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give 0.2 g. of bright yellow crystals, m.p. 270~275°. Four recrystallizations from acetone gave 0.13g. of
Xl as yellow short needles. m.p. 275~278°. IR wXut ecm~1: 1663 (C=0), 1620, 1584, 1570 (arom.). Anal.
Caled. for CpHy05: C, 72.40; H, 4.63. Found: C, 72.58; H, 4.52.

Summary

The Friedel-Crafts condensation of 3,6-dimethoxyphthalic anhydride (II) with methyl
2-ethyl-5-hydroxy-1-naphthoate (Il) gave 2-ethyl-5-hydroxy-6-(2-carboxy-3,6-dimethoxy-
benzoyl)-1-naphthoate (IV), a key intermediate for the synthesis of #-pyrromycinone (I,
R=H). An attempt to cyclize N to 7-pyrromycinone dimethyl ether (I, R=CH,), however,
resulted in formation of 9-ethyl-1,6-dihydroxy-4-methoxynaphthacenequinone (V). The
structure of V was confirmed by alternative synthesis. :
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In the preceding paper,*' it has been reported that the cyclization of methyl 2-
ethyl-5-hydroxy-6-(2-carboxy-3,6-dimethoxybenzoyl)-1-naphthoate (I) resulted in the re-
moval of methoxycarbonyl group, giving only 2-ethyl-4-methoxy-1,6-dihydroxynaphtha-
cenequinone (II) and no compound holding a carboxyl function. The present work was
undertaken to investigate an alternative route to 7-pyrromycinone (Ill) derivative from I.
One route which appears promising is via 5(12H)-naphthacenone derivative (V). The
cyclization of I to V would not require such a drastic condition as employed for the
direct cyclization*! of 1.
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*1 Part . Z. Horii, T. Momose, Y. Tamura : This Bulletin, 13, 737 (1954).
*2 Toneyama, Toyonaka, Osaka-fu (JEH=E—, HEHE, HEFIE).
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However, a difficulty might be encountered? with the subsequent oxidation step to
the quinone derivative., Therefore, 11-methoxy-5(12H)-naphthacencnes (Mlla, b and c)
were selected as model compounds, and their oxidation to the corresponding naphtha-
cenequinones (Xa, b and ¢) was investigated. An oxidation employing a large excess
of chromium trioxide and a shorter reaction time than usual gave a satisfactory result.
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o-(1-Hydroxy-2-naphthoyl)benzoic acid (Va),? 6-(1-hydroxy-2-naphthoyl)-2,5-dime-
thoxybenzoic acid (Vb)** and 6-(6-ethyl-1-hydroxy-2-naphthoyl)-2,5-dimethoxybenzoic
acid (Ve)*' were methylated with dimethyl sulfate in aqueous potassium hydroxide to
give o-(1-methoxy-2-naphthoyl)benzoic acid (Va), methyl 6-(1-methoxy-2-naphthoyl)-
2,5-dimethoxybenzoate (Vb), and methyl 6-(6-ethyl-1-methoxy-2-naphthoyl)-2,5-dime-
thoxybenzoate (VIc), in 59, 65 and 87% yields, respectively. The formations of the
esters, Vb and Ve, in such a strong alkaline condition would suggest that their carboxyl
groups are sterically hindered. Refluxing VIa, Vb and V¢ with zinc powder in
aqueous sodium hydroxide gave o-(1-methoxy-2-naphthylmethyl)benzoic acid (Vla), 6—-(1-
methoxy-2-naphthylmethyl)-2,5-dimethoxybenzoic acid (M[b), and 6-(6-ethyl-1-methoxy-2-
naphthylmethyl)-2,5-dimethoxybenzoic acid (VIc), in 88, 93 and 97% vyields, respectively.
Cyclization of Vla was effected by refluxing with anhydrous zinc chloride in an acetic
anhydride-glacial acetic acid mixture in 36% yield, and by heating with polyphosphoric
acid at 100° in 71% yield, to give 1l1-methoxy-5(12H)-naphthacenone (Mla), which was

1) Z. Horii, T. Momose, Y. Tamura : This Bulletin, 10, 946 (1962).
2) C. Deichler, C. Weizmann : Ber., 36, 547 (1903).
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proved to be identical with the reduction product of 6-methoxynaphthacenequinone
(Xa) with sodium hydrosulfite in an alkaline medium.® Therefore, the polyphosphoric
acid cyclization procedure was employed for preparing 1,4,11-trimethoxy-5(12H)-naph-
thacenone (Mlb) and 8-ethyl-1,4,11-trimethoxy-5(12H)-naphthacenone (Vlic) from VIb and
Vic, and the cyclizations were achieved in the yields of 88% and 8%, respectively.

In previous paper,” it was described that the oxidation of 1,3,11-trimethoxy-5(12H)-
-naphthacenone to the corresponding naphthacenequinone was attempted by a usual
manner®® employing chromium trioxide in acetic acid, but it proved unsuccessful.
This seems to be ascribed to a steric hindrance of two peri-substituted methoxyl groups
to the methylene bridge. Since the methylene moieties of compounds (VIb) and (Vlic) are
in similar circumstances and, in addition, b and Vllc are not so stable*® in solution,
some difficulties would be expected in their oxidation to the corresponding gquinones.
Examination of reaction conditions, mainly the molar ratio of the oxidizing reagent
and the reaction time, enables us to get a 10% yield of 1,4,6-trimethoxynaphthacene-
quinone (Xb) by standing a solution of VIb and 5 molar equivalents of chromium trioxide
in acetic acid at room temperature for 5 hours. Initial attempt employing one molar
equivalent of the oxidant at room temperature and a reaction time of 15 hours failed
to get a detectable amount of the quinone, and another attempt employing a large excess
of the oxidant and the same reaction period resulted in formation of 3,6-dimethoxy-
phthalic anhydride without quinone. Consequently, Wlc was oxidized with 5 molar
equivalents of chromium trioxide for one hour to Kc in 129 yield, and Vlla with 4 molar
equivalents for 5 hours to Ka in 48% yield.

Experimental**

0-(1-Methoxy-2-naphthoyl)benzoic Acid (VIa) To a stirred mixture of 6.0 g. of o—(1-hydroxy-2-
naphthoyl)benzoic acid (Va)» and 10.4 g. of (CH;),SO. was added under cooling a solution of 10 g. of KOH
in 20 ml. of H;O, and the mixture was stirred at room temperature for 30 min. and subsequently at 100°
for 30 min. After cooling, the inorganic salt was filtered, washed with 20 ml. of H,O. The filtrate and
washing were combined and acidified with 209 H,SO, to give 5.0 g. of precipitates. Recrystallization
from 50 ml. of benzene gave 3.7 g.(58.8%) of Vla as colorless needles, m.p. 182~185°. IR »¥ cm-?:
1675 (C=0), 1646 (C=0). Amnal. Calcd. for CigH1.0s: C, 74.45; H, 4.60. Found: C, 74.32; H, 4.45.

Methyl 6-(1-Methoxy-2-naphthoyl)-2,5-dimethoxybenzoate (VIb)——A) With dimethy! sulfate in
aqueous sodium hydroxide : To a stirred mixture of 1.0 g. of 6-(1-hydroxy-2-naphthoyl)-2,5-dimethoxy-
benzoic acid (Vb)*! and 20 g. of (CH;)»SO, was added dropwise a solution of 15g. of NaOH and 30 ml.
of H,O, and the mixture was stirred at 100° for 30 min. After cooling, the mixture was extracted with
ether, the extract was washed with satd. aq. NaCl, dried over anhyd. Na,SO; and evaporated to give 0.7 g.
(65%) of Ib, m.p. 163~165°. Recrystallization from MeOH-H,O gave an analytical sample as colorless
needles, m.p. 165~166.5°. IR wIi em~': 1725 (C=0), 1640 (C=0). Anal. Calcd. for CoHyOy : C, 69.46;
H, 5.30. Found : C, 69.33; H, 5.21.

B) With methyl iodide-potassium carbonate in acetone : A mixture of 50 mg. of Vb, 15 ml. of CHsl,
5g. of anhyd. K,CO; and 20 ml. of dry acetone was refluxed for 6 hr., during whose time the initial yellow
color of the mixture gradually disappeared. After removing acetone, the residue was extracted with hot
benzene (50 ml. x2). The combined extracts were filtered and evaporated to give 40 mg. of colorless
crystals, m.p, 164~165°, which was identified with the sample of Vb obtained in Section (A) by comparison
of their IR spectra in Nujol and mixed melting point determination.

Methyl 6-(6-Ethyl-1-methoxy-2-naphthoyl)-2,5-dimethoxybenzoate (VIc)——6-(6-Ethyl-1-hydroxy-2-
naphthoyl)-2,5-dimethoxybenzoic acid*!(Vc) (150 mg.) was methylated in a similar manner to that described
for Vb in (A) to give 140 mg. of VIc, m.p. 166~168°. Recrystallization from MeOH gave an analytical
sample as colorless plates, m.p. 168~170°. IR »¥J! em~1: 1733 (C=0), 1637 (C=0). Anal. Calcd. for
CosH206 : C, 70.57; H, 5.92. Found: C, 70.42; H, 6.00.

#3 Naphthacenones (Vllb) and (Vlic) turned dark brown in polar solvents, above all in acidic or hydroxylic
one, and were recovered only in a poor yield from these solutions.

#4 All melting points are uncorrected.

3) Z. Horii, T. Momose, M. Naruse, Y. Tamura : This Bulletin, 10, 1013 (1962).

4) L.F. Fieser, E.B. Hershberg : J. Am. Chem. Soc., 62, 49 (1940).

5) M.S. Newman, K.G. Ihrman : Ibid. 80, 3652 (1958).
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o~(1-Methoxy-2-naphthylmethyl)benzoic Acid (VIIa)—A suspension of 3.2g. of Va, 20g. of Zn
powder (activated with ammoniacal CuSO,) and 20 g. of NaOH in 150 ml. of H,O was refluxed for
5 hr. Further 20 g. of Zn powder and 20 g. of NaOH were added to the reaction mixture and refluxing was
continued for an additional 16 hr. ‘The aqueous layer was decanted while hot and cooled in an ice bath
to give precipitates of the Na salt of Vl[a, which were collected by filtration. The residual Zn mass was
washed with H,O (100 ml. x2). The Na salt was dissolved in H,0, acidified with dil. H,SO; and extracted
with ether. The ether extract was washed with satd. aq. NaCl, dried over anhyd. Na,SO; and evaporated.
Recrystallization of the residue from benzene gave 1.3g. of Wla as colorless micro needles, m.p. 154~
156°. IR wlut em~1: 1677 (C=0). Amal. Caled. for CyoHy0s: C, 78.06; H, 5.52. Found: C, 78.09;
H, 5.47. The alkaline filtrate and the washing of the Zn residue were combined and acidified with conc.
HCI to give 1.4g. of the second crops of Vla, m.p. 152~154°,

6-(1-Methoxy~2-naphthylmethyl)-2,5-dimethoxybenzoic Acid (VIIb)——To a suspension of 20 g. of
Zn powder (activated with ammoniacal CuSO,) and 20 g. of NaOH in 100 ml. of H,O was added a solution
of 0.7g. of Vb in 15ml. of EtOH, and the mixture was refluxed for 5hr. Another 20g. of Zn powder
was added and refluxing continued for 8 hr. Then, further 20 g. of NaOH, 150 ml. of H,O and 20 g. of
Zn powder were added and refluxing was continued for 14 hr. The cooled mixture was decanted, and
the residual Zn mass was washed with boiling H,O (100 ml. x2). The alkaline layer and the washings
were combined, acidified with conc. HCl and extracted with AcOEt. The AcOEt extract was washed
with H0, dried over anhyd. Na,SO, and evaporated to give 0.65g. of crystals, m.p. 180~186°. Recry-
stallization from EtOH-H,O and then from benzene gave 0.5g. of VIb as colorless fine crystals, m.p. 199
~201°% IR w3 em™': 3044 (hindered COOH), 1712 (C=0).  Anal. Caled. for Cy;HyOs : C, 71.58; H, 5.72.
Found : C, 71.57; H, 5.48.

6-(6~Ethyl-1-methoxy-2-naphthylmethyl)-2,5-dimethoxybenzeic Acid (VIIe)}——Reduction of Vic (140
mg.) in 2 similar manner to that described for VIb gave 125mg. of Vc as colorless fine crystals, m.p.
202~205°.  Recrystallization from benzene gave an analytical sample, m.p. 205~208°. IR w¥ue! cm~?:
1684 (C=0). Amnal. Caled. for CoHsOs: C, 72.61; H, 6.36. Found: C, 72.61; H, 6.18.

11-Methoxy-5(12H )~naphthacenone (ViIla)——A) With anhydrous zinc chloride : A mixture of 0.5 g.
of Wa, 10 ml. of Ac,O, 10 ml. of AcOH and 20 mg. of anhyd. ZnCl, was refluxed for 30 min. and poured
onto cracked ice. The separtaed oily material was washed with H,0, satd. aq. NaHCO; and then H)0,
and triturated with ether to give 100 mg. (35.5%) of pale yellow needles, m.p. 162~164°, which was iden-
tified, by mixed melting point determination and spectral comparison, with a sample of Vlla obtained
previously® by the reduction of 6-methoxynaphthacenequinone with Na,S,0,~-NaOH. IR »Mit cm-1: 1653
(C=0). From the NaHCO; washing was recovered 0.2g. of Vla.

B) With polyphosphoric acid (PPA): A mixture of 0.5g. of [a and 40 g. of PPA was heated with
stirring at 100° for 20 min. and poured onto cracked ice. The brownish precipitates were collected, washed
with H,0, satd. agq. NaHCO; and then H,0O, and dried in vacwo to give crystals of m.p. 162~163°.
Recrystallization from acetone-H;O gave 0.1g. (71%) of pale yellow needles, m.p. 165~167°, which was
identified with a sample of Wla obtained in (A) by spectral comparison. From the NaHCO; washing was
recovered 0.35g. of Via.

1,4,11-Trimethoxy-5(12H )-naphthacencne (VIIIb)——A mixture of 450 mg. of VIb and 70 g. of PPA
was heated at 95~100° for 15 min. and poured onto 100 g. of cracked ice. A similar treatment to that
described for Wlla gave 400 mg. of crystals, m.p. 161~171° which were recrystallized from acetone to give
350 mg. (87.8%) of Vlib as pink needles, m.p. 187~192°., Further recrystallization from acetone gave an
analytical sample, m.p. 193~196°. IR »i' cm™t: 1661( C=0). Anal. Caled. for CyH1s0,: C, 75.43; H,
5.43. Found: C, 75.29;H, 5.21. From the NaHCO; washing was recovered 30 mg. of VIb.

8-Ethyl-1,4,11-trimethoxy-5(12H )-naphthacenone (VIIIc)——A mixture of 100 mg. of Vlc and 20 g. of
PPA was heated at 100° for 20 min. and poured onto 60 g. of cracked ice. A similar treatment to that
described for Wla gave 95 mg. of crystals, m.p. 137~145° which were recrystallized twice from acetone
and then three times from acetone-cyclohexane (1:4) to give 8 mg. of Vllc as orangish brown needles, m.p.
159~161°. IR wiik' cm™ : 1652 (C=0). Anal. Calcd. for CpHa0,-14CeHip ¢ C, 76.90; H, 6.71. Found :
C, 76.71; H, 6.78.

6~Methoxynaphthacenequinone (IXa)——To an ice-cooled solution of 50 mg. of Wla in 10 ml. of AcOH*®
was added with stirring an ice-cooled solution of 100 mg. of CrO; in 10 ml. of AcOH,*5 and the mixture
was allowed to stand at room temperature for 5hr. Yellow needles began to separate after 1 hr. The
mixture was diluted with 5ml. of ether and filtered. The resulted yellow needles were washed with
ether and then three times with H;O to give 25.5 mg. (49%) of Ka, m.p. 210~212° IR 2" cm™': 1667
(C=0). This sample was identified with an authentic sample® by the mixed melting point determination
and IR spectral comparison.

1,4,6-Trimethoxynaphthacenequinone (IXb) To an ice-cooled solution of 50 mg. of Vlib in 5 ml. of
AcOH*®* was added 100 mg. of CrO;, and the mixture was stirred at room temperature for 5hr. The

*5 Acetic acid distilled over KMnO, after 1 hr’s refluxing with its 1/10 weight of KMnO,.
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mixture was diluted with 50 ml. of CHCl;, washed three times with H,O, dried over anhyd. Na,SO, and
evaporated to give a brown solid, which was immediately subjected to column chromatography on alumina
employing CHCl; as eluent. - The first fraction gave 5mg. of Kb as bright yellow needles. m.p. 270~275°,
which were identified with an authentic sample*! by the mixed melting point determination and IR spectral
comparison.

9-Ethyl-1,4,6-trimethoxynaphthacenequinone (IX¢)—To an ice-cooled solution of 78 mg. of Vic in
10 ml. of AcOH*® was added a solution of 78 mg. of CrQO; in 3 ml. of AcOH,*5 and the mixture was allowed
to stand at room temperature for 1 hr. The mixture was diluted with 30 ml. of CHCl; and treated in a
similar manner to that described for Kb to give 10 mg. (12.3%) of Kc as bright yellow needles, m.p.
185~189°, which were identified with an authentic sample*! by the mixed melting point determination
and IR spectral comparison.

Summary

1,11-Dimethoxy-5(12H)-naphthacenone derivatives were synthesized, and the suc-
cessful conversion of them into the corresponding 4,6-dimethoxynaphthacenequinone
derivatives by chromium trioxide oxidation was investigated.

(Received March 4, 1965)
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