,lL-tetrahydro=-3=-

naphthoic acid (CXIV), m.p. 123=125°,
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6-Methyl-6=-Dichloromethyl-2,i-Cyclohexadienone (XXVII)

The procedure of von Auwers (35) was used to prepare the

ketone XXVII, MePoe 32"3300

Reduction of the Ketone XXVII

A solution of 2.65 g. of the ketone XXVII in 50 ml.
ethanol was hydrogenated over 100 mg, of palladium-charcoel
at room temperaturé and atmosphsfic pressure. After removal
of catalyst and solvent, the o0lly residue was dissolved in
petroleum ether and chromatographed over slumina, Elubtion
with petroleum ether led to 2.18 ge. of the known ketone CXX
(63) mep. 28-300, which was crystallized from hexane mep.
33-35°.

Its semicerbszone was crystallized from methanol-water,

MePo 195"19 600

Reaction of 2-Methyl-2-Dichlorome thylecyclohexanone (CXXI)

with Base

Te a solution of 0.3 ge. of potassium in 50 ml. of &~
butanol there was added l.3 g. of the ketone CXXI, and the
mixture was stirred under nitrogen for 2l hours. The solu-
tion was concentrated under wvacuum, diluted with water and

extracted with ether, The extract was dried over magnesium
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sulfate and evaporabted to dryness. This operation led to
0.82 g. of a mixture of CXX and CXXI.

The basic solutlion was acidified with 1N hydrochloric
acid and extracted with ether. After drying of the extract
over magnesium sulfate and removal of the solvent, 0.24 g. of
an olily substance was obtained, the structure of which was

not investigated.

Semicarbazons of the Ketone CXX

To a solution of 200 mg. of semicarbazide hydrochloride
in 1 ml. of water there was added 15 mg. of the ketone CXX,
10 drops of pyridine and suificient methanol tc form a
homogeneous solution. The reaction mixture was left on the
steambath until crystalline semicerbazone of the ketone CXX
vrecipitated. The s0lid substance was then filtered and
crystallized from carbon tetrachloride. There was obtained
162 mg. (83%) of the desired semicarbazons, m.p. 219-222°.
Further crystallization from methanol-water reised the
melting point to 225-226°,

Eydrolysis of the Semicarbazone of the Ketone (CXX)

A solution of 50 mg. of the semicarbazone of the ketons

CXX, 2 ml, of levulinic acid and 1 drop of 2N hydrochloric
acid was left in the refrigerator with occasional shaking for
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36 hours. The reaction mixture was then diluted with water
and extracted with ether. The orgenic extract was washed
with water, saturated solution of sodium bicarbonate and
water agein. The solution was dried, the solvent was re-
moved, and the liquid substance {2l mg.) (65%) remaining was
shown t0 be pure ketone CXX by its infrared ébectrum.

Its semicarbazone was crystallized from methanol-water,

me.p. 218-220°.

1-Methyl=3,l~-Dihydro-2-Naphthoic Acid (CXXV)

The method of von Auwers was used to prepared l-methyl=-

3,b~dihydro-2-naphthoic acid (CXXV), m.p. 129-130° (66).

Ultraviolet spectrum

Mmaxe 225 m 4 ( &€ 15,100) end 282 m & (€ 13,300),
min. 2’.‘.0 m/& ( (3 2,}_!.20)0

Redunction of the Acid CXXV

A solution of 1.25 g. of the acid CXXV in 30 ml. of
ethanol was hydrogenated over 100 mg. of palladium-charcoal
at stmospheric pressure. After filtration and removal of the
solvent, 1.18 g. (95%) of l-methyl-l,2,3;lk-tetrahydro-2-
naphthoic acid (CXXVi) was isolated, which was crystailized

from cyclohexane, MmeD. 8h985°.
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Ultraviolet spectrum

Amax. 265 mp ( € 56l) and 272 mu ( € 515), A min.
250 m um ( € 310) and 270 m A (€ Looj.

Angl,

Caled. for CypHy;0p: C, 75.76; H, 7.h12., Found: C,

75.83; Hy, 7.29.

Methyl 1-Methyl-1,2,3,l-Tetrshydro-2-Naphthoic {(CXXVII)

To a solution of 1.0 ge. of the acid CXXVI in 15 ml, of
ether there was added an ether solution of cae. 0.5 go of
diazomethane. After allowing the resulting mixture to stand
for 30 minutes, the ether and excess diazomethane were removed
by evaporation under reduced pressure at room temperature.

The resulting liquid ester CXXVII (1.02 g., 95%) showed no CH

bands in the infrared spectrum.

Reaction of the Ester CXXVII with Base

To a solution of 0.15 g. of sodium in 25 ml. of methanol
there was added 1.0 g. of the ester CXXVII dissolved in 10 ml.
of methanol, and the mixture was refluxed for two hours.
Water (5 mi.) was then added and the solution was refluxed
for another two hours. The aqueous solution was acidified

with 1N hydrochloric acid and extracted with ether. The
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ether layer was dried and evaporated,; leaving 0.91 g. of a2
solid substaence, m.p. 80-85°, which was crystallized from
hexane, MoPe 83-850. A mixed melting point of this acid and
the acid CXXVI (m.p. 84-85°) was 83-85°.

Reduction of l-Methyl-1-Dichloromethyl-Z2-Tetralone (LXXVII)

Method 4

Lithium aluminum hydride (200 mg.) in 10 mi. of ether
was plasced in a {lask equippred with a magnetic stirrer, con-
denser and separatory funnel. Anhydrous tert-butyl alcohol
(1.5 ml.) was added slowly through the separatory funnel.

The solvent was removed under vacuum, the solld residue was
dissclved in 10 mi. diglyme, to which 200 mg. of the compound
in 5 ml. of Adiglyme was added slowly. The resulting mixture
was stirred for two hours. After extraction with ether, the
organic layer was dried over MgSOu and evaporated, leading to
185 mg. (93%) of a solid material, m.p. 70-73°, which wes
crystallized from hexane, m.p. 73—7h°° Mixed melting point
with an anthentic semple of LXXVI (m.p. 75-76°) was 73-75°.

R

sthod

[[ne)

A gsclution of 0.5 g. of the ketone ILXXVII in 10 ml, of
tetrshydrofuran was added to a stirred solution of 0.5 g. of
lithium aluminum hydride in 10 ml. of tetrshydrofuran. The
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resulting mixture was stirred for two hours. The excess
lithium aluminum hydride was reacted with ethyl acetate, the
basic solution was acidified with 1N hydrochloric acid and
extracted with ether. The organic layer was dried over Mgsoh
and evaporated to remove the solvent. The solid residue was
dissolved in petroleum ether and chromatographed over alumina,
Elution with 5:1 petroleum ether-benzene gave 0.42 g. (82%)

of the alcohol II, m.p. 71-750, which was crystallized frém
hexane, m.p. 75°. No depression in its melting point was

observed when it was mixed with an suthentic sample.

Equilibration of the Alcohol LXXVI

To 25 ml. of dry isopropyl alcochol there were added 1.00
ge Oof the alcchol LXXVI, 0,9 g. of aluminum isopropoxide arnd
3 drops of acetone, and the resulting mixture was refluxed
for 90 hours. At the end of the reflux period 50 ml, of
water slong with sufficient 1N hydrochloric acid to neutra-
lize the solution was added, and the mixture was extracted
with ether. The ether extract was washed with water and
satarated sodium chleride sclution, dried over magnesium
sulfate, and evaporated. Solid material (0.69 g., 69%) was
obtained, me.p. 70-7h°, which was crystallized from héxane,
mep. 73-75°. Mixed m.p. with an suthentic semple was 73-75%.
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SUMMARY

The reactions of the salts of l-substituted-2-naphthols
with alkyl halides are illustrated, and structurss of the
products propoessde.

A new synthetic route to a hydrophenanthrone is pre-
sented, which takes advantage of the ease of C-methylatlion
of l=-substituted-2-naphthol salts.

The reactions of l-methyl-l-dichloromethyl-2(1H)-
naphthalenone and its dihydro compound with various bases
are investigated, and structures of the reaction products

and mechanisms for their formatiorn are presented.
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