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SYNTHESIS OF 2-ACETONYLPYRANONAPHTHOQUINONES.
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ABSTRACT: A short and efficient synthesis of 2-acetonyl pyranonaphthoquinones
(13 and 14) starting from Michael adduct 5 is described.

The synthesis of pyranonaphthoquinones have recently received
significant interest because an increasing number of natural products
having this structure exhibit various biological activities. 2 In
connection with our studies on the synthesis of carbocyclic and
heterocyclic quinenes,3 a group of antibacterial pigments;
erythrostominone (1) and deoxyerithrostominone (2) isolated from
deep cultures of Gramanis ffymfm‘mm&d have attracted our attention.
The effort on the synthesis of these pigments has been restricted to
the preparstion of the enalogue 3 to elucidate the structure of 1 and 2,

and the method ° besides involving too many steps gave low yields.
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Yie report here an efficient procedure o syhthesize pyrano-
naphthoquinones having the substitution pattern identical to that of
denzyerythrostorninone (2) on the pyran ring, starting from the easily
available Michael adduct 5. :

In a previous work, we have de§cribed an alternative and convenient
mathod © to obtain pyranonaphthoquinone 7, through Michael adduct 5,
prepared by reaction of 2-hydroxy-1,4-naphthoguinone (4) with
methyl vinyl ketone (MVK) in refluxing pyridine, followed by reduction
and cyclization {(Scheme 1). Furthermore, improved yield of Michael
adduct 5 has been obtained in pyridine-t-butanol (1:10 v/v), instead of
pyridine alone as solvent. The successful preparation of diheterocyclic
quinones by using this synthetic approach, starting from heterocyclic

hydroxyquinones was recently described.”
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Taking in account that Michael adduct 5 has a terminal activated

methyl group suitable to extend' the side chain , we "congider this
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compound as a potential ;sgnthan for the elaboralion of the carbon
framework of erythrostominones (Scheme 2).

First, we studied protéction of the guinone moeity in compound 5
by reductive methglation.i‘fhe best result was obtained using the
method & described by Kraus and On Man. By this procedure, reduction of
quinone 9 Witﬁ sodium  dithionite in the presence of
. tetrabutylammonium bromide (TBAB), to improve solubility of the
'reduced_ guinone -anibn , followed by the addition of potassium
hydroxide and dimethyl sulfate, gave ketone 8 in 653 yield . Then,
generation of the enolate of ketone 8 with lithium diisopropylamide
(LDA)  at -78°C, followed by the addition of freshly distilled
acetaldehyde gave ketoalcochol 9 in 95% yield. Its "H nmr spectrum

that exhibited, a doublet at & 1.20 ppm (J=6 Hz) and & multiplet at &

4.1-4.4 ppm, aséigneﬁ to the EH3EH- group, and the disappearance of
the singlet at § 2.20 ppm for the CH3ED— group of substrate 8, are

consistent with the structure of compound 9. Reduction of ketoalcohol
9 with sodium borohydride ® in MeOH/THF (1:10 v/v) &t room
tempern{'ure, furnished the corresponding diol 10 in excellent yield
(98%), as a mixture of diastereoisomers that were not separated.

Oxidative demethylation of diol 10 with cerium (IV) ammonium
nitrate (CAN)'® gave a mixture of two heterocyclic compounds that
were separated by column chromatography. The less polar compound
isolated in 79% yield, was o-piranoquinone 11 on the basis of its
analytical and spectroscopic data.

The minor by-product (9%) , which was isolated as an unstable
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grange oil, ¥as assigned the structure 12 from its spectral properties.

This compound exhibited q(jinom'c carbonyl absorptions at 1700 and

1645 cm™" The 'H nmr spectrum display o typical ABCD pattern (5 7.5-
8.3 ppm) for bencenoid pratons of a 1,2-naphthoquinone system. The
analysis of the remaining signals along with decoupling experiments
indicated the presence of two vicinal vinylic protons at § 5.16 ppm,
two pairs of allylic protons at 6§ 1.1-2.4 ppm assigned to

CH,-CH=CH-CH, group, and the protons of a methyl group at§ 1.15

ppm coupled with a methinic proton at § 3.7-4.0 ppm.

The formation of the s-quinones 11 and 12 on the oxidative
demethylation of 10  probably occurs by cyclization of the
corresponding cations after the quinone nucleus was released.
Nevertheless, taking into account the mechanisms evidences'! on
oxidative demethylation, the possibility that heterocyclization take
place during the deprotection reaction by attack of the hydraxylic
.group of the carbon-chain of 10 on the hydration-oxidation step,
cannot be disregarded.

Before studing isomerization of the sngular quinone towsrd the
linear pyrenonaphthogquinone system '2 | the oxidation of the secondsry
alcohol moiety was attempted. This transformation was readily
gccomplished  with  pyridinium ~ chlorochromate '3 (PCC)  1n
dichloromethane at room temperature , to give the kelone 13 in 90%
yield. Isomerization of the a-pyranonsphthoquinone 13  was carried
out in aqueous sulphuric acid to give g-quinone 14 in90 % uield. The

structure cn" the Tlater was mainly supported by its "H-nmr spectrum,
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which display a characteristic A,B, pattern for the aromalic

protons,'® and the proton signals for the acetonyl substituent at
C-2 position are in good agreement with those reported by Cross and
Zamitt® for compound 3. '

In summary , this synthetic approach allowed us to obtain the
naphthoquinone 14, an analogue of deoxyerithrostominone (2) ,in 40%
overall yield for seven steps. Further vork on the total synthesis of

erythrostominone (1) is in progress.
EXPERIMENTAL

Melting points were determinated with a Kofler modified apparatus and
are not corrected. IR spectra were recorded on a Perkin-Elmer Model
1310 Spectrometer. 'H and '3C nmr spectra were recorded on Yarian
¥L-100 and Varian XL-300 spectrometers respectively, using
tetramethylsilane as internal reference. The workup conditions involve
extractions with the indicated solvent, washing with water, drying
with magnesium sulfate and evaporation of the solvent under reduced
pressure. Column chromatography was perfomed on Silica-gel 60
{Merck) . Elemental analyses were performed at the Instituto de

Quimica Organica General, Madrid, Spain.

2-Hydroxy-3-(3-oxobutyl)naphthalene-| 4-dione (9).

The quinone 4(5.1g,29.2 mmol) was dissolved in a dry pyridine/
t-butanol mixture (1:10, ¥/v, 110 ml), and after the addition of freshly

distilled MVK (5 ml), the solution was heated under reflux for 12 h. The
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reaction mixture was caoled, acidified with 1:1 hydrochioric acid and
eyaporated under reduce :pressure. The solid residue was washed
with wraler and dried tt_EJ yield 7 g (28.7 mmol,98%) of 5.
Recrystallization from ethahul gave yellow needles, mp.149-1495°C
(1it.!3 149-1495 °C).

3-(3-0x0butyl)-1,2,4-trimethoxy naphthalane (8).

The hydroxyquinone 5 (2.10 g, 8.6 mmol) was dissolved in THF (30 ml)
and tetrabutyl ammonium bromide (0.33 g), water (12 ml) and aqueous
sodium dithionite (10.07 g, 37.9 mmol in 25 ml of water) were added :
The reaction vessel was flushed with nitrogen , the mizture stirred 15
min 81 ambient temperature and aqueous potassium hydroxide (11.05 g,
197 mmol in 125 ml of water) was added . After 5 min, 17 ml of
dimethyl sulfate was added and the mixture was stirred for 16 h. The
reaction mixture was diluted with water"'.and worked up with
dichloromethane. The crude product was purified by silica gel
‘chromatography (eluant dichloromethane) to give compound 8 (1.60 g,

65%) m.p. 70-72 °C (white needles from pentane); IR (KBr) 1700 cm™
'H nmr (COC13) § < 2.18 (,3H, COCH), 2.6-3.2 (m, 4H,m,CH,CH,), 3.92
(s, 3H, UCHSJ, 3.96 (s, 3H, DCHs}, 4.00 (s, 3H, DCH3), 7.4-7.6 {m, 2H,
ArH), 7.9-8.2 (m, 2H, ArH) ppm. Anal. calcd. for Cy9H2g04 C, 70.83; H,

6.94 Found: C, 70.70; H, 6.84.

3-(3-0%0-5-hudroxuhexyl)- 1,2 4-trimethoxy-naphihalene (9)

To a solution of LDA formed from diisopropylamine (0.32 ml.,2.4 mmaol)
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and n-butyl lithiurm (1.7 ml , 2.4 mmol) in dry THF (7.5 ml) al -78°C
was added a solution of ketone 11 (0.61 g,2.1 rmmol) in THF (6 ml).
After being stirred for 0.5 h at -78°C, precooled acetaldehyde (0.2 ml,
3.5 mmol) was added to the mixture, and the stirring was continued
for & further 0.5 h at -78°C . The reaction mixture was quenched by the
addition of 3 ml of 1:1 hydrochloric acid end worked up with diethyl
ether. The residue was recrystallized from cyclohexane to give the

product 9 (0.69g, 98.5 &) as white needles, mp 80.5-81.5°C; IR (KBr)

3450,1740 cm™"; "H nmr (CDC15) 6 :1.20 (d, 3H, J=6Hz, CH;), 2.5-3.2 (m,
7H, OH and 3xCH,), 3.92 (s, 3H, OCH;), 3.98 (s, 3H, OCH,), 4.00 (s, 3H,
OCHz), 4.1-4.4 (m,1H, CH), 7.4-7.6 (m, 2H, ArH), 7.90-8.24 (m, 2H ,ArH)
ppm; '3C nmr (COC15) &: 19.0, 22.4, 43.9, 505, 60.9, 62.3, 640, 1216,

122.0, 123.0, 125.4, 1258, 128.5, 143.6, 148.0, 150.2, 211.4 ppm. Anal.
calcd. for €y gH, 405 : C, 68.69; H, 7.22 ®. Found : C, 68.70; H, 7.38.

3-(3,5-dihydroxy hexyl)-1,2,d-trimethoxy-naphthalene (10).

The  ketoalcohol 9 (035 g ,1.05 mmol) dissolved in
methanol-tetrahydrofuran (1:10, v/v; 11ml) was cooled to 0 °C {ice
bath) . Sodium borohydride (0.046 g , 1.2 mmol) was added in three
portions, and the mixture stirred for 15 min at 0°C . The reaction was
then quenched by the addition of an ice-cold and after the work up with
diethyl ether, the mixture of diasteresisomers 10 was obtained as an

0il (0.34 g, 978); IR (KBr) 3380 cm™!; 'Hnmr (CDC13) 6 1.14 and 1.20

(two d, 3H, J=6Hz, 58% &nd 42% respectively, EHa), 1.24-1.96 (4H, m,
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2xCH,), 2.96 (2H, {, J=7Hz, ArCH,), 3.6-4.3 (2H, m, 2xCH) , 3.96 6 (s, 3H
OCHz), 4.00 (s, 3H, OCH3), 4.04 (s, 3H, OCHy), 3.70 and 4,10 (Lwo br s,
2x0H, exchangeable with E@O)r 7.4-7.6 (2H, m,ArH), 7.9-8.2 (2H,m, ArH).
Anal. caled. for CygH,606: C, 68. 28; H, 7.78. Found: C, 68.30; H, 7.86.

2=(2-hydroxypropyi)-3,4-dinydro-2H-napht 1.2-blpyran-5,6-dione(l 1)

A solution of CAN {0.98 g, 1.80 mmol) in water (3 ml) was added in
one portion to a stirred solution of digl 10 (200 mg, 0.60 mmol} in
acetonitrile (3 ml) at 0°C . After stirring for 30 min, al 0°C, the
reaction mixture was diluted with water, and worked up with
chloroform. The residue was calumn chromatographed (elusnt
chioroform) to afford the gquinone 11(120 mg, 75 %) as orange crystals
from benzene, m.p.122-3 °C; IR(KBr) 3440,1680 and 1630 cm"‘; 'H nmr
{CDCI3) 8: 1.37 (d, 3H, J=6 Hz, CHS), 1.6-2.9 {(m, 7H, OH and 3KCH2),
4.1-4.7 (m, 2H, two CH), 7.4-7.9 (m, 3H, ArH), 8.0-8.2 {m, 1H, ArH). Anal.
calcd. for C,6H1604: C, 70.61; H, 5.88. Found : C, 70.40: H, 5.73.

A less polar compound (12) was also obtained in fair yield (13.7
mg, 9%). IR (neat) 1700 and 1645 cm™'. "H nmr (CDCIZ) &: 1.15 (d, 3H,
J=6Hz, CHz), 1.1-2.4 (m, 4H, CH,-CH=CH-CH,,), 3.7-4.0 (m, IH, CH), 5.16

(br's, 2H, -CH=CH-), 7.5-8.3 (m, 4H, ArH).

2-(2-oxopropyl)-3,d4-dihydro-2H=-naphtol | 2

_:_,.

blpyran-5,6-dione (13)

Pyridinium chlorochromate (.11 g, 0.5 mmol ) was suspended in

anhydrous dichloromethane (10 ml1). The quinone 11 (90 g, 0.33 mmol)
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dissolved in 5 ml of dichloromethane was then added in one portion to
the magnetically stirred suspension. After 8 h, dry diethyl ether (15
ml1) was added and the supernatant liquid was decanted from a black
gum. The insoluble residue was washed with diethyl ether (3 x10 ml).
The combined organic solutions was passed through a short silica gel
column {chloroferm) and the solvent evaporated. The ketone 13 was

recrystallized from benzene (B0 mg, 90 %), mp. 162-164°C as
orange needles ; IR (KBr) 1715, 1690 and 1640 cm"; YH nmr (CDCl3) &
2.32 (s, 3H, CH3CO), 1.6-2.7 (m, 4K, CH,CH,), 2.7-3.3 (eight lines, QH,
AB portion of an ABX system, CHCHZCD), 46-5.0 {m, IH, CH), 7.4-7.9
(m, 3H, ArH), 8.0-8.2 (m,1H, ArH); '3C nmr (CDCl5) §:17.7, 25.8, 30.8,
43.1, 744, 1138, 1239, 1287, 130.0, 1308, 131.9, 1349, 1623,
176.6, 179.4, 204.6. Anal. calcd. for CygHi404:C, 71,13, H, 5.18. Fnuhd ;

C, 70.90; H, 5.24.

2—(2—ox0bmugl)—3.4-dihudro~2H—naaht.o [2,3-b] pyran-5,10-diane (l_z_i};

A solution of gquinone 13 (40 mg, 0.15 miol) in agueous sulphuric acid
(208, 25 ml) was smoothly heated (at 502C) for 30 min. The yellow
solution was diluted with water and worked up with diethyl ether.
The residue was passed through a short silica gel column (eluant
chloroform) to afford the naphtopyranquinone 6 (38 mg, 958) as yellow
needles , { mp. 117-119°C ) from cyclohexane ; IR (KB r) 1710, 1680,
1635 cm™'; 'H nmr (CDCl3) §: 1.4-2.8 (m, 4H, CH,CH,), 2.28 (s, 3H,

CH5C0),.2.88 (_eight lines, 2H, AB portian of an ABX system,CHCH,CO ),.
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4.4-43 (1H,m, CH), 7.6-7.8 (2H, m,ArH), 8.0-8.2 (21

=
I
=
22

{CDCIs) & 18.4, 256, 31.0, 48.0, 73.8, 121.5, 126.1, 1263, 1310,

1320, 133.1, 1340, 1551, 179.4, 1842, 205.1. Anal. calcd. for
CygHy404:C, 71.13; H, 5.18. Found : C, 70.95; H, 5.17.
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