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Experimental Section: 

 

1. General. All reactions were carried out under an argon atmosphere using standard 

Schlenk-line techniques. Tetrahydrofuran (THF) and diethyl ether were dried over 

sodium and freshly distilled before use. The 4-(methyl-ortho-carboranyl)-n-butyl 

iodide was synthesized according to the literature procedure [1]. The 

1-methyl-ortho-carborane, 1,4-diiodobutane, sinomenine, potassium carbonate and 

other reagents and organic solvents, were used as received from Sigma-Aldrich. The 

FT-IR spectra were measured using an IRTracer-100 SHIMADZU spectrophotometer 

with KBr pellets. Elemental analyses were measured using a EURO EA equipment. 

High–resolution mass spectra were obtained using Waters Q-TOF Ultima ESI and 

Agilent 6230 ESI TOF LC/MS spectrometers. The 1H, 13C, and 11B NMR spectra 

were recorded using a Bruker 200 analyzer at 200, 64.2 and 50.3 MHz, respectively. 

All NMR spectra were recorded at ambient temperature. Inductively coupled 

plasma-optical emission spectroscopy (ICP-OES) measurements were carried out 

using a VISTA-MPX machine.  

Figure S-1. FT-IR spectra of 3. 
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Figure S-2. 11B NMR {1H-decoupled} of 3 in DMSO-d6. 

 

 

Figure S-3. 13C NMR of 3 in DMSO-d6. 
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Figure S-4. 1H NMR of 3 in DMSO-d6. 

 

 

2. Cytotoxicity study. For IC50 analysis, the standard MTT method was used to 

analyze IC50 of compound 3. The IC50 determinations were performed in the presence 

of serial dilutions of inhibitor (1000 μM to 3.906 M, 1% DMSO, final) in complete 

reaction buffer and incubated for 96 hours.  

 

Figure S-5. IC50 dose responsive curve of 3 for rat FLS cells. 
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3. Molecular docking calculation. The molecular operating environment (MOE) 

software (Chemical Computing Group 2016) and protein-small molecule docking 

study Patch dock open source server (http://bioinfo3d.cs.tau.ac.il/PatchDock/) [2-5], 

which can predict favorable protein-ligand complex structures with high accuracy 

have been used to calculate the molecular interactions between ligand (small molecule) 

and receptor (protein). The three-dimensional (3D) crystal structures of MMP1 and 

MMP13 proteins were retrieved from the Protein Data Bank (PDB) (www.rcsb.org). 

Solvent impurities and co-crystallized ligand molecule and all water molecules were 

manually removed by Pymol 2.4 Software package, and then saved the proteins  

as .pdb files after adding Polar hydrogen atoms to the proteins. Both PDB files were 

uploaded into the Patch dock server for protein- small molecule docking simulation. 

Docking was performed with complex type configuration settings. PatchDock server 

follows a geometry-based molecular docking algorithm to find the docking 

transformations with good molecular shape complementarity. PatchDock algorithm 

separates the Connolly dot surface representation of the molecules into concave, 

convex and flat patches. These divided complementary patches are matched in order 

to generate candidate transformations and evaluated by geometric fit and atomic 

desolvation energy scoring functions. The results showed binding sites for 3. The 

association details of each binding site are presented using the “ligand interactions” 

module of MOE. The calculated results of geometric shape complementarity score are 

listed at Table S-1. The docking models of 3 with varying MMPs are shown in Figure 

1 and 2. 
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Table S-1. Geometric shape complementarity scores of sinomenine (1), 

methyl-ortho-carborane (2) and 3 (Å2). 

              MMPs MMP-1 collagenases MMP-13 collagenases 

No 1 2 3 1 2 3 4 5 6 7 8 9 10 

Collagenases 1FBL 1SU3 3SHI 4JPA 3ZXH 5B5O 1XUC 1XUD 1XUR 2OW9 2YIG 3ELM 3I7G 

1 3970 4768 4632 4714 4786 4610 4744 4744 4816 4864 4648 4526 5138 

2 2242 2388 2446 2228 2196 2300 2302 2292 2296 2262 2226 2348 2322 

3 4536 5264 4642 5280 5084 5204 5312 5226 5308 5424 5116 5162 5172 

                            

MMPs MMP-13 collagenases 

No 11 12 13 14 15 16 17 18 19 20 21 22 23 

Collagenases 3KEK 3KRY 3OZX 3WV1 3WV3 4L19 5B5P 5BOT 5BPA 5UWM 6HV2 830C 1CXV 

1 4860 4850 4858 4824 4648 4794 4682 4868 4840 4964 4474 4766 4618 

2 2320 2276 2280 2278 2324 2242 2222 2314 2252 2294 2344 2232 2192 

3 5522 5814 5582 5344 5380 5230 4990 5218 5572 5532 4730 4856 5280 

 

          

 

                

MMPs MMP-13 collagenases 

No 24 25 26 27 28 29 30 31 32 33 34 35 36 

Collagenases 1ZTQ 2D1N 2OZR 3I7I 3KEC 3KEJ 3LJZ 3TVC 3WV2 4A7B 4JPA 5BOY 456C 

1 4912 4826 5056 4884 4856 4792 4904 4378 4718 4528 4636 4760 4964 

2 2328 2264 2394 2252 2272 2254 2360 2362 2286 2260 2158 2302 2252 

3 5634 4904 5630 5114 5704 5434 5212 4598 5178 5188 5100 5228 5290 

 

 

             

       MMPs MMP-13 collagenases 

No 37 38 39 40 41 42 43 44 45 46 47 48 49 

Collagenases 2E2D 4FVL 5UWL 5UWN 1FML 4FU4 5UWK 4G0D 1EUB 1FLS 2PJT 1YOU 1PEX 

1 4676 4456 4844 5160 4660 4480 4884 4702 4212 4162 4706 4706 4542 

2 2326 2552 2220 2526 2164 2516 2288 2554 2160 2228 2172 2172 2240 

3 5386 5206 5398 5552 4844 4964 5436 5724 4736 4546 5010 5010 4918 
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3.1 Molecular docking results of 3 with MMP1-1FBL, 1SU3 and 3SHI. 

 

 

 

 

3.2 Molecular docking results of 3 with MMP13-2YIG and other collageneses. 
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