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INTRODUCTION

The objective of the present investipgation was the syntheslis of
9,10-dimethyletl, 2-benz-3, lkeanthraquinone. Of the twenty-five quinones
possible in the 9,10~dimethyl~1,2-benzanthracene system the compound
mentioned above was chosen bocause the 3,4~ bond region seems to be

1

assoclated with carcinogenity in the 1,2-benzanthracene system.  The

theories of hydrocarbon carcinogencsis are as yet inadequato;2 so it

(1) J.A. Miller and E.C. Miller, Cancer Res., 23 (2) (Pt. 1),
229 (1963).

(2) N.H. Cromwell, Am. Scientist, 53, 213 (1965).

would be unrealistlc to discuss the possible role of 9,10~dimethyl-1, 2«
benz-3,4=anthraquinone in carcinogenesis. TFor the interested reader

several book33'4°5’6 have been written recently which ruview the

(3) D.B. Clayson, "Chemical Carcinogenesis," Little, Brown and
Company, Boston (1952).

(4) GM. Badger, "The Chemical Basis of Carcinogenic Activ-
ity," C. Thomas, Springfield, Illinois (1962).

(5) I. Hieger, %Carcinogenesis," Academic Press, London, New
York (1961).

(6) G.E.W. Wolstenholme and Maeve O'Connor, "Carcinogenesis
Mechanigns of Actions,” A. Ciba Foundation Symposium, Little, Brown
and Company, Boston (1961).




nunerous theoriles and hypotheses. There is, however, the possibility
that 9,10-dimethyl-1,2-benzanthracene is netabolized to a quinone or
hydroquinone which could then act as an inhibitor or a promoting

agent. The validity of this particular hypothesis would be established
by biélogicdl testing. The title compound has been sukmitted for

testing to three! research groups.

(7) J, Miller, McArdale Laboratory, Madison, Wisconsing;
C. Huggins, Ben May Cancer Lzboratory, Chicago, Illinois; E. Boyland,
Chester Beatty Research Institute, London, England.

In any case the information derived from biologlcal testing
would increase in value as more of these twenty-five gquinones were
synthesized. The original objective was to syntheslze as many of these
quinones as possible. However, the difficulty encountered in the

synthesis of the title compound curtailed these efforts,



RESULTS AND DISCUSSION

i. Preparation and reactions of 3-
methoxy=9,10-dinethyla1, 2-
benzanthracene, VI
A zeneralized procedure for the preparation of a quinons starts
with a phenol or phenolic ether. The phenol or its ether may be
oxidized directly to a quinone. Alternatively, the phenol may te
converted, through the azo derivative (coupling), into the correspond-
ing amino derivative, and this intermediate oxidized in acid solution.
The methyl ether, VI, was prepared-in hopes that one of these

general methods might be successful. The preparation of VI was

basically the one described! and is outlined in Figure 1.

(1) WM. Smith, Jr., E.F. Pratt and H.J. Creech, J. Am. Chenm.
SOC., 12, 319 (1951>0

The synthesis of quinones by oxidation of phenolic ethers was
demonstrated by Ruzicka.? Phenanthraquinone and 1,7-dimethyl-phen-

anthraquinone were prepared by chromic acid oxidation of their

( | (2) L. Ruzicka and H. Woldmann, Helv. Chim, Acta., 15, 907
1932) .

respsctive 9-methyl ethers.? These two examples were also encourage

ing due to the similar nature of the 3, -benzanthracene and the

3
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PREPARATION OF 3-METHOXY-9,10-DIMETHYL-1,2-BENZANTHRACENE



9,10~-phenanthrene bonds. Howaver, chromic acid oxidation of VI
failed to yield any identifiatle products. The multiplicity of
products and their similar chromatographic mobilities prevented
isolation and characterization. Similar results, i.e. decomposi-
tion andfor complex reaction mixtures, were obtained with acidic
permanganate, glkaline peroxide, peracetic acid, trifluorcperacetic
acid and seleniwm dioxide.

The methyl ether, VI, was evidently more sensitive to vigorous
oxidation than the phenanthrene ethers. In order to use more
selective and more gentle oxidants, several attempts were made to
prepacre VII by cleavage of the methyl ether, VI. There was one
reported1 cleavage of VI which was accomplished with hydrobromic
acid iﬁ dioxane. The supposed phenol, VII, was not isolated in this
case but was converted to the corresponding amine by a Bucherer

! several attempts were made to prepare the phenol, VII,

reaction.
with a number of other cleavage agents (Table 1) in addition to the
one described.1 Thése attempts were unsuccessful; only green oils
were obtained which could not be purified by crystallization,
chromatography or sublimation. The attempts to isolate an ester
derivative of the "“phenol, VII® wore also unsuccessful, With stand-
ard techniques of acetylation or benzoylation there resulted complex
reaction nixtures. Once again the similar chromatographic mobilities
of the components prevented isolation and characterization.

Bven though a phenol could not be isolated, several attempts

were made to oxidize the crude reaction mixtures, The prinary



oxidant, studied was Fresy's salt, potassium nitrosodisulfonate. This

stable free radical had been used by Teuber3'4'5’6 to convert a wide

(3) H.J. Teuber and G. Jellinek, Ber., 35, 95 (1952).
(%) HoJ. Teuber and W. Rau, Ibid., 86, 1036 (1953).

(5) H.J. Teuver and N. Gotz, Ibid., 87, 1239 (1954),
(6) H.J. Teuber and H. Limdner, Ibid., 92, 932 (1959).

range of phenols into quinones. In this case Fremy's salt did not
oxidize the supposed phenol, VII, to the title compound. The crude
reaction mixtures as evidenced by thin layer chromatography (t.l.c.)
contained four components and showed only a very weak carbonyl ab-
sorption at 1660 em~1.

Since Freuy's salt was not an effective oxidant, several
attempts were madeto oxidize the crude cleavage product of VI with
chromic acid, trifluoroperacetic acid or chromium triokide-pyridine.
Workup of these reactions afforded only a small recovery of phenolic
material and a major amount of tar,.

As stated earlier a quinone may be prepared by direct oxida-
tion or by oxidation of the corresponding amino-phenol. Since the
direct oxidation of VI or of the reported! VII had failed, an attemt
was made to preparc and oxidize the U-amino derivative of nyII.v The

3,4 quinone of 1,2-benzanthracene was first prepared7 in this manner,

(7) L.FD Fieser and E' DietZ, J'. Am. Chemo SOC., 21_’ 3141
(1930).




i.2, by oxidation of the UY-amino derivative of 3-hydroxy-1,2-benz-
anthracene with chromic acid.

The crude cleavage product from VI yielded a red dyestuff
when coupled with p-nitrcphenyldiazonium sulfate in acetic acid,7
but this vat was a mixture of coupled products as evidenced by t.l.c.
Since the components éoﬁld not be separated the mixture was reduced
with ctannous chloride in dioxane. The resulting mixture of aminoe
pncaol hydrochlorides was treated with: chromic acid; potassium
permanganate-acetic acid; peracetic acid or ferric chloride. Each
of thess oxidants effected severe decomposition into dark resinous
oils.

II. Synthesis and reactions of 3,4~
dinethoxy=9,10~dinethyl-1, 2-
benzanthracene, XIV

The unpromising results desceribed in the preceding section
necessitated a different approach. It seemed more feasible to
synthesize a benzanthracene derivative which contained oxygen func-
tions at positions 3 and h.rather than attempting to oxidize (directly
or indirectly), VI. The oxygen functions must withstand the conditions
of a multistep synthesis and be ultimateiy converiable into a 1,2«
diketone (quinone). Thus the diether, XIV, was synthesized as out-
lined in Figure 2, Tae methyl ethers were accepteble protective
groups but could not be cleaved successfully. Thus the synthesis

of the title compound was not achieved.
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Nevertheless, the synthesis of XIV is worthy of noz, particu-

larly in the first step. This reaction is the first reported Friedel-

Craft's condensation of o-acetobenzeic acid, IX, and is also the
first such condensation effected with methanesulfonic acld.

This reaction was modeled after analagous condensations of
phthaldehydic acid which has been reacted wilth phenols, phenolic
others®s 9110 ang alkylated benzenes!! in sulfuric acid to form sub-

stituted phthalides.

(8) A. Bistrzycki and G.J. Oehlert, Ber., 27, 2632 (1894),

( ) (9) A. Bistrzycki and D.W., Yssel de Schepper, Ber., 31, 2790
1898).

( ),(10) M.M. Brobaker and R. Adams, J. An. Chem. Soc., 49, 2279

(11) v.W. Floutz, J. Org. Chem., 25, 643 (1960).

The infrared spectrmn12 of phthaldehydic acid indicates that

it exists primarily in the hydroxy-lactone form which could be

(12) D.D. Wheeler, D.C, Young and D.S. Erley, J. Org. Chem.,
22, 547 (1957). ‘

gonverted directly into a cyclic carbonium ion in strong acid by
protonation and elimination of water. There is good reason to

expect such a mechanism since 2Z2-benzoyl-t-naphtholc acid forms a
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cyclic carbonium ion in concentrated sulfuric acid.!3 If this meche
anisn is operative there would be good reason to expect o-aceto-
benzolc acid, IX, to undergo analogous condensations since it also

exists in the hydroxy-lactone form.1u'15 Whether or not this mechanism

(13) ¥.S. Neuman, J. Am. Chem. Soc., &4, 2324 (1942).
(14) J.Fa Grove and H.A. Willis, J. Chem. Soc., 877 (1951),
(15) DeS. Erley et al., Chem. and Ind. (London, 1915 (1964).

was operative was not established. However, IX did condense with 1,2«
dimethoxynaphthalene, VIII, in 90% methanesulfonic acid to yield a
phthalide in 50% yield.

There was strong but not unequivocal evidence that this
phthalide had the structure indicated by X. The phthalide nature
of X was evident from the infrared and n.m.r. spectra. However, the
point of attachment of the phthalide group was inferred from precedent
and from the structure of XIV. Since the structure of the diether,
XTIV, was established by an unequivocal synthesls which is presented in
the next section, the complete evidence and arguments for the struc-
tures of X, XI, XiI. XIIT and XIV will be presented at that time.
For the szke of convenience, we will consider these structures as
established.

As mentioned earlier, methanesulfonic acld has not been

reported in the synthesis of phthalides by Friedel-Craft's



1

condensation. In the synthesis of XIV and in the synthesis of 3«

16

ethoxy-9,10-dimethyl-1, 2-benzanthracene - this acid was far superior

(16) N. Venkateswaran, Post-doctoral fellow, The Ohio State
University, 1964-1965.

to swlfuric. The problems of sulfonation and oxidation which occur
with sulfuric were eliminated and demethylation was markedly re-
duced. Ow~aceboboenzoic acid, IX, did condense with VIII in 80% sulfuric
acid at room temperature to give X, but only in trace amounts.

The reaction sequence leading from X to XIV was analogous to
the sequence used in preparation of 3-methoxy~9,10-dimethyl-t,2-

benzanthracens, VI.1 Reduction of X with zinc-formic acid17 afforded

(17) R.L. Letsinger, J.D. Jamison and A.S. Hussey, J, Org.
Chen., 26 97 (1961).

a quantitative yield of acid, XI. This acid was cyclized with anhydrous
hydrofluoric acid to the benzanthrane, XII, which was reacted with
methylmagnesiun bromide. The resulting alcohol, XIII, was dehydrated
to the diether, XIV. The overall yield of 3,4~dimethoxy=9,10~-dimethyl-
1,2-benzanthracene, XIV, from XI was 55%.

The diether, XIV, was not a sulitable intermediate for the
synthesis of 9,10~dimethyl-1,2-benz-3,4=anthraquinone as it could not

bs converted into the necessary hydroquinons. Several cleaving agents
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(Table 2) were tried without success. In each case complex reaction
mixtures resulted which could not be separated or oxddized to the
desired quinone.
III. Synthesis of 9,10-dimethyl-~1,2-benz-

3, banthraquinone, XVII, and other

reactions of 3,4-dihydroiy-3, 4=

dihydro-9,10~dimethyl~1, 2=

benzanthracene, XVI

Since the diether, XIV, was shown not to be a suitoble intera

mediate for the synthesis of quinone, XVII, a different starting

material was required. A successful synthesis of XVII was thus worked

out by oxidation of the dihydrodiol, XVI.18 as describved belowe.

(18) J.W. Cook and R. Schoental, J. Chem. Soc., 170 (1948).

There was good procedent for this oxidation since cis-3,4-
dihydroxy-3, 4~Adihydro-1, 2-benzanthracene had been oxidized %o the
corresponding quinone with chromic acid.19 It was difficult, however,
to find an appropriate oxidant. There were even two previous re-

ports?'o'21 of unsuccessful. attempts to oxidize XVI to the quinone,

(19) C.J. Collins, J.G. Burr, Jr., and DeN. Hess, J. Am. Chen.
Soc., 73, 5176 (1951).

(1960) (20) H.I. Hadler and A.C. Kryger, J. Org. Chem., 25, 1896
1960).

(21) E. Boyland and P. Sims, Biochem. J., 95, 780 (1965).
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XVII. Since chromic acid was not an effective oxidant?® several
other oxidants were tested with equally unpromising results. Those
oxidizing agents studied were: chromium trioxide-pyridine; chromium
trioxide~t-butanol; unbuffered potassium permahganate-t-butanol-
wéter; eyclohexanane-alunminum isopropoxide; manganese dioxide in
chloroform; sllver oxide in ether; silver benzoate in benzens and

ruthenwn tetroxide®? in carbon tetrachloride. In each case except

(22) At the suggestion of Professor D.H. Horton, The Ohio
State University, 1966.

that of manganese dioxide, some oxidation occurred but no identifiable
products could be isolated from the teaction mixtures.

The oxidation of XVI to XVII was finally achieved with dimethyl
sulfoxide (DMSO)-acetic anhydride®3 in 479 yield. This method was
tried at the suggestion of a fellow studentzu who noted that this

(23) J.D. Albright and L. Goldman, J. An. Chem. Soc., 87,
L2tk (1965).

(2%) ir. J.B. Hughes, M.Sc., The Ohio State University, 1966.

particular oxddizing system was very effecﬁive for converting secondary
alcohols into ketones.23 The oxidation proceeds via sulfoxonium salt

intermediates as 1llustrated below for a general case.
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® i
CH,),SO CH)SO0—C —CH, + CH.cO®
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It should be noted that the initial sulfoxonium intermediate may also
react with a secondary alcohol by Path B to give methylihiomethyl
ethers. This side reaction and partial oxidation probably accounts
for the low yield of XVII.

The quinone, XVII, formed the quinoxaline derivative, XVIII,
and the diacetate, XIV. The quinoxaline derivative, XVIII, is quite
relevant to the structure proof of XVII which will be considered
shortly. This is the first reported case of a 1,2-diketone synthesis
by means of a IMS0 type oxidation, and it is also the first case of a
quinone synthesis by means of this type of oxidation.

By nature of the synthesis, the structure of the quinone, XVII,
would be determined by the structure of XVI. Since osmium tetroxide

reacts with ethylenic double bonds to produce only 935,1,2-g1ycols?5'26

(25) Re Criegee, Amn., 522, 75 (1936).

(1952) (26) R. Criegee, B. Marchand and H. Wannowiss, Ann., 5%, 99
1G42) « .
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the product derived from the reaction of XV with osmium tetroxide
must be a cis-vicinal glycol. That this glycol has the structure,
XVI, is indicated by two sets of reactions.

In one set of reactioné the aforementioned glycol was de-
hydrated to a phenol and this phenol was converted to the correspond-
ing methyl ether by reaction with dimethy sulfate and base.'® This
ether was shown to be VI in two ways. The ether, VI, produced by
dehydration and methylation had the sazme infrared spectra as that
of VI prepared by the sequence outlined in Figure 1.1 The melting
point of the ether produced by dehydration and methylation was un-
depressed when mixed with an authentic sample of vI.! The structure
of the ether, VI, produced by the ring building sequence (Fig. 1),
is uneguivocal sinee the structure of the intermediate keto-acid, I,
was well established.?! For a vicinal glycol of 9,10«dinethyl=1,2-
benzanthracene, XV, to be converted to VI by the tuo step sequence
of dehydration and methylation, one of the hydroxyls in the glycol
must have been at position 3. The possibility of the other hydroxyl
being at position 2 is quite remote since osmium tetroxide reacts at
the 9.10-posi£ion in phenanthrene to produce cis-9,i0-dihydroxya
9.10~dihydrophenanthrene.25

In the second case, the glycol produced by the reaction of
osmium tetroxide with XV was ¢leaved to a dialdehyde, XXI.19 The
n.u.r, spectra of this cleavage product clearly indicated a di-

aldehyde by the presence of two sharp one proton singlets at 0,2
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and =0.1 7 respectively.?! This fact definitely eliminates a 2, 3-

dihydrodiol since its cleavage product would be a keto-aldehyde.

(27) ¥.S. Bhacca and D.H. Williams, "Applications of MNMR
Spectroscopy in Organic Chemistry," Holden Day, Inc., San Francisco,

1964, p. 76.

The complexity of the aromatic region in the n.m.r. spectra of the
disldehyde, XXI, prevented a complete structural proof by this method
alone. However, the dialdehyde was converted by an unambiguous se-
quence20 (reduction to a dialeohol; conversion to the corresponding
dibromide and ring closure with phenyl lithium) to a dihydro-9,10-
dimethyl-1, 2-benzanthracene. The ultraviolet gpectrum of this di-
hydro compound had the same curve shape as that of 6,7=-dihydro-20-

methylcholanthrenez8 and showed a slight blue shift of 6 mu (average)

(28) L.F. Fieser and E.B. Hershberg, J. Am. Chem. Soc., 60,
940 (1938).

relative to the dihydrocholanthrene, The slight hypsochromic shift
would be expected from loss of an alkyl substitute.zsﬁ_For the di-
hydrovenzanthracene and the dihydrocholanthrene to show such very
similar spectra they must possess the same chromophoric group, i.e.
2-phenylnaphthalene., The ultraviolet speétrum of 2-phenylnaphthalene
does show a curve which is quite similar to 6,7-dihydro-20-methyl-
cholanthrene2B and consequently to 3,4-dihydro-9,10-dimethyl-1,2-

benzanthracene.20 The identification of the chromophore which is
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also the same in the dihydrodiol, XVI.ZO and the sequence of reactions
leading to the 3,4-dihydro compound can be explained only on the

basis of 3,4=dihydroxy-3,4=dihydro-9,10-dinethyl-1,2-benzanthracene,
Xv1,

Since the structure of XVI is well supported by the data and
arguments given above, the quinone, XVII (diketond, must have the
indicated structure. The ortho nature of the ketonic groupings in
XVII was definitely shown by the formation of the quinoxaline deriva-
tive, XVIIT,

Thus, the quinone XVII was a suitable intermediate for aﬁ in-
dependent and unequivocal synthesis of XIV. A reductive methylation
of XVII with alkaline ginc and dimethyl sulfate afforded XIV in 14%
yield. Comparison of the physical constants of the diether derived
by reductive methylation with thal derived by the ring building
sequence showed them to be identical. They had the sazme n.m.r.,
ultraviolet and infrared spectra, possessed the same chromagraphic
rmobility and formed identical 2,4, 5,7-tetranitrofluorenone ( TZNF) 29
derivatives. The spectral data were consistent with the structural

assignment,

(29) M.S. Newnan and B. Lutz, J, Am. Chem. Soc., 78, 2469

Although the reductive methylation of XVII. establishes the

structure of the diether, XIV, it does not establish the structure
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of the intermediates (X, XI, XII, XITI). This follows from the ob-
servation that the diether, XLV, could be derived from a 2-naphtyl
phthalide as well as from the indicated phthalide, X, by the reaction
sequence, However, the formation of a 2-naphthyl phthalide is very
unlikely since the reported condensations®s 3! of 1,2=-dimethoxy

naphthalene, VIII, have occurred at the four position.

(30) S. Rajagopalar, J. Ind. Chem. Soc., 17, 567 (1940).
(31) T. Bisanz, Roczniki Chem., 30, 111 (1956).

The saturated diether, XXa, and the saturated diacetate, XXb,18
(Fig. 4) were prepared as possible intermediates for the synthesis of
3, =dihydroxy-9,10-dimethyl-1, 2-benzanthracene, If either XVIa or
XVIb could be aromatized a gentle cleavage or hydrolysis would afford
the hydroquinone., Since the quinone XVII was prépared by an alternate
route, this procedure was not developed. The dlether XXa and the di-
acetate XXb1® were prepared by standard techniques in 84 and 64%
respective yields.

The dimethyl ester, XXV, was synthesized to see whether XVII
could be prepared by a ring closure with sodium. This method ? has
been used successfully in the preparation of subsiituted phenanthra-

quinones.33 The diester, XXV, was reacted with dispersed sodium

(32) G. Wittig and H. Zimmerman, Ber., 86, 629 (1953).

(33) H.A. Karnes, Ph.D. Dissertation, The Ohio State Univer-
sity, 1965, p. 43.
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at several different temperatures (Table 3). In no case was XXV
converted to XVII,

The diester, XXV, was prepared by the sequence illustrated in
Figure 4. Lead tetraacetate cleavage of XVI afforded the dialdenyde,
XI, in 81% yield. This cleavage is of itself quite interesting

since the cis-3,4-dihydrodiol of benzanthracene itself is not cleaved

by lead tetraacetate.!'? The three compounds, XXII, XXIII and XXIV,
were prepared as described®® in 86, 75 and 87% respective yields.
The diester, XXV, was prepared in #8% overall yield by treatment of
XXIV with nitrous aclid and then esterification of the resulting acid
with diazomethane. A previous attemptzo to hydrolyze the acid-amide,
XXIV , with polyphosphoric acid was unsuccessful. In this case there
was obtained a neutral substance vhich gppeared to be 1,4=dimethyl-
2,3—benz-9-fluorenane.20

The structure of XXV is established by the method of synthesis.
Tais follows from the establishment of the structure of the dihydro-

diol, XVI, which was discussed earlier.



EXPERIMENTAL

I. Generalizations

1. All melting points were uncorrected. Those melting points
followed by (m) were taken on a Fisher-Johns Melting Point Apparatus.
The remaining melting points were obtained with capillery tubes in a
Thomas~Hoover Melting Point Apparatus. -

2. Microanalyses were performed by Galbraith Laboratories,
Inc., Knoxville, Tennessee.

3. Infrared spectra were obtained with a Perkin-Zlmer Infra.
cord Spectrophotometer and ultraviolel spectra were obtained with a
B and L Spectronic 505 Spectrophotometer.

4. Nuclear magnetic resonance spectra (n.u.r.) spectra were
obtained with a Varian Model A-60 spectrometer at 60 Mc with tetra
methylsilane as an internal reference. In reporting n.m.r. spectra,
peaks are deseribed by (a, b, c) where a refers to the number of
protons represented by the peak; b refers to the peale multiplicity
(s = singlet, d = doublet, t = triplet, q = quartet, and m = multi-
plet); and ¢ gives the peak assignment.

5. Miecro thin layer chromatographic analyses (t.l.c.) were
run on microscope slides sprayed with Silica Gel G and activated by

baking one houwr at 110°.

22
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6. Alcoa F-20 grade chromatographic alumina and Davidson 923
grade silica gel were used for column chromatography unless otherwise
stated.

7. Tne phrase "treated in the usual manner" means that the
organic solvent layer was washed successively with water, saturated
sodiun chloride solution, filtered through anhydrous magnesium sulfate
and the solvent cistilled under reduced pressure.

II. 3-Methoxy-9,10-dimethylt, 2~
benzanthracene, VI

2, ={ B-Mothoxy=1-navhithoyl.)benzoic acid, T. == In a 2 1. flask

equipped with a high torque stirrer, solid addition funnel and gas
outlet tube were placed 100.0 g. (0.63 mole) of 1-nethoxynapthalene,
100.0 go (0.68 mole) of phthalic anhydride and 525 ml. of purified
tetrachloroethane. The resulting slurry was cooled to 10° with ice-
water and 190 g. (1.42 mole) of anhydrous aluminum chloride was added
during one-~hour so that the temperature was maintained below 200,

The resulting mixture was stirred at room temperature for 12 hours
and then allowed to stand 12 hours without stirring. The dark addition
product was then decomposed with ice and hydrochlorie acid and the
solvent removed by steam distillation. After cooling the liquid was
decanted from the granular grey residue which was dissolved in the
requisite amount of hot sodium carbonate solutlon. The resulting

solution was steam distilled a second time and filtered hot through
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Hyflo Super..cel,1 cooled, and neutralized withdilute hydrochloric
acid. The resulting white flocuwlent solid was collected, washed well
with water and dried at 100° to yield 175.5 g. (90.5%) of I, m.p.

198,0-199° () (Lit. m.p. 193-1949).2

(1) Hyflo Super-cel is an inert cellulose filtering acid.,

(2) R. Scholl, C. Seer and A. Zinke, Monatsh., 41, 298 (1920).

3-Methyl. 3-( bumethoxy~-1-naohthyl)-phthalide, IT. == In a 2 1.

flask equipped with stirrer, drying tube, addition funnel and reflux
condenser were placed 60.0 go (0.20 mole) of I, 400 ml. of dry benzene
and 1.2 1. of dry ether. To the cooled suspension was added 170 ml.
of 2.5 M methylmagnesium bromide during one hour. The cooling bath
was then removed and the mixture refluxed with stirring for 24 hours.
During this period the reaction mixture became homogenous and changed
from an initial light yellow to deep brown. The complex then decome
posed with cold dilute hydrochloric acid, the layers separated and
the agueous layer extracted repeatedly with 1:1 ether-benzene. The
combined non-aqueous layers were washed well with dilute sodium
carbonate solution andJEEZn treated in the usual manner to yield

47.9 g. (80.3%) of crude II as a pale yellow oil. Crystallization
from absolute ethanol-Skellysolve B afforded 20.7 g. (3%.6%) of light

yellow crystalline II, mepe 139.0-1400 (1it. m.p. 139.8-140.50).5

(3) WoM, Smith, Jr., E.F. Pratt and H.J. Creech, J. Am. Chem.
Soc., 73, 319 (1951). -
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The remaining 45.7% was recovered from the mother liquor as a pale
yellow oil which showed an infrared spectrum identical to that of
crystalline I. This non-crystalline material was used as such in

the next step.

2-(ck =lteniethoxy-1-nsphthvlethyl ) benzoic acid, III, -« A mixture

of 10.00 g. (0.033 mole) of crystalline II, 150 ml. of 90% formic
acid, 20.00 g. of zinc dust and 20 ml. of water was refluxed 10 hours
with vigorous stirring. After dilution with 1 1. of water the solids
were collected and extracted with approximately 1 1. of 6 N sodium
hydroxide solution. After filtration the colorless solution was
acidified with dilute hydrochloric acid to yield 9.87 g. (983.4%) of
white ITI (1it. yield 98%),2 m.p. 196-198° (m) (lit. m.p. 197.3
198.1).3 The crude phthalide, IT, was reduced in the same manner.
From 67.8 g. of crude II there was obtained 59.7 g. (88.0%) of IIT,
mepe 196-198 (m). =

3-Methoxy-9=methyl-10-keto-9,10~-dihydro~1 , 2.benzanthracene, IV,

-~ Compound IV was prepared as deseribed3 by cyclization of III with
anhydrous hydrofluoric acide From 57.6 g. (0.19 mole) of III there
was obtained 52.4% g. (96.7%) of crude IV. Since previous attempts3
to recrystallize IV were unsuccessful, crude IV was used in the next

step.

3-Methoxy-9,10-dimethvl.l, 2-benzanthracene, VI. -« A solution

of 22% g. (0.78 mole) of crude IV in 600 ml. of dry toluene and
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600 ml. of dry dioxane was added during one hour to a stirred solution
of 2 moles of methylmagnesium bromide in 1 1. of ether. The color
changed from 2 light browm to a deep browm after a 12 hour reflux.
The cormplex was then decomposed with cold dilute sulfuric acid, the
layers separated and the aqueous layer ex’craéted repeatedly with 1:1
ether-benzene. The combined non-agueous layers were treated in the
usugl manner and the resulting brown oil taken up in 2.5 1. of xylene.
A trace of sulfuric acid was added to the solution which was then
refluxed for 7 hours in z systen equipped with a water separator.
Tne cooled reaction mixture was reduced to 1/3 of its original volume
in vacuo and treated with a hot alcoholic solution of 250 g. of picric
acid. The resulting black crystalline complex was recrystallized
twice from ethanol and decomposed with an agueous solution of di-
ethanolamine to yield 153.4 g. (69.1% from IV) of pale yellow VI,
map. 128-129° (m) (1it. m.p. 129.9-130.99).3

The methyl ether, VI, w;; also prepared as described® by de-

hydration of XVI and methylation with base and dimethyl sulfate.

(4) J.JW. Cook and R. Schoental, J. Chem. Soc., 170 (1948).

The ether, VI, prepared by this method had the same infrared spectrum
as that of VI prepared as described.] The melting point of VI pro-
duced by dehydration and methylation was undepressed when mixed with

VI prepared by the sequencs described.1
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Cleavages of 3.methoxv-9,10-dimethvli-1,2-benzenthracens, Vie «=

On treatment'of VI with hyderobromic acid in dioxane3 at reflux a green
oil containing four components (t.l.c.) in addition to some un-
reacted VI was obtained. The other cleaving agents listed in Table 1
gave similar results. As stated in the discussion the supposed
phenol, VII, could not be isolated, converted to an ester or oxidized

to any identifiable products.

TABLE 1
ATTENPTED DEMESTHYLATIONS OF 3-METHOXY-9,10.DIMETHYL~1,2-
BENZANTIRACENE
Acid Solvent Conditions
HBr (47%) Acetic acid Reflux under nitrogen
1-2 hours
HBr (anhydrous) Acetic acid N Same
HI (47%) Acetic acid Same
Bary » Methylene chloride Stir 12 hours; initial

temperature: -789; final
temperature: 27°

(196 57 JF. W. McOmie and M.L. Watts, Chem. and Ind. (London), 1658
1963).



III. 3,4-Dimethoxy-9,10-dinethyl-
1,2-benzanthracens, XIV

o-Acetobenzoic acid, IXO-= A mixture of 527 g. (3.56 mole) of

erystalline phthalic anhydride, 440 g. of malonic acid and 350 ml. of

(6) Essentially the method of H.L. Yale, J. Am. Caem. Soc.,
89, 1587 (1947).

nalonic geid and 350 ml. of recgent grade pyridine was heated on a
steam batn for 5 hours. Carbon dloxide was evolved during the entire
heating period. The clear yellow solution was then added to 3 1. of
water and filtered free of unreacted phthalic anhydride. The re-
sulting solution was treated with 350 ml. of concentrated hydrochloric
acid, continuously extracted with ether for 10 hours, and with benzene
for 8 hours. The combined extracts were treated in the usual manner
and the resuliing white solid recrystallized from benzene to yield
250 g, (43.6%)_(1it. vield 48,58 of white crystalline IX, m.p. 120-
1210 (m) (1it. mep. 114a1150).6

1, 2.Dimethoxvnaphthalene, VIII.

1. Mmino=2~nanhthol hvdrochloride, -~ This intermediate was

prepared as deseribed? on a 3 molar scale and the moist product was

carried into the next reaction.

(7) L.T. Fieser, "Organic Syntheses," John Wiley and Sons,
Inc., Wew York, 1943, Coll. Vol. II, p. 35.
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1. 2-Naphthoquinong, -~ This intermediate was prepared by oxida-

tion of 1-gmino-2-naphthol hydrochloride as deseribed® with a Six-

fold scale increase.

(8) Ibide, p. 430.

1, 2-Napvhthalenediol. ~~ The moist 1,2-naphthoguinone from above

was dispersed in 2.5 1. of water at 40° and treated with 917 g. of
reagent sodiun hydrosulfite. The suspenslon became quite fluid and
_the red color rapidly faded to a pale yellow. The yellow suspension
was heated just to the boiling point during 45 minutes and then cooled
to 100, The resulting solid was collected and dried under reduced
' pressure to yield 377 g. (78.3% from 2-nephthol) of crude 1,2-
naphthalenediol.
This preparation was carried out several times with yields
ranging from 40 to 78% overall. Since this diol causes severe skin
burns both in solution and in the solid form, no attempt was made at

purification.

1,2-Dimethoxynaohthalene, VIIT. -~ In 2 5 1. flask equipped

with stirrer, take-off condenser, addition funnel and nitrogen inlet
tube was placed 2.5 1. of absolute ethanol. A solution of 5.2 mole
of sodium ethoxide was prepared by the portion.wise addition of 120 g.
of freshly cut sodium. A solution of 377 z. of crude 1,2.ngphthalene-

diol in 700 ml. of absolute ethanol was added to the warm solution



during 15 minutes. After 30 minutes 631 g. (5.% mole) of dimethyl
sulfate was added during 45 minutes. The reaction mixture was then
stirred at gentle reflux under nitrogen for 18 hours. A white
voluminous solid began precipitating from the solution after 2 hours
and continued dur'.ing the entire reflux period: approximately 2 1.

of ethanol was then distilled and replac:ed with water. The resulting
mixture was extracted repeatedly with 1:1 ether-benzene and the com-
bined extracts treated in the usual manner. The resulting brown oil .
was vacuun distilled to yield 255 g. (57.5%) of light yellow VIII,
bope 150-165° at &4 mm. (1it. bup. 278-280°).7 This crude material

(9) A. Bezdzik and P. Friedlaender, Fonatsh., 30, 283 (1909).

contained two components in addition to VIII as evidenced by micro
t.l.c. These two components were removed by passing a hexane solution
of the crude material through 1000 g. of alumina. Concentration of
the eluant yielded 220 g. (50.7%) of pure colorless liquid VII. The
plerate uhich was formed in and recrystallized from ethanol had a

melting point of 95.5-95.5° (1it. m.p. 97°).7

3Methyl—3=( 3, b-dinethoxy-1-nashthyl) phthalide, X.10 wa In a

50 ml. flask were placed 40 ml. of commercial 90% methane-sulfonic

(10) Procedure analogous to that of V.W. Floutz, J. Org. Chem.,
25, 643 (1960).
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acid and 10.40 g. (0.063 mole) of o-acetobenzoic acid, IX. The re-
sulting mixture was warmed on a steam bath until all the acid, IX,
had dissolved, cooled to room temperature and treated with 11.70 g.
(0.063 mole) of VIII. After stirring for 12 hours in a closed con~
tainer the mixtuée was diluted with 800 ml. of water. Tne resulting
mixture was extracted repeatedly with small portions of 1:1 etherw
toluene and the combined non-aqueous layers washed wall with water

and then with 109 sodium hydroxide solution.!! The organic phase

(11) The acidic components thus removed were not identified.

which now contained only the neutral material wecs treated in the usuzl
manner to afford 14.10 g. (66.7%) of crude X. The crude product was
recrystallized from toluene-petroleum ether (65-110°) and then from
ether-petroleun ether (30-60°) to yield 10.3% g. (49.7%) of white
crystalline X, m.p. 127.5-128.0°,
Anal. Caled. for CpqHygOy: C, 75.4; H, 5.4
Found: C, 75.4; H, 5.3

Infrared spectrum: (KBr) 5.71 u, 1751 cn—!
Ultraviolet spectrum: )\:ZX?H mu (log 10E)

218.1 (4.525); 23%.1 (%.760); 287.3 (3.869); 297.3 (3.833);

329.3 (3.480) and 336.3 (3.468).
Nem.r. spectrun (‘7" units):

7.8 (3s, Arz-c°§3o); 6.2 (3s, CH4-0-Ar) ; 6.0 (3s, CH3-0-Ar),
and 2.1 (%9m, Ar).
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2-( x =3, bDimethoxy~1-naphthvlethyl) benzoic acid, ¥l. == A

mixture of 6.00 g. (0.018 mole) of X, 90 ml. of 90% formic acid,
12,00 g. of zinc dust and 12 ml. of water was refluxed 12 hours
with stirring. After dilution with 1 1. of water the solids were
collected and e:ct;ractecl with 1 1. of 2% potassium hydroxide solution.
After filtration, acidification with dilute hydrochloric acid afforded
a quantitative yield of colorless XI, m.p. 154-156° (m). Recrystal-
lization from toluene-petroleum ether (65-110°) gave a melting point
of 152.0-154.0°,
Anal. Caled. for CpqHpoOy: C, 75.0; H, 6.0; 0, 19.0
Found: C, 74.9; H, 6.0; 0, 19.7

Infrared spectrun: (KBr) 5.89 u, 1689 ca™ -
Ultraviolet spectrum: 5 i:xOH mu (log 4qE)

217.5 (Be555); 235.5 (4.777); 289.7 (3.904); 298.7 (3.877);

331.7 (3.548) and 337.7 (3.542).
Nem.r. spectrum (?’ units):

8.3 (4m, Arp~CHCH3); 6.0 (6s, CH40Ar); 2.7 (6m, Ar) and

1.9 (2m, Ar).

3, 4-Dimethoxy~9-nethyl-10.-keto~9,10-dihydro-1, 2-.bs<nzanth'racene ,

UII. == To 6.38 g. (0.019 mole) of acid, XI, m.p. 154-156° (m) in a
500 mi. polyethylene bottle was added 100 ml. of anhydrous hydrogen
fluoride. The red solution was allowed to stand 20 minutes with

occaslonal swirling and then cautiously added to a large quantity of

finely chopped ice. The resulting brown sand was collected and
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dissolved iﬁ ether. This solution was washed well with 10¢ potassium
hydroxide solution?? and then treated in the usual manner to afford

XIT as a vrown oil. This oil was used as such in the next reaction.

3, 4~Dimethoxy-9,10-dimethyl-1, 2-benzanthracens, TIV. == A

solution of crude anthrone, XII, from above in 125 ml. of dry toluene
was added dropwise during 10 minutes to a stirred solution of 0,046
mole of methylmagnesium bromide in 100 ml. of dry ether, Aiter
stirring at room temperature for 12 hours the comﬁlex was decomposed
with cold dilufe hydrochloric acid. The layers were separated and the
aqueous layer extracted seversl times with 1:1 ether-benzene. The
combined non-aqueous layers were washed with 10% potassiun hydroxide
solution!? and then treated in the usual manner to yield‘benzylic
alcohol,, XIII, as a yellow oil.

Tals oil was dissolved in 100 ml. of toluense containing a
trace of p-toiuenesulfonic acid and refluxed for 1.5 hours in a system
equipped with a water separator. The solution was cooled and the
solvent removed in vacuo to afford a yellow oil which was dissolved
in 4:1 petroleum ether-toluene and placed on a silica gel coluan.
After washing the column with petroleun ethér-toluene and toluene a
light yellow oil was eluted with 10% methanol-toluene in 87.8% yicld
(from acid XI). This yellow oil was recrystallized twice Trom
hexane-toluene (100;}? at -80° to yield 3.30 g. (55.0% from acid XI)

of yellow crystalline XIV, m.p. 51.8-52.5°.
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The 2,4,5,7-tetranitrofluorenone (TENF)12 was formed in and

recrystallized from ethanol-toluene, m.p. 190.0-190.5°.

(12) M.S. Newman and B. Lutz, J. Am. Chem. Soc., 78, 2469
(1936). :

Anal. Caled. for GooHo0o: G, 83.5; H, 6.4 0, 10.1

Found: C, 83.7; H, 6.4; 0, 9.8

Et CH
Amax

218.7 (B.512); 228.3 (4.533); 249.2 (4.219); 271.1 (4.589);
283.3 (4.521); 294.7 (4.705) and 306.1 (4.731).

Ultraviolet spectrum: mu (log 4oE)

N.m.r. spectrum (7° units):

6.8 (6s, Ar-CH3); 6.2 (3s, CH3-0-Ar); 5.9 (3s, CHg=O-Ar);

2.4 (4n, Ar) and 1.7 (4m, Ar).

A wide variety of acidic and alkaline demethylating agents
were reacted with XIV as shown in Table 2. In each of the eleven
cases listed, the results were approximately the same, i.e. the di-
ether, XIV, was decomposed into dark resinous oils from waich no
identifiable products could be iéolated.

When these oils were oxidized with silver oxide-magnesiunm
sulfate in ether, lead dioxide~magnesium sulfate-ether or chloranil

in benzene, only black tars were obtalned.
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TABLE 2

ATTEMP TED CLEAVAGES OF 3,4-DLMATHOXY-9,10-DIMETHYL-
1, 2-B2NZANTIRACENE

Cleavage Agent

Conditions

Pyridine hydrochloride

Hydriodic acid QM
acetic acid

Hydrobromic acid (47%)-
acetic acid

Phosphorus oxychloride-
pyridine

Phosphoniun iodide-
acetic acid

AMuminum chloride~
toluene

Auninum chloride-xylene

Zinc-chloride-chl.oro.
benzene

BBr3-methylene chloride?

Sodium hydroxide

Potassium~p-cymene13

Heat a 10:1 weight mixture of pyridine
hydrochloride: XXIV at 220° for i2
minutes.
Heat at reflux for 4 hours under
nitrogen.
Same conditions,

Reflux 10 hours under nitrogen.

Reflux 10 hours under nitrogen.

Reflux 1.5 hours under nitrogen.

Reflux 10 hours under nitrogen.

Reflux 1 1/3 hours under nitrogen.

Closed system -78° to room temperature
over 12 hours.

Fusion.

Reflux 3 hours under nitrogen.

(13) P. Schorigin, Ber., 56, 176 (1923).



IV. 3,4~Dihydroxy-3,i~dihydro-9,10-
dimethyl-1, 2-benzanthracene,
XVI

o-1-Naohthoylbenzolc acide ~~ In a 2 1. flask equipped with a

high torque stirrer, solid addition funnel and gas outlet tube were
placed 129.0 g. (1.05 mole) of naphthalene, 149.0 g. (1.05 mole)

of phthalic anhydride and 600 ml. of reagent grade o-dichlorobenzene.
The resulting slurry was cooled to 0° and 330 g. (3.6 mole) of an-
hydrous aluminum chloride was added during one hour so that the
temperature was maintained bslow 109, The mixture was then zllowed
to attain room temperature with stirring during 12 hours. The dark
addition product was decomposed with ice and hydrochloric acid and
the solvent removed by steam distillation. After cooling, the liquid
was decanted from the granular grey solid which was dissolved in the
requisite amount of hot potassium carbonate solution. The resulting
solution was steam distilled a second time, filtered hot through
Hyflo Super--cel,1 cooled and neutralized with dilute hydrochloric
acid. The resulting white floculent solid was collected, washed well
with water and dried at 100° to yield 263 g. (94.8%4) of o-1-naphthoyl-
benzoic acid, m.p. 165-168° (m) (Lit. m.p. 170-1729; 1it. yield
97.5%) 14

( (14) P.H. Groggins and P. Newton, Ind. Eng. Chem., 22, 157
1930).
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1.2-Benz-9,10~anthracuinone. -~ This compound was prepared as

described! s by cyclization of o-i-naphthoylbenzoic acid with benzoyl
chloride in 87.5% yield (lit. yield, 81%).15

(15) G.M. Badger and J.W. Cook, J. Chem. Soc., 802 (1939).

9.lMethyl-10=-1iodomethvl-1,2-benzanthracene., ~- In a 1 1. flask

equipped with magnetic stirrer and dry ice condenser were placed 10,00
g. (0.038 mole) of benzanthraguinone, 5.0 g. (0.21 mole) of magnesium,
25 ml. ~of methyl iodide, 50 ml. of dry benzene and 50 rl. of dry

ether.1® The initial vigorous reaction subsided after 20 minutes and

(16) Essentially the method of G.M. Badger and R.S. Pearce,
J. Chem. Soc., 2311 (1930).

the solution became deep brown. Affer one hour of stirring at room
temperature the browm solution was cooled to 0° and added carefully
to a cooled solution of 40 ml. of 48% hydriodic zcid in 100 ml. of
anhydrous methanol, A light yellow solid began to precipitate when
approximately three-quarters of Grignard complex had been added.

This mixture was then treated with 250 ml. of glaclal acetic acid
and allowed to staﬁd b5 minutes at 5°. The resulting yellow orange
solid was collected and air dried in the dark to yield 10.00 g. (70%)

of 9-methyl-10~iodomethyl-1,2-benzanthracene (1lit. yisld, 70%).17

( ) (17) R.B. Sandin and L.F. Fieser, J. Am. Chem. Soc., 62, 3098
1940) .
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This compound has no melting point. When heated it begins to decom-

pose at 96° (m) (reported decomposition at 990y 17

9,10-Dimethyl-1, 2-benzanthracene, XV. == A slurry of 13.95 g.

(0.038 mole) of 9-methyl-10-iodomethyl-1,2-benzanthracene in 300 ml.
of dioxane containing 30 ml. of concentrated hydrochloric acid was
added to a warm stirred solution of 90.0 g. of stannous chloride
dihydrzte in 500 ml. dioxane and 250 ml. of concentrated hydrochlcoric
acid. The stirred solution was brought to reflux over a 40 minute
period and refluxed 10 minutes; the cooled pale yellow solution was
added to 3 1. of water and allowed to coagulate overnight. The
faintly colored solid was collected and recrystallized from ethanol-
benzene to yield 7.47 g. (76.2%) of light yellow XV, m.p. 125.5-
126,00 (m) (1it. m.p. 122-123°).17 Te yield reported in the liter-
atura! 7 for crude material was 99%. This crude yield was reproduced

but in no case was that of recrystallized material above 76.2%.

3, h-Dihvaroxy-3, b=dihvdro-9,10-dimethyl -1, 2-benzanthracene,

ZVI. -~ The dihydrodiol, XVI, was prepared as described18 by hydroxyl-

ation of XV with osmium tetroxide on a 0.066 mole scale. A 72.4%

(1960) (18) H.I. Hadler and A.C. Kryger, J. Org. Chem., 23, 1896
1960).

yield of XVI, m.p. 172.5-173.5° was obtained. The reported yield and

melting point18 were 76% and 172.5-173.5° respectively.



3. 4-Diethoxy-3, 4.dihvdro-9,10-dimethyl-1, 2-benzanthracene,

XXa. =~ To a stirred solution of 0.5 g. (0.021 mole) of sodiun hydride
in 30 ml. of dry tetrahydrofuran under nitrogen was added a solution
of 0.50 g. (0.0017 mole) of XVI in 50 ml. of dry tetrahydrofuran.
After stirring for 40 minutes, 15 ml. of ethyl bromide was added to
the brown solution. The mixture was stirréd in a closed flask for 2
days at which time the color was a deep yellow. After dilution with
200 ml. of water the solid was coilected, dissolved in 1:1 etherw
benzene and treated in the usual mamner. The resulting yellow solid
Was recrystallized once from toluene-petrolewn ether (65-110°) and
sublimed to yield 0.50 g. (83.7%) of XXa, m.p. 122.8-125.00°,

Anal. Caled. for CoyHos05: C, 83.2; H, 7.6

Found: C, 83.4; H, 7.8

Et OH
mnax

213.1 (L.548); 220.5 (4.590); 252.7 (4.498); 260.5 (4.643);
269.4 (4.,664) and 299.3 (4.147).

Ultraviolet spectrum: )’s mu (log 40E)

Nem.r, spectrum (77 units):
9.1 (3a, CH3=); 8.6 (3t, CHz=); 7.2 (3s, CHy-ar);
7.1 (3s, CHs~Ar); 6.3 (Um, -Ciy-); 5.5 (1d J% b cps, Ar-CH);
5.1 (1d J5 4 cps, Ar-CH); 2.8 (6m, Ar); 2.0 (21, Ar).

3, 4Diccetoxy-3,bedihydro-9,10-dimethyl-1,2-benzanthracene,

iTb. == To a stirred cooled solution of 0.50 g. (0.0017 mole) of XVI
in 10 ml. of dry pyridine was added 8 ml. of zcetic anhydride. The

reaction mixture was stirred at room temperature for 12 hours and
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then added to 200 ml. of water. The resulting solid was collected,
recrystallized from ethanol and sublimed to yield 0.41 g. (63.8%)
of white XXb, m.p. 148.0-149.0 (lit. m.p. 153-153.50).%
Anal, Caled. for CZM'HZZOZ: C, 77.0; H, 5.9
Found: C, 77.0; H, 6.1
Infrared spectrum: (KBr)l5069 w, 1757 cu~' and
5.76 u, 1736 cu™!
Ultraviolet spectrum: 4 iZz?H nu (log 4oB)
213.5 (4.597); 223.7 (4.626); 251.1 (4.588); 259.1 (h.75%);
26941 (L.876); 29,1 (4,158) and 305.1 (L4.201).
Nem.r. spectrun (77 Snits):
8.2 (3s, 61{3.'6..0); 7.8 (3s, CHg-%.O); 7.3 6s, Ar-CHs);
3.8 (1d, J 5 4 cps, Ar-CH); 3.2 (1d, J= 4 cps, Ar-CH);
2.5 (6m, Ar) and 1.8 (2a, Ar).
V. 9,10-Dimethyl-1,2-benz-3,4-anthra-
quinone, XVII,and its derivatives
To a stirred solution of 10.00 g. (0.03% mole) of XVI in 230 ml.
of dimethyl sulfoxide at room temperature was added 100 ml. of acetic
anhydride. The sclution became pale yellow after one hour, light
red after 3 hours and deepened to a dark red after 46 hours. At this
time the solution was diluted with 500 ml. of water and repeatedly
extracted with 200 ml. portions of L:1 hexane-benzene. The organic
layers were combined, washed well with water and then treated in the

usual manner. The resuliing red oil was crystallized twice from
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acetone to yield 4.3%4 g. (46.9%) of crystalline XVII, m.p. 152.0-153.0°.
Anal. Caled. for ConHnn0s: G, 83.9; H, 4.9; 0, 11.2
Found: G, 83.9; H, 4.9; 0, 11.0
Infrared spectrum: (CHaClz) 5.9% u, 1684 cm=1; 6.27 u, 1595 cm=!
Ultraviolet spectrum: A 5F O mu (log 4oB) 21641 (4.55%); |
249 .4 (4.508); 27o?$x(4.587); 280.5 (4.629) and 204.1 (4.216).
Nemer. spectrun (7~ wnits):
7.2 (3s, Ar-CHg); 7.1 (3s, Ar-CH3); 2.4 (6m, Ar); 1.9 (2m, Ar).
The quinoxaline derivative, XVIII, was formed by warming a
solution of 0.08 g. (0.0003 mole) of XVII, and 0.03 g. of o-phenylene-
diamine in 5 ml. of glacial acetic acid. The resulting yellow solid
was recrystallized three times from toluene-petroleum ether (65-110°)
) to yield 0.04 g. (40.1%) of XVIIT, m.p. 170.5-172,5°.
Anzl. Caled. for CogHygls: C, 87.1; H, 5.1; N, 7.8
Found: C, 87.1; H, 5.2; ¥, 7.8
Ultraviolet spectrum: 2§x?H mu (log 1gB)
272.7 (H.HOK); 281.8 (4.657); 290.9 (4.692) and 347.6 (4.028).

3, b.Diacetoxy-9,10~dimethyl-1, 2-benzanthracene, XIX. == A

mixture of 0,30 g. (0.001 mole) of XVII, 0.30 g. of zinc dust, 0.30 g.
of freshly fused sodium acetate and 10 ml. of acetic anhydride was
refluxed 10 minutes, treated with 10 ml. of glacial acetic acid and
then refluxed for one hour, The cooled solution was decanted into

200 ml, of water and the resulting yellow solid collected by filtra-
tion. The yellow solid was crystallized twice from ethanol to yield
0.24 g. (61.5%) of yellow crystalline XIX, m.p. 196.0-197.5°.
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Anal. Calcd. for CZQHZOO@: G, 77.%; H, 5.4; 0, 17.2
Found: G, 77.3; H, 5.4; 0, 17.3
Infrared spectrum: (XBr) 5.68 u, 1761 cm~! and
6.12 u, 1634 e~
Ultraviolet spectrum: A EZXFH mu (log 10%)
216.5 (L. llih); 2205 (4.478); 237.5 (5.336); 269.5 (4.589);
280.5 (%.612); 290.3 (4.821) and 301.7 (4.839).
Nom.r. spectrum ( 77 units):
7.6 (3s, CH3-8-0); 7.5 (3s, CH3-8-O); 6.9 (3s, Ar-Cis);
6.7 (3s, Ar<CH3); 2.5 (6m, Ar) and 1.8 (2m, Ar).

3, b Dimethoxy-9,10-dimethyl-1, 2-benzanthracene, XIV. ~~ In a

50 ml. flask equipped with magnetic stirrer, addition funnel, reflux
condenser and nitrogeﬁ inlet tube were placed 0.20 g. (0.007 mole)
of XVII, 0.20 g. of zinc dust and 50 ml. of 95% ethanol. After the
systen had been flushed with nitrogen, 10 ml. of 20% potassiun
hydroxide solution was added. The mixture immediately became dark
brown. After 15 minutes reflux the mixture was cooled to 0° and
treated successively with 10 ml. of dimethyl sulfate and 20 ml. of
20% potassiun hydroxide solution. The cooling bath was then removed
and the mixture heated to a gentle reflux. At this time the solution
was a pale yellow. After 15 minutes the mix_ture was again cooled to
0° and treated successively with 10 ml. of dimethyl sulfate and

20 ml. of 20% potassium hydroxide solution. Tne coolingz bath was

again removed and the mixture heated to reflux. Aftér 25 minutes
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the mixture was added to 1 1. of wabter and extracted three times with
100 ml. portions of 1:1 benzene~hexane. The combined organic layers
were wdshed once with dilute hydrochloric aclid and then treated in
the usual manner to afford 0.22 g. of a light yellow oil which showed
7 components on micro t.l.c. One component had the same mobility as
that of the diether, XIV, from the sequence illustrated in Figure 2.
This component was isolated by preparative t.l.c. on silica gel with
1:1 benzene-hexane (volume) as the eluant in 13.8% yield. As men-
tioned previously, this compound was identified as XIV by a comparison
of the spectral properties and by the formation of a TENF12 derivative.
VI. 3-{o-Carboxyphenyl)-1,d~dinethyl-

2-naphthoic acid, dimethyl

ester, XXV

3m( 0~Formylohenyl) -1, 4-dimethyl-2-naphthaldehyde, XXI. -- To a

solution of 17.63 g. (0.061) of XVI in 500 ml, of benzene was added

27.0 g. (0.61 mole) of lead tetraacetate!? in small portions during

(19) Freshly prepared and supplied by G. Fredric Smith and
Co., Columbus, Ohlo.

10 minutes, After stirring for 75 minutes at room temperature the
mixture was filtered through Hyflo Super-cel.1 The resulting solution
was washed successively with water and dilute sodium bicarbonate
solution and then treated in the usual manner to afford crude XXT

as a pale yellow solid. The crude XXI was recrystallized from
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toluene-Skellysolve F to yicld 14.1 g. (80.8%) of crystalline XXI,
m.pe 133.0-134.5°. Repeated recrystallization of a small sample
raised tho melting point to 137.0-137.5° (lit. m.p. 136.3-138.0°).18
The reported.‘l8 crude yleld of XXT was quantitative. As cited earlier,
XXI was first prepared18 by sodium metaperiodate cleavage.
Neaore spectrum ( units):

7.7 (3s, CHz-Ar); 7.0 (3s, CHz-Ar); 2.3 (8m, Ar);

0.2 (1s, =CHO) and -0.1 (1s, -CHO).

3=(0=-Formylphenyl) -1, 4-dimethyl-2-nachthaldehyde dioxinme,

XXIT. == The dioxime, XXII, was prepared by reaction of XXI with

hydroxylamine as described!® in 74.9% yield (lit. yield, 9255).18

3-(0=Cyanonhenyl )1, 4~dimethyl-2-cyanonanhthalene, XXIIT. ==

Tae dinitrile, XXIIT, was prepared as described!® by dehydration of
XTI in 74.9% yield (lit. yield, 927%).18

3-(o-Amidophenyl)~1,4-dimethyl-2-naphthoic acid, XYIV. =~ The

acid-amide was prepared by basic hydrolysis of XXIII as described!d

in 83.3» yield. The reported yield18 was quantitative for crude XXIV.

3~(0=Carboxyohenyl)-1, b-dimethyl-2-naphthoic acid, XXV. == A

solution of 5.40 g. (0.017 mole) of XXIV, m.p. 220-223° in 130 ml.

of dioxzne containing & ml. of concentrated sulfuric acid was cooled
to 00 with stirring and treated with 7 ml. of isoamyl nitrite. The
mixture was stirred at 0° for 45 minutes, treated with 3 ml. of water

and then warmed on a water bath until gas evolution had ceased.
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The resulting dark brown solution was concentrated to 25 ml. at room
temperature under reduced pressure, and this solution added to 250 ml.
of water. The resulting solution was extracted several times with

1:1 ether-benzene and the combined organic layers treated in the usual
manner to yield a brown oil which contained a significant amount of
unreacted XXIV, as indicated by the infrared spectrum.

This brown oil was dissolved in 200 ml. of glacial acetic acid
containing 4 ml. of concentrated sulfuric acid. The solution was
cooled to 20° and 4.0 g. of sodium nitrite was added during 15
ninutes. After stirring an additional 45 minutes the mixture was
treated with 10 ml of water and then warmed on a water bath until
gas evolution had ceased. After cooling, the mixture was diluted
with 2 1. of water and extracted several times with 1:1 ether-toluene.
The combined extracts were washed once with 10% potassium bicarbonate
solution and treated in the usual manner to afford a heavy broun oil
which was dissolved in 200 ml. of ether and treated with 0.07 mole

of diazomethane.zo After standing at room temperature for 2 hours

(20) J.A. Moore and D.E. Reed, "Organic Synthesis," John
Wiley and Sons, Inc., New York, 1961, Vol. 41, p. 16.

the ether was distilled under reduced pressure to afford 5.4 g. of a
brown oll. The colored impurities were removed by passing an ethyl
acetate solution of the crude material through 100 g. of alumina.

The resulting pale yellow oil was crystallized three times from
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ether-hexane to yield 2,84 g. (48.2% from XXIV) of colorless crystal-
line XXV, m.p. 110.0-110,5°.
Anal. Caled. for CpplaOy: C, 75.85 H, 5.8

. — Found: C, 75.8; H, 5.6

Infrared spectrum: (KBr) 5.79 u, 1727 cm~!

Lt OH

Ultraviolet spectrum: A max

mu (log 40E)

232.7 (4.841); 289.9 (3.805); 302.9 (3.678) and

327.9 (3.146).

N.m.r. spectrun ( 7 units)

%6(%,&@%&;%3(%,mgaﬂ;aé(%,m%&ﬁq;

6.4 (3s, CHB-O-g:); 2.5 (6m, Ar) and 1.9 (2m, Ar).

Several attempts were made (Table 3) to prepare XVII by a ring
closure of XXV with sodium. A solution of the diester, XXV, in care-
fully dried solient was added to excess of sodium which had been dis-
persed in the saﬁe solvent. When the indicated length of time had
elapsed, the cooled reaction mixture was treated with a slight excess
of methanol and then water. The non-aqueous layer was separated,

11 and trezted in the

washed with 10% potassium hydroxide solution
usuzl manner to afford a yellow oil. In each of the six cases
enumerated, this oil contained four components. These four components
were isolated by preparative t.l.c. on silica gel with benzene as the
eluant. The infrared spectra of these components showed no quinone

absorption and since none of the components could be crystallized,

the method was not studied further.
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TABLE 3

ATTEMPTED RING CLOSUEE OF 3-(0-CARBOXYLPHENYL)w1,4=DIMETHYL-
2-NAPHTHOIC ACID, DIMETHYL ESTER

Solvent Reaction Conditions

Toluene 3% hours at 8Q°
Toluene-tenzene 30 minutes at 102°

Toluene | 15 minutes at reflux (110°)

Xylene 10 minutes at reflux (137°)

Xylene 55 minutes at reflux (137°)

p-Cymene 15 minutes at reflux (176°)




