4706

Synthesis of Acronycine

James R. Beck, Russell Kwok, Richard N. Booher, Alfred C. Brown,
Lawrence E. Patterson, Paul Pranc, Brenda Rockey, and Albert Pohland

Contribution from the Lilly Research Laboratories, Indianapolis, Indiana 46206.

Received March 18, 1968

Abstract:
plasms, has been synthesized by three interrelated routes.

cronycine,'=* one of several acridone alkaloids,*
has been isolated from the bark of Acronychia
baueri Schott, an Australian tree commonly called the
scrub ash or scrub yellowwood. The related alkaloids,
melicopine and melicopidine, have also been isolated
from the bark. Svoboda and coworkers®s recently
reported that acronycine showed antitumor activity in
experimental animals. Significant activity was found
against 12 of 17 experimental neoplasms studied, and
acronycine possessed the broadest antitumor spectrum
of any alkaloid isolated to date in these laboratories.
Initial chemical studies®’ indicated either structure
1a or 2 for acronycine. Later, Brown and Lahey?® cited
evidence favoring structure 2. In 1965, Macdonald
and Robertson® reported an unambiguous synthesis of
methyl  1,3-dimethoxy-10-methyl-9-oxoacridan-2-car-
boxylate, a degradation product which would have
resulted if structure 2 were correct. Since the product
was isomeric with the actual degradation product
(presumably the corresponding 4-carboxylate ester),
the authors assigned structure la to acronycine.
Further evidence for 1a, based on nmr spin-spin cou-
pling data, was reported by Govindachari and co-

workers.!® Finally, a direct proof of structure, in-
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Acronycine, an acridone alkaloid with broad-spectrum antitumor activity against experimental neo-

volving three-dimensional single-crystal X-ray diffrac-
tion analysis of a brominated derivative (3) of dihydro-
acronycine,® was carried out by Gougoutas and Kaski.!!

We wish to report three interrelated syntheses of
acronycine. A brief account of part of this work was
the subject of a previous communication.!? For the
first synthesis to be described, 5,7-dimethoxy-3,4-di-
hydrocarbostyril (5a) was chosen as starting material,
since it contained the correct substitution pattern for
the C ring of acronycine including the carbon bond in-
volved in the attachment of the D ring. The syntheses
of 3,4-dihydrocarbostyrils utilizing aluminum chloride
catalyzed cyclizations of the appropriate 3-halopropion-
anilides have been reported.!®!* In the synthesis of
5a from 3’,5’-dimethoxy-3-bromopropionanilide (4)
it was necessary to utilize milder Lewis acids, such as
zinc chloride or antimony trichloride, to catalyze the
cyclization. Optimum conditions (25-30% yield) in-
volved fusing 4 with zinc chloride and sodium chloride
at 155° for a short period of time.
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A modification of a procedure originally described by
Goldberg!® was used by allowing 5a to react with 2-
iodobenzoic acid in the presence of cuprous iodide in
nitrobenzene. The product obtained, 1-(2-carboxy-
phenyl)-5,7-dimethoxy-3,4-dihydrocarbostyril (5b), was
formed in 50--5597 yield with some starting material
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recovered unchanged. Cyclization to the correspond-
ing acridone was brought about by heating 5b with
polyphosphoric acid at 90°. The product was actually
a mixture of the tetracyclic lactam 6 and 1,3-dimethoxy-
9-oxoacridan-4-propionic acid, resulting from hydroly-
sis of 6. The lactam component of the mixture could
be isolated by crystallization techniques after treatment
of the mixture with excess diazomethane. The ordinary
procedure, however, involved treatment of the crude
product with methanolic hydrogen chloride, which
converted both components to the same intermediate,

namely, methyl 1,3-dimethoxy-9-oxoacridan-4-pro-
pionate (7a). The over-all yield for the two steps was
80-8577.

In order to introduce the geminal methyl groups,
conditions were necessary wherein alkylation occurred
at the ester carbonyl in 7a, but not at the acridone car-
bonyl function. Semon and Craig!® reported that
treatment of acridone with methylmagnesium iodide
yielded 9-methylacridine (44 %) and 9,9-dimethylacridan
(1797). Perrine and Sargent!” found that the reaction
of 2-methoxy-9-acridanone with methylmagnesium
iodide yielded 2-methoxy-9-methylacridine, but only
in 10-15% yield. The same reaction with methyl-
lithium, however, yielded none of the desired product.
Lehmstedt and Dostal'® reported that treatment of
acridone with phenylmagnesium bromide yielded 9-
phenylacridine (19%) with most of the acridone re-
covered unchanged. The same reaction with phenyl-
lithium, however, gave a 929 yield of 9-phenylacridine.
When 7a was treated with an excess of methylmag-
nesium iodide in ether—pyridine as the solvent, the
product obtained in high yield was methyl 1-hydroxy-
3-methoxy-9-oxoacridan-4-propionate (7b). This prod-
uct apparently was formed by rapid ether cleavage fol-
lowed by precipitation of its magnesium chelate salt
from the reaction mixture. The same intermediate was
formed by treatment of 7a with boron trichloride!® in
methylene chloride. Attempted treatment of 7a with
methyllithium was frustrated by its insolubility in
ethereal solvents at low temperatures. Treatment of
7b with excess methyllithium in tetrahydrofuran at
—18°, however, yielded the desired product, 1-hydroxy-
4-(3-hydroxy-3-methyl-n-butyl)-3-methoxy-9-acridanone
(7¢, 75-85%)).
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Fusion of 7¢ with pyridine hydrochloride at 200° for
2 hr yielded the expected product, 6-hydroxy-3,3-di-
methyl-2,3-dihydro-7(12H)-1H-pyrano[2,3 -c]acridinone
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(8a). Owing to its insolubility, 8a was not ordinarily
isolated. Instead, the crude product was treated with
methyl iodide and potassium carbonate in refluxing
acetone, and the resulting intermediate, dihydro-
noracronycine (8b), was purified by column chro-
matography. The over-all yield for the two steps was
209. This product was identical by the usual physical
comparisons with an authentic sample prepared from
the natural product.?

Dehydrogenation of 8b was accomplished by utilizing
2,3-dichloro-5,6-dicyanobenzoquinone in refluxing tolu-
ene or dioxane. Optimum conditions were obtained
using a slight excess of the quinone and the yields of
noracronycine (1b) were 40-457% in toluene and 30-
359 in dioxane with some starting material recovered in
both instances. The same reaction with dihydroacrony-
cine (8d) yielded only traces of acronycine, and the
brominated derivative 3 yielded none of the correspond-
ing dehydrogenated product. It, therefore, seemed
probable that a quinone methide intermediate was in-
volved in the dehydrogenation of 8b. The product ob-
tained from 8b was identical with noracronycine pre-
pared from the natural product.® Conversion of 1b
to acronycine (la) was carried out using a procedure
described in the literature,® and the product obtained
was identical with the natural acronycine.

Hughes and Ritchie® proposed that the biogenesis ot
acridone alkaloids probably involved the condensation
of 2-aminobenzaldehyde or its equivalent with 1,3,5-
trihydroxybenzene to yield 1,3-dihydroxyacridine, which
was then oxidized to 1,3-dihydroxy-9-acridanone. The
isolation of 1,3-dimethoxy-10-methyl-9-acridanone from
the leaves of Acronychia baueri by Lamberton and
Price?! further supported this hypothesis. Our second
synthesis bears close resemblance to this proposed
biogenesis. Although Hughes and Ritchie were able
to synthesize 1,3-dihydroxyacridine in excellent yield
by the condensation of 2-aminobenzaldehyde with
1,3,5-trihydroxybenzene, they were unable to oxidize
the acridine to the corresponding acridone. Baczynski
and Niementowski?? reported the synthesis of 1,3-di-
hydroxy-9-acridanone by the condensation of anthra-
nilic acid and 1,3,5-trihydroxybenzene, but the yield
was quite low. We have found that the same condensa-
tion when carried out in n-butyl alcohol in the presence
of zinc chloride yielded the desired product in 20-2597
yield. When 1,3-dihydroxy-9-acridanone was allowed
to react with l-chloro-3-methyl-2-butene in trifluoro-
acetic acid with zinc chloride as the catalyst, one prod-
uct, obtained in 15-209; yield, was 6-hydroxy-3,3-di-
methyl-2,3-dihydro-7(12H)- 1 H- pyrano{2,3- cJacridinone
(8a2). This product was identical with 8a prepared in
the first synthesis and was converted into acronycine us-
ing the same procedures outlined above. A second
product obtained from this reaction was identified as
the bischromane 9.

The third synthesis to be described utilized as starting
material 7-hydroxy-2,2-dimethyl-4-chromanone (10a),
which was prepared by the method of Miyano and Mat-
sui.2® Methylation of 10a gave 7-methoxy-2,2-di-
methyl-4-chromanone (10b) in 75-809 yield. Hy-
drogenation of 10b in the presence of copper chromite
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yielded 7-methoxy-2,2-dimethylchroman (11a) in 607
yield. Alternately, 11a was synthesized by catalytic
hydrogenation of 7-methoxy-2,2-dimethylchromene
(12), which was obtained by treatment of 10b with
lithium aluminum hydride in ether, followed by treat-
ment with phosphorus oxychloride in refluxing pyridine.
The yield of 12 was 80-8597 and the yield of 11a was
85%. Bromination of 11a yielded 6-bromo-7-methoxy-
2,2-dimethylchroman (11b, 909 yield). The nmr
spectrum of 11b contained two single proton singlets at
§ 6.33 and 7.17 ppm. Treatment of 11b with 2 mol of
sodium amide in liquid ammonia?4 resulted in the
formation of 5-amino-7-methoxy-2,2-dimethylchro-
man (11¢) in 609 yield. The nmr spectrum of 1l¢
showed a sharp singlet at 6 5.85 ppm, which integrated
for two protons. This product was different from 6-
amino-7-methoxy-2,2-dimethylchroman (11d), which
was obtained by nitration of 11a followed by catalytic
hydrogenation. The nmr spectrum of 11d showed two
single proton singlets at & 6.33 and 6.44 ppm. Treat-
ment of 11¢ with 2-bromobenzoic acid under standard
Jourdan-Ullman conditions? yielded the correspond-
ing diphenylamine, which was converted without isola-
tion into 6-methoxy-3,3-dimethyl-2,3-dihydro-7(12H)-
1H-pyrano[2,3-clacridinone (8¢) by treatment with
polyphosphoric acid at $0°. The over-all yield for the
two steps was 15-2097. Treatment of 8¢ with methyl
iodide and potassium carbonate in refluxing acetone
yielded 8d, which was identical with dihydroacronycine
prepared from the natural product.® Utilizing proce-
dures either described in this paper or in the literature,®
this intermediate could be converted into acronycine.

Experimental Section

Melting points were determined on a Mel-Temp apparatus and
are uncorrected. All ultraviolet spectra were determined in 957
ethanol. All nmr spectra were determined in deuteriochloroform.,
All column chromatographic separations were carried out using
Merck, Darmstadt silica gel (less than 0.08 mm particle size), The
methyllithium used was obtained from Foote Mineral Co.

Bromination of Dihydroacronycine. A mixture containing 3.23
g of dihydroacronycine® (0.01 mol) and 1.78 g of N-bromosuccini-
mide (0.01 mol) in 150 m! of chloroform was heated under reflux for
2.5 hr. The mixture was cooled and filtered. Removal of the
solvent and crystallization from ethyl acetate yielded 3.22 g of
product, mp 191-194°. An analytical sample, mp 193-195°, was
recrystallized from ethyl acetate.

Anal. Caled for CoHpBrNQ;: C, 59.71; H, 5.01; N, 3.48;
Br, 19.87; 0O, 11.94. Found: C, 59.52; H, 5.15; N, 3.48; Br,
20.33; O, 12.10.

(24) R, Levine and W. C. Fernelius, Chem. Rev., 54, 449 (1954),
(25) A. Albert, “The Acridines,” St. Martins Press, New York,
N. Y., 1966, p 56.

3’,5’-Dimethoxy-3-bromopropionanilide (4). To a stirred, cold
solution of 100 g of 3-bromopropionic acid (0.65 mol) in 800 ml of
methylene chloride was slowly added 134.6 g of dicyclohexylcarbo-
diimide (0.65 mol). The mixture was stirred in the cold for 15
min, and then 100 g of 3,5-dimethoxyaniline?¢ (0.65 mol) was added
portionwise. Stirring was continued for 1.5 hr, and the mixture
was allowed to warm to room temperature. It was then filtered
into a suction flask containing 800 ml of cold water. The organic
layer was washed successively with 3 N hydrochloric acid, saturated
sodium bicarbonate, and saturated sodium chloride solutions and
was dried with magnesium sulfate. Removal of the solvent and
crystallization from ethanol-water yielded 146.5 g of product, mp
108-109.5°. This product was of sufficient purity for use in the
next step.

5,7-Dimethoxy-3,4-dihydrocarbostyril (5a). A mixture con-
taining 70 g of zinc chloride and 140 g of sodium chloride was dried
at 155° for 2.5 hr. 3’,5’-Dimethoxy-3-bromopropionanilide (4,
140 g) was then added rapidly. After gas evolution had begun,
heating was continued for 20 min. The mixture was cooled and
dissolved in 500 ml of ethyl acetate, which was then washed suc-
cessively with 3 N hydrochloric acid, water, saturated sodium bi=
carbonate, and saturated sodium chloride solutions. The organic
layer was dried with magnesium sulfate and the solvent was re-
moved. Crystallization from methanol yielded 16.9 g of product,
mp 192-194°.

The solvent was removed from the mother liquor to yield 100 g
of ail. A solution containing this oil and 240 g of potassium car-
bonate in 300 ml of methyl iodide and 1000 ml of acetone was
stirred and heated under reflux for 72 hr. The cooled mixture was
filtered and the solvents were removed. The crude material was
suspended in ethyl acetate, which was then washed with water.
The organic layer was dried with magnesium sulfate and evaporated.
Crystallization from methanol yielded 11.7 g of product, mp 195~
196°. The combined yield was 28.6 g. An analytical sample was
recrystallized from methanol.

Anal. Caled for C;H;3NO;: C, 63.75; H, 6.32; N, 6.76.
Found: C,64.07; H, 6.44; N, 6.90.

1-(2-Carboxyphenyl)-5,7-dimethoxy-3,4-dihydrocarbostyril  (5b).
A mixture containing 19.8 g of 5,7-dimethoxy-3,4-dihydrocarbo-
styril (5a, 0.096 mol), 45.0 g of 2-iodobenzoic acid (0.181 mol), 70
g of potassium carbonate, and 17 g of cuprous iodide in 300 ml of
nitrobenzene was stirred and heated at 165-175° for 6.5 hr. The
nitrobenzene was removed by steam distillation. The cooled
aqueous solution was filtered and the solid thus obtained was
crystallized from methanol to yield 4.4 g of unreacted 5,7-dimeth-
0xy-3,4-dihydrocarbostyril, mp 198-199°, The filtrate was care-
fully acidified and then extracted with ethyl acetate, The organic
layer was extracted with saturated sodium bicarbonate solution.
The aqueous layer was then carefully acidified to pH 5 and the
crystalline product was collected and washed with cold ethanol.
The yield was 12.6 g, mp 222-225°. An analytical sample, mp 224~
226°, was crystallized from methanol.

Anal, Caled for CHizNO;: C, 66.05;
Found: C,65.83;, H,5.37; N,4.22.

2,3-Dihydro-4,6-dimethoxy-1H,7TH-pyrido[3,2,1-de]Jacridine-1,7-
dione (6). A suspension of 603 mg of 1-(2-carboxyphenyl)-5,7-
dimethoxy-3,4-dihydrocarbostyril (5b) in 40 ml of polyphosphoric
acid was heated at steam bath temperature for 12 hr. The mixture
was poured into ice-water, and the solid product was collected
by filtration. This material was suspended in ether and allowed to
react with an excess of diazomethane. The resulting solid (473 mg)
was collected and crystallized from methanol. The yield was 186
mg, mp 222-225°. Recrystallization yielded 161 mg of product,
mp 226-228°.

Anal. Caled for CisHi:NO,: C, 69.89; H, 4.89; N, 4.53.
Found: C,69.79; H, 5.07; N, 4.78.

The infrared spectrum in chloroform showed lactam absorption
at 1710 cm—t.  The ultraviolet spectrum contained maxima at 218
(€ 19,200), 240 (32,200), 313 (15,800), and 356 mu (8040).

Methyl 1,3-Dimethoxy-9-oxoacridan-4-propionate (7a). A sus-
pension of 4.37 g of 1-(2-carboxyphenyl)-5,7-dimethoxy-3,4-di-
hydrocarbostyril (5b) in 160 ml of polyphosphoric acid was heated
at steam bath temperature for 1.5 hr. The mixture was poured
into ice-water and the solid product was collected. The dried
product was dissolved in 100 ml of 1 N methanolic hydrogen chlo-
ride, and the mixture was heated to reflux for 2.5 hr. The solvent

H, 524, N, 4.28

(26) R. A, Benkeser, R, A, Hickner, D. I. Hoke, and O, H. Thomas,
J. Amer. Chem, Soc., 80, 5289 (1958).
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was removed by vacuum distillation, and the crude product was
triturated in saturated sodium bicarbonate solution. The resulting
solid was collected, dried, and crystallized by dissolvin git in ethanol-
chloroform and slowly boiling off the chloroform on the steam bath.
The yield was 3.74 g, mp 244-245°,

Anal. Caled for Cy)HyNO;: C, 66.85;
Found: C,66.81; H, 5.64; N, 4.07.

The ultraviolet spectrum showed maxima at 221 (e 16,750), 258
(53,200), 291 (15,700), and 380 mu (9040).

Methyl 1-Hydroxy-3-methoxy-9-oxoacridan-4-propionate (7b).
A. Methylmagnesium iodide was prepared from 2.8 g of mag-
nesium and 4.4 ml of methyl iodide in 75 ml of dry ether. Pyridine
(100 ml) was added dropwise to the rapidly stirring cold mixture,
A solution containing 2.45 g of methyl 1,3-dimethoxy-9-oxoacridan-
4-propionate (7a) in 260 ml of pyridine was added dropwise to the
cold mixture, which was then heated at 50-60° for 4 hr. The cooled
mixture was poured into a cold, saturated solution of ammonium
chloride, which was then extracted with chloroform. The organic
layer was washed with water and saturated sodium chloride solu-
tion and dried with magnesium sulfate. Removal of the solvent
and crystallization from methanol yielded 1.95 g of product, mp
193-194°, An analytical sample, mp 194-195°, was recrystallized
from methanol.

Anal. Caled for CigHiiNO;: C, 66.05; H, 5.24; N, 4.28,
Found: C,6591; H,5.67; N, 3.94,

B. Boron trichloride was bubbled into a cold solution containing
5.00 g of methyl 1,3-dimethoxy-9-oxoacridan-4-propionate (7a) in
350 ml of methylene chloride for several min. The mixture was
then allowed to stand at room temperature for 1 hr. It was washed
successively with water, saturated sodium bicarbonate, and sat-
urated sodium chloride solutions and dried with magnesium sulfate.
Removal of the solvent and crystallization from ethanol-chloro-
form, as in the preparation of 7a, yielded 3.53 g of product, mp 190-
192°.

The ultraviolet spectrum showed maxima at 220 (e 16,450), 242
(29,800), 261 (shoulder), 267 (48,500), 295 (13,850), 322 (5500),
and 395 mu (7050).

1-Hydroxy-4-(3-hydroxy-3-methyl-n-butyl)-3-methox y-9-acrida-
none (7¢). A solution containing 7.35 g of methyl 1-hydroxy-3-
methoxy-9-oxoacridan-4-propionate (7b) in 600 ml of tetrahydro-
furan was stirred and cooled to —18° in an atmosphere of nitrogen.
To this was slowly added 125 ml of methyllithium solution (1.7 M
in ether). Stirring was continued for 1 hr and then 400 ml of 3 N
hydrochloric acid was added. The mixture was extracted with ethyl
acetate, which was then washed with saturated sodium bicarbonate
and saturated sodium chloride solutions and dried with mag-
nesium sulfate. Removal of the solvent and crystallization from
ethyl acetate yielded 6.08 g of product, mp 213-214°. An analytical
sample, mp 215-216°, was recrystallized from ethyl acetate.

Anal. Caled for CyHyNO,: C, 69.70; H, 6.47; N, 4.28.
Found: C,69.41; H, 6.44; N, 4.27.

6-Hydroxy-3,3-dimethyl-2,3-dihydro-7(12H)-1H-pyrano[2,3-c]-
acridinone (8a). A mixture of 295 mg of 1-hydroxy-4-(3-hydroxy-
3-methyl-z#-butyl)-3-methoxy-9-acridanone (7c) and 7 g of pyridine
hydrochloride was fused at 190-195° for 3 hr. The mixture was
suspended in water, which was then extracted with ethyl acetate.
The organic layer was washed with water and saturated sodium
chloride solution and dried with magnesium sulfate. A portion
(95 mg) of the crude product was chromatographed utilizing a
column containing 60 g of silica gel and benzene-ethyl acetate
(5:1) as the eluent. Fractions 15-22 (fraction volume, 15 ml) were
combined to yield 45 mg of product (single spot on tlc). Crystal-
lization from benzene-ethyl acetate (2:1) yielded 32 mg of product,
mp 275-278° dec.

Anal. Caled for CsHi:NOj;: C, 73.20; H, 5.80; N, 4.74.
Found: C,73.38; H, 5.65; N, 4.56,

Nordihydroacronycine (8b). A mixture of 1.25 g of 1-hydroxy-4-
(3-hydroxy-3-methyl-n-butyl)-3-methoxy-9-acridanone (7c¢) and 40
g of pyridine hydrochloride was fused at 195-200° for 2 hr, Water
was added and the crude product was collected by suction filtra-
tion. A solution of the crude product and 10 g of potassium
carbonate in 80 ml of acetone and 20 ml of methyl iodide was
heated under reflux for 44 hr. The cooled mixture was filtered,
water was added, and most of the acetone was removed by vacuum
distillation. The mixture was extracted with ethyl acetate and the
organic layer was dried with magnesium sulfate and evaporated.
The crude product was chromatographed utilizing a column pre-
pared with 150 g of silica gel and benzene-ethyl acetate (100:1)
as the eluent. The fractions containing the product were combined
to yield 255 mg (one spot on tlc). The product was crystallized

H, 561; N, 4.10.
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from ethanol-chloroform (as in the case of 7a) to a constant melting
point, 212-214°, The product was identical with nordihydroacro-
nycine,® which was prepared from the natural product (mixture
melting point, nmr, infrared, ultraviolet, and mass spectra, and tlc).

Anal, Caled for CmHmNOa: C, 73.77; H, 6.19; N, 4,53,
Found: C,73.61; H,6.11; N,4.53.

Noracronycine (1b). A solution containing 2.22 g of nordihy-
droacronycine (8b, 7.2 mmol) and 1.89 g of 2,3-dichloro-5,6-dicy-
anobenzoquinone (8.3 mmol) in 750 ml of toluene was heated under
reflux for 2 hr. The toluene was removed by vacuum distillation,
and the residue was suspended in ethyl acetate, which was then
washed successively with 59 sodium hydroxide and saturated
sodium chloride solutions and dried with magnesium sulfate,
Removal of the solvent yielded 1.82 g of crude product, which was
chromatographed utilizing a column prepared with 180 g of silica
gel and benzene-ethyl acetate (30:1) as the eluent. Fractions 32-45
(fraction volume, 20 ml) were combined to yield 824 mg of product
(single spot on tl¢). Crystallization from ethanol-chloroform (as
in the case of 7a) yielded 782 mg of product, mp 200-201°, The
product was identical with noracronycine,® which was prepared
from the natural product (mixture melting point, nmr, infrared,
ultraviolet, and mass spectra, and tlc).

Anal. Caled for CHisNO;: C, 74.25; H, 5.58; N, 4.56.
Found: C,74.06; H, 5.44; N, 4.76.

Fractions 48-56 were combined to yield 334 mg of unchanged
starting material.

Acronycine (1a). A mixture containing 146 mg of noracronycine
(1b), 2 g of potassium carbonate, and 1 ml of dimethyl sulfate in 10
ml of acetone was heated under reflux for 16 hr. An additional
1 g of potassium carbonate and 0.5 ml of dimethyl sulfate were
added and refluxing was continued for 6 hr. The same quantities
were again added and refluxing was continued for 20 hr. The
cooled solution was poured into water and most of the acetone was
removed by vacuum distillation. The aqueous suspension was
extracted with ethyl acetate, which was then washed successively
with dilute ammonium hydroxide, water, and saturated sodium
chloride solution and dried with magnesium sulfate, The solvent
was removed and the crude product was chromatographed utilizing
a column prepared with 60 g of silica gel and benzene-ethyl acetate
(5:1) as the eluent. Fractions 59-75 (fraction volume, 15 ml) were
combined to yield 92 mg of product (single spot on tic). The
product, mp 176-177°, was crystallized from methanol-water.
It was identical with the natural product (mixture melting point,
nmr, infrared, ultraviolet, and mass spectra, and tlc),

Anal. Caled for C;)H;y)NO;: C, 74.74; H, 5.96; N, 4.36.
Found: C,74.64; H, 6.00; N, 4.36.

1,3-Dihydroxy-9-acridanone. A solution containing 68.5 g of
anthranilic acid (0.5 mol), 63 g of 1,3,5-trihydroxybenzene (0.5
mol), and 67.5 g of zinc chloride (0.5 mol) in 500 ml of #-butyl
alcohol was heated to reflux for 8 hr. Water was removed from
the reaction mixture by means of a Dean-Stark trap. Benzene
(500 ml) and water (500 ml) were added to the cooled solution,
which was then filtered. The filtrate was extracted with benzene
and the organic layer was dried with magnesium sulfate. The sol-
vent was removed and the crude product (71.5 g) was added to a
solution containing 40 g of sodium hydroxide in 2000 ml of water.
The resulting mixture was heated at 50° for 45 min and filtered.
The filtrate was acidified and the crude product was collected by
suction filtration. Crystallization from acetone-benzene yielded
23 g of product, mp 345° dec. The product was of sufficient purity
for use in the next step.

6-Hydroxy-3,3-dimethyl-2,3-dihydro-7(12H)-1H-pyrano[2,3-c]ac-
ridinone (8a) and 3,4,7,8-Tetrahydro-2,2,6,6-tetramethyl-2H,6H-
dipyrano[2,3-a:2’,3’-cJacridin-14(9H)-one (9). To a solution con-
taining 24.5 g of 1,3-dihydroxy-9-acridanone (0.108 mol) and 14.7 g
of zinc chloride (0.108 mol) in 600 ml of trifluoroacetic acid was
added dropwise 23.0 g of 1-chloro-3-methyl-2-butene (0.22 mol).
The resulting mixture was heated at reflux temperature for 0.5 hr.
The solvent was removed by vacuum distillation and the residual
solid was suspended in water. The mixture was extracted with
ether, which was then washed successively with dilute sodium hy-
droxide and water solutions and dried with magnesium sulfate.
Removal of the solvent and fractional crystallization from benzene-
acetone yielded 5.7 g of 8a, which was identical with that prepared
above, and 4.3 g of 9, mp 288° dec. This product gave a negative
ferric chloride test and its nmr spectrum was in agreement with the
assigned structure.

Anal. Caled for CyHasNOs: C, 76.00; H, 6.93; N, 3.85;
0,13.21. Found: C,75.74; H,7.19; N, 3.82; 0O,12.97.
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7-Methoxy-2,2-dimethyl-4-chromanone (10b). A mixture con-
taining 100 g of 7-hydroxy-2,2-dimethyl-4-chromanone (10a),??
150 ml of methyl iodide, and 75 g of potassium carbonate in 1000
ml of acetone was heated to reflux for 4 hr. The mixture was
filtered and the solvent was removed under reduced pressure. The
residue was extracted with ether, which was then washed successively
with dilute sodium hydroxide and water solutions and dried with
magnesium sulfate, Removal of the solvent and crystallization
from n-hexane yielded 80 g of product, mp 81-82°, An analytical
sample was recrystallized from n-hexane.

Anal. Caled for C:H;s0;: C, 69.88; H, 6.84. Found: C,
70.08; H, 6.94.

7-Methoxy-2,2-dimethylchromene (12). To a solution containing
26 g of lithium aluminum hydride in 500 ml of ether was added drop-
wise with stirring a solution containing 90 g of 7-methoxy-2,2-
dimethyl-4-chromanone (10b) in 1000 ml of ether, The resulting
mixture was heated to reflux for 17 hr. The excess lithium alu-
minum hydride was decomposed with ethyl acetate and then water
was added dropwise until a thick slurry was formed. More ether
was added and the ether layer was separated and dried with mag-
nesium sulfate, The solvent was removed and the crude product
was dissolved in 500 ml of benzene, which was then added dropwise
to a solution containing 42 ml of phosphorus oxychloride, 250 ml of
pyridine, and 300 ml of benzene. The resulting solution was
heated at 85-90° for 1 hr and then poured into ice-water. The
mixture was extracted with ether, which was washed successively
with dilute hydrochloric acid, saturated sodium bicarbonate, and
water solutions and dried with magnesium sulfate. The product
was distilled to yield 66.9 g, bp 85-88° (0.5 mm); n*»D 1.5541.

Anal, Caled for CH,40.: C, 75.76; H, 7.42. Found: C,
75.97; H, 7.37.

7-Methoxy-2,2-dimethylchroman (11a). A. A mixture con-
taining 80 g of 7-methoxy-2,2-dimethyl-4-chromanone (10b) and
35 g of copper chromite was heated from room temperature to 200°
during 2 hr at a hydrogen pressure of 3000 psi. The crude product
was dissolved in alcohol and the catalyst was removed by filtration.
Removal of the solvent and distillation of the residue yielded 50 g
of product, bp 72° (0.3 mm); #2D 1.5312.

Anal, Calcd for C[zH[eOzZ C, 7496, H, 8.38.
75.07; H, 8.40.

B. A mixture containing 48 g of 7-methoxy-2,2-dimethylchro-
mene (12) and 10 g of Raney nickel in 150 ml of alcohol was hydro-
genated at an initial pressure of 50 psi at room temperature. The
mixture was filtered and the solvent was removed at reduced pres-
sure. The residue was distilled to yield 41 g of product, bp 72°
(0.3 mm).

6-Bromo-7-methoxy-2,2-dimethylchroman (11b). A  solution
containing 20.8 g of bromine (0.13 mol) in 100 ml of carbon tetra-
chloride was added dropwise to a stirred cold solution containing
25 g of 7-methoxy-2,2-dimethylchroman (11a, 0.13 mol) in 200 ml
of carbon tetrachloride. The resulting solution was stirred at room
temperature for 1 hr and then extracted successively with saturated
sodium bicarbonate and water solutions and dried with magnesium
sulfate. Removal of the solvent and distillation of the residue
yielded 33 g of product, bp 104° (0.3 mm). Upon standing, the
product, mp 39-41°, solidified.

Anal. Caled for CoH,;BrO,: Br,29.47. Found: Br,29.74,

5-Amino-7-methoxy-2,2-dimethylchroman (11c). To a stirred
solution containing 25 g of sodium amide (0.64 mol) in 750 ml of

Found: C,

liquid ammonia was slowly added 75.4 g of 6-bromo-7-methoxy-
2,2-dimethylchroman (11b, 0.28 mol). After the resulting mixture
had stirred for 4 hr, 34 g of ammonium chloride was added. The
ammonia was allowed to evaporate and the residue was diluted with
1000 ml of benzene. The benzene was removed under reduced
pressure and the residue was triturated with ether, which was then
filtered and dried with magnesium sulfate. Hydrogen chloride was
bubbled into the ethereal solution and the solid product was col-
lected by suction filtration. Crystallization from alcohol-ether
yielded 40 g of product, mp 245-250°. An analytical sample, mp
255-258°, was recrystallized from alcohol-ether.

Anal. Caled for CHiCINO:: C, 59.13; H, 7.45; N, 5.75.
Found: C, 59.34; H, 7.49; N, 5.53.

The free base, mp 67-68°, was crystallized from »n-hexane.

Anal. Calcd for C:H7NO:: N, 6.76. Found: N, 6,98.

6-Methoxy-3,3-dimethyl-2,3-dihydro-7(12H)-1H-pyrano[2,3-c]-
acridinone (8c). A mixture containing 2.0 g of 5-amino-7-meth-
0xy-2,2-dimethylchromane (11¢, 0.01 mol), 2.5 g of 2-bromoben-
zoic acid (0.012 mol), 3.5 g of potassium carbonate, and 0.1 g of
copper powder? in 40 ml of n-amyl alcohol was stirred and heated
to reflux for 16 hr. The #-amyl alcohol was removed by steam dis-
tillation and the aqueous solution was heated with activated char-
coal and filtered. The solution was acidified and extracted with
ethyl acetate. The organic layer was dried with magnesium sulfate
and evaporated to dryness. The crude product was dissolved in
30 ml of polyphosphoric acid and the mixture was heated at 90°
for 2 hr. The mixture was poured into ice~water and the resulting
yellow precipitate was collected by suction filtration, Crystalliza-
tion from acetone yielded 500 mg of product, mp 297-299°,

Anal. Calcd for CsHiyNO;: C, 73.77; H, 6.19;
Found: C,74.06; H,6.15; N,4,57.

This product was methylated by a procedure outlined above and
the product obtained was identical with dihydroacronycine® ob-
tained from the natural product (mixture melting point and nmr
and mass spectra).

6-Amino-7-methoxy-2,2-dimethylchroman (11d). To a solution
containing 5.7 g of 7-methoxy-2,2-dimethylchroman (11a, 0.03
mol) in 100 ml of glacial acetic acid was added dropwise a solution
containing 1.89 g of nitric acid (0.03 mol) in 10 ml of glacial acetic
acid. After it had remained at room temperature for 2 hr, the
solution was diluted with water and extracted with ether, The
organic layer was washed successively with saturated sodium bi-
carbonate and water solutions and dried with magnesium sulfate.
The solvent was removed and the crude product was dissolved in 50
ml of alcohol and hydrogenated (initial pressure of 40 psi) in the
presence of 5% palladium-carbon. The mixture was filtered
and the solvent was removed under reduced pressure. The crude
product was acidified and extracted with ether. The aqueous
layer was basified and extracted with ether. Removal of the solvent
and crystallization from n-hexane yielded 0.9 g of product, mp
89-90°,

Anal. Caled for CH;sNO2: N, 6,76, Found: N, 6.89,
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N, 4.53.

(27) A. H. Blatt, “Organic Syntheses,” Coll. Vol. II, John Wiley
and Sons, Inc., New York, N. Y., 1957, p 446.
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