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A Synthesis of 3,4-Dihydro-10-hydroxy-1,2-benzanthracene and Derivatives

By HaroLp E. Zavce

In a recent publication Latif and Soliman!
described a novel ring-closure reaction in which
ethyl a-benzyl-y-phenylacetoacetate, trcated with
concentrated sulfuric acid, produced 1-hydroxy-2,-
3-benzfluorere in a vield of 329, Since it has
been inund® that “some moncemethoxy-deriva-
tives of palveyclic aromatice hyrlrocurborls strongly
inhibit the growth of tumors,” the nnportance of
the new ring- “closure reaction in this connection
renders it worthy of further development.

In the present work the following series of re-
actions has been carried out with the double
purpose of finding optimum conditions for the
primarv steps and of indicating the extent of
further possible application of the ring-closure re-
action.
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disadvantages for the preparation ol relatively
large guantities. A modification of the general
method of Bouveault and Bongert® wus finally
adopted for this purpose. The diketo-cster I
was purified through its copper chelate and added
directly (in ether solution) to excess liquid am-
monia. In this way vy-phenylaccetoacetic ester
{II) was obtained in a 30% over-all vield from
acetoacetic ester.

The alkylation of II with phenvlethvl bromide
was carried out in the usual manner' to give the
B-keto-ester II1 in a 053Y% yield. Treatment of
IIT with concentrated sulfuric acid! gave the di-
hydrobenzanthracene derivative I'V in poor yield,
as did treatment of III with anhydrous hydrogen
fluoride. However, when the conceuntrated sul-
furic acid was diluted with hall its volume of
ether a 7007 vield of IV was produced.

Compound IV formed a crystalline benzoate
and an acetate V. which was obtamed in two
polymorphic forms. The 1nethyl cther VII
could not be crystallized but was dehvdrogenated
directly to VIII. Dehydrogenations of com-
pounds IV, V and VII to IX, VI and VIII, re-
spectively, were carried out in refluxing (175°)
p-cymene using 10-2097 palladium-on-charcoal
as catalyst. The three last named compounds
have been reported® and the identities of the ace-

tate VI and the
methyl ether VIII
were established by

CH,CH.C¢H;
111
A
H,S0, in ether :
T AN

mixed melting
points with authen-
tic samples kindly
supphed by Dr.
[Mieser.

Compound X
was formed by de-
hvdrogenation  of

SH —

~—2H

Acctate (Methiyl ether] /w IV at 220-240° in
—2H ~—2H the abscnce of a
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/\/)\ / \/\/\/ \\/\ \/ sults, Ingh melting
OCOCH, OCH, , })f)illt and low solu-

VI VIIT X bility.  Molccular
weight  deternnna-

Published :methods?®* for the synthesis of ethyl
v-phenylacetoacetate (II) suffer from obvious

{1) Latif and Soliinan. J. Chen, Soc., 536 (1944,

(2) Cook and Schoental, ibid., 288 (1u45): i *20th
Report of the Bricish Empire Cancer Campaiga,” 20 (1143),

(3) Sonn and litlea, Ber., 66, 1512 (1933).

(4) Breslow, Banmuarten aad Haunser, Tims Jour~al,
(1044).
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tions were inconclusive because of an apparent
tendency to decompose in the camphor solvent.

All attempts to oxidize compound IV directly
to benzanthraquinone using chromium trioxide
or hydrogen peroxide as oxidants were 1NSUCCess-

(3) Bonveundt mudd hagert, Ball. soc. ¢hini., [3] 27, 1988 (1ua2).
(6) TFieser and Hershberyg, Timns Journan, 59, 1028 (1937)
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ful. Likewise, numerous experiments directed
toward formation of benzanthracene and dihy-
drobenzanthracene, by zinc dust cleavage’ of
compounds VI and IV, respectively, were fruit-
less.

Experimental

Ethyl ~v-Phenylacetoacetate -(II) .—In a 12-liter three-
necked flask fitted with a stirrer and reflux condenser
(calcium chloride tube) were placed € liters of dry ben-
zene and 400 g. (3.08 noles) of acetoacetic ester. To this
solution was added 69 g. of sodium in s:nall pieces. The
mixture was then stirred and refluxed overnight. The
suspension of sodium salt was cooled to room teinperature
and 636 g. (4.1 moles) of pheuvlacetyl chloride was added
dropwise with stirring. The wixture was again refluxed
overnight, cooled and poured into icc-water. The organic
layer was separated and the benzene renmoved by distilla-
tion. The residual dark oil weighed 858 g.

This oil was poured with vigorous stirring into a 4-liter
beaker containing a copper ammonimmn sulfate solution
previously prepared by dissolving 500 g. of copper sulfate
in 2 liters of water and adding 550 cc. of concentrated ani-
monium hydroxide. Tlic copper clhielate began to precipi-
tate almost at once. Vigorous stirriug, preferably with a
high-velocity propeller-type mixer, was continged for
fifteen minutes and the bliie-green product was iiltered off .
The filter-cake was suspended in 1200 cc. of 934, cthanol,
stirred for a few minutes and allowed to stand overnight.
The insoluble blue precipitate was filtered from the green
solution, washed with liberal gnautities of aleohol, aud re-
suspended in 800 cc. of fresh alcohol.  After stirring for a
few minutes and allowing to stand for one hour the mixture
was filtered again, washed with more aleoliol and dried.
There was obtained 515 g. (60¢}) of light biue product of
m. p. 179-181°. The reported® melting poiut of the pare
copper clielate is 182-183°. In several smaller runs,
yields of copper derivative varied between 60 and 709,
(based on acetoacetic cster).

To a well-cooled {5-11"%) solution of 110 cc. of concen-
trated sulfuric acid in 604 cc. of water was added 1500 cc.
of ether fallowed by the 415 g. of copper durivative. The
mixture was stirred vigorously with coutinned cooling
until all of the copper salt was decomposed. The blue
aqueous layer (comntaining some crystallized copper sul-
fate) was drawn off and the ether solution was washed with
water and saturated sodinim bicarbonate, and dried over
anhydrous calcium chloride. Filtration and rcmoval of
the ether by distillation gave 438 g. (969, from the copper
chelate) of a yellow oil purc enough for use in the next step.
Distillation of a sainple gave analytically pure ethyl «-
phenylacetylacetoacetate, (I) b. p. 135-137° (0.5 uun.),
n*p 1.5354.

To a stirred solution of 400 g. of liquid ammonia i1 450
cc. of dry ether was added over a period of ten minutes a
solution of 228 g. of the above undistilled ester (I) in 300
cc. of dry ethier. The temnperature of the solution rose
from —30 to —25° during the addition. The mixture
was then stirred for an hour and allewed to stand over-
night at roow temperature in a well-veutilated hood.

The mixture was cooled i1 ice and any iusoluble material
(maiuly phenylacetamide) was filtered off. Tlie ethereal
filtrate was waslied with ice-cold 3 N hydrocliloric acid,
109, sodiuu carbonate solution aud water, and dried over
anhydrous calcium chloride, Filtration and distillation
of the ether gave an oil which was distilled through a
15 cm. helix-packed column. After a definite forerun (20
g.) there was obtained 87 g. (469, based on undistilled
ester I) of colorless ethyl y-phenylacetoacetate (II) b. p.
118-123° (0.6 nun.), »2p 1.5066.

The product was ideutified by analysis, by conversion
to the phenylpyrazoloue,* m. p. 131--132°, and by form-
tion of the copper chelate, light green needles from methyl-

(7) Clar, Ber., T2, 1616 ($2130),
(8) Biilow aud Hailer, ibid., 38, 12D (1502),
1) Meczner, Adaa., 298, 382 (1807),
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cyclohexane, m. p. 128-120°.1 Repeated crystalliza-
tioi did not result in any iinproveinent in the carbon analy -
sis over that shown.

Anal. Caled. for CyHs0sCu: Cn, 13.41;
H, 5.55. Vound: Cu, 13.41, 13.54, 13.4);
(i1.57, (i1.54; H, 5.59, 5.59, 5.57.

Ethyl v-Phenyl-«-(2-phenylethyl)-acetoacetate (III) .-
To a warm solution of sodium ethoxide (A.88 g., 0.235
g.-atom Na) in 250 cc. of absolute alcohol was added 52.5
g. (0.255 mole) of ethyl y-phenylacetoacetate (II) in one
portion with stirring. The nixture was heated to reflux
and 70.8 g. (0.383 nole) of freshly distilled B-plhienylethyl
bromiide was added dropwise with stirring over a period
of twenty minutes. Refluxing and stirring was continued
for fifteen hours after which the mixture was cooled aud
poured into ice water containing a little hydrochloric acid.
The oil was extracted with ether, washed with water and
dried over anhydrous calciuin chlocide.

Distillation gave, after a considerable forerun, 51 g.
(659%) of product, b. p. 168-174° (0.3 1mm.), #*p 1.5379.
Redistillation of a sample for analysis gave b. p. 162-1G4°
(0.2 1mm.), #*p 1.5387.

Anal. Caled. for CyHpnO3: C,77.39; H,7.15. Found:
C, 77.60; H, 7.01.

3,4-Dihydro-10-hydroxy-1,2-benzanthracene (IV).--To
a solution of 57 g. of the alkylated g8-keto-cster IIT in 284
cc. of dry ether conled to 5-10° in an ice-bath was adited,
dropwise with stirring, 370 cc. of cold concentrated sulfuric
acid. The temperature was kept below 20 und after
addition was complete, stirring was cantimted for an lonr.

After standing overnlght at room tearperature the mix-
ture was poured into three liters of ice-water and ex-
tracted with ether. The cethereal solution was washed
with bicarbonate and water and dried aver anhydrous mag-
nesimmn sulfate.  Filtration and evaporation of the ether
gave 31 g. (709%) of pink solid, m. p. 120-123°. Re-
crystallization from 700 cc. of methyleyeloliexane gave
27 g. of cream-celored needles of w. p. 124-120G°, Par
aualysis, a sainple was recrystallized from benzene to give
flufly needles, m. p. 12G-127°,

Anal. Caled. for Cisl1,0: C, 87.78; H, 5.73.
C, 88.07; H, 5.60.

The bicarbounate washings, ou standing, deposited 3.1
g. of a sodinm salt which crystallized from agneous aleohal
i shiuy colorless needles analyvzing for a sodinm sulfonate
(mmonohydrate) derivative of IV,

Anal. Caled. for Cisl;048Na-H,O: C, 59.01; 11,
4.13; 8§, 8.75. Fouud: C, 59.40; H, 3.94; S, 8.806.

Benzoate of IV..--Treatment of compound 1V with
benzoyl cliloride in pyridine gave the benzoate, which erys-
tallized from Skeltysolve C in roscts, m. p. 124-12G°,

Anal. Caled. for CoHysOr: C, 85.69; H, 3,18, Found:
C, 85.83; H, 5.23.

3,4-Dihydro-1,2-benzanthracene-10-acetate (V).
Acetylation of IV, using acctic auliydride aud fused potas-
sium acctate in the usual nanner, gave 95% of tite acctate
V, whicli crystallized from 959% cthanol in clungated
prisms, m. p. 111-113°,

Anal.  Caled. for CuHlyOs: C,83.31; H, 5.09. Fomnd:
C, 83.40; H, a.70.

A sccound preparation af tlic acctate V oiu exactly the
sanie maner gave an alimost quantitative vield of praducet
whiclh erystallized from 05% cthanal in prisins, m. p.
137.5-138.5°,

Amnal. Caled. for CoHOa:
C, 83.68; H, 5.59.

A mixture of the 112° acetate and the
melted at 138°, indicating polymorphisui.

1,2-Benzanthracene-10-acetate (VI).—Two grams nf
the acctate V was refluxed for forty lhours in a0 ee. af p-

C, G0.81;
C, 6L,

Found:

C,83.31: M, 5.a9. Fouud:

158° acctate

i1(1) Sonn and litten (ref. 3) reported a light blne compinmd of
ul. p. 176:-178° for this copper derivative, bhut gave ne andysis,
Apparenlly heirs was an impuare sample of the mneh less soluble
Llue copper derivalive, m, p. 182-183°, of the nncleaved ester (1),



2494

cymene with 0.8 g. of 109, palladium-on-charcoal. The
warm salution was filtered from catalyst, and on cooling
colorless needles of VI slowly crystallized: yield 0.7 g.;
m. p. 1538-160°. Recrystallization from acetic acid di-
luted with a little water, or from 959, ethanol, gave
needles of m. p. 162-163°. The identity of the product
was demonstrated by analysis and by mixed melting point
with an authentic sample.?

10-Methoxy-1,2-benzanthracene (VIII).—Two grams
of compound IV was methylated in iethanolic alkali,
using dimetliyl sulfate as alkylating agent. The oil
obtained in this manner could 1ot be crystallized so it was
refluxed in 30 cc. of p-cymene with 1.0 g. of 209, palladium-
on-charcoal for twenty-four hours. The catalyst was fil-
tered off and the filtrate concentrated to dryness. The
residue was triturated with Skellysolve B and several
successive d0-cc. portions of Skellysolve B were distilled
from the product, which solidified to give 0.45 g. of yellow
crystals of m. p. 104-106°. Two recrystallizations from
Skellysolve B gave colorless platelets of mn. p. 109.5-
110.5°. The identity of this product was established by
analysis and iy mixtnre melting point with an autlientic
specimer.®

10-Hydroxy-1,2-benzanthracene (IX).—Two gramns of
compound I'V was heated with a mixture of 2 g. of sodium
chloride, 10 g. of ziue chloride and 4 g. of zine dust at
270-300° for twenty minntes, according to the method of
Clar.” The product could not be purificd so it was re-
fluxed for twenty-four hours in 20 cc. of p-cymene with
1.5 g. of 109, palladiuin-on-charcoal. Filtration and cool-
iug gave 0.3 g. of yellow crystals of m. p. 148-154°, Two
recrystallizations from benzene gave golden yellow leaf-
lets, ni. p. 1533-155° (lit.* m. p. 154-155.5°).

Direct dehydrogenation of compound IV in refluxing $-
cymette, without previous zine dust treatment, gave IX
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(in a much poorer yield) contaminated with a large amount
of the biinolecular dehydrogenation product X.

The Bimolecular Dehydrogenation Product X.-——Two
gramns of compountd IV was hicated iu an oil-hath at 230-
240° for three hours with 0.3 g. of 109, palladiuin-on-char-
coal. The cooled residue was taken up in 100 ce. of 959,
cthanol and filtered. The filtrate was conceutrated to
dryness to give a solid residue, consisting of a wmixture of a
deep green and a colorless product. Recrystallization did
not result in purification so the solid was sublimed at a
bath teinperature of 143° aud under a vacuu of 0.2 mn,
The sublimed, dark colored material could not be purified
but the non-volatile residue consisted of 0.3 g. of colorless
material of m. p. 230-235° (dec.). Recrystallization
from 50 cc. of 959, ethanol gave fine colorless needles of
m, p. 241-244° (dec.).

Anal. Caled. for CyHnOs (compound X): C, 88.86G;
H, 4.56. Tound: C, 88.90; H, 4.71.
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Summary
The application of a novel cyclization reaction
to the synthesis of oxvgenated benzanthracene
derivatives has been studied. A modification in
the preparation of the important intermediate,
ethyl y-phenylacetoacetate, is reported.
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Some N-(2-Diethylaminoethyl)-anilines'

By MARK A. STAHMANN AND ARTHUR C. COPE .

Most antimalarial drugs contain one or more
relatively weakly basic groups and in addition an
alkylamino side chain which is more strongly basic.
For example, 8-aminoquinolines of the Plasmochin
type, similarly substituted 4-aminoquinolines,
and Atebrin have a strong basic center in the side
chain and weaker basic centers provided by the
heterocyclic nitrogen and the secondary amino
group attached to the heterocyclic nucleus.
These common structural features suggest that
the presence of these basic centers is associated
with the antimalarial activity of the compounds.
Some evidence in this direction is furnished by the
observation that the toxic effects of Atebrin and
quinine to certain microtrganisms may be over-
come or antagonized by small amounts of several
polybasic amines, notably spermine and spermi-
dine.? Insuch experiments the basic centers of the
polybasic amines presumably compete with those
of the antimalarial drugs for the same enzyme
surface, and provide the enzyme with some degree

(1) The work described in this paper was done under a contract,
recommended by the Committee on Medical Research, between the
Office of Scientific Research and Development and the Massachusetts

Institute of Technology.
(2) Silverman and Evans, J. Biol. Chem., 154, 521 (1944),

of protection from inactivation by combination
with the drugs. It appears possible, therefore,
that the antimalarial drugs function by inacti-
vating an essential enzyme of the malaria parasite
by combining with the enzyme, and that the basic
groups of the drugs are involved in this combina-
tion. Enzymatic processes are known which de-
pend upon combination of the enzyme with basic
centersin the substrate. For example, the hydroly-
sis of peptides by aminopeptidases depends upon
the presence of a basic center (the a-amino group)
in the peptide.® Such a process might be blocked
by a basic antimalarial drug which could combine
with and inactivate the enzyme.

As part of a study of the relationship of chemical
structure to antimalarial activity directed along
the lines indicated above, we have prepared a series
of N-(2-diethylaminoethyl)-anilines (I) and N,N-

bis-(2-diethylaminoethyl)-anilines (ITI). These
:Xr.\LI‘ICH_\CH_h\'(C.’H,\)z A‘Xr.\—(CHQCH:.\'(CgHﬁg)Q
I 11

compoutids were investigated to determine whe-
ther such simple aromatic amines with alkylamino
side chains have antimalarial properties. They

(3) See Johnson and Berger, Advauces in Euzymol., 2, 60 (1942), '



