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EXPERIMENTAL
General remarks: Melting points were uncorrected. 'Hand "C NMR spectra were recorded on a

400 MHz spectrometer. In 'H and "C NMR spectra, chemical shifts were expressed in & (ppm)

downfield from CHCI, (7.26 ppm) and CDCI, (77.0 ppm), respectively. HRMS were recorded on
a double focusing magnetic sector mass spectrometer using electrospray ionization. Column
chromatography was performed on silica gel (75-150 pm). Medium-pressure liquid
chromatography (MPLC) was performed on a 25 x 4 cm 1. d. prepacked column (silica gel, 10 pm)
with a UV detector. High-performance liquid chromatography (HPLC) was performed on a 25 x
0.4 cm 1. d. chiral column with a UV detector.

3-(2-Fluorophenyl)-2-phenylquinazolin-4(3H)-one (2a).

Under N, atmosphere, to 2-fluoroaniline (50.0 mg, 0.45 mmol) and N-benzoyl anthranilic acid (72.3
mg, 0.3 mmol) in toluene (6.0 mL) was added PCl; (62.0 mg, 0.45 mmol) at rt. The mixture was
stirred for 30 min at rt and then for 7 h at 130 °C (oil bath). The mixture was poured into water and
extracted with AcOEt. The AcOEt extracts were washed with brine, dried over MgSQO4, and
evaporated to dryness.  Purification of the residue by column chromatography (hexane/AcOEt = 10)
gave 2a (46.9 mg, 49%).

2a: white solid; mp 161-163 °C; IR (neat) 1684 cm™; 'H NMR (CDCls) 8: 8.37 (1H, d, J= 7.9 Hz),
7.81-7.84 (2H, m), 7.56 (1H, m), 7.39 (2H, d, J = 7.3 Hz), 7.22-7.32 (4H, m), 7.06-7.15 (3H, m); 13C
NMR (CDCh) o: 161.6, 157.6 (d, Jc.r = 247.9 Hz), 155.2, 147.4, 135.0, 134.8, 130.8 (d, Jc.r = 8.6
Hz), 130.5, 129.7, 128.3, 128.1, 127.8, 127.4, 127.2, 125.7 (d, Jcr = 13.3 Hz), 124.5 (d, Jcr = 3.8
Hz), 120.7, 116.3 (d, Jc.r = 19.1 Hz); MS (m/z) 317 (MH"); HRMS (ESI) m/z: [M + H]J" calcd for
C20H14FN201 317.1090; found, 317.1062.

3-(2-Fluorophenyl)-2-(4-methoxyphenvl)quinazolin-4(3H)-one (2b).

Under Nz atmosphere, to p-methoxybenzoyl chloride (187.6 mg, 1.1 mmol) and anthranilic acid (137
mg, 1.0 mmol) in THF (2.0 mL) was added triethylamine (152 mg, 1.5 mmol) at 0 °C, and the mixture

was stirred for 40 min at rt. 1N HCI was added to the mixture and then the mixture was filtered.
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The residue was washed with AcOEt and dried in vacuo. The residue [N-(4-methoxy)benzoyl
anthranilic acid] was reacted with 2-fluoroaniline (167 mg, 1.5 mmol) in accordance with the
procedure for the synthesis of 2a. Purification of the residue by column chromatography
(hexane/AcOEt = 2) gave 2b (149.7 mg, 44%).

2b: white solid; mp 50-52 °C; IR (neat) 1684 cm™'; 'H NMR (CDCls) &: 8.34 (1H, d, J = 7.9 Hz),
7.78-7.82 (2H, m), 7.52 (1H, m), 7.28-7.35 (3H, m), 7.33 (2H, d, J=9.2 Hz), 7.29 (1H, m), 6.74 (2H,
d, J=9.2 Hz), 3.74 (3H, s); *C NMR (CDCl;) &: 161.7, 160.4, 157.5 (d, Jc.r = 249.8 Hz), 154.9,
147.5, 134.8, 130.6 (d, Jcr = 7.6 Hz), 130.5, 130.1, 127.6, 127.2, 127.1, 125.9 (d, Jcr = 13.3 Hz),
124.5 (d, Jc.r = 3.8 Hz), 120.4, 116.3 (d, Jc.r = 20.0 Hz), 113.4, 55.2; MS (m/z) 347 (MH"); HRMS

(ESI) m/z: [M + H]" calcd for C21Hi16FN2O2 347.1196; found, 347.1171.



Copies of "TH-NMR and C-NMR chart of 2a,b
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X-Ray crystallographic data of 2a

Figure S1. ORTEP drawing of 2a (CCDC 1989906). Crystallographic data for 2a at 100 K: formula

C2HisFN,O, Fw; 31632, Triclinic, space group Pi, a=8.0036(5), b=10.0747(5), ¢=10.8040(5) A,

o=107.641(2)°, f=111.171(2)°, 1=93.594(2)°, ¥=759.50(7) A3, Z=2, Dewiea=1.383 Mg/m®, m(MoKo)=0.71073
A, R=0.0883, R,=0.1277.



Table S1.

Cl

C2

C3

C4
H4

C5

H5
Co
H6
C7

C8

C9
H9
C10
H10
Cl1
H11
Cl12
Cl13
Cl4
Cl15
HI5A
HI15B
Clé6
HI16A
H16B
C17
H17
C18
C19
HI9A
HI19B
H19C
C20
H20A
H20B
H20C
C21
H21A
H21B
H21C
C22
H22
C23
H23A
H23B
C24
H24A
H24B
H24C
F1

Ol
02
H>O

Cartesian coordinates of 2a.

0.50853(15)
0.60461(15)
0.52156(15)
0.61248(16)
0.5489
0.79826(17)
0.8631
0.88910(16)
1.0163
0.79115(15)
0.80183(15)
0.91614(16)
1.0425
0.84104(16)
0.9157
0.65470(16)
0.6043
0.53887(15)
0.61530(15)
0.49322(15)
0.68435(16)
0.7469
0.7536
0.68760(17)
0.6147
0.6333
0.87802(17)
0.9395
0.97110(17)
0.89646(19)
0.7648
0.9279
0.9482
1.16586(19)
1.2061
1.2406
1.1774
0.38462(17)
0.3616
0.4535
0.2695
0.40345(16)
0.4678
0.24629(18)
0.1758
0.2037
0.33882(15)
0.3217
0.2887
0.2768
0.33982(9)
0.89035(10)
0.32723(10)
0.3291(19)

0.18592(11)
0.10776(10)
0.03559(11)
-0.03662(11)
-0.0856
-0.03645(11)
-0.0844
0.03341(11)
0.0344
0.10221(11)
0.17839(11)
0.18355(11)
0.1807
0.19296(11)
0.1985
0.19421(11)
0.1997
0.18767(10)
0.18366(10)
0.33021(11)
0.40048(11)
0.3514
0.3989
0.54196(12)
0.5902
0.5442
0.60572(11)
0.6132
0.65297(11)
0.65390(13)
0.6354
0.7393
0.5877
0.70777(13)
0.6993
0.6602
0.7995
0.32506(12)
0.413
0.2868
0.2721
0.40419(11)
0.4171
0.45276(13)
0.4429
0.4976
0.18406(11)
0.1923
0.2559
0.1017
0.03274(7)
0.16601(8)
0.13104(8)
0.0493(16)

0.65644(9)
0.74364(9)
0.81571(9)
0.89072(9)
0.9366
0.89791(9)
0.9499
0.82960(9)
0.8343
0.75392(9)
0.58381(9)
0.50791(10)
0.5278
0.40257(9)
0.3488
0.37596(9)
0.3031
0.45210(9)
0.56150(9)
0.70207(9)
0.74126(9)
0.798

0.681
0.78512(10)
0.732
0.8514
0.80859(10)
0.7489
0.90279(10)
1.00645(10)
0.9913
1.045
1.0504
0.91353(12)
0.8439
0.965
0.9387
0.79483(10)
0.8171
0.8551
0.7715
0.61227(10)
0.5544
0.60510(11)
0.6606
0.5444
0.40938(9)
0.332
0.4442
0.4243
0.81376(5)
0.68682(6)
0.62270(6)
0.6122(11)



Computational studies

Theoretical calculations to gain the barrier of the N-C axial rotation in quinazolinone 1b, 2a and 2b were
performed by using Gaussian 09 program (Rev. D.01)." All geometrical optimizations for minimums and
transition states, frequency analyses, and intrinsic reaction coordinate (IRC) calculations were carried out by
using density functional theory (DFT) with the B3LYP? exchange-correlation functional in conjunction with
6-31G(d,p) basis set in the gas phase, at 298.15 K and under 1 atm pressure. The effect of CCls solvent was
taken into account by polarizable continuum model (PCM).*)  Visualizations were accomplished using
CYLview v1.0.565 B* for the stationary point geometries.

Two transition states for N-C axial rotation were found as clockwise mode (abbreviated as “cw”) and
anticlockwise mode (abbreviated as “anticw”).  Therefore, for the comparison with experimental

observations, the total reaction rate constants of rotation (k) and activation energies (AG*) were calculated

as follows:
kT AGH kT AGH 4 .
Kow = exp <_ R—;W ) antiow = ——— €XP <_ % ) (equations 1 and 2)
Kiot = Kew + Kanticw (equation 3)
kaT .
AGH = —RT-In (equation 4)
kiorrh

where kg is Boltzmann constant (1.38065 x 102 J K'), T is temperature (298.15 K), / is Planck's constant
(6.62607 x 1074 I s), and R is gas constant (8.31447 ] K™ ' mol ™).
The summary of the calculations, the pictures of all stationary points, and cartesian coordinates are

described in the following pages.
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Scheme S1. The pathways for the axial rotation of 1b.
1b TS-1b (cw) TS-1b’ (anticw) Total of two TSs
Eo + Ezpe (Hartree/particle) -901.879838 -901.840094 -901.840476
Eo + Heorr (Hartree/particle) -901.878894 -901.83915 -901.839532
Eo + Georr (Hartree/particle) -901.940636 -901.897241 -901.897473
k(s 6.86725 x 107® 8.77961 x 107® 1.56469 x 1078
AG (kcal mol ™) 27.23079645 27.08521413 26.74278773
Imaginary frequency (cm™) -52.2104 -64.3236

Table S2.

Energies, reaction rates, and imaginary frequencies (for TS) of each stationary point for

quinazolinone 1b described in Figure S2. Abbreviations are as follows: Eo, electronic energies; Ezpg, zero-

point energies; Heorr, thermal enthalpies; Geor, thermal free energies; &, reaction rate constant; AG, relative free

energy referred to 1b; TS, transition state; cw, clockwise; anticw, anticlockwise.
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Scheme S2. The pathways for the axial rotation of 2.
2a TS-2a (cw) TS-2a’ (anticw) Total of two TSs
Eo + Ezpe (Hartree/particle) -1054.274278 -1054.242083 -1054.241037
Eo + Heorr (Hartree/particle) -1054.273334 -1054.241139 -1054.240092
Eo + Georr (Hartree/particle) -1054.339266 -1054.303885 -1054.302899
k(s 3.32858 x 10 1.17170 x 10* 4.50028 x 10
AG (kcal mol ™) 22.20193131 22.82065617 22.02320676
Imaginary frequency (cm™) -45.8038 -48.3404

Table S3.

quinazolinone 2a (R=H) described in Figure S3.

Energies, reaction rates, and imaginary frequencies (for TS) of each stationary point for

Abbreviations are as follows: Ey, electronic energies; Ezpr,

zero-point energies; Heorr, thermal enthalpies; Georr, thermal free energies; k, reaction rate constant; AG, relative

free energy referred to 2a; TS, transition state; cw, clockwise; anticw, anticlockwise.

2b TS-2b (cw) TS-2b’ (anticw) Total of two TSs
Eo + Ezpe (Hartree/particle) -1168.766129 -1168.734244 -1168.732924
Eo + Heorr (Hartree/particle) -1168.765185 -1168.7333 -1168.73198
Eo + Georr (Hartree/particle) -1168.837106 -1168.802194 -1168.80079
k(s 5.46944 x 10 1.23672 x 10 6.70616 x 10*
AG (kcal mol ™) 21.90762912 22.78865316 21.78682761
Imaginary frequency (cm™) -48.6694 -47.1963

Table S4.

Energies, reaction rates, and imaginary frequencies (for TS) of each stationary point for

quinazolinone 2b (R=OMe) described in Figure S4. Abbreviations are as follows: Ej, electronic energies;
Ezpg, zero-point energies; Heorr, thermal enthalpies; Geor, thermal free energies; k, reaction rate constant; AG,

relative free energy referred to 2b; TS, transition state; cw, clockwise; anticw, anticlockwise.
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TS-1b (cw)

Figure S2. Stationary points for the rotation of 1b.
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TS-2a (cw) TS-2a' (anticw)

Figure S3. Stationary points for the rotation of 2a.

TS-2b (cw) TS-2b' (anticw)

Figure S4. Stationary points for the rotation of 2b.
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