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ABSTRACT

We report on the laboratory-scale synthesis of the antimycobacterial naphthoquinone, 7-methyljuglone (7-methyl-5-hydroxy-
1,4-naphthoquinone) in a one step Friedel-Crafts acylation reaction. This compound was used to synthesize neodiospyrin, which
possesses similar bioactivity.
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The worldwide resurgence of Mycobacterium tuberculosis infections,
especially in third world countries, increases the need to discover
and synthesize new antituberculosis compounds. This resurgence
is in part due to the increase in HIV-AIDS. In addition, the emer-
gence of multidrug-resistant strains of M. tuberculosis increases
the problem even further. There are various reports that certain
naturally occurring naphthoquinones inhibits M. tuberculosis at
low concentrations,1–5 (7-methyljuglone MIC = 0.5 µg mL–1;
neodiospyrin MIC = 10 µg mL–1) and shows good activity
against multidrug-resistant strains. Currently only a few of these
naphthoquinones are commercially available. We report here on
a relatively quick and inexpensive laboratory-scale synthetic
route to 7-methyljuglone and neodiospyrin.

7-Methyl-5-hydroxy-1,4-naphthoquinone (7-methyljuglone 1)
was previously synthesized in a two-step procedure.6 During
the first step maleic anhydride was used to react with 4-chloro-
3-methylphenol in a Friedel-Crafts acylation reaction, with the
yields ranging from 15–22%. During the second step of reductive
dechlorination, yields ranged from 35–85% (overall average
yield = 12%).7 Due to the low yield and the difficulties experi-
enced during the second step an alternative route to 1 was inves-
tigated. In this study maleic anhydride was used to react with
m-cresol in a single step synthesis to yield 1 (yield: 16%).

The Friedel-Crafts acylation reaction is a well-known method
although the exact mechanism is not yet fully understood. The
reaction generally gives good yields of the aromatic ketone
when it is performed in an organic solvent. With the use of ionic
melts the yields will be considerably lower. We propose that an
electrophilic complex is formed (Scheme 1) between the catalyst
and the ketone group of maleic anhydride.8 This initiates ring
opening to form the acylium ion. Nucleophilic attack occurs in
the ortho position of m-cresol to the partially positively charged
carbon of the acylium ion (lower temperatures favours attack in
the para position).9 A second molecule of AlCl3 simultaneously
forms a complex with the second ketone group as the process
is repeated with nucleophilic attack in the meta position of
m-cresol. The end result is that 1 is formed with the loss of one
molecule of water.

In order to synthesize neodiospyrin (2) a quinol-naphthol
coupling reaction was re-investigated.10,11 The reduction of 1 was
performed with SnCl2 instead of hydrogen gas over a Adams

catalyst as previously reported. Purified 1 was reduced to its
corresponding hydroquinone with the use of SnCl2 in THF and
4M HCl. The hydroquinone was purified with RP18 SPE
chromatography after which it was dissolved in methanol and
added to 1 in a phosphate buffer (pH 6.6), at room temperature.
The resulting precipitate was filtered, washed with water and
dried. LC-MS and 1H-NMR analysis confirmed the formation of
the dimer, 2 (Fig. 1).

Experimental

Synthesis of 1
Different ratios of the reagents (10.2 mmol maleic anhydride:

3.4; 6.8; 10.3; 20.5 mmol m-cresol) were added to AlCl3
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Scheme 1

Reaction mechanism of the Friedel-Crafts acylation reaction between
maleic anhydride and m-cresol.



(90.0 mmol) and NaCl (40 mmol) at 180°C. After 2 min of
vigorously stirring the mixture, it was added to 30 mL of 12 N
HCl and crushed ice.7 After 20 min the resulting precipitate was
filtered and washed with distilled water (5 times with 50 mL
water). The precipitate was allowed to dry after which it was
ground with mortar and pestle into a fine powder. The powder
were repeatedly extracted with hexane and quantitatively tested
on LC-MS for 1. The optimum ratio of AlCl3 was tested and the
reaction repeated using 10.2 mmol of maleic anhydride with
10.3 mmol of m-cresol. It was found that 90.0 mmol of AlCl3 and
40.0 mmol of NaCl gave the best results (less NaCl stopped the
mixture from melting and too much NaCl made the mixture
extremely viscous). A temperature of 180°C and reaction times of
between 100 and 140 sec gave the highest yields.

The reaction was repeated using the best conditions
(10.2 mmol maleic anhydride, 10.3 mmol m-cresol, 90.0 mmol
AlCl3, 40.0 mmol NaCl, reaction temp 180°C and reaction time
120 sec). The resulting precipitate was repeatedly extracted with
hexane after which the hexane was dried and the compound
purified with the use of a silica gel column chromatography. The
mobile phase consisted of hexane:ethyl acetate (5:1).

Compound 1: δH (200 MHz, CDCl3) 2.37 (3H, s, 7-Me), 6.88 (2H,
s, 2,3-H), 7.06 (1H, d, J 0.54 Hz, H-8), 7.42 (1H, d, J 0.54 Hz, H-6),
11.83 (1H, s, 5-OH); m/z [M-H]– 187 + H; m.p. 125–127°C (lit.5

126.5–127°C). The yield of 1 after purification was 305 mg (16%)
as determined by LC-MS.

Synthesis of 2
For the synthesis of 2, 0.13 mmol of 1 was dissolved in 2.5 mL

tetrahydrofuran. This was added to a solution of tin(II)chloride
(0.66 mmol) dissolved in 2.5 mL of THF and 10 mL of 4 M HCl at
60°C. The solution was stirred for 3 h after which the THF was
evaporated. The reduced compound was recovered by passing
the remaining aqueous solution through a RP18 SPE tube. After
removing the HCl and tin(II)chloride by washing the tube with
water, the compound was retrieved by washing with methanol
(yield: 18 mg, 72%). A phosphate buffer was prepared by dissolv-
ing 5 mmol of KH2PO4 in 100 mL of water. The pH was adjusted
to 6.6 with the dropwise addition of 10% KOH. 0.13 mmol of 1

was dissolved in 2 mL of methanol and 25 mL of the phosphate
buffer. The solution was stirred vigorously while adding the
hydroquinone (0.13 mmol) dissolved in 2 mL of methanol. The
resulting precipitate was filtered off after 30 min, washed with
50 mL of water (5 times) and dried.10 The compound was purified
with silica gel chromatography with hexane:ethyl acetate (5:2) as
the mobile phase.

Compound 2: δH (200 MHz, CDCl3) 2.28 (3H, s, 7-Me), 2.45 (3H,
s, 7’-Me), 6.60 (1H, s, H-2’), 6.76 (1H, d, J 10.35 Hz, H-2), 6.92 (1H,
d, J 10.35 Hz, H-3), 7.09 (1H, bd, J~1 Hz, H-6’), 7.25 (1H, s, H-6),
7.52 (1H, bd, J~1 Hz, H-8’), 11.75 (1H, s, 5’-OH) 12.27 (1H, s,
5-OH); m/z [M-H]– 373 + H; m.p. 216–219°C (lit.,9 220°C). The
yield of 2 after purification 29.8 mg (60%) as determined by
LC-MS.

Identification of Products
The products of the different reactions were analysed on a

Shimadzu LC-MS 2010 EV using a Phenomenex RP18 column
(150 × 2 mm, 4 µ) with 62.5% acetonitrile and 5% aqueous acetic
acid as mobile phase. A flow rate of 0.2 mL min–1 was employed.
The retention times of 1 and 2 was 4.15 min and 8.32 min respec-
tively. The molecular mass of the products was determined with
an APCI probe in negative ionization mode.
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Figure 1 Structures of 7-methyljuglone (1) and neodiospyrin (2).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00500
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


