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Synthetic Chemistry General experimental procedures 

All reactions were performed in flame- or oven-dried glassware under positive pressure of 
nitrogen or argon unless otherwise noted. Dichloromethane, dimethylacetamide, N,N- 
dimethylformamide, triethylamine, and toluene were dried by columns packed with activated 
alumina on a solvent purification system. Anhydrous pyridine and DMSO were purchased from 
Acros Organics in AcroSeal bottles. All reagents were used as purchased without further 
purification. Thin layer chromatography (TLC) was performed on Merck 60 F254 pre-coated 
silica gel plates, and plates were visualized with UV light and ninhydrin stain when appropriate. 
Flash-column chromatography was performed using silica gel (60 Å, 230-240 mesh, Merck 
KGA). HPLC runs were conducted on a Waters 2545 binary gradient pump equipped with UV- 
Vis Detector. Analytical runs were performed using a Phenomenex C18 column (4.6 x 50 mm). 
Separations were monitored at 254 nm. NMR spectra were recorded with Bruker Avance 
spectrometers using deuterated solvents. 1H NMR spectra were recorded at 500 MHz as 
indicated. 13C spectra were recorded at 125 MHz. 1H NMR data are reported in the following 
order: chemical shift (8 ppm), multiplicity, coupling constant (Hz), and integration. 13C NMR 
data are reported in terms of chemical shift. Infrared spectra were recorded using a Thermo 
Scientific iD5 ATR infrared spectrophotometer. High-resolution mass spectra were obtained 
from the University of Delaware Mass Spectrometry Facility. The abbreviations used can be 
found in the document JOC Standard Abbreviations and Acronyms. 
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HPLC Purification of Probe 4 

Probe 4 was purified on a Waters HPLC, with a Waters 2545 binary gradient pump equipped with Waters 2489 UV-
Vis Detector. The column was a Sunfire 5 um silica prep 4.6 x 250 mm, 100% ACN, 2 mL/min. 
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Figure S1. Western blots for probes 5, 7, and 16. 
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Figure S1. (A) Overlaid gels with strep tag II (DRD2) and probe 
channels, the band at ~50 kDA corresponds to DRD2. Lanes: 5 is 
probe 5, 7 is probe 7, M is marker. (B) Competition assay with probe 
5. (C) Competition assay with probe 7. (D)  Negative control probe 16
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Figure S2. Previously-known proteins modulated by ropinirole according to 
STICH 

Figure S2. Stronger associations are represented by thicker lines. Protein-protein interactions are 
shown in grey, chemical-protein interactions in green. Image generated using STICH database 
and user interface, stich.embl.de. 
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Table S1. Previously known KEGG pathways for Ropinirole 
 

pathway 
description 

observed 
gene 
count 

false 
discovery 
rate 

matching proteins in 
network (labels) 

Dopaminergic 5 4.80E-07 Drd1a,Drd2,Drd3,Drd4,Drd5 
synapse    
Neuroactive 5 1.50E-05 Drd1a,Drd2,Drd3,Drd4,Drd5 
ligand-    
receptor    
interaction    
Tryptophan 2 0.0145 Cyp1a1,Cyp1a2 
metabolism    
Cocaine 2 0.0145 Drd1a,Drd2 
addiction    
Metabolism of 2 0.018 Cyp1a1,Cyp1a2 
xenobiotics by    
cytochrome    
P450    
Steroid 2 0.0195 Cyp1a1,Cyp1a2 
hormone    
biosynthesis    
Retinol 2 0.0195 Cyp1a1,Cyp1a2 
metabolism    
Chemical 2 0.0197 Cyp1a1,Cyp1a2 
carcinogenesis    
Gap junction 2 0.0204 Drd1a,Drd2 
Alcoholism 2 0.046 Drd1a,Drd2 
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Figure S3. Previously-known proteins modulated by pramipexole according to 
STICH 

Figure S3. Stronger associations are represented by thicker lines. Protein-protein interactions are 
shown in grey, chemical-protein interactions in green. Image generated using STICH database 
and user interface, stich.embl.de. 
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Table S2. Previously known KEGG pathways for pramipexole. 
 

pathway 
description 

observed 
gene 
count 

false 
discovery 
rate 

matching proteins in network (labels) 

Neuroactive ligand- 7 3.04E-09 Drd1a,Drd2,Drd3,Drd4,Drd5,Htr2a,Htr2c 
receptor interaction 
Dopaminergic 

 
5 

 
2.40E-07 

 
Drd1a,Drd2,Drd3,Drd4,Drd5 

synapse 
Gap junction 

 
4 

 
4.20E-06 

 
Drd1a,Drd2,Htr2a,Htr2c 

Calcium signaling 4 6.54E-05 Drd1a,Drd5,Htr2a,Htr2c 
pathway 
Cocaine addiction 

 
3 

 
6.54E-05 

 
Bdnf,Drd1a,Drd2 

Alcoholism 3 0.00125 Bdnf,Drd1a,Drd2 
Inflammatory 
mediator regulation 
of TRP channels 
Serotonergic 

2 
 
 
2 

0.0434 
 
 
0.0464 

Htr2a,Htr2c 
 
 
Htr2a,Htr2c 

synapse    
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Table S3. KEGG Pathway Analysis for Hits in Common for Probes 5 and 7. 
 

 
term 
description 

observed 
gene 
count 

 
background 
gene count 

 
 

strength 

false 
discovery 
rate 

 
matching proteins in network 
(labels) 

     PSMA4,PPIF,ATP5E,CYCS, 
Alzheimer     TUBB, 
disease 8 355 0.94 0.0011 PSMD4,ATP5F1,NOS1 
Parkinson     PSMA4,PPIF,ATP5E,CYCS, 
disease 7 240 1.05 0.0011 TUBB,PSMD4,ATP5F1 
Huntington     PSMA4,PPIF,ATP5E,CYCS, 
disease 7 298 0.95 0.0011 TUBB,PSMD4,ATP5F1 
     PSMA4,PPIF,ATP5E,CYCS, 
Prion disease 7 265 1.01 0.0011 TUBB,PSMD4,ATP5F1 
     PSMA4,ATP5E,CYCS, 
Amyotrophic     TUBB,PSMD4,ATP5F1, 
lateral sclerosis 7 352 0.88 0.0025 NOS1 
Spinocerebellar      
ataxia 4 135 1.06 0.0261 PSMA4,PPIF,CYCS,PSMD4 
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Table S4. STRING Network Statistics for Hits in Common for Probes 5 and 7 

number of nodes: 
101 
number of edges: 
673 
average node degree: 
13.3 
avg. local clustering coefficient: 
0.548 
expected number of edges: 
240 
PPI enrichment p-value: 
< 1.0e-16 
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Table S5. WikiPathways Hits for probes 5 and 7. 

term 
description 

observed 
gene 
count 

background 
gene count 

strength false 
discovery 
rate 

matching proteins 
in your network 
(labels) 

Proteasome 17 60 1.74 7.58E-21 PSMA4,PSMC4, 
degradation PSMD5,PSMD8, 

PSMA3,PSMD7, 
PSMA2,PSMB7, 
PSMC1,PSMA6, 
PSMD11,PSMB1, 
PSMD3,PSMB6, 
PSMA5,PSMB4, 
PSMD4 

Alzheimers 20 258 1.18 3.36E-15 PSMA4,PSMC4, 
disease and PSMD8,PSMA3, 
miRNA effects PSMD7,PSMA2, 

PPIF,PSMB7, 
PSMC1, 
PSMA6,PSMB1, 
PSMD3,VDAC1, 
PSMB6,PSMA5, 
PSMB4,CYCS, 
TUBB,PSMD4, 
NOS1 

Alzheimers 20 255 1.18 3.36E-15 PSMA4,PSMC4, 
disease PSMD8,PSMA3, 

PSMD7,PSMA2, 
PPIF,PSMB7, 
PSMC1,PSMA6, 
PSMB1,PSMD3, 
VDAC1,PSMB6, 
PSMA5,PSMB4, 
CYCS,TUBB, 
PSMD4,NOS1 

Cytoplasmic 13 86 1.47 5.67E-13 RPL18A,RPL19, 
ribosomal RPS12,RPS16, 
proteins RPL35,RPL8, 

RPS11,RPS27A, 
RPL37,RPS3, 
RPS23,RPS9, 
RPS21 

Oxidative 10 60 1.51 3.37E-10 ATP5D,ATP5E, 
phosphorylation ATP5B,ATP5G3, 
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ATP5O,ATP5J2, 
ATP5L,ATP5H, 
ATP5I,ATP5F1 

Electron 11 103 1.32 1.76E-09 ATP5D,ATP5E, 
transport chain: ATP5B,ATP5G3, 
OXPHOS ATP5O,ATP5J2, 
system in ATP5L,ATP5H, 
mitochondria ATP5I,UQCRFS1, 

ATP5F1 
Parkin- 9 67 1.42 1.79E-08 PSMC4,PSMD5, 
ubiquitin PSMD8, 
proteasomal PSMD7, 
system pathway PSMC1,PSMD11, 

PSMD3,TUBB, 
PSMD4 

7q11.23 copy 6 104 1.05 0.0019 ATP5D,ATP5E, 
number ATP5B, 
variation ATP5G3,ATP5O, 
syndrome ATP5F1 
mRNA 6 125 0.97 0.0044 SNRPD3,SNRPA, 
processing SNRPA1, 

SNRPF,SNRPG, 
HNRNPD 

VEGFA- 10 428 0.66 0.0058 RPL18A,FXR2, 
VEGFR2 SDCBP, 
signaling PSMD11,RPS11, 
pathway FARSB,GJA1, 

CYCS,PSMD4, 
EWSR1 



14  

 
Table S6. Local network analysis (via STRING) for hits in common for probes 
5 and 7 

 
term description observed 

gene 
count 

background 
gene count 

strength false 
discovery 
rate 

Proteasome 17 46 1.85 1.11E-21 
Proteasome 16 35 1.95 1.11E-21 
Regulation of ornithine 
decarboxylase 
(ODC), and RAS signaling 
downstream of NF1 
loss-of-function variants 
Proteasome 

18 
 
 
 

13 

74 
 
 
 

26 

1.67 
 
 
 

1.99 

4.93E-21 
 
 
 

2.57E-18 
Formation of ATP by 
chemiosmotic 
coupling 
Proteasome subunit, and 

10 
 
 

10 

15 
 
 
21 

2.11 
 
 
1.96 

9.38E-15 
 
 
1.06E-13 

proteasome regulatory particle 
Cytoplasmic ribosomal proteins 

 
13 

 
75 

 
1.53 

 
2.06E-13 

Cytoplasmic ribosomal proteins 12 70 1.52 2.40E-12 
Formation of ATP by 8 10 2.19 3.16E-12 
chemiosmotic coupling 
Proteasome regulatory particle, 

 
8 

 
16 

 
1.99 

 
4.75E-11 

and proteasome subunit 
Oxidative phosphorylation 

 
11 

 
103 

 
1.32 

 
2.62E-09 

Proteasome regulatory particle, 6 11 2.02 2.83E-08 
and proteasome alpha-type subunit 
Cytoplasmic ribosomal proteins 

 
8 

 
57 

 
1.43 

 
2.06E-07 

Cytoplasmic ribosomal proteins 7 47 1.46 1.53E-06 
Formation of ATP by 4 5 2.19 1.08E-05 
chemiosmotic coupling 
Cytosolic small ribosomal 

 
4 

 
13 

 
1.78 

 
0.00019 

subunit, and ribosomal_l31e 
Proteasome regulatory particle, 

 
3 

 
5 

 
2.07 

 
0.00091 

lid subcomplex, and 
26s proteasome non-atpase 
regulatory subunit 7/8 
U2-type precatalytic spliceosome, 

 
 

5 

 
 

60 

 
 

1.21 

 
 

0.0026 
and U1 snRNP     
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Table S7. STRING Network statistics for probe 5 
number of nodes: 
119 
number of edges: 
437 
average node degree: 
7.34 
avg. local clustering coefficient: 
0.468 
expected number of edges: 
181 
PPI enrichment p-value: 
< 1.0e-16 
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Table S8. KEGG Analysis of hit 5 

term 
description 

observed 
gene 
count 

strength false 
discovery 
rate 

matching proteins in 
your network (labels) 

Parkinson 31 1.33 1.49E-28 PSMA4,PSMC4,NDUFB4, 
disease UQCRC1,PSMD8,NDUFB7, 

PSMA3,PSMD7,PSMA2, 
NDUFS7,NDUFB3,NDUFA2, 
NDUFA10,NDUFB5,PSMB7, 
PSMC1,PSMA6,PSMD11, 
PSMB1,NDUFS3,PSMD3, 
NDUFA9,UQCRC2,NDUFB10, 
PSMB6,PSMA5,RPS27A, 
CYC1,PSMA7,SEPT5, 
NDUFA6 

Prion disease 29 1.26 6.03E-25 PSMA4,PSMC4,NDUFB4, 
UQCRC1,PSMD8,NDUFB7, 
PSMA3,PSMD7,PSMA2, 
NDUFS7,NDUFB3,NDUFA2, 
NDUFA10,NDUFB5,PSMB7, 
PSMC1,PSMA6,PSMD11, 
PSMB1,NDUFS3,PSMD3, 
NDUFA9,UQCRC2,NDUFB10, 
PSMB6,PSMA5,CYC1, 
PSMA7,NDUFA6 

Alzheimer 31 1.16 2.99E-24 PSMA4,PSMC4,NDUFB4, 
disease UQCRC1,PSMD8,NDUFB7, 

PSMA3,PSMD7,PSMA2, 
NDUFS7,NDUFB3,NDUFA2, 
NDUFA10,NDUFB5,PSMB7, 
PSMC1,PSMA6,PSMD11, 
PSMB1,NDUFS3,PSMD3, 
NDUFA9,UQCRC2,NDUFB10, 
PSMB6,PSMA5,CHRM1, 
CYC1,PSMA7,RTN3,NDUFA6 

Huntington 29 1.2 6.60E-24 PSMA4,PSMC4,NDUFB4, 
disease UQCRC1,PSMD8,NDUFB7, 

PSMA3,PSMD7,PSMA2, 
NDUFS7,NDUFB3,NDUFA2, 
NDUFA10,NDUFB5,PSMB7, 
PSMC1,PSMA6,PSMD11, 
PSMB1,NDUFS3,PSMD3, 
NDUFA9,UQCRC2,NDUFB10, 
PSMB6,PSMA5,CYC1, 
PSMA7,NDUFA6 
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Amyotrophic 29 1.13 4.20E-22 PSMA4,PSMC4,NDUFB4, 
lateral sclerosis UQCRC1,PSMD8,NDUFB7, 

PSMA3,PSMD7,PSMA2, 
NDUFS7,NDUFB3,NDUFA2, 
NDUFA10,NDUFB5,PSMB7, 
SMC1,PSMA6,PSMD11,PSMB1, 
NDUFS3,PSMD3,NDUFA9, 
UQCRC2,NDUFB10,PSMB6, 
PSMA5,CYC1,PSMA7, 
NDUFA6 

Proteasome 16 1.79 5.53E-21 PSMA4,PSMC4,PSMD8, 
PSMA3,PSMD7,PSMA2,P 
SMB7,PSMC1,PSMA6, 
PSMD11,PSMB1,PSMD3, 
PSMB6,PSMA5,PSME3, 
PSMA7 

Spinocerebellar 15 1.26 8.39E-13 PSMA4,PSMC4,PSMD8, 
ataxia PSMA3,PSMD7,PSMA2, 

PSMB7,PSMC1,PSMA6, 
PSMD11,PSMB1,PSMD3, 
PSMB6,PSMA5,PSMA7 

Oxidative 14 1.25 8.52E-12 NDUFB4,UQCRC1,NDUFB7, 
phosphorylation NDUFS7,NDUFB3,NDUFA2, 

NDUFA10,NDUFB5,NDUFS3, 
NDUFA9,UQCRC2,NDUFB10, 
CYC1,NDUFA6 

Non-alcoholic 14 1.19 3.88E-11 NDUFB4,UQCRC1,NDUFB7, 
fatty liver NDUFS7,NDUFB3,NDUFA2, 
disease NDUFA10,NDUFB5,NDUFS3, 

NDUFA9,UQCRC2,NDUFB10, 
CYC1,NDUFA6 

Retrograde 12 1.13 6.63E-09 NDUFB4,NDUFB7,NDUFS7, 
endocannabinoid NDUFB3,NDUFA2,NDUFA10, 
signaling NDUFB5,NDUFS3,NDUFA9, 

NDUFB10,GNG12,NDUFA6 
Thermogenesis 14 1 7.51E-09 NDUFB4,UQCRC1,NDUFB7, 

NDUFS7,NDUFB3,NDUFA2, 
NDUFA10,NDUFB5,NDUFS3 
,NDUFA9,UQCRC2,NDUFB10, 
CYC1,NDUFA6 

Ribosome 8 1.01 5.43E-05 RPL18A,RPL19,RPS12, 
RPS16,RPL35,RPL8, 
RPS11,RPS27A 

Endocytosis 9 0.79 0.00055 ACAP1,WASL,TSG101, 
CBL,VPS37B,ARFGEF2, 
WIPF1,SH3KBP1, 
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    EHD1 
Metabolic 20 0.36 0.0117 NDUFB4,UQCRC1,NDUFB7, 
pathways    NDUFS7,NDUFB3,ACYP1, 
    NDUFA2,NDUFA10,NDUFB5, 
    SETD1A,NDUFS3,NDUFA9, 
    UQCRC2,NDUFB10,CYC1, 
    ALDH1A3,ASH1L,AK9, 
    NDUFA6,PGM3 
Epstein-Barr 6 0.71 0.0299 PSMC4,PSMD8,PSMD7, 
virus infection    PSMC1,PSMD11,PSMD3 
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Table S9. STRING Network statistics for probe 7 

number of nodes: 
94 
number of edges: 
419 
average node degree: 
8.91 
avg. local clustering coefficient: 
0.598 
expected number of edges: 
193 
PPI enrichment p-value: 
< 1.0e-16 



20 

Table S10. Molecular Function (Gene Ontology) Analysis for probe 7 

#term ID term 
description 

observed 
gene 
count 

strength false discovery 
rate 

matching proteins 
in your network (labels) 

GO:0031748 D1 dopamine 
receptor 
binding 

3 1.8 0.0086 VPS35,PTPN11,SNX5 
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Probe 4 2D NMR Assignments 

 
 
 

 
 

Isomer 
1        
 Cd HSQC Hd multiplicity J-value COSY HMBC 
C1 177.405      H1 

C2 35.07 H1 3.51 s  H5, H6 
H2, H3, H4, 
H13 

C3 124.37      H1, H2, H4 
C4 135.63      H1, H3 
C5 122.9 H2 6.847 d 7.8 Hz H3 H1, H2 
C6 128.24 H3 7.1388 t 7.7 Hz H2, H4 H1 
C7 108 H4 6.736 d 7.7 Hz H3 H1, H2 
C8 142.59      H1, H3 
C9 31.34 H5 2.77 m  H1,H7 H3 
C10 46.79 H6 3.095 t 7.6 Hz H14 H13 
C11 170.9      H6 
C12 28.04 H10 2.028 t 7.3 Hz H11 H2 
C13 32.69 H11 1.663 t 7.4 Hz H10 H3 
C14 13.42      H11 
C15 38.79 H12 1.87 t 7.1 Hz H11, H13 H3 
C16 11.35 H13 1.975 m  H12, H14 H1 
C17 82.91      H8 
C18 69.25 H14 1.805 m  H13 H6, H14 
C19 50.2 H7 3.469 t 7.8 Hz H1, H5  
C20 22.34 H8 1.58 t 7.3 Hz H9 H6 
C21 26.95 H9 0.898 t 7.4 Hz H8 H2 
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Isomer 
2        
 Cd HSQC Hd multiplicity J-value COSY HMBC 
C1 176.94      H1 
C2 34.835 H1 3.46 s  H5 H2, H3, H4 
C3 124.4      H1 
C4 134.63      H1 
C5 122.86 H2 6.8 d 1.9 Hz H3 H1, H4 
C6 128.7 H3 7.187 t 7.7 Hz H2, H4 H1 
C7 108.54 H4 6.79 d 1.9 Hz H3 H1, H2 
C8 142.94       
C9 32.67 H5 2.695 m  H1, H6 H2, H4 
C10 34.93 H6 3.286 t 7.7 Hz H5, H11 H8, H14 
C11 170.72      H14 
C12 28.11 H10 2.031 t 7.5 Hz H11 H8, H12 
C13 32.5 H11 1.73 m  H6, H10  
C14 13.42      H12 
C15 47.79 H12 1.58 m  H13 H5, H6, H9,  
C16 11.49 H13 2.03 m  H12, H14 H11 
C17 77.34      H13 
C18 69.25 H14 1.73 m  H13  
C19 47.71 H7 3.421 t 7.4 Hz H8 H11 
C20 20.97 H8 1.54 m  H7, H9 H9, H13 
C21 27.95 H9 0.883 t 7.6 Hz H8 H7, H11 
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