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General Experimental

Solvents were removed under reduced pressure using an IKA rotary evaporator equipped with an IKA 

MVP10 basic vacuum pump. Dry solvents and reagents were purchased from commercial suppliers and 

used without further purification. Thin-layer chromatography was conducted with Macherey-Nagel 

Polygram SIL G/UV254 0.2mm silica gel 60 with fluorescent indicator plates. Flash column 

chromatography was conducted using a Teledyne ISCO CombiFlash NextGen 300+ purification system 

using 4g, 12g, or 24g RediSep Rf silica cartridges. Reactions were irradiated using a Kessil A160WE (Tuna 

Blue) LED lamp at 5cm. The synthesis of compounds 4, 6, 8 and 9 have been previously reported using a 

different UV light source.1

Analytical LC-MS was performed using a system comprising an Agilent 1260 Infinity II HPLC instrument 

equipped with an Agilent InfinityLab LS/MSD XT MS detector with electrospray ionisation. The system 

ran with a positive and negative switching mode and UV diode array detector using an Agilent ZORBAX 

SB-C18 RRHT (50 mm × 4.6 mm × 1.8 μm) column and gradient elution with two binary solvent systems: 

MeCN/H2O or MeCN/H2O plus 0.1% formic acid. Preparative HPLC was performed using a system 

comprising an Agilent 1260 Infinity II HPLC system equipped with an Agilent 1290 Prep Bin Pump, an 

Agilent Prep-C18 column (250 mm × 21.2 mm × 10 μm), and an Agilent prep autosampler and fraction 

collector. The system ran using a UV diode array detector and purification was performed using a 

gradient elution using a MeCN/H2O binary solvent system.

NMR analysis was conducted using a Bruker NEO400 spectrometer equipped with a 5mm BBFO IProbe 

(1H = 400 MHz and 13C = 100 MHz) or a Bruker NEO600 spectrometer equipped with a Prodigy BBO 

cryoprobe (1H = 600 MHz and 13C = 150 MHz). Chemical shifts are quoted in parts per million (ppm) and 

coupling constants are given in Hz. Splitting patterns have been abbreviated as follows: s (singlet), d 

(doublet), dd (doublet of doublets), ddd (doublet of doublets of doublets), td (triplet of doublets), t 

(triplet), q (quartet) and m (multiplet). NMR data is reported in the format: ppm (number of protons, 

splitting pattern, coupling constant).
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General procedures

General Procedure A2

To a 100 mL round bottom flask, cis-5-norbornene-endo-2,3-dicarboxylic anhydride (1 g, 6 mmol) and a 

primary amine (6 mmol) were suspended in Toluene (35 mL) and stirred at room temperature for 1 hour, 

then heated to reflux for a further 20 hours. The reaction was then cooled to room temperature and the 

solvent removed under reduced pressure to give the crude product which was purified by flash column 

chromatography.

General Procedure B

A maleimide (0.25 mmol) and an N-methylaniline (1.75 mmol) were added to a 10 mL vial and dissolved 

in 1,4-dioxane (3 mL) and stirred. The reaction was then irradiated with a blue LED light (Kessil A160WE 

lamp). After 18 hours at room temperature, the solvent was evaporated under reduced pressure to give 

the crude product and purified by flash column chromatography.
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Synthesis of compounds

1-(3,5-Dimethylisoxazol-4-yl)-1H-pyrrole-2,5-dione, 1

NO
O

ON

4-Amino-3,5-dimethylisoxazole (1 g, 8.9 mmol) was dissolved in acetic acid (9 mL), and portions of 

sodium acetate (2.2 g, 26.7 mmol) and furan-2,5-dione (873 mg, 8.9 mmol) were added. The reaction 

was heated to 120°C for 4 hours. The solvent was subsequently evaporated and the black solid dissolved 

in a 1:1:1 mixture of CH2Cl2/methanol/acetone and dry loaded onto silica (8 g) and purified by column 

chromatography eluting 6:4 hexane/ethyl acetate. Compound 1 was obtained as a white solid (220 mg, 

13%), Rf 0.6 (6:4 hexane/ethyl acetate). δH (400 MHz, chloroform-d) 6.90 (2H, s), 2.30 (3H, s) and 2.14 

(3H, s). δC (100 MHz, chloroform-d) 168.4, 166.2, 157.8, 135.0, 108.5, 11.5 and 10.0. LCMS (ESI): C9H8N2O3 

requires [M+H], calculated 193.1, found 193.1.

Ethyl 3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)propanoate, 2

NO
O

OEt
O

According to general procedure A, cis-5-norbornene-endo-2,3-dicarboxylic anhydride (1 g, 6 mmol) and 

-alanine ethyl ester hydrochloride (925 mg, 6 mmol) were reacted to give a crude product which was 

purified by flash column chromatography eluting 7:3 hexane/ethyl acetate to afford product 2 as a 
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colourless oil (300 mg, 25%). δH (400 MHz, chloroform-d) 6.70 (2H, s), 4.11 (2H, q, J 7.2), 3.83 (2H, t, J 

7.1), 2.61 (2H, t, J 7.1) and 1.22 (3H, t, J 7.2). δC (100 MHz, chloroform-d) 171.0, 170.5, 60.9, 33.8, 33.0 

and 14.2. LCMS (ESI): C9H11NO4 requires [M+H], calculated 198.1, found 198.1.

1-(2-(Pyrrolidin-1-yl)ethyl)-1H-pyrrole-2,5-dione, 3

NO
O

N

According to general procedure A, cis-5-norbornene-endo-2,3-dicarboxylic anhydride (717 mg, 4.4 

mmol) and 1-(2-aminoethyl)pyrrolidine (500 mg, 4.4 mmol) were reacted to give a crude product which 

was purified by flash column chromatography eluting 2:8 hexane/ethyl acetate to afford product 3 as a 

yellow oil (200 mg, 24%).%). δH (400 MHz, chloroform-d) 6.67 (2H, s), 3.36 (2H, t, J 6.8), 2.63 (2H, t, J 6.8), 

2.52 (4H, broad s) and 1.72 (4H, broad s). δC (100 MHz, chloroform-d) 170.9, 134.2, 54.2, 53.9, 37.1 and 

23.6. LCMS (ESI): C10H14N2O2 requires [M+H+], calculated 195.1, found 195.1.
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2,5-Dimethyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-dione, 4

N

N
O

O
H

H

N-methylmaleimide (28 mg, 0.25 mmol) and N-benzyl-N-methylaniline (330 µL, 1.75 mmol) dissolved in 

1,4-dioxane (3 mL) were reacted according to general procedure B and the crude material was purified 

by flash column chromatography eluting 8:2 hexane/ethyl acetate to afford the product 4 as a white 

solid (50 mg, 87%). δH (400 MHz, chloroform-d) 7.48 (1H, d, J 7.5), 7.21 (1H, m), 6.89 (1H, td, J 7.5 and 

1.1), 6.69 (1H, d, J 8.2), 4.00 (1H, d, J 9.5), 3.53 (1H, dd, J 11.5 and 2.4), 3.36 (1H, ddd, J 9.5, 4.5 and 2.4), 

3.03 (1H, dd, J 11.5 and 4.5), 2.98 (3H, s) and 2.79 (3H, s). δC (100 MHz, chloroform-d) 178.9, 177.0, 148.5, 

130.3, 128.7, 119.7, 118.8, 112.6, 50.6, 43.7, 42.2, 39.5 and 25.5. LCMS (ESI): C13H14N2O2 requires [M+H], 

calculated 231.1, found 231.1.

5-Benzyl-2-methyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-dione, 5

N

N
O

O
H

H

N-Methylmaleimide (28 mg, 0.25 mmol) and N-benzyl-N-methylaniline (330 µL, 1.75 mmol) dissolved in 

1,4-dioxane (3 mL) were reacted according to general procedure B and the crude material was purified 
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by flash column chromatography eluting 8:2 hexane/ethyl acetate to afford the product 5 as a white 

solid (52 mg, 68%). δH (400 MHz, chloroform-d) 7.51 (1H, broad d, J 8.0), 7.33 – 7.25 (3H, m), 7.21 – 7.19 

(2H, m), 7.15 – 7.10 (1H, m), 6.87 (1H, td, J 7.5 and 1.0), 6.71 (1H, broad d, J 8.3), 4.43 (1H, d, J 15.2), 

4.25 (1H, d, J 15.3), 4.03 (1H, d, J 9.3), 3.58 (1H, dd, J 11.8 and 2.8), 3.37 (1H, ddd, J 9.3, 4.4 and 2.8), 3.18 

(1H, dd, J 11.7 and 4.4) and 3.02 (3H, s). δC (100 MHz, chloroform-d) 178.6, 177.0, 147.6, 137.8, 130.5, 

128.7, 128.6, 127.6, 127.5, 119.7, 119.0, 113.5, 53.4, 48.5, 44.2, 42.4 and 25.5. LCMS (ESI): C19H18N2O2 

requires [M+H], calculated 307.1, found 307.2.

8-Fluoro-2,5-dimethyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-dione, 6

N

N
O

OF
H

H

N-Methylmaleimide (28 mg, 0.25 mmol) and 4-fluoro-N,N-dimethylaniline (244 mg, 1.75 mmol)  

dissolved in 1,4-dioxane (3 mL) were reacted according to general procedure B and the crude material 

was purified by flash column chromatography eluting 7:3 hexane/ethyl acetate to afford the product 6 

as a light-yellow solid (44 mg, 70%). δH (400 MHz, chloroform-d) 7.22 (1H, dd, J 8.6 and 2.2), 6.90 (1H, 

td, J 8.8 and 2.3), 6.62 (1H, dd, J 9.0 and 4.6), 3.95 (1H, d, J 9.4), 3.50 (1H, d, J 11.5), 3.37 – 3.32 (1H, m), 

3.02 – 2.96 (4H, m) and 2.76 (3H, s). δC (100 MHz, chloroform-d) 178.5, 176.2, 156.6 (d, JC-F 237.1), 144.9 

(d, JC-F 2.0), 120.2 (d, JC-F 7.6), 116.8 (d, JC-F 23.1), 114.9 (d, JC-F 21.7), 113.3 (d, JC-F 7.6), 50.9, 43.5, 42.1 (d, 

JC-F 1.4), 39.7 and 25.4. LCMS (ESI): C13H13FN2O2 requires [M+H], calculated 249.1, found 249.1.

7



8-Chloro-2,5-dimethyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-dione, 7

N

N
O

OCl
H

H

N-Methylmaleimide (28 mg, 0.25 mmol) and 4-chloro-N,N-dimethylaniline (272 mg, 1.75 mmol) 

dissolved in 1,4-dioxane (3 mL) were reacted according to general procedure B and the crude material 

was purified by flash column chromatography eluting 7:3 hexane/ethyl acetate to afford the product 7 

as a white solid (29 mg, 44%). δH (400 MHz, chloroform-d) 7.44 (1H, s), 7.13 (1H, d, J 8.7), 6.60 (1H, d, J 

8.8), 3.93 (1H, d, J 9.4), 3.51 (1H, d, J 11.6), 3.36 – 3.34 (1H, m), 3.01 (1H, dd, J 11.6 and 4.4), 2.98 (3H, s) 

and 2.77 (3H, s). δC (100 MHz, chloroform-d) 178.4, 176.2, 147.1, 129.9, 128.5, 124.5, 120.3, 113.8, 50.5, 

43.4, 41.9, 39.6 and 25.5. LCMS (ESI): C13H13
35ClN2O2 requires [M+H], calculated 265.1, found 265.1.
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2,5,8-Trimethyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-dione, 8

N

N
O

O
H

H

 
N-Methylmaleimide (28 mg, 0.25 mmol) and 4,N,N-trimethylaniline (253 µL, 1.75 mmol) dissolved in 1,4-

dioxane (3 mL) were reacted according to general procedure B and the crude material was purified by 

flash column chromatography eluting 7:3 hexane/ethyl acetate to afford the product 8 as an off-white 

solid (53 mg, 86%). δH (400 MHz, chloroform-d) 7.29 (1H, broad s), 7.00 (1H, d, J 7.6), 6.60 (1H, d, J 8.3), 

3.95 (1H, d, J 9.4), 3.51 (1H, dd, J 11.4 and 2.2), 3.35 – 3.31 (1H, m), 2.98 (3H, s), 2.96 (1H, dd, J 11.4 and 

4.4), 2.76 (3H, s) and 2.30 (3H, s). δC (100 MHz, chloroform-d) 179.0, 177.0, 146.4, 130.8, 129.2, 129.1, 

118.8, 112.6, 50.9, 43.7, 42.2, 39.6, 25.4 and 20.5. LCMS (ESI): C14H16N2O2 requires [M+H], calculated 

245.1, found 245.1.

8-Methoxy-2,5-dimethyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-dione, 9

N

N
O

OO
H

H

N-Methylmaleimide (28 mg, 0.25 mmol) and 4-methoxy-N,N-dimethylaniline (265 mg, 1.75 mmol) 

dissolved in 1,4-dioxane (3 mL) were reacted according to general procedure B and the crude material 

was purified by flash column chromatography eluting 7:3 hexane/ethyl acetate to afford the product 9 

as a light yellow solid (30 mg, 46%). δH (400 MHz, chloroform-d) 7.08 (1H, d, J 2.9), 6.79 (1H, dd, J 8.8 
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and 2.9), 6.64 (1H, d, J 8.9), 3.96 (1H, d, J 9.4), 3.79 (3H, s), 3.49 (1H, dd, J 11.4 and 2.4), 3.36 – 3.32 (1H, 

m), 3.00 (3H, s), 2.94 (1H, dd, J 11.2 and 4.2) and 2.75 (3H, s). δC (100 MHz, chloroform-d) 179.0, 176.8, 

153.4, 142.8, 120.1, 115.8, 114.4, 113.5, 55.9, 51.3, 43.7, 42.5, 39.9 and 25.5. LCMS (ESI): C14H16N2O3 

requires [M+H], calculated 261.1, found 261.1.

2-(3,5-Dimethylisoxazol-4-yl)-5-methyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-dione, 

10

N

N
O

O

O
N

H

H

1-(3,5-dimethylisoxazol-4-yl)-1H-Pyrrole-2,5-dione (48 mg, 0.25 mmol) and N,N-dimethylaniline (222 µL, 

1.75 mmol) dissolved in 1,4-dioxane (3 mL) were reacted according to general procedure B and the crude 

material was purified by flash column chromatography eluting 7:3 hexane/ethyl acetate to afford the 

product 10 as an orange oil (59 mg, 76%). δH (400 MHz, chloroform-d) 7.46 (1H, broad d, J 7.3), 7.24 (1H, 

td, J 7.9 and 1.4), 6.94 – 6.90 (1H, m), 6.75 (1H, d, J 8.2), 4.19 (1H, d, J 9.1), 3.60 – 3.55 (2H, m), 3.11 – 

3.07 (1H, m) and 2.84 (3H, s). δC (100 MHz, chloroform-d) 177.0 (rot A+B), 175.0 (rot A+B), 168.4 (rot A), 

166.2 (rot B), 157.7 (rot A+B), 148.7 (rot A+B), 135.0 (rot A+B), 130.3 (rot A), 129.1 (rot B), 120.2 (rot 

A+B), 118.6 (rot A+B), 112.7 (rot A+B), 109.7 (rot A+B), 51.3 (rot A+B), 44.2 (rot A+B), 42.7 (rot A+B), 39.4 

(rot A+B), 11.4 (rot A+B) and 10.0 (rot A+B). LCMS (ESI): C17H17N3O3 requires [M+H], calculated 312.1, 

found 312.1.
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5-Benzyl-2-(3,5-dimethylisoxazol-4-yl)-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-dione, 

11

N

N
O

O
H

H

O
N

1-(3,5-dimethylisoxazol-4-yl)-1H-Pyrrole-2,5-dione (48 mg, 0.25 mmol) and N-benzyl-N-methylaniline 

(330 µL, 1.75 mmol) dissolved in 1,4-dioxane (3 mL) were reacted according to general procedure B and 

the crude material was purified by flash column chromatography eluting 8:2 hexane/ethyl acetate to 

afford the product 11 as an orange oil (60 mg, 62%). δH (400 MHz, chloroform-d) 7.54 (1H, d, J 7.0), 7.34 

– 7.28 (3H, m), 7.26 – 7.24 (2H, m), 7.20 – 7.15 (1H, m), 6.91 (1H, td, J 7.5 and 1.1), 6.78 (1H, d, J 8.3), 

4.48 (1H, d, J 15.4), 4.34 (1H, d, J 15.4), 4.26 (1H, d, J 9.4), 3.72 (1H, dd, J 11.8 and 2.8), 3.62 (1H, ddd, J 

9.4, 4.1 and 2.8), 3.30 (1H, dd, J 11.8 and 4.1) and 2.37 – 1.90 (6H, m). δC (100 MHz, chloroform-d) 176.5, 

175.1, 165.9, 157.4, 147.4, 137.6, 130.6, 129.2, 129.0, 128.8, 127.6, 127.5, 120.0, 113.8, 109.6, 55.8, 

48.8, 44.2, 42.6, 12.3 and 11.5. LCMS (ESI): C23H21N3O3 requires [M+H], calculated 388.2, found 388.1.
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2-(3,5-Dimethylisoxazol-4-yl)-8-fluoro-5-methyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-

1,3(2H)-dione, 12

N

N
O

O

O
N

F
H

H

1-(3,5-dimethylisoxazol-4-yl)-1H-Pyrrole-2,5-dione (48 mg, 0.25 mmol) and 4-fluoro-N,N-dimethylaniline 

(244 mg, 1.75 mmol)  dissolved in 1,4-dioxane (3 mL) were reacted according to general procedure B and 

the crude material was purified by flash column chromatography eluting 7:3 hexane/ethyl acetate to 

afford the product 12 as a yellow oil (51 mg, 62%). δH (400 MHz, chloroform-d) 7.20 (1H, dd, J 8.6 and 

2.8), 6.94 (1H, td, J 8.6 and 3.0), 6.68 (1H, dd, J 9.0 and 4.6), 4.14 (1H, d, J 9.2), 3.57 – 3.53 (2H, m), 3.04 

(1H, dd, J 12.0 and 4.8), 2.81 (3H, s), 2.29 (3H, s) and 2.14 (3H, s). δC (100 MHz, chloroform-d) 176.7 (rot 

A+B), 174.4 (rot A+B), 168.4 (rot A), 166.2 (rot B), 157.8 (rot A), 157.4 (rot B), 156.9 (d, JC-F 237.8) (rot 

A+B), 145.2 (d, JC-F 2.1) (rot A+B), 135.0 (rot A+B), 120.1 (d, JC-F 7.6) (rot A+B), 117.0 (d, JC-F 23.2) (rot A+B), 

115.4 (d, JC-F 21.9) (rot A+B), 113.6 (d, JC-F 7.6) (rot A+B), 51.7 (rot A+B), 44.1 (rot A+B), 42.8 (rot A+B), 

39.7 (rot A+B), 11.4 (rot A+B) and 10.0 (rot A+B). LCMS (ESI): C17H16FN3O3 requires [M+H], calculated 

330.1, found 330.1.
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8-Chloro-2-(3,5-dimethylisoxazol-4-yl)-5-methyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-

1,3(2H)-dione, 13

N

N
O

O

O
N

Cl
H

H

1-(3,5-dimethylisoxazol-4-yl)-1H-Pyrrole-2,5-dione (24 mg, 0.125 mmol) and 4-chloro-N,N-

dimethylaniline (136 mg, 0.875 mmol)  dissolved in 1,4-dioxane (1.5 mL) were reacted according to 

general procedure B and the crude material was purified by flash column chromatography eluting 7:3 

hexane/ethyl acetate to afford the product 13 as an orange oil (28 mg, 65%). δH (400 MHz, chloroform-

d) 7.45 (1H, d, J 2.1), 7.19 (1H, dd, J 8.7 and 2.4), 6.67 (1H, d, J 8.7), 4.13 (1H, d, J 9.2), 3.59 – 3.54 (2H, 

m), 3.08 (1H, m), 2.83 (3H, s) and 2.34 – 1.91 (6H, m). δC (100 MHz, chloroform-d) 176.5, 174.3, 157.3, 

147.3, 135.0, 130.0, 129.0, 125.1, 120.1, 114.0, 109.5, 51.2, 43.9, 42.4, 39.5, 11.5 and 10.0. LCMS (ESI): 

C17H16
35ClN3O3 requires [M+H], calculated 346.1, found 346.1.
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2-(3,5-Dimethylisoxazol-4-yl)-5,8-dimethyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-

dione, 14

N

N
O

O

O
N

H

H

1-(3,5-dimethylisoxazol-4-yl)-1H-Pyrrole-2,5-dione (24 mg, 0.125 mmol) and 4,N,N-trimethylaniline (126 

µL, 0.875 mmol) dissolved in 1,4-dioxane (1.5 mL) were reacted according to general procedure B and 

the crude material was purified by flash column chromatography eluting 7:3 hexane/ethyl acetate to 

afford the product 14 as a yellow solid (35 mg, 86%). δH (400 MHz, chloroform-d) 7.26 (1H, broad s), 7.03 

(1H, dd, J 8.3 and 2.0), 6.65 (1H, d, J 8.3), 4.13 (1H, d, J 9.1), 3.56 – 3.52 (2H, m), 3.01 (1H, dd, J 12 and 

4.8), 2.80 (3H, s), 2.29 (3H, s), 2.29 (3H, s) and 2.14 (3H, s). δC (100 MHz, chloroform-d) 177.1 (rot A+B), 

175.1 (rot A+B), 168.4 (rot A), 166.2 (rot B), 157.7 (rot A+B), 146.6 (rot A+B), 135.0 (rot A+B), 130.8 (rot 

A+B), 129.6 (rot A), 129.5 (rot B), 118.7 (rot A+B), 112.7 (rot A+B), 109.7 (rot A), 108.5 (rot B), 51.7 (rot 

A+B), 44.2 (rot A+B), 42.8 (rot A+B), 39.5 (rot A+B), 20.5 (rot A+B), 11.4 (rot A+B), and 10.0 (rot A+B). 

LCMS (ESI): C18H19N3O3 requires [M+H], calculated 326.1, found 326.1.
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2-(3,5-Dimethylisoxazol-4-yl)-8-methoxy-5-methyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-

1,3(2H)-dione, 15

N

N
O

O

O
N

O
H

H

1-(3,5-dimethylisoxazol-4-yl)-1H-Pyrrole-2,5-dione (24 mg, 0.125 mmol) and 4-methoxy-N,N-

dimethylaniline (132 mg, 0.875 mmol) dissolved in 1,4-dioxane (1.5 mL) were reacted according to 

general procedure B and the crude material was purified by flash column chromatography eluting 7:3 

hexane/ethyl acetate to afford the product 15 as an orange oil (22 mg, 52%). δH (400 MHz, chloroform-

d) 7.05 (1H, d, J 2.9), 6.81 (1H, dd, J 8.9 and 2.9), 6.69 (1H, d, J 8.9), 4.15 (1H, d, J 9.2), 3.79 (3H, s), 3.56 

– 3.51 (2H, m), 2.99 (1H, dd, J 11.9 and 4.8), 2.79 (3H, s), 2.30 (3H, s) and 2.15 (3H, s). δC (100 MHz, 

chloroform-d) 177.1 (rot A+B), 174.8 (rot A+B), 168.4 (rot A), 166.2 (rot B), 157.8 (rot A), 153.6 (rot B), 

143.0 (rot A+B), 135.0 (rot A+B), 119.9 (rot A+B), 115.9 (rot A+B), 114.6 (rot A+B), 113.6 (rot A+B), 109.7 

(rot A+B), 55.9 (rot A+B), 52.1 (rot A+B), 44.2 (rot A+B), 43.1 (rot A+B), 39.8 (rot A+B), 11.5 (rot A+B) and 

10.0 (rot A+B). LCMS (ESI): C18H19N3O4 requires [M+H], calculated 342.1, found 342.1.
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Ethyl 3-(5-methyl-1,3-dioxo-1,3,3a,4,5,9b-hexahydro-2H-pyrrolo[3,4-c]quinolin-2-yl)propanoate, 16

N

N
O

O

OEt
O

H

H

Ethyl 3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)propanoate (50 mg , 0.25 mmol) and N,N-dimethylaniline 

(222 µL, 1.75 mmol) dissolved in 1,4-dioxane (3 mL) were reacted according to general procedure B and 

the crude material was purified by flash column chromatography eluting 7:3 hexane/ethyl acetate to 

afford the product 16 as an orange oil (45 mg, 57%). δH (400 MHz, chloroform-d) 7.46 (1H, d, J 7.5), 7.20 

(1H, app. t, J 7.8), 6.88 (1H, app. t, J 7.4), 6.69 (1H, d, J 8.2), 4.05 (2H, q, J 7.2), 3.98 (1H, d, J 9.4), 3.83 – 

3.73 (2H, m), 3.49 (1H, dd, J 11.5 and 2.4), 3.38 – 3.34 (1H, m), 3.03 (1H, dd, J 11.5 and 4.5), 2.79 (3H, s), 

2.58 (2H, t, J 7.2) and 1.19 (3H, t, J 7.2). δC (100 MHz, chloroform-d) 178.4, 176.5, 170.7, 148.5, 130.3, 

128.7, 119.7, 118.7, 112.6, 60.9, 50.7, 43.6, 42.1, 39.5, 35.1, 32.2 and 14.2. LCMS (ESI): C17H20N2O4 

requires [M+H], calculated 317.2, found 317.2.
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5-Methyl-2-(2-(pyrrolidin-1-yl)ethyl)-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-dione, 17

N

N
O

O

N

H

H

1-(2-(pyrrolidin-1-yl)ethyl)-1H-Pyrrole-2,5-dione (49 mg , 0.25 mmol) and N,N-dimethylaniline (222 µL, 

1.75 mmol) dissolved in 1,4-dioxane (3 mL) were reacted according to general procedure B and the crude 

material was purified by flash column chromatography eluting 7:3 hexane/ethyl acetate to afford the 

product 17 as a light yellow oil (23 mg, 30%). δH (400 MHz, chloroform-d) 7.50 (1H, d, J 7.3), 7.20 (1H, td, 

J 7.2 and 1.5), 6.88 (1H, td, J 7.4 and 1.0), 6.69 (1H, d, J 7.3), 4.00 (1H, d, J 9.4), 3.68 – 3.60 (2H, m), 3.50 

(1H, dd, J 11.5 and 2.7), 3.38 (1H, ddd, J 9.4, 4.5 and 2.6), 3.03 (1H, dd, J 11.5 and 4.5), 2.79 (3H, s), 2.65 

– 2.61 (2H, m), 2.54 – 2.50 (4H, m) and 1.76 – 1.67 (4H, m). δC (100 MHz, chloroform-d) 178.8 (rot A+B), 

176.9 (rot A+B), 148.5 (rot A+B), 134.3 (rot A), 130.3 (rot A+B), 129.6 (rot B), 128.6 (rot A+B), 119.6 (rot 

A), 119.0 (rot B), 112.5 (rot A+B), 54.1 (rot A+B), 52.9 (rot A+B), 50.7 (rot A+B), 43.6 (rot A+B), 42.1 (rot 

A+B), 39.5 (rot A+B), 38.4 (rot A+B) and 23.7 (rot A+B). LCMS (ESI): C18H23N3O2 requires [M+H], calculated 

314.2, found 314.2.
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8-Fluoro-5-methyl-2-(2-(pyrrolidin-1-yl)ethyl)-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-

dione, 18

N

N
O

O

N

F
H

H

1-(2-(pyrrolidin-1-yl)ethyl)-1H-Pyrrole-2,5-dione (25 mg , 0.125 mmol) and 4-fluoro-N,N-dimethylaniline 

(122 mg, 0.875 mmol) dissolved in 1,4-dioxane (1.5 mL) were reacted according to general procedure B 

and the crude material was purified by flash column chromatography eluting 7:3 hexane/ethyl acetate 

to afford the product 18 as a light yellow oil (20 mg, 48%). δH (400 MHz, chloroform-d) 7.22 (1H, dd, J 8.8 

and 3.0), 6.90 (1H, td, J 8.6 and 2.9), 6.60 (1H, dd, J 9.0 and 4.6), 3.96 (1H, d, J 9.4), 3.64 (2H, q, J 13.4 

and 6.8), 3.47 (1H, dd, J 11.4 and 2.7), 3.39 – 3.35 (1H, m), 2.98 (1H, dd, J 11.4 and 4.5), 2.76 (3H, s), 2.64 

(2H, t, J 6.6), 2.51 (4H, broad s) and 1.69 (4H, broad s). δC (100 MHz, chloroform-d) 178.5, 176.3, 156.7 

(d, JC-F 236.9), 145.0 (d, JC-F 2.0), 120.5 (d, JC-F 7.6), 117.0 (d, JC-F 23.1), 115.0 (d, JC-F 18.8), 113.3 (d, JC-F 

7.6), 54.1, 52.8, 51.0, 43.4, 42.2, 42.2, 39.8, 38.4 and 23.7. LCMS (ESI): C18H22FN3O2 requires [M+H], 

calculated 332.2, found 332.2.
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2-Methyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-dione, 19

N
H

N
O

O
H

H

Portions of 10% Pd/C (112 mg) were added to a stirred solution of compound 5 (170 mg, 0.56 mmol) and 

ammonium formate (710 mg, 11.2 mmol) in methanol (5 mL) and THF (5 mL). The reaction was heated 

to reflux for 6 hours, then cooled to room temperature and filtered through celite (150 mL methanol). 

The crude material was subsequently dry loaded onto silica (5g) and purified by column chromatography 

eluting 6:4 hexane/ethyl acetate to afford compound 19 as a white solid (100 mg, 83%). δH (400 MHz, 

DMSO-d6) 7.29 (1H, d, J 7.4), 6.98 (1H, td, J 7.7 and 1.4), 6.68 (1H, td, J 7.4 and 1.2), 6.61 (1H, dd, J 8.0 

and 1.0), 5.60 (1H, s), 4.00 (1H, d, J 8.9), 3.45 – 3.37 (2H, m), 2.99 (1H, dd, J 10.9 and 4.3) and 2.81 (3H, 

s). δC (100 MHz, DMSO-d6) 178.8, 177.1, 147.1, 130.1, 127.5, 118.1, 117.0, 115.1, 42.8, 40.9, 40.6 and 

24.7. LCMS (ESI): C12H12N2O2 requires [M+H], calculated 217.1, found 217.1.

5-Acetyl-2-methyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-dione, 20

N

N
O

O

O

H

H

Acetyl chloride (4 uL, 0.48 mmol) was added to a stirred solution of compound 19 (10 mg, 0.046 mmol) 

in CH2Cl2 (0.5 mL) and stirred for 1 hour. The solvent was then removed under reduced pressure and the 
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crude residue was purified by column chromatography eluting 7:3 hexane/ethyl acetate to afford 20 as 

a yellow solid (10 mg, 84%). δH (400 MHz, chloroform-d) 7.62 (1H, d, J 6.9), 7.37 – 7.28 (3H, m), 4.85 (1H, 

m), 4.09 (1H, d, J 8.9), 3.52 – 3.38 (2H, m), 3.02 (3H, m) and 2.22 (3H, m). δC (100 MHz, chloroform-d) 

177.3 (rot A+B), 175.5 (rot A+B), 169.2 (rot A+B), 147.5 (rot A+B), 130.5 (rot A), 130.4 (rot B), 128.3 (rot 

A), 128.2 (rot B), 126.9 (rot A), 126.8 (rot B), 120.1 (rot A+B), 115.7 (rot A+B), 43.8 (rot A), 43.3 (rot B), 

42.7 (rot A+B), 41.5 (rot A), 41.4 (rot B), 29.7 (rot A+B) and 25.6 (rot A+B). LCMS (ESI): C14H14N2O3 requires 

[M+H], calculated 259.1, found 259.1.

2-Methyl-5-(5-methylisoxazole-3-carbonyl)-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-c]quinoline-1,3(2H)-

dione, 21

N

N
O

O

O O
N

H

H

5-Methylisoxazole-3-carboxylic acid (5.8 mg, 0.046 mmol) and N-(3-dimethylaminopropyl)-N′-

ethylcarbodiimide hydrochloride (11.5 mg, 0.06 mmol) were added sequentially to a stirred solution of 

compound 19 (10 mg, 0.046 mmol) and DMAP (1 mg, 0.01 mmol) in CH2Cl2 (1 mL). After 18 hours, the 

solvent was removed under reduced pressure and the crude residue was purified by column 

chromatography eluting 6:4 hexane/ethyl acetate to afford the product 21 as a yellow solid (11 mg, 74%). 

δH (400 MHz, chloroform-d) 7.66 – 7.63 (1H, m), 7.28 – 7.25 (3H, m), 6.26 (1H, broad s), 5.02 (1H, d, J 

8.4), 4.14 – 4.11 (1H, m), 3.70 – 3.50 (2H, m), 2.98 (3H, s), and 2.46 (3H, broad s). δC (100 MHz, 
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chloroform-d) 176.7 (rot A+B), 175.7 (rot A+B), 170.5 (rot A+B), 166.3 (rot A+B), 155.5 (rot A+B), 144.3 

(rot A+B), 135.0 (rot A+B), 130.4 (rot A+B), 128.2 (rot A+B), 126.9(rot A+B), 124.9 (rot A+B), 116.0 (rot 

A+B), 60.5 (rot A+B), 43.6 (rot A), 36.7 (rot B), 25.7 (rot A+B), 24.8 (rot A), 21.2 (rot B), 14.3 (rot A) and 

12.4 (rot B). LCMS (ESI): C17H15N3O4 requires [M+H], calculated 326.1, found 326.1.

3-(5-Methyl-1,3-dioxo-1,3,3a,4,5,9b-hexahydro-2H-pyrrolo[3,4-c]quinolin-2-yl)propanoic acid, 22

N

N
O

O

OH
O

H

H

LiOH (15 mg, 0.64 mmol) was added to a solution of compound 16 (100 mg, 0.32 mmol) in 1:1 

tetrahydrofuran/water (4 mL) and stirred for 2 hours. The reaction mixture was then acidified to pH 3 

with 1 N HCl, extracted with ethyl acetate (3 x 30 mL), the organics dried with MgSO4, and the solvent 

removed under vacuum to give compound 22 as a yellow waxy solid (57 mg, 62%). δH (400 MHz, 4:1 

chloroform-d/methanol-d4) 7.38 – 7.24 (1H, m), 7.10 – 6.97 (1H, m), 6.59 – 6.55 (2H, m), 3.94 (1H, broad 

s), 3.72 – 3.57 (2H, m), 3.35 – 3.24 3H, m), 2.87 (3H, s), and 2.49 – 2.36 (2H, m). δC (100 MHz, 4:1 

chloroform-d/methanol-d4) 174.4, 174.0, 173.0, 145.3, 129.0, 128.9, 118.4, 116.1, 111.3, 46.2, 40.3, 

38.2, 34.9, 33.5 and 29.4. LCMS (ESI): C15H16N2O4 requires [M-H], calculated 287.1, found 287.1.
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N-Hydroxy-3-(5-methyl-1,3-dioxo-1,3,3a,4,5,9b-hexahydro-2H-pyrrolo[3,4-c]quinolin-2-

yl)propanamide, 23

N

N
O

O

NHOH
O

H

H

Portions of 1-hydroxybenzotriazole hydrate (14 mg, 0.09) and 1-(3-dimethylamino-propyl)-3-ethyl-

carboiimide hydrochloride (21 mg, 0.11 mmol) were added to a stirred solution of compound 22 (20 mg, 

0.07 mmol) in anhydrous DMF (1 mL). After 1 hour, hydroxylamine hydrochloride (5.5 mg, 0.08 mmol) 

and triethylamine (11 L, 0.08 mmol) were added and the reaction left overnight. The reaction was then 

diluted with EtOAc (5 mL), neutralized to pH 7 using 1N HCl, diluted with brine (10 mL) and the aqueous 

layer was extracted with EtOAc (3 x 30 mL). The organics were collected, dried with MgSO4, and the 

solvent removed under vacuum. The crude residue was purified by reverse-phase HPLC eluting a 95:5 to 

5:95 gradient of water/acetonitrile to afford 23 as a a colourless oil (3.9 mg, 18%). δH (600 MHz, DMSO-

d6) 7.35 (1H, d, J 7.2), 7.15 (1H, app. t, J 7.5), 6.82 (1H, app. t, J 7.5), 6.71 (1H, d, J 8.2), 4.45 (1H, broad 

s), 4.06 (1H, d, J 9.3), 3.50 – 3.46 (3H, m), 2.94 – 2.90 (1H, m), 2.71 (3H, m) and 2.26 – 2.13 (2H, m). δC 

(150 MHz, DMSO-d6) 178.4 (rot A+B), 148.5 (rot A+B), 130.1 (rot A+B), 128.0 (rot A+B), 119.4 (rot A+B), 

118.8 (rot A+B), 112.4 (rot A+B), 62.9 (rot A), 62.8 (rot B), 50.4 (rot A), 50.4 (rot B) 42.6 (rot A), 41.3 (rot 

B), 40.4 (rot A), 40.1 (rot B), 35.6 (rot A), 35.6 (rot B), 25.7 (rot A) and 25.4 (rot B). Pyrrolidine-dione 

carbonyls not observed. LCMS (ESI): C15H17N3O4 requires [M+H], calculated 304.1, found 304.1.
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