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General Information 
DCM, DMF, MeCN and THF were purchased pre-dried and stored over molecular sieves from Acros 

Organics. All other reaction solvents were analytical grade. For lithiation reactions analytical grade THF 

was pre-dried over sodium, then distilled from sodium benzophenone ketyl prior to use. Non-aqueous 

reactions were carried out under a nitrogen atmosphere unless otherwise noted. Commercial reagents 

were used without purification. Flash column chromatography was carried out on a silica gel solid phase 

(Merck 230 – 400 mesh) using distilled laboratory grade solvents. Thin layer chromatography was 

carried out using Merck 60 F254 aluminium plates pre-coated with silica. Compounds were identified 

using UV fluorescence and/or staining with either ninhydrin in ethanol/glacial acetic acid (95:5) (with 

heating), or iodine on silica gel. Melting points were determined on an Electrothermal 2300 Melting 

Point Apparatus. High resolution mass spectra (HRMS) were measured on an Agilent Technologies 

6530 Accurate-Mass Quadrupole Time of Flight (Q-TOF) LC/MS interfaced with an Agilent Jet Stream 

Electrospray Ionisation (ESI) source allowing positive or negative ions detection. Low-resolution mass 

spectra (LRMS) were gathered by direct injection of methanolic solutions into an Agilent 6120 mass 

spectrometer using atmospheric pressure chemical ionization (APCI) mode with a fragmentor voltage 

of 50 V and a drying gas temperature of 250 °C. NMR spectra were recorded on a Bruker Avance 400 

spectrometer (1H nuclei, 400 MHz; 13C nuclei, 100MHz) in (CD3)2SO unless specified. All chemical shift 

(δ) values are reported in parts per million (ppm) relative to the residual 1H resonance from the 

deuterated solvent, coupling constants are reported in Hertz (Hz). 13C spectral assignments were made 

via interpretation of HSQC, HMBC and APT experiments. Final products were analysed by reverse-

phase HPLC (Agilent Zorbax Eclipse XDB C8 5 µm column, 150 mm × 4.6 mm; or Alltech Altima C8 5 

µm column, 150 mm × 2.1;) using an Agilent HP1100 equipped with a photodiode array detector. Mobile 

phases were gradients of 80% CH3CN/20% H2O (v/v) in 45 mM ammonium formate at pH 3.5 and 0.5 

– 1.0 mL/min. Purity was determined by monitoring at 330 ± 50 nm. AcOH refers to acetic acid, DCM 

refers to dichloromethane, DIPEA refers to diisopropylethylamine, DMF refers to dimethylformamide, 

Et2O refers to diethylether, EtOAc refers to ethyl acetate, EtOH refers to ethanol, LiHMDS refers to 

lithium hexamethyldisilazide, MeOH refers to methanol, MeCN refers to acetonitrile, NEt3 refers to 

triethylamine, PhMe refers to toluene, THF refers to tetrahydrofuran, X4 refers to petroleum ether, 

boiling fraction 40 – 60 °C. 

Assignment of alkene stereochemistry 
For alkenes where both isomers were isolated it was possible to organise the products into two distinct 

groups based on the 1H and 13C signals of the olefinic CH (Table S1). The groupings could be defined 

as Group A: δH 6.86 – 7.06 ppm; δC 108.0 – 113.3 ppm and Group B: δH 6.39 – 7.00 ppm; δC 102.4 – 

109.2 ppm. The 13C signal is more diagnostic as there is significant overlap in the 1H signal range, 

however in cases where the 13C signal leaves ambiguity the 1H signal can in some cases resolve this. 

Miura et al.1 reported the Z-isomer of alkene 34, with assignment provided by analysis of NOE 

enhancements and based on this we tentatively assigned Group A as the E-isomer and Group B as the 

Z-isomer. A NOESY experiment for alkene 50 (Figure S1, Figure S2) supported this assignment and 

all other alkene stereochemistry has been assigned on this basis. In all except one instance 

(benzofuranone 55) when only a single isomer was isolated it was the E-isomer. 



Table S1: Alkene isomer 1H and 13C shifts ((CD3)2SO unless specified) for olefinic CH 

 Group A (E) Group B (Z) 
Compound Alkene 1H (ppm) Alkene 13C (ppm) Alkene 1H (ppm) Alkene 13C (ppm) 

33 6.99 112.4 6.85 109.2 

34 6.901 112.81 6.391 107.01 

35 6.92 110.8 6.80 105.3 

36 6.95 112.4 6.81 106.2 

37 n.i. n.i. 6.701 104.31 

41 n.i. n.i. 6.79 110.4 

42 7.06 113.3 6.96 106.9 

43 n.i. n.i. 6.84 105.7 

47 6.98 110.5 6.87 107.2 

48 7.01 111.2 7.00 104.8 

49 6.89 109.0 6.84 103.3 

50 6.93 110.5 6.85 104.3 

51 6.86 108.0 6.76 102.4 

52 6.90 112.0 6.81 108.9 

53 n.i. n.i. 6.99 105.0 

54 n.i. n.i. 6.88 103.7 

55 7.02 112.0 n.i. n.i. 

56 6.93 109.5 6.88 103.7 

n.i.: Not isolated. 1From CDCl3 spectrum. 



 

Figure S2: (E)-50 NOESY experiment key correlations. Through space correlations between 6′-H and 3-C=CH, 
and 2′-H and 3-C=CH support assignment as E. Weak correlation between 4-H and 3-C=CH is only present on 
one axis and is likely an artifact, providing further support to assignment as E.   

 

Figure S3: (Z)-50 NOESY experiment key correlation. Correlation between 4-H and 3-C=CH is present on both 
axes supporting assignment as Z. Single weak correlation between 2′-CH and 4-H on one axis is likely an artifact, 
and there are no correlations between 4-H and 6′-CH providing further support to assignment as Z. 



Synthesis of Compounds 

General Procedure B – Ring expansion (benzyl sidechain) 
Benzofuranone (10 mg/mL) in 1:1 EtOH/hydrazine hydrate (aq.) was stirred at 50 °C for 18 h then 

volatiles were removed in vacuo to give the crude product. 

General Procedure C – Trigger installation 
To phenol in DMF (25 mg/mL) was added K2CO3 (1.5 – 3 eq.), followed by chloromethyl nitroimidazole 

(1.1 eq.) then the mixture was stirred 7 - 18 h at room temperature or 50 °C, then diluted with water. 

Product was collected by filtration, or extracted from the aqueous fraction with EtOAc, dried (Na2SO4) 

and solvent was removed in vacuo. 

General Procedure D – Horner-Wadsworth-Emmons olefination 
To a solution of phosphonate in THF (20 mg/mL) at -78 °C was added a 1M solution of LiHMDS in THF 

(1.1 eq.) dropwise and the resulting solution was stirred for 1 h. A solution of aldehyde in THF (30 

mg/mL, 1.05 eq.) was added dropwise and the resulting mixture stirred a further 1 h at -78 °C, quenched 

with saturated aqueous NH4Cl, allowed to warm to room temperature and diluted with 1 M HCl. The 

aqueous fractions were extracted with EtOAc, dried (Na2SO4) and solvent was removed in vacuo.  

General Procedure E – Demethylation 
To a solution of aryl ether in DCM (20 mg/mL) at 0 °C was added a 1 M solution of BBr3 in DCM (6 eq.) 

and the mixture was stirred at room temperature for 18 h. The reaction was cooled to 0 °C and quenched 

by portionwise addition of ice, then the mixture was allowed to return to room temperature and extracted 

with DCM. The combined organic fractions were dried (Na2SO4) and solvent was removed in vacuo.   

5-(chloromethyl)-1-methyl-2-nitro-1H-imidazole (16) 

O2N
2

N

N
Cl

 

To alcohol 12 (1.0 g, 6.4 mmol) in THF (20 mL) was added DIPEA (1.3 mL, 7.6 mmol), and 

methanesulfonyl chloride (0.60 mL, 7.6 mmol). The resulting mixture was stirred 0.5 h, diluted with 

EtOAc (40 mL), washed with 1 M HCl (40 mL), dried (Na2SO4) and solvent was removed in vacuo. The 

crude product was purified by chromatography, eluting with a gradient (30-100%) of EtOAc/X4 to give 

the title compound (1.1 g, 98%) as a yellow solid: mp 99 – 100 °C (lit.2 mp 94–96 °C). δH (CDCl3) 7.19 

(1H, s, 4-H), 4.63 (2H, s, CH2), 4.08 (3H, s, CH3). LRMS 176.1 (100%, M35+H), 178.1 (36%, M37+H). 

These data are in good agreement with literature values.2 

(E)-2-(4-Bromostyryl)-1-methyl-5-nitro-1H-imidazole (15) 

O2N
5

N

N

Br

 



To EtOH (200 mL) was added sodium (2.0 g, 89 mmol) portionwise, with stirring until all sodium was 

consumed. 1,2-Dimethyl-5-nitro-1H-imidazole (5.0 g, 35 mmol) was added portionwise then the mixture 

was stirred for 0.5 h, and 4-bromobenzaldehyde added. The mixture was heated to 65 °C for 18 h, 

cooled to room temperature and partitioned between DCM (200 mL) and water (100 mL). The organic 

phase was collected and the aqueous fraction extracted twice more with DCM (200 mL), the combined 

organic fractions were washed with brine, dried (Na2SO4) and solvent was removed in vacuo. The crude 

product was purified by chromatography, eluting with EtOAc/X4 (33%) to give the title compound (3.6 

g, 33%) as a yellow solid: mp 238 – 240 °C. δH (CDCl3) 8.09 (1H, s, 4-CH), 7.82 (1H, d, J = 15.8 Hz, 2-

CCH), 7.55 (2H, d, J = 8.5 Hz, 3′-H, 5′-H), 7.44 (2H, d, J = 8.4 Hz, 2′-H, 6′-H), 6.87 (1H, d, J = 15.8 Hz, 

1′-CCH), 4.06 (3H, s, NCH3). LRMS (M+H) 308.9 (100%), 310.0 (100%). These data are consistent with 

literature values.3 

(1-Methyl-5-nitro-1H-imidazol-2-yl)methanol (13) 

O2N
5

N

N
OH

 

Ozone was bubbled through a solution of alkene 15 (0.6 g, 2.0 mmol) in DCM/MeOH (1:1, 54 mL) 

at -78 °C for 0.5 h with the headspace vented into a 10% aqueous solution of NaI. The ozone feed was 

switched with O2 for 5 minutes, then N2 for 30 minutes as the mixture was warmed to -40 °C. A solution 

of NaBH4 (70 mg, 2.0 mmol) in EtOH (6 mL) was added dropwise over 0.5 h and the mixture was slowly 

warmed to room temperature, then a further portion of NaBH4 (70 mg, 2.0 mmol) was added and the 

reaction stirred for 3 h, treated with AcOH (2.5 mL) and solvent was removed in vacuo. The crude 

product was purified by chromatography, eluting with EtOAc to give the title product (0.23 g, 74%) as a 

tan solid: mp 111 – 113 °C (lit.4 115 – 116 °C). δH 8.01 (1H, s, 4-CH), 5.68 (1H, t, J = 5.7 Hz, OH), 4.58 

(2H, d, J = 5.6 Hz, CH2), 3.91 (3H, s, NCH3). LRMS (M+H) 158.2 (100%). 

2-(Chloromethyl)-1-methyl-5-nitro-1H-imidazole (17) 

O2N
5

N

N
Cl

 

To alcohol 13 (0.10 g, 0.64 mmol) in THF (2 mL) was added DIPEA (0.13 mL, 0.76 mmol) and 

methanesulfonyl chloride (0.060 mL, 0.76 mmol). The resulting mixture was stirred for 0.5 h, diluted 

with EtOAc (10 mL), washed with 1M HCl (10 mL), dried (Na2SO4) and solvent was removed in vacuo. 

The crude product was purified by chromatography, eluting with 50% EtOAc/X4, to give the title 

compound (94 mg, 86%) as a beige solid: mp 39 – 40 °C (lit.4 43.5 – 44 °C). δH (CDCl3) 7.96 (1H, s, 

4-H), 4.68 (2H, s, CH2), 4.05 (3H, s, NCH3). LRMS (M+H) 176.1 (100%), 178.1 (32%). These data are 

in good agreement with literature values.4 



4-(3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzyl)-2-((1-methyl-2-nitro-1H-
imidazol-5-yl)methyl)phthalazin-1(2H)-one (18) 
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To olaparib (0.30 g, 0.69 mmol) in DMF (5 mL) was added Cs2CO3 (0.45 g, 1.4 mmol) followed by 

chloride 16 (0.18 g, 1.5 mmol) and the resulting mixture was stirred for 25 h. The mixture was diluted 

with water (25 mL), filtered and the resulting solid collected by filtration. The crude compound was 

purified by semi-preparative HPLC (MeCN, NH4CO2H) to give the title compound (0.08 g, 20%) as a 

colourless solid: mp 122 – 125 °C. δH 8.32 (1H, dd, J = 7.7, 1.2 Hz, 8-H), 8.03 (1H, br d, J = 7.6 Hz, 

5-H), 7.93 (1H, br dd, J = 8.3, 1.2 Hz, 6-H), 7.87 (1H, td, J = 7.9, 1.2 Hz, 7-H), 7.45 – 7.40 (1H, m, 6′-H), 

7.35 (1H, br d, J = 5.1 Hz 2′-H), 7.21 (1H, t, J = 9.0 Hz, 5′-H), 7.15 (1H, s, 4⁗-H), 5.43 (2H, s, 2-NCH2), 

4.35 (2H, s, 4-CCH2), 3.94 (3H, s, NCH3), 3.85 – 3.10 (8H, m, 2″-CH2, 3″-CH2, 5″-CH2, 6″-CH2), 2.07 – 

1.86 (1H, m, 1‴-CH), 0.78 – 0.67 (4H, m, 2‴-CH2, 3‴-CH2). δC 171.8 (4″-NC=O), 164.5 (1″-NC=O), 158.5 

(1-C=O), 156.8 (4′-C, JC-F = 244.7 Hz), 146.1 (4-C, 2⁗-C), 134.8 (1′-C, JC-C-C-C-F = 3.1 Hz), 134.4 (5⁗-C), 

134.2 (6-CH), 132.6 (7-CH),  132.4 (6′-CH, JC-C-C-F = 8.0 Hz), 129.5 (2′-CH, JC-C-C-F = 3.7 Hz), 129.1 

(4a-C), 128.9 (4⁗-CH), 127.8 (8a-C), 127.0 (8-CH), 126.1 (5-CH), 124.1 (3′-C, JC-C-F = 18.1 Hz), 116.3 

(5′-CH, JC-C-F = 21.6 Hz), 47.5 - 44.8 and 42.5 – 41.4 (m, 2″-CH2, 3″-CH2, 5″-CH2, 6″-CH2), 44.0 (NCH2), 

36.8 (4-CCH2), 34.9 (NCH3), 10.8 (1‴-CH), 7.6 (2‴-CH2, 3‴-CH2). HRMS calcd for C29H29FN7O5 (M+H) 

m/z 564.2209, found 574.2203 (-1.02 ppm). HPLC purity 99.7% 

2-Fluoro-5-formylbenzoic acid (22) 
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F
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5-(Diethoxymethyl)-2-fluorobenzonitrile 

To 2-fluoro-5-formylbenzonitrile (5.0 g, 34 mmol) and NH4Cl (0.36 g, 6.7 mmol) in EtOH (45 mL) at 0 °C 

was added triethyl orthoformate (8.4 mL, 50 mmol) and the mixture was warmed to room temperature 

and stirred for 18 h. Solvent was removed in vacuo, residual solids were separated by filtration, washing 

with EtOAc, then solvent was removed in vacuo and the crude product was purified by chromatography, 

eluting with 30% EtOAc/X4 to give the title compound (6.3 g, 84%) as a colourless oil. δH (CDCl3) 7.77 

(1H, dd, J = 6.1, 2.1 Hz, 6-H), 7.71 (1H, ddd, J = 8.7, 5.2, 2.2 Hz, 4-H), 7.20 (1H, t, J = 8.7 Hz, 3-H) 

5.49 (1H, s, 5-CCH), 3.64 – 3.48 (4H, m, 2 × CH2), 1.25 (6H, t, J = 7.1 Hz, 2 × CH3). These data are in 

good agreement with literature values.5 

2-Fluoro-5-formylbenzoic acid 



3 M NaOH (32 mL) was added to 5-(diethoxymethyl)-2-fluorobenzonitrile (6.0 g, 27 mmol) and this slurry 

was heated to 90 °C for 3 h. The resulting solution was cooled to 0 °C, the pH was adjusted to 2 with 

6M HCl and the resulting precipitate collected by filtration. Refiltration of the mother liquor after standing 

produced a second crop. Combination of crops gave the title compound (4.3 g, 95%) as a white solid: 

mp 160 – 163 °C. δH (CDCl3) 10.00 (1H, s, CHO), 8.57 (1H, dd, J = 6.9, 2.2 Hz, 6-H), 8.16 (1H, ddd, J 

= 8.6, 4.6, 2.2 Hz, 4-H), 7.36 (1H, dd, J = 10.0, 8.6 Hz, 3-H), CO2H not observed. These data are in 

good agreement with literature values.5 LRMS (M-H) 167.1 (100%). 

4-(Cyclopropanecarbonyl)piperazin-1-ium chloride (20) 
+H2N

N

O

Cl
-

 

Piperazine (4.6 g, 52 mmol) was dissolved in acetic acid (50 mL) at 40 °C and the resulting solution 

was cooled to room temperature. Cyclopropanecarbonyl chloride (5.2 mL, 58 mmol) was added 

dropwise, then the resulting mixture was stirred for 18 h, and the resulting precipitate was collected by 

filtration. The filtrate was suspended in PhMe (25 mL) and evaporated to dryness twice, then suspended 

again in PhMe (30 mL) and stirred overnight, the precipitate was collected by filtration and dried in 

vacuo to give the title compound (8.2 g, 82%) as white crystals. δH 9.05 (2H, br s, NH2+Cl-), 4.00 – 3.56 

(4H, m, 2 × NCH2), 3.22 – 2.98 (4H, m, 2 × NCH2), 2.03 – 1.95 (1H, m, 1′-H), 0.80 – 0.70 (4H, m, 2′-

CH2, 3′-CH2). LRMS (M+) 155.2 (100%) 

3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzaldehyde (19) 

O

F
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To aldehyde 22 (4.0 g, 24 mmol) in PhMe (100 mL) was added thionyl chloride (17.3 mL, 238 mmol) 

and the resulting solution was heated to reflux for 1 h, allowed to cool and volatiles removed by vacuum 

distillation. The crude residue was taken up in DCM (70 mL) and amide 20 (5.0 g, 26 mmol) was added 

as a solution in MeCN/NEt3 (30/7 mL). The resulting mixture was stirred 18 h at room temperature, 

diluted with saturated NaHCO3 (30 mL), the aqueous layer extracted with EtOAc (2 × 30 mL), the 

combined organic fractions washed with water (30 mL), brine (30 mL), dried (Na2SO4) and solvent was 

removed in vacuo. The crude product was purified by chromatography, eluting with EtOAc (100%) to 

give the title compound (4.7 g, 65%) as a white foam. 

δH 10.01 (1H, s CHO), 8.12 – 7.98 (2H, m, H-2, H-6), 7.57 (1H, t, J = 9.0 Hz, H-5), 3.93 – 3.13 (8H, m, 

4 × NCH2), 2.11 – 1.81 (1H, m, 1″-H), 0.83 – 0.62 (4H, m, 2″-CH2, 3″-CH2). δC 191.3 (CHO), 171.3 (4′-

NC=O), 163.1 (1′-NC=O), 161.0 (4-C, JC-F 254.7 Hz), 133.2 (1-C, JC-C-C-C-F = 2.8 Hz), 132.7 (6-CH, JC-C-

C-F = 10.0 Hz), 131.0 (2-CH, JC-C-C-F = 5.6 Hz), 124.8 (3-C, JC-C-F = 19.4 Hz), 117.2 (5-CH, JC-C-F  = 22.8 

Hz), 46.9 – 46.1, 45.1 – 44.3 and 42.1 – 41.0 (m, 4 × NCH2), 10.4 (2″-CH2, 3″-CH2), 7.13 (1″-CH). HRMS 

calcd for C16H18FN2O3 (M+H) m/z 305.1296, found 305.1293 (-0.86 ppm). 



3-(Benzyloxy)-N,N-diethylbenzamide (26) 

O

N

O

 

N,N-Diethyl-3-hydroxybenzamide 

To 3-hydroxybenzoic acid (6.0 g, 43 mmol) was added thionyl chloride (24 mL, 330 mmol) followed by 

two drops of DMF (~0.1 mL) and the resulting mixture was stirred at reflux for 1 h. Thionyl chloride was 

evaporated in vacuo, the residue was dissolved in PhMe (100 mL) and the solution once more 

evaporated to dryness. The residue was dissolved in THF (50 mL) and cooled to 0 °C, then diethylamine 

(13.5 mL, 130 mmol) was added slowly and the mixture stirred for 18 h at room temperature. Solvent 

was removed in vacuo, the residue dissolved in DCM (50 mL) and the organic layer washed with water 

(50 mL), NaHCO3 (50 mL) and brine (50 mL) then solvent was removed in vacuo to give the title 

compound (4.0 g, 48%) as a brown solid: mp 74 – 77 °C (lit. 84 °C6). δH (CDCl3) 7.76 (1H, br s OH), 

7.17 (1H, t, J = 7.8, 7.8 Hz, 5-H), 6.90 (1H, m, 2-H), 6.81 – 6.77 (2H, m, 4-H, 6-H), 3.61 – 3.49 (2H, m, 

CH2), 3.34 – 3.21 (2H, m, CH2), 1.25 (3H, t, 6.6 Hz, CH3), 1.10 (3H, t, 6.6 Hz, CH3). These data are in 

good agreement with literature values.6 LRMS (M+H) 194.2, (M-H) 192.2 

3-(Benzyloxy)-N,N-diethylbenzamide 

To N,N-diethyl-3-hydroxybenzamide (0.50 g, 2.6 mmol) in acetone (25 mL) at 0 °C was added K2CO3 

(0.72 g, 5.2 mmol), KI (0.04 g, 0.26 mmol) and benzyl bromide (0.34 mL, 2.9 mmol), then the mixture 

was stirred at room temperature for 18 h. Volatiles were removed in vacuo and the residue was 

partitioned between water (25 mL) and EtOAc (25 ml). The organic fraction was collected and the 

aqueous fraction was washed with EtOAc (2 × 25 mL), then the combined organic fractions were 

washed with brine, dried (Na2SO4) and solvent was removed in vacuo. The crude product was purified 

by chromatography, eluting with 30% EtOAc/X4 to give the title compound (0.73 g, quant.) as a golden 

oil. δH (CDCl3) 7.45 – 7.27 (6H, m, Ar-H), 7.03 – 6.92 (3H, m, Ar-H), 5.08 (2H, s, CH2), 3.63 – 3.43 (2H, 

m, CH2), 3.33 – 3.12 (2H, m, CH2), 1.31 – 0.98 (6H, m, 2 × CH3). These data are in good agreement 

with literature values.7 LRMS (M+H) 284.2. 

3-(Benzyloxy)-N,N-diethyl-2-formylbenzamide (27) 

O

N

O

O  

To THF (50 mL) at -78 °C under an atmosphere of N2 was added tBuLi in pentane (1.6 M, 10.1 mL, 

16.2 mmol) followed by a solution of benzamide 26 (2.0 g, 7.0 mmol) in THF (20 mL) dropwise. The 

solution was stirred at -78 °C for 1 h, then DMF (1.1 mL, 14.1 mmol) was added dropwise and the 

mixture allowed to warm to room temperature, After stirring a further 15 min, the reaction was quenched 



with saturated aqueous NH4Cl (10 mL) and the aqueous fraction was extracted with EtOAc (2 × 50 mL). 

The combined organic fractions were washed with water (50 mL), dried (Na2SO4) and solvent was 

removed in vacuo. The crude product was purified by chromatography, eluting with 60% EtOAc/X4, to 

give the title compound (1.2 g, 56%) as a yellow oil. δH (CDCl3) 10.56 (1H, s, CHO), 7.52 (1H, t, J = 8.0 

Hz, 5-H), 7.48 – 7.33 (5H, m, Ar-H), 7.06 (1H, d, J = 8.0 Hz, 4-H), 6.85 (1H, d, J = 7.5 Hz 6-H), 5.21 

(2H, s, OCH2), 3.59 (2H, q, J = 8.0 Hz, NCH2), 3.07 (2H, q, J = 7.15 Hz, NCH2), 1.32 (3H, t, J = 7.1 Hz, 

CH3), 1.01 (3H, t, J = 7.1 Hz, CH3). δC (CDCl3) 189.5 (HC=O), 170.0 (1-CC=O), 161.6 (3-C), 139.6 (1-

C), 135.9 (Ar-C), 135.7 (5-CH), 129.0 (2 × Ar-CH), 128.6 (Ar-CH), 127.6 (2 × Ar-CH), 121.8 (2-C), 119.7 

(6-CH), 113.4 (4-CH), 71.1 (OCH2), 42.7, 38.9 (2 × NCH2), 13.7, 12.4 (2 × CH3). LRMS (M+H) 312.2. 

Dimethyl (7-(benzyloxy)-3-oxo-1,3-dihydroisobenzofuran-1-yl)phosphonate (28) 

O

O

O

P(O)(OMe)2
 

To tert-butyldimethylsilyl dimethyl phosphite (2.4 g, 11 mmol) in benzene (30 mL) was added a solution 

of benzamide 27 (1.7 g, 5.5 mmol) in benzene (8 mL) and the resulting mixture was stirred 18 h at room 

temperature. Volatiles were removed in vacuo and the residue dissolved in MeOH (25 mL), then 

methanesulfonic acid (0.75 mL, 11 mmol) in MeOH (12 mL) was added slowly. The resulting mixture 

was stirred at room temperature for 12 h, then volatiles removed in vacuo, the slurry diluted with water 

(25 mL), the aqueous fraction was extracted with DCM (3 × 25 mL) and the combined organic fractions 

were washed with NaHCO3 (25 mL), brine (25 mL), dried (Na2SO4) and solvent was removed in vacuo. 

The crude product was purified by chromatography, eluting with 50% EtOAc/X4, to give the title 

compound (1.1 g, 56%) as a golden oil that solidified on standing: mp 81 – 83 °C. δH (CDCl3) 7.56 – 

7.47 (4H, m, Ar-H), 7.43 – 7.33 (3H, m, Ar-H), 7.21 (1H, m, 6-H), 5.78 (1H, d, J = 9.8 Hz, 1-H), 5.22 

(2H, OCH2), 3.73 (3H, d, J = 10.7 Hz, OCH3), 3.69 (3H, d, J = 10.9 Hz, OCH3). δC (CDCl3) 169.7 (C=O, 

d, J = 2.2 Hz), 156.7 (7a-C), 154.0 (7-C, d, JC-C-C-P = 3.5 Hz), 135.9 (Ar-C), 132.2 (3a-C, d, JC-C-C-P = 4.5 

Hz), 131.9 (4-CH, d, JC-C-C-C-P = 2.4 Hz), 128.9 (2 × Ar-CH), 128.6 (Ar-CH), 127.7 (2 × Ar-CH), 118.3 (5-

CH, d, JC-C-C-C-C-P = 1.5 Hz), 117.3 (6-CH, d, JC-C-C-C-P = 2.2 Hz), 75.4 (1-CH, JC-P = 168.1 Hz), 70.9 (CH2), 

54.8 (CH3, JC-O-P = 6.6 Hz) 54.3 (CH3, JC-O-P = 7.2 Hz). LRMS (M+H) 349.1. 

Dimethyl (7-hydroxy-3-oxo-1,3-dihydroisobenzofuran-1-yl)phosphonate (23) 

OH

O

O

P(O)(OMe)2  

To phosphonate 28 (0.88 g, 2.9 mmol) in MeOH (25 mL) was added 5% w/w Pd/C (0.09 g) and the 

resulting slurry was stirred under 1 atm. H2 for 18 h, filtered through diatomaceous earth and solvent 

was removed in vacuo. The crude material was purified by chromatography, eluting with a gradient (1 

– 2%) of MeOH/DCM to give the title compound (0.55 g, 85%) as a white solid: mp 151 – 154 °C. δH 

(CDCl3) 9.08 (1H, br s, OH), 7.56 – 7.48 (2H, m, 4-H, 5-H), 7.28 (1H, dd, J = 7.4, 1.8 Hz, 6-H), 5.73 



(1H, d, J = 8.5 Hz, 1-H), 4.04 (3H, d, J = 10.9 Hz, OCH3), 3.58 (3H, d, J= 10.5 Hz, OCH3). δC (CDCl3) 

169.6 (C=O, d, JC-O-C-P = 3.1 Hz), 152.4 (7-C, d, JC-C-C-P = 2.9 Hz), 132.3 (5-CH, d, JC-C-C-C-C-P = 2.1 Hz), 

128.2 (3a-C, d, JC-C-C-P = 3.7 Hz), 126.2 (7a-C, d, JC-C-P = 4.2 Hz), 124.1 (6-CH, d, JC-C-C-C-P = 2.1 Hz), 

118.4 (4-CH, d, JC-C-C-C-P = 1.5 Hz), 73.6 (1-CH, J = 163.7 Hz), 55.7 (CH3, JC-O-P = 7.4 Hz), 55.3 (CH3, 

JC-O-P = 7.2 Hz). LRMS (M+H) 259.1. 

3-Benzylidene-4-hydroxyisobenzofuran-1(3H)-one (33) 

OH

O

O

 

To a solution of phosphonate 23 (0.20 g, 0.77 mmol) in THF (10 mL) at -78 °C was added a 1 M solution 

of LiHMDS in THF (1.7 mL, 1.7 mmol) dropwise and the resulting solution was stirred 1 h. A solution of 

benzaldehyde (0.08 mL, 0.8 mmol) in THF (30 mL) was added dropwise and the resulting mixture stirred 

a further 1 h at -78 °C, then stirred at room temperature for 18 h, quenched with saturated aqueous 

NH4Cl, and diluted with 1 M HCl. The aqueous fractions were extracted with EtOAc (3 × 10 mL), dried 

(Na2SO4) and solvent was removed in vacuo. The crude product was purified by chromatography, 

eluting with 33% EtOAc/X4, to give the title product (0.13 g, 72%) as a cream solid. Further 

chromatography prepared samples of the alkene isomers for analysis.  

E: δH 10.85 (1H, br s, OH), 7.51 (1H, t, J = 7.7 Hz, 6-H), 7.39 (1H, dd, J = 7.4, 0.7 Hz, 7-H), 7.36 – 7.24 

(5H, m, Ar-H), 7.14 (1H, d, J = 8.1 Hz, 5-H), 6.99 (1H, s, 3-C=CH). δC 166.1 (C=O), 153.6 (4-C), 144.4 

(3-C), 133.8 (Ar-C), 132.2 (6-CH), 130.7 (2 × Ar-CH), 127.7 (7a-C), 127.1 (Ar-CH), 126.8 (2 × Ar-CH), 

122.8 (3a-C), 121.5 (5-CH), 115.4 (7-CH), 112.4 (3-C=CH) 

Z: δH 11.30 (1H, br s, OH), 7.79 (2H, d, J = 8.2 Hz, 2 × Ar-CH), 7.54 – 7.37 (4H, m, 6-H, 7-H, 2 × Ar-

CH), 7.37 – 7.21 (2H, m, 5-H, Ar-CH), 6.85 (1H, s, 3-C=CH). δC 166.5 (C=O), 153.4 (4-C), 143.7 (3-C), 

133.8 (Ar-C), 131.6 (6-CH), 129.7 (2 × Ar-CH), 128.8 (2 × Ar-CH), 128.0 (Ar-CH), 125.5 (3a-C), 124.4 

(7a-C), 121.2 (5-CH), 115.7 (7-CH), 109.2 (3-C=CH). LRMS (M+H) 239.2. 

4-Benzyl-5-hydroxyphthalazin-1(2H)-one (38) 

OH

O

NH

N

 

The reaction was carried out according to General Procedure B with benzofuranone 33 (44 mg, 0.19 

mmol) to give the title product (47 mg, quant.) as a white solid: mp 222 – 224 °C. δH 12.43 (1H, s, NH), 

10.84 (1H, br s, OH), 7.70 (1H, dd, J = 7.8, 1.2 Hz, 8-H), 7.58 (1H, t, J = 7.9 Hz, 7-H), 7.27 – 7.11 (6H, 

m, 6-H, Ar-H), 4.42 (2H, s, CH2). δC 159.0 (C), 155.0 (5-C), 144.2 (4-C), 139.9 (Ar-C), 132.3 (7-CH), 

129.7 (8a-C), 128.4 (2 × Ar-CH), 128.1 (2 × Ar-CH), 125.7 (Ar-CH), 119.6 (8-CH), 118.2 (4a-C), 116.3 



(6-CH), 59.7 (CH2). HRMS calcd for C15H13N2O2 (M+H) m/z 253.0972, found 253.0963 (-3.45 ppm). 

HPLC purity 99.2%. 

(Z)-3-Benzylidene-4-((1-methyl-2-nitro-1H-imidazol-5-yl)methoxy)isobenzofuran-1(3H)-one (41) 

O

O

O
N

2 N
O2N

 

The reaction was carried out according to General Procedure C with benzofuranone 33 (54 mg, 0.23 

mmol), K2CO3 (0.10 g, 0.69 mmol) and chloride 16 (44 mg, 0.25 mmol) stirring for 7 h at 50 °C. The 

crude product was collected by extraction and purified by chromatography, eluting with 70% EtOAc/X4 

to give the title product (47 mg, 52%) as a white solid: mp 221 – 224 °C. δH 7.79 – 7.73 (3H, m, 5-H, 

2′-H, 6′-H), 7.67 (1H, t, J = 7.8 Hz, 6-H), 7.62 – 7.58 (1H, m, 7-CH), 7.50 – 7.42 (3H, m, 3′-H, 5′-H, 4″-H),  

7.37 – 7.31 (1H, m, 4′-H), 6.79 (1H, s, 3-C=CH), 5.62 (2H, s, OCH2), 4.06 (3H, s, CH3). δC 166.0 (1-

C=O), 152.6 (4-C), 146.5 (2″-C), 143.0 (3-C), 133.4 (1′-C), 132.4 (5″-C), 131.9 (6-CH), 129.9 (2′-CH, 6′-

CH), 129.0 (4″-CH), 128.9 (3′-CH, 5′-CH), 128.4 (4′-CH), 127.2 (3a-C), 124.7 (7a-C), 118.5 (5-CH), 

117.8 (7-CH), 110.4 (3-C=CH), 59.8 (OCH2), 34.5 (NCH3). LRMS (M-H)  376.9, (M- M-C5H6N3O2) 237.2.  

4-Benzyl-5-((1-methyl-2-nitro-1H-imidazol-5-yl)methoxy)phthalazin-1(2H)-one (44) 

O

O

NN

2 N
O2N

NH

 

The reaction was carried out according to General Procedure B with benzofuranone 41 (50 mg, 0.13 

mmol) to give the title product (43 mg, 84%) as a white solid: mp 280 – 283 °C. δH 12.66 (1H, s, NH), 

7.94 (1H, dd, J = 7.9, 1.0 Hz, 8-H), 7.82 (1H, t, J = 8.0 Hz, 7-H), 7.64 (1H, dd, J = 8.2, 0.9 Hz, 6-H), 

7.24 (1H, s, 4ʹ-H), 7.10 – 7.03 (3H, m, Ar-H), 6.76 – 6.71 (2H, m, Ar-H), 5.27 (2H, s, OCH2), 4.26 (2H, 

s, CH2), 3.60 (3H, s, CH3). δC 158.7 (1-C=O), 154.2 (5-C), 146.0 (2′-C), 142.5 (4-C), 139.7 (Ar-C), 132.5 

(7-CH), 132.4 (5′-C), 129.8 (8a-C), 129.1 (4′-CH), 127.9 (2 × Ar-CH), 127.2 (2 × Ar-CH), 125.5 (Ar-CH), 

119.9 (4a-C), 118.6 (8-CH), 116.4 (6-CH), 59.6 (OCH2), 41.7 (4-CCH2), 33.8 (NCH3). HRMS calcd for 

C20H17N5NaO4 (M+Na) m/z 414.1173, found 414.1174 (0.4 ppm). HPLC purity 98.6% 

3-(3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzylidene)-4-
hydroxyisobenzofuran-1(3H)-one (47) 

OH

O

O

F

O

N
N

O
 



The reaction was carried out according to General Procedure D with phosphonate 23 (0.50 g, 1.94 

mmol), LiHMDS (4.1 mL) and aldehyde 19 (0.62 g, 1.1 mmol). The crude product was purified by 

chromatography, eluting with 80% EtOAc/X4 to give the title product (0.58 g, 68%) as a yellow foam. 

Further chromatography prepared samples of the alkene isomers for analysis. 

E: δH 10.84 (1H, br s, OH), 7.53 (1H, t, J = 7.7 Hz, 6-H), 7.43 – 7.36 (2H, m, 7-H, 6ʹ-H), 7.32 – 7.25 (2H, 

m, 2ʹ-H, 5ʹ-H), 7.16 (1H, br d, 7.5 Hz, 5-H), 6.98 (1H, s, 3-C=CH), 3.82 – 3.22 (8H, m, 2ʺ-CH2, 3ʺ-CH2, 

5ʺ-CH2, 6ʺ-CH2), 2.07 – 1.85 (1H, m, 1‴-CH), 0.81 – 0.66 (4H, m, 2ʺʹ-CH2, 3ʺʹ-CH2). δC 171.3 (4ʺ-NC=O), 

166.0 (1-C=O), 164.0 (1ʺ-NC=O) 156.9 (4ʹ-C, d, JC-F = 245.8 Hz), 153.4 (4-C), 145.3 (3-C), 133.3 (6ʹ-CH, 

m), 132.5 (6-CH), 131.0 (1ʹ-C, JC-C-C-C-F = 3.1 Hz), 130.4 (2ʹ-CH, d, JC-C-C-F = 2.9 Hz), 127.7 (3a-C), 122.6 

(7a-C), 122.4 (3ʹ-C, d, JC-C-F = 18.4), 121.6 (5-CH), 115.7 (7 -CH), 114.4 (5′-CH, JC-C-F = 21.8 Hz), 110.5 

(3-C=CH), 10.39 (1‴-CH), 7.12 (2‴-CH2, 3‴-CH2), 4 × CH2 not observed. LRMS (M+H) 437.2 (100%), 

(M-H) 435.1 (100%). 

Z: δH 11.38 (1H, br s, OH), 7.97 – 7.89 (1H, m, 6ʹ-H), 7.86 (1H, dd, J = 6.4, 1.9 Hz, 2ʹ-H), 7.51 (1H, t, J 

= 7.7 Hz, 6-H), 7.46 – 7.38 (2H, m, 7-H, 5ʹ-H), 7.30 (1H, dd, J = 8.0, 0.61 Hz 5-H), 6.87 (1H, s, 3-C=CH), 

3.87 – 3.22 (8H, m, 2ʺ-CH2, 3ʺ-CH2, 5ʺ-CH2, 6ʺ-CH2), 2.09 – 1.87 (1H, m, 1‴-CH), 0.80 – 0.65 (4H, m, 

2ʺʹ-CH2, 3ʺʹ-CH2). δC 171.3 (4ʺ-NC=O), 166.3 (1-C=O), 163.8 (1ʺ-NC=O), 156.8 (4ʹ-C, d, JC-F = 250.3 

Hz), 153.4 (4-C), 144.0 (3-C), 132.7 (6ʹ-CH, d, JC-C-C-F = 8.4 Hz), 131.9 (6-CH), 130.9 (1ʹ-C, d, JC-C-C-C-F 

= 3.3 Hz), 129.9 (2ʹ-CH, d, JC-C-C-F = 3.2 Hz), 125.2 (3a-C), 124.4 (7a-C), 124.3 (3ʹ-C, d, JC-C-F = 18.3 

Hz), 121.3 (5-CH), 116.5 (5ʹ-CH, d, JC-C-F = 22.0 Hz), 115.9 (7-CH), 107.2 (3-C=CH), 10.37 (1‴-CH), 

7.13 (2‴-CH2, 3‴-CH2), 4 × CH2 not observed. LRMS (M+H) 437.2 (100%), (M-H) 435.1 (100%). 

3-(3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzylidene)-4-((1-methyl-2-
nitro-1H-imidazol-5-yl)methoxy)isobenzofuran-1(3H)-one (52) 

O

O

O

F

O

N
N

O

N

2 N
O2N

 

The reaction was carried out according to General Procedure C with benzofuranone 47 (90 mg, 0.21 

mmol), K2CO3 (44 mg, 0.32 mmol) and chloride 16 (40 mg, 0.23 mmol) stirring for 18 h at room 

temperature. The crude product was collected by filtration and triturated with MeOH to give the title 

product (70 mg, 58%) as a yellow solid. Further chromatography prepared samples of the alkene 

isomers for analysis. 

E: δH 7.79 – 7.66 (2H, m, 5-H, 6-H), 7.63 (1H, br d, J = 7.1 Hz, 6-H), 7.34 – 7.29 (1H, m, 6′-H), 7.25 – 

7.20 (1H, m, 2′-H), 7.06 (1H, s, 4⁗-H), 7.05 (1H, s, 3-C=CH), 6.90 (1H, t, J = 9.0 Hz, 5′-CH), 5.18 (2H, 

s, OCH2), 3.85 – 3.13 (8H, m, 2″-CH2, 3″-CH2, 5″-CH2, 6″-CH2), 3.48 (3H, s, NCH3), 2.09 – 1.86 (1H, m, 

1‴-CH), 0.80 – 0.65 (4H, m, 2‴-CH2, 3‴-CH2). δC 171.8 (4″-NC=O), 165.6 (1-C=O), 163.8 (1″-NC=O), 

157.0 (4′-C, d, JC-F = 242.9 Hz), 152.6 (4-C), 146.0 (2⁗-C), 144.3 (3-C), 132.9 (6-CH), 132.7 (6′-CH, d, 

JC-C-C-F = 6.6 Hz), 131.6 (5⁗-C), 130.7 (2′-CH, d, JC-C-C-F = 3.5 Hz), 130.5 (1′-C, d, JC-C-C-C-F = 3.8 Hz), 



128.7 (4⁗-CH), 128.0 (7a-C), 124.7 (3a-C), 122.4 (3′-C, d, JC-C-F = 15.4 Hz), 118.5 (5-CH), 117.7 (7-

CH), 114.2 (5′-CH, d, JC-C-F = 22.2 Hz), 112.0 (3-C=CH), 59.9 (OCH2), 33.8 (NCH3), 10.36 (2‴-CH2, 

3‴-CH2), 7.12 (1‴-CH), 4 × CH2 not observed. LRMS (M+H) 576.2 (24%), (M-C5H6N3O2) 435.2 (100%). 

Z: δH 7.93 – 7.86 (1H, m, 6′-H), 7.86 – 7.81 (1H, m, 2′-H), 7.77 (1H, d, J = 8.1 Hz, 5-H), 7.68 (1H, t, J = 

7.8 Hz, 6-H), 7.60 (1H, d, J =7.3 Hz, 7-H), 7.47 (1H, s, 4⁗-H), 7.42 (1H, t, J = 9.0 Hz, 5′-H), 6.81 (1H, s, 

3-C=CH), 5.62 (2H, s, OCH2), 4.05 (3H, s, NCH3), 3.87 – 3.19 (8H, m, 2″-CH2, 3″-CH2, 5″-CH2, 6″-CH2), 

2.10 – 1.86 (1H, m, 1‴-CH), 0.80 – 0.67 (4H, m, 2‴-CH2, 3‴-CH2). δC 171.8 (4″-NC=O), 166.3 (1-C=O), 

164.2 (1″-NC=O), 157.4 (4′-C, d, JC-F = 249.2 Hz), 153.2 (4-C), 147.0 (2⁗-C), 143.8 (3-C), 133.6 (6′-CH, 

d, JC-C-C-F = 8.2 Hz), 132.9 (5⁗-C), 132.6 (6-CH), 131.1 (1′-C, d, JC-C-C-C-F = 3.5 Hz), 130.6 (2′-CH, d, JC-

C-C-F = 3.1 Hz), 129.6 (4⁗-CH), 127.4 (3a-C), 125.2 (7a-C), 124.8 (3′-CH, JC-C-F = 18.7 Hz), 119.1 (5-

CH), 118.4 (7-CH), 117.0 (5′-CH, d, JC-C-F = 22.1 Hz), 108.9 (3-C=CH), 60.3 (OCH2), 35.0 (NCH3), 10.9 

(2‴-CH2, 3‴-CH2), 7.60 (1‴-CH), 4 × CH2 not observed. LRMS (M+H) 576.2 (24%), (M-C5H6N3O2) 435.2 

(100%). 

5-Methoxyisobenzofuran-1(3H)-one (29) 

O

O

O

 

5-Methoxyisobenzofuran-1,3-dione 

A solution of 4-methoxyphthalic acid (5.0 g, 26 mmol) in acetic anhydride (50 mL) was heated to reflux 

for 1 h, cooled and volatiles removed in vacuo. The crude residue was dissolved in EtOAc (100 mL) 

and evaporated to dryness to give the title compound (4.5 g, quant.) as a white solid: mp 91 – 93 °C. 

δH 8.00 (1H, d, J = 8.4 Hz, 6-H), 7.59 (1H, d, J = 2.2 Hz, 4-H), 7.49 (1H, dd, J = 8.4, 2.3 Hz, 6-H), 3.97 

(3H, s, OCH3). These data are in good agreement with literature values.8 LRMS (M-CH3) 163.1. 

5-Methoxyisobenzofuran-1(3H)-one 

To NaBH4 (0.96 g, 25 mmol) in THF (40 mL) at 0 °C was added dropwise a solution of 

5-methoxyisobenzofuran-1,3-dione (4.5 g, 25 mmol) in THF (50 mL). The resulting mixture was stirred 

for 1.5 h at room temperature, then cooled to 0 °C, acidified to pH 1 with 6 M HCl, and the aqueous 

fraction was extracted with Et2O (5 × 50 mL), then solvent was removed in vacuo. The resulting residue 

was taken up in 6 M HCl (50 mL) and stirred at reflux for 18 h, then cooled to room temperature and 

the aqueous fraction extracted with EtOAc (5 × 50 mL), the combined organic fractions were washed 

with brine and solvent was removed in vacuo. The crude product was purified by chromatography, 

eluting with DCM to give the title compound (3.3 g, 80%) as a white solid: mp 114 – 116 °C (lit.9 110 – 

111 °C). δH (CDCl3) 7.83 (1H, d, J = 8.5 Hz, 7-H), 7.04 (1H, dd, J = 8.5, 2.2 Hz, 6-H), 6.92 (1H, d, J = 

2.0 Hz, 4-H), 5.25 (2H, s, CH2), 3.91 (3H, s, OCH3). These data are in good agreement with literature 

values.9 LRMS (M+H) 165.2. 



2-Formyl-4-methoxybenzoic acid (31) 

O

OH

O

O

 

To benzofuranone 30 (7.7 g, 47 mmol) in chlorobenzene (100 mL) was added N-bromosuccinimide (9.2 

g, 52 mmol) and azobisisobutyronitrile (0.77 g, 4.7 mmol), then the mixture was heated to 85 °C for 2 

h. Water (100 mL) was added and the reaction heated to reflux for 18 h, then the mixture was cooled 

to room temperature and extracted with EtOAc (3 × 100 mL), dried (Na2SO4) and solvent was removed 

in vacuo. The crude product was dissolved in 2M NaOH (50 mL), stirred for 2 h then cooled to 0 °C, 

acidified and the resulting solid collected by filtration to give the title compound (5.3 g, 63%) as a yellow 

solid: mp 128 – 130 °C. δH 8.12 (1H, br s, CO2H), 7.74 (1H, d, J = 8.3 Hz, 6-H), 7.24 – 7.12 (2H, m, 3-H, 

5-H), 6.57 (1H, br s, 2-CHO), 3.89 (3H, s, CH3). δC 168.0 (C=O), 164.5 (4-C), 150.3 (2-C), 126.2 (6-CH), 

118.7 (1-C), 117.8 (5-CH), 107.7 (3-CH), 97.3 (CHO), 55.9 (CH3). LRMS (M+H) 181.2 (100%), (M-H) 

179.1 (100%). 

Dimethyl (6-methoxy-3-oxo-1,3-dihydroisobenzofuran-1-yl)phosphonate (24) 

O

O

PO
O

O
O

 

To acid 31 (6.0 g, 28 mmol) in THF (150 mL) was added dimethyl phosphite (2.9 mL, 31 mmol) dropwise 

followed by K2CO3 (11.5 g, 83.3 mmol) portionwise and the resulting mixture was stirred for 18 h at 

room temperature, then cooled to 0 °C and methanesulfonic acid (6.4 mL, 97 mmol) was added 

dropwise. The resulting mixture was stirred for 2 h at room temperature, then solvent was removed in 

vacuo. The residue was partitioned between EtOAc (100 mL) and water (100 mL), the organic fraction 

was separated and the aqueous fraction extracted with EtOAc (2 × 100 mL). The combined organic 

fractions were dried (Na2SO4) and solvent was removed in vacuo to give the crude product which was 

purified by chromatography, eluting with 70% EtOAc/X4, to give the title compound (6.8 g, 89%) as a 

colourless semi-solid. δH (CDCl3) 7.84 (1H, d, J = 8.5 Hz, 4-H), 7.19 (1H, br s, 3-H), 7.10 (1H, dt, J = 

8.5, 1.5 Hz, 5-H), 5.64 (1H, d, J = 11.0 Hz, 1-H), 3.95 (3H, d, J = 10.9 Hz, POCH3), 3.93 (3H, s, OCH3), 

3.62 (3H, d, J = 10.6 Hz, POCH3). These data are in good agreement with literature values.10 LRMS 

(M+H) 273.1, (M-H) 271.1. 

3-Benzylidene-5-methoxyisobenzofuran-1(3H)-one (34) 

O

O

O

 



The reaction was carried out according to General Procedure D with phosphonate 24 (0.50 g, 1.8 

mmol), LiHMDS (2.02 mL) and benzaldehyde (0.19 mL, 1.9 mmol). The crude product was purified by 

chromatography, eluting with 10% EtOAc/X4, to give the title product (0.46 g, quant.) as a colourless 

oil. Further chromatography prepared samples of the alkene isomers for analysis. 

E: δH (CDCl3) 7.81 (1H, d, J = 8.6 Hz, 7-H), 7.51 – 7.38 (5H, m, Ar-H), 7.03 (1H, dd, J = 8.5, 2.2 Hz, 

6-H), 6.90 (1H, s, 3-C=CH), 6.86 (1H, d, 2.2 Hz, 4-H), 3.66 (3H, s, OCH3). δC (CDCl3) 166.7 (C=O), 

164.6 (5-C), 146.8 (3-C), 140.3 (3a-C), 133.4 (Ar-C), 129.5 (2 × Ar-CH), 129.0 (2 × Ar-CH), 128.7 (Ar-

CH), 127.0 (7-CH), 119.0 (7a-C), 118.5 (6-CH), 112.8 (3-C=CH), 106.5 (4-CH), 55.7 (CH3). LRMS 

(M+H) 253.1. 

Z: δH (CDCl3) 7.87 – 7.82 (3H, m, 7-H, 2 × Ar-H), 7.44 – 7.39 (2H, m, 2 × Ar-H), 7.35 – 7.29 (1H, m, Ar-

H), 7.16 (1H, d, J = 2.0 Hz, 4-H), 7.88 (1H, dd, J = 8.5, 2.1 Hz, 6-H), 6.39 (1H, s, 3-C=CH), 3.97 (3H, s, 

OCH3). δC (CDCl3) 167.0 (C=O), 165.3 (5-C), 144.8 (3-C), 143.5 (3a-C), 133.2 (Ar-C), 130.3 (2 × Ar-

CH), 129.0 (2 × Ar-CH), 128.6 (Ar-CH), 127.3 (7-CH), 118.5 (6-CH), 116.4 (7a-C), 107.0 (3-C=CH), 

102.9 (4-CH), 56.2 (CH3). LRMS (M+H) 253.1. These data are in good agreement with literature values.1 

3-Benzylidene-5-hydroxyisobenzofuran-1(3H)-one (36) 

O

O

HO

 

The reaction was carried out according to General Procedure E with benzofuranone 34 (0.20 g, 0.79 

mmol) and BBr3 (4.8 mL, 4.8 mmol). The crude product was purified by chromatography, eluting with 

20% EtOAc/X4, to give the title product (0.13 g, 68%) as a yellow solid. Further chromatography 

prepared samples of the alkene isomers for analysis. 

E: δH 10.82 (1H, br s, OH), 7.76 (1H, d, J = 8.4 Hz, 7-CH), 7.54 – 7.41 (5H, m, 2′-H, 3′-H, 4′-H, 5′-H, 

6′-H), 7.00 (1H, dd, J = 8.4, 2.0 Hz, 6-CH), 6.95 (1H, s, 3-C=CH), 6.87 (1H, d, J = 1.9 Hz, 4-CH). δC 

165.7 (1-C), 163.5 (5-C), 145.7 (3-C), 139.4 (3a-C), 132.7 (1′-C), 129.1 (2′-CH, 6′-CH), 128.8 (3′-CH, 

5′-CH), 128.4 (4′-CH), 127.1 (7-CH), 119.4 (6-CH), 116.0 (7a-C), 112.4 (3-C=CH), 108.0 (4-CH). 

Z: δH 10.97 (1H, br s, OH), 7.83 – 7.76 (3H, m, 7-H, 2′-H, 6′-H), 7.48 – 7.43 (2H, m, 3′-H, 5′-H), 7.37 – 

7.33 (2H, m, 4-H, 4′-H), 7.05 (1H, dd, J = 8.4, 2.0 Hz, 6-CH), 6.81 (1H, s, 3-C=CH). δC 166.0 (1-C=O), 

164.0 (5-C), 144.2 (3-C), 143.0 (3a-C), 133.3 (1′-C), 129.7 (2′-CH, 6′-CH), 128.8 (3′-CH, 5′-CH), 128.2 

(4-CH), 127.2 (7-CH), 119.0 (6-CH), 113.4 (7a-C), 106.2 (3-C=CH), 105.9 (4′-CH). 

LRMS (M+H) 239.1, (M-H) 237.2. 



4-Benzyl-6-hydroxyphthalazin-1(2H)-one (39) 

N

NH

O

HO

 

The reaction was carried out according to General Procedure B with benzofuranone 36 (50 mg, 0.21 

mmol) and the crude product was triturated in water, then isolated by filtration to give the title product 

(53 mg, quant.) as a white solid: mp 218 – 221 °C. δH 12.30 (1H, s, NH), 10.69 (1H, br s, OH), 8.08 (1H, 

d, J = 8. 7 Hz, 8-H), 7.33 – 7.24 (4H, m, 2′-H, 3′-H, 5′-H, 6′-H), 7.23 – 7.16 (2H, m, 4′-H, 7-H), 7.08 (1H, 

d, J = 2.2 Hz, 5-H), 4.18 (2H, s, 4-CCH2). δC 162.2 (6-C), 159.3 (1-C=O), 144.4 (4-C), 138.2 (1′-C), 

131.4 (4a-C), 128.5 (2′-C, 6′-C), 128.42 (3′-C, 5′-C), 128.39 (8-CH), 126.4 (4′-CH), 120.7 (7-CH), 119.8 

(8a-C), 109.4 (5-CH), 37.9 (CH2). HRMS calcd for C15H12N2O2 (M+H) m/z 253.9872, found 253.0971 (-

0.1 ppm). LRMS (M+H) 253.2, (M-H) 251.1. HPLC purity 93.8%. 

3-Benzylidene-5-((1-methyl-2-nitro-1H-imidazol-5-yl)methoxy)isobenzofuran-1(3H)-one (42) 

O

O

O
N2

N

O2N

 

The reaction was carried out according to General Procedure C with benzofuranone 36 (50 mg, 0.21 

mmol), K2CO3 (90 mg, 0.63 mmol) and chloride 16 (40 mg, 0.23 mmol) stirring for 7 h at 50 °C. The 

crude product was collected by extraction and triturated with 1:1 EtOAc/X4 to give the title product (33.0 

mg, 37%) as a yellow solid. Further chromatography prepared samples of the alkene isomers for 

analysis. 

E: δH 7.93 (1H, d, J =8.6 Hz, 7-H), 7.59 – 7.52 (5H, m, 2′-H, 3′-H, 4′-H, 5′-H, 6′-H), 7.37 (1H, dd, J = 8.6, 

2.2 Hz, 6-H), 7.15 (1H, s, 4″-H), 7.06 (1H, s, 3-C=CH), 7.05 (1H, d, J = 2.1 Hz, 4-CH), 5.25 (2H, s, 

OCH2), 3.88 (3H, s, NCH3).δC 165.4 (1-C=O), 162.4 (5-C), 146.3 (2″-C), 145.4 (3-C), 139.0 (3a-C), 

132.5 (1′-C), 132.3 (5″-C), 129.2 (2′-CH, 6′-CH), 128.8 (3′-CH, 5′-CH), 128.7 (4′-CH, 4″-CH), 127.2 

(7-CH), 118.8 (6-CH), 118.5 (7a-C), 113.3 (3-C=CH), 107.5 (4-CH), 59.6 (OCH2), 34.3 (NCH3). LRMS 

(M+H) 378.2, (M-C5H6N3O2) 237.1. 

Z: δH 7.93 – 7.88 (2H, m, 7-H, 4′-H), 7.83 – 7.78 (2H, m, 2′-H, 6′-H), 7.52 – 7.46 (2H, m, 3′-H, 5′-H), 7.46 

(1H, s, 4″-H), 7.40 – 7.34 (1H, m, 4-H), 7.30 (1H, dd, J = 8.6, 2.1 Hz, 6-H), 6.96 (1H, s, 3-C=CH), 5.48 

(2H, s, OCH2), 3.99 (3H, s, NCH3). δC 165.8 (1-C=O), 163.2 (5-C), 146.3 (2″-C), 144.0 (3-C), 142.8 (3a-

C), 133.2 (1′-C), 132.6 (5″-C), 129.7 (2′-CH, 6′-CH), 129.0 (4-CH), 128.8 (3′-CH, 5′-CH), 128.4 (4″-CH), 

127.0 (7-CH), 119.3 (6-CH), 115.6 (7a-C), 106.9 (3-C=CH), 105.1 (4′-CH), 59.5 (OCH2), 34.4 (NCH3). 

LRMS (M+H) 378.2, (M-C5H6N3O2) 237.1. 



4-Benzyl-6-((1-methyl-2-nitro-1H-imidazol-5-yl)methoxy)phthalazin-1(2H)-one (45) 

N

NH

O

N2

N

O2N O

 

The reaction was carried out according to General Procedure B with benzofuranone 42 (32 mg, 0.085 

mmol) to give the title product (25 mg, 76%) as a white solid: mp 232 – 235 °C. δH 12.47 (1H, s, NH), 

8.21 (1H, d, J = 8.8 Hz, 8-H), 7.51 (1H, dd, J = 8.8, 2.4 Hz, 7-H), 7.47 (1H, d, J = 2.4 Hz, 5-H), 7.35 – 

7.28 (4H, m, Ar-H), 7.27 (1H, s, 4ʹ-H), 7.23 – 7.17 (1H, m, Ar-H), 5.41 (2H, s, OCH2), 4.30 (2H, s, 4-

CCH2), 3.94 (3H, s, CH3). δC 161.4 (6-C), 159.5 (C=O), 146.8 (2ʹ-C), 145.3 (4-C), 138.6 (Ar-C), 133.2 

(5ʹ-C), 131.6 (4a-C), 129.2 (4ʹ-CH), 129.1 (2 × Ar-CH), 129.0 (2× Ar-CH), 128.9 (8-CH), 126.9 (Ar-CH), 

122.5 (8a-C), 120.7 (7-C), 109.5 (5-CH), 60.1 (OCH2), 37.9 (4-CCH2), 34.8 (CH3). HRMS calcd for 

C20H18N5O4 (M+H) m/z 392.1353, found 392.1343 (-2.67 ppm). LRMS (M+H) 392.2. HPLC purity 99.8%. 

3-(3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzylidene)-5-
methoxyisobenzofuran-1(3H)-one (48) 

O

O

F

O

N
N

O

O

 

The reaction was carried out according to General Procedure D with phosphonate 24 (2.5 g, 9.2 mmol), 

LiHMDS (10.1 mL) and aldehyde 19 (2.8 g, 9.2 mmol). The crude product was purified by 

chromatography, eluting with a gradient (33% - 40%) of EtOAc/DCM, to give the title product (3.8 g, 

92%) as a white foam. Further chromatography prepared samples of the alkene isomers for analysis.  

E: δH 7.88 (1H, d, J = 8.6 Hz, 7-H), 7.72 – 7.63 (2H, m, 2ʹ-H, 6ʹ-H), 7.47 (1H, t, J = 8.9 Hz 5ʹ-H), 7.24 

(1H, dd, J = 8.6, 2.2 Hz, 6-H), 7.01 (1H, s, 3-C=CH), 6.94 (1H, s, 4-H), 3.78 (3H, s, OCH3), 3.76 – 3.22 

(8H, br m, 2ʺ-CH2, 3ʺ-CH2, 5ʺ-CH2, 6ʺ-CH2), 2.06 – 1.87 (1H, br m, 1‴-CH), 0.79 – 0.66 (4H, br m, 

2‴-CH2, 3‴-CH2). δC 171.3 (4″-NC=O), 165.4 (1-C=O), 164.3 (5-C), 163.6 (1″-NC=O), 157.2 (4ʹ-C, d, JC-

F = 248.2 Hz), 146.1 (3-C), 139.1 (3a-C), 132.6 (6ʹ-CH, d, JC-C-C-F = 8.2 Hz), 129.7 (2ʹ-C, d, JC-C-C-F = 4.2 

Hz), 129.5 (1ʹ-C, d, JC-C-C-C-F = 3.3 Hz), 127.1 (7-CH), 124.5 (3ʹ-C, d, JC-C-F = 19.1 Hz), 118.8 (6-CH), 

117.8 (7a-C), 116.6 (5ʹ-CH, d, JC-C-F = 22.2 Hz), 111.2 (3-C=CH), 106.1 (4-C), 55.8 (OCH3), 10.37 

(1ʺʹ-CH), 7.11 (2 × CH2), 4 × NCH2 not observed. LRMS (M+H) 451.2, (M-CH3) 435.1. 

Z: δH 7.91 – 7.82 (3H, m, 7-H, 2ʹ-H, 6ʹ-H), 7.65 (1H, d, J = 2.0 Hz, 4-H), 7.45 (1H, t, J = 9.0 Hz, 5ʹ-H), 

7.24 – 7.18 (1H, m, 6-H), 7.00 (1H, s, 3-C=CH), 3.95 (3H, s, OCH3), 3.86 – 3.23 (8H, br m, 2ʺ-CH2, 

3ʺ-CH2, 5ʺ-CH2, 6ʺ-CH2), 2.07 – 1.87 (1H, br m, 1‴-CH), 0.79 – 0.66 (4H, br m, 2‴-CH2, 3‴-CH2). δC 171.3 

(4″-NC=O), 165.8 (1-C=O), 165.2 (5-C), 163.8 (1″-NC=O), 156.9 (4ʹ-C, d, JC-F = 248.9 Hz), 144.4 (3-C), 

142.8 (3a-C), 132.8 (6ʹ-C, d, JC-C-C-F = 8.3 Hz), 130.4 (1ʹ-C, d, JC-C-C-C-F = 3.4 Hz), 129.9 (2ʹ-CH, d, JC-C-

C-F = 3.1 Hz), 127.2 (7-CH), 126.9 (7-CH), 124.4 (3ʹ-C, d, JC-C-F = 18.8 Hz), 119.0 (6-CH), 114.9 (7a-C), 



104.8 (3-C=CH), 103.9 (4-CH), 56.3 (OCH3), 10.38 (1ʺʹ-CH), 7.13 (2 × CH2), 4 × NCH2 not observed. 

LRMS (M+H) 451.2, (M-CH3) 435.1. 

3-(3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzylidene)-5-
hydroxyisobenzofuran-1(3H)-one (50) 

O

O

F

O

N
N

O

HO

 

The reaction was carried out according to General Procedure E with benzofuranone 48 (0.20 g, 0.44 

mmol) and BBr3 (2.7 mL, 2.7 mmol). The crude product was purified by chromatography, eluting with 

100% EtOAc to give the title product (0.14 g, 74%) as a white foam. Further chromatography prepared 

samples of the alkene isomers for analysis. 

E: δH 10.90 (1H, br s, OH), 7.77 (1H, d, J = 8.4 Hz, 7-H), 7.69 – 7.61 (1H, m, 6′-H), 7.60 – 7.50 (1H, m, 

2′-H), 7.46 (1H, t, J = 9.1 Hz, 5′-H), 7.02 (1H, dd, J = 8.4, 2.0 Hz, 6-H), 6.93 (1H, s, 3-C=CH), 6.76 – 

6.62 (1H, m, 4-H), 3.86 – 3.22 (8H, m, 2″-CH2, 3″-CH2, 4″-CH2, 5″-CH2), 2.05 – 1.82 (1H, m, 1‴-CH), 

0.81 – 0.64 (4H, m, 2‴-CH2, 3‴-CH2). δC 171.3 (4″-NC=O), 165.6 (1-C=O), 163.6 (1″-NC=O), 163.4 (5-

C), 157.4 (4′-C, d, JC-F = 247.7 Hz), 146.3 (3-C), 139.4 (3a-C), 132.3 (6′-CH, d, JC-C-C-F = 7.9 Hz), 129.7 

(1′-C, 2′-CH, m), 127.3 (7-CH), 124.5 (3′-C, JC-C-F = 18.9 Hz), 119.4 (6-CH), 116.6 (5′-CH, JC-C-F = 22.0 

Hz), 11.6.0 (7a-C), 110.5 (3-C=CH), 108.1 (4-CH), 10.37 (1ʺʹ-CH), 7.10 (2 × CH2), 4 × NCH2 not 

observed. LRMS (M+H) 437.2 (100%), (M-H) 435.1 (100%). 

Z: δH 11.05 (1H, br s, OH), 7.96 – 7.87 (1H, m, 6′-H), 7.84 (1H, dd, J = 6.5, 2.0 Hz, 2′-H), 7.78 (1H, d, J 

= 8.4 Hz, 7-H), 7.43 (1H, t, J = 9.0 Hz, 5′-H), 7.31 (1H, d, J = 1.8 Hz, 4-H), 7.06 (1H, dd, J = 8.4, 2.0 Hz, 

6-CH), 6.85 (1H, s, 3-C=CH), 3.92 – 3.19 (8H, m, 2″-CH2, 3″-CH2, 4″-CH2, 5″-CH2), 2.10 – 1.84 (1H, m, 

1‴-CH), 0.82 – 0.63 (4H, m, 2‴-CH2, 3‴-CH2). δC 171.3 (4″-NC=O), 165.9 (1-C=O), 164.2 (5-C), 163.8 

(1″-NC=O), 156.8 (5′-C, d, JC-F = 248.7 Hz), 144.5 (3-C), 142.8 (3a-C), 132.8 (6′-CH, d, JC-C-C-F = 8.2 

Hz), 130.5 (1′-C, d, JC-C-C-C-F = 3.4 Hz), 129.9 (2′-CH, d, JC-C-C-F = 4.6 Hz), 127.3 (7-CH), 124.3 (3′-CH, 

d, JC-C-F = 18.7 Hz), 119.2 (6-CH), 116.6 (5′-CH, d, JC-C-F = 22.1 Hz), 113.3 (7a-C), 105.9 (4-CH), 104.3 

(3-C=CH), 10.37 (1ʺʹ-CH), 7.13 (2 × CH2), 4 × NCH2 not observed. LRMS (M+H) 437.2 (100%), (M-H) 

435.1 (100%). 

(Z)-3-(3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzylidene)-5-((1-methyl-2-
nitro-1H-imidazol-5-yl)methoxy)isobenzofuran-1(3H)-one (53) 

O

O

F

O

N
N

O

O
N2

N

O2N

 

The reaction was carried out according to General Procedure C with benzofuranone 50 (90 mg, 0.21 

mmol), K2CO3 (44 mg, 0.32 mmol) and chloride 16 (40 mg, 0.23 mmol) stirring for 18 h at room 



temperature. The crude product was collected by filtration and purified by chromatography, eluting with 

a gradient (1 – 2%) MeOH/DCM to give the title product (45 mg, 38%) as a tan foam. δH 7.97 – 7.80 

(4H, m, 4-H, 7-H, 2′-H, 6′-H), 7.52 – 7.42 (2H, m, 6′-H, 4‴-H), 7.33 (1H, dd, J = 8.5, 2.0 Hz), 6.99 (1H, 

s, 3-C=CH), 5.47 (2H, s, OCH2), 3.99 (3H, s, NCH3), 3.89 – 3.22 (8H, m, 2″-CH2, 3″-CH2, 5″-CH2, 6″-

CH2), 2.12 – 1.81 (1H, m, 1‴-CH), 0.83 – 0.63 (4H, 2‴-CH2, 3‴-CH2). δC 171.3 (4″-NC=O), 165.6 (5-C), 

163.7 (1″-NC=O), 163.2 (1-C=O), 157.0 (4′-C, d, JC-F = 249.0 Hz), 146.4 (2⁗-C), 144.4 (3-C), 142.6 (3a-

C), 132.9 (6′-CH, d, JC-C-C-F = 8.3 Hz), 132.5 (5⁗-C), 130.3 (1′-C, d, JC-C-C-C-F = 3.3 Hz), 129.9 (2′-CH, d, 

JC-C-C-F = 3.4 Hz), 128.9 (4⁗-CH), 127.1 (7-CH), 124.4 (3′-C, d, JC-C-F = 18.8 Hz), 119.3 (6-CH), 116.7 

(5′-CH, d, JC-C-F = 22.0 Hz), 115.6 (7a-C), 105.3 (4-CH), 105.0 (3-C=CH), 59.9 (OCH2), 34.4 (NCH3), 

10.4 (1‴-CH), 7.13 (2‴-CH2, 3‴-CH2), , 4 × CH2 not observed. LRMS (M+H) 576.1 (8%), (M-C5H6N3O2) 

435.0 (80%). 

(E)-3-(3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzylidene)-5-((1-methyl-5-
nitro-1H-imidazol-2-yl)methoxy)isobenzofuran-1(3H)-one (55) 

O

O

O

N

N

O

F

O
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N
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The reaction was carried out according to General Procedure C with benzofuranone 50 (90 mg, 0.21 

mmol), K2CO3 (44 mg, 0.32 mmol) and chloride 17 (40 mg, 0.23 mmol) stirring for 18 h at room 

temperature. The crude product was collected by filtration and purified by chromatography, eluting with 

a gradient (1 – 2%) of MeOH/DCM to give the title product (34 mg, 28%) as a yellow gum. δH 8.01 (1H, 

s, 4⁗-H), 7.91 (1H, d, J = 8.6 Hz, 7-CH), 7.71 – 7.63 (2H, m, 6′-CH, 2′-CH), 7.46 (1H, t, J = 9.3 Hz, 

5′-CH), 7.35 (1H, dd, J = 8.6, 2.1 Hz, 6-CH), 7.17 (1H, d, J = 2.0 Hz, 4-CH), 7.02 (1H, s, 3-C=CH), 5.36 

(2H, s, OCH2), 3.89 (3H, s, NCH3), 3.88 – 3.26 (8H, m, 2″-CH2, 3″-CH2, 5″-CH2, 6″-CH2), 2.07 – 1.85 

(1H, br m, 1‴-CH), 0.79 – 0.65 (4H, br m, 2‴-CH2, 3‴-CH2). δC 171.9 (4″-C=O), 165.8 (1-C=O), 164.2 (5-

C), 162.9 (1″-C=O), 157.7 (4′-C, d, JC-F = 248.5 Hz), 147.3 (2⁗-C), 146.4 (3-C), 140.1 (5⁗-C), 139.3 (3a-

C), 133.0 (6′-CH, d, JC-C-C-F = 8.6 Hz), 131.9 (4⁗-CH), 130.3 (2′-CH, m), 129.9 (1′-C, d, JC-C-C-C-F = 3.5 

Hz), 127.6 (7-CH), 124.8 (3′-C, d, JC-C-F = 19.0 Hz), 119.9 (6-CH), 119.0 (7a-C), 117.2 (5′-CH, d, JC-C-F 

= 21.8 Hz), 112.0 (3-C=CH), 107.9 (4-CH), 62.8 (OCH2), 34.0 (NCH3), 10.8 (1‴-CH), 7.60 (2‴-CH2, 

3‴-CH2), 4 × CH2 not observed. LRMS (M+H) 576.2 (20%), (M-C5H6N3O2) 435.2 (100%). 

6-Methoxyisobenzofuran-1(3H)-one (30) 

O

O
O

 

To 3-methoxybenzoic acid (10 g, 64 mmol) in AcOH (33 mL) was added conc. HCl (48 mL) and 

formaldehyde (19.2 mL) and the resulting mixture was stirred at 100 °C for 1 h. The reaction was cooled 



to room temperature, neutralised with saturated NaHCO3 and solvent was removed in vacuo. The crude 

residue was dissolved in boiling X4, residual solid filtered off and the mother liquor was evaporated to 

give the title compound (6.8 g, 64%) as a white solid: mp 97 – 100 °C (lit. 107.6 °C11). δH 7.56 (1H, dd, 

J = 8.4, 0.6 Hz, 5-H), 7.35 (1H, dd, 8.4, 2.4 Hz, 4-H), 7.32 (1H, d, J = 2.3 Hz, 7-H), 5.34, (2H, s, CH2), 

3.85 (3H, s, OCH3). These data are in good agreement with literature values.11 LRMS (M+H) 165.2. 

2-Formyl-5-methoxybenzoic acid (32) 

O

O

OH

O

 

To benzofuranone 30 (8.6 g, 54 mmol) in chlorobenzene (170 mL) was added N-bromosuccinimide (9.8 

g, 55 mmol) and the resulting mixture was heated to 85 °C. Azobisisobutyronitrile (0.086 g, 0.52 mmol) 

was suspended in chlorobenzene (10 mL) and 2 mL of this suspension was added to the reaction 

mixture, followed by the remainder after the resulting exotherm subsided. The mixture was stirred for 

2 h at 85 °C, cooled to 0 °C and filtered to remove insoluble material, washing the filter cake with 

chlorobenzene (10 ml). The mother liquor was evaporated in vacuo, and the residue partitioned 

between 2 M NaOH (50 mL) and DCM (50 mL). The organic fraction was collected, and the aqueous 

fraction washed with DCM (2 × 50 mL). The aqueous residue was acidified with conc. HCl, extracted 

with EtOAc (3 × 50 mL) and solvent was removed in vacuo. The crude product was purified by 

chromatography, eluting with 50% EtOAc/X4, and the resulting solid recrystallised from EtOAc to give 

pure product (3.4 g, 36%) as a white solid: mp 131 – 133 °C (lit.11 166.2 °C). δH 8.01 (1H, br s, OH), 

7.61 (1H, t, J = 7.8 Hz, 4-H), 7.39 – 7.35 (2H, m, 3-H, 6-H), 6.66 (1H, s, CHO), 3.89 (3H, s, OCH3). 

These data are in good agreement with literature values.11 LRMS (M-H) 179.2 (100%). 

Dimethyl (5-methoxy-3-oxo-1,3-dihydroisobenzofuran-1-yl)phosphonate (25) 

O

O
O

PO
O

O

 

To acid 32 (3.3 g, 18mmol) in THF (100 mL) was added dimethyl phosphite (1.9 mL, 20 mmol), followed 

by K2CO3 (3.8 g, 28 mmol) portionwise and the resulting mixture was stirred at room temperature for 

48 h. A further portion of K2CO3 (2.5 g, 18 mmol) was added and the mixture stirred a further 24 hours, 

cooled to 0 °C and methanesulfonic acid (3.9 mL, 60 mmol) was added. The mixture was stirred for 1 h 

at room temperature, then solvent was removed in vacuo. The residue was partitioned between EtOAc 

(100 mL) and water (100 mL), the organic layer was separated, and the aqueous residue was extracted 

with EtOAc (6 × 200 mL). The organic fractions were combined, dried (Na2SO4) and solvent was 

removed in vacuo. The crude product was purified by chromatography, eluting with 70% EtOAc/X4 to 

give the title compound (2.3 g, 46%) as a yellow oil that solidified on standing: mp 75 – 77 °C. δH (CDCl3) 



7.64 (1H, dt, J = 8.5, 0.8 Hz, 7-H), 7.37 (1H, d, J = 2.4 Hz, 4-H), 7.29 (1H, dd, J = 8.5, 2.4 Hz, 6-H), 

5.66 (1H, dd, J = 9.9, 0.6 Hz, 1-CH), 3.92 (3H, d, J = 10.9 Hz, P(OCH3)) 3.89 (3H, OCH3), 3.61 (3H, d, 

J = 10.6 Hz, P(OCH3)). δC (CDCl3) 169.9 (3-C=O, JC-O-P = 2.3 Hz), 161.5 (5-C, JC-C-C-C-C-P = 2.2 Hz), 

135.9 (7a-C, JC-C-P = 4.4 Hz), 126.8 (3a-C, JC-C-C-P = 4.6 Hz), 124.6 (7-CH, JC-C-C-P = 2.6 Hz), 123.7 (6-

CH, JC-C-C-C-P = 2.8 Hz), 108.1 (4-CH, JC-C-C-C-P = 1.3 Hz), 75.2 (1-CH, JC-P = 166.2 Hz), 56.1 (5-COCH3), 

54.8 (POCH3, JC-O-P = 6.9 Hz), 54.4 (POCH3, JC-O-P = 7.2 Hz). LRMS (M+H) 273.1 (100%), (M-H) 271.1 

(100%). 

3-Benzylidene-6-methoxyisobenzofuran-1(3H)-one (35) 

O

O
O

 

The reaction was carried out according to General Procedure D with phosphonate 25 (0.50 g, 1.8 

mmol), LiHMDS (2.0 mL) and benzaldehyde (0.19 mL, 1.9 mmol). The crude product was purified by 

chromatography, eluting with 10% EtOAc/X4 to give the title product (0.45 g, 98%) as a white solid. 

Further chromatography prepared samples of the alkene isomers for analysis. 

E: δH 7.55 – 7.39 (7H, m, 4-H, 7-H, 4 × Ar-H), 7.28 (1H, dd, J = 8.7, 2.5 Hz, 5-H), 6.92 (1H, s, 3-C=CH), 

3.87 (3H, s, OCH3). δC 165.8 (C=O), 161.4 (6-C), 145.7 (3-C), 132.8 (Ar-C), 129.7 (3a-C), 129.1 (2 × 

Ar-CH), 128.9 (2 × Ar-CH), 128.3 (Ar-CH), 127.2 (7a-C), 123.7 (4-CH), 123.3 (5-CH), 110.8 (3-C=CH), 

107.5 (7-CH), 56.0 (OCH3). LRMS (M+H) 253.1. 

Z: δH 8.03 (1H, d, J = 8.6 Hz 4-H), 7.80 – 7.75 (2H, m, 2 × Ar-H), 7.49 – 7.40 (4H, m, 7-H, 4–H, 2 × Ar-

H), 7.33 (1H, dddd, J = 7.4, 6.8, 1.2, 1.2 Hz, Ar-H), 6.80 (1H, s, 3-C=CH), 3.90 (3H, s, OCH3). δC 166.3 

(C=O), 161.2 (6-C), 144.2 (3-C), 133.5 (Ar-C), 133.0 (3a-C), 129.5 (2 × Ar-CH), 128.8 (2 × Ar-CH), 

128.0 (Ar-CH), 124.1 (7a-C), 124.0 (5-CH), 122.2 (4-CH), 107.1 (7-CH), 105.3 (3-C=CH), 56.0 (OCH3). 

LRMS (M+H) 253.1. 

(Z)-3-Benzylidene-6-hydroxyisobenzofuran-1(3H)-one (37) 

O

O
HO

 

The reaction was carried out according to General Procedure E with benzofuranone 35 (0.38 g, 1.5 

mmol) and BBr3 (9.0 mL, 9.0 mmol). The crude product was purified by chromatography, eluting with 

50% EtOAc/X4, to give the title product (0.35 g, 97%) as a yellow solid: mp 205 – 208 °C. δH (CDCl3) 

7.83 – 7.80 (2H, m, Ar-H), 7.67 (1H, d, J = 8.4 Hz, 4-H), 7.43 – 7.38 (2H, m, Ar-H), 7.34 – 7.27 (2H, m, 

Ar-H), 7.26 – 7.23 (1H, dd, J = 8.5, 2.3 Hz, 5-H), 6.70 (1H, s, 3-C=CH), 5.84 (1H, br s, OH). δH 10.54 

(1H, br s, OH), 7.94 (1H, dd, J = 8.5, 0.4 Hz, 4-H), 7.76 (2H, dd, J = 8.3, 1.0 Hz, 2ʹ-H, 6ʹ-H), 7.47 – 7.42 

(2H, m, 3ʹ-H, 5ʹ-H), 7.34 – 7.30 (1H, m , 4ʹ-H), 7.28 (1H, dd, J = 8.5, 2.2 Hz, 5-H), 7.18 (1H, dd, J = 2.2, 



0.4 Hz, 7-H). 6.70 (1H, s, 3-C=CH). δC 166.4 (1-C=O), 159.7 (7a-C), 144.5 (3-C), 133.6 (1ʹ-C), 131.4 

(3a-C), 129.6 (2ʹ-CH, 6ʹ-CH), 128.8 (3ʹ-CH, 5ʹ-CH), 127.7 (4ʹ-CH), 124.6 (6-C), 123.8 (5-CH), 122.4 (4-

CH), 109.4 (7-CH), 104.3 (3-C=CH). LRMS (M+H) 239.2, (M-H) 237.1. 

4-Benzyl-7-hydroxyphthalazin-1(2H)-one (40) 

HO

N

NH

O

 

The reaction was carried out according to General Procedure B with benzofuranone 33 (50 mg, 0.21 

mmol) and the crude product was triturated in water, then isolated by filtration to give the title product 

(47 mg, 89%) as a white solid: mp 303 – 306 °C. δH 12.34 (1H, s, NH), 10.69 (1H, br s, OH), 7.79 (1H, 

d, J = 8.9 Hz, 5-H), 7.51 (1H, d, J = 2.6 Hz, 8-H), 7.31 – 7.26 (4H, m, Ar-H), 7.24 (1H, dd, J = 8.8, 2.6 

Hz, 6-H), 7.21 – 7.15 (1H, m, Ar-H), 4.20 (2H, s, CH2). δC 160.2 (7-C), 159.3 (C=O), 145.0 (4-C), 138.5 

(Ar-C), 130.0 (8a-C), 128.5 (4 × Ar-CH), 128.0 (5-CH), 126.3 (Ar-CH), 122.4 (6-CH), 121.8 (4a-CH), 

109.6 (8-CH), 37.6 (CH2). HRMS calcd for C15H13N2O2 (M+H) m/z 253.0972, found 253.0964 (-3.10 

ppm). HPLC purity 97.9% 

(Z)-3-Benzylidene-6-((1-methyl-2-nitro-1H-imidazol-5-yl)methoxy)isobenzofuran-1(3H)-one (43) 

O

O
O

N

N

2O2N

 

The reaction was carried out according to General Procedure C with benzofuranone 33 (50 mg, 0.21 

mmol), K2CO3 (90 mg, 0.63 mmol) and chloride 16 (40 mg, 0.23 mmol) stirring for 7 h at 50 °C. The 

crude product was collected by filtration and triturated with EtOAc to give the title product (40 mg, 44%) 

as a yellow solid: mp 266 – 269 °C. δH 8.08 (1H, d, J = 8.6 Hz, 4-H), 7.79 (2H, d, J = 7.6 Hz, Ar-H), 7.67 

(1H, d, J = 2.2 Hz, 7-H), 7.57 (1H, dd, J = 8.6, 2.2 Hz, 5-H), 7.47 (2H, t, J = 7.6 Hz, Ar-H), 7.37 (1H, s, 

4ʹ-H), 7.34 (1H, t, J = 7.3 Hz, Ar-H), 6.84 (1H, s, 3-C=CH), 5.44 (2H, s, CH2), 3.97 (3H, s, CH3). δC 166.2 

(C=O), 159.3 (6-C), 146.3 (2′-CH), 144.1 (3-C), 133.8 (3a-C), 133.4 (Ar-C), 132.9 (5′-C), 129.5 (2 × Ar-

CH), 128.9 (2 × Ar-CH), 128.6 (4′-CH), 128.1 (Ar-CH), 124.6 (5-CH), 124.0 (7a-C), 122.4 (4-CH), 108.7 

(7-CH), 105.7 (3-C=CH), 60.0 (OCH2), 34.4 (NCH3). LRMS (M+H) 378.2. 

4-Benzyl-7-((1-methyl-2-nitro-1H-imidazol-5-yl)methoxy)phthalazin-1(2H)-one (46) 

O
N

N

2O2N

N

NH

O

 



The reaction was carried out according to General Procedure B with benzofuranone 43 (38 mg, 0.10 

mmol) to give the title product (26 mg, 67%) as a white solid: mp 227 – 230 °C. δH 12.55 (1H, s, NH), 

7.90 (1H, d, J = 9.0 Hz, 5-H), 7.84 (1H, d, J = 2.8 Hz, 8-H), 7.51 (1H, dd, J = 9.0, 2.8 Hz, 6-H), 7.35 

(1H, s, 4ʹ-H), 7.32 – 7.25 (4H, m, Ar-H), 7.22 – 7.16 (1H, m, Ar-H), 5.46 (2H, s, OCH2), 4.27 (2H, CH2Ph), 

3.94 (3H, s, CH3). δC 160.0 (7-C), 159.7 (C=O), 146.8 (2ʹ-C), 145.4 (4-C), 138.8 (Ar-C), 133.4 (5ʹ-C), 

130.4 (8a-C), 129.2 (4ʹ-CH), 129.0 (2 × Ar-CH), 128.9 (2 × Ar-CH), 128.5 (5-CH), 126.9 (Ar-CH), 124.2 

(4a-C), 123.2 (6-CH), 108.8 (8-CH), 60.1 (OCH2), 38.1 (4-CCH2), 34.8 (CH3). HRMS calcd for 

C20H18N5O4 (M+H) m/z 392.1353, found 392.1342 (-3.00 ppm). HPLC purity 98.4% 

3-(3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzylidene)-6-
methoxyisobenzofuran-1(3H)-one (49) 

O

O
O

F

O

N
N

O
 

The reaction was carried out according to General Procedure D with phosphonate 25 (0.40 g, 1.5 

mmol), LiHMDS (1.62 mL) and aldehyde 19 (0.45 g, 1.5 mmol). The crude product was purified by 

chromatography, eluting with 70% EtOAc/X4 to give the title product (0.60 g, 91%) as a white foam. 

Further chromatography prepared samples of the alkene isomers for analysis. 

E: δH 7.69 – 7.63 (1H, m, 6ʹ-H), 7.60 – 7.55 (1H, m, 2ʹ-H), 7.49 – 7.37 (3H, m, 5ʹ-H, 5-H, 7-H), 7.30 (1H, 

d, J = 7.2 Hz, 4-H), 6.89 (1H, s, 3-C=CH), 3.88 (3H, s, OCH3), 3.81 – 3.27 (8H, br m, 2ʺ-CH2, 3ʺ-CH2, 

5ʺ-CH2, 6ʺ-CH2), 2.05 – 1.89 (1H, br m, 1‴-CH), 0.78 – 0.67 (4H, m, 2‴-CH2, 3‴-CH2). δC 171.3 

(4ʺ-NC=O), 165.7 (1-C=O), 163.6 (1ʺ-NC=O), 161.6 (6-C), 157.3 (4ʹ-C, d, J = 247.8), 146.3 (3-C), 132.3 

(6ʹ-CH, d, J = 8.3 Hz), 129.9 (1ʹ-C, d, J = 3.5 Hz), 129.7 (2ʹ-CH, d, J = 4.2 Hz), 129.4 (3a-C), 127.3 

(7a-C), 124.5 (3ʹ-C, d, J = 19.4 Hz), 123.8 (5-CH), 123.3 (4-CH), 116.7 (5ʹ-CH, d, J = 22.5 Hz), 109.0 

(3-C=CH), 107.6 (7-CH), 56.1 (OCH3), 10.4 (1‴-CH), 7.2 (2 × CH2), 4 × NCH2 not observed. LRMS 

(M+H) 451.2 (100%) 

Z: δH 7.99 (1H, d, J = 8.4 Hz, 4-H), 7.90 – 7.84 (1H, m, 6ʹ-H), 7.81 (1H, dd, J = 6.5, 1.9 Hz, 2ʹ-H), 7.48 

(1H, dd, J = 8.5, 2.4 Hz, 5-H), 7.46 – 7.39 (2H, m, 5ʹ-H, 7-H), 6.84 (1H, s, 3-C=CH), 3.91 (3H, s, OCH3), 

3.86 – 3.22 (8H, br m, 2ʺ-CH2, 3ʺ-CH2, 5ʺ-CH2, 6ʺ-CH2), 2.09 – 1.85 (1H, br m, 1‴-CH), 0.82 – 0.67 (4H, 

m, 2‴-CH2, 3‴-CH2). δC 171.3 (4ʺ-NC=O), 166.1 (1-C=O), 163.8 (1ʺ-NC=O), 161.4 (6-C), 156.8 (4ʹ-C, d, 

J = 248.3 Hz), 144.5 (3-C), 132.8 (3a-C), 132.5 (6ʹ-CH, d, J = 8.2 Hz), 130.7 (1ʹ-C, d, J = 3.5 Hz), 129.7 

(2ʹ-CH, d, J = 2.9 Hz), 124.3 (3ʹ-C, d, J = 18.9 Hz), 124.2 (7a-C), 124.1 (5-CH), 122.2 (4-CH), 116.6 

(5ʹ-CH, d, J = 23.3 Hz), 107.3 (7-CH), 103.3 (3-C=CH), 56.1 (OCH3), 10.4 (1‴-CH), 7.1 (2 × CH2), 4 × 

NCH2 not observed. LRMS (M+H) 451.2 (100%) 



3-(3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzylidene)-6-
hydroxyisobenzofuran-1(3H)-one (51) 

O

O
HO

F

O

N
N

O
 

The reaction was carried out according to General Procedure E with benzofuranone 49 (0.20 g, 0.44 

mmol) and BBr3 (2.66 mL, 2.66 mmol). The crude product was purified by chromatography, eluting with 

100% EtOAc to give the title product (0.14 g, 74%) as a yellow foam. Further chromatography prepared 

samples of the alkene isomers for analysis. 

E: δH 10.67 (1H, s, OH), 7.72 – 7.66 (1H, m, 6ʹ-H), 7.64 – 7.56 (1H, m, 2ʹ-H), 7.48 (1H, t, J = 9.0 Hz, 

5ʹ-H), 7.40 (1H, d, J = 8.35 Hz, 4-H), 7.22 (1H, d, J = 2.2 Hz, 7-H), 7.16 (1H, d, J = 7.6 Hz, 5-H), 6.86 

(1H, s, 3-C=CH), 3.86 – 3.30 (8H, br m, 2ʺ-CH2, 3ʺ-CH2, 5ʺ-CH2, 6ʺ-CH2), 2.10 – 1.91 (1H, br m, 1‴-CH), 

0.82 – 0.71 (4H, m, 2‴-CH2, 3‴-CH2). δC 171.3 (4ʺ-NC=O), 165.9 (1-C=O), 163.6 (1ʺ-NC=O), 160.1 (6-C), 

157.1 (4ʹ-CH, d, JC-F = 247.1 Hz), 146.5 (3-C), 132.2 (6ʹ-CH, d, JC-C-F = 8.5 Hz), 130.0 (1ʹ-C, d, JC-C-C-C-F 

= 3.1 Hz), 129.6 (2ʹ-CH, d, JC-C-C-F = 3.5 Hz), 127.8 (3a-C), 127.3 (7a-C), 124.5 (3ʹ-C, d, JC-C-F = 19.2 

Hz), 124.1 (4-CH), 123.2 (5-CH), 116.6 (5ʹ-CH, d, JC-C-F = 22.1 Hz), 109.8 (7-CH), 108.0 (3-C=CH), 

10.38 (1‴-CH), 7.12 (2 × CH2), 4 × NCH2 not observed. LRMS (M+H) 437.2 (100%), (M-H) 435.1 (100%). 

Z: δH 10.60 (1H, s, OH), 7.91 (1H, d, J = 8.5 Hz, 4-H), 7.89 – 7.83 (1H, m, 6ʹ-H), 7.82 – 7.77 (1H, m, 

2ʹ-H), 7.42 (1H, t, J = 9.1 Hz, 5ʹ-H), 7.30 (1H, dd, J = 8.5, 2.2 Hz, 5-H), 7.20 (1H, d, J = 2.2 Hz, 7-H), 

6.76 (1H, s, 3-C=CH), 3.86 – 3.24 (8H, br m, 2ʺ-CH2, 3ʺ-CH2, 5ʺ-CH2, 6ʺ-CH2), 2.11 – 1.88 (1H, br, m, 

1‴-CH), 0.82 – 0.67 (4H, br m, 2‴-CH2, 3‴-CH2). δC 171.3 (4ʺ-NC=O), 166.2 (1-C=O), 163.9 (1ʺ-NC=O), 

159.9 (6-C), 156.7 (4ʹ-C, d, JC-F = 249.5 Hz), 144.8 (3-C), 132.4 (6ʹ-CH, d, JC-C-C-F = 8.2 Hz), 131.1 

(3a-C), 130.8 (1ʹ-C, d, JC-C-C-C-F = 3.2 Hz), 129.5 (2ʹ-CH, d, JC-C-C-F = 3.2 Hz), 124.3 (3ʹ-C, d, JC-C-F = 18.1 

Hz), 124.2 (7a-C), 123.9 (5-CH), 122.4 (4-CH), 116.6 (5ʹ-CH, d, JC-C-F = 21.8 Hz), 109.5 (7-CH), 102.4 

(3-C=CH), 10.37 (1‴-CH), 7.14 (2 × CH2), 4 × NCH2 not observed. LRMS (M+H) 437.2 (100%), (M-H) 

435.1 (100%). 

(Z)-3-(3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzylidene)-6-((1-methyl-2-
nitro-1H-imidazol-5-yl)methoxy)isobenzofuran-1(3H)-one (54) 

O

O
O

N

N

2O2N

F

O

N
N

O
 

The reaction was carried out according to General Procedure C with benzofuranone 51 (90 mg, 0.21 

mmol), K2CO3 (44 mg, 0.32 mmol) and chloride 16 (40 mg, 0.23 mmol) stirring for 18 h at room 

temperature. The crude product was collected by filtration and triturated with MeOH to give the title 

product (60 mg, 50%) as a cream solid: mp 234 - 237 °C. 



δH 8.04 (1H, d, J = 8.6 Hz, 5-H), 7.91 – 7.85 (1H, m, 6ʹ-H), 7.85 – 7.80 (1H, m, 2ʹ-H), 7.68 (1H, d, J = 

2.2 Hz, 7-H), 7.58 (1H, dd, J = 8.6, 2.3 Hz, 5-H), 7.44 (1H, d, J = 9.0 Hz, 5ʹ-H), 7.37 (1H, s, 4⁗-H), 6.88 

(1H, s, 3-C=CH), 5.44 (2H, s, OCH2), 3.97 (3H, s, NCH3), 3.87 – 3.24 (8H, br m, 2ʺ-CH2, 3ʺ-CH2, 5ʺ-CH2, 

6ʺ-CH2), 2.09 – 1.86 (1H, br m, 1‴-CH), 0.81 – 0.67 (4H, br m, 2‴-CH2, 3‴-CH2). δC 171.3 (4ʺ-NC=O), 

166.0 (1ʺ-NC=O), 163.8 (1-C=O), 159.5 (6-C), 156.8 (4ʹ-C, d, JC-F = 248.6 Hz), 146.3 (2⁗-C), 144.4 (3-

C), 133.5 (3a-C), 132.9 (5⁗-C),  132.6 (6ʹ-CH, d, JC-C-C-F = 7.9 Hz), 130.6 (1ʹ-C, d, JC-C-C-C-F = 3.4 Hz), 

129.7 (2ʹ-CH, d, JC-C-C-F = 2.3 Hz), 128.6 (4⁗-CH), 124.7 (5-CH), 124.3 (3ʹ-C, d, JC-C-F = 18.7 Hz), 124.1 

(7a-C), 122.4 (4-CH), 116.3 (5ʹ-CH, d, JC-C-F = 22.3 Hz), 108.9 (7-CH), 103.7 (3-C=CH), 60.0 (OCH2), 

34.4 (NCH3), 10.37 (1‴-CH), 7.13 (2 × CH2), 4 × NCH2 not observed. LRMS (M+H) 576.2 (24%), (M-

C5H6N3O2) 435.2 (100%) 

3-(3-(4-(Cyclopropanecarbonyl)piperazine-1-carbonyl)-4-fluorobenzylidene)-6-((1-methyl-5-
nitro-1H-imidazol-2-yl)methoxy)isobenzofuran-1(3H)-one (56) 

O

O
O

N

N

5O2N

F

O

N
N

O
 

The reaction was carried out according to General Procedure C with benzofuranone 51 (90 mg, 0.21 

mmol), K2CO3 (44 mg, 0.32 mmol) and chloride 17 (40 mg, 0.23 mmol) stirring for 18 h at room 

temperature. The crude product was collected by filtration and triturated with MeOH to give the title 

product (50 mg, 42%) as a white foam. Further chromatography prepared samples of the alkene 

isomers for analysis 

E: δH 8.09 (1H, s, 4⁗-H), 7.71 – 7.63 (2H, m, 7-H, 6′-H), 7.61 – 7.53 (1H, m, 5-H), 7.45 (1H, t, J = 9.1Hz, 

5′-H), 7.42 – 7.37 (2H, m, 4-H, 2′-H), 6.93 (1H, s, 3-C=CH), 5.48 (2H, s, OCH2), 3.93 (3H, s, NCH3), 

3.84 – 3.39 (8H, br m, 2ʺ-CH2, 3ʺ-CH2, 5ʺ-CH2, 6ʺ-CH2), 2.05 – 1.87 (1H, br m, 1‴-H), 0.79 – 0.66 (4H, 

br m, 2‴-CH2, 3‴-CH2).δC 171.3 (4″-NC=O), 165.6 (1-C=O), 163.6 (1″-NC=O), 159.7 (6-C), 157.2 (4′-C, 

d, JC-F = 248.0 Hz), 147.2 (2⁗-C), 146.1 (3-C), 139.7 (5⁗-C), 132.3 (6′-CH, d, JC-C-C-F = 8.2 Hz), 131.5 

(4⁗-CH), 130.3 (3a-C) 129.8 (1′-C, d, JC-C-C-C-F = 3.2 Hz), 129.7 (5-CH), 127.1 (7a-C), 124.5 (3′-C, d, 

JC-C-F = 18.1 Hz), 124.0 (4-CH), 123.9 (2′-C, d, JC-C-C-F = 6.6 Hz), 116.7 (5′-C, d, JC-C-F = 23.0 Hz), 109.5 

(3-C=CH), 109.2 (7-CH), 62.6 (OCH2), 33.6 (NCH3), 10.4 (1‴-CH), 7.12 (2 × CH2), 4 × NCH2 not 

observed. LRMS (M-C5H6N3O2) 435.1 (100%). 

Z: δH 8.11 (1H, s, 4⁗-H), 8.03 (1H, d, J = 8.6 Hz, 4-H), 7.91 – 7.85 (1H, m, 6ʹ-H), 7.82 (1H, dd, J = 6.4, 

1.8 Hz, 2ʹ-H), 7.69 (1H, d, J = 2.3 Hz, 7-H), 7.56 (1H, dd, J = 8.6, 2.4 Hz, 5-H), 7.44 (1H, t, J = 9.1 Hz, 

5ʹ-H), 6.88 (1H, s, 3-C=CH), 5.49 (2H, s, OCH2), 3.97 (3H, s, NCH3), 3.86 – 3.24 (8H, br m, 2ʺ-CH2, 

3ʺ-CH2, 5ʺ-CH2, 6ʺ-CH2), 2.08 – 1.86 (1H, br m, 1‴-H), 0.79 – 0.67 (4H, br m, 2‴-CH2, 3‴-CH2). δC 171.3 

(4″-NC=O), 166.0 (1-C),  163.8 (1″-NC=O), 159.5 (6-C), 156.8 (4′-C, d, JC-F = 248.6 Hz), 147.2 (2⁗-C), 

144.4 (3-C), 139.7 (5⁗-C), 133.6 (3a-C), 132.6 (6′-C, d, JC-C-C-F = 8.5 Hz), 131.5 (4⁗-CH), 130.5 (1′-C, 

d, JC-C-C-C-F = 2.9 Hz), 129.7 (2′-C, d, JC-C-C-F = 3.7 Hz), 127.1 (7a-C), 124.6 (5-CH), 124.3 (3′-C, d, JC-C-

F = 19.4 Hz), 122.3 (4-CH), 116.6 (5′-CH, d, JC-C-F = 22.1 Hz), 108.9 (7-CH), 103.7 (3-C=CH), 62.7 



(OCH2), 33.6 (NCH3), 10.4 (1‴-CH), 7.13 (2 × CH2), 4 × NCH2 not observed. LRMS (M-C5H6N3O2) 435.1 

(100%). 
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