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2. General materials and procedures

All reagents were purchased from Combi-blocks and used as received unless otherwise noted. Anhydrous solvents 

were obtained from Sigma-Aldrich in 100 mL Sure/SealTM bottles, and were handled using standard inert syringe 

techniques. All reactions were conducted in anhydrous conditions under nitrogen or argon atmospheres unless 

otherwise noted. Biotage® Initiator+ (Fourth Generation Microwave Synthesizer) was used in all microwave-assisted 

syntheses unless otherwise noted. Purification of intermediates and final compounds was carried out using Biotage 

automated flash chromatography instrumentation (Isolera One and Isolera Prime). Biotage HC Duo cartridges (sizes 

of 12G, 25G, 50G, and 100G) were prepacked with 40−60 μm silica gel from VWR International (average pore size, 

60 Å) and crude mixtures were eluted with the indicated solvent ratios at a rate of 40−100 mL/min depending on 

cartridge size. Compounds were identified using auto-detection by monitoring the UV absorbance at 254 and 289 

nm, and pure fractions were collected. All spectra for this manuscript were collected in DMSO-d6 as the NMR 

solvent. All 1H and 13C NMR experiments for final compounds were acquired on a 500 MHz Agilent DD2 NMR 

spectrometer equipped with an Xsens Cold Probe, and all 19F NMR experiments for final compounds were acquired 

on a 600 MHz Agilent DD2 NMR spectrometer equipped with HFX Probe, unless otherwise noted. Chemical shifts 

are expressed in parts per million (ppm,  scale) downfield from tetramethylsilane and are referenced to residual 

NMR solvent (1H NMR: DMSO-d5,  2.50; 13C NMR: DMSO-d5,  39.52).

2.1. Optimization of the microwave-assisted synthesis of pomalidomide analogs

Scheme 1: Fluorinated thalidomide substrates investigated in the development of Microwave-assisted pomalidomide synthesis.

2.1.1. Solvent screen

x-Fluorothalidomide (1a/2a/3a – 1.0 equiv., 150mg) and amine (1-boc-piperazine – 1.2 equiv.) were added into a 

VWR 5mL microwave reaction vial equipped with a stir bar. The reaction vessel was capped, evacuated, and 



backfilled with nitrogen gas before the appropriate solvent (0.2M) was added (DMF/DMSO/NMP). Finally, 

diisopropylethylamine (3.0 equiv.) was added to the reaction vessel and the headspace was purged with nitrogen 

gas to maintain anhydrous inert conditions. The vessel was enclosed in the Biotage® Initiator+ microwave and was 

heated to 150oC for 1 hour, after which, the vessel was allowed to cool down to room temperature before 

performing a workup. The reaction mixture was poured into a solution of 0.1M HCl and was extracted 3 times with 

ethyl acetate. The combined organic layers were washed 2 times with water and once with brine. The organic layer 

was dried over sodium sulfate and concentrated under reduced pressure to obtain the crude product..

2.1.2. Kinetic (microwave reaction time) screen

x-Fluorothalidomide (1a/2a/3a – 1.0 equiv., 150mg) and amine (1-boc-piperazine – 1.2 equiv.) were added into a 

VWR 5mL microwave reaction vial equipped with a stir bar. The reaction vessel was capped then vacuum dried and 

backfilled with DMSO (0.2M). Finally, diisopropylethylamine (3.0 equiv.) was added to the reaction vessel and the 

headspace was purged with nitrogen gas to maintain anhydrous inert conditions. The vessel was enclosed in the 

Biotage® Initiator+ microwave and was heated to 150oC for the appropriate reaction time for the screen. 

(15min/30min/1 h), after which, the vessel was allowed to cool down to room temperature before performing a 

workup. The reaction mixture was poured into a solution of 0.1M HCl and was extracted 3 times with ethyl acetate. 

The combined organic layers were washed 2 times with water and once with brine to ensure removal of any residual 

reaction solvent. The organic layer was dried over sulfates and the crude product was concentrated under reduced 

pressure.

2.1.3. Temperature screen

x-Fluorothalidomide (1a/2a/3a – 1.0 equiv., 150mg) and amine (1-boc-piperazine – 1.2 equiv.) were added into a 

VWR 5mL microwave reaction vial equipped with a stir bar. The reaction vessel was capped then vacuum dried and 

backfilled with DMSO (0.2M). Finally, diisopropylethylamine (3.0 equiv.) was added to the reaction vessel and the 

headspace was purged with nitrogen gas to maintain anhydrous inert conditions. The vessel was enclosed in the 

Biotage® Initiator+ microwave and was heated to the appropriate temperature (150oC/180oC/210oC) for the screen 

for 15 minutes, after which, the vessel was allowed to cool down to room temperature before performing a workup. 

The reaction mixture was poured into a solution of 0.1M HCl and was extracted 3 times with ethyl acetate. The 

combined organic layers were washed 2 times with water and once with brine to ensure removal of any residual 

reaction solvent. The organic layer was dried over sulfates and the crude product was concentrated under reduced 

pressure.

2.1.4. Optimized procedures for the synthesis of palmolidomide analogues

2.1.4.1. Optimized microwave-assisted synthesis procedure 1 (method A)

This synthesis procedure was used for all substrate scope experiments and the gram scale experiments:

x-Fluorothalidomide (1a – 1.0 equiv.) and amine (1.2 equiv.) were added into a VWR 5mL microwave reaction vial 

equipped with a stir bar. The reaction vessel was capped then vacuum dried and backfilled with DMSO (0.2M). 



Finally, diisopropylethylamine (3.0 equiv.) was added to the reaction vessel and the headspace was purged with 

nitrogen gas to maintain anhydrous inert conditions. The vessel was enclosed in the Biotage® Initiator+ microwave 

and was heated to 150oC for 15 minutes, after which, the vessel was allowed to cool down to room temperature 

before performing a workup. The reaction mixture was poured into a solution of 0.1M HCl and was extracted 3 times 

with ethyl acetate. The combined organic layers were washed 2 times with water and once with brine to ensure 

removal of any residual reaction solvent. The organic layer was dried over sulfates and the crude product was 

concentrated under reduced pressure.

2.1.4.2. Optimized microwave-assisted synthesis procedure 2 (method B)

This synthesis procedure was used for the gram scale experiments:

x-Fluorothalidomide (1a – 1.0 equiv.) and amine (1.2 equiv.) were added into a VWR 5mL microwave reaction vial 

equipped with a stir bar. The reaction vessel was capped then vacuum dried and backfilled with NMP (0.2M). Finally, 

diisopropylethylamine (3.0 equiv.) was added to the reaction vessel and the headspace was purged with nitrogen 

gas to maintain anhydrous inert conditions. The vessel was enclosed in the Biotage® Initiator+ microwave and was 

heated to 150oC for 30 minutes, after which, the vessel was allowed to cool down to room temperature before 

performing a workup. The reaction mixture was poured into a solution of 0.1M HCl and was extracted 3 times with 

ethyl acetate. The combined organic layers were washed 2 times with water and once with brine to ensure removal 

of any residual reaction solvent. The organic layer was dried over sulfates and the crude product was concentrated 

under reduced pressure. The crude product was purified by silica gel chromatography eluting with the indicated 

solvent system to afford the pure product.

2.1.4.3. General procedure for oil bath synthesis of pomalidomide analogs (traditional 

procedure – method C)

This synthesis procedure was used the gram scale experiments:

x-Fluorothalidomide (1a – 1.0 equiv.) and amine (1.2 equiv.) were added into a 50-mL round bottom flask equipped 

with a stir bar. The reaction vessel was capped then vacuum dried and backfilled with DMSO (0.2M). Finally, 

diisopropylethylamine (3.0 equiv.) was added to the reaction vessel and the headspace was purged with nitrogen 

gas to maintain anhydrous inert conditions. The vessel was in an oil bath and was heated to 90oC for the screen for 

16 hours, after which, the vessel was allowed to cool down to room temperature before performing a workup. The 

reaction mixture was poured into a solution of 0.1M HCl and was extracted 3 times with ethyl acetate. The combined 

organic layers were washed 2 times with water and once with brine to ensure removal of any residual reaction 

solvent. The organic layer was dried over sulfates and the crude product was concentrated under reduced pressure. 

2.1.4.4. General procedure for oil bath synthesis of pomalidomide analogs (traditional 

procedure – method D)

This synthesis procedure was used the gram scale experiments:



x-Fluorothalidomide (1a – 1.0 equiv.) and amine (1.2 equiv.) were added into a 50-mL round bottom flask equipped 

with a stir bar. The reaction vessel was capped then vacuum dried and backfilled with DMSO (0.2M). Finally, 

diisopropylethylamine (3.0 equiv.) was added to the reaction vessel and the headspace was purged with nitrogen 

gas to maintain anhydrous inert conditions. The vessel was in an oil bath and was heated to 150oC for the screen for 

16 hours, after which, the vessel was allowed to cool down to room temperature before performing a workup. The 

reaction mixture was poured into a solution of 0.1M HCl and was extracted 3 times with ethyl acetate. The combined 

organic layers were washed 2 times with water and once with brine to ensure removal of any residual reaction 

solvent. The organic layer was dried over sulfates and the crude product was concentrated under reduced pressure. 

2.2. NMR sample preparation and general experimental procedure

All NMR samples for “crude purity” and yield determinations from the screens and substrate scope were prepared 

by dissolving 5.0 mg (0.030 mmol) of 1,3,5-trimethoxybenzene (NMR standard) and a theoretical equimolar amount 

of the crude isolate (ie. if the crude mixture were assumed to contain 100% pure product) in 500 L of DMSO-d6.  𝜇

The purity of the crude material can then be determined by the ratio product:1,3,5-trimethoxybenzene, and a ratio 

of 1 = 100% crude purity. The yield can than be determined based on the crude recovery mass and the NMR purity 

(from abobe) used the following equation: 

𝐹𝑖𝑛𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑦𝑖𝑒𝑙𝑑 % =  𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑐𝑟𝑢𝑑𝑒 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑥 𝑁𝑀𝑅 𝑝𝑢𝑟𝑖𝑡𝑦 𝑜𝑓 𝑐𝑟𝑢𝑑𝑒 𝑠𝑎𝑚𝑝𝑙𝑒
1H NMR spectra of reactions from the solvent, kinetic, and temperature screens, as well as substrate scope product 

were acquired on 500 MHz Varian Unity-Inova spectrometer equipped with Varian 5-mm direct detect broadband 

probe and the product peaks were integrated against the normalized 1,3,5-trimethoxybenzene signals to determine 

yield of the product. Quantitative 1D NMRs were set up using 10 s relaxation delay, 4.5 s acquisition time, 60 degree 

excitation angle, 16 scans, and 16 ppm spectral window centered at 6 ppm.

3. Substrate Scope

Table S1: Summary of amine substrates appended onto 1a using the optimized MAS method. Yields were measured 
by NMR using the internal NMR standard 1,3,5-trimethoxybenzene.

Entry Amine Product Yield (%)
1c 93

1d 98

1e 70



1f 66

1g 63

1h 83

1i 84

1j 69

1k 77

1l 67

1m 84

1n 60

1o 64

1p 51

1q 80

1r 57

1s 81

1t 96

1u 76

1v 41

1w 60

1x 76

1y 70

1z 69



4. Characterization of final compounds

All 1H and 13C NMR experiments for final compounds were acquired on a 500 MHz Agilent DD2 NMR spectrometer 

equipped with an Xsens Cold Probe, and all 19F NMR experiments for final compounds were acquired on a 600 MHz 

Agilent DD2 NMR spectrometer equipped with HFX Probe, unless otherwise noted. Only final compounds were 

purified via silica gel chromatography using a Biotage Isolera. This resulted in residual ethyl acetate in some spectra, 

which is labelled on the 1H NMR.

4.1. Compound characterization

An analytically pure sample of the respective compounds was obtained by flash chromatography – the NMR data 

reported below originated from the purified materials.

tert-butyl 4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)piperazine-1-carboxylate (1b) was synthesized 

using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 
1H NMR (500 MHz, dmso) δ 11.08 (s, 1H), 7.69 (dd, J = 8.4, 7.1 Hz, 1H), 7.37 (d, J = 7.1 Hz, 1H), 7.32 (d, J = 8.4 Hz, 1H), 

5.09 (dd, J = 12.7, 5.5 Hz, 1H), 3.49 (t, J = 5.0 Hz, 4H), 3.23 (t, J = 5.0 Hz, 4H), 2.86 (ddd, J = 16.7, 13.7, 5.4 Hz, 1H), 

2.62 – 2.49 (m, 2H), 2.07 – 1.95 (m, 1H), 1.41 (s, 9H). 13C NMR (126 MHz, dmso) δ 173.2, 167.4, 166.8, 154.3, 150.0, 

136.4, 134.0, 124.3, 117.4, 115.7, 79.5, 50.8, 49.3, 31.4, 28.5, 22.5. TOF MS ESI+ calcd for C22H27N4O6
+ [M + H]+, 

443.1925; found, 443.1956.

tert-butyl 4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)piperazine-1-carboxylate (2b) was synthesized 

using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 

1H NMR (500 MHz, dmso) δ 11.06 (s, 1H), 7.73 – 7.64 (m, 1H), 7.31 (d, J = 2.3 Hz, 1H), 7.21 (dd, J = 8.6, 2.4 Hz, 1H), 

5.06 (dd, J = 12.9, 5.4 Hz, 1H), 3.49 – 3.40 (m, 8H), 2.93 – 2.81 (m, 1H), 2.63 – 2.46 (m, 2H), 2.06 – 1.97 (m, 1H), 1.41 

(s, 9H). 13C NMR (126 MHz, dmso) δ 173.2, 168.0, 167.4, 155.4, 154.3, 134.3, 125.3, 119.0, 118.3, 108.5, 79.6, 49.2, 

47.0, 46.3, 31.4, 31.4, 28.5, 22.6. TOF MS ESI+ calcd for C22H27N4O6
+ [M + H]+, 443.1925; found, 443.1956.



tert-butyl 4-(2-(2,6-dioxopiperidin-3-yl)-6-fluoro-1,3-dioxoisoindolin-5-yl)piperazine-1-carboxylate (3b) was 

synthesized using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a 

yellow solid.  1H NMR (500 MHz, dmso) δ 11.09 (s, 1H), 7.73 (d, J = 11.1 Hz, 1H), 7.47 (d, J = 7.2 Hz, 1H), 5.09 (dd, J = 

12.9, 5.4 Hz, 1H), 3.47 (t, J = 5.1 Hz, 4H), 3.19 (t, J = 5.0 Hz, 4H), 2.87 (ddd, J = 16.9, 13.8, 5.4 Hz, 1H), 2.62 – 2.49 (m, 

2H), 2.06 – 1.97 (m, 1H), 1.41 (s, 9H). 13C NMR (126 MHz, dmso) δ 173.2, 167.0, 166.6, 156.9, 154.2, 145.7, 145.7, 

129.1, 124.4, 114.6, 112.5, 79.6, 49.8, 49.5, 31.4, 28.5, 22.5. TOF MS ESI+ calcd for C22H26FN4O6
+ [M + H]+, 461.1831; 

found, 461.1833.

benzyl 4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)piperazine-1-carboxylate (1c) was synthesized using 

OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 1H NMR 

(400 MHz, DMSO) δ 11.1 (s, 1H), 7.8 (dd, J = 8.4, 7.2 Hz, 1H), 7.5 – 7.4 (m, 6H), 7.4 – 7.3 (m, 1H), 5.2 (s, 2H), 5.2 – 5.1 

(m, 1H), 3.6 (s, 4H), 3.3 (t, J = 5.1 Hz, 4H), 2.9 (ddd, J = 17.4, 14.1, 5.5 Hz, 1H), 2.7 – 2.5 (m, 2H), 2.1 – 2.0 (m, 1H). 13C 

NMR (101 MHz, DMSO) δ 173.3, 170.4, 167.5, 166.8, 154.9, 150.0, 137.3, 136.4, 134.1, 128.9, 128.3, 128.0, 124.4, 

117.5, 115.8, 66.8, 60.2, 50.8, 49.3, 43.9, 31.4, 22.5, 21.2, 14.6. TOF MS ESI+ calcd for C25H25N4O6
+ [M + H]+, 477.1769; 

found, 477.1831.

tert-butyl (1-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)piperidin-4-yl)carbamate (1d) was synthesized 

using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 
1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.7 – 7.6 (m, 1H), 7.3 (d, J = 7.4 Hz, 2H), 6.9 (d, J = 7.8 Hz, 1H), 5.1 (dd, J = 

12.9, 5.4 Hz, 1H), 3.7 (d, J = 12.1 Hz, 2H), 3.5 – 3.4 (m, 1H), 3.0 – 2.8 (m, 3H), 2.7 – 2.5 (m, 2H), 2.0 (ddq, J = 7.6, 5.5, 

3.3 Hz, 1H), 1.8 (d, J = 12.2 Hz, 2H), 1.7 – 1.5 (m, 2H), 1.4 (s, 9H). 13C NMR (101 MHz, DMSO) δ 173.3, 170.5, 167.5, 

166.8, 155.4, 150.4, 136.2, 134.1, 124.4, 116.9, 115.0, 78.0, 50.4, 49.3, 47.5, 32.2, 31.4, 28.8, 22.5. TOF MS ESI+ calcd 

for C23H29N4O6
+ [M + H]+, 457.2082; found, 457.2140.



tert-butyl (2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)-L-prolinate (1e) was synthesized using OP1. The 

product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 1H NMR (400 

MHz, DMSO) δ 11.1 (d, J = 3.9 Hz, 1H), 7.7 – 7.5 (m, 1H), 7.2 – 7.0 (m, 2H), 5.1 (ddd, J = 22.7, 7.8, 4.7 Hz, 1H), 5.1 – 

5.0 (m, 1H), 4.0 (q, J = 7.1 Hz, 0H), 3.7 – 3.5 (m, 2H), 3.5 (s, 1H), 3.0 – 2.8 (m, 1H), 2.7 – 2.4 (m, 2H), 2.4 – 2.3 (m, 

1H), 2.1 – 1.9 (m, 4H), 1.3 (d, J = 6.4 Hz, 7H), 1.2 (t, J = 7.1 Hz, 1H). 13C NMR (101 MHz, DMSO) δ 173.3, 173.3, 

173.2, 171.9, 171.8, 170.8, 170.6, 170.4, 170.3, 170.1, 167.6, 167.5, 167.4, 167.2, 167.1, 167.0, 146.5, 145.8, 145.8, 

135.5, 135.5, 135.2, 134.4, 134.1, 122.8, 122.7, 121.7, 112.6, 111.7, 111.4, 111.3, 110.4, 81.0, 80.9, 63.6, 63.5, 

60.2, 51.8, 51.6, 49.6, 49.2, 31.4, 30.9, 30.8, 27.9, 27.9, 25.7, 23.7, 23.7, 22.6, 22.6, 22.3, 21.2, 14.6. TOF MS ESI+ 
calcd for C22H26N3O6

+ [M + H]+, 428.1816; found, 428.1833.

2-(2,6-dioxopiperidin-3-yl)-4-morpholinoisoindoline-1,3-dione (1f) was synthesized using OP1. The product was 

isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 1H NMR (400 MHz, DMSO) δ 

11.1 (s, 1H), 7.7 (dd, J = 8.4, 7.1 Hz, 1H), 7.4 – 7.3 (m, 2H), 5.1 (dd, J = 12.9, 5.4 Hz, 1H), 3.8 (dd, J = 5.7, 3.5 Hz, 4H), 

3.3 (t, J = 4.6 Hz, 4H), 2.9 (ddd, J = 17.4, 14.0, 5.4 Hz, 1H), 2.6 – 2.5 (m, 2H), 2.0 (dtd, J = 13.2, 6.0, 3.4 Hz, 1H). 13C 

NMR (101 MHz, DMSO) δ 173.3, 170.4, 167.5, 166.8, 150.2, 136.4, 134.1, 124.0, 117.2, 115.6, 66.6, 51.3, 49.3, 31.4, 

22.5. TOF MS ESI+ calcd for C17H18N3O5
+ [M + H]+, 344.1241; found, 344.1031.

tert-butyl 1'-(2-(2,4-dioxocyclohexyl)-1,3-dioxoisoindolin-4-yl)-[4,4'-bipiperidine]-1-carboxylate (1g) was 

synthesized using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a 

yellow solid. 1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.7 (t, J = 7.8 Hz, 1H), 7.3 (d, J = 7.7 Hz, 2H), 5.1 (dd, J = 12.9, 

5.4 Hz, 1H), 4.0 (dd, J = 21.3, 9.9 Hz, 2H), 3.7 (d, J = 11.7 Hz, 2H), 3.0 – 2.8 (m, 3H), 2.7 – 2.5 (m, 4H), 2.1 – 2.0 (m, 



1H), 1.8 (d, J = 12.2 Hz, 2H), 1.7 (d, J = 12.4 Hz, 2H), 1.4 (s, 9H), 1.4 (s, 1H), 1.3 – 1.1 (m, 3H), 1.1 – 1.0 (m, 2H). 13C 

NMR (101 MHz, DMSO) δ 173.3, 170.5, 167.6, 166.8, 154.3, 150.6, 136.2, 134.1, 124.3, 116.8, 114.9, 78.9, 60.2, 51.8, 

49.2, 40.8, 31.4, 29.4, 29.3, 28.6, 22.6. TOF MS ESI+ calcd for C28H37N4O6
+ [M + H]+, 525.2708; found, 525.2750.

4-(4-(benzyloxy)piperidin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (1h) was synthesized using OP1. 

The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 1H NMR (400 

MHz, DMSO) δ 11.1 (s, 1H), 7.7 (dd, J = 8.5, 7.1 Hz, 1H), 7.4 – 7.4 (m, 6H), 7.4 – 7.3 (m, 1H), 5.1 (dd, J = 12.9, 5.4 Hz, 

1H), 4.6 (s, 2H), 3.7 (tt, J = 7.9, 3.7 Hz, 1H), 3.6 (dt, J = 11.2, 4.6 Hz, 2H), 3.1 (ddd, J = 12.1, 8.8, 3.1 Hz, 2H), 2.9 (ddd, 

J = 17.2, 14.0, 5.5 Hz, 1H), 2.7 – 2.6 (m, 2H), 2.6 – 2.5 (m, 1H), 2.1 – 2.0 (m, 2H), 1.8 (dtt, J = 12.2, 8.1, 3.2 Hz, 2H). 13C 

NMR (101 MHz, DMSO) δ 173.3, 170.5, 167.6, 166.8, 150.3, 139.5, 136.2, 134.1, 128.7, 127.9, 127.7, 124.4, 116.9, 

115.0, 73.5, 69.4, 60.2, 49.3, 48.9, 48.9, 31.4, 22.6, 21.2, 14.6. TOF MS ESI+ calcd for C25H26N3O5
+ [M + H]+, 449.1940; 

found, 449.1966.

benzyl (1-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)azetidin-3-yl)carbamate (1i) was synthesized using 

OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 1H NMR 

(400 MHz, DMSO) δ 11.1 (s, 1H), 8.0 (d, J = 6.1 Hz, 1H), 7.6 (dd, J = 8.5, 7.0 Hz, 1H), 7.4 – 7.3 (m, 5H), 7.1 (dd, J = 7.1, 

0.7 Hz, 1H), 6.8 (d, J = 8.5 Hz, 1H), 5.1 – 5.0 (m, 1H), 4.5 – 4.4 (m, 4H), 4.0 – 4.0 (m, 2H), 2.9 (ddd, J = 17.3, 14.1, 5.4 

Hz, 1H), 2.6 – 2.5 (m, 2H), 2.0 (td, J = 6.0, 3.4 Hz, 1H), 1.2 (t, J = 7.1 Hz, 1H). 13C NMR (101 MHz, DMSO) δ 173.3, 170.5, 

167.7, 167.0, 156.0, 148.1, 137.4, 135.5, 133.7, 128.9, 128.3, 120.6, 112.4, 110.8, 66.0, 61.2, 60.2, 49.1, 41.5, 31.4, 

22.6, 21.2, 14.6. TOF MS ESI+ calcd for C24H23N4O6
+ [M + H]+, 463.1612; found, 463.1678.



tert-butyl (1-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)azetidin-3-yl)carbamate (1j) was synthesized 

using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 
1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dt, J = 8.5, 5.5 Hz, 2H), 7.2 (dd, J = 7.0, 0.7 Hz, 1H), 6.9 – 6.8 (m, 1H), 

5.1 (dd, J = 12.9, 5.4 Hz, 1H), 4.5 (t, J = 8.2 Hz, 2H), 4.4 – 4.4 (m, 1H), 4.0 (dd, J = 8.7, 5.1 Hz, 2H), 2.9 (ddt, J = 17.4, 

14.4, 4.6 Hz, 1H), 2.7 – 2.6 (m, 2H), 2.1 – 2.0 (m, 1H), 1.4 (s, 9H). 13C NMR (101 MHz, DMSO) δ 173.3, 173.2, 170.5, 

170.1, 167.7, 166.9, 155.4, 148.1, 135.4, 133.7, 120.6, 112.3, 110.7, 78.7, 61.2, 60.2, 49.6, 49.1, 41.0, 31.4, 31.4, 28.6, 

22.6, 21.2, 14.6. TOF MS ESI+ calcd for C21H26N4O6
+ [M + H]+, 430.1841; found, 430.1805.

2-(2,6-dioxopiperidin-3-yl)-4-(4-(pyridin-4-yl)piperidin-1-yl)isoindoline-1,3-dione (1k) was synthesized using OP1. 

*Note: the 1 M HCl wash was excluded from thr work-up procedure in this case. The product was isolated via Biotage 

Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 8.5 (d, J 

= 5.1 Hz, 2H), 7.7 (dd, J = 8.4, 7.1 Hz, 1H), 7.4 – 7.3 (m, 3H), 7.3 (d, J = 1.6 Hz, 1H), 5.1 (dd, J = 12.9, 5.4 Hz, 1H), 3.8 

(d, J = 11.9 Hz, 2H), 3.0 (td, J = 11.6, 2.9 Hz, 2H), 3.0 – 2.7 (m, 2H), 2.7 – 2.5 (m, 2H), 2.1 (dtd, J = 12.9, 6.7, 4.0 Hz, 

1H), 2.0 – 1.9 (m, 2H), 1.9 – 1.8 (m, 2H). 13C NMR (101 MHz, DMSO) δ 173.3, 170.5, 167.6, 166.8, 154.9, 150.5, 150.1, 

136.3, 134.1, 124.5, 122.9, 117.0, 115.1, 51.7, 49.3, 40.8, 32.5, 31.4, 22.6. TOF MS ESI+ calcd for C23H23N4O4
+ [M + 

H]+, 419.1714; found, 419.2138.

tert-butyl 4-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)piperidine-1-carboxylate (1l) was 

synthesized using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a 

yellow solid1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.6, 7.1 Hz, 1H), 7.2 (d, J = 8.6 Hz, 1H), 7.1 (d, J = 7.0 



Hz, 1H), 6.3 (d, J = 8.3 Hz, 1H), 5.1 (dd, J = 12.8, 5.4 Hz, 1H), 3.9 (d, J = 13.2 Hz, 2H), 3.8 (tt, J = 8.1, 5.5 Hz, 1H), 2.9 

(ddt, J = 17.1, 14.0, 5.6 Hz, 1H), 2.7 – 2.5 (m, 2H), 2.5 (dt, J = 3.7, 1.8 Hz, 1H), 2.1 – 2.0 (m, 1H), 2.0 – 1.9 (m, 2H), 1.4 

(s, 11H), 1.4 – 1.3 (m, 1H). 13C NMR (101 MHz, DMSO) δ 173.3, 173.2, 170.5, 170.1, 169.5, 167.7, 154.3, 145.8, 136.8, 

132.7, 118.2, 111.3, 109.8, 79.2, 60.2, 49.6, 49.0, 49.0, 31.9, 31.4, 31.4, 28.5, 22.6, 22.3, 21.2, 14.6. TOF MS ESI+ 
calcd for C23H29N4O6

+ [M + H]+, 457.2082; found, 357.1603.

4-(benzylamino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (1m) was synthesized using OP1. The product 

was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 1H NMR (400 MHz, DMSO) 

δ 11.1 (s, 1H), 7.5 (dd, J = 8.5, 7.1 Hz, 1H), 7.4 – 7.3 (m, 4H), 7.3 – 7.2 (m, 2H), 7.1 – 7.0 (m, 1H), 7.0 (d, J = 8.4 Hz, 1H), 

5.1 (dd, J = 12.9, 5.4 Hz, 1H), 4.6 (d, J = 6.2 Hz, 2H), 2.9 (ddd, J = 17.3, 14.0, 5.4 Hz, 1H), 2.7 – 2.5 (m, 2H), 2.1 – 2.0 

(m, 1H). 13C NMR (101 MHz, DMSO) δ 173.3, 170.6, 169.3, 167.8, 146.6, 139.4, 136.6, 132.7, 129.0, 127.5, 127.4, 

118.1, 111.2, 110.0, 60.2, 49.1, 45.9, 31.5, 22.6, 21.2, 14.6. TOF MS ESI+ calcd for C20H18N3O4
+ [M + H]+, 364.1292; 

found, 364.1335.

2-(2,6-dioxopiperidin-3-yl)-4-(prop-2-yn-1-ylamino)isoindoline-1,3-dione (1n) was synthesized using OP1. The 

product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 1H NMR (400 

MHz, DMSO) δ 11.1 (s, 1H), 7.7 (dd, J = 8.5, 7.1 Hz, 1H), 7.2 – 7.1 (m, 2H), 6.9 (t, J = 6.2 Hz, 1H), 5.1 (dd, J = 12.9, 5.4 

Hz, 1H), 4.2 (dd, J = 6.2, 2.5 Hz, 2H), 3.2 – 3.1 (m, 1H), 2.9 (tdd, J = 14.0, 5.8, 2.7 Hz, 1H), 2.7 – 2.5 (m, 2H), 2.2 – 2.0 

(m, 1H). 13C NMR (101 MHz, DMSO) δ 173.3, 173.2, 170.8, 170.5, 170.2, 169.1, 167.7, 145.7, 138.5, 136.5, 132.6, 

118.4, 111.8, 110.8, 81.4, 74.2, 60.2, 49.6, 49.1, 32.0, 31.5, 31.4, 22.6, 22.3, 21.2, 14.6. TOF MS ESI+ calcd for 

C16H14N3O4
+ [M + H]+, 312.0979; found, 312.1024.



tert-butyl 3-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)azetidine-1-carboxylate (1o) was 

synthesized using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a 

yellow solid. 1H NMR (400 MHz, DMSO) δ 11.2 (s, 1H), 7.6 (dd, J = 8.5, 7.2 Hz, 1H), 7.2 (dd, J = 7.2, 0.6 Hz, 1H), 7.0 (d, 

J = 8.5 Hz, 1H), 6.9 (d, J = 6.6 Hz, 1H), 5.1 (dd, J = 12.8, 5.4 Hz, 1H), 4.5 (dtd, J = 12.3, 7.1, 5.4 Hz, 1H), 4.3 (t, J = 8.0 Hz, 

2H), 3.9 (t, J = 7.2 Hz, 2H), 2.9 (ddd, J = 17.1, 13.9, 5.3 Hz, 1H), 2.7 – 2.5 (m, 2H), 2.1 – 2.0 (m, 1H), 1.4 (s, 9H). 13C 

NMR (101 MHz, DMSO) δ 173.3, 170.5, 168.9, 167.7, 156.1, 145.1, 136.8, 132.8, 118.1, 112.2, 110.9, 79.2, 60.2, 49.1, 

42.2, 31.4, 28.5, 22.6, 21.2, 14.6. TOF MS ESI+ calcd for C21H25N4O6
+ [M + H]+, 429.1769; found, 429.1792.

2-(2,6-dioxopiperidin-3-yl)-4-((2-(2-hydroxyethoxy)ethyl)amino)isoindoline-1,3-dione (1p) was synthesized using 

OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 1H NMR 

(400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.6, 7.1 Hz, 1H), 7.1 (d, J = 8.6 Hz, 1H), 7.0 (d, J = 7.0 Hz, 1H), 6.6 (t, J = 

5.8 Hz, 1H), 5.1 (dd, J = 12.9, 5.4 Hz, 1H), 4.6 (d, J = 4.6 Hz, 1H), 3.6 (t, J = 5.4 Hz, 2H), 3.6 – 3.4 (m, 6H), 2.9 (ddd, J = 

17.0, 13.9, 5.3 Hz, 1H), 2.7 – 2.5 (m, 2H), 2.0 (ddt, J = 13.1, 5.6, 2.7 Hz, 1H). 13C NMR (101 MHz, DMSO) δ 173.3, 170.6, 

169.4, 167.8, 146.9, 136.7, 132.6, 117.9, 111.1, 109.7, 72.7, 69.3, 60.7, 60.2, 49.0, 42.2, 31.5, 22.6, 14.6. TOF MS ESI+ 
calcd for C17H20N3O6

+ [M + H]+, 362.1347; found, 362.1404.

2-(2,6-dioxopiperidin-3-yl)-4-((2-(2-(2-hydroxyethoxy)ethoxy)ethyl)amino)isoindoline-1,3-dione (1q) was 

synthesized using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a 

yellow solid. 1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.6, 7.1 Hz, 1H), 7.1 (d, J = 8.6 Hz, 1H), 7.0 (d, J = 

7.0 Hz, 1H), 6.6 (t, J = 5.8 Hz, 1H), 5.1 (dd, J = 12.9, 5.4 Hz, 1H), 4.6 (t, J = 5.4 Hz, 1H), 3.7 – 3.4 (m, 12H), 2.9 (ddd, J = 

17.4, 14.1, 5.4 Hz, 1H), 2.7 – 2.5 (m, 2H), 2.1 – 2.0 (m, 1H). 13C NMR (101 MHz, DMSO) δ 173.3, 170.6, 169.4, 167.8, 

146.9, 136.7, 132.6, 117.9, 111.2, 109.7, 72.9, 70.3, 69.4, 60.7, 49.0, 42.2, 31.5, 22.6. TOF MS ESI+ calcd for 

C19H24N3O7
+ [M + H]+, 406.1609; found, 406.1334.

2-(2,6-dioxopiperidin-3-yl)-4-((2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)ethyl)amino)isoindoline-1,3-dione (1r) 

was synthesized using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as 

a yellow solid. 1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.6, 7.1 Hz, 1H), 7.1 (d, J = 8.6 Hz, 1H), 7.0 (d, J = 



7.0 Hz, 1H), 6.6 (t, J = 5.8 Hz, 1H), 5.0 (dd, J = 12.9, 5.4 Hz, 1H), 4.5 (t, J = 5.4 Hz, 1H), 3.6 (t, J = 5.4 Hz, 2H), 3.6 (ddd, 

J = 5.5, 3.2, 1.3 Hz, 2H), 3.5 – 3.4 (m, 10H), 3.4 – 3.3 (m, 2H), 2.9 (ddd, J = 16.9, 13.8, 5.2 Hz, 1H), 2.6 – 2.5 (m, 2H), 

2.1 – 2.0 (m, 1H). 13C NMR (101 MHz, DMSO) δ 173.3, 170.5, 169.4, 167.8, 146.9, 136.7, 132.6, 117.9, 111.1, 109.7, 

72.8, 70.3, 70.3, 70.3, 70.2, 69.4, 60.7, 49.0, 42.2, 31.5, 22.6. TOF MS ESI+ calcd for C21H28N3O8
+ [M + H]+, 450.1871; 

found, 450.2253.

2-(2,6-dioxopiperidin-3-yl)-4-((14-hydroxy-3,6,9,12-tetraoxatetradecyl)amino)isoindoline-1,3-dione (1s) was 

synthesized using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a 

yellow solid. 1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.6, 7.1 Hz, 1H), 7.2 (d, J = 8.5 Hz, 1H), 7.1 – 7.0 (m, 

1H), 6.6 (t, J = 5.8 Hz, 1H), 5.1 (dd, J = 12.9, 5.4 Hz, 1H), 4.6 (t, J = 5.5 Hz, 1H), 3.7 – 3.6 (m, 3H), 3.6 – 3.5 (m, 7H), 3.5 

(s, 5H), 3.5 (ddd, J = 6.2, 5.1, 2.8 Hz, 3H), 3.4 (ddd, J = 5.7, 4.7, 0.8 Hz, 2H), 2.9 (ddd, J = 17.4, 14.0, 5.4 Hz, 1H), 2.7 – 

2.5 (m, 2H), 2.0 (ddt, J = 12.9, 5.5, 2.6 Hz, 1H). 13C NMR (101 MHz, DMSO) δ 173.3, 170.5, 169.4, 167.8, 146.9, 136.7, 

132.6, 117.9, 111.2, 109.7, 72.8, 70.3, 70.3, 70.3, 70.2, 70.2, 69.4, 60.7, 49.0, 42.2, 31.5, 22.6. TOF MS ESI+ calcd for 

C23H32N3O9
+ [M + H]+, 494.2133; found, 494.2563.

2-(2,6-dioxopiperidin-3-yl)-4-((17-hydroxy-3,6,9,12,15-pentaoxaheptadecyl)amino)isoindoline-1,3-dione (1t) was 

synthesized using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a 

yellow solid. 1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.5, 7.1 Hz, 1H), 7.1 (d, J = 8.5 Hz, 1H), 7.0 (dd, J = 

7.1, 0.6 Hz, 1H), 6.6 (t, J = 5.8 Hz, 1H), 5.0 (dd, J = 12.9, 5.4 Hz, 1H), 4.5 (t, J = 5.5 Hz, 1H), 3.7 – 3.3 (m, 15H), 3.5 (s, 

5H), 3.3 (s, 4H), 2.9 (ddd, J = 17.4, 14.1, 5.4 Hz, 1H), 2.6 – 2.4 (m, 2H), 2.1 – 2.0 (m, 1H). 13C NMR (101 MHz, DMSO) 

δ 173.3, 170.5, 169.4, 167.8, 146.9, 136.7, 132.6, 117.9, 111.1, 109.7, 72.8, 70.3, 70.3, 70.3, 70.2, 69.4, 60.7, 49.0, 

42.2, 31.5, 22.6. TOF MS ESI+ calcd for C25H36N3O10
+ [M + H]+, 538.2395; found, 538.2830.

2-(2,6-dioxopiperidin-3-yl)-4-((20-hydroxy-3,6,9,12,15,18-hexaoxaicosyl)amino)isoindoline-1,3-dione (1u) was 

synthesized using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a 

yellow solid. 1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.6, 7.1 Hz, 1H), 7.1 (d, J = 8.6 Hz, 1H), 7.0 (d, J = 

7.0 Hz, 1H), 6.6 (t, J = 5.8 Hz, 1H), 5.0 (dd, J = 12.9, 5.4 Hz, 1H), 4.5 (t, J = 5.4 Hz, 1H), 3.6 (t, J = 5.4 Hz, 2H), 3.6 – 3.5 



(m, 5H), 3.5 (s, 5H), 3.5 – 3.4 (m, 7H), 3.4 (s, 1H), 3.4 – 3.4 (m, 2H), 3.3 (d, J = 0.9 Hz, 6H), 2.9 – 2.8 (m, 1H), 2.6 – 2.4 

(m, 2H), 2.1 – 2.0 (m, 1H). 13C NMR (101 MHz, DMSO) δ 173.3, 170.5, 169.4, 167.8, 146.9, 136.7, 132.6, 117.9, 111.1, 

109.7, 72.8, 70.3, 70.3, 70.3, 70.3, 70.2, 69.4, 60.7, 49.0, 42.2, 31.5, 22.6. TOF MS ESI+ calcd for C27H40N3O11
+ [M + 

H]+, 582.2657; found, 582.3144.

tert-butyl (2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)ethyl)carbamate (1v) was synthesized 

using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 
1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.6, 7.1 Hz, 1H), 7.2 (d, J = 8.6 Hz, 1H), 7.0 (dd, J = 11.0, 6.3 Hz, 

2H), 6.7 (t, J = 6.2 Hz, 1H), 5.1 (dd, J = 12.9, 5.4 Hz, 1H), 3.4 – 3.4 (m, 2H), 3.2 (q, J = 6.1 Hz, 2H), 2.9 (dddd, J = 16.9, 

14.0, 5.5, 3.1 Hz, 1H), 2.7 – 2.5 (m, 2H), 2.1 (dddd, J = 21.4, 9.7, 6.3, 2.2 Hz, 1H), 1.4 (s, 9H). 13C NMR (101 MHz, 

DMSO) δ 173.3, 173.2, 170.5, 170.1, 169.2, 167.8, 156.4, 146.9, 138.6, 136.6, 132.7, 123.6, 123.4, 120.5, 117.5, 111.0, 

109.7, 78.3, 60.2, 49.6, 49.0, 42.1, 31.4, 31.4, 28.7, 22.7, 22.3, 21.2, 14.6. TOF MS ESI+ calcd for C20H25N4O6
+ [M + 

H]+, 417.1769; found, 417.1796.

tert-butyl (3-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)propyl)carbamate (1w) was synthesized 

using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 
1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.6, 7.1 Hz, 1H), 7.1 (d, J = 8.6 Hz, 1H), 7.0 (d, J = 7.0 Hz, 1H), 6.9 

(t, J = 5.8 Hz, 1H), 6.7 (t, J = 6.2 Hz, 1H), 5.1 (dd, J = 12.9, 5.4 Hz, 1H), 3.3 (t, J = 6.6 Hz, 2H), 3.0 (q, J = 6.4 Hz, 2H), 2.9 

(ddd, J = 17.4, 14.0, 5.5 Hz, 1H), 2.7 – 2.5 (m, 2H), 2.1 – 2.0 (m, 1H), 1.7 (p, J = 6.6 Hz, 2H), 1.4 (s, 9H). 13C NMR (101 

MHz, DMSO) δ 173.3, 170.6, 169.3, 167.8, 156.2, 146.8, 136.7, 132.7, 117.5, 110.8, 109.6, 78.0, 60.2, 49.0, 37.7, 31.5, 

29.4, 28.7, 22.6, 21.2, 14.5. TOF MS ESI+ calcd for C21H27N4O6
+ [M + H]+, 431.1925; found, 431.1914.



tert-butyl (4-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)butyl)carbamate (1x) was synthesized 

using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 
1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.6, 7.1 Hz, 1H), 7.1 (d, J = 8.6 Hz, 1H), 7.0 (dd, J = 7.1, 0.6 Hz, 

1H), 6.8 (t, J = 5.7 Hz, 1H), 6.6 (t, J = 6.1 Hz, 1H), 5.1 (dd, J = 12.9, 5.4 Hz, 1H), 3.3 (q, J = 6.7 Hz, 2H), 3.0 – 2.8 (m, 3H), 

2.7 – 2.5 (m, 2H), 2.1 – 2.0 (m, 1H), 1.6 – 1.4 (m, 4H), 1.4 (s, 9H). 13C NMR (101 MHz, DMSO) δ 173.3, 170.6, 169.4, 

167.8, 156.1, 146.9, 136.7, 132.7, 117.7, 110.8, 109.5, 77.9, 60.2, 49.0, 42.0, 31.4, 28.7, 27.4, 26.6, 22.6, 14.6. TOF 

MS ESI+ calcd for C22H29N4O6
+ [M + H]+, 445.2082; found, 445.2102.

tert-butyl (5-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)pentyl)carbamate (1y) was synthesized 

using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 
1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.6, 7.1 Hz, 1H), 7.1 (d, J = 8.6 Hz, 1H), 7.0 (d, J = 7.0 Hz, 1H), 6.8 

(t, J = 5.8 Hz, 1H), 6.5 (t, J = 5.9 Hz, 1H), 5.1 (dd, J = 12.9, 5.4 Hz, 1H), 3.3 (q, J = 6.7 Hz, 2H), 2.9 (s, 1H), 2.9 (s, 1H), 2.9 

– 2.8 (m, 1H), 2.7 – 2.5 (m, 2H), 2.1 (ddt, J = 12.8, 5.4, 2.6 Hz, 1H), 1.6 (p, J = 7.3 Hz, 2H), 1.5 – 1.4 (m, 2H), 1.4 (s, 

10H), 1.4 – 1.3 (m, 1H). 13C NMR (101 MHz, DMSO) δ 173.3, 170.6, 169.4, 167.8, 156.1, 146.9, 136.7, 132.7, 117.6, 

110.8, 109.5, 77.8, 60.2, 49.0, 42.3, 31.5, 29.7, 28.9, 28.7, 24.1, 22.6, 14.6. TOF MS ESI+ calcd for C23H31N4O6
+ [M + 

H]+, 459.2238; found, 459.2250.

tert-butyl (6-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)hexyl)carbamate (1z) was synthesized 

using OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 
1H NMR (400 MHz, DMSO) δ 11.1 (s, 1H), 7.6 (dd, J = 8.6, 7.1 Hz, 1H), 7.1 (d, J = 8.6 Hz, 1H), 7.1 (d, J = 7.0 Hz, 1H), 6.8 

(t, J = 5.8 Hz, 1H), 6.6 (t, J = 5.9 Hz, 1H), 5.1 (dd, J = 13.0, 5.4 Hz, 1H), 3.3 (q, J = 6.7 Hz, 2H), 2.9 (td, J = 13.7, 6.1 Hz, 

3H), 2.7 – 2.5 (m, 2H), 2.1 – 2.0 (m, 1H), 1.6 (p, J = 7.1 Hz, 2H), 1.4 (s, 14H), 1.1 (s, 1H). 13C NMR (101 MHz, DMSO) δ 

173.3, 170.6, 169.4, 167.8, 156.1, 146.9, 136.7, 132.7, 117.6, 110.8, 109.5, 77.8, 60.2, 49.0, 42.2, 40.6, 31.5, 29.9, 

29.1, 28.7, 26.5, 26.5, 25.4, 22.6. TOF MS ESI+ calcd for C24H33N4O6
+ [M + H]+, 473.2395; found, 473.2389.



N-((1r,4r)-4-(3-chloro-4-cyanophenoxy)cyclohexyl)-6-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-6-fluoro-1,3-

dioxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)pyridazine-3-carboxamide (4) was synthesized using 

OP1. The product was isolated via Biotage Isolera (gradient: 0 – 50% ethyl acetate in DCM) as a yellow solid. 1H NMR 

(500 MHz, dmso) δ 11.10 (s, 1H), 8.54 (d, J = 8.1 Hz, 1H), 7.80 (dd, J = 14.8, 9.1 Hz, 2H), 7.67 (d, J = 11.4 Hz, 1H), 7.41 

(d, J = 7.3 Hz, 1H), 7.33 (d, J = 2.4 Hz, 1H), 7.29 (d, J = 9.6 Hz, 1H), 7.09 (dd, J = 8.8, 2.4 Hz, 1H), 5.09 (dd, J = 12.8, 5.4 

Hz, 1H), 4.50 (dt, J = 9.1, 3.9 Hz, 1H), 4.46 (s, 1H), 4.44 (s, 1H), 3.83 (dtd, J = 11.4, 7.6, 4.2 Hz, 1H), 3.25 – 3.20 (m, 3H), 

2.98 (t, J = 12.3 Hz, 2H), 2.88 (ddt, J = 16.6, 12.2, 5.4 Hz, 1H), 2.62 – 2.54 (m, 1H), 2.57 – 2.48 (m, 5H), 2.18 (d, J = 6.9 

Hz, 2H), 2.11 – 1.98 (m, 4H), 1.91 – 1.84 (m, 3H), 1.80 (d, J = 12.7 Hz, 2H), 1.61 (td, J = 14.0, 7.0 Hz, 2H), 1.53 – 1.42 

(m, 2H), 1.16 – 1.04 (m, 2H). 13C NMR (126 MHz, dmso) δ 173.2, 170.3, 167.1, 166.6, 166.6, 163.0, 162.2, 160.4, 

158.8, 156.7, 145.8, 145.7, 144.7, 137.4, 136.2, 129.2, 129.2, 126.7, 123.8, 123.7, 117.2, 116.8, 115.8, 114.0, 112.8, 

112.4, 112.2, 103.7, 76.0, 64.0, 53.3, 50.0, 49.5, 47.5, 44.9, 40.9, 33.1, 31.4, 30.3, 30.2, 30.1, 29.9, 22.5. 19F NMR (564 

MHz, dmso) δ -111.86. TOF MS ESI+ calcd for C41H44ClFN9O6
+ [M + H]+, 812.3082; found, 812.3640.

4.2. 1H, 13C, and 19F NMR spectra

1b 1H-NMR (500MHz, DMSO-d6)



1b 13C-NMR (125MHz, DMSO-d6)

2b 1H-NMR (500MHz, DMSO-d6)



2b 13C-NMR (125MHz, DMSO-d6)

3b 1H-NMR (500MHz, DMSO-d6)



3b 13C-NMR (125MHz, DMSO-d6)

3b 19F-NMR (564MHz, DMSO-d6)



4 1H-NMR (500MHz, DMSO-d6)

4 13C-NMR (125MHz, DMSO-d6)



4 19F-NMR (564MHz, DMSO-d6)

1c 1H-NMR (500MHz, DMSO-d6)



1c 13C-NMR (125MHz, DMSO-d6)

1d 1H-NMR (500MHz, DMSO-d6)



1d 13C-NMR (125MHz, DMSO-d6)

1e 1H-NMR (500MHz, DMSO-d6)
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1e 13C-NMR (125MHz, DMSO-d6)

1f 1H-NMR (500MHz, DMSO-d6)
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1f 13C-NMR (125MHz, DMSO-d6)



1g 1H-NMR (500MHz, DMSO-d6)
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1h 1H-NMR (500MHz, DMSO-d6)
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1i 1H-NMR (500MHz, DMSO-d6)
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1i 13C-NMR (125MHz, DMSO-d6)



1j 1H-NMR (500MHz, DMSO-d6)
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1k 1H-NMR (500MHz, DMSO-d6)

1.52.02.53 .03 .54.04.55.05.56.06.57.07.58 .08 .59 .09 .510.010.511.011.5
f1 (ppm)

-100000

0

100000

200000

300000

400000

500000

600000

700000

800000

900000

1000000

1100000

1200000

1300000

1400000

1500000

1600000

1700000

1800000

190000020240417_NMRI-2024-066 _DA_SD/20240417-POB400 _NMRI-2024-066 _DA1139 _SD_DA-1-magnetPI-PROTON.bkr
PROTON DMSO /nfs/csicompserv/students/pob400 service 58

A (s)
11.11

B (d)
8 .50

C (dd)
7.71

D (m)
7.37

E (d)
7.33

F (dd)
5.12

G (d)
3 .83

H (td)
3 .01

I (m)
2.83

J (m)
2.59

K (dtd)
2.05

L (m)
1.93

M (m)
1.86

1.9
6

2.
03

1.1
1

2.
07

1.8
9

1.9
6

1.9
5

1.0
3

0.
97

3.
00

1.0
2

2.
05

0.
98

1.
72

1.
75

1.
81

1.
82

1.
84

1.
85

1.
88

1.
88

1.
90

1.
9

1
1.

9
2

1.
9

2
1.

9
3

1.
94

1.
95

2.
0

1
2.

0
2

2.
0

3
2.

0
3

2.
04

2.
04

2.
05

2.
06

2.
06

2.
07

2.
08

2.
09

2.
12

2.
23

2.
49

2.
50

2.
50

 D
M

SO
2.

5
1 

D
M

SO
2.

5
1 

D
M

SO
2.

5
1 

D
M

SO
2.

5
2 

D
M

SO
2.

53
 D

M
SO

2.
53

 D
M

SO
2.

54
2.

55
2.

56
2.

5
7

2.
58

2.
6

0
2.

6
1

2.
6

2
2.

6
3

2.
6

3
2.

6
4

2.
74

2.
76

2.
77

2.
77

2.
78

2.
79

2.
8

0
2.

81
2.

82
2.

85
2.

8
6

2.
88

2.
8

9
2.

8
9

2.
90

2.
9

2
2.

94
2.

98
2.

98
3

.0
1

3
.0

1
3

.0
1

3
.0

4
3

.0
4

3
.1

5
3

.3
9

 H
2O

3
.6

5
3

.8
2

3
.8

5
5

.0
9

5
.1

1
5

.1
3

5
.1

4
5

.7
6

6
.5

3
7.

33
7.

33
7.

34
7.

35
7.

35
7.

37
7.

38
7.

40
7.

43
7.

4
5

7.
4

7
7.

6
9

7.
70

7.
71

7.
71

7.
73

7.
74

7.
76

8
.5

0
8

.5
1

11
.1

1
11

.1
7

1k 13C-NMR (125MHz, DMSO-d6)



1l 1H-NMR (500MHz, DMSO-d6)

0.51.01.52.02.53 .03 .54.04.55.05.56.06.57.07.58 .08 .59 .09.510.010.511.011.5
f1 (ppm)

-200000

0

200000

400000

600000

800000

1000000

1200000

1400000

1600000

1800000

2000000

2200000

2400000

2600000

2800000

20240417_NMRI-2024-066 _DA_SD/20240419 _POB400 _NMRI-2024-066 _LH089 _SD_DA-1-magnetPI-PROTON.bkr
PROTON DMSO /nfs/csicompserv/students/pob400 service 34

A (s)
11.10

B (dd)
7.60

C (d)
7.21

D (d)
7.06

E (d)
6.27

F (dd)
5.06

G (d)
3 .91

H (tt)
3 .75

I (ddt)
2.90

J (m)
2.59

K (m)
2.04

M (m)
1.93

O (s)
1.41

L (dt)
2.51

N (m)
1.37

0.
81

11
.2

8

2.
45

1.0
0

1.3
6

2.
13

1.0
9

1.3
8

2.
42

1.2
3

1.1
3

1.0
4

1.0
8

1.0
9

1.1
0

0
.8

1
1.

16
1.

18
1.

20
1.

23
1.

34
1.

35
1.

35
1.

37
1.

38
1.

40
1.

41
1.

4
4

1.
9

1
1.

9
2

1.
9

2
1.

9
4

1.
95

1.
9

9
2.

00
2.

0
1

2.
0

2
2.

0
2

2.
0

3
2.

04
2.

05
2.

05
2.

06
2.

08
2.

09
2.

10
2.

4
7

2.
48

2.
48

2.
49

2.
50

2.
5

1
2.

5
1

2.
5

1
2.

5
2

2.
54

2.
54

2.
55

2.
5

7
2.

59
2.

6
1

2.
6

1
2.

6
2

2.
6

3
2.

6
4

2.
85

2.
8

6
2.

88
2.

89
2.

89
2.

90
2.

9
2

2.
9

2
2.

9
3

2.
94

2.
95

3
.2

5
3

.3
4 

H
2O

3
.7

2
3

.7
5

3
.7

6
3

.7
7

3
.7

8
3

.8
0

3
.8

9
3

.9
3

4.
0

1
4.

0
3

4.
04

4.
06

5
.0

4
5

.0
5

5
.0

7
5

.0
8

5
.1

5
5

.1
6

5
.1

8
5

.1
9

6
.2

6
6

.2
8

7.
05

7.
07

7.
20

7.
22

7.
58

7.
59

7.
6

0
7.

6
2

7.
71

7.
71

7.
73

7.
73

7.
74

7.
76

7.
76

7.
78

7.
8

0
7.

9
3

7.
94

7.
94

7.
95

7.
95

7.
96

7.
96

7.
98

11
.1

0
11

.1
6

1l 13C-NMR (125MHz, DMSO-d6)
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1o 1H-NMR (500MHz, DMSO-d6)
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1p 1H-NMR (500MHz, DMSO-d6)
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1q 1H-NMR (500MHz, DMSO-d6)
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1y 1H-NMR (500MHz, DMSO-d6)
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1z 1H-NMR (500MHz, DMSO-d6)
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4.3. Analytical HPLC traces (post-workup reaction purity)

Analytical HPLC profiles were obtained for each synthesized compound in this study. Peak integration was conducted 

automatically, and the software generated a report detailing the relative purity of each sample. Peaks eluting at the 

start (2.6–3.1 min), middle (15.5 min), and end (37–39 min) of each run were manually excluded, as a blank run 

confirmed these consistent minor impurities were derived from the column itself as well as baseline drift. This 

analysis was performed on An HP 1100 series analytical HPLC fitted with a reverse-phase (C18) analytical column, 

using a gradient of 5–100% acetonitrile in water (both components modified with 0.1% formic acid) over 35 min 

followed by a 5 min hold with 100% acetonitrile.



BLANK analytical HPLC trace



1b analytical HPLC trace



2b analytical HPLC trace



3b analytical HPLC trace



4 analytical HPLC trace



1c analytical HPLC trace



1d analytical HPLC trace



1e analytical HPLC trace



1f analytical HPLC trace



1g analytical HPLC trace



1h analytical HPLC trace



1i analytical HPLC trace



1j analytical HPLC trace



1k analytical HPLC trace



1l analytical HPLC trace



1m analytical HPLC trace



1n analytical HPLC trace



1o analytical HPLC trace
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1q analytical HPLC trace



1r analytical HPLC trace



1s analytical HPLC trace
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1v analytical HPLC trace



1w analytical HPLC trace



1x analytical HPLC trace



1y analytical HPLC trace



1z analytical HPLC trace



5. 19F NMR kinetic analysis – general procedure and experimental setup

Prior to running kinetic experiments, a calibration curve was constructed to allow the conversion of 19F-NMR signal 

intensity into concentration. More specifically, 19F-NMR spectra were recorded for 0-0.20 M concentrations of pure 

product 3b, and the integration of the -111 ppm peak was found to show excellent linearity with the concentration 

of 3b (see Figure S1).

For kinetic runs, starting material 3a was combined with Boc-piperazine in 1 mL of deuterated DMSO in a reaction 

vessel and 25 µL of DIPEA was added. The synthetically relevant final concentrations of reactants were 0.05 M for 

3a and 0.06 M for Boc-piperazine.  The reaction vessel was then heated either by submersion in a pre-heated oil 

bath (90oC) or by 10-s pre-stir heating (150oC) in a microwave reactor.  After incubation for various reaction times, 

ranging from 2 min to 120 min, the reaction vessel was removed, cooled, and a 500-µL aliquot was removed for NMR 

analysis.  An 19F-NMR spectrum was recorded, the -111 pm peak was integrated, and the AUC value was converted 

to concentration of product 3b according to the calibration curve (Figure S1).  A different reaction mixture was 

treated in this manner for every time point, and each time point was performed in duplicate.

The kinetic data of 3b concentration vs time were then analysed to give second order rate constants for the 

reactions.  An explicit equation for the second order reaction was derived as shown in Scheme S1.  Under these 

reaction conditions, reactants are not equimolar, nor is one in large excess over the other, so the explicit equation 

cannot be simplified to the typical simple second order or first-order equations, respectively.  Rather, the full 

equation was used to fit the product concentration vs time data sets, by non-linear least squares regression in 

GraphPad Prism (Figure 4).

The rate constants measured in this way are shown in Table S2, along with their associated errors.  These values 

were shown to be statistically significantly distinct according to an unpaired Student’s t-test at the α = 0.5 level (P = 

0.0029, see Figure S3).  The ratio of k2
MW/ k2

OB was calculated to be 7.01 ± 2.85, where the error represents the 

propagation of the uncertainties in the second order rate constants through to the ratio.

Figure S1: Calibration curve for conversion of NMR integration values to concentration for addition product 

LH047





Scheme S1:  Derivation of explicit equation for fitting of second order rate data

For a second order reaction:

the rate law can be written as:

𝑑[P]
𝑑𝑡

= 𝑘2[A][B] = 𝑘2([A]0 ‒ [P])([B]0 ‒ [P])

and rearranged:

𝑑[P]
([A]0 ‒ [P])([B]0 ‒ [P])

= 𝑘2𝑑𝑡

then integrated:
P

∫
0

𝑑[P]
([A]0 ‒ [P])([B]0 ‒ [P])

= 𝑘2

𝑡

∫
0

𝑑𝑡

to give the general linear equation:

1
[B]0 ‒ [A]0(𝑙𝑛([A]0([B]0 ‒ [P])

[B]0([A]0 ‒ [P]))) = 𝑘2𝑡

This equation can in turn be rearranged:

𝑙𝑛([A]0([B]0 ‒ [P])
[B]0([A]0 ‒ [P])) = 𝑘2𝑡([B]0 ‒ [A]0)

𝑙𝑛([A]0

[B]0
) + 𝑙𝑛(([B]0 ‒ [P])

([A]0 ‒ [P])) = 𝑘2𝑡([B]0 ‒ [A]0)

𝑙𝑛(([B]0 ‒ [P])
([A]0 ‒ [P])) = 𝑘2𝑡([B]0 ‒ [A]0) ‒ 𝑙𝑛([A]0

[B]0
)

([B]0 ‒ [P])
([A]0 ‒ [P])

= 𝑒
(𝑘2𝑡([B]0 ‒ [A]0) ‒ 𝑙𝑛([A]0

[B]0))

[B]0 ‒ [P] = ([A]0 ‒ [P])𝑒
(𝑘2𝑡([B]0 ‒ [A]0) ‒ 𝑙𝑛([A]0

[B]0))



[P]𝑒
(𝑘2𝑡([B]0 ‒ [A]0) ‒ 𝑙𝑛([A]0

[B]0))
‒ [P] = [A]0𝑒

(𝑘2𝑡([B]0 ‒ [A]0) ‒ 𝑙𝑛([A]0
[B]0))

‒ [B]0

[P](𝑒
(𝑘2𝑡([B]0 ‒ [A]0) ‒ 𝑙𝑛([A]0

[B]0))
‒ 1) = [A]0𝑒

(𝑘2𝑡([B]0 ‒ [A]0) ‒ 𝑙𝑛([A]0
[B]0))

‒ [B]0

to isolate an explicit equation for [P] :

[P] =
[A]0𝑒

(𝑘2𝑡([B]0 ‒ [A]0) ‒ 𝑙𝑛([A]0
[B]0))

‒ [B]0

(𝑒
(𝑘2𝑡([B]0 ‒ [A]0) ‒ 𝑙𝑛([A]0

[B]0))
‒ 1)

This explicit equation for [P] was then re-written in simple text, for use in fitting software such as GraphPad Prism:

Y=((A0*exp((k2*X*(B0-A0))-ln(A0/B0))-B0)/((exp((k2*X*(B0-A0))-ln(A0/B0)))-1))

where Y is [P], X is time, and A0 and B0 are the initial concentrations of reactants, entered as constants prior to 

fitting each X-Y data set.

Figure S2: Kinetic data for duplicate reactions of 0.05 M A and 0.06 M B, heated in a microwave oven (panel A) or 

in an oil bath (panel B).  The data were fitted by non-linear regression to the explicit second order 

equation derived in Scheme S1.
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Table S2: Second order rate constants calculated for the reaction of 3a with Boc-piperazine, heated in a microwave 

reactor (k2
MW) or in an oil bath (k2

OB) (see Figure S2).  For individual trial values, the standard errors of the 

fitting are shown.  For the mean values, the errors reported are the standard deviation of the mean.  

k2
MW (M-1min-1) k2

OB (M-1min-1)

Trial 1 4.12 ± 0.38 0.741 ± 0.180

Trial 2 3.95 ± 0.59 0.411 ± 0.271

Mean 4.02 ± 0.12 0.576 ± 0.233


