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Experimental procedures and data

General Methods. The corresponding starting materials were synthetized using oven-
dried glassware under an argon atmosphere containing a teflon-coated stirrer bar and
dry septum. All reactions were performed at ambient argon pressure in oven-dried
pressure tube, sealed with a Teflon-lined screw cap.

All general reagents were obtained from usual commercial sources and were used,
except when noted, without further purification. Amino acid and iodoarene derivatives
were purchased from Aldrich Chemical Co., TCI or Fluorochem and used without further
purification. Pd(OAc)., silver acetate and molybdenum hexacarbonyl were purchased
from Aldrich Chemical Co. Prior to use, benzoquinone was purified by sublimation.

Solvents were purified by standard procedures prior to use. All other compounds are
commercially available and were used without further purification.

Flash column chromatography was performed using 230-400 mesh ultra-pure silica gel.
NMR-spectra were obtained on 300 and 500 MHz spectrometers using acetone-ds and
chloroform-d, as solvents, with proton and carbon resonances at 300/500 MHz and
75/125 MHz, respectively.

Infrared experiments were carried out in an Agilent Cary 630 FTIR spectrometer. Mass
spectral data were acquired on a VG AutoSpec mass spectrometer. Melting points were
determined in a Biichi Melting Point apparatus. Optical rotations were measured at 20 °C
or 25 °C on an Anton Paar Modular Compact Polarimeter (MCP 150) using a 10 cm cell
with the solvent and concentration stated, at 589 nm (sodium lamp).

The 2-pyridylsulfonyl chloride was synthesized from 2-mercaptopyridine following the
procedure described in the literature.!
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1. Additional information

1.1. Optimization studies for the derivatization of 1e (Table S1)

Mo(CO)g PyO,8
Pd(OAc), N
—» O
AgOAc; BQ Y
Additives
Solvent 3e 2
T, t (h), Ar
Entry Additives, (equiv.) | Solvent [1e] (M) 3e (%) 2 2e (%) 2
1 - 1,4-Dioxane 0.25 50 21
2 - 1,4-Dioxane 0.50 51 21
3 - 1,4-Dioxane 1.00 26 10
4P - 1,4-Dioxane | 0.25 32 16
5¢ - 1,4-Dioxane 0.25 9 -
6 - HFIP 0.25 20 49
7 - HFIP 0.17 13 47
8 - HFIP 0.12 10 50
9 - HFIP 0.10 11 49
10 - HFIP 0.07 8 35
119 - HFIP 0.12 8 13
124 AcOH, (1.00) HFIP 0.12 10 18
13¢ AcOH, (3.00) HFIP 0.12 7 40
144 AcOH, (6.00) HFIP 0.12 19 20
15 AcOH, (3.00) HFIP 0.12 15 71
16 AcOH, (3.00) 1,4-Dioxane | 0.25 25 30
17¢ AcOH, (3.00) HFIP 0.12 6 70
18¢ef 2,5-diMe-BQ HFIP 0.12 12 -
19¢ef Duroquinone HFIP 0.12 7 -
20ef Naphthoquinone HFIP 0.12 9 4
218t Antraquinone HFIP 0.12 -

Reaction conditions: Amino acid derivative (+)-1 (0.10 mmol, 1.00 equiv), Pd(OAc)2 (10 mol %,
0.01 mmol), Mo(CO)s (33 mol%, 0.033 mmol), AgOAc (0.15 mmol, 1.50 equiv) BQ (0.20 mmol,
2.00 equiv), Additive, Solvent (anh.), 110 °C, 16 h, Argon. 2 Determined by 'H NMR of the crude mixture.
bT=100°C. °¢T=90°C. d9t=4h. °©¢t=8h. f3.00equiv of AcOH were employed
BQ = 1,4-benzoquinone. HFIP = 1,1,1,3,3,3-hexafluoro-2-propanol.

Table S1. Optimization studies for the derivatization of 1le

We started our investigations by subjecting the y-p-chlorobenzene-substituted
L-valine derivative (+)-1 to our previous carbonylation conditions,?> employing Mo(CO)s
(33 mol%) in the presence of a catalytic amount of Pd(OAc). (10 mol%) and a
combination of AQOAc (1.50 equiv) and 1,4-benzoquinone (BQ, 2.00 equiv) as oxidants
in 1,4-dioxane (0.25 M) at 110 °C for 18 h. Under these reaction conditions (entry 1), we
observed a high conversion of (+)-1 leading to a mixture 2:1 of the benzazepinone
product 2e and the y-lactam product 3e (50 and 21% isolated yields, respectively). A
change in the concentration (entries 2-3) had no influence in the outcome of the reaction.
Further experiments proved that 110 °C was the optimal temperature for carrying out the
reaction (entries 4 and 5). Nonetheless, the regioselectivity of the reaction switched
towards the formation of the y-lactam 3e by using HFIP instead of 1,4-dioxane (entry 6,
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20% of benzazepinone product 2e and 49% of y-lactam product 3e. The more diluted
was the solution, higher regiocontrol towards the y-lactam product 3e was obtained
(entries 7-10). The optimal concentration was 0.12 M of (+)-1. Under these conditions
y-lactam product 3e was obtained in 50% yield along with 10% of benzazepinone 2e
(entry 8). This little percentage of benzazepinone 2e formed at the beginning of the
reaction (entry 11) remained that low even when adding AcOH, a perfect additive to
increase the conversion of (+)-1 towards the formation of y-lactam product 3e. The
optimal amount of AcOH was 3.00 equiv (entries 12-15), obtaining a 71% of the y-lactam
3e and an only 15% yield of the benzazepinone 2e. The role of the acetic acid was also
tested using 1,4-dioxane but the selectivity and the conversion were lower (entry 16).
Higher levels of regioselectivity could even be obtained at shorter reaction times,
isolating the corresponding y-lactam 3e in a 70% yield and the benzazepinone 2e in a
6% yield (entry 17). Differently substituted quinones did not improved the yield or the
selectivity of the system (entries 18-21).

2. Synthesis of starting materials

2.1. Typical procedure for the synthesis of N-SO,Py protected y-aryl aminoester
derivatives

Step 1 Step 2

@\ H Ar-1 (1.00 equiv) H
o @ - ,
CIH3NJ:,, CO,Me PyO,SCI (1.00 equiv) S/I\;EC/OzMe Pd(OAc), (10 mol %) PyOzs”\y/\C/one

. 0, R R
R Py (6.00 equiv) AgOAc (1.00 equiv)
CH3CN, rt, 16 h H HFIP, 150 °C, 4 h Ar

R=H,I
Me, Il

Step 1. Protection of the amino group.

Synthesis of (S)-methyl 3-methyl-2-(pyridine-2-sulfonamido)butanoate (1).> In a

= | H 100 mL round bottom flask, L-valine methyl ester hydrochloride
SN S’N”' CO,Me (551 mg, 3.30 mmol, 1.00 equiv) was introduced and next
02)/\ flushed with Ar. Anhydrous CHsCN (25.0 mL) and pyridine

(1.46 mL, 18.0 mmol, 6.00 equiv) were then added. The mixture
was placed in a 0 °C bath (ice-water) and 2-pyridylsulfonyl chloride (533 mg, 3.00 mmol,
1.00 equiv) was added dropwise. The mixture was stirred for 18 h at room temperature.
The solvent was removed under reduced pressure and the resulted crude product was
dissolved in CH2Cl, and washed with 1 M HCI. The organic phase was then washed with
water, brine, dried over Na>SOy, filtered, and concentrated in vacuo. The resulted residue
was purified by flash column chromatography (cyclohexane:EtOAc 3:1) to obtain | as a
white solid, yield: 881 mg (98%); mp = 108-109 °C. *H NMR (300 MHz, CDCls, 8): 8.59
(ddd, J=4.7, 1.5, 0.9 Hz, 1H), 7.93 (dt, J=7.8, 1.1 Hz, 1H), 7.86 (td, J=7.7, 1.7 Hz,
1H), 7.44 (ddd, J=7.4, 4.7, 1.3 Hz, 1H), 5.56 (d, J=9.6 Hz, 1H), 4.11 (dd, J=9.7,
5.0 Hz, 1H), 3.53 (s, 3H), 2.15-1.99 (m, 1H), 0.96 (d, J=6.8 Hz, 3H), 0.86 (d,
J = 6.9 Hz, 3H). $3C NMR (75 MHz, CDCls, 8): 171.9, 157.9, 149.7, 138.1, 126.7, 121.8,
62.1,52.2,31.7,19.0, 17.4. HRMS-ESI (m/z): calcd. for C11H17N204S (M+H)*: 273.0909;
Found: 273.0911. [a]p?: +17 (c = 1.0; CH,CL,).
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(25*,3R*)-Methyl 3-methyl-2-(pyridine-2-sulfonamido)pentanoate (II). The synthesis
of compound Il has two step, first the esterification of the acid group and second the
protection of the amino group.

Step 1.1. Protection of the acid group. To a suspended mixture of DL-allo-isoleucine
(2.00 g, 15.2 mmol, 1.00 equiv) in MeOH (30.5 mL) at 0 °C, thionyl chloride (1.22 mL,
16.7 mmol, 1.10 equiv) was added dropwise under Ar atmosphere. Once the thionyl
chloride was added, the solution was refluxed for 3 h. After this time, the volatiles were
removed in vacuo affording the pure aminoester hydrochloride, which was used without
further purification.

Step 1.2. Protection of the amino group. The previously synthetized methyl ester
= hydrochloride (600 mg, 3.30 mmol, 1.10 equiv) was submitted

~ /H co,Me to the conditions for the synthesis of N-SO.Py protected amino
N 82)1/ acid derivatives, to give Il as a white solid; total yield: 3.92 g

(90%); mp = 111-112 °C. *H NMR (300 MHz, CDCls, 8): 8.59
(d, J=4.6 Hz, 1H), 7.92 (d, J = 7.8 Hz, 1H), 7.85 (td, J = 7.7, 1.6 Hz, 1H), 7.44 (ddd,
J=7.4,47,1.2Hz, 1H), 5.47 (d, J = 9.9 Hz, 1H), 4.29 (dd, J = 9.9, 4.1 Hz, 1H), 3.52 (s,
3H), 1.88 — 1.75 (m, 1H), 1.56 — 1.42 (m, 1H), 1.30 — 1.15 (m, 1H), 0.90 (t, J = 7.4 Hz,
3H), 0.80 (d, J = 6.9 Hz, 3H). 3C NMR (75 MHz, CDCls, 8): 172.2, 157.9, 149.7, 138.1,
126.7,121.8, 60.2, 52.3, 38.2, 26.0, 14.3, 11.5. HRMS-ESI (m/z): calcd. for C12H1oN204S
(M+H)*: 287.1066; Found: 287.1060.

(R)-N-(3-Methylbutan-2-yl)pyridine-2-sulfonamide (llI). Compound Il was prepared
= following the typical procedure from (R)-3-methylbutan-2-amine
\ | H (0.35 mL, 3.00 mmol, 1.00 equiv), to give lll as a white solid; yield:
N 8;;( 572 mg (83%); mp = 72-74 °C. *H NMR (300 MHz, CDCls, &): 8.70
(ddd, J=4.7, 1.6, 0.8 Hz, 1H), 8.00 (d, J = 7.8 Hz, 1H), 7.89 (td,
J=77, 1.7 Hz, 1H), 7.47 (ddd, J=7.6, 4.7, 1.2 Hz, 1H), 4.87 (d, J=8.3 Hz, 1H),
3.35-3.24 (m, 1H), 1.74 — 1.59 (m, 1H), 0.94 (d, J = 6.7 Hz, 3H), 0.83 (d, J = 6.8 Hz,
6H). 13C NMR (75 MHz, CDCls, 8): 158.5, 150.1, 138.0, 126.6, 122.0, 55.6, 33.6, 18.2,
18.1, 18.0. HRMS-ESI (m/z): calcd. for CioH17N20.S (M+H)*: 229.1011; Found:
229.1006. [a]p®®: +10 (c = 1.0; CH,Cl,).

Step 2. Pd-catalyzed y-monoarylation of N-SO,Py aminoester derivatives?

Synthesis of (2S,3S)-methyl  3-methyl-2-(pyridine-2-sulfonamido)-4-phenyl

= butanoate (1a). An oven-dried pressure tube was charged with
g | /H/,, CO,Me Pd(OAc): (5.61 mg, 0.025 mmol, 10 mol %), AgOAc (41.7 mg,
N (3)2 0.25 mmol), L-valine derivative | (68.1mg, 0.25mmol,

1.00 equiv), iodobenzene (28.0 uL, 0.25 mmol, 1.00 equiv) and
HFIP (0.25 mL). The tube was sealed with a screw cap and then
placed in an oil bath at 150 °C for 4 h. After the reaction time
was completed, the reaction mixture was diluted with EtOAc,
filtered through a short pad of Celite®, and concentrated in vacuo. The residue was
purified by flash column chromatography (30:1 CH.Cl,:Et,0) to obtain derivative (2S,3S)-
methyl 3-methyl-2-(pyridine-2-sulfonamido)-4phenylbutanoate 1a as a white oil in 62%
yield (56.3 mg). 'H NMR (300 MHz, CDCls, 8): 8.61 (d, J=4.2Hz, 1H), 7.91 (d,
J=79Hz, 1H), 7.84 (td, J=7.7, 1.7 Hz, 1H), 7.43 (ddd, J=7.4, 4.7, 1.3 Hz, 1H),
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7.24—-7.21 (m, 2H), 7.18 — 7.16 (m, 1H), 7.12 — 7.09 (m, 2H), 5.78 (d, J = 9.3 Hz, 1H),
4.23 (dd, 3 =9.3, 4.7 Hz, 1H), 3.52 (s, 3H), 2.79 (dd, J = 12.9, 4.5 Hz, 1H), 2.40 - 2.23
(m, 2H), 0.91 (d, J = 6.5 Hz, 3H). 3C NMR (75 MHz, CDCls, &): 171.5, 157.8, 149.8,
139.4, 138.1, 129.2, 128.4, 126.8, 126.2, 121.9, 61.2, 52.3, 38.9, 38.4, 15.9.
HRMS-ESI (m/z): calcd. for Ci7H21N204S (M+H)™: 349.1222; Found: 349.1216.
IR (Vmax/CM™'): 1741, 1342, 1175. [a]o®: +52 (¢ = 1.0; CH.Cly).

(2S,3S)-Methyl  3-methyl-4-(p-tolyl)-2-(pyridine-2-sulfonamido)butanoate  (1b).

= Compound 1b was prepared following the general protocol from

- | /H/, CO,Me L-valine derivative | (68.1 mg, 0.25 mmol, 1.00 equiv) and

N™ "8 " 4-iodotoluene (54.5 mg, 0.25 mmol, 1.00 equiv) to give 1b as a

yellow oil; yield: 51.6 mg (59%). *H NMR (300 MHz, CDCls, 8):

8.63 —-8.61 (m, 1H), 7.93 (d, J =7.8 Hz, 1H), 7.86 (td, J=7.7,

0.9 Hz, 1H), 7.47 — 7.43 (m, 1H), 7.06 (d, J = 7.9 Hz, 2H), 7.00

(d, 3J=7.9 Hz, 2H), 5.63 (d, J = 9.3 Hz, 1H), 4.24 (dd, J=9.1,

4.3 Hz, 1H), 3.54 (s, 3H), 2.75 (dd, J=12.7, 4.0 Hz, 1H),

2.37-2.21 (m, 5H), 0.92 (d, J=6.1 Hz, 3H). *3C NMR (75 MHz, CDCls, &): 171.6,

157.8, 149.8, 138.1, 136.3, 135.7, 129.1, 129.1, 126.8, 122.0, 61.2, 52.3, 39.0, 37.9,

21.1, 15.9. HRMS-ESI (m/z): calcd. for CigH23sN204S (M+H)™: 363.1379; Found:
363.1373. IR (Vmax/cm™): 1735, 1347, 1180. [a]p?®: +63 (c = 1.0; CH.Cl,).

O,

(2S,3S)-Methyl 3-methyl-2-(pyridine-2-sulfonamido)-4-(4-(trifluoromethyl)phenyl)-
butanoate (1c). Compound 1c was prepared following the

= | H general protocol from L-valine derivative | (68.1 mg, 0.25 mmol,
Sy gV C02Me 1 00 equiv) and  4-iodobenzotrifluoride  (36.7 pL, 0.25 mmol,
O, 1.00 equiv) to give 1c, as a 87:13 diasteromeric mixture, as a

yellow oil; yield: 46.9 mg (45%). *H NMR (300 MHz, CDCls,
5): 8.52 (ddd, J = 4.7, 1.7, 0.8 Hz, 1H), 7.84 (d, J = 7.9 Hz, 1H),
7.77 (td, J=7.7, 1.6 Hz, 1H), 7.42-7.35 (m, 3H), 7.16 (d,
J=8.0Hz, 2H), 6.04 (d, J=9.3Hz, 1H), 4.12 (dd, J=9.3,
5.2 Hz, 1H), 3.45 (s, 3H), 2.81 (dd, J = 13.5, 5.0 Hz, 1H), 2.38
(dd, J=13.4, 95Hz, 1H), 2.28—-2.17 (m, 1H), 0.82 (d, J=6.7 Hz, 3H).
13C NMR (75 MHz, CDCls;, &): 171.3, 157.6, 149.8, 143.7, 138.1, 129.6, 128.5 (q,
J=32.3Hz),126.8, 125.2 (q, J = 3.8 Hz), 124.3 (q, J = 271.8 Hz), 60.9, 52.3, 38.7, 38.2,
15.7. HRMS-ESI (m/z): calcd. for CigH20F3sN204S (M+H)*™: 417.1096; Found: 417.1090.
IR (Vmad/cm™"): 1742, 1325, 1120. [a]o®: +53 (¢ = 1.0; CH2CL).

CF;

(25*,35*)-Methyl 3-benzyl-2-(pyridine-2-sulfonamido)pentanoate (4a). Compound

= | H 4a was prepared following the general protocol from DL-allo-
SN S’N”' CO,Me isoleucine derivative Il (71.6 mg, 0.25 mmol, 1.00 equiv) and
0, iodobenzene (28.0 pL, 0.25 mmol, 1.00 equiv) to give 4a as a

yellow oil; yield: 63.6 mg (70%). *H NMR (300 MHz, CDCls, 8):
8.60 (d, J=4.6 Hz, 1H), 7.90 (d, J=7.8 Hz, 1H), 7.83 (td,
J=7.6, 1.6 Hz, 1H), 7.43 (ddd, J=7.3, 4.7, 1.3 Hz, 1H),
7.25-7.21 (m, 2H), 7.18 - 7.14 (m, 1H), 7.13 —7.07 (m, 2H),
5.60 (d, J = 9.5 Hz, 1H), 4.42 (dd, J = 9.5, 3.5 Hz, 1H), 3.46 (s, 3H), 2.61 — 2.46 (m, 2H),
2.16 —2.06 (m, 1H), 1.61 — 1.46 (m, 1H), 1.39 — 1.25 (m, 1H), 0.94 (t, J = 7.3 Hz, 3H).
13C NMR (75 MHz, CDCls, 8): 172.0, 157.8, 149.8, 139.5, 138.0, 129.2, 128.4, 126.7,
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126.2,121.9, 58.2, 52.4, 45.4, 35.9, 23.0, 11.5. HRMS-ESI (m/z): calcd. for C1sH2sN204S
(M+H"): 363.1379; Found: 363.1380. IR (Vma/cm™): 1733, 1338, 1174.

(25*,3S*)-Methyl 3-(4-methylbenzyl)-2-(pyridine-2-sulfonamido)pentanoate (4b).

= | H Compound 4b was prepared following the general protocol from
N S/N”' CO,Me DL-allo-isoleucine derivative 1l (71.6 mg, 0.25 mmol,
0, 1.00 equiv) and 4-iodotoluene (54.5mg, 0.25 mmol,

1.00 equiv) to give 4b as a white solid; yield: 67.9 mg (72%);

mp = 96-97 °C. *H NMR (300 MHz, CDCls;, 8): 8.63 — 8.61 (m,

1H), 7.91(d,J = 7.7 Hz, 1H), 7.85 (td, J = 7.6, 1.7 Hz, 1H), 7.44

(ddd, J=7.4,4.7,1.4 Hz, 1H), 7.05 (d, J = 7.9 Hz, 2H), 6.98 (d,

J=8.0Hz, 2H), 5.53 (d, J=9.5Hz, 1H), 4.43 (dd, J=9.5,
3.5Hz, 1H), 3.47 (s, 3H), 2.57 —2.41 (m, 2H), 2.29 (s, 3H), 2.14-2.03 (m, 1H),
1.59 - 1.45 (m, 1H), 1.40 — 1.26 (m, 1H), 0.94 (t, J = 7.3 Hz, 3H). *3C NMR (75 MHz,
CDCl3, 8): 172.1, 157.8, 149.8, 138.0, 136.3, 135.7, 129.1, 129.1, 126.7, 121.9, 58.2,
52.4, 455, 35.4, 229, 21.1, 11.6. HRMS-ESI (m/z): calcd. for CigH2sN-04S
(M+H*): 377.1535; Found: 377.1530. IR (Vmax/cm™): 1735, 1174, 13309.

(25*,3S*)-Methyl 2-(pyridine-2-sulfonamido)-3-(4-(trifluoromethyl)benzyl)-
= pentanoate (4c). Compound 4c was prepared following the
~ | /H/, co,Me general protocol from DL-allo-isoleucine derivative Il (71.6 mg,

N 82 ' 0.25 mmol, 1.00 equiv) and 4-iodobenzotrifluoride (36.7 L,

0.25 mmol, 1.00 equiv) to give 4c as a yellow solid; yield:
77.4 mg (72%); mp = 128-131 °C. *H NMR (300 MHz, CDCls,
5): 8.61 — 8.58 (m, 1H), 7.89 (dt, J = 7.8, 1.3 Hz, 1H), 7.84 (td,
J=7.3, 1.7 Hz, 1H), 7.48 (d, J=8.1 Hz, 2H), 7.45-7.41 (m,
CF,4 1H), 7.22 (d, J = 8.0 Hz, 2H), 5.80 (d, J = 9.2 Hz, 1H), 4.36 (dd,

J=9.2, 3.7Hz, 1H), 3.48 (s, 3H), 2.69-255 (m, 2H),

2.18 - 2.07 (m, 1H), 1.62 — 1.47 (m, 1H), 1.34 - 1.20 (m, 1H), 0.94 (t, J = 7.3 Hz, 3H).
13C NMR (75 MHz, CDCls, 8): 171.8, 157.7, 149.8, 143.9 (g, J = 1.2 Hz), 138.1, 129.6,
128.6 (q, J = 32.3 Hz), 126.8, 125.3 (q, J = 3.7 Hz), 124.3 (q, J = 271.8 Hz), 122.0, 58.1,
52.4, 45.3, 35.7, 22.9, 11.4. 1°F NMR (282 MHz, CDCls, &): -62.6. HRMS-ESI (m/z):
calcd. for CigH2oF3sN204S (M+H*): 431.1247; Found: 431.1247. IR (Vmad/Ccm™): 1741,

1323, 1118.

(2S,3S)-Methyl 4-(4-methoxyphenyl)-3-methyl-2-(pyridine-2-sulfonamido)-

Z butanoate (1d). Compound 1d was prepared following the
H o L

- | N, _CO,Me general protocol from L-valine derivative |1 (68.1 mg, 0.25 mmol,

N (S) ‘ 1.00 equiv) and 4-iodoanisole (58.5 mg, 0.25 mmol, 1.00 equiv)

2 to give 1d as a white oil; yield: 60.6 mg (64%).
'H NMR (300 MHz, CDClsg, 8): 8.62 (d, J = 4.7 Hz, 1H), 7.92 (d,
J=7.2Hz, 1H), 7.86 (t, J=7.6 Hz, 1H), 7.47 - 7.42 (m, 1H),
7.02 (d, J=8.4Hz, 2H), 6.79 (d, J=8.3 Hz, 2H), 5.68 (d,
J =9.3 Hz, 1H), 4.22 (dd, J = 9.3, 4.5 Hz, 1H), 3.76 (s, 3H), 3.53
(s,3H),2.72(dd, J = 13.1, 4.6 Hz, 1H), 2.35 — 2.20 (m, 2H), 0.90
(d, J=6.4 Hz, 3H). *C NMR (75 MHz, CDCls, &): 171.6, 158.1, 157.8, 149.9, 138.1,
131.4, 130.2, 126.8, 122.0, 113.8, 61.1, 55.3, 52.3, 39.1, 37.5, 15.9. HRMS-ESI (m/z):

OMe
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calcd. for CisH2sN20sS (M+H)*: 379.1328; Found: 379.1322. IR (Vmad/cm): 1738, 1343,
1175. [a]p?®: +55 (c = 1.0; CH,Cl,).

(2S,3S)-Methyl  4-(4-chlorophenyl)-3-methyl-2-(pyridine-2-sulfonamido)butanoate

P (1e). Compound 1le was prepared following the general protocol

- | H/ CO,Me L-valine derivative | (68.1 mg, 0.25 mmol, 1.00 equiv) and

N (S)/ " 4-chloroiodobenzene (59.6 mg, 0.25 mmol, 1.00 equiv) to give

2 1d, as a 89:11 diasteromeric mixture, yield: 50.1 mg (52%).

'H NMR (300 MHz, CDCls, 8): 8.63 — 8.60 (m, 1H), 7.94 — 7.84

(m, 2H), 7.48 — 7.44 (m, 1H), 7.22 (d, J = 8.4 Hz, 2H), 7.05 (d,

J=8.3Hz, 2H), 575 (d, J=9.2 Hz, 1H), 4.19 (dd, J=9.2,

Cl 5.0 Hz, 1H), 3.55 (s, 3H), 2.78 (dd, J = 13.4, 5.1 Hz, 1H), 2.37

(dd, J=13.4, 9.4 Hz, 1H), 2.30-2.18 (m, 1H), 0.90 (d,

J = 6.7 Hz, 3H). *C NMR (75 MHz, CDCls, &): 171.4, 157.7, 149.9, 138.1, 138.0, 132.1,

130.6, 128.5, 126.8, 122.0, 61.0, 52.4, 39.0, 37.8, 15.8. HRMS-ESI (m/z): calcd. for

C17H20CIN204S (M+H)*: 383.0832; Found: 383.0827. IR (Vmax/cm™): 1738, 1345, 1177.
[a]o?®: +57 (c = 1.0; CH2Cl,).

(2S,3S)-Methyl  4-(4-fluorophenyl)-3-methyl-2-(pyridine-2-sulfonamido)butanoate
(1f). Compound 1f was prepared following the general protocol
L-valine derivative | (68.1 mg, 0.25 mmol, 1.00 equiv) and
4-fluoroiodobenzene (28.8 L, 0.25 mmol, 1.00 equiv) to give
1f, as a 85:15 diasteromeric mixture, as a yellow oil; yield:
46.0mg (50%). H NMR (300 MHz, CDCls;, &): 8.62 (bd,
J=4.6 Hz, 1H), 7.93 (dt, J = 7.9, 1.2 Hz 1H), 7.88 (td, J = 7.6,
1.7 Hz, 1H), 7.46 (ddd, J=7.2, 4.7, 1.4 Hz, 1H), 7.08 (dd,
J=8.6,5.5Hz, 2H), 6.94 (t, J = 8.7 Hz, 2H), 5.60 (d, J = 9.1 Hz,
1H), 4.21 (dd, J=9.2, 4.9 Hz, 1H), 3.56 (s, 3H), 2.78 (dd,
J=13.5, 5.1 Hz, 1H), 2.37 (dd, J=13.5, 9.4 Hz, 1H), 2.29 -2.20 (m, 1H), 0.91 (d,
J = 6.7 Hz, 3H). 8C NMR (75 MHz, CDCls, 8): 171.5, 161.5 (d, J = 243.9 Hz), 157.7,
149.8, 138.1, 135.1 (d, J=3.3Hz), 130.6 (d, J=7.9Hz), 126.8, 121.9, 115.1 (d,
J=21.1Hz), 61.0, 52.3, 39.0, 37.6, 15.8. HRMS-ESI (m/z): calcd. for Ci7H20FN204S
(M+H)*: 367.1128; Found: 367.1122. IR (Vma/Ccm™): 1740, 1341, 1177. [a]p®: +56
(c = 1.0; CHxCL).

| H
X N, _CO,Me

F

(2S5,3S)-Methyl 4-(4-bromophenyl)-3-methyl-2-(pyridine-2-sulfonamido)butanoate
Pz (1g). Compound 1g was prepared following the general protocol
from L-valine derivative | (68.1 mg, 0.25 mmol, 1.00 equiv) and
4-bromoiodobenzene (70.7 mg, 0.25 mmol, 1.00 equiv) to give
1g as a yellow oil; yield: 53.4 mg (50%). *H NMR (300 MHz,
CDCl3, 8): 8.60 —8.58 (m, 1H), 7.90 (d, J =7.6 Hz, 1H), 7.83
(td,J=7.7,1.5Hz, 1H), 7.45 — 7.41 (m, 1H), 7.32 (d, J = 8.3 Hz,
2H), 6.97 (d, J = 8.2 Hz, 2H), 6.11 (d, J = 9.3 Hz, 1H), 4.16 (dd,
Br J=9.3,5.1 Hz, 1H), 3.50 (s, 3H), 2.75 (dd, J = 13.2, 4.7 Hz, 1H),

2.33 (dd, J=13.2, 9.5Hz, 1H), 2.25-2.18 (m, 1H), 0.86 (d,

J = 6.5 Hz, 3H).**C NMR (75 MHz, CDCls, 8): 171.3, 157.5, 149.7, 138.4, 138.0, 131.3,
130.9, 126.8, 121.9, 119.9, 60.9, 52.2, 38.7, 37.7, 15.7. HRMS-ESI (m/z): calcd. for

H
N N, _CO,Me
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C17H20BrN204S (M+H)*: 427.0321; Found: 427.0310. IR (Vmax/cm™): 1742, 1339, 1181.
[a]o?®: +50 (c = 1.0; CH2Cl).

Methyl 4-((2S,3S)-4-methoxy-2-methyl-4-ox0-3-(pyridine-2-sulfonamido)butyl)-
benzoate (1h). Compound 1h was prepared following the
~ | H general protocol from L-valine derivative |1 (68.1 mg, 0.25 mmol,
SN s/N"' COMe 1 0o equiv) and methyl 4-iodobenzoate (65.5 mg, 0.25 mmol,
0Oz 1.00 equiv) to give 1h, as a 86:14 diasteromeric mixture, yield:
51.8 mg (51%). H NMR (300 MHz, CDCl;, &): 8.61 (ddd,
J=4.7,1.6, 0.9 Hz, 1H), 7.97 — 7.91 (m, 3H), 7.89 (td, J = 7.6,
1.6 Hz, 1H), 7.46 (ddd, J=7.3, 4.7, 1.5Hz, 1H), 7.19 (d,
J=8.2Hz, 2H), 566 (d, J=9.2 Hz, 1H), 4.23 (dd, J=9.2,
5.0 Hz, 1H), 3.89 (s, 3H), 3.56 (s, 3H), 2.87 (dd, J = 13.4, 5.0 Hz,
1H), 2.44 (dd, J=13.4, 9.6 Hz, 1H), 2.36 —2.25 (m, 1H), 0.91 (d, J=6.7 Hz, 3H).
13C NMR (75 MHz, CDCl3, 8): 171.4, 167.1, 157.8, 149.8, 145.1, 138.1, 129.7, 129.3,
128.3, 126.8, 122.0, 61.1, 52.4, 52.1, 38.8, 38.5, 15.9. HRMS-ESI (m/z): calcd. for
Ci1oH23N206S (M+H*): 407.1269; Found: 407.1271. IR (Vmax/cm™): 1742, 1714, 1336,
1175. [a]o®: +60 (c = 1.0; CH.CL).

CO,Me

(25,3S)-Methyl  3-methyl-4-(4-nitrophenyl)-2-(pyridine-2-sulfonamido)butanoate
= (1i). Compound 1i was prepared following the general protocol
\ H CO,Me from L-valine derivative | (68.1 mg, 0.25 mmol, 1.00 equiv) and

4-iodonitrobenzene (62.3 mg, 0.25 mmol, 1.00 equiv) to give 1i,

as a 85:15 diasteromeric mixture, vyield: 33.4 mg (34%).

H NMR (300 MHz, CDCls, 8): 8.61 (bd, J=4.7 Hz, 1H), 8.14

(d, J=8.5Hz, 2H), 7.95 (d, J=7.2 Hz, 1H), 7.89 (td, J=7.7,

1.4 Hz, 1H), 7.50 — 7.46 (m, 1H), 7.32 (d, J = 8.6 Hz, 2H), 5.59

NO, (d, J=9.0 Hz, 1H), 4.23 (dd, J =9.0, 5.2 Hz, 1H), 3.60 (s, 3H),
2.97 (dd, J = 13.6, 5.2 Hz, 1H), 2.54 (dd, J = 13.6, 9.5 Hz, 1H),

2.38—2.27 (m, 1H), 0.93 (d, J=6.8 Hz, 3H). 3C NMR (75 MHz, CDCls, 8): 171.3,

157.8, 149.9, 147.5, 146.8, 138.3, 130.1, 127.0, 123.8, 122.0, 61.1, 52.6, 39.0, 38.5,

15.8. HRMS-ESI (m/z): calcd. for C17H19N3OsSNa (M+H"): 416.0887; Found: 416.0889.

[a]o?%: +75 (c = 1.0; CH2Cl,).

(2S,3S)-Methyl  3-methyl-2-(pyridine-2-sulfonamido)-4-(m-tolyl)butanoate  (1j).

= Compound 1j was prepared following the general protocol from
- | _N,, _CO,Me L-valine derivative 1 (68.1 mg, 0.25 mmol, 1.00 equiv) and
N 82 3-iodotoluene (32.1 pL, 0.25 mmol, 1.00 equiv) to give 1j as a

yellow oil; yield: 44.5 mg (49%). *H NMR (300 MHz, CDCls,

3): 8.63 (d, J = 4.3 Hz, 1H), 7.94 (d, J = 7.8 Hz, 1H), 7.87 (td,

J=7.7,17Hz 1H), 7.45 (ddd, J=7.4, 4.7, 1.3 Hz, 1H), 7.14

(t, J=7.4Hz, 1H), 6.99 (d, J = 7.3 Hz, 1H), 6.93 —6.90 (m,
2H), 5.67 (d, J=9.3 Hz, 1H), 4.25 (dd, J=9.3, 4.6 Hz, 1H), 3.55 (s, 3H), 2.77 (dd,
J=12.0, 3.3 Hz, 1H), 2.37 — 2.26 (m, 5H), 0.92 (d, J = 6.4 Hz, 3H). *C NMR (75 MHz,
CDCls, 8): 171.6, 157.8, 149.8, 139.4, 138.1, 137.9, 130.0, 128.3, 127.0, 126.8, 126.3,
122.0, 61.3, 52.3, 38.9, 38.3, 21.4, 16.0. HRMS-ESI (m/z): calcd. for CigH23N204S
(M+H)*: 363.1379; Found: 363.1373. IR (Vmax/cm™'): 1738, 1343, 1175. [a]p?: +55
(C = 1.0; CH2C|2).
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(2S,3S)-Methyl 3-methyl-2-(pyridine-2-sulfonamido)-4-(3-(trifluoromethyl)phenyl)-
butanoate (1k). Compound 1k was prepared following the

= | H general protocol from L-valine derivative | (68.1 mg, 0.25 mmol,
N _N, _CO,Me 1.00 equiv) and 3-iodobenzotrifluoride (36.0 pL, 0.25 mmol,

N S . . . . .
0, 1.00 equiv) to give 1k, as a 88:12 diasteromeric mixture, as a

yellow oil; yield: 55.1 mg (53%). *H NMR (300 MHz, CDCls, 8):

8.61 (d, J=4.6 Hz, 1H), 7.93 (d, J=7.9 Hz, 1H), 7.87 (td,

J=7.6, 1.6 Hz, 1H), 7.48 — 7.44 (m, 2H), 7.41 — 7.32 (m, 3H),

FsC 5.75 (d, J = 9.2 Hz, 1H), 4.23 (dd, J = 9.2, 5.0 Hz, 1H), 3.56 (s,

3H), 2.89 (dd, J = 13.6, 5.1 Hz, 1H), 2.46 (dd, J = 13.6, 9.5 Hz, 1H), 2.35 — 2.24 (m, 1H),

0.92 (d, J=6.7 Hz, 3H). *C NMR (75 MHz, CDCls, 8): 171.4, 157.8, 149.9, 140.5,

138.2, 132.8, 130.8 (g, J=32.0Hz), 128.9, 126.9, 125.8 (q, J=3.8 Hz), 124.3 (q,

J=272.3Hz), 123.3 (q, J=3.8Hz), 122.0, 61.1, 52.4, 389, 38.3, 15.9.

HRMS-ESI (m/z): calcd. for CigHzoF3N204S (M+H)*: 417.1096; Found: 417.1090.
IR (Vmad/cm™'): 1738, 1323, 1116. [a]o?5: +50 (c = 1.0; CH.Cly).

(25,3S)-Methyl  3-methyl-2-(pyridine-2-sulfonamido)-4-(o-tolyl)butanoate  (11).

= Compound 1l was prepared following the general protocol from
- | /H CO,Me L-valine derivative | (68.1 mg, 0.25 mmol, 1.00 equiv) and 2-
N 3, iodotoluene (31.8 pL, 0.25 mmol, 1.00 equiv) to give 1l, as a

73:27 diasteromeric mixture, as a brown oil; yield: 18.2 mg

(20%). *H NMR (300 MHz, CDCls, 8): 8.63 (d, J = 4.6 Hz, 1H),

7.94 (d, J=7.8Hz, 1H), 7.87 (td, J=7.7, 1.6 Hz, 1H), 7.46

(ddd, J=7.4, 4.7, 1.2 Hz, 1H), 7.12-7.06 (m, 4H), 5.65 (d,
J =9.3 Hz, 1H), 4.30 (dd, J = 9.3, 4.3 Hz, 1H), 3.58 (s, 3H), 2.79 (dd, J =12.9, 3.7 Hz,
1H), 2.39-231 (m, 1H), 227-224 (m, 4H), 095 (d, J=6.5Hz, 3H).
13C NMR (75 MHz, CDCls, 8): 171.6, 157.7, 149.8, 138.1, 137.6, 136.3, 130.4, 130.1,
126.7, 126.4, 125.7, 121.9, 61.4, 52.3, 37.3, 35.4, 19.3, 15.9. HRMS-ESI (m/z): calcd.
for CigH22N20sSNa (M+Na)*: 385.1198; Found: 385.1192. IR (Vmadcm™): 1753, 1342,
1185. [a]p?®: +58 (c = 1.0; CH,Cl,).

(2S,3S)-Methyl  4-(2-fluorophenyl)-3-methyl-2-(pyridine-2-sulfonamido)butanoate

= (Im). Compound 1m was prepared following the general
- | H/ CO,Me protocol from L-valine derivative | (68.1 mg, 0.25 mmol,
N g/ - 1.00 equiv) and 2-fluoroiodobenzene (29.1 uL, 0.25 mmol,
2 1.00 equiv) to give 1m, as a 85:15 diasteromeric mixture, as a

F yellow oil; yield: 49.7 mg (54%). *H NMR (300 MHz, CDCls, 8):

8.62 (d, J=4.6 Hz, 1H), 7.96 (d, J=7.4 Hz, 1H), 7.89 (td,

J=7.7, 1.5Hz, 1H), 7.49 — 7.44 (m, 1H), 7.21 — 7.12 (m, 2H),
7.06 — 6.95 (M, 2H), 5.48 (d, J = 9.3 Hz, 1H), 4.29 (dd, J = 9.3, 4.3 Hz, 1H), 3.54 (s, 3H),
2.82 (dd, J=12.8, 4.0Hz, 1H), 2.44-2.28 (m, 2H), 0.97 (d, J=6.4Hz, 3H).
13C NMR (75 MHz, CDCls, 8): 171.6, 161.4 (d, J = 245.0 Hz), 158.0, 149.9, 138.1, 131.7
(d,J = 4.8 Hz), 128.2 (d, J = 8.2 Hz), 126.8, 126.5 (d, J = 15.5 Hz), 124.1 (d, J = 3.5 Hz),
122.0, 115.4 (d, J = 22.3 Hz), 61.3, 52.5, 37.8, 31.6, 16.3. IR (Vmad/cm™'): 1744, 1338,
1175. [a]o®: +13 (c = 1.0; CHCl,).

S10

Page 24 of 179



Page 25 of 179

Catalysis Science & Technology

(2S,3S)-Methyl 4-(2-chlorophenyl)-3-methyl-2-(pyridine-2-sulfonamido)butanoate
= (1n). Compound 1n was prepared following the general protocol
~ | /H/, co,Me from L-valine derivative | (68.1 mg, 0.25 mmol, 1.00 equiv) and
2-chloroiodobenzene (30.5 pL, 0.25 mmol, 1.00 equiv) to give
1n as a 78:22 mixture of diasteromers as a brown oil; yield:
26.0 mg (27%). *H NMR (300 MHz, CDCls, &): 8.63 (d, J=4.6
Hz, 1H), 7.96 (d, J = 7.7 Hz, 1H), 7.89 (td, J = 7.6, 1.5 Hz, 1H),
7.49 —7.45 (m, 1H), 7.33 - 7.30 (m, 1H), 7.20 - 7.13 (m, 3H),
5.47 (d, J = 9.3 Hz, 1H), 4.32 (dd, J = 9.3, 3.9 Hz, 1H), 3.58 (s, 3H), 2.95 — 2.89 (m, 1H),
2.48 — 2.37 (m, 2H), 0.98 (d, J = 6.4 Hz, 3H). *C NMR (75 MHz, CDCls, &8): 171.61,
158.00, 149.89, 138.17, 137.13, 134.37, 131.83, 129.78, 127.99, 126.87, 126.78,
121.96, 77.16, 61.43, 52.49, 36.89, 35.86, 16.18. HRMS-ESI (m/z): calcd. for
C17H20CIN204S (M+H)*: 383.0827; Found: 383.0832. IR (Vmax/cm™): 1742, 1343, 1178.
[a]o?®: +31 (c = 1.0; CH2Cl,).

Cl

N-((2R,3S)-3-Methyl-4-(p-tolyl)butan-2-yl)pyridine-2-sulfonamide (6a). Compound
6a was prepared following the general protocol from (R)-N-(3-

= | H methylbutan-2-yl)pyridine-2-sulfonamide Il (57.1 mg, 0.25 mmol,
SN S/N”' 1.00 equiv) and 4-iodotoluene (54.5 mg, 0.25 mmol, 1.00 equiv) to
0, give 6a as a brown oil; yield: 20.2 mg (25%). *H NMR (300 MHz,

CDCls, 8): 8.69 (d, J =4.6 Hz, 1H), 7.94 (d, J = 7.8 Hz, 1H), 7.86 (td,

J=7.7, 1.6 Hz, 1H), 7.46 (ddd, J=7.5, 4.8, 1.1 Hz, 1H), 7.04 (d,

J=7.8Hz, 2H), 6.93 (d, J=7.9 Hz, 2H), 5.04 (d, J=8.1 Hz, 1H),

3.44 — 3.33 (m, 1H), 2.65 (dd, J = 13.5, 5.7 Hz, 1H), 2.30 (s, 3H), 2.22

(dd, J=13.5, 9.3 Hz, 1H), 1.93-1.79 (m, 1H), 1.02 (d, J = 6.8 Hz,
3H), 0.79 (d, J = 6.8 Hz, 3H). 3C NMR (75 MHz, CDCls;, &): 158.2, 150.1, 138.0, 137.2,
135.4, 129.1, 1289, 126.6, 122.2, 53.9, 405, 39.1, 21.1, 17.0, 14.2.
HRMS-ESI (m/z): calcd. for Ci7H23N20.S (M+HY): 319.1480; Found: 319.1488.
IR (Vmax/cm™): 1332, 1173. [a]p?%: +45 (c = 1.0; CH.Cl,).
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2.5. Typical procedure for the synthesis of peptide 8*

QOQMG
Cl
“ 0w H i H §  COMe
N S/N/" CO,Me pyozs/N"' COH (1.00 equiv) PyOZS/N”' N
0, HOBt (1.00 equiv) Q

LiOH (3.00 equiv) EDC-HCI (1.00 equiv)

THF:MeOH:H,0O
rt, 16 h

Et3N (2.00 equiv)
CH,CI, rt, 16 h

CF3 CF3 CF,

Step 1. Synthesis of (2S,3S)-3-methyl-2-(pyridine-2-sulfonamido)-4-(4-(trifluoro

= methyl)phenyl)butanoic acid (IV). An oven dried, nitrogen
~ | /H/, CO,H flushed 10.0 mL vessel was charged with (2S,3S)-methyl 3-
N 82 ' methyl-2-(pyridine-2-sulfonamido)-4-(4-(trifluoromethyl) phenyl)-

butanoate (1c) (125 mg, 0.30 mmol, 1.00 equiv) and LiOHH,O

(37.8 mg, 0.90 mmol, 3.00 equiv). Then, a 3:1:1 mixture of

THF:MeOH:H2O (2.10 mL) was added via syringe. Next, the

corresponding mixture was heated at 60 °C for 24 h. After that

CFs time, the reaction was allowed to reach room temperature and

1 M HCI was added until pH =2 and a solid could be observed.

EtOAc (10.0 mL) was added to dissolve this solid and the organic phase was washed

with water (10.0 mL), brine (10.0 mL), dried over Na>SQ,, filtered and the solvent was

eliminated in vacuo to obtain Il as a white oil, which was used without further purification;
yield: 120 mg (99%).

2.6. Typical procedure for the synthesis of peptides

Step 2. Synthesis of methyl N-(SO2Py)-y-(p-trifluoromethylphenyl)-L-valyl-
= o CO-Me prolinate (8). In a 10.0 mL round bottom flask, (2S,3S)-3-
O\ H/ T2 methyl-2-(pyridine-2-sulfonamido)-4-(4-(trifluoromethyl)
N (S)’ " I\D phenyl) butanoic acid IV (402 mg, 1.00 mmol, 1.00 equiv),
glycine methyl ester hydrochloride (125 mg, 1.00 mmol,

1.00 equiv), HOBtH20O (135 mg, 1.10 mmol, 1.10 equiv)

and EDCHCI (192 mg, 1.10 mmol, 1.10 equiv) were

suspended in anhydrous CH.Cl, (5.00 mL). Then, EtsN

CF, (0.28 mL, 2.00 mmol, 2.00 equiv) was added via syringe,
and the solution was left stirring at room temperature for

24 h. The reaction mixture was then diluted with CH,Cl, and washed with an aqueous
solution of citric acid 0.5 M (3 x 10.0 mL), NaHCOs (sat.) (3 x10.0 mL) and brine
(20.0 mL). The organic phase was dried over Na,SO., filtered and the solvent was
eliminated in vacuo. The residue was purified by flash column chromatography
(cyclohexane-EtOAc 1:1) to obtain the dipeptide 8 as a 87:13 mixture of diasteromers as
a white solid; yield: 477 mg (93%); mp = 138-139 °C. *H NMR (500 MHz, CDCls, 8): 8.52
(ddd, J = 4.7, 1.6, 0.9 Hz, 1H), 7.99 (dt, J = 7.9, 0.9 Hz, 1H), 7.89 (td, J = 7.8, 1.7 Hz,
1H), 7.53 (d, J = 8.0 Hz, 2H), 7.46 (ddd, J=7.6, 4.7, 1.1 Hz, 1H), 7.32 (d, J = 8.0 Hz,
2H), 5.70 (d, J = 9.3 Hz, 1H), 4.54 (dd, J=9.3, 5.1 Hz, 1H), 4.27 (dd, J = 8.3, 5.2 Hz,
1H), 3.84 — 3.80 (m, 1H), 3.68 (s, 3H), 3.63 — 3.59 (m, 1H), 3.04 (dd, J = 13.2, 2.2 Hz,
1H), 2.32 (dd, J=13.0, 11.3 Hz, 1H), 2.23-2.18 (m, 1H), 2.16 —2.09 (m, 2H),
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2.05—1.97 (m, 2H), 1.01 (d, J = 6.7 Hz, 3H). 3C NMR (126 MHz, CDCls, &): 172.1,
170.0, 158.6, 149.3, 144.6, 138.4, 129.8, 128.5 (q, J = 32.2 Hz), 126.9, 125.3 (q, J = 3.7
Hz), 124.5 (q, J = 271.7 Hz), 122.0, 60.5, 59.0, 52.5, 47.2, 38.6, 37.0, 29.2, 25.3,
15.9.HRMS-ESI (m/z): calcd. for CasHzs FsNsOsSNa (M+Na*): 536.1437; Found:
536.1441. [a]o2% +34 (c = 1.0; CH.Cly).

3. General protocol for the Pd-catalyzed y-C(sp®)-H carbonylative cyclization of
y-aryl-L-Valine type derivatives

(2S,3R)-Methyl  3-benzyl-5-oxo0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-carboxylate
@\ (3a). An oven-dried, argon flushed, pressure tube was charged
— SO, with  Pd(OAc). (2.24 mg, 0.01 mmol, 0.10 equiv), AgOAc
N N ~COzMe (25.0 mg, 0.15 mmol, 1.50 equiv), benzoquinone (21.6 mg,
o , 0.20 mmol, 2.00 equiv), Mo(CO)s (8.67 mg, 0.33 mmol,
0.33 equiv) and (2S,3S)-methyl 4-phenyl-3-methyl-2-(pyridine-
2-sulfonamido) butanoate (1a) (38.3 mg, 0.10 mmol, 1.00 equiv). The pressure tube was
sealed with a rubber septum and flushed with argon. Under positive pressure of argon,
HFIP (0.80 mL) and acetic acid (17 uL, 0.30 mmol, 3.00 equiv) were added via syringe.
The septum was then replaced by a screw cap and finally placed in an oil bath at 110 °C
for 8 h. The reaction mixture was then removed from the oil bath and allowed to cool to
room temperature. The mixture was then diluted with EtOAc, filtered through a short pad
of Celite® and concentrated in vacuo. The residue was purified by flash column
chromatography (n-hexane:EtOAc 2:1) to afford 3a as a yellow oil; yield: 25.0 mg (67%).
'H NMR (300 MHz, CDCls, 8): 8.69 (bd, J = 4.6 Hz, 1H), 8.24 (d, J = 7.9 Hz, 1H), 7.95
(td, J=7.8, 1.7 Hz, 1H), 7.55 (ddd, J=7.7, 4.7, 1.0 Hz, 1H), 7.34 —7.27 (m, 2H),
7.25-7.20 (m, 1H), 7.13 (d, J=8.2 Hz, 2H), 5.10 (d, J=8.0 Hz, 1H), 3.88 (s, 3H),
3.02 —2.96 (m, 2H), 2.52 (dd, J = 17.0, 11.9 Hz, 1H), 2.37 (dd, J = 14.7, 11.7 Hz, 1H),
2.28 (dd, J=17.0, 7.6 Hz, 1H). ¥C NMR (75 MHz, CDCls, &): 172.3, 169.8, 155.7,
150.2, 138.2, 137.8, 129.0, 128.6, 128.0, 127.1, 124.5, 63.9, 52.8, 38.3, 36.6, 36.5.
HRMS-ESI (m/z): calcd. for CigHigN2OsS (M+H)": 375.1009; Found: 375.0994.
IR (Vmax/cm™): 1746, 1735, 1362, 1182. [a]o%: -4 (c = 1.0; CH:Cl,).

Along product 3a, product 2a was also isolated

7\ (3S,4S)-Methyl 4-methyl-1-ox0-2-(pyridin-2-ylsulfonyl)-

2,3,4,5-tetrahydro-1H-benzo[c]lazepine-3-carboxylate  (2a).

50 Yellow oil; yield: 9.8 mg (26%). *H NMR (300 MHz, CDCls, 8):

N2 8.68 (bd, J=4.0Hz, 1H), 8.43 (d, J=7.9 Hz, 1H), 8.01 (td,

.ico,Me J=7.8, 1.7 Hz, 1H), 7.54 (ddd, J=7.6, 4.7, 0.9 Hz, 1H), 7.47

(dd, J=7.7, 1.1 Hz, 1H), 7.38 (td, J = 7.5, 1.3 Hz, 1H), 7.22 (4,

J=6.9 Hz, 1H), 7.15(d, J = 7.6 Hz, 1H), 5.26 (s, 1H), 3.30 — 3.19

(m, 4H), 2.89 — 2.81 (m, 1H), 2.72 (dd, J = 13.6, 5.8 Hz, 1H), 1.49 (d, J = 7.0 Hz, 3H).

13C NMR (75 MHz, CDCls, 8): 170.0, 169.6, 156.6, 149.6, 138.7, 137.9, 133.0, 132.9,

129.8, 129.1, 127.5, 127.4, 125.6, 63.2, 52.6, 39.2, 37.8, 20.5. HRMS-ESI (m/z): calcd.

for C1sH10N20sS (M+H*): 375.1015; Found: 375.1007. IR (Vmad/cm™): 1742, 1690, 1353,
1181. [a]p?°: +8 (c = 1.0; CH.CLy).

N\
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(2S,3R)-Methyl 3-(4-methylbenzyl)-5-ox0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-

@\ carboxylate (3b). Compound 3b was prepared following
— SO, the general protocol from (2S,3S)-methyl 3-methyl-2-
N N_..COMe (pyridine-2-sulfonamido)-4-(p-tolyl)butanoate (1b)
o , (36.2 mg, 0.10 mmol, 1.00 equiv) to give 3b as a yellow all;
yield: 16.7 mg (43%). *H NMR (300 MHz, CDCls, &): 8.69

(bd, J = 4.7 Hz, 1H), 8.24 (d, J = 7.9 Hz, 1H), 7.95 (td, J = 7.8, 1.7 Hz, 1H), 7.54 (ddd,
J=77, 4.7, 1.0 Hz, 1H), 7.10 (d, J = 7.9 Hz, 2H), 7.00 (d, J = 8.0 Hz, 2H), 5.08 (d,
J=8.0Hz, 1H), 3.87 (s, 3H), 2.97 —2.91 (m, 2H), 2.51 (dd, J = 17.0, 12.0 Hz, 1H),
2.37 = 2.29 (m, 5H). *C NMR (75 MHz, CDCls, 8): 172.4, 169.8, 155.7, 150.2, 138.2,
136.7, 134.7, 129.6, 128.4, 128.0, 124.5, 63.9, 52.8, 38.3, 36.6, 36.0, 21.1.
HRMS-ESI (m/z): calcd. for CigH21N:06S (M+H®): 405.1114; HRMS-ESI (m/2): calcd.
for C1oH21N,05S (M+H)*: 389.1166; Found: 389.1164. [a]o®: -22 (c = 1.0; CH.Cl,).

Along product 3b, product 2b was also isolated

(3S,4S)-Methyl 4,8-dimethyl-1-ox0-2-(pyridin-2-ylsulfonyl)

7\ -2,3,4,5-tetrahydro-1H-benzo[c]azepine-3-carboxylate
ON (2b). White solid; yield: 13.6 mg (35%); mp = 185-186 °C.
N/Soz IH NMR (300 MHz, CDCls, 8): 8.67 (dd, J = 4.7, 0.8 Hz, 1H),

8.43 (d, J=7.9 Hz, 1H), 8.00 (td, J=7.8, 1.7 Hz, 1H), 7.54
(ddd, J=7.7, 4.7, 1.0 Hz, 1H), 7.27 (d, J = 1.3 Hz, 1H), 7.18
(dd,J=7.7,1.3 Hz, 1H), 7.02 (d, J = 7.7 Hz, 1H), 5.24 (s, 1H),
3.29 - 3.16 (m, 4H), 2.84 — 2.75 (m, 1H), 2.68 (dd, J = 13.6, 5.9 Hz, 1H), 2.25 (s, 3H),
1.47 (d, J=7.0 Hz, 3H). C NMR (75 MHz, CDCls;, 8): 170.2, 169.7, 156.6, 149.6,
137.8, 137.2, 135.8, 133.8, 132.7, 130.0, 129.0, 127.4, 125.7, 63.3, 52.5, 39.3, 37.3,
20.9, 20.4. HRMS-ESI (m/z): calcd. for CigH21N20sS (M+H'): 389.1165; Found:
389.1164. IR (Vmax/cm™): 1740, 1688, 1351, 1180. [a]o*: +8 (c = 1.0; CH,CL,).

o 'COzMe

(2S,3R)-Methyl 5-0x0-1-(pyridin-2-ylsulfonyl)-3-(4-(trifluoromethyl)benzyl)
J pyrrolidine-2-carboxylate (3c). Compound 3c was
@802 prepared following the general protocol from

N N .COMe CF (2S,3S)-methyl  3-methyl-2-(pyridine-2-sulfonamido)-4-

0 3

(4-(trifluoromethyl)phenyl)butanoate  (1c) (41.6 mg,

0.10 mmol, 1.00 equiv) to give 3c as a yellow oil; yield:
28.0 mg (63%). *H NMR (300 MHz, CDCls, &): 8.69 (ddd, J = 4.7, 1.6, 0.8 Hz, 1H), 8.24
(dt, J=7.9, 0.8 Hz, 1H), 7.96 (td, J=7.8, 1.7 Hz, 1H), 7.58 — 7.53 (m, 3H), 7.26 (d,
J =8.0 Hz, 2H), 5.10 (d, J = 8.0 Hz, 1H), 3.88 (s, 3H), 3.08 — 2.93 (m, 2H), 2.57 — 2.43
(m, 2H), 2.28 (dd, J=16.9, 7.6 Hz, 1H). *3C NMR (75 MHz, CDCls, &): 171.9, 169.6,
155.6, 150.2, 141.9, 138.3, 129.6 (q, J = 32.6 Hz), 129.0, 128.1, 125.9 (q, J = 3.7 Hz),
124.5, 124.2 (q, J = 274.4 Hz), 63.7, 52.9, 37.9, 36.4, 36.3. HRMS-ESI (m/z): calcd. for
Ci19H18F3N20sS (M+Na)*: 465.0702; Found: 465.0712. IR (Vmadcm™): 1744, 1736, 1325,
1177. [a]p?°: -15 (c = 1.0; CH,CL,).
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(2S,3R)-Methyl  3-(4-methoxybenzyl)-5-oxo0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-

i ) carboxylate (3d). Compound 3d was prepared
Q\S\Oz following the general protocol from (ZS,SS)—mgthyI 3-
N__~COzMe OMe methyl-4-(4-methoxy)phenyl-2-(pyridine-2-

O sulfonamido) butanoate (1d) (34.8 mg, 0.10 mmol,
1.00 equiv) to give 3d as a yellow oil; yield: 22.8 mg

(56%). 'H NMR (500 MHz, CDCls, 8): 8.69 (ddd, J = 4.7, 1.6, 0.8 Hz, 1H), 8.23 (dt,
J=7.9, 0.9 Hz, 1H), 7.95 (td, J = 7.8, 1.7 Hz, 1H), 7.55 (ddd, J = 7.7, 4.7, 1.0 Hz, 1H),
7.04 (d, J = 8.7 Hz, 2H), 6.83 (d, J = 8.7 Hz, 2H), 5.08 (d, J = 8.1 Hz, 1H), 3.87 (s, 3H),
3.78 (s, 3H), 2.95 — 2.90 (M, 2H), 2.50 (dd, J = 17.0, 12.1 Hz, 1H), 2.32 — 2.25 (m, 2H).
13C NMR (126 MHz, CDCls, 86): 172.42, 169.79, 158.71, 155.69, 150.17, 138.23, 129.80,
129.56, 127.97, 124.53, 114.36, 63.86, 55.43, 52.80, 38.49, 36.58, 35.60. [a]p*: -10
(c = 1.0; CHxCL).

Along product 3d, product 2d was also isolated

(3S,4S)-Methyl 8-methoxy-4-methyl-1-ox0-2-(pyridin-2-ylsulfonyl)-2,3,4,5-
J \ tetrahydro-1H-benzo[c]azepine-3-carboxylate (2d).
Yellow oil; yield: 6.9 mg (17%). *H NMR (300 MHz, CDCls,

N= 5): 8.68 (dd, J = 4.6, 0.6 Hz, 1H), 8.42 (d, J = 7.9 Hz, 1H),

Wit 8.01 (td, J=7.8 1.7Hz, 1H), 7.54 (ddd, J=7.7, 47,

CoMe LOHz 1H), 7.04 (d, J=8.3Hz, 1H), 6.98 (d, J = 2.7 Hz,

MeO 1H), 6.92 (dd, J = 8.3, 2.8 Hz, 1H), 5.25 (s, 1H), 3.71 (s,

3H), 3.29 (s, 3H), 3.27 — 3.18 (M, 1H), 2.81 — 2.73 (m, 1H),
2.66 (dd, J = 13.7, 6.0 Hz, 1H), 1.46 (d, J = 6.9 Hz, 3H). 3C NMR (75 MHz, CDCl3, 8):
170.0, 169.6, 158.7, 156.6, 149.6, 137.9, 133.7,131.1, 130.4, 127.5, 125.6, 120.1, 113.3,
63.4, 55.6, 52.6, 39.7, 36.9, 20.4. HRMS-ESI (m/z): calcd. for Ci9H21N206S
(M+H"): 405.1114; Found: 405.1109. IR (Vmad/cm™): 1744, 1688, 1355, 1179. [a]o?: +9
(c = 1.0; CHxCL).

(2S,3R)-Methyl 3-(4-chlorobenzyl)-5-oxo0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-
g ) carboxylate (3e). Compound 3e was prepared following

Q\SOZ the general protocol from (2S,3S)-methyl 3-methyl-4-(4-
N N .COMe o chloro)phenyl-2-(pyridine-2-sulfonamido) butanoate (1e)

o (34.8 mg, 0.10 mmol, 1.00 equiv) to give 3e as a yellow

oil; yield: 28.8 mg (70%). *H NMR (300 MHz, CDCls, &):

8.68 (ddd, J=4.6, 1.6, 0.8 Hz, 1H), 8.23 (d, J=7.9 Hz, 1H), 7.96 (td, J=7.8, 1.7 Hz,
1H), 7.55 (ddd, J = 7.7, 4.7, 1.1 Hz, 1H), 7.27 (d, J = 8.3 Hz, 2H), 7.07 (d, J = 8.4 Hz,
2H), 5.08 (d, J=8.0 Hz, 1H), 3.87 (s, 3H), 3.02 —-2.88 (m, 2H), 2.50 (dd, J =17.0,
119 Hz, 1H), 2.37 (dd, J=15.1, 11.8 Hz, 1H), 2.27 (dd, J=17.0, 7.6 Hz, 1H).
13C NMR (75 MHz, CDCls, &): 172.0, 169.6, 155.6, 150.2, 138.3, 136.2, 133.0, 129.9,
129.1, 128.0, 1245, 63.7, 52.9, 38.1, 36.4, 35.8. HRMS-ESI (m/z): calcd. for
C18H1sCIN2OsS (M+H)*: 409.0619; Found: 409.0610. IR (Vmax/cm™): 1744, 1736, 1364,
1182. [a]p?°: -22 (c = 1.0; CH,CL,).

Along product 3e, product 2e was also isolated
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O (3S,4S)-Methyl 8-chloro-4-methyl-1-0x0-2,3,4,5-
Cl NH tetrahydro-1H-benzo[c]azepine-3-carboxylate (2e).

1COzMe e e .
Further purification implied the in situ cleavage of the

N-SO:Py group? leading to the corresponding free
benzazepinone derivative 2e-deprotected as a white solid without further purification;
yield: 1.60 mg (6%); mp =110-113°C. 'H NMR (300 MHz, CDCls, &): 7.70 (d,
J=2.3Hz, 1H), 7.39 (dd, J=8.1, 2.3 Hz, 1H), 7.12 (d, J = 8.1 Hz, 1H), 6.71 (bs, 1H),
3.76 (s, 3H), 3.40 (dd, J = 10.3, 5.0 Hz, 1H), 3.21 (dd, J = 13.5, 6.6 Hz, 1H), 2.59 — 2.43
(m, 2H), 1.09 (d, J =6.7 Hz, 3H). *C NMR (75 MHz, CDCls;, &): 171.6, 170.1, 136.1,
134.4, 133.6, 131.7, 131.4, 129.0, 59.4, 53.0, 40.0, 37.9, 17.5. HRMS-ESI (m/z): calcd.
for Ci3HisCINO3; (M+Na*): 290.0554; Found: 290.0550. IR (Vmax/cm™): 1736, 1664.
[a]o?: -162 (c = 1.0; CH.CL).

(2S,3R)-Methyl 5-0x0-1-(pyridin-2-ylsulfonyl)-3-(4-fluorobenzyl)pyrrolidine-2-
J ) carboxylate (3f). Compound 3f was prepared following
O\S()z the general protocol from (2S,3S)-methyl 4-(4-

N N_ ~CO,Me fluorophenyl)-3-methyl-2-(pyridine-2-sulfonamido)
Oﬁ butanoate (1f) (36.6 mg, 0.10 mmol, 1.00 equiv) to give 3f
as a yellow oil; yield: 33.2 mg (85%). *H NMR (500 MHz,

CDCls, 8): 8.69 (d, J=4.6 Hz, 1H), 8.24 (d, J =7.9 Hz, 1H), 7.96 (td, J=7.8, 1.7 Hz,
1H), 7.56 — 7.54 (m, 1H), 7.09 (dd, J = 8.4, 5.5 Hz, 2H), 6.99 (t, J = 8.6 Hz, 2H), 5.09 (d,
J =8.0 Hz, 1H), 3.87 (s, 3H), 3.00 — 2.91 (m, 2H), 2.50 (dd, J = 17.0, 12.0 Hz, 1H), 2.37
(dd, J=14.8, 11.7 Hz, 1H), 2.28 (dd, J = 17.0, 7.5 Hz, 1H). *C NMR (126 MHz, CDCls,
5): 172.1, 169.7, 163.2 (d, J = 247.1 Hz), 155.6, 150.2, 138.3, 133.5 (d, J = 3.6 Hz),
130.1 (d, J=7.8 Hz), 128.0, 124.5, 115.8 (d, J = 21.3 Hz), 63.8, 52.9, 38.3, 36.5, 35.7.
HRMS-ESI (m/z): calcd. for CigHisFN.OsS (M+H)*: 393.0914; Found: 393.0913.
IR (Vmax/cm™): 1746, 1735, 1366, 1181. [a]o?°: -10 (c = 1.0; CH,Cl,).

Along product 3f, product 2f was also isolated

/N (3S,4S)-Methyl 8-fluoro-4-methyl-1-oxo-2-(pyridin-2-

_ ylsulfonyl)-2,3,4,5-tetrahydro-1H-benzo[c]azepine-3-

ON carboxylate (2f). Yellow oil; vyield: 2.7mg (7%).

. N/Soz IH NMR (300 MHz, CDCls, 8): 8.67 (ddd, J = 4.6, 1.6, 0.8 Hz,

1CO,Me 1H), 8.42 (dt, J=7.9, 0.8 Hz, 1H), 8.02 (td, J=7.8, 1.7 Hz,

1H), 7.55 (ddd, J = 7.6, 4.7, 1.1 Hz, 1H), 7.20 — 7.15 (m, 1H),

7.13 —7.04 (m, 2H), 5.27 (s, 1H), 3.31 (s, 3H), 3.27 — 3.17 (m,

1H), 2.80 (t, J = 12.7 Hz, 1H), 2.70 (dd, J = 13.7, 6.1 Hz, 1H), 1.48 (d, J = 6.9 Hz, 3H).

13C NMR (75 MHz, CDCls, 8): 169.5, 168.8 (d, J = 2.5 Hz), 161.7 (d, J = 247.3 Hz),

156.4, 149.7, 137.9, 134.7 (d, J =7.4 Hz), 134.5 (d, J = 3.3 Hz), 131.0 (d, J = 7.6 Hz),

127.6, 125.6, 120.0 (d, J = 21.4 Hz), 116.3 (d, J = 23.5 Hz), 63.3, 52.7, 39.4, 37.0, 20.4.

HRMS-ESI (m/z): calcd. for CigHisFN2OsS (M+HY): 393.0914; Found: 393.0907.
IR (Vmax/cm™): 1741, 1688, 1353, 1180. [a]o®: +5 (c = 1.0; CH,Cl,).
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(2S,3R)-Methyl 5-ox0-1-(pyridin-2-ylsulfonyl)-3-(4-bromobenzyl)pyrrolidine-2-
J \ carboxylate (3g). Compound 3g was prepared following
QSOZ the general protocol from (2S,3S)-methyl 4-(4-

N\ .COMe Br bromophenyl)-3-methyl-2-(pyridine-2-sulfonamido)
Osz butanoate (1g) (42.7 mg, 0.10 mmol, 1.00 equiv) to give
3g as a yellow oil; vyield: 31.5mg (69%).

IH NMR (300 MHz, CDCls, 8): 8.69 (ddd, J = 4.7, 1.6, 0.8 Hz, 1H), 8.24 (dt, J = 7.9,
0.9 Hz, 1H), 7.96 (td, J = 7.8, 1.7 Hz, 1H), 7.55 (ddd, J = 7.7, 4.7, 1.1 Hz, 1H), 7.43 (d,
J=8.4Hz, 2H), 7.01 (d, J=8.4Hz, 2H), 5.08 (d, J=8.0Hz, 1H), 3.87 (s, 3H),
3.03-2.88 (m, 2H), 250 (dd, J=16.9, 12.0Hz, 1H), 2.40-2.23 (m, 2H).
13C NMR (75 MHz, CDCls, 8): 172.0, 169.6, 155.6, 150.2, 138.3, 136.8, 132.1, 130.3,
128.0, 124.5, 121.1, 63.7, 52.9, 38.0, 36.5, 35.9. HRMS-ESI(m/z): calcd. for
CisH18BrN20sS (M+H)*: 453.0114; Found: 453.0107. IR (Vmad/cm~'): 1742, 1736, 1364,
1177. [a]o2: -13 (c = 1.0; CH,Cl).

Along product 3g, product 2g was also isolated

(3S,4S)-Methyl 8-bromo-4-methyl-1-oxo-2-(pyridin-2-

/\\ ylsulfonyl)-2,3,4,5-tetrahydro-1H-benzo[c]azepine-3-

o carboxylate (2g). Yelow oil; vyield: 4.6mg (10%).

Br N/SOZ IH NMR (300 MHz, CDCls, 8): 8.67 (dd, J = 4.7, 0.8 Hz, 1H),
CoMe 842 (4, J=7.9Hz, 1H), 8.02 (td, J = 7.8, 1.7 Hz, 1H), 7.60

(d, J=2.1Hz, 1H), 7.56 (ddd, J = 7.7, 4.7, 1.0 Hz, 1H), 7.49

(dd, J=8.1, 2.1 Hz, 1H), 7.03 (d, J = 8.1 Hz, 1H), 5.27 (s,
1H), 3.30 (s, 3H), 3.27 —3.19 (m, 1H), 2.82 - 2.66 (m, 2H), 1.47 (d, J = 7.0 Hz, 3H).
13C NMR (75 MHz, CDCl3, &): 169.5, 168.5, 156.3, 149.6, 137.9, 137.5, 135.8, 134.7,
132.5, 130.8, 127.7, 125.7, 121.0, 63.3, 52.8, 39.1, 37.2, 20.4. HRMS-ESI (m/z): calcd.
for CigH1sBrN2OsS (M+H*): 453.0114; Found: 453.0105. IR (Vmax/cm™): 1740, 1686,
1353, 1179. [a]p?’: +16 (c = 1.0; CH.Cl,).

(2S,3R)-Methyl 3-(4-(methoxycarbonyl)benzyl)-5-oxo-1-(pyridin-2-
J ylsulfonyl)pyrrolidine-2-carboxylate (3h).

\ .
O\SOZ Compound 3h was prepared following the general
N N_ ~CO;Me protocol from methyl 4-((2S,3S)-4-methoxy-2-

Oﬁ /©/ CO2Me methyl-4-oxo-3-(pyridine-2-sulfonamido)butyl)
benzoate (1h) (40.6 mg, 0.10 mmol, 1.00 equiv) to
give 3h as a white oil; yield: 36.7 mg (85%). *H NMR (300 MHz, CDCls, &): 8.69 (ddd,
J=4.7,1.6, 0.8 Hz, 1H), 8.23 (dt, J=7.9, 0.9 Hz, 1H), 7.98 — 7.93 (m, 3H), 7.55 (ddd,
J=77,4.7,1.1Hz, 1H), 7.21 (d, J = 8.3 Hz, 2H), 5.10 (d, J = 8.0 Hz, 1H), 3.90 (s, 3H),
3.87 (s, 3H), 3.09 — 2.94 (m, 2H), 2.57 — 2.41 (m, 2H), 2.27 (dd, J=17.0, 7.6 Hz, 1H).
13C NMR (75 MHz, CDCls, 8): 172.0, 169.6, 166.8, 155.6, 150.2, 143.1, 138.3, 130.3,
129.3, 128.6, 128.0, 124.5, 63.7, 52.9, 52.3, 37.8, 36.4. HRMS-ESI (m/z): calcd. for
C20H21N207S (M+H)*: 433.1063; Found: 433.1066. IR (Vmax/cm™): 1742, 1736, 1714,
1362, 1177. [a]p?: -19 (c = 1.0; CH2CL,).

Along product 3h, product 2h was also isolated
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(3S,4S)-Dimethyl 4-methyl-1-oxo-2-(pyridin-2-ylsulfonyl)-2,3,4,5-tetrahydro-1H-

7\ benzo[c]azepine-3,8-dicarboxylate (2h). Yellow oil;

N= yield: 3.4 mg (8%). *H NMR (300 MHz, CDCls;, 8): 8.68

@] S0 (dd, J=4.7, 0.8 Hz, 1H), 8.44 (d, J=7.9 Hz, 1H), 8.14

MeO,C N2 (d, J=1.8Hz, 1H), 8.06 —8.00 (m, 2H), 7.56 (ddd,

.1CO,Me J=7.6,4.7, 1.0 Hz, 1H), 7.24 (d, J = 8.1 Hz, 1H), 5.28

(s, 1H), 3.86 (s, 3H), 3.31 - 3.19 (m, 4H), 2.92-2.84

(m, 1H), 2.79 (dd, J=13.5, 6.1 Hz, 1H), 1.50 (d,

J = 6.9 Hz, 4H). *C NMR (75 MHz, CDCls, 8): 169.4, 169.0, 165.9, 156.3, 149.6, 143.3,

137.9, 133.6, 133.4, 131.3, 129.7, 129.5, 127.7, 125.7, 63.2, 52.7, 52.4, 39.0, 37.8, 20.6.

HRMS-ESI (m/z): calcd. for CxH21N20;S (M+H*): 433.1063; Found: 433.1059.
IR (Vmax/cm™): 1741, 1720, 1688, 1353, 1177. [a]p?°: +32 (c = 1.0; CH:Cl,).

(2S,3R)-Methyl 3-(4-nitrobenzyl)-5-oxo0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-
74 \ carboxylate (3i). Compound 3i was prepared following
— S0, the general protocol from (2S,3S)-methyl 3-methyl-4-(4-

N\ .COMe

NO, hitrophenyl)-2-(pyridine-2-sulfonamido) butanoate (1i)

(39.3 mg, 0.10 mmol, 1.00 equiv) to give 3i as a white

oil; yield: 21.0 mg (50%). *H NMR (300 MHz, CDCls, d):
8.69 (ddd, J=4.7, 1.5, 0.8 Hz, 1H), 8.23 (d, J = 7.9 Hz, 1H), 8.18 (d, J = 8.7 Hz, 2H),
7.97 (td, J=7.8, 1.7 Hz, 1H), 7.56 (ddd, J=7.7, 4.7, 1.0 Hz, 1H), 7.33 (d, J = 8.7 Hz,
2H), 5.11 (d, J = 8.0 Hz, 1H), 3.88 (s, 3H), 3.10 — 2.98 (m, 2H), 2.59 — 2.49 (m, 2H), 2.29
(dd, J=16.8, 7.6 Hz, 1H). *C NMR (75 MHz, CDCl;, &): 171.6, 169.5, 155.5, 150.2,
147.3, 145.3, 138.3, 129.5, 128.1, 124.5, 124.2, 63.6, 53.0, 37.6, 36.4, 36.3.
HRMS-ESI (m/z): calcd. for CigHi7N3O7SNa (M+Na)*: 422.0679; Found: 422.0684.
[a]o%: -7 (c = 1.0; CH:CL).

0]

‘7

(2S,3R)-Methyl 3-(3-methylbenzyl)-5-oxo0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-

@ carboxylate (3j). Compound 3j was prepared following the
— SO, general protocol from (2S,3S)-methyl 3-methyl-2-(pyridine-
N N ~CO2Me 2-sulfonamido)-4-(m-tolyl)butanoate 1) (36.2 mg,

o , 0.10 mmol, 1.00 equiv) to give 3j as a 66:34 mixture of the

.
‘7

y-lactam and the benzazepinone as a yellow oil; yield:
38.4 mg (99%). 'H NMR (500 MHz, CDCls, 8): 8.69 (ddd, J = 4.7, 1.6, 0.8 Hz, 1H), 8.23
(d,J =7.9Hz, 1H), 7.95 (td, J = 7.8, 1.7 Hz, 1H), 7.54 — 7.52 (m, 1H), 7.17 (t, J = 7.5 Hz,
1H), 7.03 (d, J = 6.9 Hz, 1H), 6.93 (s, 1H), 6.91 (d, J = 7.7 Hz, 1H), 5.09 (d, J = 8.1 Hz,
1H), 3.87 (s, 3H), 2.96 — 2.93 (m, 1H), 2.51 (dd, J=17.0, 12.2 Hz, 1H), 2.33 - 2.29 (m,
6H). *C NMR (126 MHz, CDCls, &): 172.4, 169.8, 155.6, 150.2, 138.6, 138.2, 137.7,
129.3, 128.8, 128.0, 127.8, 125.6, 124.5, 63.9, 52.8, 38.2, 36.6, 36.4, 21.5.
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(2S,3R)-Methyl 5-0x0-1-(pyridin-2-ylsulfonyl)-3-(3-(trifluoromethyl)benzyl)
J 1 pyrrolidine-2-carpoxy|ate (3k). Compound 3k was
C>\SO2 prepared following the general protocol from
N N .COMe (2S,3S)-methyl  3-methyl-2-(pyridine-2-sulfonamido)-4-
OZQJ (3-(trifluoromethyl)phenyl) butanoate (1k) (41.6 mg,

o CF 0.10 mmol, 1.00 equiv) to give 3k as a yellow oil; yield:

® 309mg (70%). 'HNMR (300 MHz, CDCls, 8):

8.71 —8.67 (m, 1H), 8.23 (d, J = 7.7 Hz, 1H), 7.96 (td, J = 7.8, 1.7 Hz, 1H), 7.57 — 7.50
(m, 2H), 7.46 — 7.39 (m, 2H), 7.35 — 7.32 (m, 1H), 5.09 (d, J = 7.9 Hz, 1H), 3.88 (s, 3H),
3.09-2.94 (m, 2H), 259-2.45 (m, 2H), 229 (dd, J=17.0, 7.5Hz, 1H).
13C NMR (75 MHz, CDCls, 8): 171.9, 169.6, 155.6, 150.2, 138.8, 138.3, 132.0, 131.4 (q,
J=31.3Hz), 129.5, 128.1, 125.4 (q, J = 3.7 Hz), 124.5, 124.1 (g, J = 3.7 Hz), 124.0 (q,
J=272.4Hz), 63.7, 52.9, 380, 36.4, 36.2. HRMS-ESI(m/z): calcd. for
CioH17FsN20sSNa (M+Na)*: 465.0709; Found: 465.0708. IR (Vmad/cm™'): 1744, 1736,
1330, 1177. [a]o®: -17 (c = 1.0; CH.Cl,).

(2S,3R)-Methyl 3-(2-methylbenzyl)-5-ox0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-
J ) carboxylate (3I). Compound 3| was prepared following the
Q\SOZ general protocol from (2S,3S)-methyl 3-methyl-2-(pyridine-2-

N\ .COMe  sulfonamido)-4-(o-tolyl)butanoate (1) (36.2 mg, 0.10 mmol,
o) 1.00 equiv) to give 3l as a yellow oil; yield: 31.1 mg (80%).
o 'H NMR (300 MHz, CDCls, &): 8.70 — 8.68 (m, 1H), 8.24 (d,
J=7.9Hz, 1H), 7.96 (td, J=7.8, 1.7 Hz, 1H), 7.55 (ddd,

J=7.7,4.7,1.0Hz, 1H), 7.17 - 7.12 (m, 3H), 7.04 — 7.01 (m, 1H), 5.12 (d, J = 8.1 Hz,

1H), 3.88 (s, 3H), 3.06 — 2.89 (m, 2H), 2.55 (dd, J = 16.9, 12.1 Hz, 1H), 2.39 — 2.30 (m,

4H), 2.24 —2.20 (m, 1H). C NMR (75 MHz, CDCls, &): 172.4, 169.8, 155.6, 150.2,

138.2, 135.9, 135.9, 130.9, 129.1, 128.0, 127.2, 126.4, 124.6, 64.0, 52.8, 36.8, 36.6,

33.5, 19.5. HRMS-ESI (m/z): calcd. for CigH21N20sS (M+H)*: 389.1166; Found:

389.1160. IR (Vmax/cm™): 1748, 1736, 1364, 1182. [a]o%®: -25 (c = 1.0; CH,Cl,).

Along product 3l, product 2| was also isolated

= (3S,4S)-Methyl  4,6-dimethyl-1-ox0-2-(pyridin-2-ylsulfonyl)-

l\\l/ 2,3,4,5-tetrahydro-1H-benzo[c]azepine-3-carboxylate  (2I).
0 White oil; yield: 6.6 mg (17%). *H NMR (300 MHz, CDCls, 8):
S0, 8.69 —8.68 (M, 1H), 8.43 (d, J = 7.9 Hz, 1H), 8.00 (td, J = 7.8,

N
1CO,Me 1.2 Hz, 1H), 7.54 (dd, J=7.6, 4.8 Hz, 1H), 7.23- 7.8 (m, 2H),

7.11 (d, J = 7.3 Hz, 1H), 5.23 (s, 1H), 3.26 — 3.18 (m, 4H), 2.93

(dd, J = 13.8, 5.2 Hz, 1H), 2.59 (t, J = 13.1 Hz, 1H), 2.35 (s, 3H),
1.50 (d, J =7.0 Hz, 3H). C NMR (75 MHz, CDCls, 8): 170.4, 169.6, 156.6, 149.6,
137.9, 136.8, 135.7, 134.2, 133.6, 127.5, 127.5, 126.9, 125.7, 62.8, 52.5, 38.1, 32.7,
20.3, 19.6. HRMS-ESI (m/z): calcd. for CieHaoN2OsSNa (M+Na*): 411.0985; Found:
411.0987. [a]o2% +49 (C = 1.0; CH.CL).
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(2S,3R)-Methyl 5-0x0-1-(pyridin-2-ylsulfonyl)-3-(2-fluorobenzyl)pyrrolidine-2-
J carboxylate (3m). Compound 3m was prepared following the
C\>\302 general protocol from (2S,3S)-methyl 4-(2-fluorophenyl)-3-
N N_ ~CO,Me methyl-2-(pyridine-2-sulfonamido) butanoate (1m) (36.6 mg,
Oﬁ 0.10 mmol, 1.00 equiv) to give 3m as a yellow oil; yield:
33.1mg (84%). H NMR (500 MHz, CDCls, &): 8.69 (d,

£ J=47Hz 1H), 824 (d, J=8.5Hz, 1H), 7.95 (td, J= 7.7,

1.3 Hz, 1H), 7.55 (dd, J = 7.7, 4.7 Hz, 1H), 7.25—7.20 (m,

1H), 7.15 — 7.01 (m, 3H), 5.09 (d, J = 8.0 Hz, 1H), 3.88 (s, 3H), 3.08 — 2.96 (M, 2H), 2.57

(dd, J=16.9, 12.3 Hz, 1H), 2.48 —2.43 (m, 1H), 2.28 (dd, J=16.9, 7.5 Hz, 1H).

13C NMR (126 MHz, CDCls, 8): 172.2, 169.6, 161.0 (d, J = 245.4 Hz), 155.7, 150.2,

138.2,130.8 (d, J = 4.5 Hz), 129.0 (d, J = 8.2 Hz), 128.0, 124.5 (d, J = 7.5 Hz), 124.5 (d,

J=3.9Hz), 115.8 (d, J=22.0 Hz), 63.8, 52.9, 37.0 (d, J=1.2 Hz), 36.5, 29.8 (d,

J=19Hz). HRMS-ESI (m/z): calcd. for CigHi7FN,OsSNa (M+Na)": 415.0734;
Found: 415.0738. [a]p?’: -20 (c = 1.0; CH:Cl).

Along product 3m, product 2m was also isolated

J \ (3S,4S)-Methyl 6-fluoro-4-methyl-1-oxo-2-(pyridin-2-
_ ylsulfonyl)-2,3,4,5-tetrahydro-1H-benzo[c]azepine-3-
ON carboxylate (2m). Yellow oil; vyield: 2.3mg (6%).
N/SOZ IH NMR (500 MHz, CDCls, 8): 8.69 —8.67 (m, 1H), 8.42 (d,

.1CO,Me J=7.9Hz 1H), 8.01 (td, J = 7.8, 1.7 Hz, 1H), 7.55 (ddd, J = 7.7,

4.7, 1.0 Hz, 1H), 7.28 — 7.27 (m, 1H), 7.22 - 7.17 (m, 1H), 7.14

F (td, J=8.8, 1.2 Hz, 1H), 5.28 (s, 1H), 3.29 (s, 3H), 3.27 — 3.18

(m, 2H), 2.53-2.47 (m, 1H), 1.51 (d, J=6.8Hz, 3H).

13C NMR (126 MHz, CDCls, 8): 169.5, 168.8 (d, J = 3.4 Hz), 159.2 (d, J = 247.1 Hz),

156.4, 149.7, 137.9, 135.3 (d, J=3.2 Hz), 128.5 (d, J = 8.3 Hz), 127.6, 125.9 (d,

J=18.6 Hz), 125.6, 125.4 (d, J = 3.7 Hz), 119.4 (d, J = 23.3 Hz), 63.1, 52.7, 38.5, 28.0

(d, J = 3.8 Hz), 20.5. HRMS-ESI (m/z): calcd. for C1gsH17FN.OsSNa (M+Na)*: 415.0734;
Found: 415.0739. [a]p?°: +20 (c = 1.0; CH,Cl,).

(2S,3R)-Methyl 3-(2-chlorobenzyl)-5-ox0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-
J carboxylate (3n). Compound 3n was prepared following the
Q\soz general protocol from (2S,3S)-methyl 4-(2-chlorophenyl)-3-
N N_ ~CO,Me methyl-2-(pyridine-2-sulfonamido) butanoate (1n) (38.3 mg,
O:<j 0.10 mmol, 1.00 equiv) to give 3n as a 75:25 mixture of
diasteromers, which came from both diasteromers presented

cl in the starting material. Brown oil; yield: 34.7 mg (85%).

IH NMR (300 MHz, CDCls, 8): 8.69 (bd, J = 4.5 Hz, 1H), 8.23
(d, J=7.8Hz, 1H), 7.95 (td, J=7.8, 1.5Hz, 1H), 7.55 (dd, J=7.8, 4.7 Hz, 1H),
7.37-7.34 (m, 1H), 7.21-7.13 (m, 3H), 5.11 (d, J=8.0 Hz, 1H), 3.89 (s, 3H),
3.17 — 3.07 (M, 2H), 2.64 — 2.45 (m, 2H), 2.27 — 2.19 (m, 1H). 3C NMR (75 MHz, CDCls,
3): 172.2, 169.7, 155.6, 150.2, 138.2, 135.5, 134.0, 130.7, 130.0, 128.7, 128.0, 127.3,
124.5, 63.8, 52.9, 36.4, 36.3, 33.9. HRMS-ESI (m/z): calcd. for CisH17CIN,OsSNa
(M+Na)*: 431.0439; Found: 431.0440. [a]o?: -29 (c = 1.0; CHCl,).
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(4R,5R)-5-Methyl-4-(4-methylbenzyl)-1-(pyridin-2-ylsulfonyl)pyrrolidin-2-one (7a).

Y ) Compound 7a was prepared following the general protocol
Q\S()z from N-((2R,3S)-3-methyl-4-(p-tolyl)butan-2-yl)pyridine-2-

\

N sulfonamide (6a) (31.8 mg, 0.10 mmol, 1.00 equiv) to give
O:<J /©/ 7a as a 81:19 mixture of diasteromers, which came from

K both diasteromers presented in the starting material. Yellow
oil; yield: 34.7 mg (85%). *H NMR (300 MHz, CDCls, &): 8.68 (ddd, J = 4.7, 1.6, 0.8 Hz,
1H), 8.22 (d, J =7.9 Hz, 1H), 7.93 (td, J=7.8, 1.7 Hz, 1H), 7.52 (ddd, J=7.7, 4.7, 1.1
Hz, 1H), 7.11 (d, J =8.0 Hz, 2H), 7.05 (d, J =8.1 Hz, 2H), 4.65 (p, J = 6.7 Hz, 1H),
2.98 —2.85 (m, 1H), 2.76 (dd, J = 13.6, 6.8 Hz, 1H), 2.63 (dd, J = 13.9, 9.1 Hz, 1H),
2.36 —2.30 (m, 5H), 1.50 (d, J = 6.6 Hz, 3H). 13C NMR (75 MHz, CDCl3, 8): 172.8, 156.0,
150.1, 138.0, 136.4, 135.4, 129.5, 128.4, 127.6, 124.6, 59.6, 39.1, 36.4, 35.5, 21.1, 15.8.
HRMS-ESI (m/z): calcd. for CigH2oN20O3SNa (M+Na)*: 367.1087; Found: 367.1099.
IR (Vmax/cm™): 1737, 1736, 1340, 1174. [a]o?°: -42 (c = 1.0; CH,Cl,).

(S)-Methyl 1-((2S,3R)-5-0x0-1-(pyridin-2-ylsulfonyl)-3-(4-(trifluoromethyl)
benzyl)pyrrolidine-2-carbonyl)pyrrolidine-2-

@ &COZMe carboxylateone (9). Compound 9 was prepared

\ following the general protocol from methyl N-(SO2Py)-y-

O:<j /O©/ (p-trifluoromethylphenyl)-L-valyl-prolinate (8) (31.8 mg,
0.10 mmol, 1.00 equiv) to give 9 as a 32:78 mixture of

y-lactam and the starting material as a yellow oil; yield:

52.1 mg (99%). *H NMR (500 MHz, CDCls, 8): 8.64 (ddd, J = 4.6, 1.6, 0.8 Hz, 1H), 8.25
(d,J=7.9Hz, 1H), 7.98 (d, J = 7.9 Hz, 1H), 7.93 (td, J = 7.8, 1.7 Hz, 1H), 7.58 (d, J = 8.1
Hz, 2H), 7.52 (d, J=8.0 Hz, 2H), 7.48 —7.45 (m, 1H), 5.08 (d, J=7.4 Hz, 1H),

4.54 — 4.52 (m, 1H), 3.90 — 3.85 (m, 1H), 3.76 (s, 3H), 3.19 — 3.15 (m, 1H), 2.94 — 2.84
(m, 3H), 2.34 — 2.28 (m, 2H), 2.21 — 2.08 (M, 2H), 2.05 — 1.96 (M, 2H).
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4. Mechanistic studies

4.1. Kinetic studies of the Pd-catalyzed carbonylative cyclization of amino acid
derivatives.

These studies were performed in identical parallel reactions, stopped each of them at
the corresponding time.

4.1.1. Evaluation of the substitution of the aryl ring

General procedure. An oven-dried, argon flushed, pressure tube was charged with
Pd(OAc): (2.24 mg, 0.010 mmol), AgOAc (25.0 mg, 0.15 mmol), benzoquinone
(21.6 mg, 0.20 mmol), Mo(CO)s (8.67 mg, 0.33 mmol), the corresponding N-SO.Py -
arylated aminoester derivative (0.10 mmol, 1.00 equiv) and AcOH (34 uL, 0.60 mmol,
6.00 equiv) if corresponds. The pressure tube was sealed with a rubber septum and
flushed with Ar. Under positive pressure of argon, 1,4-dioxane (0.40 mL) was added via
syringe. The septum was then replaced by a teflon-lined screw cap and finally placed in
a preheated oil bath at 110 °C for the given time. The final product percentage was
determined by 'H NMR spectroscopy.

§02Py
HN,, _CO,Me o
Pd(OAc); (10 mol%) ¢ N/SOZPV
Mo(CO)g (0.33 equiv)
H 1CO,Me
AgOAc (1.5 equiv)
BQ (2.0 equiv)
il 1,4-Dioxane 110 °C, x h R = Me, H, CF,
100
——Ph —@—Ph+AcOH —@—pMe —@—pCF3
90
80
70
60
50
40
30
20
. /’_‘_/0——_./.
0
0 20 40 60 80 100 120 140 160

Figure S1. Conv. vs. time depending on the aryl ring nature and the addition of AcCOH.
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(3S*,4S*)-Methyl 4-ethyl-1-oxo0-2-(pyridin-2-ylsulfonyl)-2,3,4,5-tetrahydro-1H-
7 \ benzo[c]azepine-3-carboxylate (5a). Compound 5a was

N= prepared following the general procedure from (2S,3S)-methyl 3-

0 50, benzyl-2-(pyridine-2-sulfonamido)pentanoate  (4a) (36.2 mg,

N’ 0.10 mmol, 1.00 equiv) to give 5a as a yellow oil

.1CO,Me H NMR (300 MHz, CDCls, 8): 8.67 (ddd, J=4.7, 1.7, 0.8 Hz,

1H), 8.43 (dt, J = 8.0, 0.9 Hz, 1H), 8.00 (td, J = 7.8, 1.7 Hz, 1H),

7.54 (ddd, J=7.7, 4.7, 1.1 Hz, 1H), 7.46 (dd, J=7.7, 1.3 Hz,

1H), 7.38 (td, J = 7.5, 1.4 Hz, 1H), 7.22 (td, J = 7.6, 1.2 Hz, 1H),

7.15 (d, J = 7.5 Hz, 1H), 5.37 (s, 1H), 3.24 (s, 3H), 3.01 — 2.91 (m, 1H), 2.82 — 2.76 (m,

2H), 2.03-1.88 (m, 1H), 1.87-1.73 (m, 1H), 114 (, J=7.3Hz, 3H).

13C NMR (75 MHz, CDCls, 8): 170.1, 169.9, 156.6, 149.6, 138.6, 137.8, 132.9, 129.8,

129.2, 127.5, 127.3, 125.7, 60.9, 52.6, 46.5, 36.1, 27.0, 12.1. HRMS-ESI (m/z): calcd.

for C1eH21N205S (M+H)*: 389.1165; Found: 389.1166. IR (Vma/cm™): 1742, 1687, 1351,
1179.

(3S*,4S5*)-Methyl 4-ethyl-8-methyl-1-oxo0-2-(pyridin-2-ylsulfonyl)-2,3,4,5-
7 \ tetrahydro-1H-benzo[c]azepine-3-carboxylate (5b).

N= Compound 5b was prepared following the general procedure

O S0 from (2S,3S)-methyl 3-(4-methylbenzyl)-2-(pyridine-2-

N 2 sulfonamido)pentanoate (4b) (37.6 mg, 0.10 mmol,

1CO,Me  1.00 equiv) to give 5b as a white solid; mp=117-118 °C.

'H NMR (300 MHz, CDCls, 8): 8.67 (ddd, J = 4.7, 1.7, 0.8 Hz,

1H), 8.42 (dt, J=7.9, 0.9 Hz, 1H), 8.00 (td, J = 7.8, 1.7 Hz,

1H), 7.53 (ddd, J = 7.6, 4.7, 1.1 Hz, 1H), 7.26 (s, 1H), 7.18 (d,

J =7.7 Hz, 1H), 7.02 (d, J = 7.7 Hz, 1H), 5.35 (s, 1H), 3.24 (s, 3H), 2.99 — 2.88 (m, 1H),

2.80-2.71 (m, 2H), 2.24 (s, 3H), 1.98 -1.88 (m, 1H), 1.85-1.70 (m, 1H), 1.13 (t,

J =7.3 Hz, 3H). 3C NMR (75 MHz, CDCls;, 8): 170.3, 169.9, 156.6, 149.5, 137.8, 137.1,

135.7,133.8, 132.7, 130.0, 129.1, 127.4, 125.7, 61.1, 52.5, 46.5, 35.6, 27.0, 20.9, 12.1.

HRMS-ESI (m/z): calcd. for CzH23N20sS (M+H)*: 403.1328; Found: 403.1328.
IR (Vmax/cm™'): 1742, 1684, 1350, 1180

(35*,4S*)-Methyl  4-ethyl-1-oxo0-2-(pyridin-2-ylsulfonyl)-8-(trifluoromethyl)-2,3,4,5-

7\ tetrahydro-1H-benzo[c]lazepine-3-carboxylate (5¢).
N= Compound 5c was prepared following the general
0 50 procedure from (2S,3S)-methyl 2-(pyridine-2-sulfonamido)-
FsC N 2 3-(4-(trifluoromethyl)benzyl)pentanoate  (4c) (43.0 mg,

+1CO,Me 0.10 mmol, 1.00 equiv) to give 5c as a yellow solid;

mp = 134-140 °C. 'H NMR (300 MHz, CDCl;, &): 8.68

(ddd,J=4.7,1.7,0.8 Hz, 1H), 8.43 (dt, J = 7.9, 0.9 Hz, 1H),

8.03 (td, J =7.8, 1.7 Hz, 1H), 7.74 (d, J = 1.2 Hz, 1H), 7.63

(dd, J=8.0, 1.5 Hz, 1H), 7.57 (ddd, J =7.7, 4.7, 1.1 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H),
5.40 (s, 1H), 3.24 (s, 3H), 3.02 — 2.92 (m, 1H), 2.89 — 2.79 (m, 2H), 2.01 — 1.89 (m, 1H),
1.88 —1.76 (m, 1H), 1.15 (t, J = 7.3 Hz, 3H).*C NMR (75 MHz, CDCls, &): 169.7, 168.8,
156.3, 149.7, 142.3, 138.0, 133.8, 130.1 (g, J = 33.4 Hz), 129.9, 129.2 (q, J = 3.5 Hz),
127.7, 127.0 (q, J = 3.8 Hz), 125.8 (s, J = 32.8 Hz), 123.5 (q, J = 272.4 Hz), 60.9, 52.7,
46.2, 36.0, 27.0, 12.0. °F NMR (282 MHz, CDCls, 8): -63.0. HRMS-ESI (m/z):calcd. for
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C20H20F3N20sS (M+H)*: 457.1039; Found: 457.1038. IR (Vmax/cm™): 1742, 1688, 1352,
1178.

4.2. Stoichiometric studies in y-phenyl-valine derivative

?Ozpy
HN,, _CO,;Me Pd(OAc), (100 mol%)
Mo(CO)s (0.33 equi PyO2S
0(CO)e (0.33 equiv) ‘N COyMe
Y . e} +
H H AgOAc (1.50 equiv) .

BQ (2.00 equiv) ¥ ”
AcOH (3.00 equiv)
HFIP, 110°C, 4 h

1a 3a

General procedure. An oven-dried, Ar flushed, pressure tube was charged with
Pd(OAc): (22.4 mg, 0.010 mmol, 0.10 equiv), AgOAc (25.0 mg, 0.15 mmol, 1.50 equiv),
benzoquinone (21.6 mg, 0.20 mmol, 2.00 equiv), Mo(CO)s (8.67 mg, 0.33 mmol,
0.33 equiv) and (2S,3S)-methyl 3-(4-benzyl)-2-(pyridine-2-sulfonamido)butanoate 1la
(34.8 mg, 0.10 mmol, 1.00 equiv). The pressure tube was sealed with a rubber septum
and flushed with argon. Under positive pressure of argon, HFIP (0.80 mL) and acetic
acid (17 uL, 0.30 mmol, 3.00 equiv) were added via syringe. The septum was then
replaced by a screw cap and finally placed in an oil bath at 110 °C for 18 h. The reaction
mixture was then removed from the oil bath and allowed to cool to room temperature.
The mixture was then diluted with AcOEt, filtered through a short pad of Celite® and
concentrated in vacuo. The residue was analyzed by *H NMR observing a conversion of
70% and 29% towards compounds 3a and 2a respectively.

Entry | Non-added additive la (%) 3a (%)? 2a (%)?
1 none - 70 29

2 AgOACc (1.50 equiv) - 66 33

3 BQ (2.00 equiv) 41 51 8

4 AcOH 16 54 30

Reaction conditions: 1a (0.10 mmol, 1.00 equiv), Mo(CO)s (0.033 mmol, 0.66 equiv), Pd(OAc)2
(22.4 mg, 0.10 mmol, 1.00 equiv), AgOAc (0.15 mmol, 3.00 equiv), BQ (0.20 mmol,
4.00 equiv), AcOH (17 pL, 0.30 mmol, 3.00 equiv) HFIP (0.80 mL), 110 °C, 18 h, argon.
aConversion determined by *H NMR.

Table S2. Control experiments employing Pd(OACc): in stoichiometric quantities

In control experiments employing stoichiometric quantities of Pd(OAc)., we could
observe a complete conversion towards the benzazepinone and the y-lactam in the
presence of all the additives in 70% and 29% yields (entry 1). In the absence of the silver
salt, the corresponding derivatives could be observed in a 66% of conversion and a 33%
respectively, leading us to the conclusion that the presence of the silver is not required
for a higher selectivity towards the y-lactam product (entry 2). However, when no BQ was
added to the reaction media, a higher selectivity was observed but with a higher
decreased in yield (entry 3). When AcOH was not added to the reaction media, a higher
formation of the g-lactam was observed but in lower selectivity compared to the standard
stoichiometric reaction (entry 1) or in the absence of BQ (entry 3). This could indicate
that the AcOH formed in the reaction media could be favoring the reversibility of the C-H
activation step at the e-position. The collection of this data is shown in Table S2.
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4.3. H/D exchange experiments using deuterium donor species

4.3.1. Experimental procedure for the aryl dependent H/D scrambling using
CD3CO:2D as deuterium donor

These studies were performed in identical parallel reactions, stopped each of them at
4 h.

N, _CO,Me

Pd(OAc), (10 mol%)
Mo(CO)g (0.33 equiv)

SO,Py PyOZS/N

11CO,Me

AgOAc (1.50 equiv) H/D
BQ (2.00 equiv) H/D

CD3CO,D (6.00 equiv)

R 1,4-Dioxane, 110 °C, 4 h

R

General procedure. An oven-dried, Ar flushed, pressure tube was charged with
Pd(OAc), (2.24 mg, 0.010 mmol), AgOAc (25.0 mg, 0.15 mmol), benzoquinone
(21.6 mg, 0.20 mmol), Mo(CO)s (8.67 mg, 0.33 mmol) and the corresponding
y-aryl-allo-lle derivative (4a-c) (0.10 mmol, 1.00 equiv). The pressure tube was sealed
with a rubber septum and flushed with Ar. Under positive pressure of argon, 1,4-dioxane
(0.40 mL) and CDsCO:2D (34.3 pL, 0.60 mmol, 6.00 equiv) were added via syringe. The
septum was then replaced by a teflon-lined screw cap and finally placed in a preheated
oil bath at 110 °C for 4 h. The reaction mixture was then removed from the oil bath and
allowed to cool to room temperature. The mixture was then diluted with EtOAc, filtered
through a short pad of Celite® and concentrated in vacuo. The residue was purified by
flash column chromatography (cyclohexane:CH:Cl,:EtOAc 10:2:3) to afford the pure
starting material 4a-c-D and the pure benzazepinone 5a-c-D (the corresponding yields
and deuterium percentage are shown in the schemes).

4.3.2. H/D scrambling in electron neutral y-aryl-allo-lle derivative

H

N, _CO,M
Py0,s” T o2Ne

Pd(OAc), (10 mol%)
Mo(CO)g (0.33 equiv)

N/
N/802Py PyO,S~
-1CO,Me

AgOAc (1.50 equiv) H/D
BQ (2.00 equiv) H/D
CD3CO,D (6.00 equiv)

4a

1,4-Di 110°C, 4 h
,4-Dioxane, 110 °C, 5a-D. 44%

33% H/D scrambling
in the other ortho
position

4a-D, 56%

62% H/D scrambling
at the ortho position
of the aromatic ring

In the 4a-D spectra, the integration of the doublet at 7.13-7.07 ppm (corresponding to
the o-aryl positions) was 0.93 instead of 2.16 (62% H/D scrambling).

In the 5a-D spectra, the integration of the doublet at 7.04-7.01 ppm (corresponding to
the o-aryl positions) was 0.76 instead of 1.13 (33% H/D scrambling).
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Spectra of 4a and 4a-D
'H NMR (CDCls, 300 MHz)
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Spectra of 5a and 5a-D

IH NMR (CDCls, 300 MHz)

T
PTT V
LT'T s/

€T~
18T~
881"
€07—

9oT—
8T,
1677/,
10e/
vTE—

$77
9TL
e
€L
seL
sz
p-wii0j0I0|yD 97°L
9€'L
8€'L
8€L
SbL A
SbL A
LyLA
8bL
bSL
bSL
SSLA
95L
95—

86°L
oo.mW
108

'8
we
we
'8
'8
Sb'8
99'8
99'8
£9'8
498

vI'L

nmLmNo QY
NANNANNN A
NNNNNNN

Pp-wojoioyd 97°L
SE€°L

— T:

7.1

7.2

7.4 7.3
f1 (ppm)

7.5

7.6

1
[
ThTT
260'T
01

=0T
=00'T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0
f1 (ppm)

10.0

(491
PI'T V
9T'T 7/

€T~
(8T~
881"
€07

9UT—
95—
;.N“
e

v2E —

LE'S—

P-WI0j0101D 92°L
9€’L
WL
Sv'L
e

[A¥A
¥S'L Wm
SS°L
356
108 /.
€08~
e
w8

'8
'8

£9'8
198
89'8
89'8

o

pIL—
L —
0L~
<N
STLA~
P-WLI0J0I0YD 97'L —

7.0

7.1

7.2

7.3
f1 (ppm)

7.5 7.4

7.6

0T
0T

fes:
dg&

H\E.o
2601
2€0'T
280'T

01

o't

960
H00'T

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
f1 (ppm)

10.0

527



Catalysis Science & Technology Page 42 of 179

4.3.3. H/D scrambling in electron rich y-aryl-allo-lle derivative

CO,Me

Pd(OAc), (10 mol%)
Mo(CO)g (0.33 equiv)

AgOAc (1.50 equiv)

BQ (2.00 equiv) H/D
CD3CO,D (6.00 equiv)
1,4-Dioxane, 110°C, 4 h

4b 5b-D, 38% 4b-D, 62%
17% H/D scrambling 54% H/D scrambling
in the other ortho at the ortho position
position of the aromatic ring

In the 4b-D spectra, the integration of the doublet at 6.99-6.97 ppm (corresponding to
the o-aryl positions) was 0.93 instead of 2.00 (54% H/D scrambling).

In the 5b-D spectra, the integration of the doublet at 7.04-7.01 ppm (corresponding to
the o-aryl positions) was 0.83 instead of 1.00 (17% H/D scrambling).
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Spectra of 4b and 4b-D

IH NMR (CDCls, 300 MHz)
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Spectra of 5b and 5b-D

IH NMR (CDCls, 300 MHz)
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4.3.4. H/D scrambling in electron poor y-aryl-allo-lle derivative

Py0,S” CO,Me
Pd(OAc), (10 mol%) F.C
Mo(CO)g (0.33 equiv)
H

AgOAc (1.50 equiv)

BQ (2.00 equiv) H/D

CD3CO,D (6.00 equiv)

H 0
CF3 (#)x 1,4-Dioxane, 110 °C, 4 h (£)-x-D, 25% L (#)x-D, 75%

35% H/D scrambling 3 71% H/D scrambling
in the other ortho at the ortho position
position of the aromatic ring

In the 4c¢-D spectra, the integration of the doublet at 7.23-7.20 ppm (corresponding to
the o-aryl positions) was 0.60 instead of 2.04 (71% H/D scrambling).

In the 5¢-D spectra, the integration of the doublet at 7.31-7.29 ppm (corresponding to
the o-aryl positions) was 0.72 instead of 1.11 (35% H/D scrambling).
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Spectra of 4c and 4c¢-D

IH NMR (CDCls, 300 MHz)
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Spectra of 5¢c and 5¢-D

IH NMR (CDCls, 300 MHz)
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4.3.5. H/D scrambling in intramolecular y vs € competition

0 Yy COM
HN,, _CO,Me Pd(OAc), (10 mol%) S0Py PYOS . oo02Ne
Mo(CO)g (0.33 equiv) N2 Y D
y o 'COzMe + O ) + +
H AgOAc (1.50 equiv) y s S e D <2%D
H BQ (2.00 equiv) ) D\ 5 W
CD3CO,D (6.00 equiv) \ <2%D oo 49%D
1,4-Dioxane, 110 °C, 4 h 17%D ° 21%D
1a 2a-D, 31% 3a-D, 33% 1a-D, 34%
19% H/D 21% H/D 49% H/D
scrambling at scrambling at scrambling at
the other the ortho the ortho
ortho position position position

General procedure. An oven-dried, Ar flushed, pressure tube was charged with
Pd(OAc), (2.24 mg, 0.010 mmol), AgOAc (25.0 mg, 0.15 mmol), benzoquinone
(21.6 mg, 0.20 mmol), Mo(CO)s (8.67 mg, 0.33 mmol) and (2S,3S)-methyl 3-(4-benzyl)-
2-(pyridine-2-sulfonamido)butanoate 1a (34.8 mg, 0.10 mmol, 1.00 equiv). The pressure
tube was sealed with a rubber septum and flushed with Ar. Under positive pressure of
argon, 1,4-dioxane (0.40 mL) and CDsCO.D (34.3 pyL, 0.60 mmol, 6.00 equiv) were
added via syringe. The septum was then replaced by a screw cap and finally placed in a
preheated oil bath at 110 °C for 4 h. The reaction mixture was then removed from the oil
bath and allowed to cool to room temperature. The mixture was then diluted with EtOAc,
filtered through a short pad of Celite® and concentrated in vacuo. The residue was
purified by flash column chromatography (hexane:Et,O:EtOAc 6:2:3) to afford the pure
starting material 1a-D, the pure benzazepinone 2a-D and the pure y-lactam 3a-D (the
corresponding yields and deuterium percentage are shown in the schemes).

In the 1a-D spectra, the integration of the doublet at 7.12-7.09 ppm (corresponding to
the o-aryl positions) was 1.01 instead of 1.99 (49% H/D scrambling). The integration of
the doublet at 0.92-0.90 was 3.12, so there is not D incorporation in the y-methyl group.

In the 2a-D spectra, the integration of the doublet at 7.16-7.13 ppm (corresponding to
the o-aryl positions) was 0.80 instead of 0.99 (19% H/D scrambling). The integration of
the doublet at 1.50-1.48 was 3.64, so there is not D incorporation in the y-methyl group.

In the 3a-D spectra, the integration of the multiplet at 7.33-7.26 ppm (corresponding to
the o-aryl positions) was 3.28 instead of 3.95 (17% H/D scrambling). The integration of
the signals corresponding to the y-methylene positions were 0.99, 1.38, 2.60 and 1.44
for the signals at 3.23-3.12, 3.03-2.96, 2.57-2.42 and 2.26-2.18 respectively, so there is
not D incorporation in that positions.
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Spectra of 1la and 1a-D

IH NMR (CDCls, 300 MHz)
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Spectra of 2a and 2a-D

IH NMR (CDCls, 300 MHz)
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Spectra of 3a and 3a-D

IH NMR (CO(CD3), 300 MHz)
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5. Theoretical calculations
5.1. Computational details

DFT calculations were performed with Gaussian 09.° Geometries were optimized with
B3LYP-D3° in the gas phase. A mixed basis set of LANL2DZ(f) for Pd and Ag with 6-
31G(d) for all other atoms was used in geometry optimizations. The LANL2DZ basis set
was supplemented with an f-type polarization function (exponent 1.472 for Pd, 1.611 for
Ag).” Harmonic frequencies were calculated at the same level to characterize the
stationary points and to determine the zero-point energies (ZPE). Single point energies
were calculated with the M06 functional® and a mixed basis set of SDD for Pd and Ag
with 6-311++G(d,p) for all other atoms. Solvation was introduced implicitly in all cases
through the SMD® model, with 1,4-dioxane as the solvent. Although some experiments
are conducted in HFIP, this solvent is not available in Gaussian 09. Instead, the solvation
model for 2-propanol was used in M0O6 single-point energy calculations in these cases.
The reported free energies include zero-point energies and thermal corrections
calculated at 298 K with B3LYP-D3/LANL2DZ(f)-6-31G(d). Natural charges were
calculated at the M06/SDD-6-311++G(d,p) level by means of the Natural Bond Orbital
(NBO) analysis of Weinhold et al.°
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5.2. Possible intermediates participating in alternative pathways for the Pd(ll)
catalysed transformation of substrate 1a into y-lactam and benzazepinone
complexes.
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Figure S1. Structures and relative G values (kcal mol?, at 298 K in 1,4-dioxane) of alternative transition
states for the C—H activation step from IM1-1a.
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Figure S2. Structures and relative G values (kcal mol, at 298 K in 1,4-dioxane) of alternative transition
states for the C—H activation step from IM1-1a through the formation of bimetallic Pd-Ag complex IM1°.
Energies are relative to IM1-1a + Agz(OAc)z and are mass balanced.
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Figure S3. Structures and relative G values (kcal mol?, at 298 K in 1,4-dioxane) of alternative transition
states for the C—H activation step from IM2-1a with the participation of AgOAc or HOAc (in the latter case,
only the most stable structures are shown, which maintain the Py—Pd interaction). Energies are relative to
IM1-1a + Agz(OAc)z and are mass balanced.
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Figure S4. Energy profile for the CO migratory insertion and reductive elimination steps to transform
intermediate IM4-A-1a into benzazepinone complexes considering the participation of intermediates carrying
only one unit of CO or assisted by AgOAc. Energies are relative to IM1-1a.
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Figure S5. Energy profile for the CO migratory insertion and reductive elimination steps to transform
intermediate IM4-B-1a into y-lactam complexes considering the participation of intermediates carrying only
one unit of CO or assisted by AgOAc. Energies are relative to IM1-1a.
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5.3. Comparison of the key steps for the competitive synthesis of benzazepinone versus y-lactam from 1a, 1b and 1c in 1,4-dioxane and

2-propanol, used as a model for HFIP (*).

IM1 dissociation C-H activation CO coordination CO insertion
Ar Solvent IM1 TS1 IM2 TS2-A TS2-B IM3-A IM3-B IM4-A IM4-B TS3-A TS3-B
. 18.1 19.4 22.6
1,4-dioxane 0 18.3%* 13.0 27.1 33.8 17.7 18.8 3.8 -1.2 19.4%+ 23 6+
CsHs (1a)
15.8 14.8 15.3
* - -
HFIP 0 16.9%* 12.6 26.6 33.1 16.3 18.5 0.3 5.2 13.0%* 14.9%
1,4-dioxane 0 17.6 12.3 26.3 32.7 16.3 17.8 2.5 2.1 18.1 21.6
p-CHs-CsHa (1)
HFIP* 0 15.6 12.1 26.1 32.2 14.9 17.7 -1.4 -5.9 13.6 14.4
1,4-dioxane 0 20.6 12.7 28.6 35.0 18.9 18.9 4.6 -0.1 21.9 25.3
p-CFs-CsHa (1)
HFIP* 0 17.9 10.3 25.7 319 16.0 16.3 -2.1 -6.6 15.1 15.1

Table S1. Relative G values at 298 K (kcal-mol). (MO6swo / 6-311++G(d,p) (C,H,N,0,S,F), SDD (Pd) // B3LYP-D3 / 6-31G(d) (C,H,N,0,S,F), LANL2DZ(f) (Pd)). The effect of

including solvent during optimizations was tested by reoptimizing TS1 and TS3, that seem to be more sensitive to solvent effects, for substrate 1a (**).
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5.4. Cartesian coordinates (A) and energies (hartrees) of all the optimized structure
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E(RB3LYP) = -229.08478713
G(correction)= 0.034850
E(RMO6)dioxane = -229.0364943
E(RMO6)ipron = -229.04211179
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- 1a

E(RB3LYP) = -1468.43493783
G(correction)= 0.300746
E(RM06)dioxane =-1467.97004579
E(RMO6)irron = -1467.98518401
Imaginary frequencies: 0
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-2.3298 1.40108 0.53966
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1.94431 4.87237 0.08536
-6.27868 -0.4581 0.29618
2.45709 -2.02673 -1.46147
1.98461 -0.33245 -1.54258
3.88991 -0.6744 -0.60398
3.21754 -2.08536 1.53996
2.14139 -3.3163 0.85371
1.62696 -2.37053 2.25801
-1.50194 -3.633 2.58568

4.18801 0.63991 -0.21252
4.93886 -1.59992 -0.68608
-1.10402 -3.15475 3.48555
-1.40275 -4.71675 2.64926
-2.55092 -3.34755 2.46637
5.49828 1.01247 0.08991
3.38271 1.36579 -0.14952
6.25164 -1.22935 -0.38532
4.72368 -2.62192 -0.99089
6.53593 0.08011 0.00552
5.71219 2.03651 0.38745
7.05052 -1.9631 -0.45885
7.55654 0.37274 0.23853
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R TS2-A-1a
E(RB3LYP) = -1823.06091585
G(correction)= 0.331537
E(RM06)dioxane =-1823.7084183
E(RMO6)ipron = -1823.72712822
Imaginary frequencies: 1 (-1435.1322 cm™)

46 0 -0.6358 0.72108 0.07814
7 0 0.37507 -0.95083 0.67358
8 0 -1.54978 2.42229 -0.75214
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1.20092
1.49729
0.79427
-2.40577
2.10958
1.52953
2.64148
0.83689
-0.32931
0.97802
2.08203
-2.90999
-2.88542
3.40159
0.74624
2.80124
-1.63067
0.11931
-0.52092
2.32686
2.90507
-2.77158
-3.95298
-2.33023
3.75108
4.09889
3.03979
-1.41821
-2.31737
-2.4054
-0.69664
0.40469
0.97544
4.14122
4.75278
-3.21349
-2.43035
3.95239
4.68211
4.70945
-3.19762
-4.02793
-3.27492
-4.06997
-4.63193
-3.3057
-4.7073
-2.5746
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1.74164 0.3703

-0.50434 1.78116
-1.90122 -0.36579
2.21699 -1.66462
1.06792 1.08489
2.92309 -0.1715

-1.43142 1.79572
-0.12066 3.03148
-2.06121 -1.42546
-2.87761 0.09537
-1.47936 -1.0816

1.07603 -1.93692
3.39321 -2.48212
1.52899 1.29211
3.41391 -0.73898
3.46631 -0.00743
-2.61178 -0.81805
-2.98288 -2.57363
-1.06611 -1.84703
-0.3523 -1.4651

-2.52498 -1.27123
3.16596 -3.54635
3.54707 -2.29284
4.29645 -2.2257

2.75734 0.73154
0.92496 1.86201
4.42276 -0.4604

-3.6001 -0.38785
-2.80065 -1.65758
-1.79493 0.20039
-3.1133 -3.29266
-3.97321 -2.19945
-2.57197 -3.11652
-2.21886 -1.93607
3.1557 0.86505
-2.49688 1.10323
-0.37703 0.21724
-1.8121 -2.93413
-3.1633 -2.0002

-1.48739 -1.35493
-3.58471 1.09664
-1.83263 2.0199
0.27306 1.15026
-0.4363 2.04353
-2.40814 2.71701
1.36058 1.15834
0.08503 2.75238
0.29534 -1.00771

TS2-B-1a

E(RB3LYP) = -1823.0405888

G(correction)= 0.328847

E(RMOG)dioxane =-1823.6950166
E(RMO6)ipron = -1823.71410525
Imaginary frequencies: 1 (-1327.2642 cm'?)
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0.88266

0.80198 -0.43012

0.8803 -1.16096 0.03943

2.92671
1.08776
-0.42741

0.64682 -0.00789
2.81808 -0.93136
-1.82748 0.09688

1.88067 -1.43571 1.31761

3.26838
3.88372
0.0602
-1.53518
-0.49524
-0.6087
2.30526

-0.45043 0.68181
1.48239 -0.44103
3.52125 -0.66989
-0.74986 0.2237
-2.51829 0.94301

-2.64248 -1.18267

-2.84203 1.38266

1.4599 -0.79238 2.57623

4.58408
3.53572
5.2304
-1.03804
0.1482
-1.2711
-2.95537
-1.44237
-0.34388
-1.16699
5.5852
4.79483
5.98321
-0.93267
1.14058
-0.60881
-0.0826
-2.19912
-1.0462
-3.09783
-3.02711
-4.03964
-1.43959
6.62945
-4.8159
-4.25944
-2.13452
-1.88169

-0.78954 0.96098
2.35425 -0.98413
1.22528 -0.19355
3.02993 -0.26936
5.01824 -0.84859
0.39312 -0.77781
-1.35182 0.07149
-0.35955 1.24417
-2.26344 -2.30288
-3.84081 -0.9097
0.07236 0.51036
-1.70424 1.50414
1.9169 -0.55628
1.70532 -0.37388
5.31509 -1.19038
5.33816 -1.57148
5.50603 0.10366
0.97001 -0.90538
0.01571 -1.78108
-1.68309 -0.96477
-2.24836 0.70066
-0.36811 0.44966
-4.66572 -2.05531
-0.15375 0.70443
0.26986 -0.52635
-0.0417 1.79602
-4.16208 -2.73389
-5.58064 -1.65995
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-0.5145 -4.88481 -2.59554
-5.78462 1.21177 -0.17024
-4.66017 0.02442 -1.57467
-5.22565 0.89669 2.15657
-3.66534 -0.5294 2.56611
-5.99198 1.52824 1.17273
-6.37624 1.69587 -0.94293
-5.38219 1.13488 3.20542
-6.74513 2.25989 1.45262

E(RB3LYP) =
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IM3-A-1a

-1823.0809401
G(correction)= 0.337756
E(RMO6)dioxane = -1823.72961262
E(RMO6)ipron = -1823.74981851
Imaginary frequencies: 0

0

o O o

o

OO0 0000000000000 O0DO0O0O0OO0OO0OOoOOo

0.52468 0.55716 -0.60414
-0.30959 -1.3202 -0.56859
2.39841 -0.14108 -0.58835
1.20564 2.59314 -0.02376
-1.6238 -1.36259 -1.55047
-0.46076 -1.87525 0.786

2.86091 -1.40375 -0.15954
3.3075 0.77833 -1.1364

1.41923 2.8006 1.17865
-2.48519 0.18839 -1.105

-2.54223 -2.45708 -1.20206
-1.18946 -1.16935 -2.93565
0.92686 -2.05537 1.44346
-0.96472 -2.8439 0.70698
-1.32501 -0.96589 1.66938
1.98568 -2.5071 0.41304
4.23468 -1.67715 -0.28237
4.6656 0.47563 -1.26276
2.95745 1.74906 -1.47739
0.9852 2.04896 2.1683

2.2583 3.96292 1.6307

-1.666 1.19951 -0.78744
-3.87154 0.29267 -1.08903
0.81168 -3.03414 2.62127
1.23208 -1.08 1.83951

-0.98214 0.12207 2.11851
-2.55107 -1.45756 1.86383
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1.48415 -3.02967 -0.41093
2.64268 -3.24257 0.89213
4.60311 -2.64385 0.05645
5.13307 -0.76257 -0.82818
5.34525 1.20497 -1.69733
0.42246 1.27951 1.87336
1.92054 4.34154 2.59769
3.28984 3.60715 1.74267
2.24374 4.74704 0.87244
-2.2005 2.38277 -0.45551
-4.42678 1.52491 -0.74166
-4.47415 -0.57584 -1.33057
1.75432 -3.08155 3.17697
0.57433 -4.04566 2.26932
0.02556 -2.73186 3.32519
-3.46993 -0.6085 2.57772
6.18689 -1.0165 -0.90957
-1.49178 3.16655 -0.20642
-3.57875 2.58931 -0.4247

-5.50518 1.65389 -0.71609
-3.08202 -0.37374 3.57227
-4.39603 -1.17881 2.64562
-3.62814 0.32028 2.0225

-3.97419 3.56121 -0.14842

E(RB3LYP) =

46
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IM3-B-1a

-1823.06884904
G(correction)= 0.332939
E(RMO6)dioxane = -1823.72310919
E(RMO6)ipron = -1823.74142163
Imaginary frequencies: 0

O O O O o

o
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0.79001 0.44981 -0.9261
0.89356 -1.29165 0.17251
3.01367 0.48803 -0.4078
0.50864 2.52879 -1.43449
-0.434 -1.90575 0.38177
1.64809 -0.75877 1.52583
3.18434 -0.23654 0.7065
4.10365 0.94158 -1.04119
0.32199 3.29237 -0.47647
-1.50777 -0.78869 0.29116
-0.48584 -2.42351 1.34549
-0.6437 -2.94356 -0.71474
1.96298 -1.83099 2.48267
1.07428 0.49241 2.1195
4.42249 -0.55087 1.2486
3.92357 1.5159 -1.9449
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5.39368
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0.68843 -0.57343

0.3681 2.95684 0.79783

0.00023
-1.19364
-2.96753
-1.35671
-0.27586
-1.3751

5.55436

4.47596

6.25006

0.58048

0.04652

4.74658 -0.68586
0.0722 -0.94368

-1.30473 0.31418
-0.17594 1.18861
-2.85131 -1.86428

-3.98086 -0.2445

-0.06964 0.58737
-1.15638 2.14642
1.07509 -1.11603
1.9955 0.96485
4.98967 -1.74737

-1.005 4.94882 -0.30061

0.69937
-1.77181
-1.36214
-3.16663
-3.08503
-3.95909
-1.72064

6.54695
-4.66563
-4.14973
-2.31444
-2.30065
-0.81843
-5.53969
-4.52692
-5.02094
-3.60711
-5.71982
-6.08015
-5.15699
-6.40113

5.3682 -0.11826
1.00146 -0.95742
-0.47856 -1.87716
-1.87861 -0.59906
-2.00172 1.15414
-0.16965 0.43824
-4.97632 -1.2215
-0.28764 0.9705
0.3042 -0.67443
0.47082 1.67124
-4.5335 -2.02684
-5.72725 -0.684

-5.41965 -1.65208
1.38797 -0.56145
-0.18042 -1.63819
1.55388 1.7898
0.11506 2.54471
2.01718 0.67167
1.73875 -1.43706
2.03434 2.75538
2.85909 0.76257

o co

E(RB3LYP) =-113.30945509
G(correction)=-0.014107
E(RMO6)dioxane =-113.28066693
E(RMO6)ipron = -113.27784493

6 0 0. 0. -0.65026
8 0 0. 0. 0.48769
J“

. ‘,&:_J
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¢ IM4-A-1a

E(RB3LYP) = -1707.30685236

G(correction)= 0.283836

E(RMOG)dioxane =-1707.99103113
E(RMO6)irron = -1708.0069701
Imaginary frequencies: 0
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.62973
-0.03641
2.56734
1.18295

-0.93294 -0.27119
0.66245 0.85712
-0.34785 0.01232
-2.21245 -1.58018

-1.15835 0.12393 1.91545

-0.33374
3.01719
3.47198
1.43026

-2.20256

-2.03401

-0.52314
0.89328

-0.52597

-1.55492
2.17836
4.38502
4.81626
3.13291

-1.54007

-3.57382
0.69814
0.97044

-1.73318

-2.40781
1.91492
2.83565
4.74625
5.27975
5.48795

-2.22917

-4.28923

-4.04543
1.53548
0.65185

-0.22362

-3.58298
6.32547

-1.65846

-3.60533

-5.36378

-3.30951

-4.15971

-4.15601

-4.12501

1.90561 0.13597
0.97832 0.15449
-1.40961 0.18862
-2.9285 -2.43737
-0.93856 0.85746
1.20482 2.39321
-0.80144 2.85851
2.29134 -0.72278
2.70154 0.86284
1.79417 -0.78217
2.24888 0.12722
1.17463 0.42933
-1.18534 0.48654
-2.43852 0.11495
-1.58653 -0.10795
-1.04561 1.05068
3.68427 -1.34257
1.55732 -1.53539
0.90444 -1.59237
2.8188 -0.60906
2.49742 1.16491
3.05812 -0.21319
2.19638 0.53152
0.1232 0.59701
-2.02923 0.62081
-2.38942 -0.93043
-1.88371 0.19534
-0.47147 1.84049
3.92406 -2.00658
4.45538 -0.56373
3.75101 -1.93019
2.78732 -1.43661
0.32588 0.81232
-2.88663 -1.70826
-2.56961 -0.80977
-1.99662 0.30715
2.81729 -2.49537
3.67027 -1.16075
1.87566 -1.24405
-3.22539 -1.50024
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IM4-B-1a

E(RB3LYP) = -1707.30958426
G(correction)= 0.281392
E(RMO6)dioxane =-1707.99652209
E(RMO6)ipron = -1708.01233813
Imaginary frequencies: 0
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-0.76484 -1.02629 -0.61001
-0.86748 0.88206 0.11837
1.24487 -0.56088 -0.77823
-0.46259 -2.76477 -1.31315
0.41621 1.59502 0.19083
-1.82588 0.96171 1.44125
1.52577 0.52062 0.27843
1.89886 -1.42609 -0.6542

1.32895 -0.17196 -1.79745
-0.25119 -3.81917 -1.70791
0.46554 2.26961 1.05129
0.57929 2.43919 -1.07128
-3.2444 0.07886 0.72008
-2.2569 2.33893 1.73355
-1.36244 0.14306 2.57946
2.96462 1.08508 0.16085
1.41468 0.0765 1.27522
0.25175 2.10973 -2.19013
1.21419 3.59738 -0.78738
-2.96276 -0.94379 -0.09929
-4.53683 0.44851 1.07109
3.1172 1.48346 -0.84989
3.06212 1.93382 0.84987
4.01464 0.04185 0.47063
1.49487 4.43639 -1.92066
-3.98174 -1.65681 -0.60398
-5.5922 -0.2993 0.54963

-4.6866 1.30392 1.72054
4.71451 -0.61136 -0.55187
4.27375 -0.32687 1.79848
2.13845 3.91389 -2.63478
1.99997 5.31487 -1.51812
0.56671 4.72044 -2.42414
-3.71224 -2.46925 -1.27123
-5.3109 -1.37128 -0.29926
-6.61892 -0.04625 0.79709
5.64865 -1.6076 -0.25841
4.52459 -0.33582 -1.58691
5.20584 -1.32079 2.097

3.73807 0.17184 2.60365
-6.1036 -1.97506 -0.72814
5.89712 -1.96567 1.06776

1 0 6.18274 -2.10149 -1.06614
1 0 5.39473 -1.59035 3.13287
1 0 6.62487 -2.73895 1.29873 ---
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IM5-A-1a

E(RB3LYP) = -1820.6259794
G(correction)= 0.286344
E(RMO6)dioxane = -1821.28290553
Imaginary frequencies: 0
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-0.09997 0.60107 1.13611
0.59826 -0.2197 -0.65855
-1.55836 1.39546 -0.06564
-0.71451 1.82242 2.50187
1.33067 -0.42441 2.32105
0.74564 -1.85833 -0.72334
1.69636 0.54402 -1.26779
-1.35738 1.95891 -1.33424
-2.85976 1.19122 0.41921
-1.02971 2.60491 3.27111
2.0433 -0.92697 3.04664
-0.98106 -2.31222 -0.40479
1.55289 -2.40403 0.39329
1.07672 -2.29162 -2.09249
1.3121 2.0317 -1.34489
1.87535 0.15765 -2.27845
2.96779 0.35084 -0.43332
-0.03667 2.22621 -2.05292
-2.50572 2.30993 -2.07182
-3.97922 1.52915 -0.3408
-3.01266 0.74021 1.39563
-1.45982 -1.95865 0.78619
-1.70288 -2.98411 -1.38725
2.41294 2.8146 -2.07911
1.24973 2.41533 -0.31857
3.14732 0.84571 0.66653
3.81948 -0.50005 -1.01762
-0.02765 1.61383 -2.96682
-0.07756 3.26686 -2.40271
-2.36665 2.75 -3.05807
-3.79692 2.09998 -1.5996
-4.97695 1.35263 0.05277
-2.7352 -2.26487 1.04814
-3.02949 -3.3042 -1.09594
-1.23206 -3.22875 -2.33205
2.19058 3.88719 -2.07796
2.49764 2.48867 -3.12345
3.38891 2.67916 -1.60055
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4.89876 -0.97206 -0.18921
-4.65179 2.38154 -2.2087
-3.1106 -1.9577 2.02159
-3.55754 -2.93806 0.14247
-3.64103 -3.82677 -1.82595
5.49154 -0.13486 0.18846
5.49801 -1.61626 -0.83239
4.48669 -1.54147 0.64814
-4.58581 -3.16532 0.4056
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E(RB3LYP) = -1820.63212245
G(correction)= 0.284389
E(RMO6)dioxane = -1821.29377572
Imaginary frequencies: 0
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-0.3343 -1.27379 0.31925
-1.62281 -2.60759 -0.17094
0.49141 -2.27362 1.99293
0.72905 0.48756 0.60762
-0.99753 -0.1577 -1.30748
-2.40323 -3.37753 -0.49311
0.81826 -2.91648 2.8698

0.40317 1.58762 -0.31744
2.32164 0.36535 0.98264
-1.01867 1.29505 -0.83791
-0.20869 -0.34231 -2.04472
-1.95918 -0.4835 -1.70447
1.07974 1.60969 -1.18418
0.48959 2.95089 0.37254
3.08185 -0.47218 -0.45283
2.46212 -0.56192 2.11706
2.94564 1.69866 1.02519
-2.11456 1.5921 0.22468
-1.21428 1.93297 -1.71456
0.13556 3.19272 1.50244
0.95006 3.88097 -0.49256
2.54283 -1.64592 -0.78125
4.1451 0.12593 -1.12539
-2.23095 2.67863 0.3035

-1.75796 1.25542 1.20209
-3.44087 0.94746 -0.1013

1.06723 5.20497 0.05363
3.06588 -2.29266 -1.82775
4.68261 -0.5603 -2.21656
4.5195 1.0876 -0.79509

-3.90931 -0.1425 0.64471
-4.21018 1.38832 -1.18792
0.09425 5.56939 0.39658
1.44749 5.82663 -0.75797

PP RPROORRPROORPROROR R

1.76207
2.60895

5.20258 0.89796
-3.24766 -2.07774

4.136 -1.79206 -2.57546

5.51228
-5.10507
-3.32898
-5.40485
-3.86573

4.52265
-5.85516
-5.45054
-5.98656
-6.78568

-0.1379 -2.77647
-0.78321 0.31141
-0.48667 1.4977

0.75178 -1.52678
2.23785 -1.77429
-2.35646 -3.41824
-0.34027 -0.77938
-1.62577 0.90507
1.10908 -2.3727

-0.83619 -1.04202

TS3-A-1a

E(RB3LYP) =-1820.60395373

G(correction)= 0.287198

E(RMOe)dioxane =-1821.26429321
E(RMO6)ipron =-1821.2782331
Imaginary frequencies: 1 (-275.8268 cm™)

PO ND DD H

[any

6

P PR, O, OO

0.18967
1.58429
-1.07401
0.80284
-0.5989
1.17637
2.91706
-1.77335
0.82026
-1.74785

-0.60758 1.17235
-1.74112 0.02684
0.15613 2.50039
-2.34714 1.59354
0.2808 -0.67528

-2.0428 -1.29305

-1.4104 0.32626

0.61508 3.27088
-3.43012 2.02309
-0.46643 -1.20585

-0.68995 1.90535 -0.73574

-0.20639
2.17269
3.87895
3.19243

-1.50779

-1.91656

-2.99278
1.03311

-1.52189

-0.90111

-0.27435

-0.2168
1.89602

-2.49006 -1.7466
-1.9797 -2.27905
-1.36099 -0.67704
-1.18821 1.35304
-1.98763 -1.08869
-0.19192 -2.25549
-0.0923 -0.38674
2.27345 -0.29293
2.49328 0.34308
2.41383 -2.10595
-2.28795 -2.82298

-3.58741 -1.65625

-2.18454 -3.31017
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3.49499 -1.64534 -1.98782
4.90629 -1.10116 -0.44012
-2.69445 -2.74871 -1.70669
-1.49265 -2.22662 -0.01933
-3.21895 -0.50366 0.73678
-3.74755 0.81091 -1.02416
1.50758 1.67578 0.80148
1.75607 3.17644 -1.06845
4.22534 -1.60514 -2.7914

-2.56821 -3.83068 -1.58853
-2.78606 -2.53467 -2.77907
-3.63528 -2.47192 -1.22145
-4.72284 1.4911 -0.21104
2.76055 1.96355 1.17414
3.05794 3.47413 -0.66641
1.29866 3.6077 -1.95135

-5.38737 0.77393 0.2777

-5.27667 2.1323 -0.89689
-4.19746 2.08923 0.53784
3.12227 1.45345 2.0636

3.57166 2.85927 0.47673
3.66286 4.17284 -1.23747
4.57948 3.06465 0.82356

P P ORRPRRPRRPRPRLRIOIDODOIRRPRLRERLONOOORL,ORL O
O OO0 00O 0000000000000 0OO0OOoO oo

oy

* ‘J'r‘;‘r# 2o
- S

JJ, N e

o 'o*-;

J{“‘)

&

TS3-B-1a
E(RB3LYP) =-1820.58992256
G(correction)= 0.284589

E(RMOG)dioxane =-1821.25654679
E(RMO6)ipron = -1821.27487675

Imaginary frequencies: 1 (-246.5081 cm™)

46 0.13798 -1.31504 -0.47325
1.38823 -1.83441 0.83043
0.17827 -2.60681 -1.90672
-0.85243 0.57038 -0.91843
1.09637 -0.16944 1.40789
2.05996 -2.62048 1.37244
0.18968 -3.37399 -2.7531

-0.45128 1.49408 0.15537
-2.45749 0.42494 -1.08513
0.99339 1.181 0.62934

0.28332 -0.28273 2.12915
2.05368 -0.17191 1.93211
-1.09553 1.40847 1.04406
-0.53736 2.956 -0.3057

-2.98369 -0.47851 0.43072
-2.73598 -0.48967 -2.20045
-3.15961 1.71888 -0.98899

[exRe I e ) I N o) B o)}
OO OO0 O0oOO0oOOo

=

6

o

0000 OO EFEEFEFO
OO OO O0OOoOOoOOo

2.0504 1.34459 -0.49522
1.22808 1.92059 1.41151
-0.14897 3.38321 -1.36757
-1.06353 3.72417 0.6724

-2.10804 -1.35392 0.93279
-4.24708 -0.25504 0.97628
2.08821 2.40473 -0.76183
1.70149 0.82264 -1.39126
3.41644 0.84381 -0.0906

-1.22765 5.11056 0.32919
-2.47147 -2.06972 2.00693
-4.61897 -1.00325 2.09205
-4.8946 0.49244 0.53213
3.92598 -0.3525 -0.61272
4.18104 1.53692 0.86031
-0.26437 5.56216 0.07395
-1.65474 5.58476 1.21362
-1.90292 5.20616 -0.52532
-1.73274 -2.77273 2.38473
-3.71697 -1.93177 2.61759
-5.59514 -0.86336 2.5479

5.16137 -0.85093 -0.19186
3.34886 -0.89361 -1.35917
5.415 1.04295 1.28426

3.80507 2.47401 1.26658
-3.96684 -2.53305 3.48588
5.90781 -0.1561 0.76077
5.53889 -1.7803 -0.60969
5.99493 1.59509 2.01919
6.86895 -0.54136 1.08978

P P FRPOFRPFRPOODCFRPOODFRPOORPRERPRPPRPOODORFRPOODOOODDDDERE P OONO00OEOO
O OO0 0000000000000 0D0D0DO0O0DO0ODO0OO0OO0ODO0ODOO0OOOoO

a
-
o
L p-de
gy ? : =
$ IM6-A-1a

E(RB3LYP) =-1820.64939175
G(correction)= 0.289492
E(RM06)dioxane =-1821.30775712
Imaginary frequencies: 0

46 -0.28614 -1.00481 -0.68365
-0.16393 0.63835 0.61311
1.58744 -0.44051 -1.18991
-2.4505 -1.07808 0.11383
-0.25603 -2.51587 -1.85857
0.23722 1.97836 0.2278

-1.12662 0.41812 1.89738
2.60203 -0.87532 -0.18206
1.77728 0.19823 -2.18654
-2.64482 -0.23546 1.13492
-3.52238 -1.62764 -0.47458
-0.29301 -3.43855 -2.5359

OO NO N

=

6

OO0 O0OO00,50000O0O0o

coO O O 00O O
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0 1.78842 2.21313 0.32592
0 -0.23475 2.69017 0.91985
0 -0.35007 2.30862 -1.15307
0 -1.4936 1.68929 2.54822

0 -0.63153 -0.69785 2.71554
0 2.98854 -0.10262 0.92949
0 3.14663 -2.14989 -0.41096
0 -3.90162 0.10844 1.61844
0 -3.32199 -2.29742 -1.30541
0 -4.82303 -1.3524 -0.05703
0 2.45944 1.26616 1.34634
0 2.05646 3.6708 0.74155

0 2.23613 2.06022 -0.65906
0 -1.28209 1.72415 -1.66605
0 0.27127 3.35201 -1.73374
0 3.95715 -0.67034 1.77601
0 4.10072 -2.68033 0.44863
0 2.81038 -2.72181 -1.27251
0 -5.01442 -0.46626 1.00463
0 -3.98172 0.81202 2.43938
0 -5.66247 -1.81707 -0.5634

0 1.77489 1.1082 2.18901

0 3.3199 1.80297 1.76473

0 3.12818 3.89685 0.70184
0 1.71109 3.84686 1.76869
0 1.53824 4.36931 0.08003
0 -0.20285 3.69847 -3.04652
0 4.2811 -0.09817 2.64238

0 4.50488 -1.93038 1.55496
0 4.52032 -3.66391 0.25882
0 -6.0165 -0.22392 1.34664
0 -0.07132 2.85337 -3.72765
0 0.40507 4.54708 -3.36152
0 -1.26142 3.9709 -3.01357
0 5.24517 -2.32579 2.24492

P RPRRPRRPRPRPRPROFRPRORRPRPRPRRPRPRPOIRPROODAODODORLOODNDRE O OOOMWEONONER O

o 3 IM6-B-1a
E(RB3LYP) =-1820.65487987
G(correction)= 0.289867
E(RMO6)dioxane =-1821.31733667
Imaginary frequencies: 0

46 0 0.24072 -1.39919 -0.31723
6 0 -0.3776 -3.04326 0.48475
7 0 0.82518 0.38896 -1.1688

6 0 -1.45115 -1.21208 -1.44014
8 0 -0.75512 -4.00493 0.97303
6 0 0.10789 1.63677 -0.99641
16 0 2.43867 0.44016 -1.39668

-2.03987 -2.17782 -1.83365
-1.84975 0.21927 -1.81191
-1.42509 1.35209 -0.86404
0.24946 2.27275 -1.87793
0.58375 2.44201 0.21647
3.07533 -0.14579 0.20599
2.90926 1.82292 -1.58287
2.83632 -0.61285 -2.3398
-1.41197 0.38316 -2.80518
-2.93831 0.20011 -1.92098
-1.88526 1.126 0.60346
-1.9319 2.25638 -1.2186
1.20407 2.00233 1.16013
0.16613 3.72047 0.1211
2.37583 -1.14402 0.75406
4.22344 0.39449 0.77063
-1.74238 2.06487 1.15088
-1.2368 0.38531 1.08358
-3.33009 0.69579 0.71054
0.53359 4.57089 1.22147
2.80268 -1.65619 1.91643
4.66486 -0.14248 1.97936
4.7269 1.21634 0.2744
-3.66881 -0.63072 1.00529
-4.3639 1.61266 0.47103
0.09613 4.202 2.154
0.13997 5.5574 0.97512
1.6212 4.60379 1.32748
2.20354 -2.45961 2.33541
3.94523 -1.18728 2.5625
5.55414 0.25114 2.46323
-5.00429 -1.03602 1.05442
-2.87846 -1.35319 1.19401
-5.69956 1.21308 0.51904
-4.11659 2.64847 0.24663
4.25378 -1.62903 3.5042
-6.02401 -0.11502 0.8097
-5.24581 -2.07071 1.28234
-6.4877 1.93792 0.33247
-7.06395 -0.42762 0.84668

P P FRPOFRPRRFRPOOFRPROODFRROOFRPERPRPRPOODORFRPROODOODODODREFPODNOORFR O EFEO0OOO0OOOIREOO
OO OO0 0000000000000 O0DO0DO0DO0DO0DO0DO0DO0DO0D0DO0DO0DO0ODO0DO0ODO0OO0ODO0OO0ODOO0OOOoO

J.
%o y
a *j;h“,? .I\ &

.1'.’ 9

b

E(RB3LYP) =-1820.63388269
G(correction)= 0.290895

E(RM06)dioxane =-1821.28931079
Imaginary frequencies: 1 (-209.9151 cm™)

TS4-A-1a
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46 0 0.85574 1.56527 -0.06921 E(RB3LYP) =-1820.64278683

6 0 -0.95684 0.8298 -1.12986 G(correction)= 0.289592

7 0 0.16232 -0.5663 -0.32839 E(RMO6)dioxane = -1821.30312219

6 0 0.59702 3.43584 -0.00234 Imaginary frequencies: 1 (-154.8623 cm™)

6 0 -2.27143 0.85055 -0.4144

8 0 -0.78569 1.02111 -2.29251

6 0 -05291 -1.46894 0.60604 46 -0.27891 -1.50081 -0.09986
16 0 1.3445 -1.30293 -1.25743 0.76861 -2.94314 -0.73338

-0.73849 0.23728 1.10024
1.42682 -3.79979 -1.12978
-0.01311 1.49282 1.00478
-2.35622 0.27801 1.44993
1.51124 1.15363 0.92431
-0.18351 2.08858 1.909
-0.44997 2.34966 -0.18004
-3.11717 -0.02209 -0.18014
-2.75327 1.63162 1.86615
-2.68597 -0.88936 2.26854
1.73677 -0.05467 1.84357
2.03018 0.95663 -0.52505
2.05347 2.00771 1.34084
-1.14566 1.98862 -1.10285
0.07893 3.58471 -0.07044
-2.51287 -0.92873 -0.94839
-4.28062 0.6518 -0.53071
0.5843 -1.04254 1.83827
1.83446 0.26209 2.88961
2.64471 -0.60474 1.57808
1.86538 1.89293 -1.0709

0
6 0
0.44985 4.57655 0.03814 7 0
8 0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0 1.44024 0.18371 -1.02875
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-2.48594 0.72414 0.97572
-3.36934 0.98879 -1.28477
-0.75159 -0.85971 2.00971
0.0973 -2.35698 0.75782
-1.78931 -2.05254 -0.06524
2.84746 -0.93905 -0.27755
1.50416 -0.58068 -2.51646
1.2138 -2.7668 -1.23347

-1.36958 0.55582 1.97396
-3.80938 0.7275 1.43741
-4.6712 0.99248 -0.79963
-3.17662 1.0717 -2.34793
0.5528 -0.84616 2.81775
-1.46219 -1.52528 2.50903
-2.01625 -2.02915 -1.25121
-2.58674 -2.662 0.83828

2.9505 0.30468 0.19617

3.81693 -1.92149 -0.1032

-0.57454 1.2814 1.7569

-1.73806 0.79386 2.97825
-3.98416 0.62545 2.50542
-4.89357 0.85731 0.57234
-5.50495 1.09363 -1.48828
0.38455 -0.42047 3.81372
1.31795 -0.24101 2.31976
0.95026 -1.85978 2.94646
-3.79007 -3.23263 0.29372
4.05835 0.63244 0.87408
4.96758 -1.57452 0.60713
3.65618 -2.91375 -0.5087

-5.90559 0.85621 0.96814
-4.40596 -2.44698 -0.15311
-4.30412 -3.69295 1.13826
-3.55065 -3.97788 -0.46928
4.10473 1.65204 1.24524
5.09293 -0.27626 1.10258
5.7522 -2.30738 0.77193
5.97049 0.03177 1.6616

=
[e)]

3.49989 0.60652 -0.57407
-0.24361 4.49013 -1.14179
-3.06016 -1.20732 -2.13832
-4.84655 0.35473 -1.77072
-4.70309 1.3877 0.14371
0.27659 -1.8329 2.66991
3.92462 -0.70515 -0.82451
4.47041 1.58933 -0.33129
0.1326 4.10464 -2.09388
0.24406 5.43132 -0.88716
-1.32643 4.62217 -1.21361
-2.53817 -1.94351 -2.74236
-4.22752 -0.59025 -2.5893

-5.75297 0.858 -2.09462

5.28361 -1.02878 -0.82868
3.18561 -1.47778 -1.01955
5.82843 1.2707 -0.33465
4.15593 2.61409 -0.14257
-4.63261 -0.84468 -3.56326
6.23949 -0.04192 -0.58232

P RPORFRPRPFPFRPPFPPOOCOIOODRPRPFPEPPORPRPEPONOCOCOORFR,OOREOOOODODOGOCLCOOIROOOO®
[eNelNeolelNelelNeoleolNolNeoNeolNeolNololNeolNeolNolNeolNolNelNolNeololNolNolNeolNolNelNololNelNolNolNolNolNolNolNolNe

P RPFRPOFRPRFRPOOCFRPOODFRPROORPREFPRPRPOODOOCFRR DR ERPEPRERPOOOOONOOOREOOGOGCOLGLOOEFEO

&
9 5.59288 -2.05163 -1.02662
° »® » 6.56637 2.04653 -0.14781
o 1] @ 7.29701 -0.29151 -0.58626
S e
’ {5‘ T54-B-1a
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s NPV

4 3#‘/43
? ‘/" ‘/QJ ' ”}O
F e e i 1
9 ‘ *A

P o
L IM7-A-1a
E(RB3LYP) =-1820.67366748
G(correction)= 0.289098
E(RMO6)dioxane = -1821.33055604
Imaginary frequencies: 0

46 -3.14811 -1.1055 -0.16036
-4.05076 -2.70868 -0.31871
-2.69521 1.06108 0.36312
-4.60809 -3.7189 -0.41158
-1.63563 1.79636 0.02414
-3.53628 1.58696 1.27401
-0.53177 1.14132 -1.2669
-1.34689 3.05913 0.53249
-4.39839 0.97915 1.522

-3.32236 2.82886 1.87171
0.88682 0.68133 -0.36382
-1.15229 -0.00549 -1.91386
-0.08126 2.29944 -2.04914
-2.21046 3.58022 1.49539
-0.49019 3.61242 0.16815
-4.02655 3.19549 2.61112
2.18551 0.89851 -1.02769
0.70793 -0.3038 0.62766
-2.02325 4.5575 1.92987
3.13669 1.77191 -0.17226
1.97232 1.4573 -1.94459
2.73984 -0.45088 -1.52135
1.93841 -0.87663 1.25428
-0.41247 -0.65593 0.95856
3.0716 1.38655 1.32193
2.81879 3.26161 -0.34826
4.14885 1.57953 -0.53911
2.0603 -1.42743 -1.73203
4.06259 -0.38399 -1.75012

A OO0 N O
O OO O oo

=
(3}
o

5.71597 -1.38413 -2.35923
4.19994 -1.916 -3.16718
5.05602 -0.1598 2.39298
4.16327 -2.1205 2.3802
3.00761 -3.94286 2.27586
5.03674 -2.60008 2.8137

N e T
Oo0ooooo

< IM7-B-1a
E(RB3LYP) =-1820.67482008
G(correction)= 0.289416
E(RMO6)dioxane = -1821.33546181
Imaginary frequencies: 0

-0.60097 -2.08759 -0.35646
0.89954 -3.17162 -0.38774
-2.50086 -0.99146 -0.63059
1.84537 -3.83622 -0.3937

-2.95331 0.11713 -0.03925
-3.16208 -1.41585 -1.7284

16 0 -2.2253 0.66779 1.54077
-4.04913 0.8523 -0.48324
-2.77822 -2.31652 -2.19244
-4.26906 -0.75231 -2.25051
-0.53264 0.65965 1.32834
-2.59188 2.08265 1.67392
-2.5887 -0.31253 2.55152
-4.72036 0.40399 -1.61828
-4.34705 1.74897 0.04542
-4.7584 -1.14257 -3.13647
0.13304 1.89902 0.89506
0.36018 -0.18224 2.07456
-5.57801 0.95032 -1.9991

1.63996 1.50104 0.85928
-0.03031 2.69258 1.63179

0
0
0
0
0
0

1.72501 0.48704 2.0068
0.07244 -1.19874 2.64782

3.0712 -0.10247
1.9112 -2.25028
2.15928 1.82425
3.91321 1.85629
3.48089 3.87364
1.78539 3.47366
2.93826 3.57873
4.65799 -1.60882
4.17739 -0.74657
3.02568 -2.87486
1.01581 -2.8112
4.51915 -2.40002

P P OO0OOOORRPRPEPPIDIODOOERLRIODIODOIDIDERFEL IO OODIDDRLE OOO0K00KLONOOEFEO
OO OO0 O0ODO0D0D0D0D0D0D0D0D0DO0DO0ODO0DO0D0D0D0DO0DO0DO0DO0DO0DO0ODO0ODODO0OOOoOOo

1.57213
1.52711
1.74867
1.84246
0.27463
-0.05296
-1.38956
-2.22367
2.13627
2.07984
1.28106
-1.48204

AR, R RPERPOOFR,R DO, OODOORL, PO NOO RO

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0 -0.35726 2.40715 -0.4486
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2.07169 0.8957 -0.49787
2.24184 2.39204 1.05613
-1.03989 1.79783 -1.2414
0.12838 3.64299 -0.6559
1.89072 0.98088 2.97288
2.5049 -0.26677 1.88114
1.88558 1.63614 -1.28546
1.44481 0.02436 -0.72477
3.53611 0.51717 -0.50945
-0.20651 4.2322 -1.92722
3.9401 -0.82081 -0.41856
4.52146 1.51281 -0.58223
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0 0.1831 3.61914 -2.74464
0 0.26142 5.21647 -1.92461
0 -1.29138 4.31858 -2.02973
0 5.29631 -1.15628 -0.39821
0 3.19205 -1.60616 -0.37162
0 5.87613 1.18168 -0.56197
0 4.22151 2.55629 -0.66199
0 6.26778 -0.15689 -0.46846
0 5.58916 -2.20056 -0.33056
0 6.62603 1.96615 -0.62334
0 7.32274 -0.41718 -0.45458

PR R OROROR R

< 1b
E(RB3LYP) = -1507.75585048
G(correction)= 0.325041
E(RMO6)dioxane = -1507.26450805
E(RMO6)irron = -1507.28002119
Imaginary frequencies: 0

0 -1.01018 0.7615 -1.39057
-0.30356 0.81705 -0.55425
0.36539 -0.55284 -0.44645
-1.03475 1.08642 0.6913

0.69307 1.96386 -0.88887
0.34393 -1.25138 0.54536
0.97943 -0.87925 -1.59199
-0.78822 0.42237 1.42837
0 -2.70476 1.23296 0.61345
1.1993 1.66266 -1.81435
-0.08146 3.26244 -1.1478

1.75869 2.17936 0.21189
1.75923 -2.092 -1.5468

-3.15536 1.5824 1.95728
-3.01957 2.06154 -0.55562
-3.28788 -0.44484 0.22583
0.60562 4.05421 -1.46753
-0.59595 3.59605 -0.2417

-0.84363 3.12887 -1.92171
2.24218 3.14472 0.01173
1.24612 2.28961 1.17489
2.83049 1.11182 0.30406
2.19981 -2.1892 -2.53904
1.11737 -2.94775 -1.32098
2.53706 -2.00231 -0.78574
-4.1019 -0.66353 -0.88276
-2.85569 -1.38254 1.06313
3.74774 0.93069 -0.74206
2.94468 0.27805 1.42072
-4.49837 -1.98043 -1.12451
-4.39751 0.16474 -1.51611

PO NGO
Ooooooo

=
[e)]

P OO0OOO0ONOR,RPPRPORPRRPRPREPEPREROOOKOODOOOO R
O OO0 0000000000000 O0OO0OOoOOoOOo

-3.23852 -2.63802 0.81475
4.73878 -0.04511 -0.6717

3.68135 1.56344 -1.62471
3.93709 -0.70136 1.4924

2.23592 0.38054 2.23818
-4.05928 -2.98534 -0.26339
-5.13501 -2.21546 -1.97279
-2.87047 -3.39516 1.50319
4.85473 -0.87828 0.4511

5.43676 -0.16228 -1.49826
3.99454 -1.33935 2.37142
-4.34147 -4.02183 -0.42019
5.95226 -1.91296 0.5402

6.17355 -2.35024 -0.44007
6.8851 -1.47026 0.91421
5.68261 -2.72723 1.22116

PP RORPRRPRRPRORRLROARLR DR OOD
[eNeNeNcNeoNellcNeNeNoNoNeNeoNeNeoNo!

E(RB3LYP) = -3141.095166
G(correction)= 0.661813
E(RMO6)dioxane = -3141.28809986
E(RMO6)ipron = -3141.31649267
Imaginary frequencies: 0

1.65718 -2.59097 0.20335
0.90904 -2.81675 -0.54645
2.6341 -3.49479 0.61407
1.5864 -1.36714 0.74592
2.67917 -4.47512 0.15353
3.55396 -3.1126 1.59142
2.46133 -0.9998 1.69684
0.21437 0.06559 0.21876
4.33225 -3.79943 1.9109
3.47112 -1.834 2.14845
2.16516 0.69123 2.32628
-1.1628 1.51742 -0.2708
1.62149 1.42309 0.94835
4.16566 -1.4705 2.89756
1.04866 0.58329 3.27582
3.47183 1.18788 2.77886
-1.31863 2.67794 0.38507
-2.03444 1.16672 -1.23266
2.72814 1.70132 0.00316
-0.57031 2.89557 1.13982
-2.38845 3.52215 0.08931
-1.66307 -0.47204 -1.94565
-3.13251 1.93806 -1.57108

(o)}

(o)}

mgm»—\mmmoooo»—\\l\l»—tm»—thcncnl—l\lml—lo‘

o
OO O0O000D0D0O00O0 00 5,0000O0O0
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OO0 OO0 0000000000000 0D0DO0DO0OO0DO0ODO0DO0DO0DO0DO0DO0DO0DO0DO0D0DO0DO0D0DO0DO0DO0DO0D0DO0DO0DO0DO0ODO0ODO0OO0DO0OO0ODO0OO0ODOO0ODOOOoO

3.39681
3.63734
2.19104
-2.50011
-3.31034
-1.21966
-0.47046
-2.91417
-3.83533
3.02311
4.78673
1.37128
1.63793
3.26808
-4.16866
-2.37294
3.86445
0.9482
2.44332
1.10361
2.84675
4.13705
3.68188
-3.32337
-1.92394
-2.98439
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0.83647 -0.07899
2.84517 0.44421
1.99087 -1.42926
4.45064 0.63867
3.14434 -0.88794
-1.28037 -0.56586
-0.31233 -2.7905

-0.9342 -2.56238
1.56969 -2.30848
3.75068 1.22103
2.9451 0.06223

1.28293 -1.59659
3.41055 -1.59372
1.66871 -2.49306
3.77175 -1.10682
-1.47729 0.35821
4.81439 1.69406
3.6647 -0.78433

4.15481 -1.59145
3.49808 -2.54641
1.91654 -3.47573
2.31664 -2.33605
0.21292 -2.46173
-2.64262 -0.05666
-1.67262 1.80174
-0.57022 0.40572

4.689 4.40545 2.28415

3.22261
4.27262
4.89681
2.81492
-4.70395
-3.47864
-2.71962
-2.56033
-0.80732
5.56354
5.23451
3.15995
1.85073
-4.59159
-5.34673
-5.35465
-1.71805
-2.6356
-3.34747
-0.31016
6.17989
4.37434
2.46893
-5.86838
-5.37732
0.57262
-0.04121
-1.06325
4.75694
-5.83624

5.44066 2.31439
5.38694 0.856

-0.18255 -1.88379
-0.7832 -2.93007
-2.48103 0.63082
-2.51969 -1.13024
-4.02956 0.18243
-1.25418 2.74814
-2.40951 1.92727
0.57805 -1.48419
-1.53236 -1.78164
-2.13173 -2.83176
-0.5089 -3.3472

-2.60569 1.7139
-3.29899 0.27969
-1.14536 0.32945
-4.09162 -0.25516
-4.26062 1.2507

-4.8003 -0.27899
-2.55944 3.273

-1.81456 -1.32206
-2.5304 -2.25876
-2.88555 -3.20414
-0.87058 -0.94563
-0.11857 1.28292
-3.19353 3.17982
-1.58119 3.67801
-3.03422 3.9068
-3.98917 -2.16272
-1.64029 -1.71248

-6.38958 0.38485 -1.25498
-5.89678 1.13921 0.97008
-4.94149 -0.29722 2.26172
5.53401 -4.24898 -2.8934
5.15662 -4.2339 -1.17065
3.89921 -4.64396 -2.35327
-6.77861 0.57155 -2.25419
-6.41373 1.41299 -0.30166
-5.89191 1.92165 1.72624
-6.99355 2.76845 -0.63595
-6.77045 3.05892 -1.67

-8.08673 2.77411 -0.53256
-6.60296 3.54735 0.02897

PR RPROORPROORRPRRLREID
[eNeNeoNeNeNoNoNeNeolNoNeNeNeo)

N TS1-1b
E(RB3LYP) = -3370.18470737
G(correction)= 0.713322
E(RMOe)dioxane =-3370.31326955
E(RMO6)ipron = -3370.35046911
Imaginary frequencies: 1 (-988.3789 cm™)

0 0.04842 1.75601 -1.16353
0 -0.6862 1.76658 -0.37549
0 0.25455 2.88013 -1.95741
0 0.75567 0.62806 -1.33673
0 -0.34735 3.76244 -1.775
0 1.23584 2.84697 -2.94454
0 1.71764 0.60638 -2.28236
46 0 0.60294 -1.16106 -0.27703
0 1.42219 3.71589 -3.56882
0 1.99739 1.68718 -3.10169
0 2.70244 -0.93057 -2.30092
2.61534 -1.3112 -0.68761
2.80947 1.60875 -3.81588
1.96864 -1.92571 -3.0802
4.0555 -0.51831 -2.70455
3.50423 -0.46776 0.13332
3.42029 0.5885 -0.14572
4.98772 -0.79221 -0.0491
3.13433 -0.57361 1.639
5.21995 -2.05944 -0.41042
5.86185 0.02168 0.18229
2.03952 -0.49306 1.671
3.52858 -1.92059 2.25249
3.68908 0.63347 2.43628
6.59708 -2.38245 -0.65686

A - Ao R, NO RO

=
(e}

OO 0000 R OO0 R
OO OO0 O0OO0DO0OO0O0OO0OO0OOoOOo
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P OO FR,r FPOOORFRPRPFPPODODONOOODRPREPRFPOR P OOOKOOOWOLOEFO

0

OO O0OO0O0OO0OO0OOoOOoOOo

[eNelelNelNelNelNolNelNolNolNolNolNolNolNolNol

o

[N elelNelNelNelNolNeolNolNelNeolNeolNolNolNeolNeolNolNololNolNolNolNolNolNolNollolNolNo)

3.11431
4.6176
3.14644
3.3978
4.78301
3.15131
6.98595
6.60234
7.20065
3.90457
1.8361
4.91294
3.35102
1.28494
1.22167
3.95088
2.03277
0.25336
1.44506
0.35255
1.6958
1.82449
-1.87435
-1.99776
-1.56279
-3.48873
-1.11681

-2.29998 -1.00037 -1.40967

-3.95227
-4.06992
-3.78051
-0.96386
-0.59944
-3.96361
-2.50542
-1.53897
-3.46104
-5.02873
-3.68482
-3.41805
-3.30556
-4.86003
0.21049
-4.03441
-5.03804
-4.32009
-2.73133
0.62163
1.01337

-0.4039 -1.23331

-5.24111
-6.28883
-4.88636
-5.05509
-4.00027
-2.42496
-2.2028

Catalysis Science & Technology

-2.74018 1.66013

-2.03554 2.2967

-1.99783 3.2773

0.50051 3.48708
0.6229 2.39902
1.94772 1.91168
-1.7625 -1.4693

-3.43499 -0.94083
-2.2187 0.2408

2.7432 1.03649
2.3381 2.19334

2.43157 0.77639
3.88479 0.45571
3.47866 1.60954
1.74058 2.86008
4.47828 -0.23146
4.27184 0.72966
3.74009 1.83078
5.516 0.10517

5.4581 0.05293
6.4141 0.68532

5.67211 -0.91153
0.86956 0.67599
-0.11754 1.11724
-1.13607 0.12343
-0.20847 1.56716
-0.11995 2.35892

1.11816
-0.30758
-1.42405
0.86293 3.05811
-1.32109 2.64347
-1.72375 -1.26002
0.42401 -1.72795
-1.86862 -2.30794
1.2422 3.19211

1.02284 2.41874
2.32686 1.34801
-2.34899 1.99666
-1.32084 3.43607
-1.51986 2.61568
-1.4045 3.82883

-2.89069 -0.63601
-1.04844 -1.84031
2.46613 0.10551
3.28677 1.7082

-2.41295 3.82357
-0.66536 3.79546
4.71694
-3.46115 -0.55033
-1.65988 -1.74854
-0.09014 -2.32312
1.72718 -0.20573
3.5144 -0.75338
4.34831 0.85314
3.18134 2.65084

2.22207
0.64785
2.45298

P PR OO RRPRRPRRPOARRPL,OORLREOR

OO0 0000000000000 O0OO0oOOoOOo

-5.2816
-6.39503
-7.16476
-4.49148
-3.04503
-1.69082
-7.35138
-2.71801
-3.48002
-1.75615
-2.67431
-1.56193
-1.39184
-0.15031
0.79572
0.23628
-0.53372
0.32476
1.20697

-4.41343 -0.02688
-2.88625 -1.09027
-1.18475 -2.18092
3.58377 -1.72137
4.47649 -0.39553
5.08774 1.16425
-3.39066 -0.99415
5.62501 -1.32257
6.41345 -1.26552
6.08544 -1.07111
5.29565 -2.36744
-2.37309 0.51741
-3.50531 0.8903

-3.77613 0.96514
-2.99898 0.64554
-5.15224 1.45432
-5.55141 2.11799
-5.81427 0.58513
-5.11829 1.95376

L

2. g
i ¥
3
o]

LL :‘,L
e

~

&/*i'
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E(RB3LYP) =

G(correction)= 0.358595

&

b

O
4l

f;
“‘;;‘

o

Y/ ‘
(‘j&g;n

IM2-1b

-1862.41045004

E(RMO6)dioxane = -1863.02752033
E(RMO6)ipron = -1863.04632759
Imaginary frequencies: 0

46

(o) e o) IR NI N/

=

6

(oI o e ) B o) I O i ) e e B0 e B o) I i @ ) B ) I i @ )}

0.9014

2.89582
0.68529
3.32064
3.74207
0.13707

1.3175 0.0749

0.88741 0.00554
-0.54382 0.89259
-0.1804 0.69646
1.53667 -0.80936
-1.62871 0.06431

2.03895 -0.89898 1.76349

4.6155
3.33191
5.0636
-1.32661
0.11911
1.00508
2.29684
2.07193
5.50494
4.89253
5.72663
-2.18957
-1.89133
-1.32555
1.59251

-0.66697 0.60285

2.38586 -1.34559
1.12211 -0.94815

-1.30354 -0.34548
-2.54319 0.66569
-1.91988 -1.16302
-2.34468 1.82475
-0.08565 2.98024
0.00335 -0.23769
-1.54979 1.16857
1.66566 -1.6123

-1.15694 0.93282
-2.36944 -1.29515
-0.33854 -0.86774
-1.08546 -1.82533
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1.03977 -3.23624 -1.43586
6.52872 -0.34384 -0.34125
-2.16256 -2.11043 1.47841
-1.71856 -0.40923 1.5782
-3.62489 -0.77218 0.64975
-2.94262 -2.15828 -1.50886
-1.82791 -3.36941 -0.84906
-1.35404 -2.39577 -2.24874
1.79545 -3.60806 -2.60037
-3.95308 0.53815 0.27121
-4.66052 -1.71146 0.72702
1.37875 -3.13598 -3.495

1.71787 -4.69349 -2.66581
2.83955 -3.30147 -2.49097
-5.27084 0.88779 -0.01962
-3.16403 1.28136 0.20343
-5.97942 -1.35793 0.4367
-4.43149 -2.73517 1.016

-6.30895 -0.05094 0.05979
-5.50099 1.91127 -0.31088
-6.7637 -2.10925 0.50485
-7.7406 0.34441 -0.22028
-8.33109 -0.50764 -0.57508

0 -0.62864 -0.02856 -3.03389
0 -0.06813 -2.12935 1.4677

0 -1.20147 -2.85537 -0.22817
0 -2.40284 -1.46035 0.85225
0 1.28257 -2.70051 1.00276
0 3.09935 -2.56396 -0.70048
0 4.11829 -0.4927 -1.47961
0 3.28628 1.27993 -0.61678
0 -1.25779 1.78009 -0.38254
0 -3.33214 1.66499 -1.57511
0 -0.67908 -3.07283 2.51876
0 0.09745 -1.15452 1.94408
0 -2.6629 -0.33757 1.23773
0 -3.27034 -2.48575 0.90674
0 1.09666 -3.66487 0.51025
0 1.85392 -2.94311 1.91212
0 3.06557 -3.65111 -0.73204
0 4.03001 -1.89252 -1.48903
0 5.1179 0.22976 -2.35126

0 -1.61484 2.95874 0.14716
0 -3.7112 2.89034 -1.02726
0 -3.97087 1.09946 -2.24452
0 0.04239 -3.25839 3.32174

P R R OO RRPRPROARRPRODRPROODRPRORRPRRPIOODDDAOARRPREPOR R REP®
O O 0000000000000 0D0DO0OD0D0DO0DO0D0DO0ODO0OO0ODO0ODOO0OO oo

-8.23266 0.72649 0.68457 0 -0.95121 -4.03826 2.07596
-7.79849 1.13447 -0.97762 0 -1.57886 -2.65029 2.97572

-1.03013 2.12031 -0.0678 0 -4.57269 -2.16065 1.41817

-0.55042 3.18419 -0.59092 0 4.70278 -2.46566 -2.12426

0.71534 3.24614 -0.75833 0 6.11971 -0.2075 -2.26231

-1.45156 4.32027 -0.96991 0 4.83126 0.17258 -3.40924

-0.91687 5.03948 -1.59323 0 5.18718 1.28982 -2.08591

-2.32986 3.93371 -1.49502 0 -0.89276 3.40988 0.81922

-1.7997 4.81852 -0.05796 0 -2.8393 3.54847 -0.15673

0 -4.67585 3.32551 -1.27219

0 -4.50292 -1.78451 2.44333

3 0 -5.14138 -3.09031 1.38622

:f" & 0 -5.04335 -1.39891 0.79049

2 "o , 0 -3.10281 4.50113 0.29037

3 ol - 0 2.27811 0.17603 1.40451
f;?’*“ -9, 0 2.51777 0.92446 2.38615
J,f % 7 0 2.08864 2.08801 2.08196
s &, 0 136172 2.34331 1.07512

TS2-A-1b
E(RB3LYP) = -1862.38158337
G(correction)= 0.356953

E(RMO6)dioxane =-1863.00344297
E(RMO6)ipron = -1863.0223537

Imaginary frequencies: 1 (-1440.3607 cm™)

0 2.49312 3.22721 2.98796
0 2.17153 3.00552 4.01049
0 3.58483 3.30703 2.99914
0 2.05296 4.1666 2.65089

P PR OO RRPRRPRLRRLRRPRIOIDRRPRPRPRPIOIRPRRPRLPRPIIAITDODRLRERPRPLOORLRIDIDANRL, DD R OO

L]

%
46 0 0.49937 0.69193 0.09851 f 4 3,
7 0 -0.48237 -0.93047 -0.66088 ﬁ : FivS
6 0 2.26275 -0.45895 0.14946 ‘f' 0 2
16 0 -1.44641 -0.42006 -1.88258 % .f
6 0 -1.04886 -1.90015 0.28579 o,
6 0 2.19826 -1.87317 0.11967 T52-B-1b
6 0 3.23058 0.19312 -0.65335 E(RB3LYP) = -1862.36061705
6 0 -2.09086 1.15529 -1.22271 Glcorrection)= 0.353211
8 0 -2.60833 -1.3072 -2.06208
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E(RMO6)dioxane = -1862.98955401 1 0 0.84926 -5.12313 -1.84498
E(RMO6)irron = -1863.0088238 1 0 0.48003 -5.40561 -0.14322
Imaginary frequencies: 1 (-1328.3151 cm™)

-y 2

46 0 -1.03475 -0.81505 -0.4618 3o P
7 0 -1.22194 1.12115 0.07654 2 oets °
7 0 -3.06594 -0.89218 0.03631 G 3
6 0 0.0093 1.92097 0.10876 " b P j"
16 0 -2.19474 1.24661 1.39851 e e
6 0 -3.49418 0.13861 0.77815 oo &
6 0 -3.94519 -1.81231 -0.39029 ¥y ,
6 0 1.22781 0.96337 0.16543 A
1 0 0.03589 2.59325 0.9719 ot IM3-A-1b
6 0 0.05661 2.78255 -1.15193 E(RB3LYP) = -1862.40113401
8 0 -2.76371 2.59635 1.52858 G(correction)= 0.362228
8 0 -1.6597 0.61267 2.618 E(RMO6)dioxane = -1863.02465478
6 0 -4.82596 0.32388 1.11885 E(RMOB)ipron = -1863.04546264
1 0 -3.52903 -2.62422 -0.97657 Imaginary frequencies: 0
6 0 -5.30027 -1.71082 -0.0832
6 0 1.05059 -0.17161 -0.86418
8 0 257006 171748 -0.01193 46 0 -0.41316 -0.51542 -0.46967
1 0 121161 05356 117495 7 0 055131 1.28242 -0.64969
g 0 021133 24071 2.2726 6 0 -2.22347 0.33294 -0.39354
o 0 0.50039 402473 086446 16 0 1.78672 1.12913 -1.71532
. 0 594697 0.62634 0675 6 0 0.84322 1.92697 0.64048
. 0 511061 119213 1.703 6 0 -2.55647 1.65879 -0.04698
. 0 598897 246818 -0.44199 6 0 -3.23589 -0.54669 -0.80702
. 0 202984 064189 10387 6 0 2.54267 -0.45238 -1.19594
1 0 0.75369 0.20823 -1.84761 8 0 281802 2.16046 -1.5261
1 0 2.63534 2.10098 -1.03804 8 0 1.23749 0.8643 -3.04636
. 0 257200 2593 065037 6 0 -0.47456 2.27976 1.36816
. 0 376641 084194 028313 1 0 1.41847 2.83859 0.44874
8 0 0.6478 489988 1.99547 6 0 1.68939 1.01819 1.54167
. 0 680047 052111 0.91652 6 0 -1.56611 2.73213 0.37358
. 0 45764 034135 074228 6 0 -3.91139 2.02643 -0.11409
8 0 407467 047508 1.60145 6 0 -4.58185 -0.16563 -0.88315
1 0 136946 448761 -2.70707 1 0 -2.98027 -1.56552 -1.08871
. 0 100452 584696 158969 7 0 1.66507 -1.35249 -0.73259
. 0 031193 503268 250236 6 0 3.91099 -0.68598 -1.27118
. 0 565649 -0.49861 046197 6 0 -0.19481 3.34166 2.44164
X 0 436383 0.61697 177306 1 0 -0.82789 1.37119 1.86876
6 0 5.1523 -0.36098 1.88023 8 0 1.2891 0.00532 2.1049
. 0 346412 0.85614 241802 8 0 2.96245 1.41347 1.61586
. 0 59616 086733 0.85246 1 0 -1.08557 3.14996 -0.51981
1 0 627145 10.87044 127871 1 0 -2.13288 3.55122 0.83215
. 0 537292 0.6248 2.91245 1 0 -4.18765 3.04412 0.15667
. 0 710931 180135 115873 6 0 -4.90716 1.14548 -0.52582
. 0 785489 17988 0.35639 6 0 -5.64674 -1.15017 -1.30946
. 0 761459 152431 2.0909 6 0 2.11781 -2.55184 -0.34108
. 0 675763 283501 127614 6 0 4.38126 -1.93437 -0.86162
1 0 0.86713 -1.52503 -0.49504 1 0 4.5663 0.10004 -1.62974
g 0 111213 283319 .0.4383 1 0 -1.08689 3.51759 3.05218
. 0 00579 -3.42454 -0.82192 1 0 0.09604 4.2947 1.98283
g 0 10854 282585 102807 1 0 0.61481 3.03505 3.11652
. 0 019175 4.91553 -1.05366 6 0 3.85704 0.54859 2.34137
. 0 0.85529 .5 31106 133424 1 0 -5.94189 1.47962 -0.56827

1 0 -6.41245 -0.66877 -1.92876
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-5.21992 -1.97835 -1.88578
-6.16179 -1.58492 -0.44142
1.36493 -3.24295 0.02492
3.47007 -2.8854 -0.39451
5.44247 -2.16289 -0.90411
3.51022 0.41154 3.36871
4.82387 1.05091 2.31998
3.91777 -0.42491 1.84665
3.7983 -3.86625 -0.06665
-0.22601 -1.02105 2.04183
-0.83681 -1.71243 2.42423
-1.37729 -2.49956 1.51943
-1.20299 -2.40742 0.29575
-2.29024 -3.54464 2.09569
-1.96154 -3.85378 3.08994
-3.28919 -3.10025 2.18484
-2.3528 -4.39675 1.4172

IM3-B-1b

E(RB3LYP) = -1862.388875
G(correction)= 0.357737
E(RMOG)dioxane =-1863.01787985
E(RMO6)ipron = -1863.03647597
Imaginary frequencies: 0

46
7

= o0 O
[e)]

AR, P OO N, OO R P PO

O O O o

o

OO0 0000000000000 O0OO0OOoOOo

-0.95787 -0.46493 -0.93241
-1.26164 1.22713 0.20142
0.95839 0.17066 -0.98223
-0.02457 2.01136 0.39281
-1.91063 0.57926 1.55859
1.18776 1.05153 0.25764
1.65179 -0.67533 -1.02205
1.0329 0.74932 -1.91128
-0.02026 2.51662 1.36454
0.0159 3.08573 -0.688

-3.3859 -0.11957 0.75946
-2.337 1.58645 2.54263

-1.17084 -0.5996 2.11463
2.56519 1.75926 0.25019
1.14716 0.41476 1.1504

-0.3776 2.9684 -1.82664
0.6291 4.19761 -0.21914
-3.1487 -0.7986 -0.37124
-4.64215 0.02748 1.33039
2.66122 2.36152 -0.66168
2.60925 2.45991 1.09405
3.70242 0.76692 0.33711
0.81607 5.24497 -1.18495
-4.18606 -1.3756 -0.99239

P PR ODONDORRPRRPRIAIARRIIRPRRPRIIRPODRORRPRREPRLRIIORD
[eNeNeNeNeoNeoNeoNeNeoNeNoNeoNeoNelNoNeoNelNoNolNolNoNeoNelNloNoleolNeo ool

-5.71819 -0.58128 0.6813
-4.75246 0.60696 2.24011
4.41162 0.36621 -0.80117
4.0348 0.16974 1.56093
1.42332 4.89042 -2.02325
1.3265 6.04827 -0.6526

-0.14856 5.5879 -1.56955
-3.95408 -1.90818 -1.90974
-5.48769 -1.29426 -0.49624
-6.7222 -0.49597 1.08658
5.41851 -0.5971 -0.71977
4.16672 0.80859 -1.76421
5.04009 -0.79227 1.64201
3.49344 0.45876 2.45963
-6.29987 -1.77665 -1.03008
5.75282 -1.1917 0.50284
5.95266 -0.89106 -1.62106
5.27711 -1.24017 2.60492
6.86673 -2.20868 0.59932
7.8246 -1.72815 0.84058
7.00285 -2.7469 -0.34527
6.66929 -2.94739 1.38434
-0.51315 -2.00947 0.9095
-0.1933 -2.93595 0.71903
-0.13451 -3.23793 -0.56323
-0.43004 -2.48235 -1.49987
0.35348 -4.63879 -0.81153
0.29754 -4.86999 -1.87525
1.39016 -4.72143 -0.46727
-0.24192 -5.34985 -0.231

4_*-‘

2
a7
0"‘“

A

““J
=)

¢

%
2,

&

¢
o9t 2

IM4-A-1b

E(RB3LYP) = -1746.62722759
G(correction)= 0.308352
E(RMO6)dioxane = -1747.28588219
E(RMO6)ipron = -1747.30229498
Imaginary frequencies: 0

46 0
7 0
6 0
6 0
16 0
6 0
6 0
6 0
8 0
6 0
8 0

0.53989 -0.78811 -0.3056

-0.27209 0.71555 0.85397
2.39815 0.0257 -0.07095

1.20388 -1.99604 -1.63148
-1.28568 0.03839 1.94242
-0.75053 1.9013 0.12983

2.68231 1.39599 0.06107
3.42778 -0.91869 0.08102
1.51164 -2.68143 -2.49423
-2.25503 -1.0975 0.88842
-2.24858 1.00573 2.48827
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-0.51399 -0.83698 2.82972
0.39414 2.44448 -0.75528

0 -0.43827 -2.64027 -1.47944
0 0.01114 1.69938 0.24763

-1.042 2.66664 0.85645 16 0
-1.95853 1.60611 -0.76762
1.70016 2.55989 0.0534

4.02449 1.74761 0.30585
4.75153 -0.55455 0.34774
3.20687 -1.98049 0.01407
-1.55604 -1.66405 -0.10291
-3.61038 -1.31989 1.09549
-0.00162 3.80482 -1.35134
0.53798 1.73379 -1.57916
-1.97696 0.76398 -1.64568
-3.00678 2.39632 -0.47893
1.44115 2.79046 1.09647
2.24807 3.43547 -0.31567
4.26849 2.80379 0.40657
5.03828 0.80945 0.45038
5.83538 -1.59795 0.48696
-2.18969 -2.49838 -0.93801
-4.26791 -2.19132 0.22632
-4.11527 -0.80464 1.90508
0.76748 4.15424 -2.04847
-0.11221 4.55984 -0.56313
-0.94916 3.75439 -1.89958
-4.18991 2.15959 -1.26043
6.05677 1.13807 0.64572
6.51538 -1.35742 1.31233
6.44403 -1.66461 -0.42486
5.41541 -2.59169 0.67586
-1.59225 -2.92472 -1.73749
-3.54513 -2.79327 -0.805

-5.32825 -2.3936 0.34779
-3.98791 2.31716 -2.32381
-4.9291 2.87341 -0.89658
-4.53918 1.13305 -1.11404
-4.02042 -3.46988 -1.50724

P R R RRORRPRRPRRRPRORRPRRPPRPIIDIDIITDRPRPLERLOORLRIIDANRL, OO O
el eoleolNeolololNoelNololololololNeolololNolololNeolololNeolNololNolNololoelNololololololNoRNeo]

L]

P P FRPOFRPRFRPOOFRPPFPOFRPOODFRPROORPRRPRPPRPOORFRPROODOODOODODRERRERPONOOOE OO0 ERE OFEFO

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-2.11781 0.77049 1.51255
1.23107 0.74828 0.24928
1.78285 -1.09456 -0.79732
1.04948 0.14774 -1.85709
-0.12343 -3.63973 -1.94251
0.01483 2.33105 1.14136
0.04432 2.61785 -0.97188
-3.45153 -0.22671 0.77853
-2.68712 2.07792 1.87961
-1.54077 -0.04332 2.60113
2.59739 1.46994 0.12911
1.19756 0.24214 1.22197
-0.27915 2.30981 -2.09806
0.55933 3.82303 -0.6439

-3.08449 -1.17062 -0.09943
-4.76616 -0.01827 1.17701
2.6696 1.95009 -0.85482

2.63069 2.27592 0.87359
3.76316 0.52794 0.32897
0.71674 4.74086 -1.73913
-4.03448 -1.96408 -0.61848
-5.74897 -0.84963 0.64042
-4.98939 0.78236 1.8735

4.49868 0.03601 -0.75527
4.10479 0.07938 1.61234
1.38839 4.32367 -2.49541
1.14065 5.64679 -1.30496
-0.25088 4.95041 -2.20337
-3.69757 -2.70797 -1.33337
-5.37766 -1.84066 -0.26998
-6.78968 -0.7225 0.92357
5.54055 -0.87342 -0.56448
4.25018 0.3653 -1.76192

5.14504 -0.82813 1.80229
3.54485 0.44333 2.47152
-6.11235 -2.50488 -0.71262
5.88413 -1.31978 0.71692
6.0949 -1.24117 -1.42542

fc\ °o 5.38894 -1.1609 2.80903
ﬁ ‘3’ g 7.0331 -2.278 0.9305
& 7.9621 -1.73907 1.16082
o4
? ’ f/‘ 7.22145 -2.88494 0.03823
: 6.83774 -2.95792 1.76735
J».f’)
IM4-B-1b
E(RB3LYP) = -1746.62960171 *9” 3.
G(correction)= 0.306032 o [ X
E(RMO6)dioxane = -1747.29098345 I

E(RMO6)ipron = -1747.30702587
Imaginary frequencies: 0

46 0 -0.90642 -0.98859 -0.6679 e ‘t
7 0 -1.1904 0.85599 0.16873 -
6 0 1.03681 -0.30018 -0.85888

TS3-A-1b

E(RB3LYP) = -1859.9259345
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G(correction)= 0.312811

E(RMO6)dioxane='1860.56026923 , -5»)
:E,TaM%)IPrOH = 1869.5746?735 3 ,3—5’ -3_3‘ -
ginary frequencies: 1 (-273.1962 cm™) 2 % .
e 102
> ‘&0
46 0 -0.00988 -0.64113 1.18382 b 'J\‘
6 0 1.46033 -1.65567 0.02645 . J
6 0 -1.32941 0.04294 2.49924 | A
6 0 0.70739 -2.35198 1.57899 ’ TS3-B-1b
6 O 275981 -123553 035053 G(correction)= 0.309358
8 0 -2.06305 0.46128 3.26095 E(RMO6)gioxane = -1860.55134184
8 0 079486 -3.44136 1.98161 E(RMO6)ron = -1860.56995943
6 0 -0.26813 -2.4494 -1.78474 Imaginary frequencies: 1 (-251.254 cm™?)
6 0 2.08192 -1.76271 -2.27136
6 0 3.73607 -1.05391 -0.62983
1 0 3.00656 -1.03202 1.38929 46 0 -0.03247 -1.27367 -0.51941
6 0 -1.60189 -1.99025 -1.15726 6 0 1.29726 -1.72997 0.72817
1 0 -0.32109 -2.25872 -2.86398 6 0 0.02573 -2.5524 -1.96285
1 0 -0.2405 -3.54545 -1.68387 7 0 -1.14017 0.56237 -0.89889
1 0 1.83725 -1.95174 -3.31364 8 0 2.04048 -2.47895 1.22734
6 0 3.36839 -1.33199 -1.95084 8 0 0.04931 -3.31297 -2.81504
6 0 5.10616 -0.52623 -0.27985 6 0 -0.75421 1.49954 0.16781
6 0 -1.87644 -0.47221 -1.24011 16 0 -2.73902 0.33285 -1.01725
6 0 -2.75075 -2.76253 -1.82981 6 0 0.71832 1.25723 0.59585
1 0 -1.61265 -2.25711 -0.09427 1 0 -1.36716 1.37921 1.07445
1 0 4.09801 -1.20343 -2.74716 6 0 -0.92222 2.95747 -0.28287
1 0 5.86509 -0.8747 -0.98806 6 0 -3.16914 -0.61412 0.50243
1 0 5.11156 0.57157 -0.3015 8 0 -3.00354 -0.58317 -2.13495
1 0 5.41191 -0.83541 0.72552 8 0 -3.50607 1.58603 -0.88256
7 0 -0.76985 0.28759 -0.64245 6 0 0.91492 -0.0979 1.34638
1 0 -2.01254 -0.16872 -2.28633 6 0 1.72912 1.49747 -0.55826
6 0 -3.15603 -0.14842 -0.45382 1 0 0.93593 1.99536 1.38408
1 0 -2.59605 -3.84393 -1.74476 8 0 -0.60709 3.4018 -1.36157
1 0 -2.82182 -2.51502 -2.89655 8 0 -1.42336 3.70341 0.72587
1 0 -3.71056 -2.5287 -1.35944 7 0 -2.23772 -1.4552 0.9611
16 0 -0.8805 1.91204 -0.68038 6 0 -4.42132 -0.45502 1.09441
8 0 -3.41399 -0.60183 0.64655 1 0 0.12503 -0.2712 2.08138
8 0 -3.89967 0.76981 -1.08305 1 0 1.88139 -0.05455 1.85143
6 0 0.83521 2.29277 -0.2167 1 0 1.72672 2.56836 -0.78217
8 0 -1.73174 2.47268 0.39651 1 0 1.36034 1.00276 -1.46178
8 0 -1.08198 2.43148 -2.048 6 0 3.1233 1.02173 -0.2279
6 0 -4.91001 1.40939 -0.27984 6 0 -1.65048 5.08493 0.39947
7 0 1.28401 1.73014 0.90622 6 0 -2.53118 -2.20036 2.03652
6 0 1.58128 3.15753 -1.01435 6 0 -4.71999 -1.23344 2.21149
1 0 -5.5855 0.66814 0.15497 1 0 -5.11672 0.26805 0.68352
1 0 -5.444 2.07341 -0.95966 6 0 3.65699 -0.12301 -0.83198
1 0 -4.41859 1.98145 0.51129 6 0 3.89959 1.67604 0.74034
6 0 2.53403 2.01787 1.28814 1 0 -0.71656 5.56962 0.09955
6 0 2.88065 3.45387 -0.60339 1 0 -2.0486 5.54095 1.3067
1 0 1.14275 3.56154 -1.91939 1 0 -2.36983 5.16205 -0.42025
1 0 2.87611 1.53764 2.20177 1 0 -1.74891 -2.87392 2.37873
6 0 3.36817 2.87699 0.57105 6 0 -3.7595 -2.12703 2.6919
1 0 3.50316 4.12355 -1.19018 1 0 -5.68476 -1.14345 2.70286
1 0 4.37151 3.08626 0.92883 6 0 4.91765 -0.60491 -0.47462
1 0 3.07668 -0.64262 -1.59122
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5.1574 1.19354 1.09731
3.51181 2.57286 1.22012
-3.95148 -2.75017 3.55951
5.68945 0.04276 0.49664
5.30551 -1.4986 -0.95816
5.73894 1.71836 1.8523
7.06637 -0.45884 0.86421
7.84106 0.03965 0.26637
7.29601 -0.26562 1.91795
7.16157 -1.53566 0.68855

E(RB3LYP) =

= 00 00 O N O O

=

6

P OO0 NOORFR,r FPPFPORFRPFPREPRERPPREPOOOOKLCOOOO P

s 1c

-1805.47933299
G(correction)= 0.299745
E(RMO6)dioxane = --1805.00502184
E(RMO6)ipron = -1805.02206986
Imaginary frequencies: 0

OO0 0000000000000 O0O0OO0OO0OOoOOo

-1.83643 -0.959 1.37664
-1.05279 -1.06707 0.61669
-0.14208 0.15392 0.78438
-1.6609 -1.02855 -0.71983
-0.3682 -2.43765 0.88899
0.01475 1.01238 -0.05782
0.42904 0.1728 1.99751
-1.20408 -0.34316 -1.32539
-3.32734 -0.82576 -0.83066
0.16744 -2.32662 1.83981
-1.43434 -3.52977 1.04181
0.6488 -2.83985 -0.20681
1.3167 1.28468 2.24411
-3.6661 -0.95074 -2.24456
-3.93914 -1.67472 0.19778
-3.60146 0.89486 -0.31519
-0.96341 -4.49475 1.26076
-2.02352 -3.62963 0.12564
-2.13243 -3.29505 1.85172
1.01175 -3.84695 0.03579
0.11853 -2.9153 -1.16226
1.82306 -1.89691 -0.32949
1.68607 1.13773 3.25907
0.76999 2.22791 2.16393
2.14182 1.28264 1.52902
-4.43549 1.17781 0.76329
-2.92986 1.79217 -1.02963
2.77185 -1.81663 0.70214
1.96037 -1.04271 -1.42887
-4.57927 2.52246 1.11256
-4.93703 0.37614 1.29271

CLOUOVWOHORFRrRFRPRFRPOADFRRPFPODFLOEFE OO

OO0 0O O0OO0OD0O0DO0O0DO0O0O0OO0OO0oOOoOOo

-3.07284 3.07294 -0.679

3.79757 -0.88016 0.6602
2.68934 -2.48545 1.55524
2.97912 -0.09227 -1.47761
1.24 -1.09728 -2.24053

-3.88652 3.48634 0.38134
-5.21807 2.80884 1.94321
-2.51137 3.79547 -1.26652
3.88959 -0.00276 -0.42575
4.52171 -0.81708 1.4664
3.05638 0.5879 -2.31886
-3.96794 4.54114 0.62466
4.89436 1.10955 -0.37826
4.43238 2.14275 0.37942
6.06219 0.71808 0.18116
5.17265 1.61261 -1.59889

b
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? 1IM1-1c

E(RB3LYP) = -3736.54680603
G(correction)= 0.611453
E(RMO6)dioxane = -3736.77268895
E(RMO6)ipron = -3736.79966982
Imaginary frequencies: 0

OO, NO PO

= o -
o)

(o) I e ) B o) I @ ) T o e B o I i R

A =
(o))

OO O0O000D0D000O0 00 ,00000O0O

2.23752 -2.0105 0.61705
1.5235 -2.47335 -0.05343
3.41801 -2.62309 1.02817
1.91918 -0.77864 1.04118
3.67514 -3.59933 0.63698
4.28147 -1.9385 1.88477
2.73533 -0.12684 1.88654
0.26489 0.27257 0.43045
5.22374 -2.38772 2.18133
3.93244 -0.66235 2.3339
2.10863 1.52506 2.35602
-1.39569 1.34579 -0.14167
1.37156 1.96661 0.94285
4.56587 -0.0734 2.98791
1.07561 1.30283 3.37707
3.29505 2.33208 2.67174
-1.78908 2.50091 0.41736
-2.17838 0.7383 -1.05143
2.36273 2.35446 -0.08793
-1.10011 2.93432 1.13438
-3.01302 3.075 0.07487
-1.47237 -0.84569 -1.62613
-3.41265 1.23516 -1.43281
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OO0 OO0 0000000000000 O0D0DO0DO0OO0DO0ODO0DO0DO0DO0DO0DO0DO0DO0D0D0DO0DO0D0DO0DO0DO0DO0DO0DO0DO0D0DO0ODO0DO0OO0ODO0OO0ODO0OO0ODOO0ODOOOoO

3.19539
3.02856
1.73378
-3.31526
-3.83764
-0.85068
-0.35071
-2.60185
-4.02991
2.26695
4.1195
1.09394
0.86684
2.82179
-4.81186
-1.93357
2.88306
0.16667
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1.64221 -0.11119
3.70323 0.17348
2.36012 -1.51241
4.00319 0.54766
2.43359 -0.85027
-1.41452 -0.19594
-0.51556 -2.51835
-1.62316 -2.15387
0.67866 -2.12684
4.55125 0.87807
3.98494 -0.28367

1.47235 -1.56876
3.59373 -1.7861

2.18037 -2.60036
2.83806 -1.10149
-1.8028 0.75015
5.81343 1.18291
3.77456 -0.96657

1.481 4.49433 -1.90426

0.29374

3.4543 -2.70945

2.3199 2.19799 -3.57575

3.51405
3.57409
-2.51062
-1.49841
-2.76717
3.78946
2.14233

3.02779 -2.56861
0.87866 -2.43279
-3.22675 0.47784
-1.68899 2.20643
-1.09707 0.68247
5.65371 1.77286
6.36775 1.75971

3.1412 6.34929 0.26491

4.85566

0.85797 -1.8617

2.956 -0.34008 -2.74952

-3.90453
-2.66008
-1.55463
-2.24903
-0.24272
5.32314
5.49976
3.59867
1.9502 -
-3.80255
-4.27658
-4.87971
-0.56042
-1.44813
-1.92543
0.24645
6.48032
4.86803
3.10561
-5.39898
-5.17482
1.23825
0.31178
-0.41218
5.57425
-5.17002

-3.38727 1.1441
-3.27169 -0.60352
-4.35471 0.87651
-1.31529 3.08649
-2.10677 2.42602
1.79763 -1.57974
-0.34957 -1.59988
-1.55051 -2.49824
0.34586 -3.15763
-3.33117 2.23369
-4.39144 0.90436
-2.33781 0.65507
-4.1791 0.45402
-4.43611 1.96413
-5.31528 0.5015
-1.94586 3.77484
-0.35742 -1.13392
-1.55627 -1.91398
-2.48762 -2.73482
-2.41076 -0.64642
-1.20934 1.43239
-2.39971 3.77245
-0.88241 4.0147
-2.45514 4.48225
-2.84798 -1.62798
-3.27281 -1.26654

(Vo TN I Uo R ) I i @ ) BN - Vo I Uo I Uo I i @) M) }

OO OO0 O0O0D0O0OO0OO0OO0oOOoOOo

-6.15378
-5.92741
-4.75215
6.50789
4.71807
6.22044
-6.52398
-6.40232
-6.11958
-7.12917
-6.49658
-7.19221
-8.39006

-1.36964 -1.17447
-0.15725 0.90963
-1.12798 2.42922
-3.1482 -2.55588
-3.90207 -1.57509
-2.81098 -0.43056
-1.42388 -2.19397
-0.23059 -0.40027
0.72707 1.50734
0.91827 -1.03042
1.32689 -2.1737

2.0033 -0.2234

0.60609 -1.39266

TS1-1c

E(RB3LYP) = -3965.63464401

G(correction)= 0.665087

E(RMOe)dioxane =-3965.79508451
E(RMO6)ipron = -3965.83209835
Imaginary frequencies: 1 (-1020.0882 cm™)

Ao R, NO RO

(o) I

=
(e}

A OO R 0000 OO EFE O 0O K-

OO0 O0OO00D0D0D000D0D0O0 00000000 O0

-0.34975
-1.05457
-0.53684
0.70925
-1.40113
0.40811
1.61819

1.21777 -1.36459 -0.34626

0.29647
1.51469

3.06796 -0.30104 -2.34851

3.14906
2.30703
2.70687
4.19025
3.69452
3.23626
5.19349
3.41547
5.85516
5.72211
2.36006
4.26364
3.54336

1.20125 -1.08551
0.87673 -0.33764
2.39907 -1.76768
0.40728 -1.31855
3.0079 -1.53704
2.79857 -2.70972
0.79804 -2.23545

3.74457 -3.22926
1.98133 -2.94772

-0.77288 -0.75569
2.24945 -3.63767
-1.44924 -3.17731
0.57053 -2.72785
0.29163 0.10599
1.26078 -0.12133
0.52756 -0.09303
-0.00644 1.60529
-0.55125 -0.5222
1.58817 0.18451
-0.30856 1.64457
-1.16174 2.14566
1.2766 2.46653
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[EnY
(o)}

) 00 00O O 00 00

OO OO0 0000000000000 O0D0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0D0DO0OO0ODO0ODO0OO0ODO0OO0ODOO0OOOoO

o

O OO o oo
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7.25024 -0.34611 -0.79711
4.135 -2.04617 1.51731

5.32713 -0.89891 2.16846
3.96286 -1.40948 3.17022
3.32016 1.00392 3.5065

4.57667 1.63518 2.43666
2.59223 2.3574 2.0004

7.36703 0.40358 -1.58437
7.6258 -1.31378 -1.12995
7.77731 -0.01143 0.10107
3.03546 3.40221 1.17435
1.2237 2.25976 2.28521
4.08883 3.45904 0.91573
2.13029 4.31109 0.63136
0.31232 3.16404 1.74306
0.85534 1.45582 2.91436
2.47829 5.10089 -0.02742
0.76505 4.18748 0.90784
-0.74632 3.05159 1.94741
-0.18896 5.17648 0.3058

-0.14099 6.3783 0.92022
0.08637 5.40358 -1.00542
-1.47843 4.75322 0.36653
-3.11949 3.55808 1.70478
-3.56263 2.62616 1.37475
-3.38673 1.45639 2.11369
-4.31187 2.59719 0.19672
-3.96261 0.24822 1.69707
-2.77311 1.47002 3.00855
-4.896 1.40141 -0.23072

-4.45349 3.83339 -0.64516
-3.70961 -1.0396 2.45347
-4.72406 0.24202 0.51919
-5.48176 1.38356 -1.14392
-4.28221 4.96352 0.06836
-3.53548 3.86146 -1.65267
-5.66537 3.89995 -1.24109
-2.85522 -2.05174 1.64848
-3.2214 -0.82259 3.40869
-4.66362 -1.53072 2.68633
-5.17492 -0.68589 0.17683
-1.52182 -1.39713 1.17017
-3.41967 -2.27081 0.73902
-2.65062 -3.36266 2.41528
-1.7778 -0.4023 0.81037

-0.80926 -2.12103 0.08244
-0.63145 -1.16381 2.38233
-2.01054 -4.05499 1.86278
-2.18846 -3.18192 3.39285
-3.61668 -3.84983 2.58903

-1.64492 -2.14044 -1.40862

-0.75887 -0.20166 3.11621
0.23612 -2.15629 2.60504
-2.88751 -3.4663 -1.29296
-2.40885 -0.88746 -1.55151
-0.67041 -2.54786 -2.41998
1.07624 -2.0242 3.76494

R PR OO R R RLPAR RN RL L RO

-2.46118 -4.61915 -0.79884
-4.1752 -3.21466 -1.768

1.79319 -2.84077 3.69403
1.59096 -1.06164 3.75609
0.47499 -2.10545 4.67461
-3.34439 -5.62229 -0.74731
-5.08297 -4.2731 -1.71437
-4.43839 -2.23462 -2.14851
-2.97873 -6.55778 -0.33077
-4.66304 -5.49833 -1.19368
-6.10037 -4.14151 -2.07133
-5.34096 -6.34383 -1.13213
-0.35821 -3.30091 0.37131
0.2158 -4.32396 0.66173
1.47113 -4.13389 0.74608
2.0704 -3.04761 0.49528
2.32854 -5.30794 1.15653
1.77495 -5.96479 1.83136
2.58606 -5.8773 0.2559

3.25567 -4.96131 1.61755

ab
;-J

2
-+

@
3" 'O i”

Jy ) .."‘J‘Q\ *ﬁéf

)

E(RB3LYP) =

J
I

e

I IM2-1c

-2160.13169566

G(correction)= 0.331679
E(RMO6)dioxane = -2160.76904386
E(RMO6)ipron = -2160.78847565
Imaginary frequencies: 0

46

(o) e o) IEL NI N/

[any

6

P OO, P OO0 EFE OO0 F O

O O OO oo

o

OO OO0 O0O0O0OO0O0O0OO0OO0OO0OOoOOo

1.53249 1.31152 0.07806
3.53881 0.94456 0.00853
1.37443 -0.5606 0.88485

3.99713 -0.11505 0.69073
4.36477 1.62827 -0.79918
0.85432 -1.65578 0.0537

2.73978 -0.88233 1.75214
5.30712 -0.55864 0.5952

3.92811 2.46842 -1.32868
5.69933 1.25805 -0.93892
-0.62451 -1.37484 -0.33276
0.8754 -2.57642 0.64563

1.71544 -1.90686 -1.18795
3.03993 -2.32023 1.79953
2.74702 -0.07974 2.97614
6.17563 0.14783 -0.23773
5.61217 -1.43675 1.15379
6.34548 1.82897 -1.59669
-1.46893 -1.26664 0.9619

-1.17187 -2.44993 -1.28216
-0.662 -0.40547 -0.84521
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2.27182 -1.04761 -1.84478
1.78273 -3.21791 -1.47749
7.2103 -0.16493 -0.34231
-1.414 -2.22616 1.49361

-1.00617 -0.51601 1.60976
-2.91449 -0.90751 0.70367
-2.23224 -2.2707 -1.48073
-1.07039 -3.45109 -0.84621
-0.64879 -2.45148 -2.24365
2.5373 -3.55584 -2.65377
-3.26464 0.40009 0.33037
-3.92974 -1.86838 0.80049
2.09955 -3.08448 -3.53857
2.48791 -4.64204 -2.73124
3.57369 -3.2227 -2.54969
-4.58926 0.73248 0.0605

-2.48684 1.15318 0.24996
-5.25913 -1.54254 0.53373
-3.67575 -2.88618 1.08627
-5.58995 -0.23924 0.15983
-4.85185 1.7444 -0.2326

-6.03598 -2.29652 0.60712
-7.02337 0.14079 -0.0761

-7.77599 -0.91875 -0.45316
-7.59957 0.65256 1.03908
-7.14195 1.08575 -1.0392

-0.42436 2.05791 -0.06822
0.02742 3.13937 -0.58195
1.29136 3.23704 -0.74306
-0.90272 4.25288 -0.95662
-0.38338 4.99443 -1.5665

-1.76445 3.84799 -1.49531
-1.2739 4.73029 -0.0426

P PP OO0V OVOUINNDRLRFRPOODFRPLROFRPROODRREPPRPRPOODOODOODRLREPPEPORREPREOOO®
OO OO0 O0OO0DO0D0D0D0D0D0D0DO0DO0DO0DO0DO0D0D0D0DO0D0DO0DO0DO0DO0ODODO0OO0OO0OOoOOo

TS2-A-1c
E(RB3LYP) = -2160.10116604
G(correction)= 0.330606
E(RMO6)dioxane =-2160.74256878
E(RMO6)ipron = -2160.76277577
Imaginary frequencies: 1 (-1429.4095 cm™)

46 0 0.00778 0.61803 0.35361
7 0 -0.86376 -0.9037 -0.68961
6 0 1.6902 -0.62444 0.66522
16 0 -1.56185 -0.27439 -2.03505
6 0 -1.64392 -1.88799 0.07265
6 0 1.59128 -2.02531 0.47696

P PR PO REFRPRERPRPRPREFPOFRPLROVCOORODRPRRPEPRPRPOODOODIOODDERLEPEPOOCERFRODONREFPRODOOODOOEOOOOLO O

OO 0O 0000000000000 0DO0DO0D0D0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0D0DO0DO0DO0OD0D0DO0OO0ODO0ODO0ODOO0OOOoO

2.81723 0.04981 0.14242
-2.25088 1.29176 -1.40213
-2.70481 -1.08883 -2.47903
-0.52472 0.13457 -2.98466
-0.88849 -2.27589 1.37226
-1.77098 -2.78931 -0.53649
-3.04119 -1.38505 0.4507

0.4936 -2.88266 1.07761
2.61069 -2.68936 -0.22068
3.81589 -0.62312 -0.5504

2.91256 1.12067 0.29584
-1.56515 1.82119 -0.38207
-3.37775 1.88968 -1.94674
-1.70893 -3.27243 2.21018
-0.76466 -1.36008 1.96416
-3.28442 -0.27641 0.88522
-3.97177 -2.33805 0.27576
0.35407 -3.76929 0.44446
0.88701 -3.26466 2.03213
2.54277 -3.76458 -0.36834
3.70481 -2.00456 -0.73821
4.97474 0.12257 -1.14836
-1.96058 2.98881 0.1456

-3.79643 3.10397 -1.40272
-3.90272 1.39885 -2.75881
-1.14929 -3.56203 3.10602
-1.93267 -4.18158 1.63955
-2.65977 -2.84385 2.53961
-5.31666 -1.95253 0.6045

4.47983 -2.53923 -1.2788

5.20449 1.29498 -0.51368
4.76581 0.41301 -2.45251
6.11742 -0.60276 -1.08928
-1.36021 3.36144 0.96842
-3.07559 3.66341 -0.34534
-4.67539 3.60672 -1.79564
-5.38867 -1.66253 1.65699
-5.93101 -2.83021 0.40278
-5.62968 -1.11098 -0.01957
-3.37356 4.60512 0.10314
1.43878 -0.08855 1.9299

1.50063 0.57973 3.00719
1.2131 1.78686 2.70897

0.7273 2.15191 1.59435

1.49698 2.84258 3.75068
1.06209 2.53753 4.7069

2.58053 2.9176 3.89187

1.09903 3.81002 3.44176
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TS2-B-1c

E(RB3LYP) = -2160.08064161
G(correction)= 0.328021

E(RMO6)dioxane =-2160.7299108
E(RMO6)ipron = -2160.75039736

Imaginary frequencies: 1 (-1321.6248 cm™)

46
7
7
6

[Eny
[e)]

P P OROFROODRLR PP, DR RPRPRPRPRLODOORL, OO O0W0OWWOEFE OO D

eNelNeolelNolNelNolNelNolNeNolNeolNeolNeolNeolNeolNolNeoNoleolNelNellolNolNolNeoNolNeolNeolNeolNolNelNolNelNolNolNolNollolNolNoNo!

-1.59431 -0.82715 -0.51019
-1.98178 1.05083 0.12208
-3.56059 -1.17677 0.10665
-0.85633 1.99372 0.12112
-2.86946 1.00101 1.50902
-4.06161 -0.23746 0.92103
-4.34645 -2.1826 -0.30832
0.4699 1.19153 0.06531

-0.85794 2.63023 1.01141
-0.9895 2.9036 -1.09937

-3.58973 2.26192 1.73852
-2.17208 0.39465 2.65833
-5.38015 -0.2341 1.35116
-3.87343 -2.9117 -0.9569

-5.68015 -2.26391 0.08606
0.36829 0.08759 -1.0073

1.69813 2.11395 -0.14643
0.56497 0.72362 1.05241
-1.27655 2.54146 -2.21958
-0.68227 4.17812 -0.779

-6.205 -1.27471 0.92052

-5.7301 0.56829 1.99134
-6.29302 -3.08712 -0.26505
1.38176 -0.24959 -1.26958
-0.0424 0.46646 -1.94921
1.65835 2.54529 -1.15409
1.63514 2.95292 0.55824
3.0049 1.38004 0.0449

-0.71681 5.11149 -1.8728

-7.24489 -1.31215 1.23102
3.8063 1.02494 -1.04739
3.41939 0.99648 1.32991
0.00137 4.82239 -2.64587
-0.45254 6.07784 -1.44268
-1.71679 5.14422 -2.31371
4.98911 0.307 -0.86886

3.50027 1.31269 -2.05009
4.59647 0.27954 1.51824
2.80792 1.25999 2.18956
5.38375 -0.06772 0.41541
5.59885 0.03198 -1.72292
4.90456 -0.01931 2.51511

P PR OO00OO0EL OOV

O OO 0000000 OoOOo

6.68288 -0.79095 0.63303
6.59206 -1.69428 1.63628
7.09004 -1.45128 -0.47441
7.67924 0.06367 0.97021
0.37201 -1.28574 -0.68486
0.78286 -2.55593 -0.69341
-0.21173 -3.26301 -1.03808
-1.3915 -2.80039 -1.15694
0.01759 -4.72876 -1.31882
-0.90134 -5.21323 -1.65134
0.79674 -4.83285 -2.07991
0.38467 -5.21158 -0.40728

IM3-A-1c

E(RB3LYP) = -2160.12593627
G(correction)= 0.338781
E(RMO6)dioxane = -2160.76631381
E(RMO6)ipron = -2160.78645403
Imaginary frequencies: 0

46
7
6
16

DO RPRFRPFRPOOFRIODAOANRFPLPOODOODOODDDE OO OO

0 0.06375 -0.4259 -0.40362

0
0

1.24098 1.20076 -0.77192
-1.62818 0.65019 -0.36376

0 2.43473 0.78028 -1.8181

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1.63102 1.92025 0.45171
-1.79528 2.03823 -0.14462
-2.7658 -0.14014 -0.56713
2.97623 -0.82766 -1.14143
3.59267 1.68151 -1.73053
1.83471 0.46321 -3.11532
0.39102 2.56901 1.11315
2.35568 2.69298 0.17612
2.30773 0.98043 1.46111
-0.65169 3.01522 0.0621

-3.10151 2.55499 -0.10028
-4.05523 0.39491 -0.49602
-2.66633 -1.20196 -0.76711
1.99 -1.53974 -0.57912

4.29481 -1.26249 -1.20289
0.84257 3.7294 2.01174
-0.07824 1.81039 1.74946
1.73573 0.13737 2.14341
3.63416 1.12885 1.48251
-0.14891 3.18947 -0.89614
-1.07579 3.97582 0.37584
-3.2351 3.62003 0.07583
-4.2303 1.75486 -0.25897
-5.21857 -0.5454 -0.5687
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2.27438 -2.74587 -0.06596
4.5907 -2.51666 -0.66762
5.04768 -0.62051 -1.64663
-0.00024 4.12181 2.59074
1.25632 4.55033 1.41338
1.61567 3.41188 2.7233

4.36637 0.20232 2.3085

-5.22677 2.17894 -0.19635
-6.39558 0.08727 -0.75563
-5.08204 -1.45991 -1.5552
-5.34169 -1.26213 0.59149
1.43865 -3.2787 0.37638
3.56419 -3.27298 -0.09544
5.60711 -2.8991 -0.69401
4.03005 0.26594 3.34635
5.41079 0.49951 2.2181

4.22263 -0.81821 1.943

3.75699 -4.25217 0.33017
0.05704 -0.62836 2.18917
-0.71821 -1.11367 2.58734
-1.30408 -1.93462 1.74274
-0.95507 -2.10133 0.56215
-2.49959 -2.6528 2.29454
-2.53038 -2.61307 3.38406
-3.39083 -2.16102 1.88352
-2.50201 -3.68594 1.93896

aF IM3-B-1c

E(RB3LYP) = -2160.10950624
G(correction)= 0.331114
E(RMO06)dioxane = -2160.75866397
E(RMO6)ipron = -2160.77832548
Imaginary frequencies: 0

46 0
7 0
6 0
6 0
16 0
6 0
1 0
1 0
1 0
6 0
6 0
8 0
8 0
6 0

-1.52211 -0.47915 -0.94186
-2.044 1.12368 0.23767

0.27484 0.43767 -1.02838
-0.93614 2.08379 0.41312
-2.54478 0.35677 1.5977
0.40316 1.32206 0.22406
1.08553 -0.29422 -1.10313
0.23673 1.03756 -1.94597
-0.97979 2.56694 1.39508
-1.09017 3.16938 -0.64647
-3.9193 -0.5437 0.82178

-3.08746 1.26854 2.61635
-1.61571 -0.70521 2.10183
1.65211 2.23861 0.19455

P PR RPOOOODOORF,R OVCOUOUINDRFRREFRPORRFPIODFRROODFRPRODRPFPRERPEPOORFROODOOOOOREONO®OE

OO OO0 0000000000000 O0DO0DO0DO0DO0DO0DO0DO0DO0D0DO0DO0DO0ODO0DO0ODO0OO0ODO0OO0ODOO0OOOoO

0.48766 0.67098 1.103

-1.48121 3.00826 -1.78049
-0.65554 4.35747 -0.16581
-3.61395 -1.15384 -0.33179
-5.16523 -0.60525 1.42916
1.62408 2.86627 -0.70411
1.61709 2.91858 1.05518
2.93037 1.43422 0.22253
-0.66657 5.4399 -1.11164
-4.56743 -1.87201 -0.94009
-6.15288 -1.36056 0.79337
-5.33674 -0.0691 2.35584
3.66003 1.18759 -0.94764
3.38113 0.8639 1.42235
-0.01788 5.21229 -1.9629
-0.29664 6.30956 -0.56764
-1.68122 5.61622 -1.47917
-4.2832 -2.34252 -1.87641
-5.85034 -2.00449 -0.40737
-7.14531 -1.44088 1.22712
4.80895 0.3982 -0.9253

3.32009 1.61443 -1.88761
4.5263 0.07317 1.45552
2.82277 1.03938 2.3388

-6.5937 -2.59623 -0.93127
5.2426 -0.16165 0.27802
5.36394 0.20984 -1.83856
4.86312 -0.36793 2.38813
6.51187 -0.9635 0.32416
6.46504 -1.92764 1.27305
6.77253 -1.56971 -0.85747
7.5856 -0.18823 0.61062
-0.81531 -1.99895 0.84258
-0.37429 -2.86471 0.61492
-0.30626 -3.11708 -0.67793
-0.72707 -2.38115 -1.58205
0.36158 -4.42939 -0.98284
0.33594 -4.62055 -2.05557
1.3995 -4.39268 -0.63487
-0.13751 -5.23598 -0.43707

IM4-A-1c

E(RB3LYP) = -2044.3480141
G(correction)= 0.282935
E(RMO6)dioxane = -2045.02638699
E(RMO6)ipron = -2045.04406453
Imaginary frequencies: 0
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46

= o0 o0
[e)]

P RPRPRPPOPFRPOOCOFRPIODFRPRPFPERPPOODOIODIOODRPPFPEPOOEFROODOONREOOOOOOOEREOGROOGOCLCOOCGCOOO

O O O o

o

OO0 0000000000000 0D0D0DO0D0DO0DO0DO0O0D0DO0DO0D0DO0DO0DO0ODO0DO0OO0ODO0O0ODO0OO0ODOO0OOO0OOoO

0.06472
-0.90041
1.80467
0.83958
-1.7878
-1.54918
1.91958
2.95334
1.20243
-2.63936
-2.84074
-0.88071
-0.49447
-1.95629
-2.69387
0.79152
3.20786
4.21319
2.88772
-1.90006
-3.95276
-1.07571
-0.26441
-2.55846
-3.87774
0.51944
1.21215
3.30962
4.34598
5.41988
-2.44756
-4.51968
-4.49788
-0.36944
-1.28208
-2.01213

-5.0105
5.3204
6.43686
5.89284
5.14391

-1.82263

-3.7538

-5.54419

-4.88658

-5.87189

-5.12405

-4.15968
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-0.60799 -0.33252
0.77774 0.84885
0.44138 -0.13603
-1.73793 -1.67402
-0.0294 1.96205
1.88244 0.12662
1.8388 0.01571
-0.35693 -0.03485
-2.38612 -2.54269
-1.26227 0.91596
0.80675 2.55319
-0.80975 2.80801
2.59194 -0.74942
2.58786 0.85848
1.40249 -0.77523
2.86072 0.05447
2.36928 0.22436
0.19805 0.19337
-1.43689 -0.10507
-1.72473 -0.10105
-1.65017 1.14671
3.89833 -1.31236
1.92565 -1.59034
0.62909 -1.70496
1.923 -0.41199
3.01597 1.10776
3.8137 -0.28773
3.44647 0.33681
1.57862 0.31488
-0.69516 0.22312
-2.61566 -0.939

-2.58213 0.27591
-1.21215 1.97547
4.3643 -2.00768
4.61467 -0.5075
3.72801 -1.85612
1.47202 -1.17477
2.02426 0.48438
-0.1497 0.92726
-0.93761 -1.0254
-1.90162 0.77096
-2.9526 -1.75957
-3.07484 -0.78193
-2.91439 0.41672
1.71931 -2.2328
1.99039 -0.75352
0.3884 -1.07359
-3.79316 -1.4862

A
@

2 “t

9 ‘

‘*‘k -

)/ 4 $
@
J‘J‘:J

E(RB3LYP) = -2044.34961646
G(correction)= 0.280446
E(RMOG)dioxane =-2045.03132412
E(RMO6)ipron = -2045.04883662
Imaginary frequencies: 0

46

7
6
6

=
(o)}

OO0 0000000000000 0D0D0D0D0O00D000D0D0D00O00D0D00O00 ,000O0O0

AP FRPOFRPOODFRPROORPRRPEPRPOODORFRPROODOOODOODREFEPONCOORFR OO0 EFE 0K FPO

-3.99405
-3.47224
-1.97248
1.69138
0.52615
-1.39179
-0.67879
-3.57121
-5.28642
1.65558
1.64822
2.98073
-0.7152
-4.43873
-6.18252
-5.56185
3.73353
3.42534
-0.03512
-0.39997
-1.72752
-4.06068
-5.75179
-7.20315
4.9012
3.40054
4.58828
2.84997
-6.41915
5.32896

-1.49036 -0.91214 -0.78066
-1.97207 0.80918 0.2164

0.32879 0.04866 -1.00875
-0.85993 -2.42213 -1.74756
-0.88902 1.79949 0.30479
-2.75741 0.47223 1.61325
0.44315 1.02464 0.17492
1.17544 -0.63976 -1.04901
0.22713 0.57098 -1.96475
-0.4472 -3.33243 -2.30656
-0.9181 2.3597 1.24467

-1.04744 2.80048 -0.83747
-0.64777 0.88646
1.64386 2.14546
-0.33298 2.57066
1.93695 0.06081
0.4453 1.10263

-0.43709

1.39535
-0.88751
0.86073
0.15639
-1.45758
-2.32978 -0.62464
-1.59265 0.8531
0.02535 2.17911
0.85211 -0.98508
0.67402 1.39713
4.79397 -2.27572
5.97123 -0.96804
5.15049 -1.85815

-2.43726 -0.17154
-1.64664 1.22012
0.09476 -0.89594
1.21222 -1.95521
-0.08402 1.49653
0.89487 2.293

-3.16408 -0.62231
-0.37498 0.34672
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5.47523 -0.13675 -1.78705
4.92106 -0.45643 2.46006
6.61709 -1.13926 0.46757
6.55529 -2.07667 1.44128
7.654 -0.32418 0.77831

6.94448 -1.76885 -0.68378

TS3-A-1c

E(RB3LYP) =-2157.64563893
G(correction)= 0.287937

E(RMO6)dioxane = -2158.29857936
E(RMO6)ipron = -2158.31365476
Imaginary frequencies: 1 (-269.2622 cm™)

ay
o))
o

P P RPORPNOOORPRPFPOODOODIDIOODRPEPEPORFRPOOOOONOOOGOOO OO
[eNelNelNeNelNelNelNelNeolNelNolNeololNolNeolNeolNeolNeolNolNeololNeollolNolNolNolNolNolNolNol

16 0
8 0
8 0

-0.50084 -0.68552 1.16614
1.01859 -1.62548 0.00416
-1.85354 -0.09382 2.48665
0.22888 -2.41216 1.47055
0.68303 -1.78852 -1.36035
2.2866 -1.17659 0.39879
-2.61004 0.27594 3.25051
0.29676 -3.52898 1.7959

-0.63121 -2.32042 -1.90926
1.68519 -1.46763 -2.29028
3.24413 -0.84673 -0.55231
2.51266 -1.05371 1.45178
-1.99581 -1.93981 -1.29376
-0.66075 -2.07408 -2.9776

-0.56387 -3.41842 -1.86316
1.4616 -1.55761 -3.34958
2.93606 -0.99386 -1.90639
4.59309 -0.3244 -0.14553
-2.30614 -0.42658 -1.28917
-3.10313 -2.69892 -2.04496
-2.0267 -2.27349 -0.25037
3.66931 -0.72271 -2.65985
5.56707 -1.24117 -0.33297
4.93537 0.76481 -0.87357
4.62674 0.03648 1.15948
-1.22175 0.31481 -0.63238
-2.43565 -0.06129 -2.31633
-3.60166 -0.17855 -0.50135
-2.92186 -3.77925 -2.0216

-3.15326 -2.38712 -3.09576
-4.08049 -2.51852 -1.58742
-1.3514 1.94261 -0.58395
-3.86699 -0.71385 0.56018
-4.34721 0.77372 -1.07271

P P ORFRPRFPOODORRFRPREOONOOKONLOO

0.36855 2.30259 -0.12362
-2.20313 2.42464 0.52844
-1.57347 2.52251 -1.92318
-5.37772 1.34306 -0.24185
0.81012 1.72341 0.99431
1.13392 3.13801 -0.9331
-6.04923 0.56475 0.12941
-5.91017 2.04657 -0.88177
-4.90541 1.86453 0.59458
2.07852 1.95964 1.35272
2.45519 3.37085 -0.55014
0.69725 3.56112 -1.83025
2.42093 1.46477 2.25742
2.93956 2.77042 0.61231
3.09905 4.00355 -1.15441
3.96633 2.90599 0.93385

<

4

-
e
+d

Lo
b

? o)

-

4,8,

s TS3-B-1c

E(RB3LYP) =-2157.6289989
G(correction)= 0.284134

E(RMO6)dioxane = -2158.28930239
E(RMO6)ipron = -2158.30992684
Imaginary frequencies: 1 (-259.1647 cm™)

46

000N OO

=

6

P PR FPONOOOOEFR, OO O R, O

-0.62833 -1.30913 -0.54769
0.81784 -1.68698 0.59323
-0.69033 -2.66598 -1.91942
-1.78671 0.52737 -0.88264
1.64432 -2.38885 1.02259
-0.74247 -3.47155 -2.72703
-1.37652 1.47138 0.171
-3.38607 0.26937 -0.9577
0.13061 1.2892 0.48906
-1.91723 1.30437 1.11567
-1.66239 2.92232 -0.24593
-3.77018 -0.63208 0.59966
-3.65174 -0.68619 -2.04214
-4.17117 1.51425 -0.85544
0.42233 -0.04892 1.23527
1.04597 1.54596 -0.7385
0.38351 2.04297 1.25225
-1.3061 3.43661 -1.28167
-2.34502 3.56443 0.72213
-2.82753 -1.46468 1.05074
-5.00233 -0.44931 1.22527
-0.31306 -0.24506 2.01909
1.41795 0.01817 1.67586
0.968 2.60601 -0.99333
0.64766 1.00031 -1.59891
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0 2.48213 1.15795 -0.48446
0 -2.76245 4.89874 0.38538
0 -3.09096 -2.17791 2.15478
0 -5.26925 -1.19566 2.37221
0 -5.70687 0.26584 0.8163
0 3.03172 0.01256 -1.07429
0 3.28325 1.90711 0.39264
0 -1.89861 5.52852 0.15365
0 -3.28944 5.27254 1.26389
0 -3.42798 4.86898 -0.48145
0 -2.30189 -2.8463 2.49148
0 -4.29804 -2.08054 2.84626
0 -6.21777 -1.0874 2.8907

0 4.33648 -0.39015 -0.7877
0 2.42948 -0.56957 -1.76727
0 4.58637 1.51479 0.68343
0 2.88017 2.81005 0.84569
0 -4.46534 -2.6791 3.736

0 5.11292 0.35944 0.09562
0 4.75121 -1.2788 -1.2511

0 5.20183 2.10467 1.35543
0 6.49865 -0.08848 0.47003
0 7.34723 0.95899 0.5841

6.50496 -0.72471 1.6662
7.02123 -0.94261 -0.43612

OCLOUWO0WoOFrRrFRPIOCFRPRFRPODFPRIODFPORFRPFPPFPPOODOREF OOOO

TS(IM1-
IM3-Aa)
E(RB3LYP) =-3062.39356893
G(correction)= 0.602766

E(RMO6)dioxane = -3062.64470287
Imaginary frequencies: 1 (-1425.5891 cm™)

3.84767 1.8141 -0.7151

3.10902 2.4924 -1.12697
5.20199 1.92107 -1.02036
3.38293 0.84609 0.08732
5.54218 2.71156 -1.68077
6.09311 0.98957 -0.48367

4.23872
7.1531
5.60262

ADRP OO0 R, NO PP O
OO O0OO0OO0OO0OOoOOoOo

-0.05719 0.58165
1.04666 -0.71389
-0.02933 0.33185

16

£ 00 00 N
o))

P ORFRRFRPRPRPRPRPREPPRPODNPFPOODOODOODOODERFEL OO EFEOODOOOODOEOOO

[any

6

DO RPRPFPOOODOOFR,ROODOODDNEF, OO0, PR PO

0 3.43177 -1.37097 1.55411

0 6.23569
0 2.00369
0 4.25263
0 3.22397

-0.80572 0.74664
-1.50065 0.77582
-2.58193 1.39691
-0.78042 2.88157

0 1.32046 0.40455 0.49379

1.85591

1.85784
2.98458

-0.79469
-0.87448
-1.05465
3.29268
3.52417
0.47253

-0.67559
-1.26099
-1.34479
-0.76654
-1.68724
4.31905
1.05196
0.43259
-0.67502
-1.60127
-0.6804
-1.41995
-1.52369
-1.56411

O OO0 0000000000000 O0DO0OO0DO0O0OO0ODO0OO0OO0OOoOOo

o

-3.03342

0.4935 -

0.3218 -

-2.51941 -0.26812

-0.582 -0.24127 1.18767

-3.51213 0.19591
-2.50357 -1.30326
2.30908 -0.98252
-1.65225 1.22417
0.50711 2.3569

0.32561 0.06383
-3.7545 -1.6952

-1.51113 -1.74742
-1.28006 -1.35601
3.24345 -2.19049
-2.52552 -0.00663
-2.24203 2.40295
-0.09323 3.52016
1.58435 2.32483
0.87517 -1.04933
-3.84629 -2.69557
-3.02767 -2.97594
-4.2964 -1.90541
-3.10817 -2.62386
-2.38725 -0.58292

-3.57878 0.30483

-3.31769 2.43378
-1.4779 3.54238
0.50482 4.40036

-0.66329 1.73954 -1.94633

1.42245 -0.85893

4.01704 -3.32077
4.44606 -4.91176
5.24947 -3.40782
-1.87522 -1.96817
0.08942 2.93423

-3.60653

-2.88946

-2.3242
4.44691

-0.77493

0.45818
-1.3511
-3.93439
-3.03965
-3.46194
0.77695
-0.1252
-4.07897
-5.30817
-3.41704
-2.32781
-3.95517
1.25141
0.37633

0.88065 -2.35974
2.59175 -2.93274
0.32776 -0.22308
2.67947 0.01487
1.70478 -1.82692
2.43714 0.26628
4.29991 -0.94627
-0.84327 -1.22056
0.87268 0.191

-0.02742 0.67629
2.87695 0.97959
3.5696 -0.41608
3.29008 1.1958

5.1807 0.00887

OO0 0000000000000 O0OD0ODO0OO0OO0ODO0OO0OOoOOoO

-0.68472 4.63311
-3.07737 -1.12283
-4.61761 -0.47897
-4.79362 -2.05476

-1.81206
-1.567

-2.10583
-0.65912
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1 0 -5.23137 1.61223 0.99517 8 0 -0.23631 3.90142 -1.46547
1 0 -5.81422 1.34953 -0.65683 6 0 1.68155 1.94741 -0.64734
1 0 -5.93945 0.05424 0.54985 46 0 -0.45912 -0.32799 0.04965
6 0 -4.0709 4.76362 0.37424 1 0 1.85821 2.7474 0.08303
1 0 1.79156 2.84035 2.022 6 0 2.16548 2.53902 -1.97188
6 0 1.06891 4.6654 1.105 6 0 2.60948 0.74078 -0.28634
1 0 0.22423 6.25112 -0.09624 7 0 -0.3901 -1.19461 -1.92069
6 0 -4.33181 -2.68718 0.50527 7 0 -1.16441 -2.16694 0.56428
6 0 -5.92906 -2.57879 -1.29044 8 0 1.49349 2.07449 -3.04423
1 0 -4.83539 5.36748 -0.1152 8 0 3.11956 3.28309 -2.04668
1 0 -4.36838 4.51923 1.39833 1 0 2.04035 0.1161 0.4082
1 0 -3.1158 5.29623 0.40234 6 0 2.97471 -0.14173 -1.48796
1 0 1.46583 5.31034 1.88154 6 0 3.86691 1.24304 0.45784
1 0 -3.46283 -2.29467 1.02307 6 0 -0.4637 -0.52221 -3.08151
6 0 -4.97887 -3.8122 1.01576 6 0 -0.3543 -2.53629 -1.94058
6 0 -6.57944 -3.70692 -0.78424 16 0 -0.28351 -3.26664 -0.27792
1 0 -6.30588 -2.09851 -2.1909 -2.6263 -2.29209 0.61416
1 0 -4.60092 -4.28511 1.919 1.92143 2.60785 -4.30576
6 0 -6.10574 -4.32943 0.37174 2.08725 -0.41767 -2.05901
1 0 -7.45762 -4.09649 -1.29301 3.67382 0.37152 -2.15949
1 0 -6.61031 -5.20654 0.76826 3.45267 -1.05966 -1.13669

4.42811 1.91496 -0.20189
3.54362 1.84838 1.31715
4.7478 0.11259 0.94388
-0.49911 0.55506 -3.00496
-0.49568 -1.19597 -4.30093
-0.39514 -3.28363 -3.10692
1.11831 -3.13666 0.13769
-0.92324 -4.5854 -0.32849
-3.14 -1.4103 1.7703
-3.26884 -1.95347 -0.74201
-2.87173 -3.34212 0.81174
1.7748 3.69109 -4.32529
1.29547 2.12279 -5.05603
2.97751 2.38389 -4.48018
4.26899 -0.79672 1.8997
6.03868 -0.07072 0.43517
-0.55837 -0.62499 -5.22131
-0.46322 -2.59177 -4.31604
-0.39988 -4.36595 -3.04577
-2.24402 -1.57011 3.00649
-3.11318 -0.36899 1.43511
-4.59919 -1.76324 2.09195
-3.41571 -2.75413 -1.64163
-3.57195 -0.645 -0.85596
3.26614 -0.67582 2.30195
5.06028 -1.86049 2.33136
6.83668 -1.13265 0.86856
6.4201 0.62422 -0.30972
-0.5016 -3.13402 -5.25636
-1.96374 -2.62802 3.10378
-2.85094 -1.34648 3.89618
-0.97222 -0.73521 3.13106
-5.23053 -1.69039 1.19938
-4.6803 -2.78514 2.48274
-5.01021 -1.08149 2.84563
-4.02616 -0.21813 -2.15322

TS(IM1-
IM3-Ab)
E(RB3LYP) =-3062.38332803
G(correction)= 0.603637

E(RMO6)dioxane =-3062.63338878
Imaginary frequencies: 1 (-1432.4147cm™)

-2.66664 2.52715 2.57235
-2.78048 1.72432 3.2954
-3.17236 3.80504 2.76715
-1.97079 2.21241 1.46993
-3.74561 4.03399 3.65881
-2.89999 4.78106 1.80264
-1.70987 3.13183 0.53441
-3.26166 5.79665 1.93443
-2.15194 4.44713 0.67521
6 0 -0.83859 2.63507 -1.00789
0 -1.89842 5.17085 -0.09033
0 0.26619 1.5324 -0.63968
0 -1.93581 2.02986 -1.78658

DR, OO R, NO PP O
OO O0OO0OO0OO0OO0oOOoOOo

[EEY
O R R RPRORRPRRPRLRIIOADRL OO, OAR IO, OODARRPRPRLIINOODNDNRL, AR RLRE LR

OO OO0 0000000000000 O0D0DO0DO0DO0DO0DO0D0DO0D0DO0DO0O0DO0OO0DO0OO0DO0O0ODO0OO0OOOoOOoO

(e I NI
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4.6681 -2.55917 3.06576
6.34879 -2.03213 1.81744
7.83688 -1.25779 0.46126
-0.42433 0.14019 2.1518

-0.33379 -0.83349 4.38079
-4.10307 0.86459 -2.09022
-3.2957 -0.49825 -2.91568
-4.98821 -0.68374 -2.38599
6.965 -2.86239 2.15254

0.70132 0.91712 2.52664
-1.32085 1.07257 1.5328

0.80837 -0.10397 4.69315
-0.7502 -1.50974 5.12523
1.07566 1.65234 1.82543
1.32453 0.80201 3.76219
1.27919 -0.22316 5.66558
2.19729 1.40516 3.99724

P P ORRPRORORRPRERERLROODRE O R
O OO0 00000000000 OoOOoOo

s TS(IM1-
IM3-B)
E(RB3LYP) = -3062.36261102
G(correction)= 0.602422
E(RMO6)dioxane = -3062.62036625
Imaginary frequencies: 1 (-1335.8335 cm™)

46 0 -1.74154 -0.49248 -0.32778
7 -0.85203 -2.30911 -0.51492
7 -3.2225 -1.64245 0.6359

6 0.39429 -2.34288 -1.29121
-2.05976 -3.3125 -1.06749
-3.19249 -2.93841 0.29692
-3.98675 -1.2489 1.66545
1.1153 -0.98719 -1.07478
0.20767 -2.43087 -2.37172
1.26816 -3.5307 -0.87864
-1.70744 -4.73377 -1.00261
-2.70913 -2.81764 -2.3003
-3.9417 -3.9125 0.93635

-3.91542 -0.20407 1.94317
-4.78473 -2.15772 2.358

0.09683 0.12525 -1.40222
1.7072 -0.80319 0.34606

o O o

[EnY
(o)}
o

DO O P OO0 00O P, OO O
OO OO0 O0O0O0OO0O0OO0OO0OOoOOo

R PR ODAOANRPROOODR R R RRERREOOWO®R

[any

6

AP OOFRPO0OORPRRPPRPORPRRPPRPOODORFRPLO0OCOEFFODDIODNRERPERPODRFR OO0 ERFEOREF OO

1.93858 -0.94482 -1.79909
1.11867 -4.22875 0.09393
2.27525 -3.65926 -1.7682

-4.76702 -3.50339 1.98602
-3.84831 -4.94672 0.6241

-5.3912 -1.81151 3.18793
-0.50142 -0.10802 -2.29473
0.57852 1.06372 -1.69504
-0.21632 0.90986 -0.30844
1.90872 0.26479 0.46787
0.93784 -1.04368 1.08752
2.98642 -1.55772 0.64792
3.26281 -4.65022 -1.43099
-5.3724 -4.2291 2.52087

-0.01758 2.00175 0.69731
4.15726 -1.29329 -0.07627
3.04705 -2.4904 1.69073
3.74652 -4.38997 -0.48697
3.98374 -4.63313 -2.24922
2.79752 -5.63614 -1.34516
-1.21947 2.04018 1.76998
0.39623 3.31744 0.18494
5.35331 -1.94179 0.22898
4.1425 -0.54993 -0.86773
4.24338 -3.13917 2.00512
2.14276 -2.72464 2.24423
-2.69689 2.24786 0.70934
-1.37577 0.7058 2.37438
-1.22139 3.23774 2.62843
1.86228 3.27409 -0.31947
-0.5219 3.76664 -0.95492
0.33527 4.06757 0.98067
5.40237 -2.86754 1.27474
6.24936 -1.7066 -0.33856
4.26595 -3.86102 2.81752
-2.8999 1.29082 -0.21077
-3.48593 3.39191 0.78795
2.80107 2.89513 0.83607
2.2512 4.62165 -0.95171
1.91338 2.49361 -1.08762
-0.84178 3.08101 -1.906

-0.9528 5.03356 -0.78105
6.33488 -3.37041 1.51869
-3.90208 1.4369 -1.09549
-4.53043 3.5407 -0.12425
-3.25783 4.13022 1.54713
2.30024 2.14529 1.45902
2.92889 3.77662 1.48215
4.17404 2.36253 0.45273
1.70718 4.81128 -1.88399
2.03305 5.44546 -0.26155
3.32067 4.65124 -1.17727
-1.80024 5.54174 -1.82534
-4.01942 0.63915 -1.8214

-4.74006 2.54883 -1.08357
-5.16773 4.41981 -0.09056
4.62332 2.22813 -0.86738
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5.04033 1.96315 1.48346 Imaginary frequencies: 0
-2.03573 6.56727 -1.53933
-1.28094 5.51784 -2.78747
-2.71122 4.94092 -1.89945
-5.5333 2.6292 -1.81892
3.984 2.51149 -1.69715

0
0
0 -1.36273 0.93584 -1.75988
0

0

0

0 5.89836 1.72494 -1.14804
0

0

0

0

0

0

-2.09275 0.59608 -1.03936
-1.71079 1.64443 -2.90754
-0.08474 0.63459 -1.49047
-2.75234 1.88547 -3.07543
-0.71389 2.05906 -3.78796
0.87728 1.03443 -2.3423

0.57769 -0.31289 0.23143

6.30814 1.45693 1.20994

AR, NO RO

4.70378 2.04243 2.51497
6.222 1.63404 -2.18193 46

P P ORRPRODOR R RERREREROD

6.74704 1.33986 -0.11213 1 -0.96477 2.62773 -4.67866
6.95191 1.14461 2.02777 6 0.61693 1.75179 -3.49761
7.73666 0.94685 -0.3292 16 2.55737 0.5734 -1.81607
7 2.40009 0.63832 -0.18514
7 -1.34977 -1.16709 0.5387
8 1.397 -1.07898 1.95611
1 1.44582 2.06866 -4.12097
},J T Qf"; 8 2.73172 -0.82895 -2.2579
° L, @ Ags(OA) 8 3.45024 1.59466 -2.37849
82 2 6 2.45298 2.03286 0.31778
E(RB3LYP) = -748.61917282 16 -1.39798 -2.77655 0.20906

G(correction)= 0.056713

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6 0 -2.0743 -0.55243 1.67752
E(RMO6)dioxane=-750.95643742 6 0 2.45564 -1.80358 2.03054
E(RMO6)ipron = -750.96959237 1 0 1.79651 2.68128 -0.27372
6 0 3.82849 2.68548 0.20681
6 0 -2.69555 -0.00003 -0.00692 6 0 1.97048 2.11219 1.79734
8 0 -2.13328 1.13858 -0.0062 6 0 -1.23599 -2.64166 -1.61583
8 0 -2.13328 -1.13863 -0.00622 8 0 -0.22684 -3.54631 0.67521
8 0 2.13328 1.13863 -0.0062 8 0 -2.73 -3.36797 0.43286
8 0 2.13328 -1.13858 -0.0062 6 0 -3.52328 -1.02011 2.01079
6 0 2.69555 0.00003 -0.00691 6 0 -1.24457 -0.62642 2.96301
6 0 4.21522 -0.00001 0.03104 1 0 -2.11946 0.51041 1.42229
1 0 4.53481 -0.00081 1.07996 8 0 3.00588 -2.45507 1.11603
1 0 4.61002 -0.89882 -0.44681 6 0 3.08016 -1.89227 3.4158
1 0 4.61009 0.89946 -0.44553 8 0 4.84308 1.81191 0.25454
6 0 -421522 0.  0.03101 8 0 3.96675 3.89201 0.15237
1 0 -4.61002 0.89883 -0.44681 1 0 1.15982 1.38623 1.90698
1 0 -4.53481 0.00079 1.07994 6 0 1.36197 3.50439 2.09165
47 0 0.00001 -1.40052 -0.00496 7 0 -0.00947 -2.58132 -2.14065
47 0 -0.00001 1.40052 -0.00495 6 0 -2.39891 -2.52985 -2.37848
6 0 -4.53132 -0.91786 0.83939
1 0 -3.47211 -2.08441 2.24736
6 0 -3.99861 -0.29083 3.28297
& 8 0 -0.79359 0.33675 3.55043
4 4 J”‘J’J 2 8 0 -1.12535 -1.89474 3.37617
‘3\ sz'-:‘f’a' Q . 47 0 1.88531 -2.76212 -0.76367
N & v A
9 ey J%,.4,4 31 1 0 4.16745 -1.9362 3.3174
S J.’yl Fo 1 0 2.79152 -1.04579 4.04062
v le tl 1 0 274844 -2.8222 3.8913
o "‘0“ 6 0 6.15114 2.38724 0.11747
e il _f”%ﬁh, 1 0 355351 0.80543 2.51241
L @ b 4 #] 1 0 3.82275 2.51706 2.88409
im1' 1 0 2.61317 1.5948 3.79678
E(RB3LYP) = -3436.78210106 1 0 1.0969 3.53101 3.15592
G(correction)= 0.656270 1 0 2.11995 4.27635 1.92003
E(RMO6)dioxane = -3438.18098115 6 0 0.13281 3.76844 1.24873
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0.11476 -2.33411 -3.45697
-2.26698 -2.29273 -3.74467
-3.36535 -2.63054 -1.8998
-5.4607 -1.37958 1.20254
-4.17296 -1.57038 0.04247
-4.88392 0.43257 0.24532
-3.44578 -0.63183 4.16347
-3.86568 0.79417 3.21489
-5.05891 -0.49833 3.46558
-0.34013 -2.1061 4.55783
6.23727 2.89562 -0.84688
6.84544 1.54859 0.17347
6.34365 3.1052 0.92011
0.19202 4.59326 0.11677
-1.07467 3.11469 1.54131
1.131 -2.24139 -3.82491
-0.98737 -2.17408 -4.29233
-3.14862 -2.19674 -4.37209
-4.70884 0.65214 -1.12992
-5.49545 1.45548 0.9909
-0.17875 -3.18278 4.61287
0.60515 -1.57188 4.47504
-0.88453 -1.7531 5.43982
1.12927 5.08913 -0.12614
-0.92574 4.76054 -0.70661
-2.19332 3.2853 0.72408
-1.12467 2.45524 2.40454
-0.84058 -1.97089 -5.34795
-4.27297 -0.13741 -1.73857
-5.10874 1.84592 -1.73585
-5.87331 2.66027 0.39604
-5.69815 1.30664 2.04507
-0.85844 5.40263 -1.58167
-2.12215 4.10787 -0.40423
-3.12424 2.77982 0.96157
-4.99557 1.9734 -2.81004
-5.67955 2.86436 -0.97195
-6.33379 3.43631 1.00143
-2.99779 4.23284 -1.03532
-5.98898 3.79559 -1.43822

IM3'B)

TS(IM1'-

E(RB3LYP) =-3436.71517365
G(correction)= 0.602422
E(RMO6)dioxane = -3438.11843897

Imaginary frequencies: 1 (-1304.4346 cm™)

46
7
7
7
6
16
6

= O
[e)}

P OFRFRPFRPOODORFRPROODOODRPRRPEPERPRPRPOOCORFRODONREPRERPOODOORFRL,OODOREOOOLOGLOKDOOOEROOCLOOLOEFE OO

OCO0OO0OO00O00D00D0DO0DO00D00D0DO0O0D0D0D0D0D0D0D0D0D0D0D0D0D0DO00D000D00D00O00000 0000000

0.18584 -0.20603 -0.12111
-0.2327 -0.185 -2.12908

2.26228 -0.38594 -0.73437
0.68711 -0.43876 1.91436
-1.00059 0.97078 -2.58229
0.99345 -0.74622 -3.04823
2.45117 -0.32015 -2.06138
3.31158 -0.18331 0.07367
0.58882 -2.01294 2.41029
0.40396 0.53288 2.99976
-2.19395 1.04334 -1.59278
-1.38105 0.81217 -3.59647
-0.15541 2.24782 -2.61741
1.08422 -0.05779 -4.34393
0.99894 -2.22504 -3.01917
3.67215 -0.0247 -2.6472

3.092 -0.24858 1.13075

4.58068 0.10235 -0.42334
1.88349 -2.81549 1.39166
1.06001 -2.12809 3.80265
-0.66769 -2.68993 2.03708
0.78672 1.96306 2.5271

-1.00999 0.48691 3.59393
1.03831 0.28666 3.85812
-1.67444 0.94848 -0.1527

-3.13217 2.25907 -1.78428
-2.77718 0.13975 -1.79936
0.91564 2.39309 -2.06148
-0.74612 3.20823 -3.34698
4.76148 0.19797 -1.80295
3.7427 0.03914 -3.72749

5.39965 0.27073 0.26742
1.57189 -3.19323 0.14585
3.14947 -2.98594 1.94854
2.31503 2.16224 2.65399
0.52491 2.02878 1.46729
0.0383 3.08367 3.26073

-1.23689 0.7447 4.75774

-1.94932 0.16126 2.69797
-2.46807 1.04013 0.58808
-0.98788 1.77481 0.07262
-1.80549 -0.41479 0.1544

-2.60251 3.18199 -1.52227
-3.39772 2.34264 -2.84515
-4.37894 2.11557 -0.93823
-0.03109 4.45614 -3.42377
5.73457 0.44569 -2.21658
2.54357 -3.70934 -0.62788
4.14717 -3.54549 1.15173
3.32242 -2.68319 2.97463
2.81116 1.21895 2.40313
2.55698 2.36312 3.70579
2.85868 3.26586 1.77181
-1.03554 3.05903 3.04637
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0.16063 2.99988 4.34523
0.4275 4.05473 2.93596
-3.29217 0.03061 3.19888
-2.91752 -1.24771 0.35733
-4.48966 2.75665 0.30262
-5.41973 1.27117 -1.34733
0.15 4.85653 -2.4224
-0.67115 5.1244 -3.99982
0.92767 4.30971 -3.92885
2.26056 -3.94518 -1.64758
3.84363 -3.89778 -0.16428
5.14648 -3.69733 1.54952
3.53858 4.36682 2.30648
2.68002 3.20387 0.38135
-3.88226 -0.26764 2.33526
-3.32204 -0.73436 3.97894
-3.63632 0.98272 3.61331
-3.36841 -2.19876 -0.35878
-5.60296 2.5514 1.12076
-3.69061 3.41645 0.63391
-6.53768 1.06732 -0.53736
-5.34814 0.76366 -2.30711
4.59406 -4.31954 -0.82462
3.68043 4.43547 3.3829
4.0336 5.3763 1.47581
3.16463 4.21152 -0.45133
2.14417 2.37354 -0.06319
-2.69815 -2.95792 -1.11342
-4.8648 -2.44597 -0.25006
-6.63036 1.70323 0.70378
-5.6665 3.05487 2.08187
-7.33619 0.41145 -0.87456
4.55857 6.22299 1.91103
3.84832 5.30216 0.09378
2.99296 4.13569 -1.52132
-0.55997 -3.01717 -0.70687
-5.21321 -3.08964 -1.06016
-5.06464 -2.94154 0.70742
-5.4  -1.4928 -0.25007
-7.49826 1.54201 1.33726
4.22863 6.09025 -0.55125

P OFRPFPFPODIIOFRLRIODORPRPFPFPODCPFPLOCORPREPPOORPRODRPRPEPREPOOOOOOOOEFPRE
OO OO0 0D0D0D 0000000000000 0D0DO0DO0DO0ODO0ODO0D0O0O0OO0OO0OOoOOo

IS

7

o

[ S S
O OO oo

TS(IM1'-
IM3'Aa)
E(RB3LYP) =-3436.71796822

G(correction)= 0.647297
E(RMOG)dioxane =-3438.11846514
Imaginary frequencies: 1 (-860.7539 cm™)

-2.22454 -3.02136 -2.86892
-2.28621 -2.48986 -3.8124

-1.86381 -4.3644 -2.81983
-2.51396 -2.30699 -1.76821
-1.64998 -4.9001 -3.73866
-1.78465 -4.98877 -1.57509
-2.43745 -2.9129 -0.57176
-1.50879 -6.03655 -1.49759
-2.07224 -4.25124 -0.42882
0 -2.847 -1.94394 0.93808
0 -2.04561 -4.68621 0.56275
-1.5228 -1.05915 1.20235
-4.00585 -1.13108 0.52057
-3.0232 -2.96986 1.97841
-1.08182 0.73212 0.28113
-0.76232 -1.30067 2.43619
0.51175 -0.29115 -0.76214
-2.81446 1.68578 0.98065
-1.10001 -2.25688 2.85745
-1.1745 -0.23908 3.4777

0.75434 -1.43546 2.14821
0.76878 -1.66578 -0.49819
0.45151 0.12946 -2.1206

1.21891 0.50689 -0.04636
-3.81022 1.9696 0.25161
-0.1888 0.05927 4.34191

-2.28324 0.24029 3.52895
1.18551 -0.43901 2.03093
1.48191 -2.1473 3.30385
0.97697 -2.26777 0.87563
0.94954 -2.54067 -1.57976
0.61524 -0.75546 -3.17847
0.33585 1.18418 -2.33224
2.24059 1.34063 0.60146
-3.93009 1.75472 -0.9996

-4.97974 2.61829 0.96395
-0.47226 1.14547 5.23977
1.33531 -1.62765 4.25028
1.11844 -3.17863 3.41256
2.55801 -2.19848 3.09962
2.01243 -2.63294 0.88746
0.36017 -3.17705 0.94169
1.17246 -3.5849 -1.37611
0.86665 -2.10366 -2.8992

0.57782 -0.40035 -4.20497

OO0, NO R, O
O O OO0 O0OO0OOoOOo

[any
(2}

[c oo IR N
o

S
(o)}

P ORRFRPRPRPRPREPRPRPOODOODOONRFPIODOODDDODEREL 00D OO E OO

OCO0O0O0 ;0 0000000000000 0D0D00D000D0D000000O00O0 00

16 1.55056 2.55771 1.38678
6 3.4932 1.59714 -0.10478
47 -3.10207 -0.1297 -1.73763
1 -4.63842 3.18621 1.83156
1 -5.5482 3.2489 0.27658

1 -5.63037 1.81032 1.31881
1 -0.618 2.06077 4.6623
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PP ORRPROODOARRPRPEREPRPLRIIADDRPRIODRIODRPRRPRPORRPERLPOODANDOORLRDDADDNRE OO 0O R P

[eNeNelelelNelNelNelNolNelNolNeollolNeolNoNeolNeolNeoleolNeolNolNeololNeolNeolNeolNeolNollolNeoleolNelNolNololNeololNololNolNo oMol

0.40842 1.23231
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5.87713

-1.36511 0.93242 5.83405
1.01188 -2.81314 -3.71056

0.47953 3.37841
0.60235 2.00577
2.5111 3.60111
4.06624 0.23717
3.31651 2.54294
4.2214 2.06184

0.14602

2.36965
1.79096
-0.5953
-1.29596
0.57038

-0.51091 2.66772 -0.4233

0.76169 4.69435

-0.21165

4.32389 -0.65957 0.62708

5.33576 0.41907

-1.4394

3.28674 -0.21494 -1.21947

2.36411 2.55854
4.36697 3.37689
-1.2476 3.25801
0.00194 5.29795
1.56987 5.2065

-2.05114
-1.42266
-1.38589
-1.20926
0.29606

3.46253 -0.57167 1.29905
5.17669 -0.24777 1.18608

4.57131 -2.1347
5.13082 0.93067
6.08284 1.00907

0.36706
-2.38573
-0.89543

5.77792 -0.55423 -1.67309

4.30001 4.2852

-2.53376

-2.06415 2.67334 -1.78648
-1.01697 4.56217 -1.80998

0.20067 6.32283

-1.5096

4.25734 -2.77163 -0.84081
5.07261 -2.92419 1.41527

5.2025 4.89365
4.26974 3.73524
3.40536 4.91029

-2.47105
-3.4792
-2.461

-1.64097 4.98328 -2.591
3.85901 -2.19885 -1.671
4.42971 -4.15087 -0.99271
5.24405 -4.29986 1.26943
5.32258 -2.44794 2.36115
4.17753 -4.61961 -1.94098

4.9211 -4.92208
5.6298 -4.88635
5.05486 -5.994

0.06008
2.0993
-0.05846

? TS(IM1'-
IM3'Ab)
E(RB3LYP) = -3436.70997552
G(correction)= 0.642417
E(RMOG)dioxane =-3438.1092789
Imaginary frequencies: 1 (-1471.789 cm?)

46 0 -0.56133 0.0347 0.59925
7 0 -0.39558 -1.91406 1.18327
6 0 -2.3713 0.19665 1.6379

7 0 -0.28215 2.04928 0.07461
16 0 0.8781 -2.21185 2.15164
6 0 -1.10286 -3.03952 0.58242
6 0 -2.76973 -0.9469 2.41446
6 0 -2.34523 1.46946 2.28261
1 0 -3.24499 0.27199 0.5833
16 0 -0.55487 2.58009 -1.42634

0.49939 2.89321 1.00892
2.30249 -2.42626 1.03402
0.73479 -3.48779 2.8716

1.1661 -0.97458 2.90295
-2.59337 -2.70893 0.45339
-0.98353 -3.92403 1.21753
-0.45421 -3.33991 -0.77229
-3.1645 -2.28012 1.80824
-3.03968 -0.77428 3.77504
-2.64602 1.61623 3.62836
-2.11608 2.34279 1.68532
0.54357 1.57614 -2.49454
-1.91837 2.21395 -1.86014
-0.08396 3.9651 -1.60707
2.04394 2.81284 0.88011
0.00701 4.3544 1.02644
0.24045 2.49002 1.99721
2.2853 -1.6849 -0.0691

3.34085 -3.28309 1.39742
-3.3768 -3.89636 -0.1195

-2.69962 -1.88002 -0.24819
-0.68037 -2.76416 -1.82541
0.47592 -4.29876 -0.65602
-2.98597 -3.07462 2.54546
-4.2578 -2.22389 1.6884

-3.33877 -1.63507 4.36893
-2.95358 0.47842 4.3828

-2.63047 2.59967 4.08986
0.19641 0.2971 -2.68454
1.7174 2.13189 -2.99873
2.4607 1.35131 0.62634

DDONPFP, R RPRPOOROODANRE, OO0, OO EFE O D
O OO0 0000000000000 0DO0OD0DO0DO0DO0ODO0DO0OO0ODO0OO0ODO0OO0OOOoO
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2.34578 3.43729 0.02968
2.71926 3.34351 2.15503
0.71049 5.33832 1.03806
-1.34117 4.40413 1.09164
3.36227 -1.7401 -0.86355
4.4502 -3.34023 0.55471
3.26352 -3.87391 2.30286
-4.42523 -3.62115 -0.27383
-3.34432 -4.76044 0.55656
-2.9758 -4.20235 -1.09151
1.25982 -4.57229 -1.82978
-3.15542 0.56977 5.4473

1.0307 -0.50247 -3.3681

-1.94798 -0.4076 -2.13341
2.56921 1.30591 -3.73142
1.9325 3.17759 -2.81323
2.00013 1.00433 -0.30318
2.05346 0.72939 1.43163
3.94602 1.10062 0.52913
2.43803 4.37831 2.35417
2.43811 2.72492 3.01855
3.80824 3.29406 2.05754
-1.91218 5.71543 0.95936
3.33904 -1.10111 -1.74056
4.46755 -2.5477 -0.59385
5.29047 -3.98538 0.79556
0.61722 -4.90179 -2.65084
1.95255 -5.36152 -1.53831
1.80858 -3.67641 -2.13033
0.7204 -1.53845 -3.45289
2.22548 -0.03501 -3.91405
-4.10927 -0.76689 -1.88753
3.49132 1.70128 -4.14755
4.61578 0.37407 1.52194
4.67674 1.54261 -0.58336
-2.99128 5.57032 1.01698
-1.56319 6.37267 1.76083
-1.63114 6.14041 -0.00788
5.32205 -2.54005 -1.26235
2.86774 -0.71156 -4.46857
-4.81242 -0.16291 -1.03744
4.05394 0.01354 2.38001
5.97627 0.0846 1.40099

6.03687 1.25803 -0.70794
4.1661 2.10687 -1.36012
-4.40774 0.39403 0.04114
-6.30466 -0.04678 -1.29913
6.47599 -0.48856 2.17786
6.69179 0.52264 0.28445
6.58682 1.60801 -1.57843
-6.86509 -0.08476 -0.36189
-6.49646 0.92596 -1.76738
-6.63359 -0.83218 -1.98281
7.75084 0.29739 0.18886

TS2A!

E(RB3LYP) = -2197.38906978
G(correction)= 0.374972

E(RMOG)dioxane =-2199.19298298
Imaginary frequencies: 1 (-1293.0767 cm™)

46 0
7 0
6 0
8 0
8 0
16

P P RPRRPRPRORRPRLOCORFRDAAOANIDOIDOEREL OO DT ERE OO OO OO
OO0 0O 0000000000000 O0DO0DO0DO0DO0DO0DO0DO0D0DO0DO0OO0ODO0OO0OO0OO0OOoOOoO

-0.88041 0.15443 -0.61918
-0.06621 0.54017 1.21902
0.56588 1.49246 -1.42869
-1.89157 0.03223 -2.43482
-2.2321 -1.26504 0.12174

0 0.78176 -0.50679 2.11655

-0.76669 1.65052 1.87797
1.32661 2.35037 -0.59445
1.21323 0.8537 -2.51788
-2.18676 1.15182 -2.95996
-2.20527 -2.48278 -0.24735
2.41459 -0.5077 1.28261
0.31472 -1.90195 1.99072
1.0449 0.04492 3.45588
-0.67197 2.93885 1.03721
-0.3134 1.82027 2.86157
-2.22884 1.22155 2.08431
0.76429 3.17898 0.55066
2.69233 2.51623 -0.87229
2.56598 1.03022 -2.77951
0.61879 0.21877 -3.17045
-1.65372 2.26274 -2.63412
-3.25709 1.1644 -4.02564
-1.28355 -3.06554 -0.88774
-3.40659 -3.31475 0.16771
2.554 -1.19826 0.13895
3.46407 0.19132 1.87688
-1.16235 4.13537 1.86761
-1.34219 2.84046 0.17692
-3.1763 1.64779 1.45608
-2.30679 0.25359 3.00809
1.44735 3.08541 1.40817
0.83883 4.23088 0.23714
3.28348 3.17211 -0.23605
3.30926 1.86484 -1.9382
3.03789 0.53322 -3.62315
-0.63312 1.9527 -1.87659
-4.2152 1.38778 -3.54175
-3.05413 1.94675 -4.76001
-3.33048 0.18597 -4.50381

47 0 0.72895 -2.26679 -0.66685
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P R R RPRRORPRPRORRLRRLRREPRODR LR

OO0 0000000000000 O0OOoOOo

-4.32244
-3.48368
-3.26784
3.75591
4.71107
3.28741
-1.17559
-0.5073
-2.17873
-3.56913
4.37108
3.82322
4.86093
5.55284
-4.3716
-3.44466
-3.77811
5.81193

Catalysis Science & Technology

-2.72193 0.10429
-4.21106 -0.45044
-3.6181 1.21218
-1.1968 -0.4632

0.16976 1.25705
0.71343 2.80928
5.04849 1.26199
4.31175 2.73108
3.96259 2.23255
-0.43131 3.08264
2.01515 -2.11736
-1.74871 -1.39458
-0.53492 0.06303
0.69397 1.7003

0.2658 3.33996

-1.18336 3.86221
-0.89888 2.11781
-0.57549 -0.45731

TS2B'

E(RB3LYP) =-2197.36943228
G(correction)= 0.371585
E(RMO6)dioxane =-2199.17905481

Imaginary frequencies: 1 (-1386.7515 cm™)

46
7
8
8
6

[y
(o))

-1.05215 0.74341
-0.30373 1.45583
-1.74996 -0.07778
-3.01581 1.29192
1.09534 1.88236
-0.65371 0.7688
-1.27182 -1.2358

-3.97473 0.45564
1.85278 0.8132

1.57778 2.02071
1.12259 3.23084
0.25941 -0.83697
-2.07915 0.41182
-0.05249 1.53841
-0.29721 -1.70723
-1.92003 -2.10713
-3.89413 -0.80603

-0.86404
0.90682
-2.65308
-0.49693
0.74086
2.34038
-2.83914
-0.53034

-0.0828

1.71205

0.02592

2.40323
2.37612
3.44015
-2.15693
-3.88493
-0.45021

3.33664
1.85292
0.41659
2.10169
-0.17664
1.42864
0.20125
-2.18643
-1.26514
-2.84817

P PR P O0OONO0O0ERE O
OO O0OO0OO0OO0OO0OO0oOOoOOo

IS

7

o

-5.5147
-6.12399
-5.4134
1.68125
1.01938
3.39516
3.76151
4.13576
2.26558
0.56833
2.19206
1.71329
4.47658
4.49879
2.51075
3.08421
1.34658
0.18975
1.76367
3.11034
5.15907
4.20388
5.17999
4.23892
2.33581
5.51207
5.41482
5.45713
6.04449

PP RPRORPRRPRODRPROORPRORRPREPRIIODRL DD R R R R R R R
lcNeNeoNeoNeoNecNeNeoNeNoNeNeNeNeoNoNeleoNeoNeNoNeoNeoNeoNoNeNeoNoNe ol

1.18135 -0.33754
-0.08816 0.53956
3.55043 -0.9058

4.01274 0.52676
-1.85078 1.63701
-0.91597 3.15992
-0.63415 -1.52589
-1.50809 -4.75888
-2.93367 -4.16461
-2.50692 -3.45966

-2.11792 -1.58861 0.51487

1.23194 -1.78846
0.38178 -0.348

2.0272 -0.20986
-0.23897 -1.95067
1.36547 -2.03576
1.97309 -1.09432
1.59834 0.58451
-0.0265 -0.77142
5.28439 -0.12722
-2.96787 1.56388
-2.08028 3.0868
-0.07346 3.77839
-0.2405 -2.11257
-0.99945 0.17213
5.14201 -1.18381
5.77922 0.39589
5.87162 -0.05242
-3.75337 0.91826
-3.12017 2.26179
-2.17092 3.66005
-1.39577 -2.50338
0.50457 -2.85646
-2.15356 -0.21206
-0.84594 1.21752
-4.03574 2.15803
-2.35645 -1.55471
-1.54303 -3.54934

-2.89324
-3.25416

0.53518
-1.85695

TS2A"

-5.35391
1.09639

[e2Ne) e TN o) W o B v I o e B o) B o) Nl e) B e ) i@ )]
[*NeNeoleololeolNolNolNolNolNolNo o)

1.06182 -0.7173
0.4937 -1.37629

E(RB3LYP) = -2052.16908048
G(correction)= 0.386386

579



Catalysis Science & Technology

E(RMOG)dioxane =-2052.76084145
Imaginary frequencies: 1 (-1404.428 cm™)

46
7

= 00 O
[e)]

OFRrFRPFFRPFPFRPPOFRPFPORPRPRPPOORPRRPRPPORPRPPOOOOCRFRPROODOONOOODOORFRLROODOOOOORE OO0OOOROOOONOO

O O O o

o

[eNelelNelNelNelNeolNelNolNeolNolNeolNeolNolNolNeololNolNeolNelNeolNeolNolNeolNolNelNolNeolNeolNeolNolNeololNelNeolNeolNolNeolNeolNeololNolNolNolNolNolNolNe)

0.63381 -0.17733 0.35895
-1.01652 -0.57191 -0.79549
1.39519 -2.04759 -0.22181
2.15477 0.25386 1.73486
-1.36174 0.77914 -1.62723
-2.13678 -1.32959 -0.21562
0.50988 -3.08286 -0.62331
2.57816 -1.83446 -0.96985
1.73956 -2.01077 1.12504
2.59996 -0.70076 2.43859
-1.09559 2.09074 -0.38616
-2.76721 0.84651 -2.0533
-0.29799 1.02832 -2.62478
-1.60202 -2.36731 0.80922
-2.66422 -1.8633 -1.01378
-3.15465 -0.43251 0.49636
-0.73515 -3.46064 0.15632
0.84242 -3.86283 -1.73548
2.8927 -2.61759 -2.07595
3.24532 -1.02942 -0.67918
2.32166 -1.93119 2.24705
3.54858 -0.37697 3.56943
-0.1632 1.78813 0.52285
-1.76273 3.30535 -0.41656
-2.75235 -3.04085 1.57848
-0.99317 -1.80835 1.5312
-2.87074 0.48261 1.24376
-4.41458 -0.8113 0.2252
-1.38296 -4.06791 -0.49036
-0.41685 -4.1327 0.96814
0.1704 -4.65878 -2.04936
2.01321 -3.63157 -2.46012
3.80263 -2.43236 -2.63976
3.24794 -0.91957 4.46996
4.55145 -0.72216 3.29511
3.57365 0.69707 3.75931
0.17068 2.69534 1.45096
-1.42221 4.25384 0.54754
-2.52145 3.48198 -1.17072
-2.3553 -3.81635 2.24224
-3.46699 -3.5126 0.89389
-3.30273 -2.32688 2.19883
-5.43968 -0.02375 0.85274
2.23532 -4.24622 -3.32915
0.93879 2.38736 2.15242
-0.43912 3.94705 1.49107
-1.91741 5.22033 0.56433
-5.35412 -0.07645 1.94227
-6.38489 -0.45235 0.51887
-5.35613 1.02 0.53799
-0.15098 4.66137 2.2551
1.07231 2.13706 -2.22182
1.55886 2.90616 -1.83

R = = 0 00O

O O OO oo

2.66406 2.47065 -1.2064
3.03833 1.31448 -1.21033
3.36413 3.59652 -0.47903
3.53369 4.44112 -1.15402
2.72011 3.95101 0.33387
4.30984 3.23941 -0.07005

-

S
R ‘Ff%";i‘i:‘f‘

s,
4

" Sl
'y o
ﬁ‘ |
£ s,

TS2B"

E(RB3LYP) =-2052.15863746
G(correction)= 0.387607

E(RMO6)dioxane = -2052.75195807
Imaginary frequencies: 1 (-1297.0344 cm™)

46
7
7
8

= O
(o))

PP P RPPRPPRP ORI DN OO DD

OCO0OO0OO0D000D0D00D0D0D0D0O00D0DO0DO0DO0O00O0O00 00000

-0.88702 -0.36301 -0.89926
-1.005 1.44055 0.03119

-2.90258 -0.50751 -0.39009
-0.94543 -2.22909 -1.80941
0.27075 2.1354 0.27331

-2.02265 1.37207 1.30658
-3.32032 0.37962 0.52144
-3.78156 -1.36604 -0.92866
0.1099 -2.91195 -1.61473

1.41786 1.10332 0.11957
0.31736 2.57232 1.27593
0.41604 3.27012 -0.73722
-2.58218 2.67887 1.67276
-1.52438 0.55049 2.44537
-4.64229 0.49042 0.92497
-3.37044 -2.07323 -1.64023
-5.12787 -1.33564 -0.5707

1.2015 -2.40829 -1.20695

0.03542 -4.40095 -1.82875
1.21469 0.29054 -1.17524
2.82759 1.72838 0.22324
1.2995 0.43131 0.97379

0.11295 3.21645 -1.90866
0.99924 4.34302 -0.1607

-5.56554 -0.39096 0.35941
-4.91884 1.24634 1.65174
-5.8169 -2.04166 -1.02161
-0.69185 -4.64673 -2.60516
1.01895 -4.80737 -2.07091
-0.30504 -4.83399 -0.88067
2.17645 -0.14413 -1.4854
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0.91392 0.91325 -2.02412
0.99934 -1.09419 -1.10079
3.0171 2.37265 -0.64417
2.86296 2.37654 1.10892
3.89767 0.65992 0.31545
1.25239 5.45082 -1.04186
-6.61228 -0.34232 0.64393
4.85233 0.50113 -0.69623
3.92189 -0.22881 1.40238
1.92024 5.14958 -1.85434
1.7193 6.21748 -0.42296
0.31601 5.81724 -1.47142
5.81089 -0.51393 -0.62834
4.84361 1.17898 -1.54704
4.87631 -1.24331 1.47289
3.17841 -0.13794 2.19053
5.82559 -1.39007 0.45696
6.54202 -0.61945 -1.42567

-0.847

0.01579
-0.14022
-0.68014
-2.36667

-0.85416 2.35475
1.39491 3.16411
3.17182 -0.54917
2.91531 1.53608
2.31381 0.3411
1.38067 2.9582 -0.46293
3.40909 1.87068 -1.36926
3.5539 -0.34083 -2.29191
1.71844 -1.42391 -2.37112
1.85564 -1.38098 1.23067
2.70605 0.5664 2.35636
-0.49109 4.66525 -0.47188
-0.50923 2.78995 -1.50866
-2.92076 2.54615 -0.7139
-2.98997 1.86726 1.44101
1.6667 2.93977 0.60045
1.87017 3.848 -0.87838
3.89575 2.80276 -1.08645

P PR OO RRPRPRPIIRRDIDRPDODRLRRPPRPOODOODRLR OO R R R
e eolNeolNeolNeolNolNolNoeloNolololNoelNolNoNololNolNololNoelololNolNolololNoe

R P RPRRRPROAORRPRORRPRPRRPRIOIDITRPRORLRERPRLOORLR ODANRLR OO R O 0

OCO0OO00D0O0O0 0000000000000 0DO0D00D0D000000O00D000O00O0O0O0Oo

4.87838 -1.92129 2.32256 4.17485 0.85243 -1.92729
6.56819 -2.18151 0.51208 4.12264 -1.15283 -2.73849

-0.30644 -0.73315 2.39334 3.12051 -1.76679 0.98443

0.52324 -1.27562 2.43982 4.01199 0.15608 2.10235

0.34773 -2.44519 1.80287 2.47621 1.4759 2.89811

-0.69846 -2.77257 1.27099 -0.05472 5.20966 -1.31677

1.61077 -3.27073 1.80726 -0.105 5.11294 0.45345

2.33891 -2.80222 1.13783 -1.57451 4.81259 -0.5027

2.04296 -3.30308 2.81184 -4.36102 1.47521 1.25586

1.39336 -4.27837 1.45124 5.24097 0.99451 -2.08422

3.23908 -2.69304 0.43266

4.2243 -1.02925 1.39811

4.8514 0.75395 2.44488

-4.96559 2.32745 0.93256

g -4.69287 1.11263 2.22913

\f -4.40821 0.68321 0.50491

2 )\JQ‘ i 5.22396 -1.37952 1.16567
R » e 47 0.02819 -2.43255 0.41458
- i? 8 -1.94175 -2.88404 -0.36863
P “g': ; 6 -2.78486 -1.93346 -0.40531
- 3 il 8 -2.53445 -0.70467 -0.59228
i a0 6 -4.24278 -2.29801 -0.17861

&

5 IM4-A' 1 -4.46389 -2.16362 0.88707
E(RB3LYP) = -2081.64132943 1 -4.89888 -1.63711 -0.74999
G(correction)= 0.327016 1 -4.42339 -3.34271 -0.43919
E(RMO6)gioxane = -2083.48326321 -
Imaginary frequencies: 0
46 0 -0.52455 0.01796 -1.11886 2
7 0 -0.336 1.03706 0.66657 >
6 0 1.40405 0.54148 -1.51365 °
6 0 -0.7672 -0.68542 -2.88791 ‘. __;‘-0_,

16 0 -0.05356 0.37028 2.11034 J,"}wa' ,

6 0 -0.85274 2.40679 0.57984 e H

6 0 2.023 1.75047 -1.14102 Lo 9

6 0 2.18121 -0.48197 -2.08879 :J;S”AH

8 0 -0.97804 -1.08942 -3.93383 b &7 5

6 0 1.66105 -0.22746 1.88926 “g TS3-A'
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E(RB3LYP) =-2081.61722238 1 0 -4.52878 -3.42276 1.08452
G(correction)= 0.323916 1 0 4.73563 -0.47715 2.8348
E(RMO6)dioxane =-2083.45835808
Imaginary frequencies: 1 (-312.8406 cm™)

46 0 1.19067 0.92216 -0.83202 N
6 0 0.02148 2.65705 -0.51429 {
6 0 0.87181 2.15699 -2.17176 ; Q
7 0 -0.93469 -0.336 0.45717 ' f Y.
8 0 2.74718 -0.44772 -1.52075 S ?Jré -
6 0 -1.3866 2.64648 -0.59466 ;&Hr’,
6 0 0.70487 3.55646 0.31608 4/‘ o
8 0 0.83293 2.72203 -3.18596 J.é/“ i
: by .

16 0 -0.8301 -0.05098 2.05172 4 IM6-A
6 0 -2.292 -0.22337 -0.07462 E(RB3LYP) = -2081.64690748
6 0 2.87027 -1.70137 -1.69788 G(correction)= 0.328955
6 0 -2.18584 1.84519 -1.60522 E(RMO6)dioxane = -2083.48411775
6 0 -2.07145 3.52127 0.25655 Imaginary frequencies: 0
6 0 -0.00918 4.40943 1.15511
1 0 1.79043 3.5743 0.3186
6 0 097317 021123 2.2791 46 0 -0.18783 0.69242 -0.54827
g 0 -141717 -111443 289955 7 0 0.10794 -1.36397 -0.40697
g 0 -119852 133641 240237 6 0 1.45527 1.10878 0.43213
6 0 -2.20046 0.29703 -1.53949 8 0 -0.80984 2.72318 -0.38122
1 0 -2.91049 0.46998 0.50886 6 0 1.09673 -2.0775 0.36859
6 0 -2.97285 -1.59521 -0.03229 16 0 -0.65126 -2.199 -1.58722
g 0 202406 -2.60501 -1.44771 6 0 2.63781 1.40992 -0.43221
6 0 4.19418 -2.14456 -2.30745 8 0 146913 1.2013 1.64553
1 0 327545 21885 -153678 6 0 -1.59094 3.10994 0.54643
1 0 -18481a 212753 -2.614 6 0 2.61239 -1.7174 0.07058
1 0 -3.1581 3.5257 0.23282 1 0 0.9804 -3.15416 0.17291
: 0 140211 43771 113128 6 0 0.77591 -1.96183 1.86619
1 0 051867 508711 1.81975 6 0 -2.23481 -1.31335 -1.60654
6 0 141241 07196 3.50087 8 0 -0.07907 -1.98129 -2.92983
6 0 334551 020994 -2.44717 6 0 3.26302 0.43787 -1.24195
1 0 -1.26388 -0.08968 -1.94036 6 0 3.0943 2.7364 -0.40984
g 0 242318 2 65058 -0.30535 8 0 -2.09994 2.40723 1.46857
8 0 -4.26509 -1.50742 0.30018 6 0 -1.9445 4.58955 0.54789
47 0 0.17145 -2.07737 -0.4355 6 0 2.82298 -1.01315 -1.30175
1 0 434474 -3.91696 -2.17129 6 0 3.47084 -2.99158 0.14447
1 0 417881 -1.92031 -3.38031 1 0 2.95351 -1.04259 0.86181
1 0 502035 -158063 -1 86566 8 0 -0.25272 -1.52519 2.37631
1 0 -1.97389 5.02857 1.78591 8 0 1.74765 -2.46799 2.6233
6 0 3.12833 0.07083 1.51811 7 0 -2.15802 0.01187 -1.4544
6 0 278459 -0.80879 372296 6 0 -3.42407 -1.99759 -1.82621
1 0 068082 -104906 422923 6 0 4.35451 0.85524 -2.01554
1 0 -3.27309 0.24533 -3.43618 6 0 4.1667 3.12633 -1.20755
1 0 432728 0.0418 -2.02455 1 0 2.59122 3.45394 0.23171
1 0 329717 -129622 -2 57033 47 0 -1.38517 0.37366 1.92847
6 0 498644 27547 035113 1 0 -2.99449 4.72529 0.82016
1 0 3.76219 0.35119 0.68379 1 0 -1.3372 5.08925 1.31172
6 0 3.6597 -0.40956 271187 1 0 -1.73406 5.04467 -0.4217
1 0 31641 -119819 466323 1 0 1.91448 -1.0874 -1.90657
1 0 498115 -3.23729 062995 1 0 3.58657 -1.56576 -1.85959
1 0 -6.00175 -2.4908 0.64756 1 0 4.5325 -2.74472 0.03088

1 0 3.19778 -3.68323 -0.66286
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3.342 -3.50949 1.09849
1.55355 -2.40443 4.05129
-3.2844 0.73475 -1.5242
-4.59622 -1.24304 -1.89987
-3.41284 -3.07746 -1.92195
4.8662 0.12147 -2.63381
4.79792 2.17815 -2.01442
4.51113 4.15655 -1.19225
1.43761 -1.36448 4.36658
2.45352 -2.84239 4.48193
0.66698 -2.975 4.339
-3.16492 1.80355 -1.3831
-4.52641 0.14412 -1.75306
-5.55171 -1.73161 -2.06749
5.6415 2.46416 -2.63699
-5.41707 0.76147 -1.80485

O OO0 O0OO0OO0OO0OO0O0O0OO0OO0OOoOOo

P R R ORRPRRPRRRIORLRERL,OOOOOR
o

o

%

/‘ TS4-A'
E(RB3LYP) =-2081.61276631
G(correction)= 0.327654

E(RMO6)dioxane = -2083.45684987
Imaginary frequencies: 1 (-252.9011 cm™)

D
(o)}

-0.56008 -0.57975 0.8723
0.86217 -0.86881 -0.57485
0.73727 0.86883 -0.10392
2.20243 -1.42227 -0.1492
0.36183 -1.21362 -1.64509
1.95119 1.48462 0.48628
-0.14059 1.94585 -1.13048
2.81606 -1.24859 1.11154
2.8592 -2.17163 -1.14127
2.21149 1.09059 1.95772
1.80071 2.56944 0.4891
3.13382 1.30632 -0.48444
-1.699 2.20184 -0.205
-0.50205 1.29098 -2.38881
0.53251 3.25125 -1.13313
2.18663 -0.43409 2.21296
4.0748 -1.82529 1.32414
4.10879 -2.73487 -0.9085
2.37285 -2.28359 -2.10272
1.24135 1.81457 2.90081
3.22485 1.44595 2.16739
3.01136 1.12196 -1.67262
4.32092 1.45864 0.13496
-2.68762 1.35202 -0.47248
-1.77599 3.23351 0.7264

00O O
O OO OoOOoOo

=
[e)]
o

D N0 OO O, OO OO0 Ok OO O
eNelNeololelNelNolNolNolNelNolNolNolNolNolNolNolol

1.14364 -0.75854 2.35746
2.69834 -0.6315 3.16175
4.55179 -1.68921 2.29156
4.72259 -2.56053 0.33367
4.60054 -3.30369 -1.69253
1.42693 1.5247 3.94134
0.20095 1.56132 2.66374
1.35417 2.90296 2.82695
5.47262 1.28822 -0.71198
-3.82293 1.46919 0.22718
-2.9663 3.35523 1.44596
-0.93864 3.90581 0.8697
5.6984 -2.99582 0.53216
5.49116 0.27024 -1.11026
6.3356 1.46699 -0.06981
5.44902 2.00069 -1.54053
-4.58972 0.73174 0.00877
-4.00371 2.45512 1.20016
-3.07848 4.13986 2.18853
-4.93851 2.5113 1.74834
-1.98351 -1.99062 1.54346
-3.05764 -2.35116 0.95714
-3.44038 -2.0408 -0.20415
-3.95592 -3.27538 1.76997

DO NOR R ORRPRRPRREPRLPRLPIIODDIRPRRPRLRREOR R R
OO0 0000000000000 O0O0O0O0OO0O0O0O0O0O0Oo

47 -2.05188 -0.90866 -1.58749
1 -4.92887 -3.39707 1.29031
1 -3.47049 -4.25436 1.85411
1 -4.07563 -2.88335 2.78439

IM7-A'
E(RB3LYP) =-2081.61948785
G(correction)= 0.325255
E(RMO6)dioxane = -2083.46779162
Imaginary frequencies: 0

46 0 -0.66762 -0.26934 0.98714
47 0 -1.77363 -1.37448 -1.36379
-2.46983 1.33214 -1.32844
-3.53604 -1.89451 -0.15579
-1.66641 1.99666 -0.50729
-3.76524 1.26625 -0.98481
-3.45125 -1.67184 1.09126
0.07843 2.19331 -1.03748
-2.0703 2.68249 0.64262
-4.40419 0.69374 -1.65013
-4.27962 1.868 0.1638
-2.46704 -1.18627 1.72408

() e e ) I e I N

=

6

OO0 O0OO0000O0O0

[e e ) I i o))
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6 0 -4.67769 -2.0054 1.93141 Imaginary frequencies: 1 (-146.7911 cm™)
7 0 0.93543 0.88663 -0.05641
8 0 0.20761 1.98886 -2.46739
g 0 054332 343157 0.39742 46 0 0.83827 -1.01712 -0.20121
6 0 -3.41683 2.59542 0.98602 6 0 2.82041 -0.32469 -0.21398
X 0 13551 324039 123333 6 0 2.23321 -1.38962 -1.41732
1 0 -5.33455 1.77291 0.39913 6 0 2.76709 1.09566 -0.22445
1 0 -5.42471 -2.54396 1.34574 6 0 3.63714 -1.0127 0.70745
1 0 -4.37874 -2.59794 2.80101 8 0 270221 -1.66363 -2.4598
1 0 -5.11241 -1.07201 2.30754 6 0 1.94586 1.92493 -1.19495
. 0 216322 140473 0.6185 6 0 3.56536 1.76533 0.70969
6 0 0.96905 -0.43618 -0.64362 6 0 4.43504 -0.31372 1.60577
X 0 37846 308738 188142 1 0 3.64284 -2.09882 0.70124
6 0 2.37245 0.88476 2.05893 6 0 0.39664 1.81375 -1.30237
1 0 2.01396 2.48524 0.69675 1 0 2.18461 2.97672 -0.33706
6 0 3.35436 1.25964 -0.34322 1 0 23283 17178 -2.2052
8 0 210155 13507 09594 1 0 3.53027 2.85086 0.74616
8 0 0.32343 -0.67436 -1.69923 6 0 4.3886 1.08111 1.60576
6 0 2.18395 -0.64193 2.18825 1 0 507222 -0.84766 2.30334
6 0 1.47932 1.63185 3.05795 6 0 -0.40817 1.82723 0.03611
1 0 3.41631 1.11806 2.28831 6 e e
8 0 3.23918 1.21237 -1.54644 1 0 0.13988 0.86748 -1.7945
8 0 453261 1.26411 0.30277 1 0 4.99075 1.64431 2.31348
. 0 27014 14366 101815 7 0 -0.15022 0.61798 0.83385
6 0 2.59406 -2.14453 -1.31033 1 0 -0.12867 271753 061271
1 0 1.10586 -0.85352 2.30493 6 0 -1.88567 1.96139 -0.35663
1 0 266578 0.97538 31139 1 0 0.56554 3.00644 -3.12296
1 0 1.64267 1.25261 4.07305 1 0 0.00086 3.92729 -1.71742
1 0 041858 148695 28163 1 0 -1.09636 2.81532 -2.55843
1 0 169235 270715 305659 16 0 -1.30478 -0.07487 1.71349
6 0 5.68916 1.12287 -0.54546 8 0 -2.43851 1.12552 -0.99186
6 0 3.78957 -2.30028 1.18797 8 0 -2.40423 3.13231 0.0407
6 0 3.67695 -2.99645 -1.11911 6 0 -2.01497 -1.30738 0.55177
1 0 2.12304 -2.05568 -2.28197 8 0 -2.4207 081686 2.08424
1 0 5.64635 0.16608 -1.0727 8 0 -0.6729 -0.91889 2.73959
1 0 6.54743 1.15792 0.12567 6 0 -3.81437 3.28293 -0.19488
1 0 5.72999 1.93553 -1.27508 7 0 -1.13884 -1.88664 -0.28723
1 0 4.25205 -2.36838 2.16948 6 0 -3.36538 -1.63392 0.57087
. 0 42814 307337 013713 1 0 -4.03913 3.21284 -1.26324
1 0 4.04923 -3.59214 -1.94767 1 0 -4.07279 4.26344 0.19087
1 0 512854 37341 0.30063 1 0 -4.35872 2.50192 0.34251
6 0 -1.58081 -2.81942 -1.14847
6 0 -3.8233 -2.60125 -0.32023
1 0 -4.02044 -1.11238 1.25914
1 0 -0.83505 -3.24819 -1.80898
’ 6 0 -2.91629 -3.20608 -1.19381
, o 1 0 -4.87388 -2.87684 -0.34052
" ‘ 1 0 -3.23385 -3.95982 -1.90641

‘1
fa’f

E(RB3LYP) = -1707.2723742
G(correction)= 0.285463
E(RMOG)dioxane =-1707.96357759

TS3-A*
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+

o’“"

“s

] @ 2 .
J‘/JJ‘(:. J'x’u
9 _7—04]6
S T

IM6-A*
E(RB3LYP) =-1707.31268882
G(correction)= 0.288482
E(RMO6)dioxane = -1707.99372794
Imaginary frequencies: 0

46 0 0.063 -1.31505 -0.13483
7 0 -0.40688 0.41709 0.93167
6 0 -0.10222 1.73828 0.39063
16 0 -1.84272 0.23548 1.68693

1.37603 1.74849 -0.08239
-0.22908 2.49617 1.17145
-1.02457 2.11395 -0.77272
-2.83475 -0.66789 0.45749
-2.5145 1.5314 1.89642
-1.7068 -0.70972 2.80151
2.28908 1.17403 1.03676
1.85916 3.13164 -0.53334
1.42133 1.07392 -0.94661
-1.50168 1.32628 -1.56428
-1.23568 3.44313 -0.82668
-2.14799 -1.54562 -0.28335
-4.20406 -0.46723 0.34102
3.45068 0.37671 0.50169
1.68389 0.53988 1.68992
2.66767 2.00018 1.64984
2.91455 3.07741 -0.82472
1.76722 3.86357 0.278
1.28955 3.50844 -1.38729
-2.09743 3.88663 -1.88822
-2.81623 -2.27903 -1.18637
-4.89587 -1.23264 -0.59707
-4.68828 0.27709 0.96315
3.28231 -0.87982 -0.13266
4.75493 0.87326 0.61551
-1.67453 3.62553 -2.86283
-2.16839 4.96888 -1.77603
-3.08345 3.42342 -1.79361
-2.22168 -2.97188 -1.77383
-4.19165 -2.15636 -1.37148
-5.96721 -1.10784 -0.72616
4.39827 -1.59279 -0.6172
1.96728 -1.49785 -0.34554
49065 1.83471 1.09868
5.85538 0.16472 0.13212
-4.69218 -2.76738 -2.11519
5.68052 -1.07667 -0.48661
4.23131 -2.55251 -1.09559
1.76417 -2.56127 -0.93482
6.8527 0.58304 0.23953

P OORFRPROFRPROCFRROODOOFRPOODFRPRPPRPPOOCORFRPROODCOODRPRPEPRPREPOODONOOOOREOOOOOOOOERERLO
OO OO0 O0D0D00D0D0D0D0DO0DO0CDO0DO0D0D0D0D0D0D0D0D0DO0DO0DO0DO0DO0DO0DO0DO0D0DO0OO0OO0OO0OOoOOo

Catalysis Science & Technology

1 0 6.5348 -1.63149 -0.86292

_.JJ,
S
;J';J* ® :\

4 TS4-A*
E(RB3LYP) =-1707.25808767
G(correction)= 0.285008
E(RMO6)dioxane = -1707.94546321
Imaginary frequencies: 1 (-182.6033 cm™)

46 -0.9186 -1.0397 1.39178
7 -3.03049 -0.45758 0.29515
6 -2.72854 0.50626 -0.58251
-3.99093 -1.32598 -0.04986
16 -1.47314 1.71671 -0.07289

-3.34301 0.66829 -1.8175

-4.21445 -2.10252 0.67592
-4.67468 -1.25452 -1.26467
-0.13117 0.76159 0.13139
-1.29945 2.66386 -1.18813
-1.91204 2.26472 1.22566
-4.34377 -0.24156 -2.16285
-3.03041 1.47397 -2.47077
-5.44603 -1.98253 -1.49465
1.09809 1.53419 0.29547
-4.85175 -0.16108 -3.11941
1.83328 1.20783 1.62502
0.85828 2.60638 0.34259
1.96974 1.42921 -0.97165
1.97787 -0.31095 1.87315
1.12007 1.87094 2.80939
2.84144 1.62348 1.53153
1.61432 0.99246 -2.03974
3.19755 1.95613 -0.75219
2.39608 -1.09868 0.65509
1.01982 -0.70474 2.26933
2.70157 -0.4622 2.68184
1.5827 1.5757 3.75872

0.06147 1.58921 2.82959
1.16533 2.96291 2.73383
4.08804 1.90261 -1.87863
1.49447 -1.47376 -0.36378
3.7486 -1.4227 0.49092

4.27318 0.86191 -2.16088
5.01024 2.38195 -1.54752
3.66084 2.43356 -2.73358
1.95864 -2.17398 -1.49037
0.02435 -1.16246 -0.39103

O 0000000000000 O0O0D0DO0D0D0D0D0D0O00D0DO0D00O0O00O0 50000

OO R FRPFRPOOCOODOODRPRRPERPRPRPODOCORFRRIODOODDEFE, OO, ORLEPOOONOOEFELO
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1 0 4.45249 -1.12736 1.26491 1 0 -0.2115 2.49523 -1.54859
6 0 4.20689 -2.11018 -0.63237 1 0 1.08543 2.58246 -2.75449
6 0 3.30486 -2.4926 -1.62719 6 0 4.61364 -1.03658 -2.42413
1 0 1.24511 -2.43616 -2.26276 6 0 3.28287 1.18027 2.27613
8 0 -0.74086 -1.53169 -1.24632 6 0 3.4443 -1.06877 3.14794
1 0 5.26275 -2.34928 -0.72657 1 0 1.94054 -2.43997 2.42065
1 0 3.64839 -3.02775 -2.5077 1 0 5.09366 -1.29115 -1.47531
1 0 5.27863 -0.4379 -3.04689
1 0 4.32624 -1.95846 -2.93675
1 0 3.64473 2.2053 2.24776
6 0 3.9207 0.24356 3.08831
J.J.I 1 0 3.9334 -1.80307 3.7815
& 9 1 0 4.78405 0.53934 3.6785
o
. g 8
,‘_f" ./ -
e 94 @
> 9
<9 4 ‘k 3
2 IM7-A* i ;:
E(RB3LYP) =-1707.29783204 . @f' ~ ™
G(correction)= 0.287547 Jf:#f*‘?%_“{
E(RMO6)dioxane = -1707.98212852 H__ Od o
Imaginary frequencies: 0 < @,J 3 ﬁ <
e e
%
46 0 -1.79836 2.06909 0.0611 v IM4-B'
7 0 -2.87805 0.02743 0.34073 E(RB3LYP) = -2081.63952028
6 0 -2.46324 -1.12952 -0.17467 G(correction)= 0.323622
6 0 -3.95621 -0.01912 1.15019 E(RMO6)iocane = -2083.48670593
16 0 -1.07704 -1.10364 -1.35626 Imaginary frequencies: 0
6 0 -3.06116 -2.36599 0.05342
1 0 -4.27292 0.92987 1.5673
6 0 -4.63374 -1.20008 1.43956 46 0 -0.56916 -0.87987 0.00025
7 0 0.26008 -0.43144 -0.46091 6 0 -1.40491 -2.37233 -0.82487
8 0 -0.79739 -2.49026 -1.72654 7 0 0.18572 0.95145 0.69148
8 0 -1.35046 -0.11527 -2.40462 6 0 -1.37433 0.41984 -1.37855
6 0 -4.18055 -2.39585 0.88033 8 0 0.02099 -2.20525 1.68147
1 0 -2.63994 -3.2589 -0.39027 8 0 -1.88543 -3.28151 -1.32398
1 0 -5.49855 -1.17558 2.09461 6 0 -0.45677 2.14419 0.09513
6 0 1.30567 0.18537 -1.29251 16 0 1.75012 1.17466 1.06455
6 0 0.51918 -0.99754 0.7989 6 0 -1.76413 1.65201 -0.56087
1 0 -4.68188 -3.33559 1.0906 1 0 -0.56388 0.63452 -2.08405
6 0 1.6784 1.64173 -0.87352 1 0 -2.22272 -0.01023 -1.91261
1 0 0.8896 0.25358 -2.30197 6 0 0.78562 -3.20945 1.65192
6 0 2.50002 -0.77238 -1.4269 1 0 0.16026 2.57248 -0.70788
6 0 1.7069 -0.49568 1.55603 6 0 -0.68089 3.24779 1.13072
8 0 -0.22621 -1.84868 1.26195 6 0 260735 1.31737 -0.5657
6 0 1.49019 1.86645 0.63709 8 0 2.29351 -0.03738 1.69608
6 0 0.87389 2.66529 -1.68263 8 0 19731 2.49425 1.6744
1 0 2.73963 1.77251 -1.10858 6 0 -2.89859 1.38562 0.46961
8 0 2.56892 -1.88653 -0.96408 1 0 -2.11752 2.43027 -1.2563
8 0 3.45627 -0.21144 -2.19206 8 0 1.62894 -3.49132 0.73745
6 0 2.17156 0.83314 1.49669 6 0 0.72455 -4.16821 2.82936
6 0 2.33568 -1.43046 2.39 8 0 -1.17382 3.10162 2.22402
1 0 0.40132 1.8735 0.84974 8 0 -0.2892 4.4431 0.63149
1 0 1.86497 2.86468 0.88805 7 0 2.85991 0.19473 -1.26093
1 0 1.10799 3.68679 -1.36386 6 0 2.89865 2.58899 -1.05913
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0 -3.27501

0 -2.47606

0 -4.02932
7 0 23139
1.54877
-0.21817
0.86259
-0.41787
3.42494
3.47433
2.67377
-4.22792
-4.8764
-1.45824
-0.0753
0.20316
3.62017
3.74495
3.70919
-5.23521
-3.58584
-5.88386
-4.74198
4.19433
-6.06429
-5.37182
-6.53043
-6.84886

[ BT

B

0.30612

3.45432

1.08673

5.37052

3.67393

2.1168
1.57153

P PR RPRORRPROAORODRORRPRPRPRPIIDDIDRLR DD R
O 0O 00O 0000000000000 O0ODO0OOOOoOOoOOo

2.35165 0.82283
0.89022 1.34859
0.56192 -0.10119
-1.77728 -0.35265
-3.92774 3.51094
-4.06182 3.369

-5.19686 2.48664
5.54478 1.54574
-2.47682
2.6975 -2.32484
-0.44734
-0.76334 0.30949
-1.08775
5.66654 1.86081
6.42439 0.99903

-0.62332 -3.00188
1.53574 -3.04671
-2.7385

-1.54819 -0.25696
-1.17991 1.08216
0.30735 -1.6577

-1.41238
-4.03342
-1.01639 -1.24629
-2.57366 0.07675
0.73308 -2.4209

-1.62439 -1.68864

Catalysis Science & Technology

2.42875

> TS3-B'
E(RB3LYP) =-2081.60088839

P P FRPOFRPRFRPOOCFRPOODFRROODFRPERPERPPRPOODORFRPROODOOOODODRERPRPREPERPRPRERPONOOCOREOOOGOOOO

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2.49339
1.4126
1.43378
3.1072
-1.10708
-2.63912
-2.48313
-1.44138
-2.48216
2.6284
3.68397
2.51496
3.64182
3.82477
-0.41696
-1.84457
-2.82541
-2.08546
-3.97468
-3.28871
3.50936
4.57927
3.69993
-4.31648
-4.91169
-3.87971
-3.9389
-2.65433
3.40417
4.4991
5.33219
-5.55686
-3.61045
-6.14918
-4.66556
5.18461
-6.47513
-5.80254
-6.86198
-7.4392

1.68722 1.63909
3.49134 0.18034
-2.47692 2.11843
-4.07632 1.60418
-0.30864 -1.7686
-0.07134 0.30136
1.22824 -1.38577
2.65276 1.95835
3.3688 0.08241
0.26261 -1.37191
2.42046 -1.43054
-4.86533 2.07744
-4.4731 0.7398
-3.71476 2.34853
0.20426 -2.44728
-0.81999 -2.38907
0.62489 1.1261
-0.90689 0.74191
-0.54813 -0.23744
4.2394 0.89708
-0.17214 -2.29344
1.97123 -2.39732
3.43597 -1.05199
-1.90408 -0.28789
0.39656 -0.68675
3.65674 1.60984
4.77233 0.20258
4.93827 1.44838
-1.20883 -2.59785
0.64544 -2.82901
2.64097 -2.8028
-2.30915 -0.78934
-2.64885 0.06461
-0.00414 -1.18769
1.45566 -0.63399
0.24828 -3.57021
-1.36251 -1.24388
-3.36734 -0.82231
0.74236 -1.52859
-1.67767 -1.63391

G(correction)= 0.322009 47 0 0.57108 -0.45129 1.94793
E(RMO6)dioxane = -2083.44929944

Imaginary frequencies: 1 (-315.6126 cm™)

46 0 0.91368 -1.15389 -0.88185 240

6 0 -0.6657 -2.05455 -1.04479 Q @

7 0 0.36365 1.1456 0.42471 J_.'rj ] 4.,?’ a

8 0 2.27971 -2.52876 0.00345 re._‘*j,__‘g)‘ Q,ﬁ_ a8,

8 0 -1.41188 -2.94745 -0.99334 e fw

6 0 -0.80328 1.72069 -0.21294 "7 ’ IM6-B'
16 0 1.68546 2.06959 0.46297 E(RB3LYP) = -2081.64590708

6 0 -1.77999 0.64671 -0.77493 E(RMO6)dioxane = -2083.48818413

1 0 -0.51522 2.35436 -1.06281 |maginary frequencies: 0

6 0 -1.57291 2.62828 0.75682

6 0 2.73466 1.52471 -0.93831
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0.68689 0.90241 1.07842
0.53761 -1.15142 1.19135
-1.18257 1.10116 1.65872
0.92903 2.9476 0.55808

-0.56044 -1.94871 0.6831

1.95603 -1.92681 1.40437
-1.69492 2.18731 1.75274
-1.91895 -0.19887 2.01551
0.76777 3.38547 -0.62022
-1.95595 -1.22912 0.86846
-0.62323 -2.89045 1.23674
-0.36449 -2.36582 -0.77903
3.12351 -0.89346 0.46137
1.92387 -3.24841 0.73997
2.43691 -1.83932 2.78922
-1.41979 -0.63247 2.8891

-2.94209 0.07639 2.2884

0.57937 2.70743 -1.67959
0.77959 4.89691 -0.77975
-2.57232 -0.61409 -0.4178

-2.64546 -2.02148 1.17974
0.17649 -1.70825 -1.67157
-0.90142 -3.55241 -1.02553
2.85387 0.41446 0.43093
4.24713 -1.4605 -0.13043

0 0.4652 0.53015 -1.67815

[eNeNeolelNolNelNelNeolNolNeolNolNeolNololNolNeolNolNeolNolNolNolNollolNolNo oo

-0.25211 5.25597 -0.68593
1.37365 5.36231 0.00952
1.15158 5.17878 -1.76733
-2.50545 -1.3407 -1.23563
-1.99436 0.26564 -0.7272
-4.02671 -0.2315 -0.23737
-0.78705 -4.05162 -2.37555
3.71314 1.23884 -0.18707
5.13913 -0.60294 -0.77535
4.39474 -2.53383 -0.08715
-4.4045 1.08029 0.07849
-5.02379 -1.20949 -0.35856
-1.26692 -3.36384 -3.07685
-1.29331 -5.01617 -2.36874
0.26688 -4.16723 -2.63849
3.43499 2.28776 -0.18514
4.87398 0.76893 -0.79885
6.02954 -0.99943 -1.25479
-5.7495 1.40424 0.26918
-3.64227 1.84456 0.19762
-6.3681 -0.88817 -0.16827
-4.74186 -2.23112 -0.60758
5.54713 1.46428 -1.28928
-6.73484 0.4227 0.14617
-6.02496 2.42604 0.51606
-7.1282 -1.65848 -0.26955
-7.78117 0.67648 0.29336

J”‘Lf’)

4

-
: e

1‘" J’* Q‘H? . *"
? T54-B'

E(RB3LYP) =

PO OO R R OO0D RN

I

7

DR R ORNR PR

=

6

P ONEFE OO OO 00O O O 0 0

-2081.62599584
G(correction)= 0.327458

E(RMO6)dioxane = -2083.47064298
Imaginary frequencies: 1 (-189.1804 cm™)

OO OO0 O0OO0ODO0O0O0OO0OO0OO0OOoOOo

o

OO O0OO0OO0OO0OO0OOoOOo

0.09683 -0.56301 -0.4155
0.54926 -0.32907 1.58262
0.42963 -2.44682 -1.283
1.94756 0.21972 1.83362
-0.05577 -1.06968 2.338
-0.23153 -3.50408 -1.00281
2.216 1.44559 0.95033
1.97541 0.49121 2.89686
2.67604 -0.57906 1.67573
-1.25627 -3.59694 -0.27688
0.31644 -4.78398 -1.62032
0.83437 2.17687 0.87337
2.81704 1.12994 -0.44842
2.91541 2.11325 1.46179
-2.11306 -1.82319 0.83942
-0.38726 -5.60924 -1.49923
0.53836 -4.62294 -2.67936
1.25964 -5.03804 -1.12296
-0.18952 1.12689 0.8758
0.72692 2.80698 1.76215
0.72027 3.08658 -0.34179
3.12131 2.08205 -0.90031
2.03919 0.70321 -1.09536
3.99641 0.1871 -0.39576
-1.76777 1.60547 1.26445
0.01099 2.89858 -1.30632
1.54833 4.13857 -0.20477
3.83959 -1.17536 -0.69221
5.25978 0.65091 -0.00404
-2.73248 1.29717 -0.25202
-1.76748 3.05773 1.48409
-2.31216 0.69582 2.27806
1.55818 5.06619 -1.30543
4.92426 -2.05012 -0.5945
2.86562 -1.55603 -0.99367
6.3439 -0.22228 0.09375
5.39385 1.70694 0.22336
-3.18304 0.05188 -0.41889
-2.96722 2.3464 -1.13279
1.87815 4.5646 -2.22314
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2.26618 5.84599 -1.02466
0.56031 5.48658 -1.45663
6.17792 -1.57804 -0.20039
4.78656 -3.10262 -0.82826
7.31728 0.15515 0.39656
-3.90302 -0.20553 -1.52025

0 -0.05505 -2.77896 -0.90963
0

0

0

0

0

0 -3.71838 2.06726 -2.27506
0

0

0

0

0

0

-1.70256 -1.41781 2.19024
0.14145 0.03014 2.92219
-2.30351 -1.03678 -0.2629
-2.51671 -2.9151 0.80498
0.42681 -1.96807 -1.68588
-0.44312 -3.99581 -1.284

-1.7541 -2.17336 2.98533
-2.44467 -0.64789 2.40502
-2.3454 -1.53134 -1.24122
-1.55709 -0.23852 -0.3445
-3.64507 -0.41825 0.05715

0
0
0
0
0
0
0
-2.55735 3.32652 -0.93015 0
0
0
0
0
0 -0.24917 -4.32538 -2.67685
0
0
0
0
0
0
0
0
0
0
0
0
0

7.02083 -2.25993 -0.12552
-4.24643 -1.22895 -1.63761
-4.19401 0.77175 -2.47333
-3.92367 2.84997 -2.99912
-4.77835 0.51349 -3.35041

PR ORRPRPOODDDR PO R

-3.71903 0.87599 0.59223
-4.83143 -1.135 -0.14743
-0.79833 -3.62499 -3.31135
-0.63526 -5.3378 -2.78896
0.81441 -4.28448 -2.92331
-4.95642 1.43864 0.91532
-2.80683 1.44846 0.74536
-6.06776 -0.57416 0.17572
-4.78619 -2.13755 -0.56907
-6.13307 0.71551 0.70958
-4.99662 2.44371 1.32658
-6.97956 -1.14114 0.00695
-7.09533 1.15407 0.95948

IM7-B'
E(RB3LYP) =-2081.64123456
G(correction)= 0.327399
E(RMO6)dioxane = -2083.48964972
Imaginary frequencies: 0

P P RPOFRPOODFPROODFRPEFRPPRPOODOODOODOOREPRERPEROOOOEREOOLOOO

46 0 1.01711 1.87644 0.74209 s

7 0 2.82936 0.90479 1.15431 &

8 0 -0.7878 2.77003 0.07395

6 0 2.85332 -0.24692 0.44732 4 ‘L

6 0 3.43809 1.97781 0.56223 j— 9 e e

6 0 -1.23208 2.77672 -1.11896 e 16 R Oal

16 0 2.15425 -1.70436 1.27939 Yol 4 g Cate’

6 0 3.54652 -0.45192 -0.7443 P o)

1 0 3.53179 2.86817 1.17637 4 TS3-B*

6 0 4.10562 1.8859 -0.67347 E(RB3LYP) = -1707.2463649

8 0 -0.83636 2.0585 -2.08137 G(correction)= 0.282912

6 0 -2.40819 3.70523 -1.38734 E(RMO6)dioxane = ~1707.93752045

7 0 0.43206 -1.51964 1.19935 Imaginary frequencies: 1 (-201.8188 cm™)

8 0 2.40085 -2.86729 0.41523

8 0 25597 -1.70018 2.67678

. 0 418731 0.65735 131768 46 0 -0.96011 -0.34794 -1.2941

. 0 357462 143669 1.19397 6 0 0.37699 -1.64502 -1.28142

1 0 457558 2.77157 -1.08851 6 0 1.33199 -0.27538 -1.1442

47 0 0.59923 0.41592 -1.50379 8 0 0.63616 -2.77694 -1.09673

. 0 24111 4.02895 -2.43038 6 0 1.3863 0.36078 0.28046

1 0 -3.33377 3.14779 -1.19918 1 0 227474 -0.7718 -1.39318

. 0 238183 456561 071502 1 0 1.17367 0.48116 -1.92484

6 0 -0.37469 -2.56621 0.56042 6 0 03799 15552 0.50554

. 0 099841 0.83775 2208 6 0 2.83724 0.80745 0.59693

. 0 473165 0.55051 22507 1 0 1.09308 -0.39505 1.01457

6 0 -1.83662 -2.05882 0.80148 U 0 -1.04883 1.2538 0.29135

. 0 093332 353041 106007 1 0 056971 1.91741 1.52173
6 0 0.69471 2.69404 -0.45786
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3.16532 1.55133 -0.14073
2.83098 1.31441 1.56978
3.81021 -0.35068 0.62887
-1.80373 0.5757 1.54976
0.5656 2.62966 -1.66707
1.16386 3.77967 0.17878
4.79131 -0.50371 -0.35925
3.71614 -1.32311 1.63606
-3.14015 -0.35731 0.6777
-2.53594 1.51329 2.422

-0.98126 -0.45181 2.23887
1.47579 4.90491 -0.66352
5.65899 -1.59958 -0.34509
4.88028 0.24552 -1.14347
4.58007 -2.41701 1.65384
2.95861 -1.22023 2.40995
-2.87023 -0.98216 -0.48315
-4.37144 -0.47462 1.31596
2.24707 4.63608 -1.39101
1.83439 5.68309 0.01038
0.58246 5.23719 -1.19897
5.5548 -2.55963 0.66163
6.41468 -1.69967 -1.11979
4.49301 -3.15976 2.44228
-3.81307 -1.76116 -1.04234
-5.35046 -1.27846 0.73393
-4.53418 0.06907 2.23931
6.22718 -3.41304 0.67526
-3.53991 -2.24486 -1.97365
-5.06608 -1.93743 -0.46281
-6.32191 -1.38799 1.2071
-5.79788 -2.57522 -0.94718

E(RB3LYP) =-1707.30178176
G(correction)= 0.284501
E(RMO6)dioxane =-1707.9863206
Imaginary frequencies: 0

46
6
7

0o

O O O oo

0
0
0

-1.24229 -0.31622 -1.4233

0.54436 -0.21991 -2.05871
-0.90576 0.54904 0.42773
0.49538 -0.56381 -3.21914
0.4132 1.08584 0.74811

-1.54818 -0.44472 1.56603
1.59532 0.18155 0.26832
0.50256 1.20495 1.83372

PP FRPOFRPFRPOOCFRPOODFRPROORPREPRPPRPOODORPROODOODDODORPRPEPEONOOOOEREOGOOOOLOOO

0.51834 2.47176 0.11894
-3.21928 -0.57005 0.84733
-1.68055 0.2383 2.86612
-0.98729 -1.81244 1.57683
1.77421 0.15033 -1.25986
2.91803 0.58872 0.95783
1.32805 -0.82816 0.60247
0.19266 2.74915 -1.0165
1.0901 3.35015 0.96674
-3.30767 -0.66917 -0.48668
-4.31655 -0.60641 1.69982
2.55423 -0.56876 -1.53262
2.09445 1.12955 -1.63893
3.20718 1.5963 0.63334
2.73094 0.65446 2.03737
4.04388 -0.38805 0.69556
1.28838 4.6749 0.43902
-4.52635 -0.81846 -1.02861
-5.5788 -0.76847 1.12858
-4.1664 -0.49725 2.76795
5.11049 -0.06244 -0.15131
4.01539 -1.6647 1.27632
1.92966 4.64262 -0.44651
1.76364 5.24074 1.24048
0.3291 5.122 0.16491

-4.56098 -0.88661 -2.1116
-5.68656 -0.87872 -0.25825
-6.46454 -0.80278 1.75617
6.12515 -0.98623 -0.41403
5.1475 0.92439 -0.60802
5.02596 -2.59012 1.01679
3.19364 -1.93205 1.93739
-6.64995 -1.00219 -0.74169
6.08516 -2.25354 0.16912
6.94544 -0.71419 -1.07317
4.98812 -3.57364 1.47765
6.87322 -2.97381 -0.03326

LR

g 8o

TS4-B*

E(RB3LYP) = -1707.26576673
G(correction)= 0.283082

E(RMO6)dioxane = -1707.95634127
Imaginary frequencies: 1 (-232.1362 cm™)

46
7

0
0

-1.06448 -1.64153 -1.09038
-0.40142 -0.54735 1.01803
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6 0 0.34891 0.68584 0.87128 Imaginary frequencies: 0
16 0 -1.84422 -0.52735 1.78841
1.80155 0.20811 0.61412
0.31123 1.28683 1.7847 46 0 -1.45762 -2.21519 -0.24584
.0.16401 1.54409 -0.29113 7 0 -2.69689 -0.61142 -0.92905
3.00461 0.24083 0.58406 6 0 -2.80789 0.41686 -0.07448
-1.8128 0.41982 2.91591 0 -3.33171 -0.51501 -2.11297
16 0 -1.98308 0.31698 1.57396

P P RPORPRPOCFRPOFPRODFRPPFPRPPOODOOOFROOOOODOOR RFPEFPEPOOONOOOOREOOOOOWONLWOORFO

[eleNelelolelNolNeolNolNeolNolNeolNolNolNolNolNolNolNolNo o)

-2.28261 -1.91022 1.97658
1.74282 -0.99032 -0.34887
2.74236 1.32712 0.12949
2.16051 -0.16117 1.58234
-0.39475 1.13282 -1.41476
-0.33025 2.825 0.07203

-3.09287 -0.33243 -0.623

-3.71305 1.38112 0.95303
0.56056 -1.89267 0.01445
2.65251 -1.59361 -0.29513
1.61984 -0.63371 -1.3771
2.4022 1.68511 -0.8508

2.65726 2.17379 0.82351
4.18187 0.87026 0.03661
-0.85121 3.69788 -0.94864
-3.91636 0.2241 -1.52123

-3.55032 1.56241 -0.34089
-3.21191 -1.35789 -2.78444
-4.0975 0.59228 -2.46729
-0.36454 -0.02722 1.31545
-2.01172 1.69114 2.09374
-2.61311 -0.78436 2.29456
-4.2125 1.64794 -1.5642

-3.58807 2.35637 0.3944

-4.58794 0.61826 -3.43477
0.57955 1.08517 1.13264
0.1391 -1.29514 0.69675
-4.80183 2.52671 -1.80852
1.88079 0.34663 0.69683
0.71524 1.62723 2.06956
0.15131 2.07809 0.0558

1.33986 -0.83112 -0.12926

0 -4.56512 1.95654 0.00763
0 358281 17904 194758 0.10251 -2.41347 1.28616
0 0.56723 -3.02884 0.41066 2.91827 1.22746 -0.02113
0 4.75162 0.52352 -1.19475 2.33532 -0.0526 1.61215
0 4.95918 0.73815 1.19573 -0.45306 1.79512 -0.95884
0 -0.19108 3.70746 -1.82001 0.59653 3.31085 0.34642
0 -0.90209 4.68532 -0.48994 2.05412 -1.64628 -0.24593
0 -1.84554 3.36063 -1.25532 1.02037 -0.47616 -1.11452
0 -3.96544 -0.26397 -2.49021 2.49925 1.57597 -0.97383
0 -4.67059 1.36819 -1.25167 3.11198 2.12009 0.5863

0 -5.13519 2.84814 0.25319 4.20681 0.47493 -0.27259
0 6.06464 0.05334 -1.26893 0.31345 4.31719 -0.64205
0 4.16138 0.62407 -2.10304 4.43371 -0.18006 -1.4898

0 6.27103 0.26909 1.12682 5.17887 0.37731 0.73207
0 45304 100659 215909 0.78372 4.05946 -1.59544
0 -5.31934 1.78179 -2.01711 0.72834 5.24326 -0.24441
0 6.82802 -0.07602 -0.10744 -0.76597 4.40778 -0.79002
0 6.49012 -0.20977 -2.23375 5.60142 -0.9165 -1.69876
0 6.85951 0.17512 2.03562 3.68792 -0.11294 -2.27879
0 7.85014 -0.44045 -0.16263 6.34787 -0.35665 0.52783

@

.

))/A 9
o

e
‘\/.ﬁ@

i )
?J
¢

W
@

S
IM7-B*

P P FRPOFRPOFPROODRPRRFPPRPOODOODOODOODREPERPEPOOOCFRODOOIDDEFRL IO IODIODRPEFEPOODOONODEO

O OO0 0000000000000 O0DO0D0DO0D0DO0D0DO0DO0DO0DO0DO0DO0DO0ODO0DO0OO0ODO0OO0ODO0OO0OO0OOoOOoO

5.0165 0.88256 1.68205
6.56223 -1.00718 -0.6897
5.76047 -1.41788 -2.64981
7.09151 -0.41922 1.31791
7.472 -1.579 -0.85095

E(RB3LYP) = -1707.29325834
G(correction)= 0.287119
E(RMOG)dioxane =-1707.98397552
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s
> j\‘g >
.,
TS2-A-6b

E(RB3LYP) = -1634.4972078

G(correction)= 0.321864

E(RMO6)dioxane = -1635.17692186

Imaginary frequencies: 1 (-1434.7286 cm™)

46 0 0.10774 0.60902 -0.14996
7 0 -0.33935 -1.37508 0.01149
6 0 2.13029 0.10036 -0.41952
8 0 0.50058 2.6778 0.00859

16 0 -1.65088 -1.66601 -0.91545

-0.3231 -1.89897 1.39972
2.5886 -1.2123 -0.14136

2.61073 0.75316 -1.58478
2.16587 1.07227 0.58998
1.46278 2.99052 0.77469
-2.69628 -0.2079 -0.55407
-2.40616 -2.84659 -0.46817
-1.30256 -1.50685 -2.33054
1.07006 -1.59598 2.00859
-0.4222 -2.99011 1.32123
-1.46679 -1.37157 2.2847

2.22045 -2.03267 1.08429
3.5109 -1.8009 -1.01965

3.51525 0.15152 -2.44914
2.26493 1.76266 -1.79516
2.32024 2.16267 1.23099
1.63315 4.44117 1.16193
-1.99885 0.89381 -0.23956
-4.0834 -0.22647 -0.62178
1.24 -2.29178 3.37129

1.13822 -0.51167 2.17575
-1.45649 -1.8462 3.26991
-1.38142 -0.28688 2.42261
-2.43707 -1.5939 1.83319
2.0244 -3.06309 0.75616
3.13335 -2.09303 1.69558
3.87071 -2.80622 -0.8093

3.96243 -1.1415 -2.15976
3.86675 0.67317 -3.33501
1.76488 4.51822 2.24506
2.54459 4.82749 0.69297
0.77586 5.03307 0.83819
-2.64913 2.0436 0.00089
-4.76561 0.96341 -0.36786
-4.59166 -1.15505 -0.8578
2.22827 -2.07314 3.79088
1.1543 -3.38133 3.26855
0.49638 -1.96318 4.10242

P RPRPPOORPRPFPRPPORPRPRPRPPRPPOODONOOODOORFRLRODOOOOOOOE OOOKOKLCOOEREROOON

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0 4.66604 -1.63705 -2.82416
0 -2.02162 2.89649 0.23779
0 -4.03836 2.11616 -0.05768
0 -5.85057 0.99355 -0.41075
0 -4.53656 3.05862 0.1435

N N

< TS2-B-6b
E(RB3LYP) = -1634.48220545
G(correction)= 0.318932
E(RMO6)dioxane = -1635.16767363
Imaginary frequencies: 1 (-1321.4004 cm™)

46 0 0.75021 0.65112 -0.4405

7 0 0.89841 -1.36227 -0.54404
7 0 2.78518 0.53713 0.03507
8 0 0.81224 2.74256 -0.35807
6 0 -0.36328 -2.12276 -0.73759
16 0 1.87766 -1.90434 0.66127

3.19771 -0.68162 0.41
3.67848 1.53157 -0.08846
-0.281 3.27591 0.01502
-1.53383 -1.18839 -0.3552
-0.38915 -2.98841 -0.06269
-0.38388 -2.64827 -2.17627
2.42552 -3.2356 0.35698
1.36534 -1.67695 2.02633
4.5278 -0.9849 0.66209
3.27353 2.49295 -0.38481
5.03275 1.3175 0.15795
-1.35308 2.62152 0.18673
-0.30288 4.76319 0.27748
-1.35216 0.20078 -1.00055
-2.91632 -1.80923 -0.67829
-1.47718 -1.06742 0.73367
0.50493 -3.26334 -2.34218
-1.27164 -3.26102 -2.36825
-0.36304 -1.82583 -2.89959
5.46345 0.04235 0.53163
4.79905 -1.99743 0.94022
5.73323 2.13863 0.04963
0.64029 5.2269 -0.01472
-1.13558 5.21697 -0.26749
-0.48031 4.93003 1.34533
-2.32274 0.7196 -0.99825
-1.09153 0.14643 -2.06431
-1.13122 1.38227 -0.26093

PR RPRPRRPRRPRRPRRPOAIRRPRPLPRLOINDANNODNERE NOKOOOO R DO NN
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-3.05138 -1.85682 -1.76529
-2.92684 -2.84514 -0.31191
-4.05863 -1.03818 -0.05489
6.51599 -0.1496 0.71782
-4.89188 -0.21993 -0.82843
-4.27974 -1.0956 1.32932
-5.91736 0.52403 -0.23862
-4.73713 -0.16821 -1.90409
-5.30241 -0.35666 1.92257
-3.64147 -1.72636 1.94459
-6.12542 0.45792 1.13931
-6.55251 1.15285 -0.85725
-5.45874 -0.4166 2.99654
-6.92245 1.03456 1.60099

P R R OOR OO, OO RO R R
O 0O 0000000000 OoOOo

IM1-1a(dioxane)

E(RB3LYP) = -3062.48302449
G(correction)= 0.609080
E(RMO6) = -3062.69818394
Imaginary frequencies: 0

0 -1.25488 -2.8155 0.1508
0 -0.48498 -2.85924 0.91098
0 -2.10251 -3.88077 -0.14422
0 -1.34886 -1.65823 -0.51948
0 -2.01044 -4.80418 0.41667
0 -3.0641 -3.73417 -1.14404
0 -2.27057 -1.51637 -1.4877
46 0 -0.18257 -0.00401 -0.16302
0 -3.74088 -4.54972 -1.38017
0 -3.15627 -2.52273 -1.8341
0 -2.22087 0.12586 -2.28376
0.9888 1.66369 0.15117
-3.8941 -2.34654 -2.60879
-1.76998 1.0646 -1.00376
-1.11687 0.08493 -3.256
-3.58848 0.39738 -2.75391
0.98894 2.75404 -0.63104
1.9017 1.54319 1.13166
-2.89863 1.30639 -0.07422
0.22475 2.78437 -1.3997
1.93116 3.76434 -0.44361
1.76799 -0.04838 2.00851
2.88117 2.49035 1.37056
-3.46415 0.38356 0.10077
-3.9297 2.29522 -0.61349
-2.3938 1.79694 1.31523
1.91577 4.63213 -1.09394
2.89108 3.62845 0.55894
1.43296 -1.04703 0.72757
0.5732 0.02072 2.86587
3.07306 -0.27519 2.64782
3.62463 2.31357 2.13873
-3.41846 3.19149 -1.46937
-5.08665 2.29831 -0.238

DD R, NO RO

= o -
[e)]

DR OO0 O 000N~
OO O0OO0OO0O0OO0OO0oOOoOOo

[y
(o))
o

0000k, 000N, OO RF~L, O
[eNeNoleolNolNolNolNolNolNollNolNol

PP ORRPRODORRPRRPRPRRLRIIDDRPRIODRPRIOIDRPRRPRPORRPRPIIDRL O0OO0OANR DN DNRP R RLPRRPOODIITORRPRPRLRRL,OOAODRL OO

-1.49268 1.21331 1.53455
-2.01256 3.28037 1.33762
-3.41724 1.45571 2.42375
3.65036 4.39107 0.70101
2.59252 -1.16871 -0.20407
-4.36357 4.13117 -2.00856
-1.36222 3.53991 0.49792
-2.8988 3.92485 1.28526
-1.48378 3.5181 2.26795
-3.02541 1.85485 3.3681

-4.36071 1.97288 2.21927
-3.65252 -0.03432 2.5572

3.69691 -2.15492 0.28426
2.13561 -1.54454 -1.60998
3.07218 -0.19464 -0.34624
-5.15241 3.6062 -2.5547

-3.79127 4.76556 -2.687

-4.81334 4.73184 -1.2121
-4.83289 -0.62571 2.08626
-2.65597 -0.86187 3.09745
5.01986 -1.90449 -0.48402
3.87538 -1.89349 1.32933
3.27418 -3.625 0.22721

2.62837 -1.06753 -2.61401
1.1891 -2.49547 -1.6291

-5.59819 0.00434 1.6395

-5.02006 -2.00869 2.16161
-2.84347 -2.2421 3.1797

-1.72092 -0.42633 3.43687
4.87516 -2.12178 -1.54876
5.75989 -2.62429 -0.11106
5.54353 -0.49284 -0.30773
2.30229 -3.76705 0.71099
3.19468 -3.99152 -0.80271
4.01025 -4.24855 0.74824
0.67092 -2.83681 -2.93103
-5.94209 -2.44865 1.78955
-4.02758 -2.82111 2.71343
-2.06147 -2.8648 3.60773
6.12169 -0.09866 0.90751
5.39367 0.46882 -1.31784
-0.08219 -3.6047 -2.74821
0.22031 -1.95729 -3.39669
1.46687 -3.23072 -3.56898
-4.17405 -3.89654 2.77778
6.23369 -0.82797 1.70624
6.54183 1.21673 1.1095

5.81056 1.78737 -1.11918
4.91697 0.18409 -2.25165
6.99075 1.49974 2.05846
6.38724 2.16627 0.09513
5.68274 2.5173 -1.91483
6.71759 3.19065 0.24954

IM1-1a(iPrOH)

E(RB3LYP) = -3062.51062052
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G(correction)= 0.608299
E(RMO6) = -3062.7284721
Imaginary frequencies: 0

6 0
1 0
6 0
7 0
1 0
6 0
6 0
46

1 0
6 0
16 0
7 0
1 0
7 0
8 0
8 0
6 0
6 0
6 0
1 0
6 0
16 0

P RPRPPOODOODOORPRRPRPRPPOORPRODORE 00RO NOOOE, OOOREO
O OO0 0000000000000 0DO0D0DO0DO0DO0DO0ODO0ODO0OO0OO0OOoOOo

-1.30516 -2.8057 0.24726
-0.56492 -2.84352 1.03618
-2.1591 -3.86897 -0.04031
-1.36032 -1.66741 -0.45954
-2.09648 -4.7743 0.55303
-3.08456 -3.7446 -1.07563
-2.25324 -1.54979 -1.45896

0 -0.17434 -0.01814 -0.12833

-3.76202 -4.5595 -1.31042
-3.13919 -2.5535 -1.80656

-2.16821 0.06841 -2.28107

1.00733 1.64602 0.18426
-3.8488 -2.40067 -2.61209
-1.74684 1.0447 -1.02439
-1.04213 0.01423 -3.23467
-3.51712 0.34906 -2.81139
0.99338 2.75392 -0.57311
1.91817 1.52809 1.16838
-2.8981 1.31546 -0.12821
0.24184 2.79066 -1.35282
1.90852 3.78281 -0.35322
1.81692 -0.07589 2.01091
2.86725 2.49444 1.44522
-3.45902 0.39564 0.07287
-3.91995 2.27162 -0.73612
-2.42668 1.87365 1.24876
1.87723 4.66378 -0.98487
2.85606 3.65272 0.66065
1.45045 -1.07208 0.74459
0.64787 -0.04367 2.91255
3.13568 -0.30646 2.63015
3.5995 2.33173 2.22731

-3.38965 3.16295 -1.57917
-5.09875 2.2533 -0.42166
-1.52272 1.3098 1.50412
-2.06791 3.36265 1.21997
-3.46636 1.56116 2.35183
3.58767 4.43501 0.83529
2.56969 -1.2012 -0.23775
-4.31423 4.10701 -2.15978
-1.39662 3.60055 0.39025
-2.96244 3.99018 1.12033
-1.56712 3.64242 2.15394
-3.1109 2.02764 3.2791

-4.42154 2.03396 2.0977

-3.65126 0.07374 2.56554
3.7292 -2.14058 0.22049
2.03373 -1.65115 -1.59271
3.00686 -0.21938 -0.44421
-5.07721 3.57971 -2.73933
-3.71124 4.73989 -2.81158
-4.79114 4.70626 -1.37907

PP ORRPROODIIDRPRRPRRPRREPRPLRIIODRLRORLR ORPRRPRPRIOARRPRPOODDRL00OR OO D
[eNeNeNeNeNecNeoNeNeNolNeNeNeoNeoloNeoNeNocNeloNeoNeNoNoNeoNoNeolNeloNolNeoNeolNeoNeNo!

-4.77706 -0.59978 2.07026
-2.65153 -0.67555 3.20577
5.01367 -1.83799 -0.59375
3.93503 -1.86784 1.25691
3.37873 -3.63108 0.18964
2.41721 -1.17499 -2.64859
1.1554 -2.65341 -1.50939
-5.54982 -0.03315 1.5557

-4.90391 -1.9853 2.2112

-2.77542 -2.0583 3.35117
-1.76571 -0.17171 3.58229
4.83414 -2.04434 -1.65574
5.78757 -2.54013 -0.25877
5.50045 -0.41399 -0.41164
2.43224 -3.82383 0.70614
3.28946 -4.0122 -0.83427
4.16476 -4.20589 0.69338
0.58754 -3.11839 -2.75336
-5.78268 -2.48941 1.8165

-3.90379 -2.71899 2.85385
-1.98896 -2.6201 3.84937
6.0904 -0.01719 0.79874
5.30828 0.55584 -1.40696
-0.12804 -3.89039 -2.47043
0.08462 -2.29577 -3.26675
1.36999 -3.53728 -3.39207
-3.99955 -3.79624 2.96311
6.24262 -0.75437 1.58404
6.47311 1.30873 1.01091
5.68639 1.88543 -1.19828
4.83648 0.26912 -2.34345
6.92828 1.59454 1.95613
6.26983 2.26711 0.01244
5.52148 2.62184 -1.98098
6.56341 3.30068 0.17768

AcOH(dioxane)

E(RB3LYP) = -229.090190093
G(correction)= 0.034993
E(RMO6) = -229.03655315

[l R R @ ) R e Bie ) I o]

0
0
0
0
0
0
0
0

0.64571 1.20304 -0.00007
0.09218 0.12469 -0.00004
0.77581 -1.04621 0.00006
-1.39481 -0.10925 0.00001
1.7244 -0.81312 0.00009
-1.68144 -0.69132 -0.88261
-1.68146 -0.69047 0.88318
-1.91783 0.84771 -0.00044

AcOH(iPrOH)

E(RB3LYP) = -229.094717955
G(correction)= 0.034559
E(RMO6) =-229.04237754
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1 0 1.26114 2.18527 2.83146
8 0 0.64608 1.20331 0.00001 1 0 3.95385 4.66899 -0.51218
6 0 0.09322 0.12698 -0.00006 6 0 2.09134 4.59018 0.57576
8 0 0.77586 -1.04831 -0.00001 1 0 0.3544 4.23616 1.80868
6 0 -1.39645 -0.10917 0.00001 1 0 1.6893 5.49065 0.11769
1 0 1.72236 -0.81171 0.00012 1 0 -1.80556 1.12004 0.59228
1 0 -1.68104 -0.69246 -0.88187 6 0 -1.98306 0.16223 1.07584
1 0 -1.68102 -0.69153 0.8825 7 0 -1.59492 -0.91706 0.12459
1 0 -1.91648 0.84889 -0.00048 6 0 -3.47693 0.16676 1.52823

6 0 -1.10288 0.1613 2.3184

16 0 -2.33341 -0.81631 -1.41104

-3.87607 1.5488 2.10687
-4.06745 0.04678 0.61809
-3.82477 -0.98095 2.48057
-0.87276 1.1671 2.96372
-0.68238 -1.05788 2.66833
-4.03393 -1.43115 -1.21623
-2.44715 0.59729 -1.81175
-1.62679 -1.77507 -2.26544
-3.32689 1.73679 3.03457
-4.9402 1.49358 2.37014
-3.6462 2.67561 1.12083
-3.48777 -1.94398 2.08751
-3.36657 -0.83668 3.46669
-4.90986 -1.03281 2.62598
0.12282 -1.14576 3.85784

TS1-1a(dioxane)

E(RB3LYP) = -3291.57291874
G(correction)= 0.660621

E(RMO6) =-3291.72212532

Imaginary frequencies: 1 (-1006.6164cm™)

0 0.13524 1.8723 -1.29939
0 -0.59537 1.9592 -0.51208
0 0.38654 2.9408 -2.15528
0 0.79229 0.70698 -1.41049
0 -0.17725 3.85686 -2.02189
0 1.35165 2.80716 -3.14904
0 1.74819 0.59343 -2.35673
46 0 0.56838 -1.01362 -0.25379

Ao R, NO PO

1 0 1.5676 3.62726 -3.82696 -4.16072 -2.55408 -0.52359
6 0 2.06289 1.609 -3.24228 -5.07458 -0.72974 -1.82391
16 0 2.69747 -0.95986 -2.25487 -4.49501 2.83139 0.01586

2.59019 -1.21825 -0.62048
2.86188 1.4605 -3.95996
1.9606 -2.00693 -2.96602
4.0648 -0.61595 -2.67984
3.47375 -0.31259 0.14107
3.40217 0.71706 -0.22716
4.9562 -0.66639 0.00844
3.07817 -0.28514 1.64419
5.1811 -1.96576 -0.21111
5.83706 0.16079 0.15801
1.9853 -0.17449 1.6525

3.4311 -1.58493 2.37242
3.65581 0.96449 2.35373
6.56109 -2.33357 -0.37431
3.00118 -2.44308 1.8493
4.51629 -1.72601 2.43923
3.03978 -1.56752 3.39601
3.37527 0.9017 3.41321
4.74911 0.9351 2.30857
3.13711 2.26074 1.7663

6.99694 -1.80321 -1.22573
6.55639 -3.40856 -0.55917
7.1348 -2.10317 0.52865
3.88226 2.97729 0.81761
1.86048 2.72969 2.10795
4.86313 2.60784 0.5297

3.36278 4.13044 0.22442
1.34204 3.88564 1.52145

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0 -2.53623 3.52499 1.23557
0 0.47309 -2.17678 3.8946
0 0.96658 -0.45538 3.80364
0 -0.48202 -0.91251 4.73896
0 -5.39613 -3.05039 -0.39298
0 -6.35633 -1.26365 -1.68313
0 -4.88186 0.19028 -2.36289
0 -5.35665 2.17514 -0.09026
0 -4.24353 3.80457 -0.95104
0 -2.28093 4.50226 0.26952
0 -1.8582 3.39282 2.0736
0 -5.48408 -3.96741 0.18445
0 -6.52223 -2.44118 -0.95324
0 -7.20948 -0.76491 -2.13375
0 -4.9116 3.90742 -1.80228
0 -3.133 4.64379 -0.82832
0 -1.4166 5.15306 0.37649
0 -7.50412 -2.88359 -0.8179
0 -2.93729 5.40409 -1.58011
0 -1.63703 -2.14454 0.56397
0 -1.49915 -3.26303 0.97608
0 -0.26493 -3.55007 1.10521
0 0.70264 -2.81261 0.75414
0 0.07825 -4.89423 1.69637
0 0.08746 -5.63464 0.88715
0 1.07064 -4.87317 2.15178
0 -0.67822 -5.19442 2.42568

P RPFRPOOCOODORFRRFRPREFEPFRPIODFRLRFRPOORPFPOOCIODRPRPRPOOORRPRPPOOCDCOODNIODREPRERPODEREEO00OO0OOONOGLOIEO

DO FRP OO0 RFRPRFRPPRPORPRPRPPRPPOOODOOOERE 00O EREOONDOKLIEN
[eNeNeleolNelNelNelNeolNolNelNolNeolNolNolNeolNolNolNeolNolololNollolNolNolNolNolNol
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TS1-1a(iPrOH)

E(RB3LYP) = -3291.60961812
G(correction)= 0.660622
E(RMO6) = -3291.76172171

Catalysis Science & Technology

Imaginary frequencies: 1 (-977.5816 cm™)

16 0

-2.30718 -0.85699 -1.40649

-3.92937 1.52485 2.08219
-4.08585 0.00011 0.61362
-3.8243 -0.99448 2.48959
-0.91898 1.2113 2.9533

-0.66222 -1.00708 2.66015
-3.99987 -1.48621 -1.23267
-2.40616 0.53914 -1.87245

6 0 0.12477 1.9235 -1.21915
1 0 -0.58154 1.99253 -0.40738
6 0 0.35797 3.0084 -2.06181
7 0 0.7801 0.76166 -1.36712
1 0 -0.20162 3.92279 -1.90133
6 0 1.3031 2.89643 -3.07689
6 0 1.71879 0.67283 -2.33421
46 0 0.57166 -0.97729 -0.23583
1 0 1.5034 3.72922 -3.74347
6 0 2.01756 1.70142 -3.20764
16 0 2.64456 -0.88521 -2.27827

O ONOFR, PP OFRPPFPOOCOPFRPODORPPFPPRPORFRPRREPRPEPPOODOOEREFO0COOOOOREOOOOIEN

[eNeleolelNelNelNelNelNolNeolNolNeolNolNeolNeolNeolNeolNeolNolNololNelNeolNeolNeolNelNlolNololNolNolNolNolNolNolNolNoRNel

2.58862 -1.19356 -0.65719
2.7986 1.57285 -3.94894
1.86926 -1.91474 -2.99211
4.01008 -0.58612 -2.75068
3.50881 -0.3186 0.10483
3.45564 0.71578 -0.25204
4.97383 -0.71714 -0.05868
3.13966 -0.29743 1.61716
5.15762 -2.02431 -0.26069
5.8851 0.0869 0.05136

2.0473 -0.19738 1.64854
3.52155 -1.58555 2.35199
3.7202 0.95956 2.31142
6.53008 -2.45664 -0.38001
3.12202 -2.46388 1.83729
4.60984 -1.69654 2.43138
3.11491 -1.5702 3.36903
3.47959 0.8829 3.37902
4.81217 0.95289 2.22669
3.14967 2.24678 1.75315
7.0097 -1.96165 -1.22903
6.48073 -3.53325 -0.54482
7.08143 -2.23444 0.53804
3.85193 3.01428 0.81187
1.85873 2.65727 2.11905
4.84696 2.69974 0.50648
3.27831 4.1586 0.2491

1.28257 3.80033 1.56117
1.29701 2.07295 2.84133
3.83696 4.73659 -0.48299
1.99206 4.55638 0.62289
0.27923 4.09671 1.85546
1.54483 5.44466 0.18411
-1.84245 1.12908 0.58008
-2.00342 0.17254 1.07199
-1.58456 -0.90812 0.13143
-3.49793 0.14538 1.52116
-1.12021 0.19479 2.31185

-1.57112
-3.40942
-4.9998

-3.68426
-3.48643
-3.35454
-4.90744

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0 -4.09675
0 -5.05616
0 -4.42739
0 -2.65816
0 0.50022
0 1.00883
0 -0.43596
0 -5.32813
0 -6.33202
0 -4.89016
0 -5.22456
0 -4.14397
0 -2.37342
0 -2.06436
0 -5.39994
0 -6.47159
0 -7.19876
0 -4.7266
0 -3.11253
0 -1.57242
0 -7.44724
0 -2.89032
0 -1.60774
0 -1.46523
0 -0.22575
0 0.72852
0 0.10912
0 -0.39686
0 -0.27351
0 1.18679

P P RPOOOODORRFRPEFRPFRPOODFRLRFRPOODRRPOOCOORLRPRPOOCOORPFPEFPOOCDCOODNIIDRPREPRPRPOREPOO0OOOOONONKOERO

-1.83891 -2.22276
1.72402 3.02461
1.45429 2.31348

2.65014 1.09785
-1.96035 2.10321
-0.8357 3.46808

-1.05196 2.64537

0.1598 -1.07783 3.84567

-2.65463 -0.61035
-0.75673 -1.77207
2.72252 -0.09073
3.58448 1.30076
-2.11143 3.89632
-0.39717 3.76108
-0.82377 4.72656
-3.16289 -0.47233
-1.30658 -1.62648
0.19394 -2.26441
2.00303 -0.26608
3.68983 -1.05648
4.55839 0.33862
3.53026 2.20854
-4.11447 0.04814
-2.52415 -0.96115
-0.78666 -2.02325
3.72413 -1.97378
4.61115 -0.84642
5.27206 0.51452
-2.97831 -0.82105
5.36437 -1.59798
-2.14471 0.59346
-3.24273 1.01273
-3.5263 1.14957
-2.79627 0.75143
-4.82642 1.827

-4.86704 2.79738
-5.65303 1.21741
-4.93488 1.95874

1a(dioxane)

E(RB3LYP) = -1468.45092
G(correction)= 0.301081

328

E(RMO06) = -1467.97042798

1 0 -0.64537
6 0 0.05483
6 0 0.55179

0.73817 -1.42824
0.73896 -0.58508
-0.69922 -0.43237
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= 00 00 O N

[

6

P R RPRPRPROAORRPRODROFRPROODOOR OODODAANOIR P PRPROORRPRLRERERERLROON0ONOKOOO O -

O OO oo

o

OO0 0O 0000000000000 0DO0DO0D0DO0DO0DO0OD0DO0OD0ODO0OO0ODO0OO0ODO0OO0OOOOoO
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-0.65614 1.13444 0.63922
1.17728 1.75479 -0.94162
0.41469 -1.37138 0.56903
1.14604 -1.12106 -1.555

-0.46357 0.49873 1.41618
-2.30902 1.40607 0.54344
1.66734 1.36079 -1.83982
0.55412 3.11478 -1.2761

2.23647 1.90909 0.1747

1.75436 -2.4281 -1.48235
-2.73223 1.84133 1.87427
-2.55081 2.22919 -0.64791
-3.0279 -0.22787 0.20973
1.32972 3.81798 -1.60108
0.0491 3.54059 -0.40349
-0.18872 3.03129 -2.07622
2.84556 2.7876 -0.07565
1.72307 2.15052 1.11301
3.15715 0.72152 0.37119
2.26165 -2.56569 -2.43783
0.9884 -3.19648 -1.34265
2.47099 -2.46625 -0.65939
-3.76962 -0.44839 -0.94692
-2.75163 -1.1397 1.13683
4.05226 0.343 -0.64156

3.14459 -0.02354 1.55606
-4.26917 -1.73878 -1.13808
-3.94208 0.35425 -1.65415
-3.23374 -2.36955 0.93791
4.90706 -0.74577 -0.47599
4.07985 0.91207 -1.56841
3.99887 -1.11526 1.72893
2.45273 0.24799 2.3495

-3.99702 -2.71535 -0.18206
-4.85756 -1.97375 -2.02036
-2.99698 -3.10699 1.70109
4.88395 -1.48018 0.7138

5.59491 -1.01911 -1.27233
3.96945 -1.68002 2.65712
-4.36484 -3.73024 -0.29595
5.55176 -2.32736 0.84714

1a(iPrOH)

E(RB3LYP) = -1468.46714763
G(correction)= 0.301207
E(RMO6) = -1467.98903399

= 00 000N OO -

OO OO0 O0oOOoOOo

-0.55867 1.26775 -1.54309
0.15725 1.05483 -0.74325
0.43116 -0.45067 -0.81962
-0.47166 1.40756 0.53599
1.39753 1.95046 -1.0171
0.22003 -1.24238 0.07858
0.88858 -0.79063 -2.03037
-0.09524 0.8805 1.32584

16

R PR RORRPRIOIORIOIDRPROODIDRPR ODDANDDR RPRRPOORRPRERRREOM0OODO R

0 -2.14407 1.44071 0.61626
1.87985 1.53231 -1.90779
0.93957 3.37902 -1.3321

2.42182 1.95778 0.14086
1.15801 -2.198 -2.22586

-2.47515 1.80945 1.99762
-2.60354 2.26858 -0.50996
-2.70546 -0.25377 0.30534
1.80221 4.01996 -1.54716
0.39726 3.81236 -0.48398
0.27471 3.39861 -2.20378
3.25165 2.60625 -0.16934
1.96476 2.43453 1.01602
2.95872 0.59563 0.52505
1.53538 -2.2817 -3.24531
0.23653 -2.77514 -2.10831
1.90749 -2.54172 -1.50873
-3.09114 -0.62431 -0.97935
-2.60398 -1.06687 1.35221
3.69664 -0.16754 -0.39328
2.70504 0.05126 1.79112
-3.38515 -1.9751 -1.18209
-3.15674 0.1038 -1.77921
-2.8957 -2.35542 1.14082
4.15394 -1.44354 -0.0601

3.90737 0.23939 -1.37962
3.1588 -1.22593 2.12924
2.13359 0.62984 2.51427
-3.2814 -2.85516 -0.1071

-3.68785 -2.32746 -2.1636

-2.81399 -3.01537 2.00103
3.88214 -1.97983 1.20277
4.72375 -2.01908 -0.78555
2.94371 -1.6319 3.11458

-3.49556 -3.91269 -0.22433
4.23458 -2.97497 1.46161

OO0 OO0 0000000000000 O0D0DO0DO0DO0DO0DO0ODO0ODO0ODO0ODO0ODO0ODO0ODOO0OOOoO

o

CO(dioxane)

E(RB3LYP) = -113.304460442
G(correction)= -0.014105
E(RMO6) = -113.28067631

6 0 0. 0. -0.65015
8 0 0. 0. 0.48762
CO(iPrOH)

E(RB3LYP) = -113.301484109
G(correction)= -0.014118
E(RMO6) =-113.27785817

0. -0.65011

0 o
0 o 0. 0.48758
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TS3A-1a(dioxane) E(RB3LYP) = -1820.63433397

E(RB3LYP) = -1820.62171125 G(correction)= 0.284931

G(correction)= 0.286296 E(RMO6) = -1821.28054299

E(RMO6) = -1821.2646599 Imaginary frequencies: 1 (-289.4109 cm)

Imaginary frequencies: 1 (-275.7981 cm™)

46 0 0.22515 -0.65222 1.18809
46 0 0.23452 -0.55195 1.17366 6 0 1.57114 -1.68834 -0.07115
6 0 1.58916 -1.72054 0.0319 6 0 -0.97118 0.10199 2.58401
6 0 -0.97512 0.28619 2.50619 6 0 0.91532 -2.36283 1.60193
6 0 0.81791 -2.27958 1.6558 7 0 -0.62701 0.32905 -0.59364
7 0 -0.61315 0.28009 -0.68324 6 0 1.0868 -2.01611 -1.35746
6 0 1.16644 -2.08184 -1.26704 6 0 2.91471 -1.34958 0.15779
6 0 2.93389 -1.42469 0.31579 8 0 -1.63637 0.55971 3.38708
8 0 -1.61946 0.7871 3.2994 8 0 1.05662 -3.42921 2.03986
8 0 0.84856 -3.34376 2.12669 6 0 -1.78744 -0.38932 -1.14119
6 0 -1.77387 -0.48417 -1.15584 16 0 -0.64703 1.93892 -0.67664
16 0 -0.70062 1.89646 -0.80522 6 0 -0.3207 -2.46481 -1.72678
6 0 -0.23062 -2.49919 -1.70847 6 0 2.02833 -1.96642 -2.39833
6 0 2.16514 -2.1144 -2.25366 6 0 3.81903 -1.31558 -0.90073
6 0 3.8953 -1.47007 -0.68796 1 0 3.24568 -1.10734 1.16323
1 0 3.22001 -1.15996 1.32959 6 0 -1.5882 -1.91908 -1.0341
6 0 -1.51784 -2.00297 -1.02084 1 0 -1.93987 -0.11414 -2.19209
1 0 -1.98018 -0.23947 -2.20578 6 0 -3.03914 0.0009 -0.34403
6 0 -3.0062 -0.11628 -0.31419 6 0 1.08406 2.27153 -0.26373
6 0 1.01813 2.28656 -0.36627 8 0 -1.4747 2.59953 0.37509
8 0 -1.54476 2.5355 0.23731 8 0 -0.8893 2.43454 -2.05815
8 0 -0.91182 2.35472 -2.1967 1 0 -0.43439 -2.31034 -2.80659
1 0 -0.24984 -3.59802 -1.64569 1 0 1.69739 -2.19096 -3.40927
1 0 1.88011 -2.36984 -3.27124 6 0 3.36473 -1.62431 -2.18361
6 0 3.49923 -1.81553 -1.98058 1 0 4.85658 -1.0476 -0.72447
1 0 4.93245 -1.23803 -0.46494 6 0 -2.81058 -2.63957 -1.62958
6 0 -2.71208 -2.77976 -1.60184 1 0 -1.54938 -2.16371 0.03411
1 0 -1.47239 -2.22827 0.0508 8 0 -3.25157 -0.333  0.81021
7 0 1.49157 1.70513 0.73747 6 0 1.86029 3.0612 -1.10415
6 0 1.73627 3.1902 -1.14337 1 0 4.0503 -1.59669 -3.02644
1 0 4.23003 -1.8517 -2.78402 1 0 -2.7017 -3.72547 -1.53157
1 0 -2.58412 -3.85822 -1.45553 1 0 -2.92547 -2.40592 -2.6955
1 0 -2.81909 -2.59584 -2.67845 1 0 -3.73705 -2.3553 -1.11812
1 0 -3.65105 -2.49408 -1.11587 6 0 -4.98226 1.3429 -0.32621
6 0 2.73781 2.01055 1.11962 6 0 3.18536 3.28783 -0.72344
6 0 3.0317 3.50653 -0.73318 1 0 1.4451 3.46946 -2.01815
1 0 1.28679 3.61279 -2.03432 1 0 -5.62535 0.53686 0.03761
1 0 -5.54346 0.48916 0.23526 1 0 -5.51627 1.96196 -1.04766
1 0 -5.48363 1.87013 -0.91034 1 0 -4.63318 1.949 0.51435
6 0 3.54284 2.90932 0.4194 1 0 3.83619 3.89502 -1.34562
1 0 3.63246 4.20675 -1.30646 1 0 4.68126 2.86992 0.78681
1 0 4.54537 3.12968 0.77193

TS3B-1a(dioxane)
TS3A-1a(iPrOH) E(RB3LYP) = -1820.61074871
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G(correction)= 0.285532 G(correction)= 0.285233

E(RMO06) = -1821.25717398 E(RMO06) = -1821.27776206

Imaginary frequencies: 1 (-242.4261 cm™) Imaginary frequencies: 1 (-252.5046 cm™)

46 0 0.09724 -1.27615 -0.49361 46 0 0.05842 -1.41789 -0.41721
6 0 1.28869 -1.89431 0.81438 6 0 1.431 -1.93686 0.74456

6 0 0.15763 -2.47615 -2.00418 6 0 -0.18443 -2.83756 -1.71468
7 0 -0.87821 0.62434 -0.90556 7 0 -0.85838 0.55517 -0.8931

6 0 1.03241 -0.20097 1.40892 6 0 1.06184 -0.23854 1.36627
8 0 1.89002 -2.71579 1.38396 8 0 2.19946 -2.68863 1.19072
8 0 0.2003 -3.19419 -2.89235 8 0 -0.30997 -3.69282 -2.46154
6 0 -0.44879 1.53418 0.16848 6 0 -0.36796 1.50393 0.12042

[

6

o

-2.48568 0.49637 -1.04761
0.97851 1.16884 0.66488
0.21582 -0.30655 2.12666
1.9873 -0.24872 1.93506
-1.10541 1.48157 1.04975
-0.45737 2.99544 -0.29998
-3.00118 -0.45796 0.43815
-2.78992 -0.36788 -2.2001
-3.17792 1.79379 -0.90439
2.05457 1.34389 -0.44139
1.2166 1.88155 1.46887
-0.23097 3.38177 -1.42266
-0.69357 3.814 0.748
-2.11908 -1.35213 0.89213
-4.25457 -0.25437 1.01089
2.15191 2.41611 -0.64042
1.69165 0.89325 -1.36984
3.39373 0.75647 -0.06582
-0.70414 5.21938 0.43664
-2.46223 -2.10659 1.94568
-4.60649 -1.04229 2.10647
-4.91626 0.50362 0.6075
3.83045 -0.45033 -0.62976
4.20289 1.37596 0.89865
0.2607 5.53357 0.02691
-0.90123 5.72992 1.3807
-1.49127 5.4427 -0.28911
-1.71705 -2.82239 2.28424
-3.69651 -1.988 2.58294
-5.57464 -0.91828 2.58318
5.04004 -1.02885 -0.23713
3.21782 -0.93641 -1.38626
5.41116 0.80101 1.29414
3.88257 2.31849 1.33851
-3.93187 -2.61885 3.43405
5.83221 -0.40631 0.72874
5.36204 -1.96402 -0.68771
6.02692 1.29648 2.04043
6.77345 -0.85419 1.03578

[any

6 0 -2.46128 0.54696 -1.06496
1.05695 1.10955 0.6036
0.20675 -0.35486 2.03655
1.98207 -0.30606 1.94723
-1.00248 1.52234 1.01847
-0.32296 2.93569 -0.424
-3.13453 -0.24078 0.44096
-2.80046 -0.35313 -2.1916
-3.046 1.91234 -1.07444
2.12386 1.21304 -0.5154
1.32791 1.83549 1.38363
-0.15312 3.24711 -1.58597
-0.43898 3.82193 0.57911
-2.47523 -1.32684 0.84783
-4.25849 0.27856 1.0759
2.20413 2.26697 -0.80279
1.77601 0.6682 -1.3989
3.47746 0.69224 -0.09096
-0.34222 5.21408 0.20592
-2.926 -1.95943 1.9386
-4.72297 -0.38974 2.21177
-4.74251 1.17144 0.69786
3.97986 -0.5088 -0.60963
4.23872 1.38055 0.86701
0.63062 5.41981 -0.24976
-0.45416 5.77378 1.13517
-1.13987 5.47426 -0.4954
-2.36654 -2.83787 2.25019
-4.04723 -1.52762 2.65128
-5.59571 -0.0227 2.74403
5.20954 -1.01632 -0.17958
3.40054 -1.05176 -1.35348
5.46661 0.87717 1.29935
3.86362 2.31697 1.27478
-4.37339 -2.07227 3.53155
5.95539 -0.32583 0.77798
5.58216 -1.95011 -0.59318
6.04379 1.42353 2.04124
6.91165 -0.71825 1.11427

P RPPRPOFRPPFPODFRPROODFRPROORPPRPPOORFRPROODOODOODOOERLEFEPONO0OOOREOGOOOOOOOREFEEOO
eleolNeoleololNeolNolololNolololNolololNoelNeolololNolololNolololNeolololNeolNolololololNolNo oo
P P RPORPPFRPOODCFRPOFRPROOFRPRRPERPRPOODORFRPROODODOODDEREPEFEPONOCOOERFR OO0 REEO

TS3B-1a(iPrOH)
E(RB3LYP) = -1820.62873213
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7. NMR Spectra

The chemical shifts of the solvents signals (used in this SlI) observed for *H NMR and
13C NMR spectra are listed in the following chart. The multiplicity is shown as 1 for
singlet, 2 for doublet, etc.

Solvent

IH NMR Chemical Shift
(ppm)

13C NMR Chemical Shift
(ppm)

19F NMR Chemical Shift
(ppm)

CDClz

7.26 (1)

77.2 (3)

HFIP

-75.7 (1)

In the following table are the chemical shifts of the water signal in the solvents listed
before (H-O in aprotic solvents or HOD in protic solvents).

Solvent IH NMR Chemical Shift (ppm)
Acetone 2.84
Chloroform 1.56

5101
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(S)-Methyl 3-methyl-2-(pyridine-2-sulfonamido)butanoate (I)

IH NMR (CDCls, 300 MHz)
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(25*,3R*)-Methyl 3-methyl-2-(pyridine-2-sulfonamido)pentanoate (Il)

IH NMR (CDCls, 300 MHz)
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(R)-N-(3-Methylbutan-2-yl)pyridine-2-sulfonamide (ll)

IH NMR (CDCls, 300 MHz)
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(2S,3S)-Methyl 3-methyl-4-phenyl-2-(pyridine-2-sulfonamido)butanoate (1a)

IH NMR (CDCls, 300 MHz)
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(2S,3S)-Methyl 3-methyl-2-(pyridine-2-sulfonamido)-4-(p-tolyl)butanoate (1b)

IH NMR (CDCls, 300 MHz)
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(2S,3S)-Methyl  3-methyl-2-(pyridine-2-sulfonamido)-4-(4-(trifluoromethyl)phenyl)
butanoate (1c)

IH NMR (CDCls, 300 MHz)
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(25*,3S*)-Methyl 3-benzyl-2-

IH NMR (CDCls, 300 MHz)

Catalysis Science & Technology Page 122 of 179

(pyridine-2-sulfonamido)pentanoate (4a)
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(25*,3S*)-Methyl 3-(4-methylbenzyl)-2-(pyridine-2-sulfonamido)pentanoate (4b)

IH NMR (CDCls, 300 MHz)
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2-(pyridine-2-sulfonamido)-3-(4-(trifluoromethyl)benzyl)

oz'L
€L
P-Wi0j0I0|yd 92°L

IH NMR (CDCls, 300 MHz)
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19F NMR (CDCls, 282 MHz)
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(2S,3S)-Methyl 4-(4-methoxyphenyl)-3-methyl-2-(pyridine-2-
sulfonamido)butanoate (1d)

IH NMR (CDCls, 300 MHz)
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(2S,3S)-Methyl  4-(4-chlorophenyl)-3-methyl-2-(pyridine-2-sulfonamido)butanoate
(1e)

IH NMR (CDCls, 300 MHz)
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(2S,3S)-Methyl  4-(4-fluorophenyl)-3-methyl-2-(pyridine-2-sulfonamido)butanoate
(1f)

IH NMR (CDCls, 300 MHz)
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(2S,3S)-Methyl 4-(4-bromophenyl)-3-methyl-2-(pyridine-2-sulfonamido)butanoate
(19)

IH NMR (CDCls, 300 MHz)
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Methyl 4-((2S,3S)-4-methoxy-2-methyl-4-ox0-3-(pyridine-2-sulfonamido)butyl)
benzoate (1h)

IH NMR (CDCls, 300 MHz)
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(2S,3S)-Methyl
(10)
IH NMR (CDCls, 300 MHz)

Catalysis Science & Technology

3-methyl-4-(4-nitrophenyl)-2-(pyridine-2-sulfonamido)butanoate
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(2S,3S)-Methyl 3-methyl-2-(pyridine-2-sulfonamido)-4-(m-tolyl)butanoate (1j)

IH NMR (CDCls, 300 MHz)
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(2S,3S)-Methyl 3-methyl-2-(pyridine-2-sulfonamido)-4-(3-(trifluoromethyl)phenyl)-

butanoate (1k).

IH NMR (CDCls, 300 MHz)
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(2S,3S)-Methyl 3-methyl-2-(pyridine-2-sulfonamido)-4-(o-tolyl)butanoate (1)

IH NMR (CDCls, 300 MHz)
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(2S,3S)-Methyl  4-(2-fluorophenyl)-3-methyl-2-(pyridine-2-sulfonamido)butanoate
(Im).

IH NMR (CDCls, 300 MHz)
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(2S,3S)-Methyl  4-(2-chlorophenyl)-3-methyl-2-(pyridine-2-sulfonamido)butanoate
(1n).

IH NMR (CDCls, 300 MHz)
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N-((2R,3S)-3-Methyl-4-(p-tolyl)butan-2-yl)pyridine-2-sulfonamide (6a)

IH NMR (CDCls, 300 MHz)
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Methyl N-(SO2Py)-y-(p-trifluoromethylphenyl)-L-valyl-glycinate (8)

IH NMR (CDCls, 300 MHz)
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(2S,3R)-Methyl
(3a)

IH NMR (CDCls, 300 MHz)

ogy

3-benzyl-5-o0x0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-carboxylate
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(3S,4S)-Methyl 4-methyl-1-oxo0-2-(pyridin-2-ylsulfonyl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine-3-carboxylate (2a)

IH NMR (CDCls, 300 MHz)
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(2S,3R)-Methyl 3-(4-methylbenzyl)-5-ox0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-
carboxylate (3b)

IH NMR (CDCls, 300 MHz)
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(3S,4S)-Methyl 4,8-dimethyl-1-ox0-2-(pyridin-2-yIsulfonyl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine-3-carboxylate (2b)

IH NMR (CDCls, 300 MHz)
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(2S,3R)-Methyl 5-0x0-1-(pyridin-2-ylsulfonyl)-3-(4-
(trifluoromethyl)benzyl)pyrrolidine-2-carboxylate (3c)

IH NMR (CDCls, 300 MHz)
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19F NMR (CDCls, 282 MHz)
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(2S,3R)-Methyl
carboxylate (3d)

IH NMR (CDCls, 500 MHz)

Catalysis Science & Technology

3-(4-methoxybenzyl)-5-ox0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-
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(3S,4S)-Methyl 8-methoxy-4-methyl-1-ox0-2-(pyridin-2-ylsulfonyl)-2,3,4,5-
tetrahydro-1H-benzo[clazepine-3-carboxylate (2d)

IH NMR (CDCls, 300 MHz)
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(2S,3R)-Methyl 5-0x0-1-(pyridin-2-ylsulfonyl)-3-(4-chlorobenzyl)pyrrolidine-2-
carboxylate (3e)

IH NMR (CDCls, 300 MHz)
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(3S,4S)-Methyl 8-chloro-4-methyl-1-o0x0-2,3,4,5-tetrahydro-1H-benzo[c]azepine-3-
carboxylate (2e)

IH NMR (CDCls, 300 MHz)
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3-(4-fluorobenzyl)-5-oxo-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-

(2S,3R)-Methyl

carboxylate (3f)

IH NMR (CDCls, 500 MHz)
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(3S,4S)-Methyl 8-fluoro-4-methyl-1-oxo-2-(pyridin-2-ylsulfonyl)-2,3,4,5-tetrahydro-
1H-benzo[c]azepine-3-carboxylate (2f)

IH NMR (CDCls, 300 MHz)
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(2S,3R)-Methyl
carboxylate (39)

Catalysis Science & Technology

IH NMR (CDCls, 300 MHz)

5-o0x0-1-(pyridin-2-ylsulfonyl)-3-(4-bromobenzyl)pyrrolidine-2-
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(3S,4S)-Methyl 8-bromo-4-methyl-1-oxo-2-(pyridin-2-ylsulfonyl)-2,3,4,5-
tetrahydro-1H-benzo[clazepine-3-carboxylate (2g)

IH NMR (CDCls, 300 MHz)
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(2S,3R)-Methyl 3-(4-(methoxycarbonyl)benzyl)-5-oxo-1-(pyridin-2-
ylsulfonyl)pyrrolidine-2-carboxylate (3h)

IH NMR (CDCls, 300 MHz)
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(3S,4S)-Dimethyl 4-methyl-1-oxo0-2-(pyridin-2-ylsulfonyl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine-3,8-dicarboxylate (2h)

IH NMR (CDCls, 300 MHz)
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(2S,3R)-Methyl 3-(4-nitrobenzyl)-5-oxo0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-
carboxylate (3i)

IH NMR (CDCls, 300 MHz)
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(2S,3R)-Methyl 3-(3-methylbenzyl)-5-oxo0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-
carboxylate (3j+2))

IH NMR (CDCls, 500 MHz)
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5-0x0-1-(pyridin-2-ylsulfonyl)-3-(3-(trifluoromethyl)benzyl)

(2S,3R)-Methy!

pyrrolidine-2-carboxylate (3k)

IH NMR (CDCls, 300 MHz)
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(2S,3R)-Methyl 3-(2-methylbenzyl)-5-ox0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-
carboxylate (3I)

IH NMR (CDCls, 300 MHz)
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(3S,4S)-Methyl  4,6-dimethyl-1-ox0-2-(pyridin-2-ylsulfonyl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine-3-carboxylate (2I)

IH NMR (CDCls, 300 MHz)
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(2S,3R)-Methyl 3-(2-fluorobenzyl)-5-oxo-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-
carboxylate (3m)

IH NMR (CDCls, 500 MHz)
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(3S,4S)-Methyl 6-fluoro-4-methyl-1-oxo-2-(pyridin-2-ylsulfonyl)-2,3,4,5-tetrahydro-

1H-benzo[c]azepine-3-carboxylate (2m)

IH NMR (CDCls, 500 MHz)
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(2S,3R)-Methyl 3-(2-chlorobenzyl)-5-oxo0-1-(pyridin-2-ylsulfonyl)pyrrolidine-2-
carboxylate (3n)

IH NMR (CDCls, 300 MHz)
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(4R,5R)-5-Methyl-4-(4-methylbenzyl)-1-(pyridin-2-ylsulfonyl)pyrrolidin-2-one (7a)

IH NMR (CDCls, 300 MHz)
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(S)-Methyl 1-((2S,3R)-5-0x0-1-(pyridin-2-ylsulfonyl)-3-(4-(trifluoromethyl)
benzyl)pyrrolidine-2-carbonyl)pyrrolidine-2-carboxylateone (9)

IH NMR (CDCls, 500 MHz)
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(3S*,45*)-Methyl

benzo[c]azepine-3-carboxylate (5a)

IH NMR (CDCls, 300 MHz)
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4-ethyl-1-oxo0-2-(pyridin-2-ylsulfonyl)-2,3,4,5-tetrahydro-1H-
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(35*,4S*)-Methyl 4-ethyl-8-methyl-1-0x0-2-(pyridin-2-ylsulfonyl)-2,3,4,5-tetrahydro
-1H-benzo[clazepine-3-carboxylate (5b)

IH NMR (CDCls, 300 MHz)
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4-ethyl-1-oxo0-2-(pyridin-2-ylsulfonyl)-8-(trifluoromethyl)-2,3,4,5-

tetrahydro-1H-benzo[c]azepine-3-carboxylate (5¢)

(3S*,45*)-Methyl

IH NMR (CDCls, 300 MHz)

HEAN
g1/

LT~
88T~
681~
ird

6LT—
68'C—
[{x4 “
we

vee—

or's —

P-LWI0J0I01LD 9Z°L
6T°L

S0,
o 'COzMe

FsC

FoeT
T

4
01
+81°€

AMTT
T
0’1

01

60°T

=660
=00'T

0.0

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

55

9.5

10.0

13C NMR (CDCls, 75 MHz)

€0CT —

S0 —

L6'6E —

YT —

WS —

8809 —

P-WLI0JOIOYD OT"2L —

LTTWT \

0L°66T —

LT9ST —

9L°89T ~_
69T

SE'STT —
8L'G7T —

£6'921
16971\
€021 -7
80°22T 7
vLLTT —

00°6ZT /
9T'62T U

TT6CT —
ST'6CT \
om.mNﬁ\\‘
Ly'6CT
16621
mm.mmﬁ\‘
9€°0€T

T8'0ET

130 129 128 127 126 125
f1 (ppm)

131

190 180 170 160 150 140 130 120 110 100 EY 80 70 60
f1 (ppm)

200

5153



Catalysis Science & Technology Page 168 of 179

19F NMR (CDCls, 282 MHz)
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