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1-CHLORO-(2S,3S)-DIHYDROXYCYCLOHEXA-4,6-DIENE  
[ 3,5-Cyclohexadiene-1,2-diol, 3-chloro-, (1S-cis)- ] 
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1. Procedure 

Caution! Chlorobenzene is an irritant and possible carcinogen. 

A. Preculture preparation. A 250-mL Erlenmeyer flask containing 50 mL of mineral salt broth 
(MSB) (Note 1) with 0.2% L-arginine hydrochloride (L-arginine·HCl) and fitted with a cotton plug is 
sterilized (Note 2). In a laminar flow hood, a single colony of Pseudomonas putida 39/D (Pp 39/D) 
(Note 3) is selected from a fully grown plate (Note 4), (Note 5), (Note 6) and transferred to the solution 
with a sterile loop taking care not to place the hand over the plate or flask. The flask is then placed in a 
benchtop orbital incubator shaker at 30°C and 200 rpm for 24 hr. 

B. Shake flask. A 2800-mL Fernbach flask fitted with a vapor bulb and an air inlet (see Figure 1) 
containing 500 mL of MSB solution with 0.2% L-arginine·HCl is sterilized (Note 2). After cooling, the 
50-mL preculture is added via aseptic transfer (Note 7). The vapor bulb is filled with 10 mL of 
chlorobenzene , and the flask is carefully placed in an orbital incubator shaker at 150 rpm and 30°C for 
48 hr. The excess chlorobenzene is removed from the central chamber with a pipette, and the pH of the 
solution is adjusted, if necessary, to approximately 8 or 9. The suspension is poured into two large 
centrifuge tubes, and the cells are removed by centrifugation for 30 min at 10°C and 8000 rpm. The 
supernatant solution is saturated with salt and extracted with ethyl acetate (4 × 100 mL). The organic 
layers are combined, dried with magnesium or sodium sulfate , and filtered (Note 8). The solvents are 
evaporated under reduced pressure to afford a tan-colored solid (190 mg). The diene diol is further 
purified by recrystallization from methylene chloride/hexanes to yield an off-white solid (160 mg) (Note 
9). The material has a reasonable shelf life (Note 10) when kept acid-free to inhibit decomposition to 
chlorophenols. 

Figure 1. Shake Flask Apparatus 

 

2. Notes



1. MSB components4 are as follows: 4% of solution A, 2% of solution B, 1.5% of solution C. Mix 
solutions A, B, C and add distilled water to 90% volume. Adjust pH to 7.2 with 10 M KOH, and adjust 
to final volume with distilled water. Solution A (for 1 L): 1 M KH2PO4 (136 g/L) and 1 M 
Na2HPO4·7H2O (268.1 g/L). Adjust the solution to pH 7.2 with 10 M KOH. Solution B (Hunter's Base – 
Vitamin-free, for 1 L): Nitrilotriacetic acid (NTA), 10 g/L; KOH, 7.5 g/L; MgSO4·7H2O, 29.6 g/L; 
CaCl2·2H2O, 3.3 g/L; (NH4)6Mo7O24·4H2O, 9.3 mg/L; FeSO4·7H2O, 99 mg/L; Metals 44 solution 50 
mL/L. [note: 10.0 g of nitrilotriacetic acid (NTA) is dissolved with stirring in 150 mL of distilled H2O 
containing 7.5 g of KOH. Next, 29.6 g of MgSO4·7H2O is dissolved separately in 150 mL of distilled 
H2O. A solution of 3.3 g of CaCl2·2H2O in 150 mL of distilled water is prepared. The MgSO4 solution is 
then added to the NTA solution; add slowly, to avoid any clouding of the mixture. Once the solutions 
are mixed, the CaCl2 solution is gradually added with stirring. Again, do NOT allow the mixture to 
become cloudy as this will result in the formation of insoluble precipitates. Prepare a solution from 9.3 
mg of (NH4)6Mo7O24·4H2O and 99 mg of FeSO4·7H2O in 150 mL of distilled water. Add this solution 
with stirring to the mixture already prepared. A pale yellow color should appear when the solutions have 
been mixed. Add the Metals 44 solution and bring the total volume to 1.0 L with distilled H2O. The pH 
of the solution should be adjusted to 6.8 CAREFULLY with 10 N NaOH – preferably in 0.2-mL 
aliquots - otherwise, insoluble precipitates will form. Store refrigerated at 4-10°C]. Metals 44 solution 
(for 100 mL): ethylenediaminetetraacetic acid (EDTA), 250 mg ; ZnSO4·7H2O, 1.095 g ; FeSO4·7H2O, 
500 mg ; MnSO4·H2O, 154 mg ; CuSO4·5H2O, 39.2 mg ; Co(NO3)2·6H2O, 24.8 mg ; Na2B4O7·10H2O, 
17.7 mg . [The solids are dissolved one at a time in 100 mL of distilled H2O and 1 drop of sulfuric acid 
(1 M) is added to retard precipitation. The solution should be aquamarine blue.] Solution C (for 1 L): 
200 mg/L of (NH4)2SO4 in distilled water. 
2. All flasks, solutions and other accessories that come into contact with the media solutions must be 
sterilized or purchased pre-sterilized. For sterilization, a high pressure steam autoclave (AMSCO 3021) 
was used with a liquid cycle that holds the contents at a temperature of 121°C/14 psi for 25 min. 
3. The organism has been deposited with DSM, the German Collection of Microorganisms and Cell 
Cultures, as # 6414 and also with ATCC, the American Type Culture Collection, as strain number 
ATCC 700008. 
4. Agar plate preparation. Dilute 20 mL of solution A, 10 mL of solution B, 7.5 mL of solution C and 
2.5 g of L-arginine to 250 mL in a 1-L flask equipped with a stir bar. In a separate 1-L flask, mix 10 g of 
Bacto-Agar in 250 mL of distilled H2O. Sterilize the solutions. A precipitate present in the MSB 
solution at this point will dissolve with stirring and cooling of the solution. When the MSB and agar 
solutions are at 45-50°C, quickly combine, stir and pour the mixed solution into 100-mm diameter 
plastic Petri dishes (Fisher Scientific Company) (approximately 20 mL of solution per plate). In general, 
the method used for obtaining single colonies is called "streaking for isolation," shown in Figure 2. 
Each direction of streaking is to be done with a flame-sterilized wire loop or a new disposable plastic 
loop, four loops for the entire procedure. All procedures are performed under sterile conditions in a 
laminar flow hood. 

Figure 2. Summary of Steps Used to Streak for Isolation 

 



5. Storage of cells: A culture of cells was grown in sterile Lauria broth (10 g/L of tryptone, 5 g/L of 
yeast extract, 5 g/L of NaCl) that had been inoculated (transfer of cells as described in part A) with a 
single colony from an agar plate. These organisms were grown for 24 hr. The above solution (0.8 mL) 
was transferred to a sterile cryovial, combined with sterile glycerol solution (0.8 mL) and frozen at −78°
C. (Glycerol solution: 60 mL of glycerol , 2.5 g of tryptone , 1.25 g of yeast extract, 2.5 g of NaCl, 182 
mL of distd water.) The cells are periodically checked for activity (Note 6). 
6. Indigo test: Two plates of Pseudomonas agar (MSB + 0.2% arginine + 2% Bacto-Agar) were streaked 
and allowed to grow in the presence of chlorobenzene. In the lid of one dish was placed a vial 
containing toluene (for use as control) and plugged with cotton. In the lid of the other plate was placed a 
vial containing chlorobenzene. The plates were placed in an incubator (30°C) overnight. After the plate 
was grown ( 24 hr), it was removed from the incubator and the vial containing the substrate was 
removed and replaced with several crystals of indole. After the plate was left at room temperature for 30 
min, the cells were checked for the presence of a blue color, indicative of indigo formation. (Color 
should be very apparent in 30 min for toluene-induced cells.) In this case, a blue color was apparent for 
both plates thus proving that chlorobenzene would induce the production of toluene dioxygenase and 
that the cells were viable. The same technique can be used for substrates other than chlorobenzene; if a 
blue color is not observed, the substrate will not induce production of the dioxygenase enzyme during 
growth of the organism. 
7. An aseptic transfer involves first passing the lip of the preculture flask through a flame and repeating 
the flaming procedure with the lip of the Fernbach flask. The preculture is then poured into the larger 
flask carefully, without allowing the flasks to come into contact. 
8. To facilitate breaking up any emulsion, the checkers centrifuged (20 min, 7000 rpm) the combined 
organic layers. 
9. The spectral/physical data of 1-chloro-(2S,3S)-dihydroxycyclohexa-4,6-diene are as follows: Rf = 
0.32 (1:1 hexane/ethyl acetate) mp 82-84°C; [α]25 D +54° (CHCl3, c 0.59); 1H NMR (CDCl3) δ: 2.63 (d, 1 
H, J = 8.4), 2.74 (d, 1 H, J = 7.3), 4.19 (t, 1 H, J = 7.3), 4.48 (m, 1 H), 5.87 (m, 2 H), 6.12 (m, 1 H) ; 13C 
NMR (CDCl3) δ 69.1 (CH), 71.4 (CH), 122.7 (CH), 123.4 (CH), 128.0 (CH), 134.9 (C) . 
10. The half-life of 1-chloro-(2S,3S)-dihydroxycyclohexa-4,6-diene (t ) is 4 days in CDCl3 at room 
temperature. The diol can be stored at −20°C or −80°C for several months without decomposition. 

Waste Disposal Information 

All toxic materials were disposed of in accordance with "Prudent Practices in the Laboratory"; 
National Academy Press; Washington, DC, 1995. The bacterial cell mass from fermentation is, after 
sterilization, judged suitable for disposal to municipal sewers. 

3. Discussion 

The pioneering work of Gibson5 6 on the isolation and mutation of Pseudomonas strains that 
oxidatively degrade aromatic compounds has led, 25 years later, to the application of cyclohexadiene 
cis-diols in asymmetric synthesis. The first applications of these types of compounds to synthesis were 
the use of meso-diol derived from benzene for production of polyphenylene7 by ICI and in the synthesis 
of racemic pinitol by Ley in 1987.8 The first use of the title compound in synthesis was in 1990 in the 
preparation of both enantiomers of erythrose.9 This field increased greatly in the late 1980s and there are 
now numerous reports on the use of the title compound as a versatile chiral synthon. Several reviews 
have appeared.10 11 12 13 14 15 16 17 18 19 20 21  

Over 300 diol metabolites are known.22 23 24 Several diols and some secondary synthons derived 
from them have recently become commercially available: Eastman Fine Chemicals, Genencor: (1S-cis)-
3-Chloro-3,5-cyclohexadiene-1,2-diol, (1S-cis)-3-bromo-3,5-cyclohexadiene-1,2-diol, (1S-cis)-3-iodo-
3,5-cyclohexadiene-1,2-diol, (5S-cis)-5,6-dihydroxy-1,3-cyclohexadiene-1-carbonitrile, cis-2R,3S-2,3-
dihydroxy-2,3-dihydrobenzonitrile acetonide, (1R-cis)-1,2-dihydro-1,2-naphthalenediol, (1R-cis)-
1,2,3,4-tetrahydro-1,2-naphthalenediol, (4S-trans)-4,5-dihydroxy-3-oxo-1-cyclohexene-1-carboxylic 
acid, furo[3,4-d]-1,3-dioxol-4(3aH)-1-dihydro-6-hydroxy-2,2-dimethyl-[3aR-(3aa,6aa)]. 
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Appendix 
Chemical Abstracts Nomenclature (Collective Index Number); 

(Registry Number) 

1-Chloro-(2S,3S)-dihydroxycyclohexa-4,6-diene:  
3,5-Cyclohexadiene-1,2-diol, 3-chloro-, (1S-cis)- (10); (65986-73-4)  

Potassium dihydrogen phosphate:  
Phosphoric acid, monopotassium salt (9); (7778-77-0)  

Disodium hydrogen phosphate:  
Phosphoric acid, disodium salt (8,9); (7558-79-4)  
Nitrilotriacetic acid: CANCER SUSPECT AGENT:  

Acetic acid, nitrilotri- (8);  
Glycine, N,N-bis(carboxymethyl)- (9); (139-13-9)  

Ammonium molybdate(VI) tetrahydrate:  
Molybdic acid, hexaammonium salt, tetrahydrate (8,9); (12027-67-7)  

Ethylenediaminetetraacetic acid, tetrasodium salt: CANCER SUSPECT AGENT:  



Glycine, N,N'-1,2-ethanediylbis[N-(carboxymethyl)-, tetrasodium salt, trihydrate (9); (67401-50-7)  

Cobalt nitrate hexahydrate:  
Nitric acid, cobalt (2+ salt), hexahydrate (9); (10026-22-9)  

Sodium tetraborate decahydrate:  
Borax (8,9); (1303-96-4)  

L-Arginine hydrochloride:  
L-Arginine, monohydrochloride (9); (1119-34-2)  

Chlorobenzene:  
Benzene, chloro- (8,9); (108-90-7)  

Agar (8,9); (9002-18-0)  

Tryptones (Bacteriological): Chem. Abstr. See: Peptones, Bacteriological (10); (73049-73-7)  

Indole (8);  
1H-Indole (9); (120-72-9)  

Copyright © 1921-2005, Organic Syntheses, Inc. All Rights Reserved



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


