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The condensation of 8-methyoxy-1-naphthyllithium with phthalic anhydride produced 2-(8-methoxy-1-naph-
thoyl)benzoic acid (4), which was converted by two routes into 1-methoxy-7,12-dimethylbenz[a]anthracene (2).
Similarly, 7-methoxy-1-naphthylmagnesium iodide and 5-methoxy-1-naphthylmagnesium iodide were reacted
with phthalic anhydride to produce 2-(7-methoxy-1-napthoyl)benzoic acid (12) and 2-(5-methoxy-1-napthoyl)ben-
zoic acid (13), respectively. These were converted into 2-methoxy- (20) and 4-methoxy-7,12-dimethylbenz{a]an-
thracene (21). Reaction of 3-methoxy-7,12-benz{a}anthraquinone (24) with methyllithium yielded 7,12-dimethyl-
7,12-dihydroxy-7,12-dihydrobenz{a]anthracene (25), which was converted to 7-chloromethyl-3-methoxy-12-meth-
ylbenz[a]anthracene (26), in turn reduced to 3-methoxy-7,12-dimethylbenz[a]anthracene (27). Reaction of the Gri-
gnard reagent prepared from 2-(o-bromophenyl)-4,4-dimethyl-2-oxazoline with 3-methoxy-2-napthyl methyl ke-
tone followed by hydrolysis afforded the lactone of 2-[1-hydroxy-1-(3-methoxy-2-naphthyl)ethyl]benzoic acid (32),
which was converted into 6-methoxy-7,12-dimethylbenz{a]anthracene (29). Ring closure of 2-(4-methoxybenzyl)-
1-naphthoic acid (42) yielded 12-acetoxy-10-methoxybenz[a]anthracene (43), readily oxidized to 10-methoxy-
7,12-benz|a]anthraquinone (44), from which 10-methoxy-7,12-dimethylbenz[a}anthracene (38) was synthesized.
All of the methoxy-7,12-dimethylbenz{a]anthracenes were cleaved to the corresponding hydroxy compounds by

heating with sodium ethyl mercaptide.

The arene oxide concept concerning the metabolism of
polycyclic aromatic hydrocarbons has long been advanced.?
Since arene oxides are very prone to rearrange into a mixture
of the two related isomeric phenols,? the isolation of epoxides
from in vitro or in vivo metabolism studies might be difficult.
Accordingly, the synthesis of all of the nuclear monohydrox-
ylated 7,12-dimethylbenz[a]anthracenes was undertaken in
order that known compounds, or suitable derivatives thereof,
would become available to use as standards, the carcinoge-
nicity and mutagenicity of each could be determined, and the
tendency of each to react with methanolic HCl as its ketonic
isomer could be assessed.?

Although the synthesis of 1-hydroxy-7,12-dimethylbenz-
[a]anthracene (1) and the corresponding methoxy compound
(2) was accomplished, as shown in Scheme 1, these compounds
were extremely unstable; the hydroxy compound (1) turned
into a dark brown material even when protected from light
and air, and the methoxy compound (2) polymerized to a large
extent during the final step of its synthesis (although when
pure, it is stable). The synthetic routes shown in Scheme I
seem straightforward, but experimental difficulties (owing
to the steric effect of the methoxy group in the 8 position of
the naphthalenic intermediates) were severe.

Since 8-methoxy-1-iodonaphthalene4 (3) would not form
a Grignard reagent, lithiation yielded a reagent which con-
densed with phthalic anhydride to yield 4 (71%). As 4 was
recovered unchanged on attempted reaction with methyl-
magnesium iodide, it was reacted with excess methyllithium
to yield the desired lactone which was reduced directly to 5
(overall yield from 4 was 96%). Under the usual conditions 5
was inert to the action of CH3Li. However, when tetra-
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methylethylenediamine (TMEDA) was added, reaction oc-
curred to yield the ketone 6 (70%). Cyclization with po-
lyphosphoric acid (PPA) afforded 1-methoxy-DMBAS (2) in
fair yield accompanied by high molecular weight material.

In an alternate synthesis, 5 was cyclized to the anthrone 7,
which on treatment with CH;Li afforded, unexpectedly, the
relatively stable adduct 8, which could be dehydrated to a
mixture of the methylene compound 9 and 2. Under certain
conditions more 9 was formed than 2. However, 9 readily
changes to 2. When 8 or 2 was heated with sodium ethyl-
mercaptide reagent® followed by acidification, 1 was pro-
duced.

The syntheses of 2-hydroxy- (22) and 4-hydroxy-DMBA
(23) are outlined in Scheme 1.

The required 1-iodo-7-methoxynaphthalene’ (10) was
prepared from 7-methoxy-1-tetralone® via the oxime which
on treatment with acetic anhydride and PPA at 65-70 °C for
6 min yielded 1-acetylamino-7-methoxynaphthalene in 85%
yield. This intramolecular oxidation-reduction reaction oc-
curred much more readily than the conversion of the oxime
of 1-tetralone to 1-acetylaminonaphthalene, which required®
heating for 30 min at 80 °C. Diazotization of the corresponding
amine hydrochloride led to 10, The remaining steps from 10
to 20 were accomplished in about 50% overall yield. In a similar
way, 1-iodo-5-methoxynaphthalenel® (11) was converted into
21 in about 36% overall yield.

We had planned to synthesize 28 by a route similar!! to that
shown in Scheme I starting from 6-methoxy-1-iodonaphth-
alene. However, all attempts to convert the oxime of 6-me-
thoxy-1-tetralone into 1l-acetylamino-6-methoxynaphthalene
failed,? and the alternate route shown in Scheme II worked
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extremely well.

An improved synthesis of 6-methoxy-DMBA!2 (29) has
been developed by reacting the Grignard reagent of 2-(2-
bromophenyl)-4,4-dimethyl-2-oxazoline!? (30) with 3-me-
thoxy-2-naphthyl methyl ketone!4 (31) followed by appro-
priate treatment!® to yield, after three steps, 29, as shown in
Scheme III.

Hydrolysis of the condensation product of the Grignard
reagent!® prepared from 30 and 314 yielded 32 (60%), which
was converted into 34 (84% overall from 32). Attempted cy-
clization of 34 to 29 with polyphosphoric acid as described for
a similar case? gave poor results, which undoubtedly stemmed
from the facts that ring closure must occur meta to a methoxy
group and demethylation of the ether function occurred.
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Scheme 1I
OCH. OCH
0 @ ’ HC OH @ ?
SO0 8©
O
94%
5 e OH
24 25
91% lHCl, EtOAc
R OCH,
Je J©
Q0 ==000
O
95%
CH; CH,Cl1
27, R = OCH, 26

28, R = OH

Cyclization of 34 with HBr-acetic acid followed by acetylation
of the crude product afforded 63% of 35. This treatment was
necessary because demethylation occurred during the cycli-
zation. Treatment of 35 with methanolic HCI afforded 29,
identical with that synthesized by an alternate route.?

The attempted coversion of 29 to 36 as described® proved
difficult because of the great instability? of 36. However, the
acetate 35 was readily obtained.3 In the IR spectra of crude
samples of 36, ketonic as well as hydroxylic bands were ob-
served (compare with ref 3).

The syntheses of 3-methoxy- (37) and 10-methoxy-DMBA
(38) by a sequence of reactions starting with 4-methoxy-
phthalic anhydride and 1-naphthylmagnesium bromide have
been reported.!® However, the synthesis of 37 by this route
uses 2-(1-naphthoyl)-5-methoxybenzoic acid, formed in less
than 10% yield.!® We have synthesized 37 and 38 by a routel®
which does not require the separation of the isomeric acids
formed in the above-mentioned Grignard reaction. We have
also synthesized 38 by an alternate route,!® shown in Scheme
IV, which allows for functionalization at the 7-methyl group
if desired.

All of the methoxy-DMBA compounds (2, 20, 27, 21, 29, 37,
and 38) were converted into the corresponding hydroxy-
DMBA compounds (1, 22, 28, 23, 36, 39, and 40) essentially
as described.?12 Of the phenols, only 36 and 5-hydroxy-
DMBA!2 gave ketonic IR bands and were converted in high
yield to the corresponding methyl ethers on treatment, under
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Hydroxy-7,12-dimethylbenz[a]anthracenes
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standard conditions, with 0.1 N methanolic HC] at room
temperature for 7 h.12 The other phenols gave only 0-6% of
methyl ethers under these conditions. Thus, the steric strain
in the DMBA derivatives results in abnormal reactivity in-
volving the ketonic isomer only when the oxygenated moiety
is in the 5 and 6 positions (compare with other results!?).

Experimental Section!?

2-(8-Methoxy-1-naphthoyl)benzoic Acid* (4). To a stirred so-
lution of 15.0 g of 3¢ in 250 mL of ether was added 40 mL of a 1.6 M
ethereal butyllithium solution. After 0.5 h at room temperature, this
solution was added to a stirred solution of 8.0 g of phthalic anhydride
in 100 mL of freshly distilled THF. After being held at reflux for 72
h, the cooled mixture was treated with dilute HCl and the acidic
component was crystallized once from CHCls-benzene to produce
11.5 g (71%) of 4, mp 228-230 °C.
2-[a-(8-Methoxy-1-naphthyl)ethyl]benzoic Acid* (5). To a
solution of 20.0 g of 4 in 350 mL of ether was added 140 mL of 1.6 M
methyllithium. After 48 h at reflux, the cooled mixture was acidified
with HCl and most of the THF was removed on a rotary evaporator.
To the neutral portion of the reaction product, isolated as usual, was
added 100 g of zinc, 1.5 g of CuSQy, 75 mL of pyridine, and 1 L of 10%
KOH. The vigorously stirred mixture was heated at reflux for 20 h,
cooled, and filtered. The filtrate was acidified with HC], and the acid
product, after crystallization from benzene—petroleum ether,
amounted to 19.2 g (96%) of 5, mp 194-195 °C.
2-[a-(8-Methoxy-L-naphthyl)ethyl]acetophenone* (6). In the
best of several runs, 35 mL of 1.84 M methyllithium was added
dropwise to a solution of 5.0 g of 5 in 200 mL of ether containing 5 g
of TMEDA. After a 24-h reflux the neutral fraction was crystallized
from ethano! to yield 3.5 g (70%) of 6, mp 119-121 °C. From the acid
portion was recovered 1.2 g (24%) of 5.
7,12-Dimethyl-7-hydroxy-1-methoxy-7,12-dihydrobenz-
[a]lanthracene* (8). A mixture of 2.40 g of 5, 0.5 g of ZnCls, and 50
mL of CF3COsH was held at reflux for 3 h, cooled, and poured on ice.
The reaction product was chromatographed over silica gel (benzene)
to yield 1.70 g (75%) of an oil (anthrone 7 from IR analysis), which was
treated with excess CH3Li in ether for 20 h at room temperature. The
reaction product on crystallization from benzene-petroleum ether
vielded 1.35 g (56% from 5) of 8, mp 191-195 °C dec. By TLC analysis
the material in the mother liquor contained 8, 9, and 2.
1-Methoxy-12-methyl-7-methylene-7,12-dihydrobenz[ a]Jan-
thracene (9). A solution of 1.00 g of 5 in 25 mL of anhydrous HF was
poured on ice after 1 h. To the crude anthrone 7, isolated as usual, was
added excess CH3Li in ether at room temperature. After 20 h the
mixture was acidified with dilute HCI and the dried product was
chromatographed over alumina (benzene—petroleum ether, ca. 1:3)
to yield 450 mg (48%) of 9, m/e 286,2% from the first 5 fractions and
then 200 mg (21%) of 2: mp 138-140 °C; m/e 286. The remaining
material was of high molecular weight. The NMR2! spectrum of 9 [6
1.50 (d, 3, OCHs), 4.05 (s, 3, OCH3s), 5.70-5.75 (m, 3, =CHs,, 12-H),
and 7.3 (m, 9, ArH)! and an IR band at 1620 cm~! indicate the
methylene feature. Because of the ready rearrangement of 9 to 2, no
elemental analysis was attempted.
1-Methoxy-7,12-dimethylbenz[ a]anthracene* (2). Method A.
A stirred mixture of 1.50 g of 6, and 30 mL of PPA was heated on a
steam bath for 40 min and poured on ice. Mass spectral analysis of the
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crude reaction product isolated in the usual way showed high mo-
lecular weight impurities. Chromatography over basic alumina using
benzene-petroleum ether (1:3) afforded 800 mg of pale yellow 2 from
the first 10 fractions (25 mL each): mp 138-140 °C; NMR 6 2.80 (s,
3, 7-CHa), 3.00 (s, 3, 12-Me), 3.85 (s, 3, OCHjy), 7.3 (m, 9, ArH).
Method B. A solution of 225 mg of 8 and 10 mg of p-toluenesulfonic
acid in 10 mL of benzene was held at reflux for 1 h, cooled, washed
with dilute NaOH, and dried over NasSQy4. The product was chro-
matographed as in method A to yield 100 mg (47%) of pure 2.
1-Hydroxy-7,12-dimethylbenz[a]anthracene (1). A mixture
of 500 mg of 2 in 10 mL of dimethylformamide with the sodium ethyl
mercaptide formed® from 500 mg of ethyl mercaptan and NaH in &
mL of dimethylformamide was heated at 155 °C for 2 h and poured
onice. The crude product was chromatographed over silica gel using
ether to yield a homogeneous fraction which did not solidify on re-
moval of solvent (all saturated with N5 in this work). The pale yellow
viscous 1, m/e 272, obtained in 75% yield (350 mg) could not be ob-
tained crystalline. It was hygroscopic, and a solid sample, mp 60-70
°C (unsharp), was obtained. Analysis indicated 0.5 molecule of water
of hydration. The solid rapidly turned dark brown. No 2 was obtained
on standard treatment? with CHsOH-HCI.
2-(7-Methoxy-1-naphthoyl)benzoic Acid* (12). A solution of
9.4 g of ethylene dibromide in 200 mL of ether?? was added during 3
h to a stirred mixture of 14.2 g of 105 and 2.4 g of sublimed Mg in 200
mL of ether. After 1 h this Grignard reagent was added to a stirred
solution of 8.8 g of phthalic anhydride in 100 mL of THF. After 20 h
at room temperature, a conventional workup yielded 11.0 g (68%) of
12, mp 154-155 °C, after one crystallization from benzene-petroleum
ether (bp 35-55 °C).
2-[a-(7-Methoxyl-1-naphthyl)ethyllbenzoic Acid* (16). A
Grignard reagent prepared from 21.3 g of CHj3l, 3.6 g of Mg, and 450
mL of ether was added dropwise to a solution of 17.5 g of 12 in 500 mL
of ether. After being held at reflux for 24 h, the cooled mixture was
worked up as usual to yield 16.0 g of lactone 14, which was stirred at
reflux with 840 mL of 10% KOH, 84 mL of pyridine, and 105 g of Zn
dust (activated with 1 g of CuSOy) for 24 h. The acidic fraction of the
product was crystallized from benzene-petroleum ether to yield 12.0
g (69%) of 16, mp 170-172 °C.
2-[a-(7-Methoxyl-1-naphthyl)ethyllacetophenone* (18). To
a solution of 5.0 g of 16 in 200 mL of ether was added 35 mL of 1.8 M
CH3Li. After 20 h at reflux the mixture was worked up as usual to yield
18 as colorless crystals, mp 104-105 °C, in almost quantitative yield.
No unreacted 16 was recovered.
2-Methoxy-7,12-dimethylbenz[ajanthracene (20). A mixture
of 6.0 g of 18 and 120 mL of PPA was heated on a steam bath for 45
min. A conventional workup afforded 5.3 g of 20, mp 131-132 °C (lit.2
mp 131-132.5 °C), after crystallization from benzene-petroleum ether
or methanol.
2-Hydroxy-7,12-dimethylbenz[ a]anthracene* (22). Demeth-
ylation of 2.4 g of 20 by heating at 155-160 °C for 3 h with CoH;SNa®
afforded 1.7 g (89%) of 22, mp 115-117 °C. A freshly vacuum sublimed
sample melted at 122-124 °C and was pale yellow. On standing, the
color darkens and the melting point becomes lower and broader.
2-(5-Methoxy-1-naphthoyl)benzoic Acid* (13). By reacting
5-iodo-1-methoxynaphthalene!® (11) with phthalic anhydride es-
sentially as described for the synthesis of 12, 13 was obtained, mp
184-185 °C, on crystallization from benzene in 70% yield.
2-[1-Hydroxy-1-(5-methoxy-1-naphthyl)ethyl}benzoic Acid
Lactone* (15). The Grignard reagent prepared from 4.2 g of Mg and
Mel in ether was added to a solution of 15.0 g of 13 in 300 mL of ben-
zene and 300 mL of ether. After 20 h at reflux a conventional workup
yielded 14.0 g (93%) of 15, mp 159-161 °C, on crystallization from
ether—petroleum ether.
2-[a-(5-Methoxy-1-naphthyl)ethyllbenzoic Acid* (17). Re-
duction of 15.0 g of 15 as described for 14 afforded 11.5 g (77%) of 17,
mp 170-171 °C, on crystallization from benzene—petroleum ether.
2-[a-(5-Methoxy-1-naphthyl)ethyllacetophenone* (19).
Treatment of 7.65 g of 17 in ether with 65 mL of 1.4 M methyllithium
as described for 16 yielded 6.80 g (89%) of 19, mp 132-134 °C, on
crystallization from ethanol.
4-Methoxy-7,12-dimethylbenz[ a Janthracene (21). After heating
a solution of 6.08 g of 19 in 105 mL of PPA on a steam bath for 35 min,
a conventional workup followed by chromatography over alumina
yielded 94% of 21, mp 120-121 °C (lit.24 mp 121 °C), on crystallization
from methanol.
4-Hydroxy-7,12-dimethylbenz[ a]Janthracene (23). On treat-
ment of 1.00 g of 21 with CoHzSNa as described above for 20, 0.80 g
(84%) of 23 was obtained, mp 164-154 °C (lit.2¢ mp 164-165 °C), on
crystallization from benzene. All solvents used in the preparation of
23 were saturated with No.
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3-Methoxy-7,12-benz[ aJanthraquinone* (24). A solution of 2.50
g of 12-acetoxy-3-methoxybenz[a]anthracene (mp 165-167 °C),
prepared as described!! (mp 166-167 °C), and 3.3 g of NagCrsO7 in
60 mL of acetic acid was boiled for 15 min, cooled, and diluted with
60 mL of dilute HySO4. The precipitate was chromatographed over
basic alumina eluting with CHCl; to yield 2.25 g (95%) of 24, mp
162-163 °C, on crystallization from benzene-petroleum ether.
7,12-Dimethyl-7,12-dihydroxy-3-methoxy-7,12-dihydro-
benz[alanthracene* (25). A solution of CH3Li (0.04 mol) in ether
was added to a suspension of 2.88 g (0.01 mol) of 24 in 1560 mL of 1:1
benzene-ether at room temperature. After being held at reflux for 15
h, the mixture was treated with aqueous NH4Cl and the product
isolated as usual. After recrystallization from benzene-petroleum
ether, 3.00 g (94%) of 25 was obtained, mp 135-140 °C, as a mixture
of isomers suitable for the next step.
7-Chloromethyl-3-methoxy-12-methylbenz[alanthracene*
(26). Dry HCI was passed into a solution of 2.30 g of 25 in 30 mL of dry
ethyl acetate at 0 °C. After 5h at 0 °C, 2.10 g (91%) of 26, mp 149-150
°C, before and after recrystallizaion from benzene—petroleum ether,
was collected by filtration.
3-Methoxy-7,12-dimethylbenz[a]Janthracene* (27). A solution
of 2.0 g of 26 in 50 mL of dioxane containing 10 g of stannous chloride
and 10 mL of concentrated HCl was heated on a steam bath for 1 h.
The crude product obtained as usual was chromatographed over a
short column of basic alumina to yield 1.7 g (95%) of 27, mp 128-129
°C, suitable for demethylation. A pale yellow analytical sample, mp
131-132 °C, was obtained with little loss on crystallization from
benzene-petroleum ether.
3-Hydroxy-7,12-dimethylbenz[aJanthracene* (28). Demeth-
ylation of 1.00 g of 27 was carried out as described for the preparation
of 22 to yield 0.90 g of 28, mp 165-166 °C, on crystallization from
Nj-saturated chloroform-petroleum ether. A colorless analytical
sample, mp 167-168 °C, was prepared by sublimation at 160 °C and
1 mm.
3-Methoxy-2-naphthyl Methyl Ketone (31). To a stirred sus-
pension at room temperature of 20.2 g of 2-methoxy-3-naphthoic acid,
prepared in 71% vield essentially as described,'* in 400 mL of ether
was added 108 mL of 1.84 M methyllithium during 1 h. After being
stirred at reflux for 16 h, the reaction mixture was worked up as usual
to yield 13.0 g (86% based on recovery of 5.0 g of starting acid by al-
kaline extraction) of 31: bp 134-136 °C (0.2 mm); mp 42-44 °C (lit.?5
mp 48 °C).
2-[1-Hydroxy-1-(3-methoxy-2-naphthyl)ethyl]benzoic Acid
Lactone (32). To the Grignard reagent prepared from 5 g of 2-(o-
bromophenyl)-4,4-dimethyl-2-oxazoline!3 (30) in THF using sublimed
magnesium was added a solution of 4.4 g of 31 in THF at room tem-
perature. After being stirred for 16 h at 15-20 °C and at reflux for 1
h, a conventional workup afforded a crude oil which was heated at
reflux for 18 h with 100 mL of 8% ethanolic HoSO4. After dilution with
water the mixture was worked up as usual to yield an oil from which
3.2 g (53%) of colorless crystals of 32, mp 159-162 °C, was obtained.
An analytical sample, mp 165-165.5 °C, was obtained on crystalliza-
tion from ethanol with little loss.
0-[1-(3-Methoxy-2-naphthyl)ethyl]benzoic Acid* (33). On
reduction by refluxing a stirred mixture of 3.0 g of 32, 20 g of Zn (ac-
tivated by acid washing and treatment with 200 mg of CuS0Q,), 130
mL of 10% KOH, and 12 mL of pyridine for 20 h, 2.8 g (93%) of col-
orless 33 was obtained, mp 177-179 °C, by a conventional workup.
An analytical sample, mp 179-180 °C, was obtained by recrystalli-
zation from benzene—petroleum ether.
0-[1-(3-Methoxy-2-naphthyl)ethyl]lacetophenone* (34). As
in the case of the above synthesis of 31, 33 was converted to pure 34,
mp 127-128 °C, in 90% yield.
6-Acetoxy-7,12-dimethylbenz[a]anthracene (35). A mixture
of 0.6 g of 34, 6 mL of acetic acid, and 6 mL of 48% HBr was held at
reflux for 15 min. Isolation of the product as usual gave 0.5 g of a light
yellow solid which was dissolved in 10 mL of pyridine and 5 mL of
acetic anhydride. After 18 h at room temperature, water was added
and the product, isclated by ether extraction as usual, was crystallized
twice from ether to yield 400 mg (63%) of 35, mp 138-139 °C. A mix-
ture melting point with 138-139 °C material prepared as described?®
was not depressed. The IR. and NMR spectra were identical.
6-Methoxy-7,12-dimethylbenz[ a]lanthracene* (29). In one
experiment the crude product obtained by treating 34 with HBr as
described above was treated with 0.1 M methanolic HCl at room
temperature for 24 h to yield 40% of pure 29: melting and mixture
point with another sample,® 140-141 °C; IR and NMR spectra were
identical.
In as much as the experiment describing the synthesis of 29 was
inadvertently omitted,? it is given here. A mixture of 3.0 g of o-[a-
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(3-methoxy-1-naphthyl)ethyljacetophenone (27) (numbering is the
same as that in ref 3) and 60 g of PPA was stirred at 85 °C for 2 h.
Workup, including chromatography over neutral alumina, afforded
1.4 g (50%) of 29, mp 140-141 °C.

A solution of 0.337 g of pure 35 in 20 mL of 0.1 N methanolic HCI
was allowed to stand at room temperature for 7 h. The volatile matter
was removed under reduced pressure, and the product was taken up
in ether. After three washings with 3% KOH (no material recoverable
from the aqueous washings), the dried ether solution afforded 0.308
g (ca. 100%) of light yellow solid, mp 135-137 °C. One recrystallization
from ether afforded 0.273 g (90%) of pure 29, mp 140-141 °C,

4-Methoxy-2-(1-naphthoyl)benzoic Acid. When an ether—
benzene solution of 1-naphthylmagnesium bromide was added to a
solution of 4-methoxyphthalic anhydride in ether, a mixture of ke-
toacids was obtained. When an aqueous alkaline solution of these
acids was just acidified with acetic acid, 4-methoxy-2-(1-naphthoyl)-
benzoic acid, mp 191-193 °C, was obtained in 61% yield. Recrystal-
lization from benzene afforded pure acid, mp 198-199 °C (lit.16 mp
199-201 °C), with little loss. The dilute acetic acid filtrate on acidi-
fication with HCI yielded a solid which on recrystallization from
benzene afforded 5-methoxy-2-(1-naphthoyl)benzoic acid, mp
158-159 °C (lit.16 mp 178-180 °C; a sample sent by Dr. Pataki melted
at 172-178 °C alone and mixed with our 158-159 °C acid, a poly-
morphic form, as seeding with Dr. Pataki’s sample raised the melting
point to 172-178 °C).

2.[1-Hydroxy-1-(1-naphthyl)ethyl]-4-methoxybenzoic Acid
Lactone. To a solution at 0 °C of lithiated 2-(p-methoxyphenyl)-
4,4-dimethyl-2-oxazoline, prepared as described!5 from 10.25 g (0.05
mol) of oxazoline in 150 mL of ether, was added a solution of 8.5 g (0.05
mol) of methyl 1-naphthyl ketone in 50 mL of ether during 5 min,
After 18 h at room temperature and 10 h at reflux, the cooled mixture
was treated with 50 mL of water and worked up as usual. A solution
of the product in 300 mL of 8% ethanolic HySO4 was refluxed for 18
h, after which time the ethanol was removed under reduced pressure.
The product, isolated after the usual workup, was heated at reflux
with 100 mL of 20% aqueous NaOH and 100 mL of ethanol. From the
neutral portion of the reaction products was isolated 3.5 g (41%) of
starting ketone by vacuum distillation. Acidification of the aqueous
alkaline layer afforded 8.2 g (53%; 90% based on recovered 4-
methoxybenzoic acid) of lactone, mp 195-203 °C, after trituration
with NaHCOj solution to remove p-methoxybenzoic acid. Recrys-
tallization from methanol yielded pure lactone; mp and mmp 205-206
°C with lactone prepared as described.!® The crude lactone was
suitable for reduction to 4-methoxy-2-(1-naphthylethyl)benzoic acid
as described.16

Reaction of 4-Methoxyphenylmagnesium Bromide with
1,2-Naphthalic Anhydride. This reaction was carried out essentially
as described?? except that pure sublimed magnesium was used. An
80% yield of a mixture of 41 and its isomer was obtained (1it.23 58%).
Separation began by refluxing in methanolic HCI for 12 H (1.2 LL of
methanol for 74 g of acids). A conventional workup afforded 74 g of
a mixture of methyl esters. A solution of the esters in 350 mL of con-
centrated HySO4 was held at room temperature for 2 h and then
poured on ice. By treatment of the organic products with 2% KOH,
42 g (45% based on 1,2-naphthalic anhydride) of 2-(4-methoxyben-
zoyl)-1-naphthoic acid (41), mp 169-173 °C, was obtained which on
one crystallization from benzene-acetone yielded pure 41, mp 176-178
°C (1it.23 mp 179.5-181 °C), with little loss. From the neutral fraction
20.0 g (21%) of methyl 1-(4-methoxybenzoyl)-2-naphthoate, mp
135-136 °C, was obtained. Alkaline hydrolysis yielded pure 1-(4-
methoxybenzoyl)-2-naphthoic acid, mp 216-217 °C (lit.23 mp 212-216
°(C), in high yield.

2-(4-Methoxybenzyl)-1-naphthoic Acid* (42). Reduction of 18.1
g of 41 as described for 0-benzoylbenzoic acid?6 yielded 13.7 g (93%
based on recovery of 2.5 g of 41) of the lactone of 2-(1-hydroxy-4-
methoxyphenylmethyl)-1-naphthoic acid, mp 133-134 °C. Reduction
of 13.5 g of the lactone with 60 g of activated zinc dust (washing with
10% HCI followed by treatment with ammoniacal CuSQO,), 200 mL
of 30% KOH, and 300 mL of ethylene glycol by boiling for 48 h af-
forded 12.9 g (96%) of 42, mp 150-152 °C, suitable for the next step.
An analytical sample, mp 155-156 °C, was obtained with little loss
by crystallization from benzene-petroleum ether.

12-Acetoxy-10-methoxybenz[a]anthracene* (43). A solution
of 12.0 g of 42, 0.7 g of ZnCly, 240 mL of HOAc, and 90 mL of AceO was
boiled for 90 min, and the cooled solution was poured into 1 L of water.
The solid which separated was collected by filtration and washed with
water and dilute NaHCO; to yield 12.0 g (92%) of 43, mp 180.5-181.5
°C. An analytical sample, mp 183-184 °C, was obtained with little loss
by crystallization from benzene-petroleum ether.

A solution of 12.0 g of 43 and 16.3 g of K2Crs0 in 280 mL of HOAc
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was refluxed for 45 min, cooled, and added to 1 L of 10% HySO4. The
yellow solid which separated was collected, washed with water, and
dried to give 10.0 g:(929%) of 10-methoxy-7,12-benz{a]anthraquinone*
(44), mp 168-169 °C, suitable for further use. Recrystallization from
acetic acid yielded pure 44, mp 171.5-172.0 °C, with little loss.

7,12-Dihydroxy-7,12-dimethyl-10-methoxy-7,12-dihydro-
benz[alanthracene* (45). To a solution of 9.0 g (0.03 mol) of 44 in
270 mL of benzene was added 65 mL (0.09 mol) of 1.4 M CH3Li in
ether during 5 min. After 18 h at reflux, saturated NH4Cl solution was
added and the mixture worked up as usual to yield 9.2 g (95%) of 45,
which showed no carbonyl group in the IR spectrum. A colorless an-
alytical sample. mp 175.5-176.5 °C, was obtained by crystallization
from benzene-petroleum ether and benzene alone with little loss.

10-Methoxy-7,12-dimethylbenz[a]anthracene (38) was obtained
by adding a solution of 7.0 g of 45 in 400 mL of methanol dropwise
during 25 min to a solution at 0 °C of 75 mL of 70% HI in 100 mL of
methanol. After 1 h at 5 °C the solid which had separated was col-
lected and dissclved in 400 mL of dioxane and 30 mL of concentrated
HCIL. This solution was added to a solution of 70 g of SnCl; in 300 mL
of dioxane and 210 mL of concentrated HCl. On holding at reflux for
30 min the color changed from dark orange-yellow to light yellow. The
cooled reaction mixture was added to 3 L of water. The crude solid
obtained was dissolved in 70 mL of hexamethylphosphoramide
(HMPA) containing a solution of 2 g of NaOH in 5 mL of water and
2 mL of methyl iodide. After 7 h the mixture was diluted with water
and the product extracted with ether to yield 4.3 g of solid. Chroma-
tography over basic alumina afforded 4.0 g (62% from 45) of 38, mp
135-136 °C (lit.23 mp 136-137 °C), identical with the 38 produced by
the alternate synthesis.

9-Hydroxy-7,12-dimethylbenz{alanthracene* (39) and 10-
Hydroxy-7,12-dimethyl-benz[ aJanthracene (40). Demethylation
of 87 and 38 as described® afforded 79% of 39 as pale yellow crystals,
mp 197-198 °C, and 87% of 40 as pale yellow crystals, mp 133-134 °C
(lit.17 mp 122-123 °C; light tan), respectively, after chromatography
and recrystallization.

Registry No.—1, 56240-13-9; 2, 66240-14-0; 3, 51179-24-9; 4,
66240-15-1; 5, €6240-16-2; 6,66240-17-3; 7,66240-1-4; 8, 66240-19-5;
9, 66240-20-8; 10 halide derivative, 66240-21-9; 11 halide derivative,
61735-51-1; 12, 66240-22-0; 13, 66240-23-1; 14, 66240-24-2; 15,
66240-25-3; 16, 66240-26-4; 17, 66240-27-5; 18, 66240-28-6; 19,
66240-29-7; 20, 66240-30-0; 21, 16277-49-9; 22, 66240-31-1; 23,
14760-53-3; 24, 63216-11-5; cis- 25, 66239-99-4; trans- 25, 66240-00-4;
26, 66240-01-5: 27, 66240-02-6; 28, 57266-83-8; 29, 53306-04-0; 30,
32664-13-4; 31, 17056-94-9; 32, 66240-03-7; 33, 66240-04-8; 34,
66240-05-9; 35, 53305-06-2; 37, 62078-52-8; 38, 62064-35-1; 39,
66240-06-0; 40, 62064-38-4; 41, 66240-07-1; 42, 66240-08-2; 43,
66240-09-3; 44, 66240-10-6; 45, 66240-11-7; 12-acetoxy-3-methoxy-
benz[a]anthracene, 66240-12-8; 2-methoxy-3-naphthoic acid, 883-
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62-5; 1-naphthyl bromide, 90-11-9; 4-methoxyphthalic anhydride,
28281-76-7; 4-methoxy-2-(1-naphthoyl)benzoic acid, 62064-28-2;
5-methoxy-2-(1-naphthoyl)benzoic acid, 62064-27-1; 2-[1-hydroxy-
1-(1-naphthyl)ethyl]-4-methoxybenzoic acid lactone, 62064-30-6;
oxazoline, 504-77-8; methyl 1-naphthyl ketone, 1333-52-4; 4-
methoxyphenyl bromide, 104-92-7; 1,2-naphthalic anhydride,
5343-99-7; methyl 1-(4-methoxybenzoyl)-2-naphthoate, 66239-96-1;
1(4-methoxybenzoyl)-2-naphthoic acid, 66239-97-2; 2-(1-hydroxy-
4-methoxyphenylmethyl)-1-naphthoic acid lactone, 66239-98-3.
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Structure Relation of Conjugated Cycloalkenones and Their Ketals
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The degree of double bond shift during ketalization was studied on cycloalkenone systems. It was found that the
shift was dependent on ring size and the location of substituents.

Introduction

In the framework of research carried out in our laboratory,!
we attempted to develop a new and efficient method for the
synthesis of 4,4-disubstituted cycloenones according to
Scheme 1.

A necessary requirement for success is the shift of the
double bond to the 3,y position during the conversion of the
ketone into the ketal. The fact that the double bond migrates
on ketalization was discovered by Fernholz and Stavely? in
1937 and applied in syntheses of natural products.3# Although

Scheme I
—_—
m =
O 0
— J/ij/\/\ COH
O
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