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2.2.10 Molecular Dynamics (MD) Simulation

To better comprehend the activity results and explore related SARs, 300 ns MD
simulations were performed for the representative compounds (R)-9k and (S5)-9Kk,
respectively. In this computational study, we aimed to investigate their binding modes
with the colchicine site in tubulin (PDB Code: 1SA0O) using Desmond, Schrodinger
suites 2022-1 with default settings.!?
2.2.10.1 Ligand Induced Structural Stability

In order to compare the structural effects of both compounds ((R)-9k and (S)-9k)
when bound at the colchicine binding site, we looked into the structural dynamics of
the proteins by estimating the root mean square deviation (RMSD), fluctuation (RMSF)
as RMSD and RMSF analysis could reveal the dynamics and motions of constituent
atoms and per-residue fluctuation, respectively.

As illustrated in Fig. STA, (R)-9k (shown in red) presented a substantially constant
RMSD value during simulation, while (5)-9k (shown in blue) displayed a fluctuating
variation between 1.0 and 2.0 A. Compared with (S)-9k bound system, the protein was
structurally more stable in the presence of (R)-9k with a relatively steady RMSD value
(3.0 A) (Fig. S1B). In other words, the binding of (R)-9Kk in this region could be more
settled than that of (§)-9k. In addition, we further measured relative motions of both
compounds at the tubulin dimers over the simulation period. Notably, the motions of
specific individual residues in tubulin dimers were higher in the presence of (R)-9Kk,
likely due to complementary interactions mediated by the compound. However,
specific individual residues in the colchicine binding site did not show a significant
difference in the presence of (R)-9k or (5)-9k (Fig. S1C).
2.2.10.2 Differential Binding Mechanisms Study of (S)-9k and (R)-9k to Tubulin
Colchicine Site

While analyzing the dynamics and structural motions of the target protein in the
existence of binding agents, we also investigated the molecular mechanics with
generalized Born surface area (MM-GBSA) scoring analyses (AG, kcal/mol),
representing ligand binding affinities to the colchicine binding site. As shown in Table
S1, a lower AGy;,q was associated with the binding of (R)-9k at the colchicine binding
site, compared with (5)-9k, and such a significant energy difference (—7.83 kcal/mol)
could be sufficient to support that (R)-9k bound to colchicine binding site with a higher
affinity than ($)-9k. Regarding the energy contributions from various interactions,

coulomb energies changed from —6.72 kcal/mol for ($)-9k to —10.61 kcal/mol for (R)-
S2



9k, while both n-m packing and Van der Waals energies varied in the same direction by
0.82 and 3.05 kcal/mol, respectively. These results indicated the high affinity binding
of (R)-9k was mostly influenced by coulomb, vdW and n-r stacking energies relative
to (8)-9k. The calculation of lipophilic energy (AGii,,) also supported that the binding
of (R)-9k was more advantageous in the hydrophobic colchicine binding site compared
to (5)-9k.
2.2.10.3 Molecular Docking

The binding mode and key interactions between (R)-9k and tubulin (PDB code:
1SAO0) were investigated by molecular docking. As depicted in Fig. S2A, the hydrogen
bond formed between the 9-carbonyl group of cyclo-hepta-trienone in colchicine with
Val 181 (shown in yellow dashed line) was replaced by introducing the fluorine atom
at the 3-phenyl ring of (R)-9k (shown in yellow). Meantime, (R)-9k could form
additional hydrogen bonds with water molecules from the methoxy group in A ring and
the ethoxy group at the 3-phenyl ring. Further analysis of the docking results (Fig. S2B)
showed that the fluorine atom of (R)-9k fully superimposed with the tropolone of
colchicine (shown in red) and the cavity at the binding site of the fluorine atom was too

narrow and small to accommodate any larger substituents, which could explain the

SARs we observed.
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Fig. S1 (A) RMSD graph for the 300 ns simulation trajectory of (R)-9k and (S)-9k. (B) RMSD
graph for the 300 ns simulation trajectory of (R)-9k/1SA0 complex and (S)-9k/1SA0 complex.
(C) RMSF graph for the 300 ns simulation trajectory of (R)-9k/1SA0 complex and (S)-9k/1SA0
complex.

Table S1 MM/GBSA energy calculations.

Binding energies AG_Bind AG_Bind AG_Bind AG_Bind AG_Bind AG_Bind
AG_Bind
(kcal/mol) - _Coulomb _Covalent _Lipo _Packing _Solv_GB _vdW
(5)-9k -40.05 -6.72 1.97 -13.78 -0.3 17.79 -38.65
(R)-9k -47.88 -10.61 2.69 -15.13 -1.12 18.37 -41.70

AG Bind = total binding free energy; AG_Bind Coulomb = coulomb energy; AG Bind Covalen
t = covalent binding energy; AG_Bind Lipo = lipophilic energy; = AG_Bind_PackingPi-pi
packing correction; AG_Bind Solv. GB = Generalized Born electrostatic solvation energy;

AG Bind vdW = Van der Waals energy.
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Fig. S2 (A) Proposed binding mode of (R)-9k (yellow stick) with tubulin (PDB code: 1SA0).
(B) Overlapping between colchicine (red stick) and (R)-9k, hydrogen bonds are shown as
yellow dashed lines.
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Compounds 9a-q were fully characterized by 'H NMR, '3C NMR and HRMS.

4,5,6-Trimethoxy-3-(4-methoxyphenyl)-2,3-dihydro-1H-inden-1-one (9a)
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3-(3-Fluoro-4-methoxyphenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (9b)
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3-(3-Chloro-4-methoxyphenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (9c¢)
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02-Apr-202115:22:08
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3-(3-Bromo-4-methoxyphenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (9d)
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3-(3-lodo-4-methoxyphenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (9e)
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4,5,6-Trimethoxy-3-(4-methoxy-3-nitrophenyl)-2,3-dihydro-1H-inden-1-one (9f)
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3-(3,4-Dimethoxyphenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (9g)
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3-(3,5-Dimethoxyphenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (9h)
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4,5,6-Trimethoxy-3-(3,4,5-trimethoxyphenyl)-2,3-dihydro-1H-inden-1-one (9i)
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3-(4-Ethoxyphenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (9j)
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3-(4-Ethoxy-3-fluorophenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (9k)
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3-(3-Chloro-4-ethoxyphenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (91)

T AWV ATTOODN [l o I uli o | — N Vv O~ QN O 0 O ol < o~
o ST T AT — — — QN O\ O N O AN T OO O~ enen O <t A
N7 QR R X N AN LT nvnn DR S
-0~ 0 OO O O \© O < <+ T < <t on on enenen e AN Al AN —
P P —— e PP ——
Compound 91:
Il [
1_/ H” | ‘
M L J M A l
S s &S S S
(=] o O O (=) (=) (=) (=)
— e o= — )
7.0 6.5 6.0 55 5.0 45 40 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)




— NN o —~on<on O
= — AN TR~ A~ T O 0O T AND OO0 —
v nnoS XA AN S Yo A O =0 *®
S mumnmttTononaAaaa — o S~ <t — O OO <t
Q —_ o o — o — O~~~ 0O O Wn <t < —
| —— S PR | e |
Compound 91:
(3C NMR, 100 MHz, CDCls)
11 I
| I
I
|
1 I | |
IL L.
: : : : : : : : e
200 170 140 110 80 60 40 20 0 -10
1 (ppm)
02-Apr-202116:59:58
SH-12 1225 (4.775) AM2 (Ar,22000.0,0.00,0.00); Cm (1225-1204:1210) 1: TOF MS ES+
100 3771157 1.75¢6
Compound 91:
®
3791131 C20H21C105
200.2011
380.1165
201.2049 376.1078|
330 2008 381.1176
0 T T T T T T T m/z
100 200 300 400 500 500 700 800 900 1000 1100

S22




3-(3-Bromo-4-ethoxyphenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (9m)

Compound 9m:

("H NMR, 400 MHz, CDCl,)
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02-Apr-202117:10:44

100

SH-13 1248 (4.867) AM2 (Ar,22000.0,0.00,0.00); Cm (1248-1227:1235)

4010640  423.0634

4220867
424

420.0568

0661

425.0697

Compound 9m:

CyoH,,BrOs

1: TOF MSES+
9.5%5

41 412 413 414 415 416 417 418 419 420 421

42 423 424 425 426 427 428 429 430 431 432 433

miz

3-(4-Isopropoxyphenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (9n)

Compound 9n:
(6]

- )
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O

\(

(‘H NMR, 400 MHz, CDCl;)
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Compound 9n:

(3C NMR, 100 MHz, CDCl)

1L |

200 170 140 110 80 60 40 20 0 -10
f1 (ppm)

02-Apr-202117:21:30
SH-14 1215 (4.737) AM2 (Ar, 22000.0,0.00,0.00); Cm (1215-1187:1191) 1: TOF MS ES+
100 357 1689 9.62e5

Compound 9n:
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o

®
\<O
C21H2405
358.1740
316.3213 [359.1767
314.1140. i
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3-(4-(tert-Butoxy)phenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (90)
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02-Apr-202117:32:41
SH-15 1189 (4.676) AM2 (Ar,22000.0,0.00,0.00); Cm (1188-1180:1183) 1: TOF MSES+
100 371.1857 6.71e5

Compound 9o:

®
2722050
3721806
2732084
300.2000
373.1911
212.0532 | l
0 et e T T T 7 T miz
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4,5,6-Trimethoxy-3-(4-(methylthio)phenyl)-2,3-dihydro-1H-inden-1-one (9p)
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02-Apr-202117:43:28
SH-16 1163 (4.534) AM2 (Ar,22000.0,0.00,0.00); Cm (1163- 1133 1140) 1: TOF MSES+
5 23056 _g46 1156 5.17e5
Compound 9p:
374.2903
®
375.2936
2442277 376.2935
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3-(4-Chloro-3-methoxyphenyl)-4,5,6-trimethoxy-2,3-dihydro-1H-inden-1-one (9q)
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02-Apr-202117:54:15
SH-17 1159 (4.518) AM2 (Ar,22000.0,0.00,0.00); Cm (1158-1130:1142) 1: TOF MSES+
100 363.1005 1.53e6

Compound 9q:

®
Cl
3650079
374.2009
3752036
362 0923
0 1 T T T T T T T T miz
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Compounds 11 and 13 were fully characterized by 'H NMR and '3C NMR.

2-((R)-p-methylsulfoxide)-1-(3,4,5-trimethoxyphenyl)ethan-1-one (11)
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3-(4-Ethoxy-3-fluorophenyl)-4,5,6-trimethoxy-2-((R)-p-methylsulfoxide)-2,3-

dihydro-1H-inden-1-one (13)
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Compound 13:

("H NMR, 400 MHz, CDCl;)
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('3C NMR, 100 MHz, CDCl,)
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X-Ray Structures of (R)-9k.

ORTEP drawing of the X-ray crystallographic structure of compound (R)-9k (50%

probability ellipsoids):

Identification code (R)-9k
Empirical formula C,H»1FOs4
Formula weight 360.37
Temperature 293(2) K
Wavelength 1.54178 A
Crystal system Monoclinic
Space group P21

Unit cell dimensions

a=14.3474(5) A

b=4.42800(10) A

c=14.8423(5) A

Volume 886.60(5) A3
Z 2

Density (calculated) 1.350 Mg/m?
Absorption coefficient 0.864 mm-!
F(000) 380

Crystal size

0.190 x 0.100 x 0.070 mm?

Theta range for data collection

8.214 to 66.387°.

Index ranges

-17<=h<=17, -5<=k<=4, -16<=1<=17

Reflections collected

10827

Independent reflections

2940 [R(int) = 0.0326]
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Completeness to theta = 67.679°

92.7%

Absorption correction

Semi-empirical from equivalents

Max. and min. transmission

0.7533 and 0.4831

Refinement method

Full-matrix least-squares on F?

Data / restraints / parameters

2940/1/240

Goodness-of-fit on F2

1.078

Final R indices [[>2sigma(])]

R1=0.0320, wR2 = 0.0844

R indices (all data) R1=10.0356, wR2 =0.0872
Absolute structure parameter 0.08(5)
Extinction coefficient 0.037(8)

Largest diff. peak and hol ~ 0.115 and -0.101 e.A-3

0.115 and -0.101 e.A3

CCDC 2180666. For detailed crystallographic data, please refer to the Cambridge

Crystallographic Data Centre at http://ccdc.cam.ac.uk.
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