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An Expeditious Synthesis of Javanicin
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The fungal metabolite javanicin (1) was isolated nearly
50 years ago! and its constitution definitely established
by synthesis some two decades later.>® Although interest
in its antibiotic properties has receded, the substance, as
a trisubstituted naphthazarin, still presents a compelling
preparative challenge since a direct method for the
regiospecific elaboration of such compoiunds remains
elusive and structures of many analogous naturally oc-
curring pigments like lomazarin, haemoventosin, eryth-
rostominone, etc. have not as yet been confirmed by
synthesis.!
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One of the most convenient means of obtaining a
particular isomer of an unsymmetrically substituted
naphthazarin entails only the oxidation of the corre-
sponding partially protected polyhydroxynaphthalene.*
Ready access to an appropriately substituted naphthol
such as 4, incorporating the complete carbon skeleton of
the end product, is moreover accessible by the regiospecific
cycloaddition methodology for which the required diene
follows directly from a selective a-propargylation of a
3-methoxycrotonate® (Scheme I). In principle the oxi-
dative step can then proceed either with or without prior
hydration of the triple bond.

In the first instance, the original strategy consisting in
the desilylation of quinone 8 and hydration of alcyne 4
was improved by carrying out the two steps simultaneously
in the presence of mercury-impregnated Nafion-H.¢ Con-
version of juglone 6 to MOM either 77 followed by reductive
methylation®? of the quinone and cleavage of the protective
group afforded naphthol 9.1 Finally, oxidation of the
latter with CAN,* a method used effectively in the
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preparation of some ventiloquinones,!! provided only a
1:3 mixture of the corresponding o- and p-anhydroquinones
11'? and 103 (Scheme II).

A more successful route was explored by first converting
propargyljuglone’8 to trimethoxynaphthol 13 in an overall
yield of 81% for the three steps. Thus, after initial
protection of the hydroxyquinone as the MOM ether (i.e.,
8), reductive methylation was also found to occur with
fortuitous desilylation. Cleavage of MOM ether 12 could
then be conducted under mild conditions and in high yield
(94%) using a catalytic amount of acid in methanol!4 to
provide 13. The oxidation step carried out with an
iodonium compound that had given excellent results in
the case of some ventiloquinones!! provided only a
disappointing 43 % of the expected naphthazarin trimethyl
ether 14. However, upon turning to a less promising
reagent, CAN provided the desired quinone 14 in very
good yield (80%). The latter was accompanied by 10%
of the corresponding naphthazarin but surprisingly the
yield of this peri-bisdemethylated product could not be
increased with the use of an excess of the oxidizing agent.

The next to last step of the synthesis involving the
hydration of the triple bond was examined under various
conditions all of which implicated the effective Hg/
Nafion-H complex. When conducted in methano! at reflux
temperature, the reaction provided a 60% yield of a 7:3
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mixture of the desired acetoxyl quinone 15 and the
corresponding enol methyl ether. In boiling acetonitrile,
the efficiency of the process was even lower, resulting in
much decomposition, but when carried out at room
temperature the process gave an 85% yield of quinone 15.
Demethylation is known to proceed poorly in the presence
of anhydrous AICl; in dichloromethane? in the case of
javanicin dimethyl ether and too extensively with other
analogous compounds.!! On the other hand, Lil in tert-
butyl methyl ketone has been found to play a far more
discriminating role.!! Even so, at reflux temperature the
product consisted of a 2:1 mixture of javanicin (1) and the
corresponding 3-hydroxylated compound. However, after
only 0.5 h atroom temperature, javanicin could be obtained
very selectively and with a high degree of conversion (85%)
(Scheme III).

Experimental Section

All melting points were taken for samples in capillary tubes
and are not corrected. The NMR spectra were recorded at 200
and 50.3 MHz, respectively, in CDCl; using tetramethylsilane as
internal standard. Merck silica gel 60Fy, for dry column
chromatography and ICN SiliTech 32-63 60A for flash chroma-
tography were used throughout in a product-to-adsorbent ratio
of 1:50-100. Elemental analyses were carried out by Galbraith
Laboratories, Inc., Knoxville, TN

1-Methoxy-3-methyl-1-(trimethylsiloxy)-2-(3-(trimethyl-
silyl)propargyl)-1,3-butadiene (2). Toasolutionof LDA (0.066
mol) in THF (40 mL) at 78 °C was added (20 min), under N,,
methy! 3-methyl-2-propargyl-3-butenoate® (4.57 g; 30.0 mmol)
in the same solvent (15 mL).  After 30 min, the medium was
warmed to 0 °C for 45 min and-again cooled to -78 °C when
chlorotrimethylsilane (11.4 mL; 80.0 mmol) in THF (12 mL) was
added (456 min) and stirring continued for an additional hour.
The reaction mixture was then allowed to come tort, concentrated
under vacuum, diluted with petroleum ether (bp 35-60 °C), and
filtered (this procedure was repeated until salts no longer
separated). The residue consisted of fairly pure but labile diene
2 as a single isomer (8.54 g; 96%): 'H-NMR 6 0.10 (9 H, s, 3"-
TMS), 0.28 (9 H, s, 1-OTMS), 1.94 (3 H, dd, J = 1.5, 0.8 Hz,
3-CHjy), 8.02 (2 H, 5, 1-H), 3.53 (8 H, s, 1-OCHj), 4.88 (1 H, dq,
J =20, 1.5 Hz, 4-H), and 4.95 (1 H, dq, J = 2.0, 0.8 Hz, 4-H).

5-Hydroxy-3-methoxy-7-methyl-6-(8-(trimethylsilyl)pro-
pargyl)-1,4-naphthoquinone(3). Asolutionat0°C fromdiene
2 (0.50 mL; ~1.5 mmol) in dry THF (1 mL) and 2-chloro-6-
methoxybenzoquinone!® (0.345 g; 2.00 mmol) in the same solvent
(8 mL) was stirred at the same temperature (2 h) then at 26 °C
(2 h) and again cooled to 0 °C. A second portion of diene (0.5
mL) in THF (1 mL) was added, and stirring was continued at
0°C (1 h) then at 256 °C (2h). The reaction mixture at 0 °C was
diluted with 10% aqueous HCI, stirred at the same temperature
(30 min) and then at 25 °C (3 h), poured into water, and extracted
with CH.Cl; (2 X 200 mL). Purification by flash chromatography
(CH.Cl,~CClL, (2:1) and then CH;Cl,) afforded naphthoquinone
3 (0.314 g; 48%): mp 178.0~178.5 °C (hexanes); IR vy, (KBr)
2170, 1640, 1605 cm~!; tH-NMR 5 0.07 (9 H, 5, 3'-TMS), 2.46 (3
H, s, 7-CH,), 3.61 (2 H, s, 1’-H), 3.85 (3 H, s, 3-OCHy), 6.02 (1
H,s, 2-H), 7.36 (1 H, 5, 8-H), and 12.12 (1 H, 5, 5-OH); 1*C-NMR
6-0.03,16.40,20.55,56.65,84.89,84.89,101.90,110.12,112.24,121.06,

(15) Raiford, L. C; Lichty, J. G. J. Am. Chem. Soc. 1930, 52, 4576.
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129.89, 130.17, 147.95, 159.59, 160.19, 184.08, and 184.51; MS
m/z 328 (16) (M)*, 69 (100). Anal. Calcd for CysHz0,Si: C,
65.83; H, 6.14; Si, 8.55. Found: C, 65.85; H, 6.42, Si, 8.78.
5-Hydroxy-3-methoxy-7-methyl-6-propargyl-1,4-naphtho-
quinone (4). To a solution of quinone 3 (0.164 g; 0.500 mmol)
in dry THF (10 mL) at 0 °C was added slowly (5 min) tetra-n-
butylammonium fluoride (1.10 mL of a 1.00 M solution in THF;
1.10 mmol). The mixture was stirred at the same temperature
(15 min) and then at 25 °C (2 h), poured into 10% aqueous HCl
(200 mL), and extracted with CH,Cl, (2 X 200 mL). Purification
of the crude product by flash chromatography (CHCly) gave
naphthoquinone 4 (0.121 g; 94%): mp 191.5-193.0 °C (C¢Hs-
petroleum ether, bp 90~120 °C); IR vy, (KBr) 2100, 1645, 1600
cml; 'H-NMR 4 1.97 1 H, t, J = 2.7 Hz, 3-H), 2.52 (3 H, s,
7-CHy),3.64 (2H,d,J = 2.7 Hz, 1-H),:3.90 (3 H, 8, 3-OCHjy), 6.10
(1H,s,2-H), 7.47 (1H,s,8-H),and 12.23 (1 H, s, 5-OH); MS m/z
256 (100) (M)*.
5-Hydroxy-3-methoxy-7-methyl-6-(2-oxopropyl)-1,4-naph-
thoquinone (6). A mixture of naphthoquinone 3 (0.263 g; 0.800
mmol), Nafion H*/Hg** beads (~400 mg), water (1.3 mL), and
methanol (14 mL) was heated to reflux for 7 h, filtered, poured
into 10% aqueous HCl (200 mL), and extracted with CH.Cl; (2
X 200 mL). The beads were washed with methanol and ether;
the residue from all organic extracts was purified by flash
chromatography on deactivated silica gel (CH;Cl;~AcOEt (10:
1)) and gave quinone 4 (0.133 g; 61%): mp 216-217 °C (CeH,-
petroleum ether, bp 90-120 °C); IR vy, (KBr) 1700, 1645, 1600
cm-; 'H-NMR 4 2.28 and 2.35 (2 X 3 H, 2s, 3',7-CH3), 3.89 (2 H,
s,1-H),3.90 (3H, s,3-OCHj), 6.11 (1 H, s, 2-H), 7.48 (1 H, 5, 8-H),
and 12.15 (1 H, s, 5-OH); 3C-NMR § 20.72, 29.85, 40.85, 56.564,
110.22, 112.11, 120.86, 128.78, 130.06, 147.97, 160.07, 160.07,
183.99, 184.57, and 204.46; MS m/z 274 (15) (M)*, 232 (100).
Anal, Caled for CsH,,05: C, 65.69; H, 5.15. Found: C, 65.39;
H, 5.21.
3-Methoxy-5-(methoxymethoxy)-7-methyl-6-(3-(trimeth-
ylsilyl)propargyl)-1,4-naphthoquinone (5). A mixtureof the
sodium salt [obtained from naphthoquinone 3 (656 mg; 2.00
mmol) and 97% NaH (110 mg; 4.40 mmol) in THF (180 mL) at
50 °C (2 h) under N;] and methoxymethyl chloride (0.63 g; 7.5
mmol) was heated to reflux (2 h), cooled, poured into 1% aqueous
Na;COs, and extracted with CHCl; (3 X 100 mL). The crude
methoxymethyl ether (5) was used directly in the next step: 'H-
NMR 4§ 0.09 (9 H, s, 3'-TMS), 2.55 (3 H, 5, 7-CH,), 3.85 (3 H, 8,
5-OCH,0CH,), 3.76 (2 H, s, 1’-H), 3.87 (3 H, 8, 3-OCH3), 5.12 (2
H,s, 5-OCH,0CH3), 6.08 (1 H, s, 2-H), and 7.76 (1 H, s, 8-H); MS
m/z 372 (0.1) (M)*, 73 (100).
1,3,4-Trimethoxy-5-(methoxymethoxy)-7-methyl-6-pro-
pargylnaphthalene (12). A solution of the methoxymethyl
ether § obtained in the preceding paragraph, cetyltrimethylam-
monium bromide (120 mg; 0.320 mmol), Na;S.0, (2.20 g; 12.0
mmol), THF (40 mL), and H;0 (16 mL) was shaken under N;
until the color disappeared (~1h). To this wasadded KOH (2.8
€ 50 mmol) in Hy;0 (8 mL) and, after 15 min, dimethyl sulfate
(3.0 g; 28 mmol). The mixture was stirred at rt for 14 h, poured
into H:0 (100 mL), and extracted with CHCl; (3 X 100 mL).
Purification of the crude product by chromatography (dry
column) (AcOEt-petroleum ether (1:4) bp 35-80 °C) afforded
naphthalene 12 (568 mg; 86%): mp 131.5~132.5 °C (petroleum
ether, bp 60-80 °C); IR vp,, (KBr) 3250, 2100, 1600, 1485 cm™!;
H-NMR & 1.99 (1 H, t, J = 2.6 Hz, 3'-H), 2.66 (3 H, s, 7-CHj),
3.64 (3H, s, 5-O0CH,0CH,), 3.85 (2H, d, J = 2.6 Hz, 1’-H), 3.79,
3.97, and 3.98 (3 X 3 H, 3s, 1,3,4-OCH3), 5.11(2 H, s, 5-OCH,-
OCHjy), 6.63 (1 H, s, 2-H), and 7.82 (1 H, s, 8-H); 1*C-NMR &
16.88, 20.03, 55.80, 57.14, 57.76, 61.74, 68.12, 82.46, 95.12, 101.69,
118.98,121.84, 122,39, 128.54, 132.94, 136.11, 148,91, 149.18, and
152.07; MS m/z 330 (97) (M)*, 255 (100).
5-Hydroxy-1,3,4-trimethoxy-7-methyl-6-propargylnaph-
thalene (13). A solution of methoxymethyl ether 12 (330 mg;
1.00 mmol) in methanol (100 mL) containing coned HCI (2 drops)
was heated to reflux (46 min), cooled, poured into HyO (100 mL),
and extracted with CHCl; (3 X 100 mL). Evaporation of the
washed and dried extracts gave naphthol 13 (269 mg; 94%): mp
128.0-129.0 °C (methanol); IR vn,, (KBr) 3320, 3270, 21056 cm™;
1H-NMR & 1.97 (1 H, t, J = 2.7 Hz, 3"-H), 2.52 (8 H, s, 7-CHjy),
371 2H,d,J = 2.7 Hz, 1’-H), 3.94, 3.95, and 4.01 (3 X 3 H, 3s,
1,3,4-OCH3), 6.54 (1 H, s, 2-H), 7.48 (1 H, s, 8-H), and 10.07 (1
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H, s, 5-OH); *C-NMR § 15.18, 19.92, 55.65, 57.26, 61.99, 67.20,
82.51,95.32,113.08,116.37,118.25,121.60, 133.92, 136.56, 146.46,
149.97, and 152.23; MS m/z 286 (74) (M)*, 271 (100). Anal. Calcd
for CuHmOG C, 71.31; H, 6.34. Found: C, 71.21; H, 6.23.

5,7,8-Trimethoxy-3-methyl-2-propargyl-1,4-naphtho-
quinone (14). (a) A mixture of naphthol 13 (143 mg; 0.500 mmol)
in CH3CN (50 mL) and ceric ammonium nitrate 1.15 g (4 equiv)
in Hy0 (11.5 mL) was stirred at rt (20 min), poured into H.O (100
mL), and extracted with CHCl; (3 X 100 mL). Separation of the
crude product by chromatography (dry column) (Et;0-C¢He)
(1:1)) provided naphthoquinone 14 (119 mg; 80%), mp 182.0-
182.6 °C (CgHgligroine).

(b) The oxidation of naphthol 13 (143 mg; 0.500 mmol) by
[bis(trifluoroacetoxy)iodo]benzene (473 mg; 1.10 mmol) in a
mixture of CH;CN (60 mL) and H,O (30 mL) at 0 °C (4 h) and
under N; also gave naphthoquinone 14 (64 mg; 43%); IR vy,
(KBr) 3240, 2100, 1645 cm™; 'H-NMR 6 1.94 (1 H, t, J = 2.7 Hz,
3-H), 2.16 (3 H, s, 3-CH5), 3.43 (2 H, d, J = 2.7 Hz, 1’-H), 3.83
(3 H, s, 7-OCH3), 3.93 (6 H, s, 5,8-OCH3), and 6.69 (1 H, 8, 6-H);
13C.NMR 4 12.91, 15.79, 56.16, 56.68, 61.34, 68.83, 79.68, 101.14,
113.22, 126.59, 139.94, 143.25, 145.57, 157.63, 159.46, 183.18, and
183.18; MS m/z 300 (56) (M)*, 77 (100). Anal. Calcd for
C1H160s: C, 67.99; H, 5.37. Found: C, 68.07; H, 5.53.

5,7,8-Trimethoxy-3-methyl-2-(2-oxopropyl)-1,4-naphtho-
quinone (15). A mixture obtained from naphthoquinone 14 (300
mg; 1.00 mmol) in CH;CN (30 mL) and Nafion H*/Hg** beads
(1.0 g) in H;0 (1 mL) was stirred at rt (3.5 h), filtered, poured
into H;0 (100 mL), and extracted with CHCl; (3 X 50 mL). The
residue of all organic extracts, after chromatography (wet column)
(AcOEt-petroleum ether (3:1), bp 36-60 °C), yielded acetonyl-
naphthoquinone 15 (272 mg; 85%): mp 173.0-173.5 °C (CeH¢-
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ligroine) (lit.? mp 170-171 °C); IR »y,, (KBr) 1720, 1640 cm™;
1H-NMR § 2.03 (3 H, s, 3"-H), 2.27 (8 H, s, 3-CH;), 3.69 (2 H, s,
1’-H), 3.81, 3.95, and 3.96 (3 X 3 H, 3s, 5,7,8-OCH3), and 6.71 (1
H, s, 6-H); 1*C-NMR 4 13.30, 30.16, 41.74, 56.18, 56.72, 61.31,
101.20, 113.39, 126.41, 139.33, 143.26, 146.30, 157.69, 159.33,
183.08, 184.19, and 203.76; MS m/z 318 (87) (M)*, 233 (100).
A:Inal. Caled for Ci7H;506: C, 64.14; H, 5.70. Found: C, 63.70;
, 5.76.
5,8-Dihydroxy-3-methoxy-7-methyl-6-(2-oxopropyl)-1,4-
naphthoquinone (Javanicin) (1). A mixture of naphtho-
quinone 15 (64 mg; 0.20 mmol) and Lil (30 mg; 0.66 mmol) in
tert-butyl methyl ketone (20 mL) was heated at reflux for 30
min, allowed to cool to rt, poured into water, and extracted with
CHCl; (8 X 50 mL). The crude product was purified by
chromatography (wet column) on deactivated silica gel (AcOEt-
petroleum ether (3:1), bp 35-60 °C) and afforded javanicin (1)
(50 mg; 85%): mp 207.5-208.0 °C (1,2-dichloroethane-ligroine)
(lit.2 mp 207-208 °C); IR vpe: (KBr) 1710, 1600 cm™; 'H-NMR
5222 (3H,s, 3"-H), 2.28 (3 H, s, 7-CHjy), 3.88 (2 H, 8, 1’-H), 3.92
(3 H, s, 3-OCHjy), 6.19 (1 H, 5, 2-H), 12.83, and 13.22 2 X 1 H,
28, 5,8-0H); 13C-NMR § 12.82, 29.98, 41.17, 56.73, 108.35, 109.58,
134.13, 142.44, 159.61, 160.26, 160.56, 161.31, 177.70, 184.35, and
203.74; MS m/z 290 (94) (M)*, 248 (100). Anal. Calcd for
CisH1.06 C, 62.07; H, 4.86. Found: C, 62.07; H, 4.95.
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