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Abstract 
3-Isopropylnaphthalene-1,2-dione (1) was synthesized from 3-hydroxy-2-naphthoic acid (5) in 4 
steps (59% overall yield). After conversion of 5 to its methyl ester derivative, the crucial steps of 
the synthesis were the treatment of the ester with 4 eq MeMgI and then Pd-C catalyzed 
hydrogenation to give 3-isopropylnaphthalen-2-ol (8). Oxidation of 8 with m-chloroperbenzoic 
acid gave 1 in good yield.  
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Introduction 
 
3-Isopropylnaphthalene-1,2-dione (1) is found as a structural moiety in many natural products. 
For example, miltirone (2)1 is a cytotoxic natural product and contains the 3-
isopropylnaphtelene-1,2-dione moiety. Ulubelen et al.2 reported that multiorthoquinone (3) and 
2-demethylmultiorthoquinone (4), quinoid natural products, show very efficient anti-tuberculosis 
activity. Huang et al.3 reported 1 itself and its derivatives to have remarkable cytotoxic activities 
against A549 and HCT-116 cell lines and to have inhibitory activity on Cdc25 phosphatases, key 
regulators of the cycle during normal eukaryotic cell division and mediators of the checkpoint 
response in cells with DNA damage.    
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 To date, there have been two reports on the synthesis of 1. The first synthesis of 1, based on 
Clemmensen reduction of 2-hydroxy-3-isopropyl-1,4-naphtoquinone, was performed by  Fieser 
and Bader.4 However, the 2-hydroxy-3-isopropyl-1,4-naphtoquinone is prepared  by reduction of 
lapachol, followed by two step Hooker oxidation, and the overall yield is  <12%.5 The second 
synthesis of 1 was performed by Chang et al.,6 starting from 2-isopropylanisol in 9 steps and in ~ 
7% overall yield. In this paper we describe a novel, concise, short, and very efficient synthesis of 
1 starting from 3-hydroxy-2-naphthoic acid, a very cheap commercially available compound.  
 
 
Results and Discussion 
 
Our synthesis was based on a transformation of the carboxyl group of 5 to an isopropyl group to 
give 3-isopropylnaphthalen-2-ol (8) and then its oxidation to give 1. For this, first 3-hydroxy-2-
naphthoic acid (5) was converted to the corresponding methyl ester 6 by refluxing in MeOH in 
the presence of p-TsOH in a yield of 92%. Lammer7 reported the direct preparation of carbinol 7 
from ester 6 by treatment with an excess of MeMgI. Following this procedure, ester 6 was 
reacted with 4 equivalents of MeMgI to give carbinol 7 in excellent yield (89%). Pd-C catalyzed 
hydrogenation of 7 gave 3-isopropylnaphthalen-2-ol (8) in 97% yield. Alternative methods have 
been used to oxidize naphthol 8 to naphthalene-1,2-dione 1. Chang et al.6 used Fremy’s salt, 
(KSO3)2NO, for this purpose. Huang et al.3 oxidized naphthol 8 to naphthalene-1,2-dione 1 by 
reaction with Dess-Martin periodinane. Ghera and Ben-David8 reported the conversion of 3-
alkyl-2-naphthols to 3-alkyl-1,2-naphthalenediones based on oxidation with m-chloroperbenzoic 
acid. The application of this method to 3-isopropylnaphthalen-2-ol gave 3-isopropylnaphthalene-
1,2-dione (1) in a yield of 74% (Scheme 1). 
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Conclusions 
 
In summary, starting from 3-hydroxy-2-naphthoic acid, a very cheap commercially available 
compound, we developed an alternative and efficient method for the preparation of 3-
isopropylnaphthalene-1,2-dione (1), a potent antitumor compound, in only 4 steps and in 59% 
overall yield. Further, the intermediary 3-isopropylnaphthalen-2-ol (8) should be a useful 
synthon for the preparation of biologically active naphthalene compounds.  
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Scheme 1. (i) MeOH, p-TsOH, reflux, 24 h, 92%; (ii) MeMgI (4 eq); THF; 12 h; 89%; (iii) H2, 
Pd-C, MeOH, 3 h, 97%; (iv) m-chloroperbenzoic acid (3 eq), CH2Cl2, 2 h, 74%. 
 
 
Experimental Section 
 
General Procedures. Column chromatography (CC): silica gel 60 (70–230 mesh). TLC: Silica 
gel 60 F254 plates (Merck). Solvents were purified and dried by standard procedures before use. 
M.p.: Büchi-539 cap. melting-point apparatus; uncorrected. 1H- and 13C-NMR Spectra: at 200 or 
50 MHz, on Varian spectrometer; δ in ppm, J in Hz. EI-MS: Thermo-Finnigan mass analyzer; in 
m/z (rel. int. in %). Elemental analyses were carried out with a Leco CHNS-932 instrument. 
 
Methyl 3-hydroxy-2-naphthoate (6). To a solution of 3-hydroxy-2-naphthoic acid (5) (5.00 g, 
26.6 mmol) in dry MeOH (150 mL) was added 50 mg of p-TsOH. The resulting mixture was 
refluxed for 24 h. The solvent was removed under reduced pressure. The residue was dissolved 
in EtOAc (100 mL) and washed with saturated NaHCO3 (10 mL), brine (10 mL), and water (10 
mL). The organic layer was dried (MgSO4) and the solvent was removed under reduced pressure 
to give ester 6 as a yellow solid (4.95 g, 92%). M.p. 71-73° (solidified). (lit9 m.p. 73-74°). 
Rf=0.88 (1:1 EtOAc/Hexane). 1H-NMR (200 MHz, CDCl3): 10.42 (br. s, OH); 8.49 (s, 1H, H-
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C(1)); 7.80 (br.d, 1H, H-C(5) or H-C(8), J=8.3 Hz); 7.69 (br. d, 1H, H-C(5) or H-C(8), J=8.3 
Hz); 7.50 (br. t, 1H, H-C(6) or H-C(7), J=7.9 Hz); 7.32 (s, 1H, H-C(4)); 7.32 (br. t, 1H, H-C(6) 
or H-C(7), J=7.5 Hz); 4.03 (s, 3H, OCH3). 13C-NMR (50 MHz, CDCl3): 170.3 (COOMe); 156.4 
(C(3)); 138.0; 132.5; 129.3; 129.2; 127.2; 126.4; 124.0 ; 114.3; 111.8; 52.6 (OCH3). EI-MS: 
202.5 (M+, 40); 170.1 (100); 142.3 (86); 71.3 (18).   
3-(2-Hydroxypropan-2-yl)naphthalen-2-ol (7). A solution of ester 6 (3.03 g; 15.0 mmol) in 
THF (50 mL) was cooled to 0 °C and a solution of MeMgI in ether (3M, 20 mL; 60 mmol) was 
added dropwise under Ar atm. at the same temp. The resulting mixture was stirred for 12 h at r.t. 
The mixture was cooled to 0 °C and saturated NH4Cl solution (20 mL) added. The organic layer 
was extracted with EtOAc (3 x 35 mL). The solution was dried (MgSO4) and the solvents was 
evaporated to give carbinol 7 as a crude product. Chromatography of the crude 7 on a silica gel 
column (90 g) eluting with EtOAc/hexane (1:4) gave pure 7 as a light yellow solid (2.69 g; 
89%). M.p. 133-135° (solidified). (lit7 m.p. 140-141°). Rf=0.41 (1:4 EtOAc/Hexane). 1H-NMR 
(200 MHz, CDCl3): 9.07 (s, 1H, ArOH); 7.70 (br. d, 1H; H-C(5) or H-C(8), J=8.8 Hz); 7.63 (br. 
d, 1H, H-C(5) or H-C(8); J=8.1 Hz); 7.56 (s, 1H; H-C(4); 7.40 (dt, 1H; H-C(6) or H-C(7), J=7.5 
Hz, J=1.4 Hz); 7.30 (dt, 1H; H-C(6) or H-C(7), J=8.1 Hz, J=1.4 Hz); 7.21 (s, 1H, H-C(1)); 2.87 
(s, 1H, OH); 1.76 (s, 6H, 2xCH3). 13C-NMR (50 MHz, CDCl3): 153.7 (C(2)); 134.2; 133.5; 
128.1; 127.7; 126.2; 125.9; 124.5; 123.4; 111.8; 75.7 (C(OH)Me2); 30.1 (2xCH3). EI-MS: 184.4 
(M+-H2O, 100); 169.3 (23); 155.3 (22); 141.3 (91); 128.3 (15); 115.2 (32). Anal. calcd for 
C13H14O2 (202.10): C, 77.20; H, 6.98; Found: C, 77.37; H, 7.02. 
3-Isopropylnaphthalen-2-ol (8). To a solution of carbinol 7 (2.00 g; 9.89 mmol) in MeOH (150 
mL) was added 10% Pd-C (200 mg). The mixture was stirred under H2 (1 atm) for 3 h at r.t. The 
filtration of Pd-C and then evaporation of the solvent gave 8 as a reddish solid (1.78 g; 97%). 
M.p. 96-98° (solidified). (lit5 m.p. 92-93°). Rf=0.53 (1:4 EtOAc/Hexane). 1H-NMR (200 MHz, 
CDCl3): 7.75 (br. d, 1H, H-C(5) or H-C(8), J=7.9 Hz); 7.65 (br. s, 1H, H-C(4)); 7.63 (br. d, 1H, 
H-C(5) or H-C(8), J=7.5 Hz); 7.38 (dt, 1H, H-C(6) or H-C(7), J=6.8 Hz; J=1.6 Hz); 7.34 (dt, 
1H, H-C(6) or H-C(7), J=7.8 Hz, J=1.9 Hz); 7.08 (s, 1H, H-C(1)); 3.36 (septet, 1H; CHMe2, 
J=6.8 Hz); 1.36 (d, 6H, 2xCH3, J=6.8 Hz). 13C-NMR (50 MHz, CDCl3) δ 152.1 (C(2)); 137.1; 
132.9; 129.2; 127.4; 125.6; 125.5; 125.1; 123.4; 109.4; 27.5 (CHMe2);  22.6 (2xCH3). EI-MS: 
186.4 (M+, 53); 171.3 (100); 152.3 (32); 141.3 (16); 128.3 (16); 115.2 (17).  
3-Isopropylnaphthalene-1,2-dione (1). To a solution of 8 (0.98 g; 5.26 mmol) in CH2Cl2 (20 
mL) was added m-chloroperbenzoic acid (3.54 g, 77%, 15.8 mmol) over 30 min at r.t. The 
reaction mixture was stirred for an additional 2 h and then poured into water (50 mL). The 
organic phase was extracted with CH2Cl2 (2x25 mL), washed with 5% NaHCO3 (50 mL) and 
brine (50 mL), and dried (MgSO4). Evaporation of the solvent under reduced pressure gave 3-
isopropylnaphthalene-1,2-dione (1) as a yellow solid (0.78 g; 74%). M.p. 129-131° (from 
CH2Cl2-hexane). (lit6 m.p. 126-128°). Rf=0.42 (1:4 EtOAc/Hexane). 1H-NMR (200 MHz, 
CDCl3): 8.00 (d, 1H, H-C(5) or H-C(8), J=7.4 Hz); 7.60 (t, 1H, H-C(6) or H-C(7), J=7.6 Hz); 
7.39 (t, 1H, H-C(6) or H-C(7), J=8.6 Hz); 7.28 (d, 1H, H-C(5) or H-C(8), J=8.4 Hz); 7.13 (s, 
1H, H-C(4)); 3.04 (septet, 1H; CHMe2, J=6.9 Hz); 1.16 (d, 6H, 2xCH3, J=6.9 Hz). 13C-NMR 
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(50 MHz, CDCl3): 180.8 (C(1) or C(2)); 179.6 (C(1) or C(2)); 146.4; 138.4; 135.8; 135.5; 130.5; 
129.8; 129.7; 129.3; 27.1 (CHMe2); 21.5 (2xCH3). 1H-NMR is in good agreement with data 
given in the literature.6  
 
 
Acknowledgements 
 
We thank Turkish Scientific and Technological Research Council for its financial support  
(Grant no. TBAG-108T115). 
 
 
References 
 
1. Huang, W. G.; Li, Y. F.; Lu, W.; Aisa, H. A. Chem. Nat. Comp. 2006, 42, 665.  
2. Ulubelen, A.; Topçu, G.; Johansson, C. B. J. Nat. Prod. 1997, 60, 1275. 
3. Huang, W.; Li, J.; Zhang, W.; Zhou, Y.; Xie, C.; Luo, Y.; Li, Y.; Wang, J.; Li, J.; Lu, W. 

Bioorg. Med. Chem. Lett. 2006, 16, 1905.  
4. Fieser, L. F.; Bader, A. R. J. Am. Chem. Soc. 1951, 73, 681.  
5. Fieser, L. F.; Hartwell, J. L.; Seligman, A. M. J. Am. Chem. Soc. 1936, 58, 1223. 
6. Chang, H. M.; Chui, K. Y.; Tan, F. W. L.; Yang, Y.; Zhong, Z. P.; Lee, C. M.; Sham, H. L.; 

Wong, H. N. C. J. Med. Chem. 1991, 34, 1675.  
7. Lammer, P. Monatsh. Chem. 1914, 35, 171; Chem. Abstr. 1914, 8, 10610.  
8. Ghera, E.; Ben-David, Y. J. Org. Chem. 1985, 50, 3355. 
9. Miller, L. E.; Hanneman, W. W.; St. John, W. L.; Smeby, R. R. J. Am. Chem. Soc. 1954, 76, 

296. 



<<
  /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 1.4
  /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
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


