
1 of 29 
Supplementary Material (ESI) for Organic and Biomolecular Chemistry 

This journal is © The Royal Society of Chemistry 2008 
 

13:34, 03/01/2008, Studies of nitrile oxide cycloadditions, and the phenolic oxidative coupling of vanillin aldoxime by Geobacillus sp. DDS012 from Italian Rye Grass silage 

Supplementary Information for 

 

Studies of nitrile oxide cycloadditions, and the phenolic oxidative coupling of 

vanillin aldoxime by Geobacillus sp. DDS012 from Italian Rye Grass silage 
 

David R. Kellya*, Simon C. Bakerb§, David S. Kinga, Deepa S. de Silvab, Gwyn Lordb, Jason P. 

Taylorb 
a The Tatem Laboratories, School of Chemistry, Cardiff University, Cardiff, CF10 3AT, UK, E-mail: 

KellyDR@Cardiff.ac.uk 
b School of Biological and Chemical Sciences, Birkbeck College, University of London, Malet Street, 

London WC1E 7 HX, UK 

 

Abstract 

During studies directed towards the discovery of nitrile hydrolysing enzymes from thermophiles, 

vanillin aldoxime was incubated with the thermophilic organism, Geobacillus sp. DDS012 isolated 

from Italian Rye Grass (Lolium multiflorum) silage. The predominant product was a dihydro-dimer, 

which could only be characterised by LC-MS. This was initially imagined to be the product of 

cycloaddition of vanillin aldoxime with the corresponding nitrile oxide, but preparation of the 

supposed adduct and model studies excluded this possibility. The rate constant for the second order 

dimerisation of 4-O-acetyl vanillin nitrile oxide was measured (1.21 x 10-4 M-1 s-1, 0.413 molar, 25 °C) 

and the 13C-NMR signal for the nitrile oxide carbon was observed (δC 34.4, br. t 1J 13C,14N circa 50 

Hz). Treatment of vanillin aldoxime with potassium persulphate and iron sulphate gave material with 

the same LC-MS properties as the natural product, which is therefore identified as 5,5´-dehydro-di-

(vanillin aldoxime) 1d formed by phenolic oxidative coupling. 
 

This supplementary material uses references with the same numbering system as the published paper. 

The following references are first used in the published paper. 

1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,

37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,5253,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,

70,71,72,73,74,75,76,77,78,79,80,81,82,83 

 

Experimental 
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Microbiology Experimental 

Full details of the activity of other isolates, carbohydrate assimilation studies and genetic analysis will 

be published elsewhere. All incubations were carried at 70 °C, in an orbital shaker at 150 rev min-1 for 

24 hrs, unless noted otherwise 

 

HPLC was carried out using a Agilent series HPLC (Brucker Daltonics, Coventry, UK) fitted with a 3 

cm x 4.6 cm Nucleosil ODS 5 µm guard column, a 25 cm x 4.6 cm, C18 Nucleosil ODS 5 µm column 

(Jones chromatography) and a UV detector (254 nm). The column was eluted with aqueous 

orthophosphoric acid (0.2 %):acetonitrile (70:30) at 1 ml/min,. 

 

Fresh samples of Italian Rye Grass (Lolium multiflorum) silage were collected from an unopened eight 

week old silo at a dairy farm located in Beckington, Somerset, UK into sterile glass bottles and 

refrigerated at 4 (± 2) °C until further use. Silage (5 g) was added to sterile media (200 ml): Thermus 

87884, Castenholz85 or Luria-Bertani media, or nutrient broth (Difco Labs.) and incubated on an orbital 

shaker at 70 °C, 150 rev min-1 for 24 hours. Cell density was measured using the absorbance at 600 

nm. The silage enrichment cultures were incubated and serially diluted with an equal volume of media, 

every 7 days for up to two months. Aliquots from these enrichment cultures were serially diluted and 

streaked onto solid versions of the liquid media to isolate single colonies. 

 

Cultures were stored for a few days at 4 °C on agar plates. For longer term storage, the liquid culture 

was centrifuged (9600 x g, 10 mins.) and the supernatant was discarded. The pellet was washed with 

phosphate buffer (100 mM, pH 7.0, 25 ml) and resuspended in glycerol (20 μl) and Thermus 878 

medium (80 μl) and stored at -80 °C. 

 

Characterisation of DDS012 

Differential biochemical characteristics.  

DDS012; production of acid from: adonitol (-); L-arabinose (-); cellobiose (-); fructose (+); galactose 

(-); glucose (+); glycerol (+); inositol (-); lactose (-); maltose (+); mannitol (-); mannose (+); L-

rhamnose (-); ribose (-); sorbitol (-); sucrose (+); trehalose (+); D-xylose (-). starch hydrolysis (+); 

utilisation (Simmons) of citrate (-). 

 
§ Current address, School of Life Sciences, Oxford Brookes University, Headington Campus, Gipsy Lane, Oxford OX3 0BP, UK 
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G. Thermodenitrificans; ND = not determined; production of acid from: adonitol ND; L-arabinose (+); 

cellobiose (+); fructose (+); galactose (+); glucose (+); glycerol (+); inositol ND; lactose (+); maltose 

(+); mannitol (+); mannose (+); L-rhamnose, variable; ribose (+); sorbitol ND; sucrose (+); trehalose 

(+); D-xylose (+). starch hydrolysis, variable; utilisation (Simmons) of citrate, variable. 

 

Carbohydrate assimilation profile All strains were identified by using carbohydrate assimilation and 

fermentation of 49 different carbohydrates (and one positive control) using API 50 CHB86 strips 

(bioMérieux, France). The strips were incubated at 70° C for 24 hrs and the colour change checked at 

3, 6 and 24 hrs. The organisms were identified using APILAB Plus software version 3.3.3 from the 

bioMérieux computer database. DDS012, Bacillus firmus (ID % 94.4, T-index 0.61).  

 

16S rDNA DDS012, Geobacillus thermodenitrificans OHT-1 (97 % sequence similarity) Strain 

names, GenBank accession numbers: DDS001, EF426757; DDS003, EF426758; DDS005, EF426759; 

DDS006, EF426760; DDS010, EF426761; DDS012, EF426762; DDS013, EF426763; DDS014, 

EF426764; DDS015, EF426765; DDS016, EF426766; DDS017, EF426767; DDS018, EF426768; 

DDS019, EF426769; DDS021, EF426770; DDS022, EF426756.  

 

Biotransformation growth curves A colony (from a freshly grown culture plate) was picked and 

inoculated under aseptic conditions into nutrient broth (10 ml) and incubated. A stock growth media 

was prepared from “nitrogen free” Thermus 878 medium and succinic acid (final concentration 25 

mM) and the required amount of vanillin aldoxime 1b (5 mM final concentration). Stock culture media 

(50 ml) was added to a conical flask under aseptic conditions and an aliquot of freshly grown cells 

were added until the final optical density (600 nm) of the culture reached ~0.02. The culture was 

incubated and the increase in optical density was measured over 24 - 36 hours.  

 

Induction Strain DDS012 was cultured in Thermus medium 878 at 70 °C for 12 hrs at 150 rev. min-1 

in an orbital shaker. Once the cultures reached an optical density of ~0.6 (measured at 600 nm) the 

cells were harvested and washed twice with phosphate buffer (25 ml, pH 7.2). The cells were 

resuspended and cultured in “nitrogen free” Thermus 878 medium (50 ml) containing sodium 

succinate (25 mM) and vanillin aldoxime 1b (5 mM). Each experimental flask (contained 50 ml of the 

medium in a 250 ml flask) contained a 2 % inoculum from the starter culture. This culture was 

incubated for a further 8 - 12 hrs. The growth was monitored by removing aliquots of medium (1 ml) 

and by measuring the optical density at 600 nm. The cells were harvested at the mid exponential phase 
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of growth (OD600 0.4-0.8) by centrifugation (15,000 g; 10 min.; room temperature), washed twice with 

phosphate buffer (100 mM, pH 7.4) and resuspended in fresh buffer to give 4.5 - 5.0 mg/ml of cells. 

 

Biotransformation of aldoximes by substrate induced cultures Vanillin aldoxime 1b (5 mM) in 50 

% aqueous ethanol was added to the cell suspension in phosphate buffer (100 mM, pH 7.4) and the 

biotransformation was carried at 70 °C in an orbital shaker at 150 rev min-1. Aliquots (500 µl) of the 

reaction mixture were removed every hour and cells removed by centrifugation (13,000 g; 5 min.; 4 

°C). The cell pellet was discarded and the supernatants were collected and stored at -20 °C before 

analysis. All experiments were carried out in triplicates and the mean activity was calculated. HPLC 

showed the disappearance vanillin aldoxime 1b (RT 5.52) and the formation of of trace amounts of 

vanillamide 3b (RT 4.81 min), vanillic acid 4b (RT 5.06 min), vanillin 5b (RT 7.83 min) and vanillin 

nitrile 2b (RT 8.92 min). These were identified by comparing the retention times with authentic 

standards and subsequently by HPLC-MS. The major product was vanillin aldoxime dehydro-dimer 1d 

(RT 11.0 min). The degradation of VOX was significantly (P < 0.01) higher at 48 hours for the strains 

DDS010, DDS012, DDS013, DDS018, DDS023 and DDS026 compared to the rest of the strains. 

After 55 to 60 hrs, neither vanillin aldoxime 1b or the products were detected by HPLC analysis. 

 

HPLC for MS 

Separations were carried out using a Varian Model 9012 HPLC pump (Varian, Walton-on-

Thames, Surrey, UK) and a reversed-phase 3 µm Aquastar HPLC column 100 x 2.1 mm (Thermo-

Electron, UK).  Samples were dissolved in methanol (1 mg/mL) and diluted 1:1 with the initial eluent. 

0.1 µL injections were made using a Valco microinjector (Valco, Houston, TX, USA) and eluted with 

the following gradient (Table 1). 

 

Table 1, HPLC solvent gradient for HPLC-MS 
Time (mins.) 0 15 20 
95 % Water / 5 % CH3CN + 0.2 % formic acid 100 25 5 
CH3CN + 0.2 % formic acid  0 75 95 

 

Mass Spectrometry.   

Data were acquired on a Micromass Q-Tof micro Electrospray Ionisation (ESI), orthogonal 

acceleration quadrupole / time-of-flight mass spectrometer (Micromass, Waters, Manchester, UK). 

Data was acquired in positive mode with the probe voltage set at 3.5 kV and a cone voltage of 30 V. 

The source and desolvation temperatures were set to 80 and 110°C (for syringe infusion) and 110 and 

300°C (for HPLC), respectively. Nitrogen desolvation and nebulizer gas flows were 350 and 50 L/h, 
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respectively. The instrument was calibrated over the range m/z 100-1000 using a mixture of 

polyethylene glycol (PEG), 300, 400 and 600, 1, 1, 2 ng/µL respectively, dissolved in 50:50 v/v 

acetonitrile / 10 mM aqueous ammonium acetate. This was infused by the in-built instrument syringe-

driver at a rate of 5 µL/min. Spectra were acquired in continuum mode at a rate of one spectrum/3 s. 

MS/MS was carried out using Argon as collision gas with collision energy of 20 eV.  For accurate mass measurements, a mixture of PEG, as used for the initial instrument 

calibration was added to the analyte solution and infused from the syringe-driver as before. One of the 

PEG series ions at m/z 327 was used as an internal “lock-mass” to adjust the instrument m/z calibration 

and so provide accurate mass measurement for the analyte. The ratios of the analyte ion and PEG ion 

were kept at an approximate ratio of 1:1, by adjustment of relative concentrations and ion counts per 

second, below 200.  

 
Table 2. HPLC-QTOF-MS (ESI+) data for vanillin aldoxime dimers 
Analyte (HRMS) m/z of major ion peaks (%) for peaks with retention time 14.28 mins 

Natural 1d 
(333.1081) 

333.1 (M + H; 48); 316.1 (62); 297.1 (100); 283.1 (55); 270.1 (45); 266.1 (30); 253.1 
(55); 240.1 (20); 273.1 (35) 

Synthetic 1d 
(333.1086) 

333.1 (M + H; 60); 316.1 (50); 297.1 (100); 283.1 (70); 270.1 (40); 266.1 (30); 253.1 
(44); 240.1 (19) 

“Heterocycle” 
12b 

(20 eV) 168.1 (100); 163.1 (38); 153.1 (22); 151 (17); 149.1 (31); 135.1 (82); 125.1 (20) 
(10 eV) 333.2 (M + H; 25); 181.1 (18); 168.1 (63); 163.1 (100); 153.1 (37); 135.1 (33) 

 

Composition analysis of accurate mass spectrometry data for 6,6´-dihydroxy-5,5´-dimethoxybiphenyl-

3,3´-dialdoxime (vanillin aldoxime dehydro-dimer) 1d (“natural”) Found 333.1081, calculated (error 

ppm) C16H17N2O6, 333.1087 (-1.7); C15H11N9O, 333.1086 (-1.5); C14H15N5O5, 333.1073 (+2.3); 

C17H13N6O2, 333.1100 (-5.7); C13H19NO9, 333.1059 (+6.5); C12H13N8O4, 333.1059 (+6.5); 

C19H15N3O3, 333.1113 (-9.7). 

 

Chemical Experimental 

 

Flash chromatography was carried out using Merck Kieselgel 60 H silica or Matrex silica 60. Columns 

were eluted with a gradient starting with a low polarity solvent and then increasing amounts of a more 

polar solvent. Analytical thin layer chromatography was carried out using aluminium backed plates 

coated with Merck Kieselgel 60 GF254, which were visualised under UV light (at 254 and/or 360 nm) 

and stained using an ethanolic phosphomolybdic acid dip (3 %) and heating. All products were 

homogenous as judged by TLC unless stated otherwise. 

 

Low resolution mass spectra were obtained using a Fisons VG Platform II Quadrupole spectrometer 

with electron impact (EI; 70 eV), atmospheric pressure chemical (ApcI) or electrospray (ESI) 
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ionisation. High resolution mass spectra were obtained at the EPSRC mass spectrometry service, 

Swansea. Melting points (mpt.) were determined on a Kofler hot stage apparatus and are uncorrected. 

Infrared spectra were recorded in the range 4000–600 cm-1 on a Perkin-Elmer 1600 series FTIR 

spectrometer using KBr disks for solid samples and thin films between NaCl plates for liquid samples 

and are reported in cm-1. Signals are annotated using the usual conventions (str. strong; w. weak; sh. 

sharp; br. broad). 

 
1H and 13C nuclear magnetic resonance spectra were recorded on Bruker Avance 500, Bruker DPX-

400, or Bruker DPX-250 spectrometers, at 500, 400 and 250 MHz for 1H spectra and at 125, 100 or 

62.5 MHz for 13C spectra. For spectra recorded in CDCl3, chemical shifts are measured relative to 

tetramethylsilane (δ 0.00 ppm) or to the resonances of residual CHCl3 (δ 7.28 ppm for 1H and δ 77.0 

ppm (the central line of the triplet) for 13C. J values are recorded in Hz and multiplicities are expressed 

by the usual conventions (s singlet; d doublet; t triplet; app apparent; br. broad; m multiplet). Coupling 

constants were determined using the computer program Multiplet (release NMRUC51, D. R. Kelly, 

unpublished work). Multiplet, uses peak positions from peak listings to calculate line spacings which 

are aggregated (± 0.5 hz) and averaged to give putative couplings. These in turn are permutated to give 

possible coupling patterns. Thus the calculated coupling constants have an accuracy which is only 

limited by the digital resolution of the NMR machine and line broadening effects. Values are reported 

to 0.1 Hz, but have an uncertainty of =< 0.4 Hz (at 400 MHz, 15 ppm for routine 1H-spectra), due to 

the digital resolution of the FID accumulation and Fourier transformation. 1H-NMR spectra were 

simulated using RACCOON (University of Wisconsin). All compounds were analysed using 1H, 13C-

DEPT, J-1H,1H-COSY, 1J-1H,13C- and 3J-1H,13C-COSY experiments plus in some cases APT. All 

assignments were made using correlations based on signals of unambiguous chemical shift (eg. 13C 

C=O, or 1H- CH3O). In the few cases where this was not possible 1H and 13C-NMR chemical shifts 

were predicted using the routines in ChemDraw 8.0 or using other substituent increment rules, these 

assignments are annotated as csp (chemical shift prediction).87 

 

Preparation of phenyl derivatives 
OH NH 1

2
3

4
5

H3N OH Cl

NaOAc, H2O

OH

5a 1a  
(Z)-benzaldoxime 1a  A solution of hydroxylamine hydrochloride (34.7 g, 0.5 mol) in water (150 ml) 

and a solution of sodium acetate (50 g, 0.61 mol) in water (150 ml) were added to a solution of 

benzaldehyde 5a (50 g, 0.47 mol) dissolved in water (240 ml). The reaction was stirred at room 
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temperature for 24 h and extracted three times with dichloromethane (150 ml, 2 x 75 ml). The 

combined organic extracts were washed with saturated sodium hydrogen carbonate solution (3 x 50 

ml) and water (50 ml), dried with anhydrous sodium sulphate and the solvent evaporated, to give (Z)-

benzaldoxime 1a as a viscous colourless liquid (56.3 g, 99 %, lit. mpt. 30 °C50), which was used 

without further purification. δH (CDCl3) circa 14.0 (1H, v. br., OH); 7.44 (3H, m, 4-H2, 5-H); 7.63 (2H, 

m, 3-H2); 8.21 (1H, s, 1-H); δC (DEPT, δH 1H-13C 1J-COSY); 127.1 (CH, 7.63, 3-C); 128.8 (CH, 7.44, 

4-C); 130.1 (CH, 7.44, 5-C); 131.9 (C, 2-C); 150.4 (CH, 8.21, 1-C); νmax (neat) 3311, 3063, 2895, 

1632, 1601, 1493, 1445, 1304, 1210, 951, 870, 755, 691. 

 

NH NCl 1

2
3

4
5

OH

NCS, THF

OH

1a 7a
20 h

 
(Z)-Benzaldehyde oximyl chloride 7a (Z)-Benzaldoxime 1a (2 g, 16.5 mmol) was dissolved in 

tetrahydrofuran (10 ml) and added to a solution of N-chlorosuccinimide (2.24 g, 16.8 mmol) in 

tetrahydrofuran (10 ml). After 20 h dichloromethane (50 ml) was added.  The resulting solution was 

washed with hydrochloric acid (1 M, 2 x 20 ml) and water (2 x 20 ml), dried with anhydrous sodium 

sulphate and evaporated to give benzaldehyde oximyl chloride 7a (2.1 g, 82 %) as a colourless viscous 

liquid, which could be stored below 0 °C for several weeks without decomposition. Benzaldehyde 

oximyl chloride 7a δH (CDCl3) 7.46 (3H, m, 4-H2, 5-H); 7.88 (2H, m, 3-H2); 8.76 (1H, br. s, OH); δC 

(DEPT, δH 1H-13C 1J-COSY); 127.2 (CH, 7.88, 3-C); 128.5 (CH, 7.46, 4-C); 130.7 (CH, 7.46, 5-C); 

132.5 (C, 2-C); 139.9 (C, 1-C); δH (C6D6) 7.10 (3H, m, 4-H2, 5-H); 7.93 (2H, m, 3-H2); 8.08 (1H, br. s, 

OH); δC (DEPT, δH 1H-13C 1J-COSY); 127.2 (CH, 7.93, 3-C); 128.4 (CH, 7.10, 4-C); 130.3 (CH, 7.10, 

5-C); 133.0 (C, 2-C); 139.0 (C, 1-C); νmax (neat) 3246 (str. br.); 2980 (str.); 2877 (str.); 1705; 1602; 

1578; 1493; 1446 (str.); 1235 (str.); 1049; 998. 

 

Na2CO3, H2O

NCl

OH

N
O

N

1 2 3

4

5

678

9

10

OTHF, 20 h
7a 9a  

 

3,4-Diphenyl-1,2,5-oxadiazol-2-oxide 9a A solution of saturated sodium carbonate (5 ml) was added to 

a solution of benzaldehyde oximyl chloride 7a (0.26 g, 1.67 mmol) in diethyl ether (10 ml). The 

mixture was stirred rapidly for 24 h and then transferred to a separating funnel.  The organic layer was 

removed and the aqueous layer extracted with diethyl ether (2 x 10 ml).  The combined organic layers 
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were washed with water (2 x 5 ml) and dried with anhydrous magnesium sulphate. Evaporation of the 

solvent yielded crude 3,4-diphenyl-1,2,5-oxadiazol-2-oxide 9a (0.13 g, 65 %). Recrystallisation from 

ethanol gave white needles (0.06 g, 30 %). 3,4-diphenyl-1,2,5-oxadiazol-2-oxide 9a: δH (CDCl3) 7.40 

(5H, m, 4-H2, 9-H2, 10-H); 7.46 (5H, m, 3-H2, 5-H, 8-H2); δC (DEPT, δH 1H-13C 1J-COSY); 114.3 (C, 

6-C); 122.9 (C, 7-C); 126.8 (C, 2-C); 128.3 (CH, 7.46, 8-C); 128.7 (CH, 7.46, 3-C); 129.0 (CH, 7.40, 

4-C or 9-C); 129.1 (CH, 7.40, 4-C or 9-C); 130.6 (CH, 7.40, 10-C); 131.0 (CH, 7.46, 5-C); 156.3 (C, 

1-C); δC (13C -1H- 3J-COSY); 114.3 (7.46, 6-C); 122.9 (7.40, 7-C); 126.8 (7.40, 2-C); 128.3 (7.40, 8-

C); 128.7 (7.46, 3-C); 129.0 (7.40, 4-C or 9-C); 129.1 (7.40, 4-C or 9-C); 130.6 (7.46, 10-C); 131.0 

(7.46, 5-C); 156.3 (7.46, 1-C); δH (DMSO-d6) 7.58 (10H, br. m, bandwidth circa 67 Hz); δC 114.5* (C, 

6-C); 122.7* (C. 7-C); 126.3* (C, 2-C); 128.1 (CH); 128.9 (2 x CH); 129.0 (CH); 130.6* (CH, 10-C); 

131.1* (CH. 5-C); 156.6* (C, 1-C); * = identical to those reported previously; νmax (KBr) 159146, 

1504, 1474, 1453, 1442, 1421, 772, 692, 655; Mpt. 109-111 °C (lit. mpt. 108 - 110°C88, others have 

reported up to 117 - 118°C46). 

 

11a 3,6-Diphenyl-[1,4,2,5]dioxadiazine

NCl

OH

N O

NO
12

34

5
Et3N, pyridine

CH3OH, 20 h

7a  
 

Preparation of 3,6-diphenyl-[1,4,2,5]dioxadiazine 11a38  Triethylamine (0.88 ml, 6.3 mmol) was 

added to a solution of benzaldehyde oximyl chloride 7a (0.49 g, 3.15 mmol) and pyridine (0.51 ml, 6.3 

mmol) dissolved in ethanol (10 ml).  After 20 h the reaction mixture was added to dichloromethane 

(50 ml) and transferred to a separating funnel.  The organic solution was washed with water (10 ml), 

copper sulphate solution (10 ml) and water (10 ml) and dried with anhydrous sodium sulphate. The 

residue from evaporation was purified by column chromatography, eluting with 1:1 petroleum ether: 

diethyl ether, to give 3,6-diphenyl-[1,4,2,5]dioxadiazine 11a (0.15 g, 40 %) as a pale yellow powder. 

δH (CDCl3) 7.42 (4H, t J 7.7, 4-H4); 7.51 (2H, tt J 7.5, 1.2, 5-H2); 7.87 (4H, dd, J 7.9, 1.0, 3-H4); δC 

(DEPT, δH 1H-13C 1J-COSY); 125.6 (C, 2-C); 127.3 (CH, 7.87, 3-C); 128.9 (CH, 7.42, 4-C); 132.9 

(CH, 7.51, 5-C); 162.7 (C, 1-C); δC (13C -1H- 3J-COSY); 125.6 (7.42, 2-C); 127.3 (7.87, 7.51, 3-C); 

128.9 (7.42, 4-C); 132.9 (7.87, 5-C); 162.7 (7.87, 1-C); νmax (KBr) 161238, 1570, 1444, 133838, 108438, 

1068, 1025, 84538, 773, 691; mpt. 88-92 °C (lit. mpt. 101-102)38,43; m/z (EI+, TOF) 238 (3, M+; 

C14H10N2O2 requires 238.0742; found 238.0745, +1.1 ppm error); 222 (16, M – O; C14H10N2O requires 

222.0793; found 222.0794, +0.5 ppm error); 119 (3, PhCON, C7H5NO requires 119.0371; found 
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119.0381, +8 ppm error); 103 (100, PhCN; C7H5N requires 103.0422; found 103.0405, -16 ppm error); 

76 (38, C6H4). 

 

O N

N

OH

12a 3,5-Diphenyl-[1,2,4]oxadiazol-4-ol

1
2

34

5
6

7

8
9

10

NCl
N

O
N

PhPh

O
OH

NH
OH

Na2CO3

H2O

7a

9a

1a  
 

Preparation of 3,4-diphenyl-1,2,5-oxadiazol-2-oxide 9a and 5-H-3,5-diphenyl[1,2,4]oxadiazol-4-ol 

12a  A solution of benzaldehyde oximyl chloride 7a (0.5 g, 3.2 mmol) in diethyl ether (10 ml) was 

shaken vigorously with saturated sodium carbonate solution (10 ml).  The organic layer was dried with 

anhydrous magnesium sulphate and split into two equal portions. The first portion was monitored by 
1H NMR which showed the formation of 3,4-diphenyl-1,2,5-oxadiazol-2-oxide 9a after 20 h. Work-up 

as reported previously gave pure product (0.11 g, 58 % yield).  The second portion was added to a 

solution of (Z)-benzaldoxime 1a (0.2 g, 1.65 mmol) in diethyl ether (5 ml). After 20 h the reaction 

mixture was evaporated and the crude residue purified by column chromatography, eluting with 7:3 

petroleum ether: diethyl ether, to give 5-H-3,5-diphenyl[1,2,4]oxadiazol-4-ol 12a. Recrystallisation 

from THF: hexane gave small white needle crystals (0.12 g, 32 %). Samples dissolved in CDCl3 

decomposed. 5-H-3,5-Diphenyl[1,2,4]oxadiazol-4-ol 12a: δH (C6D6) 6.08 (1H, s, 1-H); 7.05 (3H, m, 9-

H2, 10-H); 7.10 (3H, m, 4-H2, 5-H); 7.45 (2H, m, 3-H2); 7.77 (2H, m, 8-H2); δC (DEPT, δH 1H-13C 1J-

COSY); 101.7 (CH, 6.08, 1-C); 126.1 (C, 7-C); 127.5 (CH, 7.45, 3-C); 127.7 (CH, 7.77, 8-C); 128.5 

(CH, 7.10, 4-C); 128.6 (CH, 7.05, 9-C); 129.4 (CH, 7.10, 5-C); 130.5 (CH, 7.05, 10-C); 135.9 (C, 2-

C); 159.2 (C, 6-C); δC (13C -1H- 3J-COSY); 101.7 (7.45, 1-C); 126.1 (7.05, 7-C); 127.5 (7.10, 6.08, 3-

C); 127.7 (7.05, 8-C); 128.5 (7.10, 4-C); 128.6 (7.05, 9-C); 129.4 (7.45, 5-C); 130.5 (7.77, 10-C); 

135.9 (7.10, 2-C); 159.2 (7.77, 6.08, 6-C); νmax (KBr) 3288; 1494; 1452; 1348; 1296; 744; 691; Mpt. 

135 - 136 °C (lit. mpt. 141 – 143 °C)45; m/z (EI+, TOF) 222 (28, M – H2O; C14H10N2O requires 

222.0793; found 222.0795, +0.8 ppm error); 119 (37, C7H5NO54); 105 (38, C7H5O requires 105.0340; 

found 105.0347, +6 ppm error); 103 (100, PhCN; C7H5N requires 103.0422; found 103.0417, -5 ppm 

error); 77 (45, C6H5 requires 77.0391; found 77.0385, -8 ppm error).  

 

Preparation of vanillin derivatives 

 



10 of 29 
Supplementary Material (ESI) for Organic and Biomolecular Chemistry 

This journal is © The Royal Society of Chemistry 2008 
 

13:34, 03/01/2008, Studies of nitrile oxide cycloadditions, and the phenolic oxidative coupling of vanillin aldoxime by Geobacillus sp. DDS012 from Italian Rye Grass silage 

OH
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O OH
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i) DCC, HOSuc, 
DMF, 20 h

ii) NH3, 20 h

3b4b  
 
Vanillamide 3b Dicyclohexylcarbodiimide (13.5g, 65.5 mmol), pyridine (10.1 cm3, 125mmol) and N-

hydroxysuccinimide (7.5g, 65.2 mmol) were added to a solution of vanillic acid 4b (10 g, 59.5 mmol) 

in DMF (50 cm3) cooled in an ice bath. The reaction was allowed to rise to room temperature and 

stirred for 20 h. The precipitate (DCU) was removed by filtration and washed with DMF (2 x 5 cm3). 

The collected filtrate was added to concentrated ammonia solution (150 cm3), which was vigorously 

stirred for 20 h. The resultant precipitate was collected by filtration and recrystallised from hot ethanol 

to give transparent needles (6.83 g, 69 % mpt 148 – 150 °C; lit. mpt 153 – 154 °C37). δH (DMSO-d6) 

3.8 (3H, s, 8-H3); 6.84 (1H, d J 8.1, 5-H); 7.12 (1H, broad s, NH); 7.37 (1H, dd J 8.2, 2.0, 6-H); 7.45 

(1H, d J 2.0, 2-H); 7.77 (1H, broad s, NH); 9.5 (1H, s, OH); δC (DEPT, δH 1H-13C 1J-COSY) 55.5 

(CH3, 8-C); 111.5 (CH, 7.45, 2-C); 114.7 (CH, 6.84, 5-C); 121.1 (CH, 7.37, 6-C); 124.9 (C, 1-C); 

147.1 (C, 3-C); 149.9 (C, 4-C); 167.7 (C, 7-C)89; m/z (EI+) 167.1 (M+. 48); 151 (63); 123.1 (22); 108.1 

(27); 96.2 (38) ; 53.2 (58); 52.3 (100); 51.2 (90); m/z (CI+, NH3) 185.1 (M + NH4, 62); 168.0 (M + H, 

100; C8H10O3N requires 168.0655; found 168.065); νmax (KBr/cm-1) 3446.2 (str. sh., OH); 3321.4 (str. 

br., NH); 1652.7 (str. sh., amide-C=O); 1606.4 (str. sh., ar-C=C); 1581.7 (str. sh., ar-C=C); 1521.6 (str. 

sh., ar-C=C).  
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4-O-Acetyl vanillin 5c A solution of acetyl chloride (13.8 ml, 15.24 g, 0.195 mol) in THF (50 ml) was 

added dropwise to a ice cooled solution of vanillin 5b (20 g, 0.13 mol) in THF (100 ml).  When 

addition was complete, a solution of pyridine (15.8 ml, 15.45 g, 0.196 mol) in THF (50 ml) was also 

added dropwise. The reaction was stirred for 20 h. The precipitate was removed by filtration and 

washed with diethyl ether (50 ml), the filtrate was reduced by rotary evaporation, and the residue 

dissolved in hot THF and filtration repeated. Finally the filtrate evaporated, dissolved in 

dichloromethane (150 ml) and washed with water (20 ml), saturated copper (II) sulphate solution (20 

ml) and water (20 ml).  The organic layer was then dried with anhydrous sodium sulphate and the 

solvent evaporated to give 4-O-acetyl vanillin (22.75 g, 90 %) as a white powder. The product showed 

no contaminants by NMR and was used without further purification. 4-O-Acetyl vanillin 5c: δH 
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(CDCl3) 2.28 (3H, s, 10-H3); 3.84 (3H, s, 8-H3); 7.15 (1H, d J 7.9, 6-H); 7.41 (1H, dd J 7.9, 1.7, 7-H); 

7.44 (1H, d J 1.7, 3-H); 9.88 (1H, s, 1-H); δC (DEPT, δH 1H-13C 1J-COSY); 20.7 (CH3, 2.28, 10-C); 

56.1 (CH3, 3.84, 8-C); 110.8 (CH, 7.44, 3-C); 123.4 (CH, 7.15, 6-C); 124.8 (CH, 7.41, 7-C); 135.2 (C, 

2-C); 144.9 (C, 5-C); 152.0 (C, 4-C); 168.4 (C, 9-C); 191.1 (CH, 9.88, 1-C)90; δC (13C -1H- 3J-COSY) 

110.8 (9.88, 7.41, 3-C); 124.8 (7.44, 7-C); 135.2 (7.15, 2-C); 144.9 (7.44, 7.41, 5-C); 152.0 (7.15, 

3.84, 4-C); 191.1 (7.44, 7.41, 1-C); νmax (KBr) 1758; 1691; 1599; 1508; mpt 74 – 76 °C (lit. mpt. 77 

°C)91,92; m/z (EI+, TOF) 194 (6, M+; C10H10O4 requires 194.0579; found 194.0582, +1.5 ppm error); 

153 (7); 152 (100, M – ketene; C8H8O3 requires 152.0473; found 152.0461, -8 ppm error); 151 (92, M 

– CH3CO; C8H7O3 requires 151.0395; found 151.0386, -6 ppm error). 
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4-O-Acetyl-vanillin aldoxime 1c A solution of hydroxylamine hydrochloride (8.0 g, 0.115 mol) in 

water (35 ml) and a solution of sodium acetate (11.51 g, 0.140 mol) in water (60 ml) were added to a 

solution of 4-O-acetyl vanillin 5c (22.36 g, 0.115 mol) dissolved in a mixture of water (100 ml) and 

acetonitrile (100 ml). After 20 h the reaction mixture was transferred to a separating funnel and 

extracted with dichloromethane (3 x 100 ml). The organic extracts were combined, dried with 

anhydrous sodium sulphate, and evaporated to give a viscous yellow liquid.  This was triturated with 

tetrahydrofuran and then recrystallised from diethyl ether to give pale yellow conglomerate crystals 

(21.03 g, 88 %) 4-O-acetyl-vanillin aldoxime 1c δH (CDCl3) 2.25 (3H, s, 10-H3); 3.78 (3H, s, 8-H3); 

7.00 (2H, m, 6-H, 7-H); 7.19 (1H, d J 2.2, 3-H); 8.03 (1H, s, 1-H); δC (DEPT, δH 1H-13C 1J-COSY); 

20.7 (CH3, 2.25, 10-C); 55.9 (CH3, 3.78, 8-C); 109.5 (CH, 7.19, 3-C); 120.8 (CH, 7.00, 7-C); 123.1 

(CH, 7.00, 6-C); 130.9 (C, 2-C); 141.3 (C, 5-C); 149.8 (CH, 8.03, 1-C); 151.4 (C, 4-C); 168.9 (C, 9-

C); δC (13C -1H- 3J-COSY) 109.5 (8.03, 7.00, 3-C); 120.8 (8.03, 7.19, 7-C); 130.9 (7.00, 2-C); 141.3 

(7.19, 7.00, 5-C); 149.8 (7.19, 7.00, 1-C); 151.4 (7.00, 3.78, 4-C); νmax (neat) 3397 (br. str.); 2942; 

1765 (v. str.); 1600 (str.); 1511 (v. str); 1465; 1416; 1370; 1344; 1286; 1211 (v. str); mpt. 79 - 82ºC93; 

m/z (EI+, TOF) 209 (M+, C10H11NO4 requires 209.0688; found 209.0693, +2.4 ppm error); 167 (M - 

ketene; C8H9NO3 requires 167.0582; found 167.0580, -1.4 ppm error); 149 (80, M – CH3CO2H; 

C8H7NO2 requires 149.0476; found 149.0470, -5 ppm error); 134 (100, M – CH3CO2H – CH3; 

C7H4NO2 requires 134.0242; found 134.0235, -5 ppm error); 106 (95).  
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4-O-Acetyl-vanillin oximyl chloride 7c94  A solution of N-chlorosuccinimide (1.41 g, 10.6 mmol) 

dissolved in tetrahydrofuran (25 ml) was added to a solution of 4-O-acetyl vanillin aldoxime 1c (2 g, 

9.6 mmol) in tetrahydrofuran (25 ml).  After 24 h dichloromethane (150 ml) was added and the organic 

solution washed with 1M hydrochloric acid (3 x 30 ml) and water (3 x 30 ml).  The organic layer was 

dried with anhydrous sodium sulphate and the solvent removed by rotary evaporation to give 

quantitative recovery of 4-O-acetyl vanillin oximyl chloride 7c as a colourless gum (2.33 g, 100%), 

which was stored below 0 °C. δH (CDCl3) 2.26 (3H, s, 10-H3); 3.81 (3H, s, 8-H3); 7.00 (1H, d J 8.8, 6-

H); 7.38 (2H, m, 3-H, 7-H); δC (DEPT, δH 1H-13C 1J-COSY); 20.7 (CH3, 2.26, 10-C); 56.0 (CH3, 3.81, 

8-C); 110.9 (CH, 7.38, 3-C); 120.1 (CH, 7.38, 7-C); 122.8 (CH, 7.00, 6-C); 131.4 (C, 2-C); 138.6 (C, 

1-C); 141.7 (C, 5-C); 151.0 (C, 4-C); 168.8 (C, 9-C); δC (13C -1H- 3J-COSY) 110.9 (7.38, 3-C); 120.1 

(7.38, 7-C); 122.8 (6-C); 131.4 (7.00, 2-C); 141.7 (7.38, 5-C); 151.0 (7.00, 3.81, 4-C); νmax (neat) 3258 

(br., OH), 2976, 2876, 1768 (str., C=O), 1601, 1509, 1464, 1410, 1359, 1285, 1195 (str.), 1164 (str.), 

1122, 1035, 1009, 905, 846, 817, 787. 
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The preparation of 4-O-acetyl-vanillin nitrile oxide 8c and a kinetic study of the dimerisation to acetic 

acid 4-[4-(4-acetoxy-3-methoxy-phenyl)-2-oxy-furazan-3-yl]-2-methoxy-phenyl ester 9c  A solution of 

4-O-acetyl-vanillin oximyl chloride 7c (0.1 g, 0.41 mmol) in tetrahydrofuran (2.5 ml) was added to a 

tin foil covered round bottomed flask containing saturated sodium carbonate solution (2.5 ml). The 
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reaction was kept under nitrogen and vigorously stirred for 15 minutes.  The reaction mixture was 

transferred to a separating funnel using dichloromethane (25 ml) and the organic layer removed.  The 

organic layer was washed with water (5 ml), dried with anhydrous sodium sulphate and evaporated. 

The residue was immediately dissolved in deuterated benzene (0.75 ml) and analysed by 1H-NMR, 
13C-NMR over 4 h, 1H-NMR and HSQC and HMBC (Table 3).  Conversion of nitrile oxide 8c into the 

dimer 9c, was approx. 80 % complete after 48 h.  After circa 15 days the reaction mixture was 

evaporated to give a white solid (0.067 g, 79 %). The weight of product was used to calculate the 

initial weight of nitrile oxide 8c, assuming no losses during workup. 

 

 Table 3, Kinetic data for the dimerisation of nitrile oxide 8c to dimer 9c  
Time % % molar molar  

Decimal hr Nitrile oxide 8c Dimer 9c Nitrile oxide 8c  Dimer 9c 
0, estimated 100 0 0.41295 0.00000 

1 83.7 16.3 0.29720 0.05788 
5.33 64.9 35.1 0.19838 0.10729 

19.27 28.8 71.2 0.06947 0.17174 
25.88 24.6 75.4 0.05792 0.17752 
50.45 18.2 81.8 0.04134 0.18581 
60.75 15.2 84.8 0.03397 0.18949 

380.07 2.8 97.2 0.00586 0.20354 
 

The data was plotted as 1/[nitrile oxide] vs time and the regression line was y = 0.434x + 3.65 

R2 = 0.98. The error bars are set at ± 15 % of the relative proportions, calculated from the 1H-NMR 

data. 
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The results are largely unchanged when the last measurement is included. 

 

4-O-acetyl-vanillin nitrile oxide 8c: δH (C6D6) 1.85 (3H, s, 10-H3); 3.10 (3H, s, 8-H3); 6.30 (1H, d J 

1.8, 3-H); 6.42 (1H, dd J 8.2, 1.8, 7-H); 6.63 (1H, d J 8.2, 6-H); δC (DEPT, δH 1H-13C 1J-COSY); 20.2 

(CH3, 1.85, 10-C); 35.8 (C, t J circa 50, 1-C); 55.6 (CH3, 3.10, 8-C); 112.2 (C, 2-C); 115.8 (CH, 6.30, 
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3-C): 123.9 (CH, 6.63, 6-C); 125.0 (CH, 6.42, 7-C); 142.5 (C, 5-C); 152.0 (C, 4-C); 167.6 (C, 9-C); δC 

(13C -1H- 3J-COSY); 20.2 (10-C); 35.8 (6.42, 6.30, 1-C); 55.6 (8-C); 112.2 (6.63, 2-C); 115.8 (6.42, 3-

C): 123.9 (6-C); 125.0 (6.30, 7-C); 142.5 (6.42, 6.30, 5-C); 152.0 (6.63, 4-C); 167.6 (9-C); 

Acetic acid 4-[4-(4-acetoxy-3-methoxy-phenyl)-2-oxy-furazan-3-yl]-2-methoxy-phenyl ester 9c δH 

(C6D6) 1.86 (3H, s, 10-H3 or 20-H3); 1.87 (3H, s, 10-H3 or 20-H3); 3.24 (3H, s, 8-H3 or 18-H3); 3.26 

(3H, s, 8-H3 or 18-H3); 6.81 (3H, m, 6-H, 13-H, 16-H); 6.84 (1H, d J 1.8, 3-H); 6.92 (1H, dd J 8.1, 1.8, 

7-H); 7.04 (1H, dd J 8.2, 1.9, 17-H); δC (DEPT, δH 1H-13C 1J-COSY); 20.1 (2CH3, 1.86, 1.87, 10-C, 

20-C); 55.6 (2CH3, 3.24, 3.26, 8-C, 18-C); 112.8 (CH, 6.81, 13-C); 112.9 (CH, 6.84, 3-C); 113.6 (C, 

11-C); 121.3 (CH, 6.92, 7-C); 121.5 (CH, 7.04, 17-C); 121.6 (C, 2-C); 123.7 (CH, 6.81, 6-C or 16-C); 

123.9 (CH, 6.81, 6-C or 16-C); 125.6 (C, 12-C); 142.0 (C, 15-C); 142.5 (C, 5-C); 151.9 (C, 4-C or 14-

C); 152.1 (C, 4-C or 14-C); 155.8 (C, 1-C); 167.8 (2C, 9-C, 19-C); δC (13C -1H- 3J-COSY); 20.1 (10-C 

+ 20-C); 55.6 (8-C + 18-C); 112.8 (7.04, 13-C); 112.9 (6.92, 3-C); 113.6 (7.04, 6.81, 11-C); 121.3 

(6.84, 7-C); 121.5 (6.81, 17-C); 121.6 (6.81, also 2J with 3-H, 6.84, 2-C); 123.7 (6-C or 16-C); 123.9 

(6-C or 16-C); 125.6 (6.81, 12-C); 142.0 (7.04, 6.81, 15-C); 142.5 (6.92, 6.84, 5-C); 151.9 (6.81, 4-C 

or 14-C); 152.1 (6.81, 4-C or 14-C); 155.8 (6.92, 6.84, 1-C); 167.8 (9-C, 19-C). Mpt. 141-144 °C. νmax 

(KBr) 2964, 2934, 1759, 1610, 1593, 1516, 1451, 1437, 1373, 1259, 1219, 1197, 1174, 1156, 1114, 

1031, 867, 784. 
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Trimethyl phosphite deoxygenation of acetic acid 4-[4-(4-acetoxy-3-methoxy-phenyl)-2-oxy-furazan-3-

yl]-2-methoxy-phenyl ester 9c to acetic acid 4-[4-(4-acetoxy-3-methoxy-phenyl)-furazan-3-yl]-2-

methoxy-phenyl ester 16c The dimer 9c (54 mg, 0.13 mmol) was refluxed for 24 h in neat trimethyl 

phosphite (2 ml, 16.9 mmol). The reaction mixture was placed under rotary evaporation; dry toluene 

was added to remove the last traces of trimethyl phosphite and the evaporation repeated. The residue 

was triturated with diethyl ether and filtered to give the symmetrical species; acetic acid 4-[4-(4-

acetoxy-3-methoxy-phenyl)-furazan-3-yl]-2-methoxy-phenyl ester 16c as a white solid (31 mg, 60 %). 

Acetic acid 4-[4-(4-acetoxy-3-methoxy-phenyl)-furazan-3-yl]-2-methoxy-phenyl ester 16c: δH (C6D6) 

1.82 (6H, s, 10-H3); 3.16 (6H, s, 8-H3); 6.77 (2H, d J 8.2, 6-H); 6.90 (2H, d J 1.9, 3-H); 6.98 (2H, dd, J 
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8.2, 1.9, 7-H); δC (DEPT, δH 1H-13C 1J-COSY); 20.0 (CH3, 1.82, 10-C); 55.4 (CH3, 3.16, 8-C); 113.2 

(CH, 6.90, 3-C); 121.6 (CH, 6.98, 7-C): 123.8 (CH, 6.77, 6-C); 124.5 (C, 2-C); 142.2 (C, 5-C); 152.0 

(C, 4-C); 152.9 (C, 1-C); 167.6 (C, 9-C); δC (13C -1H- 3J-COSY); 20.0 (10-C); 55.4 (8-C); 113.2 (6.98, 

3-C); 121.6 (6.90, 7-C): 123.8 (6-C); 124.5 (6.77, 2-C); 142.2 (6.98, 6.90, 5-C); 152.0 (6.77, 3.16, 4-

C); 152.9 (6.98, 6.90, 1-C); 167.6 (9-C); νmax (KBr) 2972, 1766, 1588, 1518, 1479, 1373, 1264, 1242, 

1202, 1173, 1124, 1099, 1011, 995, 860, 801, 749, 690; m/z (ESI+) 416 (13, M + NH4
+, C20H22O7N3 

requires 416.1452, found 416.1456, +0.9 ppm error); 302 (11); 300 (10); 233 (42); 141 (100); (APCI+) 

438 (18); 437 (85, M + K, C20H18N2O7K requires 437.0751, found 437.0736, -3.5 ppm error); 421 (98, 

M + Na); 416 (100, M + NH4); 399 (M + H, 75); 357 (86); Mpt. 128-130 °C. 
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The preparation of 4-cyano-2-methoxyphenyl acetate (4-O-acetyl-vanillin nitrile) 2c Vanillin nitrile 2b 

(2 g, 13.4 mmol) was dissolved in tetrahydrofuran (20 ml).  The solution was cooled in an ice bath 

then acetyl chloride (1.43 ml, 20.1 mmol) and pyridine (1.63 ml, 20.1 mmol) were added dropwise by 

syringe. Once the addition was complete the solution was allowed to warm to room temperature. After 

2 h the reaction mixture was transferred to a separating funnel, combined with dichloromethane (50 

ml), and washed with copper sulphate solution (2 x 20 ml) and water (2 x 20 ml). The organic layer 

was subsequently dried with anhydrous sodium sulphate and the solvent evaporated to yield 4-O-

acetyl vanillin nitrile 2c as a white solid (2.32 g, 91 %). NMR analysis indicated the material was pure.  

Vanillin nitrile (Aldrich) 2b: δH (C6D6) 2.86 (3H, s, 8-H3); 5.80 (1H, br. s, 5-OH); 6.44 (1H, d J 1.7, 3-

H); 6.55 (1H, d J 8.2, 6-H); 6.70 (1H, dd J 8.2, 1.7, 7-H); δC (DEPT, δH 1H-13C 1J-COSY); 55.3 (CH3, 

2.86, 8-C); 103.7 (C, 2-C); 113.8 (CH, 6.44, 3-C); 115.2 (CH, 6.55, 6-C); 119.2 (C, 1-C); 126.8 (CH, 

6.70, 7-C); 146.7 (C, 4-C); 150.0 (C, 5-C); δC (13C -1H- 3J-COSY); 55.3 (8-C); 103.7 (6.55, 2-C); 

113.8 (6.70, 3-C); 115.2 (6-C); 119.2 (6.70, 6.44, 1-C); 126.8 (6.44, 7-C); 146.7 (6.55, 4-C); 150.0 

(6.70, 6.44, 2.86, 5-C).95 

4-O-Acetyl vanillin nitrile 2c: δH (C6D6) 1.80 (3H, s, 10-H3); 2.96 (3H, s, 8-H3); 6.56 (1H, d J 1.6, 3-

H); 6.59 (1H, d J 8.1, 6-H); 6.68 (1H, dd J 8.1, 1.7, 7-H); δC (DEPT, δH 1H-13C 1J-COSY); 19.7 (CH3, 

1.80, 10-C); 55.1 (CH3, 2.96, 8-C); 110.6 (C, 2-C); 115.3 (CH, 6.56, 3-C); 118.1 (C, 1-C); 123.6 (CH, 

6.59, 6-C); 124.9 (CH, 6.68, 7-C); 143.6 (C, 5-C); 151.7 (C, 4-C); 167.0 (C, 9-C); δC (13C -1H- 3J-

COSY); 19.7 (10-C); 55.1 (8-C); 110.6 (6.59, 2-C); 115.3 (6.68, 3-C); 118.1 (6.68, 6.56, 1-C); 123.6 
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(6-C); 124.9 (6.56, 7-C); 143.6 (6.68, 6.56, 5-C); 151.7 (6.59, 2.96, 4-C); 167.0 (9-C); νmax (KBr) 

1756, 1602, 1510, 1472, 1411, 1381, 1290, 1208, 1152, 1125, 1029, 941, 905, 862, 830, 792; Mpt 110 

- 111 °C.  
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Attempted preparation of cycloadduct 12 c with boron trifluoride etherate catalysis 4-O-Acetyl-

vanillin oximyl chloride 7c (0.25 g, 1.03 mmol) was stirred with saturated sodium carbonate in diethyl 

ether (2.5 mls). The reaction mixture was added to dichloromethane (30 ml), washed with water (2 x 

10 ml) and evaporated to give an oily material (0.32 g). A small portion was dissolved in C6D6 and 

analysed by 1H-NMR which indicated a 75:25 ratio of nitrile oxide 8c: dimer 9c. The remainder was 

added to a solution of 4-O-acetyl vanillin aldoxime 1c (0.215 g, 1.03 mmol) and BF3.Et2O (0.13 mls, 

0.146 g, 1.03 mmol) in ether (5 ml). After 2 hours a 1H-NMR spectrum (C6D6) of an aliquot, showed a 

50:50 mixture of nitrile oxide 8c: 4-O-acetyl vanillin aldoxime 1c and after 60 hours a 23:73 ratio of 

dimer 9c: 4-O-acetyl vanillin aldoxime 1c. No traces of nitrile oxide 8c or the cyclo-adduct 12c were 

detected. 

 

Stability of 4-O-acetyl vanillin aldoxime 1c in boron trifluoride etherate A mixture of BF3.Et2O (0.061 

ml, 0.068 g, 0.48 mmol) and 4-O-acetyl vanillin aldoxime 1c (100 mg, 0.48 mmol) were stirred in 

ether (5 ml) for 2 days. The reaction mixture was added to dichloromethane (25 ml), washed with 

water (2 x 10 ml) and evaporated to give 4-O-acetyl vanillin aldoxime 1c (100 mg, 100 %). 

 
Attempted preparation of cycloadduct 12 c with excess 4-O-acetyl-vanillin aldoxime 1c  
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i) 4-O-Acetyl-vanillin oximyl chloride 7c (0.5 g, 2.05 mmol) was dissolved in THF (5 ml) and added 

to saturated sodium carbonate solution (5 ml). The reaction mixture was added to dichloromethane (30 

ml), washed with water (2 x 10 ml) and evaporated to give an oil. A small aliquot was analysed by 1H-

NMR (C6D6, 85:15 ratio of nitrile oxide 8c: dimer 9c) and the remainder was added to 4-O-acetyl 

vanillin aldoxime 1c (0.64 g, 3.075 mmol, 1.5 eq) in dichloromethane (5 ml). The reaction was 

monitored by evaporating aliquots and taking 1H-NMR spectra (C6D6) which showed only nitrile 

oxide 9c and aldoxime 1c; 2.5 hrs, 21:79; 23.5 hrs 13:87; after work up 7:93. 

ii) 4-O-Acetyl-vanillin oximyl chloride 7c (0.25 g, 1.03 mmol) was dissolved in THF (2.5 ml) and 

added to saturated sodium carbonate solution (2.5 ml). The reaction mixture was added to 

dichloromethane (30 ml), washed with water (2 x 10 ml) and evaporated to give an oil (0.2 g), which 

was dissolved in C6D6 (1.5 ml, an aliquot analysed by 1H-NMR, showed a 53: 47 ratio of nitrile oxide 

8c: dimer 9c) and added to 4-O-acetyl vanillin aldoxime 1c (0.323 g, 1.55 mmol, 1.5 eq) in C6D6 (0.75 

ml). 1H-NMR monitoring showed: 2 hrs 9:13:78 ratio of nitrile oxide 8c: dimer 9c: aldoxime 1c; 17 

hrs 18:82 ratio of dimer 9c: aldoxime 1c. 

 

3,5-Di(4-acetoxy-3-methoxyphenyl)-5-H-[1,2,4]oxadiazol-4-ol 12c  4-O-Acetyl-vanillin oximyl 

chloride 7c (1.06 g, 4.4 mmol) was dissolved in chloroform (10 ml) and treated with saturated sodium 

carbonate solution (10 ml). After 15 mins the reaction mixture was transferred to a separating funnel.  

The organic layer was removed and the aqueous layer was extracted with chloroform (2 x 10 ml).  The 

organic layers were combined, dried with anhydrous sodium sulphate, and decanted into a solution of 

4-O-acetyl vanillin aldoxime 1c (1.38 g, 6.6 mmol) in chloroform (10 ml).  After 18 h the solvent was 

removed by rotary evaporation and the crude residue purified by column chromatography, eluting with 

7:3 diethyl ether: petroleum ether to give 3,5-di(4-acetoxy-3-methoxyphenyl)-5-H-[1,2,4]oxadiazol-4-

ol 12c (0.18 g, 10 %) as a white powder. δH (CDCl3) 2.23 (6H, m, 10-H3, 20-H3); 3.72 (6H, m, 8-H3, 

18-H3); 6.07 (1H, s, 1-H); 6.96 (1H, d J 8.1, 6-H); 6.98 (1H, d J 8.2, 16-H); 7.04 (1H, J dd 8.1, 1.7, 7-

H); 7.07 (1H, d J 1.7, 3-H); 7.34 (1H, dd J 8.2, 1.7, 17-H); 7.39 (1H, d J 1.7, 13-H); δC (DEPT, δH 1H-
13C 1J-COSY); 20.7 (2CH3, 2.23, 10-C, 20-C); 56.1 (2CH3, 3.72, 8-C, 18-C); 101.1 (CH, 6.07, 1-C); 

111.1 (CH, 7.07, 3-C); 111.5 (CH, 7.39, 13-C); 119.8 (CH, 7.04, 7-C); 120.5 (CH, 7.34, 17-C); 122.8 

(CH, 6.96, 6-C); 123.2 (CH, 6.98, 16-C); 123.9 (C, 12-C); 134.3 (C, 2-C); 140.6 (C, 5-C); 141.9 (C, 

15-C); 151.2 (2C, 4-C, 14-C); 159.2 (C, 11-C); 169.0 (C, 9-C or 19-C); 169.4 (C, 9-C or 19-C); δC (13C 

-1H- 3J-COSY) 101.1 (7.07, 7.04, 1-C); 111.1 (7.04, 6.07, 3-C); 111.5 (7.34, 13-C); 119.8 (7.07, 6.07, 

7-C); 120.5 (7.39, 17-C); 123.9 (6.98, 12-C); 134.3 (6.96, 2-C); 140.6 (7.07, 7.04, 5-C); 141.9 (7.39, 

7.34, 15-C); 151.2 (6.96, 3.72, 4-C, 6.98, 3.72, 14-C); 159.2 (7.39, 7.34, 6.07, 11-C); 169.0 (9-C or 19-

C); 169.4 (9-C or 19-C). 
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3,5-Di(4-hydroxy-3-methoxyphenyl)-5-H-[1,2,4]oxadiazol-4-ol 12b Sodium t-butoxide (25 mg, 0.26 

mmol) was added to a solution of 3,5-di(4-acetoxy-3-methoxyphenyl)-5-H-[1,2,4]oxadiazol-4-ol 12c 

(0.18 g, 0.43 mmol) dissolved in methanol (10 ml). The pH of the solution was maintained at >= 10 (as 

judged from universal indicator paper) by addition of further portions of sodium t-butoxide. After 19 

hours dichloromethane (40 ml) was added and the solution washed with 1M hydrochloric acid solution 

(15 ml) and water (2 x 15 ml).  The organic layer was dried with anhydrous sodium sulphate and the 

solvent removed by rotary evaporation.  The crude product was purified by column chromatography, 

eluting with 7:3 diethyl ether: petroleum ether, to give 3,5-di(4-hydroxy-3-methoxyphenyl)-5-H-

[1,2,4]oxadiazol-4-ol 12b (0.04 g, 28 %) as a pale yellow powder. δH (C6D6) 3.13 (3H, s, 8-H3 or 16-

H3); 3.18 (3H, s, 8-H3 or 16-H3); 5.66 (1H, s, OH, 5-C); 5.73 (1H, s, OH, 13-C); 6.23 (1H, s, 1-H); 

7.08 (1H, m, 7-H); 7.10 (2H, m, 6-H, 14-H); 7.18 (1H, d J 1.7, 3-H); 7.38 (1H, dd J 8.3, 1.8, 15-H); 

7.55 (1H, d J 1.8, 11-H); δC (DEPT, δH 1H-13C 1J-COSY); 55.0 (2CH3, 3.13, 3.18, 8-C, 16-C); 101.7 

(CH, 6.23, 1-C); 109.8 (CH, 7.55, 11-C); 109.9 (CH, 7.18, 3-C); 114.2 (CH, 7.10, 6-C); 114.4 (CH, 

7.10, 14-C); 117.9 (C, 10-C) 121.4 (CH, 7.08, 7-C); 121.8 (CH, 7.38, 15-C); circa 128 (obscured by 

C6D5H, 2-C); 146.8 (2C, 4-C, 12-C); 147.3 (C, 5-C); 148.6 (C, 13-C); 159.6 (C, 9-C); δC (13C -1H- 3J-

COSY); 101.7 (7.18, 7.08, 1-C); 109.8 (7.38, 11-C); 109.9 (7.08, 6.23, 3-C); 114.2 (5.66, 6-C); 114.4 

(5.73, 14-C); 117.9 (7.10, 2-C, 10-C); 121.4 (7.18, 6.23, 7-C); 121.8 (7.55, 15-C); ~128 (7.10, 2C); 

146.8 (3.13, 3.18, 4-C, 12-C); 147.3 (7.18, 7.08, 5-C); 148.6 (7.55, 7.38, 13-C); 159.6 (6.23, 7.55, 

7.38, 9-C); νmax (KBr) 3411 (br. str.); 2926; 1603; 1516 (v. str); 1465; 1430; 13 44; 1267; Mpt. 46 – 48 

°C; additional NMR data δH (DMSO-d6) 3.79 (3H, s, 8-H3); 3.81 (3H, s, 16-H3); 5.95 (1H, s, 1-H); 

6.83 (1H, d J 8.2, 6-H); 6.87 (1H, d J 8.2, 14-H); 6.98 (1H, dd J 8.2, 1.8, 7-H); 7.10 (1H, d J 1.8, 3-H); 

7.28 (1H, dd J 8.2, 1.8, 15-H); 7.31 (1H, J 1.8, 11-H); δC (DEPT, δH 1H-13C 1J-COSY); 56.2 (CH3, 

3.79, 3.81, 8-C, 16-C); 101.1 (CH, 5.95, 1-C); 111.3 (CH, 7.31, 11-C); 111.9 (CH, 7.10, 3-C); 115.7 

(CH, 6.83, 6-C); 115.9 (CH, 6.87, 14-C); 116.6 (C, 10-C); 120.9 (CH, 6.98, 7-C); 121.2 (CH, 7.28, 15-

C); 127.0 (C, 2-C); 148.0 (2C, 4-C, 12-C); 148.1 (C, 5-C); 149.6 (C, 13-C); 160.2 (C, 9-C); δC (13C -
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1H- 3J-COSY); 56.2 (8-C, 16-C); 101.1 (7.10, 6.98, 1-C); 111.3 (7.28, 11-C); 111.9 (6.98, 3-C); 115.7 

(6-C); 115.9 (14-C); 116.6 (6.87, 10-C); 120.9 (7.10, 7-C); 121.2 (7.31, 15-C); 127.0 (6.83, 2-C); 

148.0 (6.87, 6.83, 3.81, 3.79, 4-C, 12-C); 148.1 (7.10, 6.98, 5-C); 149.6 (7.31, 7.28, 13-C); 160.2 

(7.31, 7.28, 5.95, 9-C); 

 

Phenolic oxidative coupling products 

 

OH

CH3O

OH

OCH3

N

N

OH

OH

CH3O OH

CH3O

OH

OCH3

O

O

H

H

OH

HO

H

H

NH 1

2
3

4
5

H3N OH Cl
NaOAc, H2O

OH

OH

CH3O
6

7

8
9

10

K2S2O4, FeSO4

H2O, acetone, 72 h

H3N OH Cl
NaOAc, H2O

1

2
3

4
5

6

7

8
9

1

2
3

4
5

6

7

8
9

K2S2O4, FeSO4

H2O, acetone, 24 h

5b
5d

1d
1b

24 h 50°C, 7d

 
 

6,6´-Dihydroxy-5,5´-dimethoxy-biphenyl-3,3´-dicarbaldehyde 5d by phenolic oxidative coupling of 

vanillin 5b. Vanillin 5b (1 g, 6.6 mol) was dissolved in a solution of water (20 ml) and acetone (1 ml). 

Once fully dissolved potassium persulphate (1.09 g, 4.05 mmol) and iron sulphate (0.049 g, 0.26 

mmol) were added in one portion.  After 72 h the resulting precipitate was removed by filtration, 

washed with water (2 x 10 ml) and diethyl ether (2 x 10 ml), to give crude dehydro-dimer (0.76 g). 

This solid contained unreacted vanillin 5b and was purified by washing with hot methanol, yielding 

6,6´-dihydroxy-5,5´-dimethoxybiphenyl-3,3´-dicarbaldehyde (0.47, 47 %) and the methanol washings 

contained vanillin (0.23 g, 23 %).  

Vanillin 5b (Aldrich): 0.04 mg ml-1, CH3OH, λMax nm (ε); 209 (11,790); 230 (12,520); 278.5 (10,760); 

307.5 (10,410); HPLC detector λ 254 (2,967) detection at this wavelength is not recommended, 

because the absorption has a minimum at 248 nm. This data is similar to that reported for vanillin 5b 

in 0.01 N HCl.96 

6,6´-Dihydroxy-5,5´-dimethoxybiphenyl-3,3´-dicarbaldehyde 5d: δH (DMSO-d6) 3.94 (6H, s, 8-H6); 

7.44 (4H, s, 3-H2, 7-H2); 9.82 (2H, s, 1-H2); 9.88 (2H, br. s, 9-H2); δC (DEPT, δH 1H-13C); 56.5 (CH3, 

3.94, 8-C); 109.5 (CH, 7.45, 3-C, csp); 125.0 (C, C-2 or C-6); 128.1 (CH, 7.45, 7-C, csp); 128.6 (C, C-
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2 or C-6); 148.6 (C, 4-C); 151.0 (C, 5-C); 191.6 (CH, 9.85, 1-C); νmax (KBr) 3249; 1672; 1587; 1503; 

1454; 1422; 1354; 1311; 1258; 1148; 1044; 919; 882; 846; 771; 743; 655; 0.038 mg ml-1, CH3OH, 

λMax nm (ε), 231.5 (13,650); 287 (11,610); 307.5 (11,720); HPLC detector λ 254 (11,290); mpt. 291 – 

292 °C. (lit. mpt. 300 - 305 °C). This material was identical to that purchased from Aldrich as judged 

by TLC, 1H- and 13C-DEPT NMR. 

 

6,6´-Dihydroxy-5,5´-dimethoxybiphenyl-3,3´-dialdoxime 1d from 6,6´-dihydroxy-5,5´-

dimethoxybiphenyl-3,3´-dicarbaldehyde 5d and hydroxylamine A solution of hydroxylamine 

hydrochloride (58 mg, 0.83 mmol) in water (2 ml) and a solution of sodium acetate (82 mg, 1.0 mmol) 

in water (2 ml) were added to a solution of 6,6´-dihydroxy-5,5´-dimethoxybiphenyl-3,3´-

dicarbaldehyde 1d (0.25 g, 0.83 mmol) dissolved in water (20 ml) and acetonitrile (5 ml).  The 

reaction mixture was kept at 50 °C for 7 days and monitored by 1H NMR; 40 % conversion to the 

aldoxime product was observed. DMF (5 ml) was added to increase the solubility of the components, 

the solution was cooled, the excess liquid decanted away from the precipitate, and the remaining 

solvent removed by rotary evaporation to give 6,6´-dihydroxy-5,5´-dimethoxybiphenyl-3,3´-

dialdoxime 1d as a white powder (0.09 g, 33 %). The 1H- and 13C-NMR data were identical to that of 

material produced by phenolic oxidative coupling of vanillin aldoxime.  

 

Vanillin aldoxime 1b A solution of hydroxylamine hydrochloride (69.6 g, 1 mol) in water (200 ml) and 

a solution of sodium acetate (98.5 g, 1.2 mol) in water (200 ml) were added to a solution of vanillin 5b 

(152 g, 1 mol) dissolved in water (200 ml). The reaction was stirred at room temperature for 24 h.  The 

resulting precipitate was removed by filtration, washed with water (3 x 100 ml) and recrystallised from 

hot ethanol yielding vanillin aldoxime 1b as white rhombic crystals (140.1 g, 83 %). δH (CDCl3) 3.86 

(3H, s, 8-H3); 5.76 (1H, s, 10-H); 6.85 (1H, d J 8.1, 6-H); 6.92 (1H, dd J 8.1, 1.8, 7-H); 7.14 (1H, d J 

1.8, 3-H); 7.99 (1H, s, 1-H); δC (DEPT, δH 1H-13C 1J-COSY); 56.4 (CH3, 3.86, 8-C); 107.9 (CH, 7.14, 

3-C); 114.8 (CH, 6.92, 7-C); 122.8 (CH, 6.85, 6-C); 124.7 (C, 2-C); 147.3 (C, 4-C); 148.0 (C, 5-C); 

150.8 (CH, 7.99, 1-C); νmax (KBr) 3470; 3200 (v. br); 1608; 1518 (str. sh.); 1425; 1318; 1273 (str.); 

1207; 1119; 1023; 978; 952; 821; 756; m/z (Q-TOF, ESI+, abundance) 168.1 (M + H, 30); 150.1 (100, 

MH - H2O); 136.1 (20); 122.1 (18); 105.1 (8); 0.04 mg ml-1, CH3OH, λMax nm (ε), 218 (14,870); 270 

(12,920); 300 (7,835); HPLC detector λ 254 (7,940); mpt. 117 – 118 °C, (lit. mpt. 118.2°C).95,97,98, 
 

6,6´-Dihydroxy-5,5´-dimethoxybiphenyl-3,3´-dialdoxime (vanillin aldoxime dehydro-dimer) 1d by 

phenolic oxidative coupling of vanillin aldoxime 1b Vanillin aldoxime 1b (1 g, 6.0 mmol) was 

dissolved in a solution of water (20 ml) and acetone (5 ml). Once fully dissolved, potassium persulfate 
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(0.99 g, 3.7 mmol) and iron sulphate (0.043 g, 0.23 mmol) were added in one portion. After 24 hrs the 

resulting precipitate was removed by filtration, washed with water (3 x 10 ml) and diethyl ether (3 x 

10 ml), to give crude vanillin aldoxime dehydro-dimer 1d (0.71 g, 71 %, circa 95 % purity). The crude 

solid (0.55 g) contained unreacted vanillin aldoxime was purified by washing with hot methanol to 

yield pure vanillin aldoxime dehydro-dimer 1d (0.19 g, 19 %), plus impure material (0.34 g, 90 : 10; 

vanillin aldoxime dimer 1d: vanillin aldoxime 1b). 6,6´-Dihydroxy-5,5´-dimethoxybiphenyl-3,3´-

dialdoxime 1d: δH (DMSO-d6) 3.85 (3H, s, 8-H3); 6.93 (1H, s, 7-H); 7.18 (1H, s, 3-H); 8.01 (1H, s, 1-

H); 8.81 (1H, s, OH, 9-H); 10.86 (1H, s, OH, 10-H); δC (DEPT, δH 1H-13C 1J-COSY); 56.2 (CH3, 3.85, 

8-C); 107.7 (CH, 7.18, 3-C); 123.3 (CH, 6.93, 7-C); 123.9 (C, 2-C); 125.6 (C, 6-C); 145.7 (C, 5-C); 

148.3 (C, 4-C); 148.5 (CH, 8.01, 1-C); δC (13C -1H- 3J-COSY); 56.2 (8-C); 107.7 (8.01, 6.93, 3-C); 

123.3 (7.18, 7-C); 123.9 (2-C); 125.6 (8.81, 6.93, 6-C); 145.7 (7.18, 6.93, 5-C); 148.3 (3.85, 4-C); 

148.5 (10.86, 7.18, 6.93, 1-C). νmax (KBr) 3506, 1677, 1595, 1499, 1472, 1416, 1326, 1279, 1240, 

1186, 1147, 1077, 1049, 984, 948, 850, 776, 688; 0.015 mg ml-1, CH3OH, λMax nm (ε); 233 (16,080); 

269 (26,820); 294 (19,880); HPLC detector λ 254 (20,600); 0.03 mg ml-1, CH3OH, λMax nm (ε); 225.5 

(24,330); 258.5 (23,790); 305 weak shoulder (11,405), very broad maxima almost indiscernible; mpt. 

222 – 223 °C. 
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Appendix, NMR reference data 
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Table 4. Summary of 13C-NMR shift data for vanillin derivatives 
Carbon 1 2 3 4 5 6 7 8 9 10 

Vanillin90 5b 191.3 129.5 109.4 147.5 152.3 114.8 127.4 56.0 168.5 20.52 
Vanillin* 5b 191.4 129.2 111.1 148.6 153.5 115.9 126.5 56.0 - - 

Van. aldoxime 150.8 124.7 107.9 147.3 148.0 122.8 114.8 56.4 - - 
4-O-Acetyl-           
-vanillin 5c 191.1 135.2 110.8 152.0 144.9 123.4 124.8 56.1 168.4 20.7 

-vanillin90 5c 190.73 135.16 110.87 151.85 144.85 123.29 124.42 55.98 168.05 20.52 
-aldoxime 1c 149.8 130.9 109.5 151.4 141.3 123.1 120.8 55.9 168.9 20.7 
-oximyl 7c 138.6 131.4 110.9 151.0 141.7 122.8 120.1 56.0 168.8 20.7 

Dimers           
Aldehyde 5d 191.6 125/128.6 109.6 148.6 151.0 125/128.6 128.1 56.5 - - 
Aldoxime 1d 148.5 123.9 107.7 148.3 145.7 125.6 123.3 56.2 - - 

* DMSO-d6 
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Table 5. Summary of 13C-NMR shift data for the nitrile oxide-aldoxime adducts 12b, 12c 
Di-4,4´-O-acetyl 12c OH, 12b 

Carbon δC δC ΔC Carbon δC δC ΔC δC ΔC
no. predict. CDCl3 CDCl3 no. predict. C6D6 C6D6 DMSO-d6 DMSO-d6 
1 84.4 101 16.6 1 84.4 101.7 17.3 101.1 16.7 
2 138.2 134.3 -3.9 2 134 128 -6 127 -7 
3 111.4 111.1 -0.3 3 112.4 109.9 -2.5 111.9 -0.5 
4 156.9 151.2 -5.7 4 151.2 146.8 -4.4 148 -3.2 
5 136.8 140.6 3.8 5 143.7 147.3 3.6 148.1 4.4 
6 122.4 122.8 0.4 6 116.7 114.2 -2.5 115.7 -1 
7 119.7 119.8 0.1 7 120.7 121.4 0.7 120.9 0.2 
8 55.9 56.1 0.2 8 56.2 55 -1.2 56.2 0 
9 169 169 0       

10 20.3 20.7 0.4       
11 164 159.2 -4.8 9 164 159.6 -4.4 160.2 -3.8 
12 126.5 123.9 -2.6 10 122.3 117.9 -4.4 116.6 -5.7 
13 110.7 111.5 0.8 11 111.7 109.8 -1.9 111.3 -0.4 
14 157.2 151.2 -6 12 151.5 146.8 -4.7 148 -3.5 
15 140.2 141.9 1.7 13 147 148.6 1.6 149.6 2.6 
16 122.7 123.2 0.5 14 117 114.4 -2.6 115.9 -1.1 
17 118.8 120.5 1.7 15 119.8 121.8 2 121.2 1.4 
18 55.9 56.1 0.2 16 56.2 55 -1.2 56.2 0 
19 169 169 0       
20 20.3 20.7 0.4       

Signals 20    16  16 
Abs. Aver. error 2.5    3.8  3.2 

Abs. aver. error excluding C-1 1.8    2.9  2.3 
Abs. aver. error excluding C-1 & C-2 1.6    2.7  2.0 

 



25 of 29 
Supplementary Material (ESI) for Organic and Biomolecular Chemistry 

This journal is © The Royal Society of Chemistry 2008 
 

13:34, 03/01/2008, Studies of nitrile oxide cycloadditions, and the phenolic oxidative coupling of vanillin aldoxime by Geobacillus sp. DDS012 from Italian Rye Grass silage 

References 

 
1. Hydrolases: nitriles, A. Bunch in Biotransformations, Volume 8a in the series Biotechnology. Volume editor D. 

R. Kelly; series editors H.-J. Rehm, G. Reed, A. Puhler and P. J. W. Stadler, Wiley-VCH, Weinheim, 1998, 277-
324. 

2. Evolution of a microbial nitrilase gene family: a comparative and environmental genomics study, M. Podar, J. R. 
Eads, T. H. Richardson, BMC Evolutionary Biol., 2005 5:42; (doi:10.1186/1471-2148-5-42). 

3. Nitrilase and its application as a ‘green’ catalyst, R. Singh, R. Sharma, N. Tewari, Geetanjali, D. S. Rawat, 
Chemistry & Biodiversity, 2006, 3, 1279-1287; Synthetic applications of nitrile-converting enzymes, L. 
Martinkova, V. Mylerova, Curr. Org. Chem., 2003, 7, 1279-1295; The nitrile-degrading enzymes: current status 
and future prospects, A. Banerjee, R. Sharma, U. C. Banerjee, Appl. Microbiol. Biotechnol., 2002, 60, 33-44. 

4. Hydratases involved in nitrile conversion: Screening, characterization and application , H. Yamada, S. Shimizu, 
M. Kobayashi, Chemical Record, 2001, 1, 152-161; Application of whole cell Rhodococcal biocatalysts in acrylic 
polymer manufacture, J. Hughes, Y. C. Armitage, K. C. Symes, Antonie van Leewenhoek, 1998, 74, 107-118. 

5. Exploring nitrilase sequence space for enantioselective catalysis, D. E. Robertson, J. A. Chaplin, G. DeSantis, M. 
Podar, M. Madden, E. Chi, T. Richardson, A. Milan, M. Miller, D. P. Weiner, K. Wong, J. McQuaid, B. Farwell, 
L. A. Preston, X. Tan, M.y A. Snead, M. Keller, E. Mathur, P. L. Kretz, M. J. Burk, and J. M. Short, Appl. 
Environ. Microbiol., 2004, 70, 2429–2436. 

6. Molecular and enzymatic analysis of the "aldoxime-nitrile pathway" in the glutaronitrile degrader Pseudomonas 
sp. K-9, Y. Kato, Y. Asano, Appl. Microbiol. & Biotechnol., 2006, 70, 92-101. 

7. Hyperinduction of nitrilases in filamentous fungi, O. Kaplan, V. Vejvoda, A. Charvátová-Pišvejcová, L. 
Martínková, J. Ind. Microbiol. Biotechnol., 2006, 33, 891–896. 

8. Distribution of aldoxime dehydratase in microorganisms, Y. Kato, R. Ooi; Y Asano, Appl. & Environmental 
Microbiol., 2000, 66, 2290-2296. 

9. Industrial relevance of thermophilic Archaea, K. Egorova, G. Antranikian, Curr. Opin. Microbiol., 2005, 8, 649-
655. 

10. Industrial applications of hyperthermophilic enzymes: a review, T. de M. Bouzas, J. Barros-Velázquez, T. G. 
Villa, Protein & Peptide Letts, 2006, 13, 645-651. 

11. Changes in the microbial community structure during thermophilic composting of manure as detected by the 
quinone profile method, J.-C. Tang, T. Kanamori, Y. Inoue, T. Yasuta, S. Yoshida, A. Katayama, Process 
Biochem., 2004, 39, 1999-2006. 

12. Identification of thermophilic bacteria in solid-waste composting, P. Strom, Appl. Environ. Microbiol., 1985, 50, 
906-913 (cf. idem 899-905). 

13. Bacillus stearothermophilus rRNA was not found in PCR amplified rRNA sequences from food waster compost 
at >= 65 °C. This probably represents the difference in what is culturable from compost and what species are 
actually present. Microbial diversity in hot synthetic compost as revealed by PCR-amplified rRNA sequences 
from cultivated isolates and extracted DNA, P. M. Dees, W. C. Ghiorse, FEMS Microbiol. Ecol., 2001, 35, 207-
216. 

14. Enumeration of thermophilic Bacillus species in composts and identification with a random amplification 
polymorphic DNA (RAPD) protocol, Y. C. Zhang, R. S. Ronimus, N. Turner, Y. Zhang, and H. W. Morgan, 
System. Appl. Microbiol., 2002, 25, 618–626. 

15. Isolation of Thermus strains from hot composts (60 to 80 °C), T. Beffa, M. Blanc, P. F. Lyon, G. Vogt, M. 
Marchiani, J. L. Fischer, M. Aragno, Appl. & Environ. Microbiol., 1996, 62, 1723-1727 (cf reference 3 in this 
paper); Thermophilic bacterial communities in hot composts as revealed by most probable number counts and 
molecular (16S rDNA) methods, M. Blanc, L. Marilley, T. Beffa, M. Aragano, FEMS Microbiol. Ecol., 1999, 28, 
141-149. 

16. A survey of bacteria and fungi occurring during composting and self-heating processes, J. Ryckeboer, J. Mergaert, 
K. Vaes, S. Klammer, D. De Clercq, J. Coosemans, H. Insam, J. Swings, Annals Microbiol., 2003, 53, 349-410. 

17. Microbiological aspects of biowaste during composting in a monitored compost bin, J. Ryckeboer, J. Mergaert, J. 
Coosemans, K. Deprins, J. Swings, J. Appl. Microbiol., 2003, 94, 127-137. 

18.  Modelling the temperature kinetics of aerobic solid-state biodegradation, T. L. Richard, L. P. Walker, Biotechnol 
Prog. 2006, 22, 70-7. 

19. The role of Lactobacillus buchneri in forage preservation, M. Holzer, E. Mayrhuber, H. Danner, R. Braun, Trends 
Biotechnol. 2003, 21, 282-7. 

20.  The biochemistry of silage, P. McDonald, A. R. Henderson, S. J. E. Heron, Chalcombe Publications, 13 
Highwoods Drive, Marlow Bottom, Bucks SL73PU, 1991, 340 pp 

21. The detrimental effect of air on silage: A review, M. K. Woolford, J. Appl. Bacteriol., 1990, 68, 101-116. 
22. A model of aerobic fungal growth in silage. 2., Aerobic stability, R. E. Muck, R. E. Pitt, N. B. Pickering, Grass & 

Forage Sci., 1991, 46, 301-312 (c.f. ibid 283-299). 
 



26 of 29 
Supplementary Material (ESI) for Organic and Biomolecular Chemistry 

This journal is © The Royal Society of Chemistry 2008 
 

13:34, 03/01/2008, Studies of nitrile oxide cycloadditions, and the phenolic oxidative coupling of vanillin aldoxime by Geobacillus sp. DDS012 from Italian Rye Grass silage 

 
23. Thermophilic enzymatic hydrolysis of aldoximes and nitriles using microbial inocula from maize silage, D. S. de 

Silva, J. Taylor, D. Kelly, D. King, C. J. Knowles, S. Baker, Proceedings of Thermophiles 2003, Exeter, 15th - 19th 
September 2003. 

24. For the early history of thermophiles see The thermophilic aerobic sporeforming bacteria, M. B. Allen, Bacteriol. 
Rev., 1953, 17, 125-173. 

25. Thermophilic bacteria, D. H. Bergey, J. Bacteriol., 1919, 4, 301-306. 
26. Studies on thermophilic bacteria: I. Aerobic thermophilic bacteria from water. L. E. Morrison, F. W. Tanner, J. 

Bacteriol., 1992, 7, 343-66. 
27. The isolation and characterization of bacteriophages infecting obligately thermophilic strains of Bacillus. R. J. 

Sharp, S. I. Ahmad, A. Munster, B. Dowsett, T. Atkinson, J. Gen. Microbiol., 1986, 132, 1709-22. 
28. Phenotypic and genotypic characterization of some thermophilic species of Bacillus, R. J. Sharp, K. J. Bown, A. 

Atkinson, J. Gen. Microbiol., 1980, 117, 201-210. 
29. Isolation and possible relevance of Thermoactinomyces candidus proteinases in Farmer's Lung disease, R. C. 

Roberts, L. P. Nelles, M. W. Treuhaft, J. J. Marx, Jr., Immunity & Infection, 1983, 40, 553-562. 
30. Levels of bacteria, fungi, and endotoxin in bulk and aerosolized corn silage, J. Dutkiewicz, S. A. Olenchock, W. 

G. Sorenson, V. F. Gerencser, J. J. May, D. S. Pratt, V. A. Robinson, Appl. & Environ. Microbiol., 1989, 55, 
1093-9. 

31. Isolation and characterization of enterocin SE-K4 produced by thermophilic enterococci, Enterococcus faecalis 
K-4, T. Eguichi, K. Kaminaka, J. Shima, S. Kawamoto, K. Mori, S.-H. Choi, K. Doi, S. Ohmomo, S. Ogata, 
Biosci. Biotechnol. Biochem., 2001, 65, 247-253. 

32. M. T. Madigan, J. M. Martinko, Brock Biology of Microorganisms, 11th International Edition, Prentice-Hall, 2006, 
p 151. 

33. Geobacillus gargensis sp. nov., a novel thermophile from a hot spring, and the reclassification of Bacillus vulcani 
as Geobacillus vulcani comb. nov., T. N. Nazina, E. V. Lebedeva, A. B. Poltaraus, T. P. Tourova, A. A. 
Grigoryan, D. Sh. Sokolova, A. M. Lysenko, G. A. Osipov, Int. J. Syst. Evol. Microbiol., 2004, 54, 2019-2024. 

34. Bacillus thermodenitrificans sp. nov., nom. rev. P. L. Manachini, D. Mora, G. Nicastro, C. Parini, E. 
Stackebrandt, R. Pukall, M. G. Fortina, Int. J. Syst. & Evol. Microbiol., 2000, 50, 1331-1337. 

35. Monitoring of Bacillus thermodenitrificans OHT-1 in compost by whole cell hybridisation, M. Hatsu, J. Ohta, K. 
Takamizawa, Can. J. Microbiol., 2002, 48, 848-852. 

36. A new thermophile strain of Geobacillus thermodenitrificans having L-arabinose isomerase activity for tagatose 
production, D. H. Baek, Y. Lee, H. S. Sin and D. K. Oh, J. Microbiol. Biotechnol., 2004, 14, 312-316. 

37. Preparation of vanillic acid amide from vanillonitrile, D. M. Ritter, J. Am. Chem. Soc., 1946, 68, 2738-2739. 
38. Behaviour of nitrile oxides towards nucleophiles. Part 1. Pyridine catalysed dimerisation of nitrile oxides, F. De 

Sarlo, J. C. S. Perk. 1 Trans., 1974, 1951-1953. 
39. Behaviour of nitrile oxides towards nucleophiles. Part II. Substituent effect on the rate of dimerisation of aromatic 

nitrile oxides to 3,6-diaryl-1,4,2,5-dioxadiazines, F. De Sarlo, A. Guarna, J. C. S. Perk. II Trans., 1976, 626-628. 
40. Behaviour of nitrile oxides towards nucleophiles. Part III, Dimerisation of nitrile oxides catalysed by 

trimethylamine, F. De Sarlo, A. Guarna, J. C. S. Perk. 1 Trans., 1976, 1825-1827. 
41. Crossed bisadducts in the reactions of pyridine with two different nitrile oxides, F. M. Albini, R. De Franco, T. 

Bandiera, P. Caramella, A. Corsaro, G. Perrini, J. Heterocyclic Chemistry, 1989, 26, 757-761. 
42. Catalytic dimerization of nitrile oxides (translation), S. Morrocchi, R. Aldo, A. Selva, A. Zanarotti, Gazzetta 

Chimica Italiana, 1969, 99, 165-175 (CA 1967, 70:115072). 
43. Dimerisation of nitrile oxides catalysed by boron trifluoride (translation), S. Morrocchi, R. Aldo, Chimica et 

L’Industria (Milan, Italy), 1968, 50, 558. 
44. The action of boron trifluoride etherate on aromatic nitrile oxides, S. Shiraishi, T. Shigemoto, M. Miyahara, S. 

Ogawa, Bull. Chem. Soc. Jpn., 1981, 54, 3863-3864. 
45. Catalytic action of boron trifluoride in the cycloaddition of benzonitrile with the oxime (translation), S. 

Morrocchi, R. Aldo, Chimica et L’Industria (Milan, Italy), 1967, 49, 629-630. 
46. Chlorination of oximes. I. Reaction and mechanism of the chlorination of oximes in commercial chloroform and 

methylene Chloride, Y. H. Chiang, J. Org. Chem., 1971, 36, 2146-2155. 
47. 2,2,6,6-Tetramethylheptane-3,4,5-dione, C. W. Shoppee, D. Stevenson, J. C. S. Perkin Trans 1, 1972, 3015-3020. 
48. Crystal and molecular structure of bis-p-chlorophenylfurazan N-oxide A. Battaglia, A. Dondoni, C. Panattoni, G. 

Bandoli, D. A. Clemente, Tetrahedron Letts., 1971, 2907-2908 and reference 1 therein. 
49. A structural study of Tryller’s and Schmitz’s compounds and related substances, R. Fruttero, B. Ferrarotti, A. 

Gasco, G. Calestani, C. Rizzoli, Liebeigs Ann. Chem., 1988, 1017-1023. 
50. All aldoximes and oximyl chlorides gave a single set of NMR signals and are assigned (Z)-stereochemistry. For 

the aldoximes this is in accord with the mode of preparation (basic conditions) and the 1H-chemical shift of the α-
aldoxime proton see Configuration and conformation of acyl derivatives of hydroxylamine. Part 22, Hydroxamoyl 

 



27 of 29 
Supplementary Material (ESI) for Organic and Biomolecular Chemistry 

This journal is © The Royal Society of Chemistry 2008 
 

13:34, 03/01/2008, Studies of nitrile oxide cycloadditions, and the phenolic oxidative coupling of vanillin aldoxime by Geobacillus sp. DDS012 from Italian Rye Grass silage 

 
chlorides. A revision, J. Smolíkovtá, O. Exner, G. Barbaro, D. Macciantelli, A. Dondoni, J. C. S., Perkin 2, 1980, 
1051-1056. 

51. Unsymmetrically substituted furoxans. VIII (l.) A 13C NMR study of a series of isomeric pairs of furoxans and the 
structure of the two isomeric chlorophenyl-furoxans, R. Calvino, R. Fruttero, A. Gasco, V. Mortarini, S. Aime, J. 
Heterocyclic Chem., 1982, 19, 427-430. 

52. 3,6-Di(2-pyridyl)-1,4,2,5-dioxadiazine and a silver coordination polymer with an unprecedented 
metallosupramolecular topology, C. Richardson, P. J. Steel, Eur. J. Inorg. Chem., 2003, 3, 405-408. 

53. Photochemistry of azole N-oxides. III Photoinduced ring expansion of 2H-1,2,3-triazole N-oxides, G. J. 
Gainsford, A. D. Woolhouse, Aust. J. Chem., 1980, 33, 2447-2454. 

54. Mass spectrometry of heterocyclic compounds-II Electron induced fragmentation of 3,5-diphenyl-1,2,4-
oxadiazole, A. Selva, L. F. Zerilli, B. Cavalleri, G. G. Gallo, Org. Mass. Spectr., 1972, 6, 1347-1351. 

55. Roberts56 reported this chemical shift as δ 157.1 upfield from the signal for CS2. We plotted literature data for the 
chemical shifts of the precursor; 2,4,6-trimethylbenzonitrile in CDCl3 against Roberts’ shift data for the same 
compound in CD2Cl2 and obtained a regression line y = -0.99237x + 192.03925; R2 = 0.99999. The gradient 
indicates that the chemical shifts are essentially identical in both solvents and the difference in values is due solely 
to the reference peak (δ 192.8, CS2). For literature 13C-NMR data for 2,4,6-trimethylbenzonitrile see Nitrile ylide 
dimerisation; investigation of the carbene reactivity of nitrile ylides, S. Fergus, S. J. Eustace, A. F. Hegarty, J. 
Org. Chem., 2004, 69, 4663-4669 (supplementary data page S13); 1,3-Dipolar cycloaddition of alkynyliodonium 
salts with a nitrile oxide. Synthesis and reactivity of isoxazolyliodonium salts, T. Kitamura, Y. Mansei, Y. 
Fujiwara, J. Organometallic Chem., 2002, 646, 196-199.. 

56. 13C and 15N nuclear magnetic resonance spectroscopy of nitrile oxides and related reaction products. Unexpected 
13C and 15N nuclear magnetic resonance parameters of 2,4,6-trimethylbenzonitrile oxide, M. Christl, J. P. Warren, 
B. L. Hawkins, J. D. Roberts, J. Amer. Chem. Soc., 1973, 95, 4392-4397. 

57. Reaction of N2O4 with substituted dinitromethane salts as a new method for the generation of nitrile oxides, N. N. 
Makhova, I. V. Ovchinnikov, V. G. Dubonos, Y. A. Strelenko, L. I. Khmel’nitskii, Mendeleev. Comm., 1992, 91-
93. 

58. Isolation of nitrile oxides from the thermal fragmentation of furazan N-oxides, W. R. Mitchell, R. M. Paton, 
Tetrahedron Letts., 1979, 2442-2446. 

59. A multinuclear magnetic resonance study of nitrile oxides, F. De Sarlo, A. Brandi, A. Guarna, J. Magn. Res., 
1982, 50, 64-70. 

60. Kinetics and mechanism of dimerisation of benzonitrile N-oxides to furazan N-oxides, G. Barbaro, A. Battaglia, 
A. Dondoni, J. Chem. Soc. B, 1970, 588-592; Kinetics of dimerisation of benzonitrile N-oxides to 
diphenylfuroxans, Tetrahedron Letts., 1966, 4789-4791. 

61. Dehydrodivanillin, K. Elbs, H. Lerch, J. Prakt. Chem., 1916, 93, 1-9; for subsequent controversy over the 
structure of the products reported in this paper see Nitro-derivatives of dehydrodivanillin, J. M. Gulland, G. U. 
Hopton, J. Chem. Soc., 1932, 439-443. 

62. Characterization of high molecular mass fractions of receiving waters and sediments of a pulp mill by CuO-
oxidation and HPLC, J. Hyötyläinen,, J. Knuutined, E. Vilén, Chemosphere, 1995, 30, 891-906. 

63. Attempt to approach the role of the phenolic phenylpropenol structures in the photoyellowing of softwood 
mechanical pulps, B. Ruffin, S. Grelier, A. Nourmamode, A. Castellan, Can. J. Chem., 2002, 80, 1223-1231. 

64. Convenient preparation and quantification of 5,5′-diferulic acid, H. Yamamoto, T. Hoshino, T. Uchiyama, Biosci. 
Biotechnol. Biochem., 1999, 63, 390-394. 

65. Oxoammonium salts. 4 A new reagent for phenol coupling, J. M. Bobbitt, Z. Ma, Heterocycles, 1992, 33, 641-
648. 

66. Structural studies on bioactive compounds. 32. Oxidation of tyrphostin protein tyrosine kinase inhibitors with 
hypervalent iodine reagents, G. Wells, A. Seaton, M. F. G. Stevens, J. Med. Chem., 2000, 43, 1550-1562. 

67. The reactions of vanillin with octacyanotungstate(V) ions in alkaline solution, R. Grybos, A. Samotus, A. 
Aizenstadt, N. Popova, K. Bogolitsyn, J. Burgess, Inorganic Reaction Mechanisms, 2000, 2, 195-204. 

68. Chemopreventive potential of cyclic diarylheptanoids, J. Ishida, M. Kozuka, H. Tokuda, H. Nishino, S. Nagumo, 
K.-H. Lee, M. Nagai, Biorganic & Med. Chem., 2002, 10, 3361-3365. 

69. Dehydrogenation of phenols, H. Erdtman, Svensk Kem Tids., 1935, 47, 223-230 (CA 30:3338). 
70. a) Efficient synthesis of tyrosine derived marine sponge metabolites via acylation of amines with a coumarin, J. J. 

Harburn, N. P. Rath and C. D. Spilling, J. Org. Chem., 2005, 70, 6398-6403; b) Synthesis and structural revision 
of calafianin, a member of the spiroisoxazole family isolated from the marine sponge, Aplysina gerardogreeni, T. 
Ogamino, S. Nishiyama, Tetrahedron, 2005, 61, 7211-7218; c) Efficient total synthesis of bastadin 6, an anti-
angiogenic brominated tyrosine-derived metabolite from marine sponge, N. Kotoku, H. Tsujita, A. Hiramatsu, C. 
Mori, N. Koizumi M. Kobayashi, Tetrahedron, 2005, 61, 7211-7218. 

 



28 of 29 
Supplementary Material (ESI) for Organic and Biomolecular Chemistry 

This journal is © The Royal Society of Chemistry 2008 
 

13:34, 03/01/2008, Studies of nitrile oxide cycloadditions, and the phenolic oxidative coupling of vanillin aldoxime by Geobacillus sp. DDS012 from Italian Rye Grass silage 

 
71. Structural diversity of peroxidase-catalyzed oxidation products of o-methoxyphenols, S. Antoniotti, L. 

Santhanam, D. Ahuja, M. G. Hogg, J. S. Dordick, Organic Letts., 2004, 6, 1975-1978. 
72. Structural modification of phenylpropanoid-derived compounds and the effects on their participation in redox 

processes, W. R. Russell, L. Scobbie, A. Chesson, Bioorganic & Med. Chem., 2005, 13, 2537–2546. 
73. Evidence of a biphenyl group in lignin, J. C. Pew, J. Org. Chem., 1963, 28, 1048-1054. 
74. Oxidation behaviour of vanillin in dairy products, E. Adam, S. Gaglione, A. Müller, Food Chemistry, 1997, 60, 

43-51. 
75. Photocatalytic degradation of lignin and lignin models, using titanium dioxide: the role of the hydroxyl radical, A. 

E.H. Machadoa, A. M. Furuyama, S. Z. Falone, R. Ruggiero, D. da Silva Perez, A. Castellan, Chemosphere, 2000, 
40, 115-124. 

76. The early oxidative biodegradation steps of residual Kraft lignin models with laccase, C. Crestini, D. S. 
Argyropoulos, Bioorganic & Med. Chem. Lett., 1998, 6, 2161-2169. 

77. The organism was constructed by protoplast fusion of Fusobacterium varium and Enterococcus faecium, which 
are only able to catabolise dehydro divanillin 5d synergistically. Enzymatic conversion of dehydrodivanillin to 
vanillin by an anaerobic recombinant FE7, W. Chen, M. Ohmori, K. Ohmiya, S. Shimizu, J. Ferment. Technol., 
1988, 66, 341-346. 

78. The metabolism of biphenyl structures in lignin by the soil bacterium (Pseudomonas paucimobilis SYK-6), Y. 
Katayama , S. Nishikawa , A. Murayama , M. Yamasaki, N. Morohoshi, T. Haraguchi, FEBS Letts., 1988, 233, 
129-133. 

79. A second 5-carboxyvanillate decarboxylase gene, ligW2, is important for lignin-related biphenyl catabolism in 
Sphingomonas paucimobilis SYK-6, X. Peng, E. Masai, D. Kasai, K. Miyauchi, Y. Katayama, M. Fukuda, Appl. 
Environ. Microbiol., 2005, 71, 5014-5021. 

80. Cloning, nucleotide sequence, and expression in Escherichia coli of the Bacillus stearothermophilus peroxidase 
gene (perA), S. Loprasert, S. Negoro, H. Okada, J. Bacteriol., 1989, 171, 4871-4875. 

81. Revised sequence and activity of Bacillus stearothermophilus catalase I (formerly peroxidase), S. 
Trakulnaleamsai, S. Aihara, K. Miyai, Y. Suga, M. Sota, T. Yomo, I. Urabe, J. Ferment. Bioeng., 1992, 74, 234-
237. 

82. A catalase-peroxidase from a newly isolated thermoalkaliphilic Bacillus sp. with potential for the treatment of 
textile bleaching effluents, M. Gudelj, G. O. Fruhwirth, A. Paar, F. Lottspeich, K.-H. Robra, A. Cavaco-Paulo, G. 
M. Gübitz, Extremophiles, 2001, 5, 423-429. 

83. Thermal conversion from low- to high-activity forms of Catalase I from Bacillus stearothermophilus, C. 
Kobayashi, Y. Suga, K. Yamamoto, T. Yomo, K. Ogasahara, K. Yutani, and I. Urabe, J. Biol. Chem., 1997, 272, 
23011-23016. 

84. www.dsmz.de/microorganisms/html/media/medium000878.html 
85. R. W. Castenholz,. Isolation and cultivation of thermophilic cyanobacteria,. In M. P. Starr, H. Stolp, H. G. Trüper, 

A. Balows, and H. G. Schlegel (ed.), The prokaryotes: a handbook on habitats, isolation, and identification of 
bacteria, Springer-Verlag, New York, 1981 p. 236–246. 

86. Identification of Bacillus strains using the API system, N. A. Logan, R. C. Berkeley, J. Gen. Microbiol., 1984, 
130, 1871-1882. 

87. E. Pretsch, W. Simon, J. Seibl and T. Clerc, Tables of Spectral Data for Structure Determination of Organic 
Compounds, Springer-Verlag, Berlin, 1989,  

88. Dipolar addition reactions of nitrile oxides VI. Reaction of benzonitriles with diazomethane, K. Nagarajan, P. 
Rajagopalan, Tetrahedron Letts., 1966, 5525-5530. 

89. The 13C-NMR spectrum of vallinamide 3b has been reported, A. Kergomard, M. F. Renard, Agric. Biol. Chem. 
1986, 50, 2913-2914. 

90. The carbon-13 nuclear magnetic resonance spectra of flavonoids and related compounds, A. Pelter, R. S. Ward, T. 
I. Gray, J. C. S., Perkin I, 1976, 2475-2483. 

91. Synthesis and physico-chemical properties of nitrocaffeic acids, J. L. Grenier, N. Cotelle, J. P. Catteau, P. Cotelle, 
J. Phys. Org. Chem., 2000, 13, 511-517. 

92. Three syntheses of lacticolorin, K. Krohn, J. Thiem, J. C. S., Perkin I, 1977, 1186-1190. 
93. No preparative or spectroscopic information are available for this compound however cleavage of the acetate 

group by sodium perborate and natural kaolinitic clay have been reported. A mild procedure for rapid and 
selective deprotection of aryl acetates using natural kaolinitic clay as a reusable catalyst, B. P. Bandgar, L. S. 
Uppalla, A. D. Sagar, V. S. Sadavarte, Tetrahedron Letts., 2001, 42, 1163-1165; Facile and selective deprotection 
of aryl acetates using sodium perborate under mild and neutral conditions, B. P. Bandgar, L. S. Uppalla, V. S. 
Sadavarte, S. V. Patil, New. J. Chem., 2002, 26, 1273-1276. 

94. This compound has only previously been reported as a member of a library. Discovery of 3-amino-4-chlorophenyl 
P1 as a novel and potent benzamidine mimic via solid-phase synthesis of an isoxazoline library, P. Y. S. Lam, J. J. 

 



29 of 29 
Supplementary Material (ESI) for Organic and Biomolecular Chemistry 

This journal is © The Royal Society of Chemistry 2008 
 

13:34, 03/01/2008, Studies of nitrile oxide cycloadditions, and the phenolic oxidative coupling of vanillin aldoxime by Geobacillus sp. DDS012 from Italian Rye Grass silage 

 
Adams, C. G. Clark, W. J. Calhoun, J. M. Luettgen, R. M. Knabb, R. R. Wexler, Bioorganic & Med. Chem. Letts., 
2003, 13, 1795-1799. 

95. An efficient method for the preparation of nitriles via the dehydration of aldoximes with phthalic anhydride, E.-C. 
Wang, K.-S. Huang, H.-M. Chen, C.-C. Wu, G.-J. Lin, J. Chinese Chemical Society, 2004, 51, 619-627. 

96. The ionisation constants of vanillin and two of its isomers, R. A. Robinson, A. K. Chiang, Trans. Faraday Soc., 
1955, 51, 1398-1402. 

97. Hydroxy- or methoxy-substituted benzaldoximes and benzaldehyde-O-alkyloximes as tyrosinase inhibitors, J. P. 
Ley, H.-J. Bertram, Bioorganic & Med. Chem., 2001, 9, 1879-1885. 

98. The capsaicinoids: their separation, synthesis, and mutagenicity, P. M. Gannett, D. L. Nagel, P. J. Reilly, T. 
Lawson, J. Sharpe, B. Toth, J. Org. Chem., 1988, 53, 1064-1071. 


