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1. General Information

Unless otherwise noted, all solvents were dried by filtration through a Pure-Solv MD-5 Solvent
Purification System (Innovative Technology). Toluene and 2-methyltetrahydrofuran (MeTHF) used for
the key reactions were distilled freshly over sodium and carefully freeze-pump-thawed. Cyclopentanone
used for the key reactions was fractionally distilled and carefully freeze-pump-thawed. 1-octene used for
the key reactions was distilled freshly over calcium hydride and carefully freeze-pump-thawed. All the
key reactions were carried out under nitrogen atmosphere with a stir bar in a sealed vial. Reaction
temperatures were reported as the temperatures of the bather surrounding the vials. Sensitive ligands and
metal catalysts and solvents were transferred under nitrogen into a nitrogen-filled glovebox with
standard techniques. Analytical thin-layer chromatography (TLC) was carried out using 0.2 mm
commercial silica gel plates (silica gel 60, F254, EMD chemical). Vials [15 x 45 mm 1 dram (4 mL)
with PTFE lined cap attached] were purchased from Qorpak and flame-dried and cooled in a desiccator
before use. High-resolution mass spectra were recorded on an Agilent 6530 LC Q-TOF mass
spectrometer using electrospray ionization with fragmentation voltage set at 115 V and processed with
an Agilent MassHunter Operating System. Infrared spectra were recorded on a Nicolet 380 FTIR using
neat thin film technique. Nuclear magnetic resonance spectra (' H NMR and '*C NMR) were recorded
with Bruker Model DMX 500 (500 MHz, ' H at 500 MHz, °C at 126 MHz) or Bruker Model DMX 400
(400 MHz, "' H at 400 MHz, Bc at 101 MHz). Unless otherwise noted, all spectrums were acquired in
CDCls. Chemical shifts are reported in parts per million (ppm, J), downfield from tetramethylsilane
(TMS, & = 0.00 ppm) and are referenced to residual solvent (CDCls, 8 = 7.26 ppm ('H) and 77.00 ppm
(*C)). Coupling constants were reported in Hertz (Hz). Data for '"H NMR spectra were reported as
follows: chemical shift (ppm, referenced to protium, s = singlet, d = doublet, t = triplet, q = quartet, quin
= quintet, dd = doublet of doublets, td = triplet of doublets, ddd = doublet of doublet of doublets, m =
multiplet, coupling constant (Hz), and integration). 2,2-Dimethyl-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine
(L4),' 3,4-dihydro-2H-pyrido[3,2-b][1,4]oxazine (L7),” Hex-5-en-1-ylbenzene (2g)’ and 8-methylnona-
1,7-diene (2h)* were synthesized by following literature procedures. 10-Methoxydec-1-ene (2i),” (dec-9-
en-1-yloxy)triisopropylsilane 2j),° dec-9-en-1-yl acetate (2k)’ and 2-(dec-9-en-1-yl)isoindoline-1,3-
dione (2m)* were synthesized from dec-9-en-1-ol by following literature procedures. 3,3-
Dimethylcyclopentan-1-one was synthesized from 3-methylcyclopent-2-en-1-one by following literature

procedure.” 1-(1H-inden-2-yl)-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine (5) was synthesized from 2-

S2



indanone and 7-azaindoline by following literature procedure.' All other materials were obtained from

commercial sources and were used as received.
2. Experimental Procedure and Characterization Data

Table S1: Optimization study for the Ir(I)-catalyzed direct a-alkylation of cyclopentanone with 1-

octenel™
N/ N (0.2 mmol)
H
[Ir(COD),]BArF (2 mol%®!) :
b [
0 rac-BINAP (2 mol%! ;) 0 SOgH! 4
~ MSA *2H,0 (5 mol%!) : >( Y
* 7 "CeHiz EBUNHIPr (20 mol%P)) CeH1s :
neat, 130 °C, 96 h MSA . t-BuNHi-Pr
1a 2a 'standard’ conditions 3a
entry variations from the 'standard' conditions TON of [Ir]® d.r. of 3al¥  branched/li
neart®!
1 None 43 (40) 1.3:1 > 20:1
2 without L1 <1 - -
3 L2-L7 instead of L1 listed below
4 without MSA ¢ 2H,0 26 1.4:1 > 20:1
5 TsOH<*H,0 instead of MSA*2H,0 33 1.3:1 > 20:1
6 MsOH instead of MSA*2H,0 36 1.3:1 > 20:1
7 PPTS instead of MSA*2H,0 35 1.3:1 >20:1
8 without -BuNH/-Pr 33 1.3:1 > 20:1
9 tol-BINAP instead of BINAP 33 1.3:1 >20:1
10 xyl-BINAP instead of BINAP 18 1.3:1 > 20:1
11 p-CF3-BINAP instead of BINAP 13 1.3:1 > 20:1
12 BIPHEP instead of BINAP 22 1.3:1 > 20:1
13 dppf instead of BINAP 3 1.4:1 2:1
14 dppb instead of BINAP 6 1.3:1 11:1
15 DIOP instead of BINAP 8 1.3:1 17:1
16 [Rh(COD),]BAIF instead of [Ir(COD),]BArF <1 - -
oL L Cox CL,.. &~
2 : PPh
NZ “NH, N“NHMe NN OO PPh, 2
L2 L3 L4 E PPh, PPh,
TON < 1 TON < 1 TON<1 ! PAr O <~
' PAr;
Et oL ! OO BIPHEP dp
D oo OO :
N7 N L~ Z : o
H NN N" 'N° ! BINAP: Ar=Ph PPh, < PPh,
L5 L6 L7 + tol-BINAP: Ar = p-Me-CgHy PPh, o— ", -PPhz
TON: 38¢ TON: 5¢ TON <1 ' xyl-BINAP: Ar = 3,5-(Me)»-CgH3
dr 1.2:1 dr: 1"3:1 E p-CF3-BINAP: Ar = p-CF3-CgHs  dppb DIOP
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[a] Run with 0.2 mmol of L1, 0.5 mL of cyclopentanone and 0.5 mL of 1-octene. [b] Based on L1. [c] TON determined by
GC using dodecane as the internal standard; value in parentheses is based on isolated products. [d] Determined by GC. d.r.=
diastereomeric ratio. [e] Branched/linear > 20:1.

General procedure A: Ir(l)-catalyzed a-alkylation of cyclopentanone using 1-octene:

| N L1
N/ N (0.2 mmol)
H
[I(COD),]BArF (2 mol%)  jeeeeeeacceeeaas S .
BINAP (2 mol%) ,

0 o) : ' H
MSA*2H,0 (5 mol%) ; : N
é * P Cetis  LBUNREPr (20 mol%) é)\CsHm 5 : >|/ \|/
3a i :

neat, 130 °C, 96 h t-BuNHi-Pr

1a 2. ¥ MSA i _______________ i

A 4-mL vial charged with a stir bar and rac-BINAP (2.5 mg, 0.004 mmol) was loosely capped and was
transferred into a glove box. To this vial was added [[r(COD);]|BArF (5.1 mg, 0.004 mmol) and 0.1 mL
of cyclopentanone (1a). This mixture was stirred for 5 min before it was transferred to another vial
containing 7-azaindoline (L1) (24 mg, 0.2 mmol) and 2-mesitylenesulfonic acid dihydrate (MSA-2H,0)
(2.4 mg, 0.005 mmol) in 0.1 mL of cyclopentanone (1a). Another 0.3 mL of cyclopentanone (1a) was
added to the first vial and was further transferred to the vial containing L1. tBuNHiPr (4.6 mg, 0.04
mmol) was then added followed by the addition of 0.5 mL of 1-octene (2a). The vial was tightly capped,
removed from glove box and heated at 130 °C for 96 h. After the completion of the reaction, the mixture
was cooled to room temperature, diluted with ethyl acetate and passed through a short pad of silica gel.
After concentration in vacuum, the crude mixture was subjected to flash chromatography (silica gel,
Hexane/Et,0=40:1 to 30:1) to give the desired product 3a (31 mg, TON [based on iridium] = 40) as a

colorless oil.

General procedure B: Ir(l)-catalyzed a-alkylation of 1-indanone using 1-octene:
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N/ N ©@2mmol)

H : SO3H
[I(COD),]BAIF (2 mol%) :

O BINAP (2 mol%) O i ! WH |
MSA*2H,0 (5 mol%) : : 2y

* A CeHis t-octylamine (40 mol%) o ; WSA i t-octylamine !
613 ' '

toluene, 150°C,48h 7 T e T e
1c 2a then HCI (6 M), 110°C, 1 h 4b

A 4-mL vial charged with a stir bar, 1-indanone (1¢) (264 mg, 2 mmol), 7-azaindoline (L1) (24 mg, 0.2
mmol) and 2-mesitylenesulfonic acid dihydrate (MSA-2H,0) (2.4 mg, 0.005 mmol) was loosely capped
and was transferred into a glove box. To this vial was added 0.2 mL of toluene and the resulted mixture
was well stirred. Another 4-mL vial charged with a stir bar and rac-BINAP (2.5 mg, 0.004 mmol) was
loosely capped and was transferred into the glove box. To this vial was added [Ir(COD),]BATrF (5.1 mg,
0.004 mmol) and 0.1 mL of toluene. This mixture was stirred for 10 min before it was transferred to the
first vial containing 1-indanone (1c). t-Octylamine (10.3 mg, 0.08 mmol) was then added to the same
vial followed by the addition of 0.5 mL of 1-octene. The vial was tightly capped, removed from the
glove box and heated at 150 °C for 48 h. After completion of the reaction, the mixture was cooled to
room temperature. To this vial was further added 0.4 mL of HCI (6 M) and then was tightly capped and
heated at 110 °C for 1 h. After cooling to room temperature, the reaction mixture was diluted with ethyl
acetate and the organic layer was passed through a short pad of silica gel and K,CO;. After
concentration in vacuum, the crude mixture was subjected to flash chromatography (silica gel,
Hexane/Et,0=25:1 to 10:1) to give the desired product 4b (31 mg, TON [based on iridium] = 32) as a

colorless oil and to recover the remaining 1-indanone 1c¢ (209 mg, recovering yield = 80%).
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Table S2: Condition optimizations when cyclopentanone was used as the limiting reagent'™

(0]

é ,
1a

0.2 mmol

entry X
1 1
2 0.8
3 0.6
4 0.4
5 0.2
6 0.6
7 0.6
8 0.6
9 0.6
10 0.6
11 0.6
12 0.6
13 0.6
14 0.6
159 0.6

o L1
Z~N (x mol%)
H
[Ir(COD),]BArF (5 mol%)
rac-BINAP (5 mol%)

additive (40 mol%)

0
MSA®2H,0 (5 mol%)
N .
7" “CeH1s £BUNHI-Pr (20 mol%) CeHi3

yield of 5a (%)"!

2a solvent, 130 °C, 48 h 5a
400 pL

additive solvent

- toluene 23
- toluene 40
- toluene 43
- toluene 38
-- toluene 29
-- 1,4-dioxane 41
- THF 21
- MeTHF 33
H,O toluene 23
PhCO,H toluene 21
4-Me-2-amino-PhCO,H toluene 26
2,6-lutidine toluene 48
2,6-bi-tBu-4-Me-pyridine  toluene 56
1,2,2,6,6-Mes-piperidine  toluene 53
2,6-bi-tBu-4-Me-pyridine toluene 72

MSA

SOzH >|/H \|/

' t-BuNHi-Pr

d.r.of 5al!  branched/linear!®

1.3:1
1.3:1
1.2:1
1.2:1
1.1:1
1.3:1
1.3:1
1.3:1
1.3:1
1.3:1
1.2:1
1.4:1
1.3:1
1.3:1
1.3:1

> 20:1

>20:1
>20:1
>20:1
>20:1
>20:1
>20:1
>20:1
>20:1
>20:1
>20:1
>20:1
>20:1

[a] Unless otherwise noted, all reactions were conducted with 0.2 mmol of 1a, 400 uL of octene (13 equiv) in 0.1 mL of
toluene; [b] GC yield by using dodecane as an internal standard. [c] Selectivities were determined by GC of the crude
products. [d] Reaction time = 96 h.

General procedure C: Ir(l)-catalyzed a-alkylation with cyclopentanone as the limiting reagent:

X

Z

[Ir(COD),]BArF (10 mol%)
0} BINAP (10 mol%)

L1

N
H

(60%)

MSA/2H,0 (5 mol%)
+ AN 2 >
é 7 "Celtrs t-BUNHI-Pr (20 mol%)
2,6-di-t-Bu-4-Mepyridine (40 mol%)
1a 2a toluene, 130 °C, 96 h
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A 4-mL vial charged with a stir bar and rac-BINAP (12.4 mg, 0.02 mmol) was loosely capped and was
transferred into a glove box. To this vial was added [Ir(COD),]BArF (25.4 mg, 0.02 mmol) and 0.1 mL
of toluene. This mixture was stirred for 5 min before it was transferred to another vial containing
cyclopentanone (la) (16.8 mg, 0.2 mmol), 7-azaindoline (L1) (14.4 mg, 0.12 mmol) and 2-
mesitylenesulfonic acid dihydrate (MSA-2H,0) (2.4 mg, 0.005 mmol). 2,6-di-t-Bu-4-methylpyridine
(16.4 mg, 0.08 mmol) and tBuNHIPr (4.6 mg, 0.04 mmol) was then added followed by the addition of
0.4 mL of 1-octene (2a) (2.6 mmol, 13 equiv). The vial was tightly capped, removed from glove box and
heated at 130 °C for 96 h. After completion of the reaction, the mixture was cooled to room temperature,
diluted with ethyl acetate and passed through a short pad of silica gel. After concentration in vacuum,
the crude mixture was subjected to flash chromatography (silica gel, Hexane/Et,0=40:1 to 30:1) to give
the desired product 3a (27 mg, 68% yield) as a colorless oil.

General procedure D: Ir(l)-catalyzed a-alkylation of 1-indanone with 1-indanone as the limiting

reagent:

| N L1
Z~N (0.2 mmol)

N" R
[I(COD),JBAIF (10 mol%)

O BINAP (10 mol%) O
MSA/2H,0 (5 mol%)
+ >
Cé 2 Cehhis t-BuNH/-Pr (20 mol%) -
2,6-di-t-Bu-4-Mepyridine (40 mol) 673
1c 2a toluene, 130 °C, 96 h 4b

A 4-mL vial charged with a stir bar and rac-BINAP (12.4 mg, 0.02 mmol) was loosely capped and was
transferred into a glove box. To this vial was added [Ir(COD),;|BArF (25.4 mg, 0.02 mmol) and 0.1 mL
of toluene. This mixture was stirred for 5 min before it was transferred to another vial containing 1-
indanone (1¢) (26.4 mg, 0.2 mmol), 7-azaindoline (L1) (14.4 mg, 0.12 mmol) and 2-mesitylenesulfonic
acid dihydrate (MSA-2H,0) (2.4 mg, 0.005 mmol). 2,6-Di-t-Bu-4-methylpyridine (16.4 mg, 0.08 mmol)
and tBuNHIiPr (4.6 mg, 0.04 mmol) was then added followed by the addition of 1-octene (2a) (400 uL
mg, 2.6 mmol, 13 equiv). The vial was tightly capped, removed from glove box and heated at 130 °C for
96 h. After completion of the reaction, the mixture was cooled to room temperature. To this vial was

further added 0.2 mL of HCI (6 M). The vial was tightly capped and was heated at 110 °C for 1 h. The
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mixture was then cooled to room temperature, diluted with ethyl acetate and passed through a short pad
of silica gel. After concentration in vacuum, the crude mixture was subjected to flash chromatography
(silica gel, Hexane/Et,0=25:1 to 10:1) to give the desired product 4b (21 mg, 43% yield) as a colorless

oil.

Example of increasing dr for product 3a:
1) TBSCI, Et3N, DMF, 130 °C

0 2) rac-BINOL SnCly, 0
toluene,—78 °C - rt
é)\C(‘;ng’ > é)\CGH:B

1.3:1dr 93%
6.5:1dr

To a solution of 3a (180 mg, 0.92 mmol) and triethylamine (2.2 mmol) in DMF (2 mL) was added
TBSCI (1.1 mmol) dropwise with stirring. The mixture was heated at 130 °C for 90 h. After cooling, the
mixture was diluted with Et,0O (10 mL) and washed with ice-cold aqueous NaHCOs3 solution (10 mL).
The aqueous phase was re-extracted with Et,O (3 X 10 mL). After drying over MgSO4 and concentration

in vacuo, the crude mixture wad directly used for the next step.

To a flame-dried 25 mL Schlenk tube containing rac-BINOL (1 mmol) and toluene (20 mL) was added
a solution of SnCl (1.0 mL, 1 mmol, 1.0 M solution in CH,Cl,) dropwise at room temperature. After
being stirred for 5 min, the reaction mixture was cooled to — 78 °C. The crude silyl ether obtained above
(considered as 0.9 mmol, dissolved in 1 mL of toluene) was added dropwise. After being stirred at — 78
°C for 6 h, the mixture was poured into saturated NH4Cl, extracted with Et,O twice, dried over MgSOy,
filtered, and concentrated in vacuo. Purification of the crude product by flash chromatography (eluent,

40:1 to 30:1 PE/Et,0) gave 3a (168 mg) with a 6.5:1 dr.

Characterization data of products
&)\/\/\/
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2-(octan-2-yl)cyclopentan-1-one 3a:'' Synthesized from cyclopentanone and 1-octene by following
general procedure A on a 0.2 mmol scale of L1. 31 mg obtained. TON (based on iridium) = 40. Or
synthesized from cyclopentanone and 1-octene by following general procedure C on a 0.2 mmol scale of
cyclopentanone. Yield = 68%. Isolated as a mixture with dr: 1.5:1. Colorless liquid. Rf = 0.4
(Hex:Et,0=20:1). '"H NMR (500 MHz, CDCl3) & 2.34 — 2.24 (m, 1H), 2.15 — 1.89 (m, 5H), 1.77 — 1.59
(m, 2H), 1.33 — 1.09 (m, 10H), 0.94 (d, J = 6.8 Hz, 1.2H), 0.90 — 0.83 (m, 3H), 0.74 (d, J = 6.7 Hz,
1.8H). *C NMR (101 MHz, CDCl3) & 221.70, 221.10, 54.94, 53.49, 39.37, 39.35, 35.40, 33.26, 32.49,
31.84,31.72,29.49, 29.37, 27.57, 27.29, 25.24, 23.63, 22.63, 20.72, 20.68, 18.05, 15.57, 14.07.

&)\/\/\/\/\/

2-(dodecan-2-yl)cyclopentan-1-one 3b:'' Synthesized from cyclopentanone and 1-dodecene by
following general procedure A on a 0.2 mmol scale of L1. 38 mg obtained. TON (based on iridium) =
38. Isolated as a mixture with dr: 2.5:1. Colorless liquid. R = 0.45 (Hex:Et,0=10:1). '"H NMR (500
MHz, CDCls) 6 2.38 — 2.24 (m, 1H), 2.18 — 1.91 (m, 5H), 1.82 — 1.62 (m, 2H), 1.37 — 1.11 (m, 18H),
0.95 (d, J = 6.9 Hz, 0.85H), 0.87 (t, J = 6.9 Hz, 3H), 0.74 (d, J = 6.8 Hz, 2.15H). °C NMR (101 MHz,

CDCl3) 6 221.78, 221.18, 54.95, 53.50, 39.37, 35.41, 33.28, 32.50, 31.90, 31.73, 29.85, 29.72, 29.64,
29.62,29.33,27.63, 27.34, 25.25, 23.62, 22.68, 20.73, 20.70, 18.07, 15.58, 14.11.

&)\/\/

2-(hexan-2-yl)cyclopentan-1-one 3c:'' Synthesized from cyclopentanone and 1-hexene by following
general procedure A on a 0.2 mmol scale of L1. 24 mg obtained. TON (based on iridium) = 36. Or
synthesized from cyclopentanone and 1-hexene by following general procedure C on a 0.2 mmol scale
of cyclopentanone. Yield = 59%. Isolated as a mixture with dr: 1.5:1. Colorless liquid. Rf = 0.4
(pentane:Et;0=20:1). "H NMR (500 MHz, CDCls) & 2.34 — 2.25 (m, 1H), 2.19 — 1.89 (m, 5H), 1.78 —
1.63 (m, 2H), 1.35 — 1.08 (m, 6H), 0.95 (d, J = 6.9 Hz, 1.2H), 0.92 — 0.83 (m, 3H), 0.74 (d, J = 6.8 Hz,
1.8H). °C NMR (101 MHz, CDCl3) § 221.76, 221.18, 54.96, 53.51, 39.39, 39.37, 35.09, 32.94, 32.44,
31.71,29.82,29.56, 25.24, 23.63, 22.86, 22.76, 20.73, 20.69, 18.07, 15.59, 14.08.
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2-(4-methylpentan-2-yl)cyclopentan-1-one 3d:'' Synthesized from cyclopentanone and 4-methylpent-
1-ene by following general procedure A on a 0.2 mmol scale of L1. 22 mg obtained. TON (based on
iridium) = 32. Isolated as a mixture with dr: 1:1. Colorless liquid. Rf = 0.4 (pentane:Et,0=20:1). 'H
NMR (500 MHz, CDCl3) 6 2.35 — 2.27 (m, 1H), 2.23 — 1.94 (m, 5H), 1.79 — 1.51 (m, 3.6H), 1.18 — 1.08
(m, 2H), 0.93 (d, J = 6.6 Hz, 1.5H), 0.90 — 0.83 (m, 5.4H), 0.73 (d, J = 6.7 Hz, 1.5H). °C NMR (101

MHz, CDCl3) 6 221.68, 221.00, 55.00, 53.63, 44.71, 42.51, 39.49, 39.41, 30.02, 29.22, 25.33, 25.25,
25.16,23.92,23.55,22.97, 22.42, 21.46, 20.76, 20.71, 18.00, 15.49.

&*

2-isopropylcyclopentan-1-one 3e:'""!'* Synthesized from cyclopentanone and pre-condensed propene by
following general procedure A on a 0.8 mmol scale of L1. 85 mg obtained. C TON (based on iridium) =
42. olorless liquid. Ry = 0.45 (pentane:Et,0=20:1). '"H NMR (500 MHz, CDCls) & 2.32 — 2.25 (m, 1H),

2.18 — 2.10 (m, 1H), 2.08 — 1.95 (m, 4H), 1.78 — 1.62 (m, 2H), 0.98 (d, J = 6.9 Hz, 3H), 0.81 (d, J = 6.7
Hz, 3H). *C NMR (101 MHz, CDCls) § 221.12, 55.07, 39.20, 27.37, 24.62, 21.12, 20.61, 18.40.

2-(1-cyclohexylethyl)cyclopentan-1-one 3f: Synthesized from cyclopentanone and vinylcyclohexane
by following general procedure A on a 0.2 mmol scale of L1. 8.5 mg obtained. TON (based on iridium)
= 11. Isolated as a mixture with dr: 1.7:1. Colorless liquid. Rs = 0.42 (Hex:Et,0=20:1). 'H NMR (500
MHz, CDCls) 6 2.39 —2.16 (m, 2H), 2.13 — 1.86 (m, 3H), 1.81 — 1.46 (m, 7H), 1.29 — 1.08 (m, 6H), 0.98
— 0.82 (m, 2.2H), 0.72 (d, J = 6.9 Hz, 1.9H). °C NMR (101 MHz, CDCls) & 222.50, 221.69, 51.81,
49.38, 41.44, 39.26, 38.22, 37.71, 37.02, 35.27, 33.42, 33.16, 31.01, 30.53, 29.60, 27.08, 26.67, 26.62,
26.52, 26.49, 26.37, 26.34, 24.04, 20.77, 20.74, 13.21. IR(KBr) 2958, 2924, 2853, 1738, 1465, 1406,
1378, 1268 cm™'. HRMS: caled. C13H,,0 [M]+: 194.1671. Found: 194.1704.
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2-(6-phenylhexan-2-yl)cyclopentan-1-one 3g: Synthesized from cyclopentanone and hex-5-en-1-
ylbenzene by following general procedure A on a 0.2 mmol scale of L1. 37 mg obtained. TON (based
on iridium) = 38. Or synthesized from cyclopentanone and hex-5-en-1-ylbenzene by following general
procedure C on a 0.2 mmol scale of cyclopentanone. Yield = 62%. Isolated as a mixture with dr: 1.3:1.
Colorless liquid. Rs = 0.45 (Hex:Et,0=20:1). '"H NMR (500 MHz, CDCl;) & 7.30 — 7.24 (m, 2H), 7.19 —
7.14 (m, 3H), 2.68 — 2.52 (m, 2H), 2.39 — 2.24 (m, 1H), 2.16 — 1.92 (m, 5H), 1.78 — 1.51 (m, 4H), 1.41 —
1.11 (m, 4H), 0.95 (d, J = 6.8 Hz, 1.7H), 0.75 (d, J = 6.7 Hz, 1.3H). °*C NMR (101 MHz, CDCI3) &
221.61, 221.07, 142.72, 142.65, 128.37, 128.36, 128.22, 128.19, 125.59, 125.54, 54.90, 53.47, 39.36,
39.33, 35.89, 35.86, 35.20, 33.04, 32.38, 31.72, 31.56, 31.50, 27.23, 26.96, 25.22, 23.68, 20.71, 20.67,
18.05, 15.61. IR(KBr) 2957, 2930, 2856, 1735, 1496, 1453, 1153 cm™'. HRMS: caled. Cj7H,50 [M+H]™:
245.1900. Found: 245.1894.

@)

é)\/\/\)\

2-(8-methylnon-7-en-2-yl)cyclopentan-1-one 3h: Synthesized from cyclopentanone and hex-5-en-1-
ylbenzene 8-methylnona-1,7-diene by following general procedure A on a 0.2 mmol scale of L1. 22 mg
obtained. TON (based on iridium) = 25. Or synthesized from cyclopentanone and hex-5-en-1-ylbenzene
8-methylnona-1,7-diene by following general procedure C on a 0.2 mmol scale of cyclopentanone. Yield
= 43%. Isolated as a mixture with dr: 1.3:1. Colorless liquid. Rf = 0.3 (Hex:Et,0=20:1). "H NMR (500
MHz, CDCls) 6 5.13 — 5.06 (m, 1H), 2.38 —2.22 (m, 1H), 2.16 — 1.90 (m, 7H), 1.78 — 1.62 (m, 5H), 1.59
(s, 3H), 1.35 — 1.10 (m, 6H), 0.95 (d, J = 6.9 Hz, 1.3H), 0.75 (d, J = 6.8 Hz, 1.7H). >C NMR (101 MHz,
CDCl3) 6 221.70, 221.11, 131.28, 131.21, 124.76, 124.70, 54.94, 53.50, 39.38, 39.37, 35.32, 33.17,
3248, 31.77, 30.01, 29.92, 27.97, 27.26, 27.00, 25.71, 25.26, 23.65, 20.74, 20.70, 18.08, 17.67, 17.66,
15.61. IR(KBr) 2962, 2929, 2876, 1734, 1457, 1378, 1155 cm. HRMS: caled. C;sH,;0 [M+H]™:
223.2056. Found: 223.2059.
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é)\/\/\/\/\OMe

2-(10-methoxydecan-2-yl)cyclopentan-1-one  3i:'' Synthesized from cyclopentanone and 10-
methoxydec-1-ene by following general procedure A on a 0.2 mmol scale of L1. 24 mg obtained. TON
(based on iridium) = 24. Isolated as a mixture with dr: 1.1:1. Colorless liquid. Rf = 0.25 (Hex:Et,0=5:1).
'H NMR (500 MHz, CDCl3) § 3.39 — 3.31 (m, 5H), 2.35 — 2.27 (m, 1H), 2.15 — 1.91 (m, 5H), 1.78 —
1.62 (m, 2H), 1.61 — 1.51 (m, 2H), 1.36 — 1.12 (m, 12H), 0.95 (d, J = 6.9 Hz, 1.4H), 0.74 (d, J = 6.7 Hz,
1.6H). °C NMR (101 MHz, CDCl3) § 221.75, 221.15, 72.95, 58.53, 54.95, 53.51, 39.39, 39.37, 35.39,
33.25, 32.49, 31.73, 29.75, 29.63, 29.55, 29.46, 27.59, 27.31, 26.13, 26.11, 25.26, 23.65, 20.73, 20.70,
18.07, 15.59.

0
Monps

2-(10-((triisopropylsilyl)oxy)decan-2-yl)cyclopentan-1-one 3j:'' Synthesized from cyclopentanone
and (dec-9-en-1-yloxy)triisopropylsilane by following general procedure A on a 0.2 mmol scale of L1.
52 mg obtained. TON (based on iridium) = 33. Isolated as a mixture with dr: 1.5:1. Colorless liquid. Rs =
0.35 (Hex:Et,0=20:1). "H NMR (400 MHz, CDCl3) § 3.66 (td, J = 6.7, 1.7 Hz, 2H), 2.36 — 2.25 (m, 1H),
2.18 = 1.91 (m, SH), 1.80 — 1.62 (m, 2H), 1.56 — 1.48 (m, 2H), 1.39 — 1.13 (m, 12H), 1.13 — 1.01 (m,
21H), 0.95 (d, J = 6.9 Hz, 1.2H), 0.75 (d, J = 6.8 Hz, 1.8H). >C NMR (101 MHz, CDCls) § 221.73,
221.13, 63.51, 54.94, 53.51, 39.39, 39.37, 35.41, 33.29, 33.04, 32.52, 31.75, 29.80, 29.68, 29.62, 29.45,
27.61,27.34, 25.81, 25.29, 23.64, 20.74, 20.70, 18.06, 18.03, 15.59, 12.03.

0
é)\/\/\/\/\om

9-(2-oxocyclopentyl)decyl acetate 3k:'' Synthesized from cyclopentanone and dec-9-en-1-yl acetate by
following general procedure A on a 0.2 mmol scale of L1. 27 mg obtained. TON (based on iridium) =
24. Tsolated as a mixture with dr: 1.1:1. Colorless liquid. R = 0.45 (CH,Cl,:Et,0=10:1). "H NMR (500
MHz, CDCls) 6 4.04 (td, J = 6.8, 2.0 Hz, 2H), 2.35 — 2.23 (m, 1H), 2.15 - 1.91 (m, 8H), 1.80 — 1.55 (m,
4H), 1.37 — 1.09 (m, 12H), 0.95 (d, J = 6.9 Hz, 1.6H), 0.74 (d, J = 6.8 Hz, 1.4H). >°C NMR (101 MHz,
CDCl3) 6 221.69, 221.12, 171.22, 64.64, 64.63, 54.95, 53.51, 39.39, 39.36, 35.37, 33.22, 32.46, 31.73,
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29.71, 29.61, 29.49, 29.47, 29.22, 28.59, 27.58, 27.30, 25.89, 25.25, 23.67, 21.02, 20.73, 20.69, 18.05,
15.60.

O
é)\/\/\/\/\COzMe

methyl 10-(2-oxocyclopentyl)undecanoate 3l: Synthesized from cyclopentanone and methyl undec-10-
enoate by following general procedure A on a 0.2 mmol scale of L1. 34 mg obtained. TON (based on
iridium) = 30. Isolated as a mixture with dr: 1.3:1. Colorless liquid. Rs = 0.4 (CH,CL:Et,0=20:1). 'H
NMR (500 MHz, CDCls) & 3.65 (s, 3H), 2.34 — 2.25 (m, 3H), 2.16 — 1.89 (m, 5H), 1.77 — 1.53 (m, 4H),
1.33 - 1.07 (m, 12H), 0.93 (d, J = 6.9 Hz, 1.3H), 0.73 (d, J = 6.8 Hz, 1.7H). >*C NMR (101 MHz, CDCl5)
0 221.64, 221.06, 174.27, 174.26, 54.91, 53.47, 51.38, 39.35, 39.33, 35.35, 34.07, 33.21, 32.45, 31.70,
29.70, 29.59, 29.38, 29.36, 29.19, 29.09, 27.54, 27.26, 25.24, 24.91, 23.63, 20.70, 20.67, 18.02, 15.56.
IR(KBr) 2927, 2854, 1738, 1458, 1436, 1197, 1166 cm”. HRMS: caled. C7H300; [M]": 282.2195.
Found: 282.2212.

O 0
é)\/\/\/\/\N
O

2-(9-(2-oxocyclopentyl)decyl)isoindoline-1,3-dione 3m: Synthesized from cyclopentanone and 2-(dec-
9-en-1-yl)isoindoline-1,3-dione by following general procedure A on a 0.2 mmol scale of L1. 55 mg
obtained. TON (based on iridium) = 37. Or synthesized from cyclopentanone and 2-(dec-9-en-1-
yl)isoindoline-1,3-dione by following general procedure C on a 0.2 mmol scale of cyclopentanone.
Yield = 39%. Isolated as a mixture with dr: 1.5:1. Colorless liquid. Rf = 0.42 (CH,Cl,:Et,0=50:1). 'H
NMR (500 MHz, CDCl3) 6 7.83 (dd, J = 5.4, 3.1 Hz, 2H), 7.70 (dd, J = 5.5, 3.1 Hz, 2H), 3.66 (td, J =
7.4, 1.9 Hz, 2H), 2.35 — 2.24 (m, 1H), 2.16 — 1.89 (m, 5H), 1.75 — 1.61 (m, 4H), 1.35 — 1.09 (m, 12H),
0.94 (d, J = 6.9 Hz, 1.2H), 0.73 (d, J = 6.8 Hz, 1.8H). *C NMR (101 MHz, CDCl3) & 221.67, 221.08,
168.42, 133.79, 133.78, 132.17, 123.11, 54.90, 53.47, 39.36, 39.34, 38.04, 35.35, 33.22, 32.48, 31.73,
29.70, 29.60, 29.42, 29.14, 28.57, 27.53, 27.28, 26.83, 25.28, 23.63, 20.71, 20.67, 18.03, 15.57. IR(KBr)
2927, 2854, 1772, 1733, 1713, 1466, 1396, 1369 cm™. HRMS: calcd. C,3H3,NO; [M+H]": 370.2377.
Found: 370.2375.
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O

MH

2-(11-hydroxy-11-methyldodecan-2-yl)cyclopentan-1-one 3n: Synthesized from cyclopentanone and
2-methyldodecan-2-o0l by following general procedure A on a 0.2 mmol scale of L1. 24 mg obtained.
TON (based on iridium) = 21. Isolated as a mixture with dr: 1.4:1. Colorless liquid. R = 0.4
(CH,Cly:Et,0=10:1). '"H NMR (500 MHz, CDCl3) § 2.34 — 2.25 (m, 1H), 2.15 — 1.90 (m, 5H), 1.77 —
1.61 (m, 2H), 1.49 — 1.41 (m, 2H), 1.37 - 1.12 (m, 21H), 0.95 (d, J = 6.8 Hz, 1.25H), 0.74 (d, J = 6.8 Hz,
1.75H). ®C NMR (101 MHz, CDCl3) & 221.75, 221.18, 71.03, 54.96, 53.50, 43.98, 39.39, 39.36, 35.38,
33.19, 32.44, 31.72, 30.16, 30.12, 29.75, 29.68, 29.59, 29.56, 29.49, 29.22, 29.19, 27.56, 27.30, 25.23,
24.32, 24.29, 23.66, 20.73, 20.69, 18.06, 15.60. IR(KBr) 3439, 2964, 2927, 2854, 1735, 1466, 1377,
1153 cm™. HRMS: caled. CigH340, [M]": 282.2559. Found: 282.2549.

11,13

2-(1-phenylethyl)cyclopentan-1-one 3o: Synthesized from cyclopentanone and styrene by
following general procedure A on a 0.2 mmol scale of L1. 7.5 mg obtained. TON (based on iridium) =
10. Isolated as a mixture with dr: 1.3:1. Colorless liquid. Ry = 0.35 (Hex:Et,0=10:1). '"H NMR (500
MHz, CDCl3) 6 7.32 — 7.14 (m, 5H), 3.42 (qd, J = 7.2, 3.9 Hz, 0.43H), 3.22 (p, J = 7.0 Hz, 0.57H), 2.40
—2.18 (m, 2H), 2.10 — 1.43 (m, 5H), 1.42 (d, J = 7.1 Hz, 1.7H), 1.20 (d, J = 7.2 Hz, 1.3H). °C NMR
(101 MHz, CDCls) 6 220.26, 219.89, 145.38, 144.10, 128.36, 128.19, 127.96, 127.31, 126.29, 126.18,

55.88, 55.26, 39.12, 39.10, 38.88, 37.92, 26.60, 24.58, 20.44, 20.37, 20.01, 15.47.

2-bicyclo[2.2.1]heptan-2-yl)cyclopentan-1-one 3p: Synthesized from cyclopentanone and norbornene
by following general procedure A on a 0.2 mmol scale of L1. 25 mg obtained. TON (based on iridium)
= 35. Or synthesized from cyclopentanone and norbornene by following general procedure C on a 0.2

mmol scale of cyclopentanone. Yield = 53%. Isolated as a mixture with dr: 1.1:1 (determined by "*C
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NMR). Colorless liquid. Ry = 0.45 (Hex:E,0=10:1). '"H NMR (500 MHz, CDCl5) & 2.51 — 2.47 (m,
0.4H), 2.29 — 1.82 (m, 6.6H), 1.80 — 1.67 (m, 1H), 1.66 — 1.54 (m, 2H), 1.54 — 1.36 (m, 3.5H), 1.32 —
1.24 (m, 1H), 1.21 — 1.05 (m, 3.5H). *C NMR (126 MHz, CDCl;) & 221.09, 220.73, 54.17, 53.38, 42.74,
42.31, 39.72, 39.23, 38.61, 38.37, 37.03, 36.86, 36.72, 35.97, 35.67, 35.50, 30.41, 30.27, 28.93, 28.64,
28.62, 27.46, 20.41. IR(KBr) 2922, 2360, 2341, 1734, 1653, 1559, 1457, 1260 cm’. HRMS: calcd.
C12H100 [M+H]": 179.1430. Found: 179.1424.

CeH13

4,4-dimethyl-2-(octan-2-yl)cyclopentan-1-one 4a:'' Synthesized from 3,3-dimethylcyclopentanone
and 1-octene by following general procedure A and further treated with 0.5 mL of HCI (6 M) and 0.5
mL of toluene at 110 °C for 1 h on a 0.2 mmol scale of L1. 18 mg obtained. TON (based on iridium) =
20. Isolated as a mixture with dr: 1.3:1. Colorless liquid. Rf = 0.4 (Hex:Et,0=20:1). '"H NMR (500 MHz,
CDCl;3) 6 2.48 — 2.40 (m, 0.56H), 2.35 — 2.29 (m, 0.44H), 2.17 — 1.87 (m, 3H), 1.85 — 1.68 (m, 1H), 1.62
—1.56 (m, 1H), 1.35 — 1.13 (m, 13H), 1.05 — 1.00 (m, 3H), 0.93 (d, J = 6.9 Hz, 1.3H), 0.91 — 0.84 (m,
3H), 0.74 (d, J = 6.8 Hz, 1.7H). °C NMR (101 MHz, CDCl3) § 221.87, 221.23, 54.59, 54.55, 53.80,
52.39, 39.47, 37.67, 35.24, 33.64, 33.63, 33.21, 33.04, 32.09, 31.85, 29.85, 29.83, 29.51, 29.40, 27.73,
27.64,27.54, 27.26, 22.66, 22.64, 17.84, 15.38, 14.09.

0]

: CeH13

2-(octan-2-yl)-2,3-dihydro-1H-inden-1-one 4b: Synthesized from 1-indanone and I-octene by
following general procedure B on a 0.2 mmol scale of L1. 31 mg obtained. TON (based on iridium) = 32.
Or synthesized from 1-indanone and 1-octene by following general procedure D on a 0.2 mmol scale of
l-indanone. Yield = 43%. Isolated as a mixture with dr: 2.1:1. Colorless liquid. R = 0.5
(Hex:Et,0=10:1). "H NMR (500 MHz, CDCl3) § 7.77 — 7.72 (m, 1H), 7.57 (t, J = 7.4 Hz, 1H), 7.49 —
7.44 (m, 1H), 7.35 (t, J = 7.4 Hz, 1H), 3.18 (dd, J = 17.4, 8.1 Hz, 0.38H), 3.09 (dd, J = 17.4, 8.1 Hz,
0.62H), 2.96 — 2.89 (m, 1H), 2.78 (dt, J = 8.1, 4.0 Hz, 0.62H), 2.70 (dt, J = 8.2, 4.1 Hz, 0.38H), 2.37 —
2.29 (m, 0.62H), 2.23 — 2.15 (m, 0.38H), 1.42 — 1.11 (m, 10H), 1.00 (d, J = 6.9 Hz, 1.14H), 0.93 — 0.81
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(m, 3H), 0.70 (d, J = 6.8 Hz, 1.86H). °C NMR (101 MHz,CDCls) § 209.42, 208.84, 154.37, 154.14,
137.77, 137.72, 134.49, 134.45, 127.17, 126.49, 126.45, 123.58, 123.55, 52.89, 51.51, 35.39, 34.37,
33.46, 32.22, 31.86, 31.81, 29.42, 29.15, 27.59, 27.52, 27.35, 22.65, 22.59, 17.74, 14.58, 14.10, 14.06.
IR(KBr) 2956, 2925, 2854, 1712, 1609, 1464, 1281 cm™. HRMS: calcd. Ci7H,s0 [M+H]™: 245.1900.
Found: 245.1905.

0]

: CeH1s

6-methyl-2-(octan-2-yl)-2,3-dihydro-1H-inden-1-one 4c: Synthesized from 6-methyl-1-indanone and
I-octene by following general procedure B on a 0.2 mmol scale of L1. 30 mg obtained. TON (based on
iridium) = 29. Or synthesized from 6-methyl-1-indanone and 1-octene by following general procedure D
on a 0.2 mmol scale of 6-methyl-1-indanone. Yield = 41%. Isolated as a mixture with dr: 1.5:1.
Colorless liquid. Rf = 0.5 (Hex:EtOAc=10:1). 'H NMR (500 MHz, CDCl3) & 7.57 — 7.51 (m, 1H), 7.41 —
7.38 (m, 1H), 7.37 — 7.33 (m, 1H), 3.12 (dd, J = 17.2, 8.1 Hz, 0.4H), 3.04 (dd, J = 17.2, 8.0 Hz, 0.6H),
2.89 (t, J = 3.3 Hz, 0.6H), 2.85 (t, J = 3.4 Hz, 0.4H), 2.77 (dt, J = 8.0, 4.0 Hz, 0.6H), 2.69 (dt, J = 8.0,
4.0 Hz, 0.4H), 2.40 (s, 3H), 2.35 — 2.28 (m, 0.6H), 2.24 — 2.14 (m, 0.4H), 1.41 — 1.13 (m, 11H), 0.99 (d,
J=6.9 Hz, 1.2H), 0.88 (t, J = 7.0 Hz, 1.8H), 0.84 (t, J = 7.0 Hz, 1.2H), 0.69 (d, J = 6.8 Hz, 1.8H). "°C
NMR (101 MHz, CDCl3) 6 209.52, 208.94, 151.74, 151.50, 137.94, 137.89, 137.06, 135.76, 135.71,
126.15, 126.11, 123.51, 123.49, 53.24, 51.84, 35.40, 34.40, 33.49, 32.18, 31.87, 31.81, 29.43, 28.76,
27.61, 27.36, 27.13, 22.65, 22.60, 21.06, 17.74, 14.55, 14.10, 14.06. IR(KBr) 2956, 2926, 2855, 1710,
1617, 1492, 1458, 1282, 1156 cm™ . HRMS: calcd. CisHy60 [M]™: 258.1984. Found: 258.1985.

0O

MeO« : :1{/ ,
C

6-methoxy-2-(octan-2-yl)-2,3-dihydro-1H-inden-1-one 4d: Synthesized from 6-methoxyl-1-indanone

sH13

and 1-octene by following general procedure B on a 0.2 mmol scale of L1. 30 mg obtained. TON (based
on iridium) = 27. Isolated as a mixture with dr: 1.3:1. Colorless liquid. Rs = 0.25 (Hex:Et,0=20:1). 'H
NMR (500 MHz, CDCls) & 7.38 — 7.33 (m, 1H), 7.19 — 7.15 (m, 2H), 3.83 (s, 3H), 3.09 (dd, J = 17.0,
7.9 Hz, 0.4H), 3.01 (dd, J =16.8, 7.7 Hz, 0.6H), 2.89 — 2.68 (m, 2H), 2.34 — 2.28 (m, 0.6H), 2.23 — 2.16
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(m, 0.4H), 1.38 — 1.12 (m, 10H), 0.99 (d, J = 7.0 Hz, 1.2H), 0.88 (t, , J = 6.7 Hz, 1.8H), 0.84 (t, J = 6.9
Hz, 1.2H), 0.69 (d, J = 6.7 Hz, 1.8H). °C NMR (101 MHz, CDCl5) & 209.40, 208.82, 159.26, 147.21,
146.96, 138.88, 138.83, 127.17, 127.14, 123.95, 123.88, 104.70, 55.56, 53.73, 52.34, 35.38, 34.45, 33.56,
32.16, 31.86, 31.81, 29.42, 28.42, 27.60, 27.36, 26.81, 22.65, 22.59, 17.74, 14.54, 14.09, 14.05. IR(KBr)
2956, 2926, 2854, 1708, 1492, 1465, 1299, 1276, 1029 cm™. HRMS: calcd. C 3sHy60, [M]": 274.1933.
Found: 274.1944.

0

OB
CeH13

6-fluoro-2-(octan-2-yl)-2,3-dihydro-1H-inden-1-one 4e: Synthesized from 6-fluoro-1-indanone and 1-
octene by following general procedure B on a 0.2 mmol scale of L1. 23 mg obtained. TON (based on
iridium) = 22. Or synthesized from 6-fluoro-1-indanone and 1-octene by following general procedure D
on a 0.2 mmol scale of 6-fluoro-1-indanone. Yield = 32%. Isolated as a mixture with dr: 2:1. Colorless
liquid. Rs = 0.5 (Hex:Et,0=10:1). '"H NMR (500 MHz, CDCl3) & 7.46 — 7.40 (m, 1H), 7.41 — 7.34 (m,
1H), 7.34 — 7.26 (m, 1H), 3.14 (dd, J = 17.2, 8.0 Hz, 0.35H), 3.06 (dd, J = 17.1, 8.0 Hz, 0.65H), 2.92 —
2.85 (m, 1H), 2.82 (dt, J = 8.0, 4.0 Hz, 0.63H), 2.75 (dt, J = 8.1, 4.0 Hz, 0.34H), 2.35 — 2.27 (m, 0.66H),
2.23 -2.15 (m, 0.33H), 1.40 — 1.13 (m, 10H), 0.99 (d, J = 7.0 Hz, 1H), 0.92 — 0.82 (m, 3H), 0.70 (d, J =
6.8 Hz, 2H). °C NMR (101 MHz, CDCl;) & 208.39, 208.36, 207.80, 207.78, 163.45, 161.00, 160.99,
149.68, 149.66, 149.44, 149.42, 139.48, 139.42, 139.41, 139.35, 127.85, 127.81, 127.77, 127.73, 122.28,
122.24, 122.05, 122.00, 109.45, 109.43, 109.24, 109.22, 53.77, 52.46, 35.28, 34.47, 33.56, 32.29, 31.85,
31.79, 29.39, 28.67, 27.56, 27.33, 27.03, 22.64, 22.59, 17.64, 14.61, 14.09, 14.05. IR(KBr) 2957, 2927,
2855, 1714, 1486, 1466, 1290, 1264 cm™'. HRMS: calcd. C;7;HFO [M+H]": 263.1806. Found:
263.1802.

0

Cl< : f ,
CeH13

6-chloro-2-(octan-2-yl)-2,3-dihydro-1H-inden-1-one 4f: Synthesized from 6-chloro-1-indanone and 1-
octene by following general procedure B on a 0.2 mmol scale of L1. 31 mg obtained. TON (based on

iridium) = 28. Isolated as a mixture with dr: 1.5:1. Colorless liquid. R; = 0.4 (Hex:Et,0=10:1). "H NMR
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(500 MHz, CDCls) 6 7.66 — 7.63 (m, 1H), 7.58 — 7.56 (m, 1H), 7.33 (t, J = 7.7 Hz, 1H), 3.18 (dd, J =
17.9, 8.2 Hz, 0.4H), 3.09 (dd, J = 17.9, 8.1 Hz, 0.6H), 2.92 — 2.85 (m, 1H), 2.81 (dt, J = 8.1, 4.0 Hz,
0.6H), 2.73 (dt, J = 8.2, 4.1 Hz, 0.4H), 2.39 — 2.29 (m, 0.6H), 2.25 — 2.18 (m, 0.4H), 1.42 — 1.16 (m,
10H), 1.02 (d, J = 6.9 Hz, 1.2H), 0.93 — 0.80 (m, 3H), 0.71 (d, J = 6.8 Hz, 1.8H). °*C NMR (101 MHz,
CDCls) 6 208.39, 207.80, 151.88, 151.66, 139.65, 139.60, 134.15, 134.12, 132.82, 132.77, 128.80,
121.85, 121.83, 52.88, 51.53, 35.28, 34.42, 33.54, 32.25, 31.86, 31.79, 29.39, 28.28, 27.56, 27.35, 26.69,
22.65,22.59, 17.66, 14.61, 14.09, 14.05. IR(KBr) 2957, 2926, 2855, 1718, 1599, 1460, 1260, 1130 cm™.
HRMS: calcd. C;7H4Cl1O [M+H]+: 279.1510. Found: 279.1505.

0O

Me” : CeH1s

5-methyl-2-(octan-2-yl)-2,3-dihydro-1H-inden-1-one 4g: Synthesized from 5-methyl-1-indanone and
I-octene by following general procedure B on a 0.2 mmol scale of L1. 25 mg obtained. TON (based on
iridium) = 24. Or synthesized from 5-methyl-1-indanone and 1-octene by following general procedure D
on a 0.2 mmol scale of 5-methyl-1-indanone. Yield = 36%. Isolated as a mixture with dr: 1.5:1.
Colorless liquid. Rt = 0.3 (Hex:Et,0=10:1). '"H NMR (500 MHz, CDCl3) § 7.66 — 7.60 (m, 1H), 7.27 —
7.25 (m, 1H), 7.16 (d, J = 7.8 Hz, 1H), 3.11 (dd, J = 17.4, 8.1 Hz, 0.4H), 3.03 (dd, J = 17.3, 8.1 Hz,
0.6H), 2.92 —2.83 (m, 1H), 2.76 (dt, J = 8.0, 4.0 Hz, 0.6H), 2.68 (dt, J = 8.1, 4.0 Hz, 0.4H), 2.43 (s, 3H),
2.35-2.26 (m, 0.6H), 2.24 — 2.15 (m, 0.4H), 1.41 — 1.10 (m, 10H), 0.99 (d, J = 6.9 Hz, 1.2H), 0.92 —
0.81 (m, 3H), 0.69 (d, J = 6.8 Hz, 1.8H). °C NMR (101 MHz, CDCl3) § 208.90, 208.33, 154.90, 154.66,
145.61, 145.55, 135.57, 135.52, 128.46, 126.82, 126.78, 123.41, 123.39, 53.02, 51.62, 35.42, 34.38,
33.47, 32.14, 31.87, 31.82, 29.44, 28.94, 27.61, 27.37, 27.34, 22.66, 22.60, 22.05, 17.76, 14.51, 14.10,
14.06. IR(KBr) 2956, 2925, 2855, 1709, 1611, 1460, 1325, 1278 cm™. HRMS: calcd. CisH,70 [M+H] ™
259.2056. Found: 259.2059.

CeH13

2-(octan-2-yl)cyclohexan-1-one 4h:'' Synthesized from cyclohexanone and l-octene by following

general procedure A on a 0.2 mmol scale of L1, and followed with hydrolysis with 0.5 mL of toluene
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and 0.5 mL of HCI1 (6 M) at 110 °C for 1 h. 12 mg obtained. TON (based on iridium) = 14. Isolated as a
mixture with dr: 1.3:1. Colorless liquid. Rs = 0.32 (Hex:Et,0=20:1). '"H NMR (500 MHz, CDCl3) § 2.41
—2.33 (m, 1H), 2.30 — 2.10 (m, 2H), 2.08 — 1.82 (m, 4H), 1.78 — 1.60 (m, 2H), 1.58 — 1.48 (m, 1H), 1.42
— 1.00 (m, 10H), 0.90 — 0.80 (m, 6H). *C NMR (101 MHz, CDCls) & 213.40, 213.34, 56.41, 55.28,
42.07, 42.02, 34.83, 33.13, 31.90, 31.87, 31.36, 30.73, 29.63, 29.49, 29.18, 27.94, 27.75, 27.57, 27.34,
27.17, 24.50, 24.30, 22.68, 22.66, 17.47, 16.02, 14.10.

=
\ 4
N N

CeH13 ‘ CeH13

1-(1,3-di(octan-2-yl)-1H-inden-2-yl)-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine 6: Synthesized from 1-
(1H-inden-2-yl)-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine 5 and 1-octene with the following procedure: A
4-mL vial charged with a stir bar and 5 (46.8 mg, 0.2 mmol) was loosely capped and was transferred
into a glove box. Another 4-mL vial charged with a stir bar and rac-BINAP (6.2 mg, 0.01 mmol) was
loosely capped and was transferred into the glove box. To this vial was added [Ir(COD);]BArF (12.7 mg,
0.01 mmol) and 0.2 mL of toluene. This mixture was stirred for 10 min at 50 °C before it was transferred
to the first vial. The vial was tightly capped, removed from the glove box and heated at 130 °C for 48 h.
After the completion of the reaction, the mixture was cooled to room temperature, diluted with ethyl
acetate and passed through a short pad of silica gel. After concentration in vacuum, the crude mixture
was subjected to 'H NMR to determine the dr ratio and the NMR vyield by using tetrachloroethane as
internal standard. The crude mixture was then subjected to flash chromatography (silica gel,
Hexane/Et,0=25:1 to 10:1) to give the desired products. Three major diastereomers were observed with
a 1.2:1.1:1 ratio. Two of them were isolated and characterized. diastereomer 1: Light yellow liquid. 21
mg, R = 0.40 (Hex:Et,0=20:1). 'H NMR (500 MHz, CDCls)  7.84 (d, J = 5.2 Hz, 1H), 7.41 (d, J=7.6
Hz, 1H), 7.31 (d, J = 7.4 Hz, 1H), 7.24 (d, J = 7.0 Hz, 1H), 7.19 (t, J = 7.5 Hz, 1H), 7.07 (t, J = 7.4 Hz,
1H), 6.51 — 6.45 (m, 1H), 4.43 (d, J = 2.6 Hz, 1H), 4.17 (td, J = 9.9, 6.8 Hz, 1H), 3.74 (q, J = 9.0 Hz,
1H), 3.22 - 3.06 (m, 2H), 2.98 — 2.88 (m, 1H), 1.94 — 1.71 (m, 3H), 1.69 — 1.60 (m, 1H), 1.50 — 1.15 (m,
20H), 0.90 — 0.83 (m, 6H), 0.43 (d, J = 6.7 Hz, 3H). °C NMR (101 MHz, CDCl;) & 161.92, 146.27,
144.08, 143.39, 143.35, 138.50, 131.06, 125.61, 123.94, 123.42, 122.42, 120.60, 112.92, 51.55, 50.29,
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36.13, 34.92, 33.27, 32.56, 31.88, 31.87, 29.70, 29.30, 28.67, 27.71, 26.50, 22.67, 22.66, 19.05, 14.60,
14.11, 14.09. IR(KBr) 2956, 2927, 2855, 1605, 1486, 1461, 1433, 1378, 1325, 1248 cm™. HRMS: calcd.
C3,Hy7N, [M+H]": 459.3734. Found: 459.3732. diastereomer 2: Light yellow liquid. 14 mg obtained.
'"H NMR (500 MHz, CDCls) & 7.83 (dd, J = 5.3, 1.5 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 7.4
Hz, 1H), 7.24 (d, J="7.1 Hz, 1H), 7.18 (t, J= 7.4 Hz, 1H), 7.09 (t, J= 7.4 Hz, 1H), 6.48 (dd, J = 7.0, 5.3
Hz, 1H), 4.30 (d, J =2.7 Hz, 1H), 4.16 (td, J = 9.8, 7.3 Hz, 1H), 3.73 (td, J=9.8, 6.9 Hz, 1H), 3.15 (qt,
J=15.6, 8.3 Hz, 2H), 2.92 (q, J = 7.3 Hz, 1H), 1.94 — 1.84 (m, 2H), 1.78 — 1.69 (m, 1H), 1.48 — 1.38 (m,
1H), 1.33 — 1.17 (m, 14H), 1.14 — 0.99 (m, 9H), 0.87 — 0.79 (m, 6H). *C NMR (101 MHz, CDCl;) &
162.06, 146.30, 144.52, 143.62, 142.81, 139.43, 131.01, 125.55, 123.64, 123.62, 122.33, 120.66, 112.73,
52.32, 51.44, 34.96, 34.57, 32.55, 31.91, 31.82, 31.31, 29.75, 29.52, 28.71, 28.04, 26.48, 22.68, 22.61,
19.17, 18.58, 14.09, 14.04. IR(KBr) 2957, 2927, 2855, 1605, 1461, 1433, 1377, 1325 cm”. HRMS:
caled. C3pH47N» [M+H]+: 459.3734. Found: 459.3732.

Synthesis of 5-ethyl-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine L5:

Pd(OAc), 3 mol%

Br Et
m . P BEK SPhos 6 mol% & | N Pd/C | X
N/ N KZCO37 HZO - N/ N EtOH, rt N/ N
H Dioxane, 100 °C H H
S-L5 P-L5 L5

To a 20 mL vial with a stir bar was added Pd(OAc), (33.6 mg, 0.15 mmol), SPhos (123 mg, 0.3 mmol),
K,COs (1.38 g, 10 mmol), 5-bromo-2,3-dihydro-1H-pyrrolo[2,3-b]pyridine (S-L5) (1.0 g, 5 mmol),
potassium vinyltrifluoroborate (1.0 g, 7.5 mmol), dioxane (6 mL) and H,O (2 mL). The reaction mixture
was heated at 100 °C for 3 h. The mixture was cooled to room temperature, passed through a short pad
of Celite and further washed with EtOAc. The water layer of the filtrate was removed. The organic layer
was dried and concentrated in vacuum. The obtained crude product P-L5 was directly used for the next

step.

The crude product P-L5 obtained above was dissolved in 10 mL of EtOH and Pd/C (180 mg) was then
added. The reaction mixture was stirred under 1 atm of H, (balloon) for 2 h. After completion, the
reaction mixture as passed through a short pad of Celite and further washed with EtOH. After

concentrated in vacuum, the crude mixture was subject to column chromatography (Hexane:EtOAc=1:1
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to 0:1) to obtain the desired pure product (L5) as a light yellow solid. Yield for 2 steps: 68%. M.p. 114—
116 °C. '"H NMR (500 MHz, CDCls) & 7.64 (s, 1H), 7.12 (s, 1H), 4.42 (br, 1H), 3.57 (t, J = 8.3 Hz, 2H),
3.01 (tt, J = 8.4, 1.2 Hz, 2H), 2.46 (q, J = 7.6 Hz, 2H), 1.16 (t, J = 7.6 Hz, 3H). °C NMR (101 MHz,
CDCl;3) 6 163.20, 144.39, 131.68, 128.90, 121.80, 44.63, 27.79, 25.56, 15.98. IR(KBr) 3201, 3166, 2958,
2926, 2360, 2341, 1592, 1512, 1436, 1408, 1263 cm™. HRMS: calcd. CoH 3N, [M+H]": 149.1073.
Found: 149.1074.

Synthesis of 2,3-dihydro-1H-pyrrolo[2,3-c]isoquinoline L6:

BH3* THF Raney Ni
THF,0°C - rt PTSA, HCO,H
= ’ =
| o N 7Pom,120°C. | ]
NS NS NS
N N N

N~ H N 3 N™H

S-L6 P-L6 L6

1,3-dihydro-2H-pyrrolo[2,3-c]isoquinolin-2-one (S-L6) was synthesized by following the literature
procedure.” To a solution of 1,3-dihydro-2H-pyrrolo[2,3-c]isoquinolin-2-one (S-L6) (920 mg, 5.0
mmol) in 25 mL of THF at 0 °C was added a solution of BH3/THF (1.0 M) (20 mL, 20 mmol). The
reaction mixture was then warmed to room temperature and stirred for 2 h before 30 mL of 6 M HCl
solution was added slowly. The resulted mixture was then stirred at 110 °C for another 2 h. After cooled
to room temperature, aqueous NaOH solution (10%) was added till pH = 9. The resulting solution was
extracted with EtOAc (50 mL x 3) and then dried over MgSO,4. The mixture was concentrated in
vacuum and the crude product was purified by column chromatography (EtOAc:CH,Cl,=1:2 to 1:1) to
give P-L6 as the major product (470 mg, 56% yield) and L6 as the minor product (85 mg, 10% yield).

To a solution of P-L6 (340 mg, 2 mmol) in iPrOH (10 mL) was added Raney Nickel (3 mL of aqueous
solution), PTSA (390 mg, 2.1 mmol) and HCO,H (1.12 mL, 30 mmol). The reaction mixture was sealed
and stirred at 120 °C for 12 h. The mixture was cooled to room temperature, passed through a short pad
of Celite and washed with iIPrOH. The filtrate was concentrated in vacuum and was further purified by
column chromatography (EtOAc:CH,Cl,=1:2 to 1:1) to give L6 as a yellow solid (163 mg, 48% yield).
M.p. 118120 °C. '"H NMR (500 MHz, CDCl3) & 8.72 (s, 1H), 7.79 (dd, J = 8.3, 1.1 Hz, 1H), 7.53 — 7.45
(m, 2H), 7.20 (ddd, J = 8.1, 6.5, 1.4 Hz, 1H), 4.38 (br, 1H), 3.77 (td, J = 8.7, 2.0 Hz, 2H), 3.33 (t, J = 8.7
Hz, 2H). *C NMR (101 MHz, CDCls) § 160.97, 150.71, 134.59, 130.36, 128.67, 124.09, 122.26, 121.55,
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110.75, 45.29, 26.75. IR(KBr) 3205, 2864, 1628, 1582, 1562, 1525, 1372, 1294, 1155 cm™. HRMS:
caled. C;;H N, [M+H]": 171.0917. Found: 171.0918.

GC standard curve of 3a with dodecane as the internal standard:

mpro mdode Mole of Mole of  Mole (dode)/ GCarea GCarea GCarea y=areadode/

(mg) (mg) pro dode Mole (pro) dode ba(dr1) 5a(dr2) area pro
0 0 0 0 0 0 0 0 0 0
1 10.3 8.5 0.052551 0.05 0.951456311 30240 10518.5 15773 1.150181618
2 10.2 17.6 0.0520408 0.1035294  1.989388697 56179 9573.6 14350.5 2.348217906
3 10.3 25.8 0.052551  0.1517647 2.887949743 73432 8299 12425 3.543331403
4 10.3 34.6 0.052551 0.2035294 3.872986865 83866 6935.5 10393 4.839772629
5 104 84.2 0.0530612  0.4952941  9.33438914 213650 7782 11653 10.99305377

3a vs dodecane

10 y=1.1909x_»
5 ’/‘/./Q/*
O T T

0 2 4 6 8 10

3. Synthesis of the Ir-H Complex 7 and the X-Ray Data of 7
Synthesis of Ir-H complex 7:

~—~ —
N \
N~ N [Ir(coe),Cll N~ N PMe;

PMes ol

_— Ir\

() s (Vo
130°C, 2 h O PMe;

7, 32% yield

g

(3]

Substrate 5 (12 mg, 0.05 mmol) and [Ir(coe),Cl], (22.4 mg, 0.025 mmol, 0.5 equiv) were added to a J-
Young tube in a glove box, followed by the addition of dg-toluene (600 uL) and PMes (7.6 mg, 10 uL,
0.1 mmol, 2 equiv). The J-Young tube was sealed and heated at 130 °C for 2 hours. After cooling, the

reaction was subjected to 'H NMR analysis, which showed about half conversion. The reaction mixture
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was purified by flash chromatography (silica gel) in the glove box by using Hexane/Et,O 3:1 to give 9
mg of desired product, yield 32%. Single crystal structure was obtained by dissolving the product in 500
uL of dg-toluene in an NMR tube with slow evaporating in the glove box. "H NMR (500 MHz, Toluene-
ds) 8 9.60 (d, J=5.9 Hz, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.38 (td, J = 7.5, 1.2 Hz, 1H), 7.25 (d, J = 7.1 Hz,
1H), 7.04 — 7.00 (m, 1H), 6.62 (dq, J = 6.8, 1.5 Hz, 1H), 6.06 (t, J = 6.5 Hz, 1H), 3.34 (t, J = 8.7 Hz, 2H),
3.11(t,J=2.7 Hz, 2H), 2.30 (t, J = 8.7 Hz, 2H), 1.11 (t, J= 3.5 Hz, 18H), -19.89 (t, J = 17.3 Hz, 1H).

X-Ray Data of 7:

[ )=

I\

57
If

Bond precision: C-C = 0.0040 A Wavelength=0.71073

Cell: a=12.8120(9) b=12.1811(8) c=15.4969(10)
alpha=90 beta=107.511(1) gamma=90
Temperature: 100 K
Calculated Reported
Volume 2306.4(3) 2306.4(3)
Space group P 21/n P121/n1
Hall group -P 2yn -P 2yn

Moiety formula
Sum formula

C22 H32 Cl Ir N2 P2
C22 H32 C1 Ir N2 P2

C22 H32 C1 Ir N2 P2
C22 H32 C1 Ir N2 P2

Mr 614,11 614.08
Dx,g cm-3 1.769 1.768

Z 4 4

Mu (mm-1) 6.054 6.054

FO00 1208.0 1208.0
Fooo' 1204.13

h,k, lmax 18,17,22 18,17,22
Nref 6972 6424

Tmin, Tmax 0.551,0.616 0.424,0.746
Tmin'’ 0.540

Correction method= # Reported T Limits: Tmin=0.424 Tmax=0.746

AbsCorr =

Data completeness= 0.521

Ri{reflections)=

S = 1.064

MULTI-SCAN

0.0241( 5793)

Npar= 271

Theta (max)= 30.396

wR2 (reflections)= 0.0539( 6424)



4. Deuterium experiments:

Deuterium experiment of d-1a and 2a:

N
NZ N (60 mol%)
D
[I(COD),]BAIF (10 mol%) H
o BINAP (10 mol%) o H D(0:82D) H (0.13 D)
D D e MSA+2D,0 (5 mol%) (0.33D)D. DO28D) - 17D H AN |
D D * 613 t-BuNH-Pr (20 mol%) 033 D)D CeH1a 63
(0.33D) D (037D (0.17 D)H
s 2a 2,6-di-t-Bu-4-Me-pyridine (40 mol%) o (0.37 D) 122
(1 equiv) (3 equiv) toluene, 130 °C, 24 h 22% yield 2.2 equiv recycled
(a-D: 92%) dr: 1.1:1
Side-by-side reactions using 1a and d-1a:
L1 (0.2 mmol)
[Ir(COD),]BArF (2 mol%)
0 BINAP (2 mol%) ]
MSA*2H,0 (5 mol%) _ oH
+ 7 7CeHis  TEBUNHIPT (20 mol%) 613
1a 2a neat, 130 °C 3a
H
o N
D D as above D
D D + Z “CeHiz D CeH13
d-1a 2a d-3a
(a-D: 95%) k/kp = 1.7
internal Internal
T standard standard d-3a d-3a
(h) | (dodecane) | 3a(peak1) 3a (peak 2) 3a/lS (dodecane) | (peak 1) (peak 2) d-3a/lS 3a/d-3a
1 6644 10.6 20.7 0.004711017 0 0 0 0 0
2 6382 37 71 0.016922595 6619 22 43 0.00982 1.723241
4 7338 340 650 0.134914146 7434 203 385 0.079096 1.7057
6 7644 828 1392 0.290423862 7472 438 834 0.170236 | 1.706012
8 7747 1210 1924 0.404543694 7886 699 1319 0.255897 | 1.580888
10 9230 1838 2781 0.500433369 7490 875 1627 0.334045 1.4981
12 7925 1763 2589 0.549148265 7853 1137 2079 0.409525 | 1.340939
24 6764 2231 2912 0.760348906 6954 1737 2812 0.654156 1.162336
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5. Enantioselective reaction [a-alkylation of 1-indanone by using (S)-BINAP]:

| = L1
N/ N (60 mol%)
H
[Ir(COD),]BArF (10 mol%)
(0] (S)-BINAP (10 mol%)

MSA 2H,0 (5 mol%)
AN 2
@Eg * Z "CeHis t-BUNHI-Pr (20 mol%)

2,6-di-t-Bu-4-Me-pyridine (40 mol%)

é °

CeH1z

1c 500 uL
0.2 mmol toluene, 150 °C, 48 h ent-4b
then HCI (6 M), 110 °C, 1 h yield 40%
ee: 74%I/74%
dr:1.3:1

The enantio excess of compound ent-4b obtained by using (S)-BINAP as the ligand by following
general procedure D was tested by chiral HPLC (Chiralpak IF, hexane:isopropanol = 99:1, 0.50 mL/min,
210 nm), first diastereomer: tyinor = 19.963 min, tmajor = 22.637 min. at 74 % ee; second diastereomer: :

tmajor = 23.526 min, tminor = 24.588 min.

Racemic 4b:

DAD1 B, Sig=210,4 Ref=360,100 (DX\DX-5115B-P-JAN9-1.D)
mAU

23575
24641

175
150
125
100
75
50
25
o — a — — | —

18 20 22 24 26 28 min

19.986
22.701

Signal 1: DADl B, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min) [min] [MAU*s) [mAU] %

1 0.3744 2941.70923 122.37746 17.2767
2 22.701 BV 0.4092 2823.59473 111.02409 17.1703
3 0.4327 5573.04932 201.51523 32.7305
4 0.4474 5588.71875 194.37410 32.8225

Totals : 1.70271ed 629.,29087

Enantiomeric 4b:
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DAD1 B, Sig=210,4 Ref=360,100 (DX\DX-5217A-P-JAN9-3.D)

mAlU 4 ©
E 5 I
] © [
300 - & [
250 | N [
E .'f I\l II "I
200 [ Iu‘ |
150 [ U B
. ! \ IJ | =
100 8 / Vo | 0
1 2 / ll\ .fll’ \ S
50 / \,/ \ ,'-\
] : \
I N
18 2|0 2‘2 2|4 2|6 2‘8 miry
Signal 1: DAD1 B, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== === [====|======= [========== [========== | ======= |
1 19.963 BB 0.3697 1093.43811 45,92932 5.3677
2 22.637 BV 0.4171 7422.47461 276.55185 36.4372
3 23.526 VvV 0.4425 1.03397e4 364.94901 50.7581
4 24.588 VB 0.4358 1514.93445 54.25545 7.4369
Totals : 2.03706e4 741.68562
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6. NMR Spectra

€07

O
3a (dr: 1.5:1)

S1g1
W e

ot
TL.S
Fsoz

% L6'v

F oot

15 1.0 0.5 0.0

20

6.0 5.5 5.0 4.5 4.0 35 3.0
f1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

89'9L
00°LL W
€L

o112 ~

o1z

T
110 100
f1 (ppm)

T
120

210

S27



@ own %
BwiE <

7.26

3a (dr: 6.5:1)

/// y

To®
FZB
ScdssSSS

eivirieirieieieh b bbb

Y
s
|

|

S——— e

_ T T T T T
«© ® © S - 2 —
8 8 g ? = 8 3
- ; - S - g
= < o g S & o
—— 1 ——— 17— T —— T
2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8
1 (ppm)
———F——F————§——— ——— [ ————T—— T — T
.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
£1 (ppm)
= gz
EEL
8 EEE
|
P!
!
) W ‘1”‘1
T T T T T T T T T T T T T T T T T T T T T
30 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S28



veu

S

520

98°0 1

80

680 1

60 1

960 1

1T

61T |

61T |

07 |

a1y

vT'T

ST'T W

87T

62T

TET A

ZET

097

bor

ST

ST

99T

97

89T

69T

69'7

oLt u

[

7w g

7w

[ 74

w (AR

€7 L0

bLT 980

bLT (80 )(

v6'T 68°0

v6'T 60

S6'7 960

967 07'1 w

67 21

16T v (

86'T Sz'T

86'T 87T 1

66'T 62'1

66'T €T

00 09'1

00 99'7

107 91 W

107 st

20z 697

€07 697

vz 0L'7

vz LT

50 LT

S0z 127

%07 161

%07 16T

07 86'7

07 861

807 667 1

o1’z 66'7

o1z 007 |

e 00

454 107

454 107

454 207

€17 €07

vIT YT 2

vIT YT

[ S0

STz 50

9Tz 90

e 907

87T 207

87T 454

62 82z

62 0€'Z

0€T

0€T

€7

€T

€T

€67

€67

)
—
o
T
o
)

3b

N
N

15 14
1 (ppm)

1.6

¥ ST'T
v €0E
=680

Tmé
Fre
W [

Fot

1.0 0.5 0.0

15

6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25
f1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0

ha844
85°'ST
L0871
0L°0z
££°02
89°CC
9'eT
ST'ST
vE'LL
£€9°4T
EE°6C
79'6C
¥9'6C
(4414
S8'6C
ELTTE
06'TE
0S¢
8TEE
TP'SE
LE'6E

s

0S'€S —
S6'PS —

89°9L
00°£L W
zeLL

8T'TCZ ~
8L1ee "

I

l

x\l

40

10

30

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

220

S29



vL0

06°0

T

3c

0T ]
50z

20T %
0T

0.9 0.8 0.7 0.6

1.0

1.5 14
f1 (ppm)

1.6

22 21 2.0 1.9 1.8

23

2.4

8T
WMO.M

T
TS
Feoz

o

Foo'r

1.0 0.5 0.0

15

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25
f1 (ppm)

10.0

)5

89'9L
00°LL W
€L

8TITT~

oLt~

10

30

40

210 200 190 180 170 160 150 140 130 120 110 100 %0 80 70 60
f1 (ppm)

220

S30



- ST
'S

b1
Bz

o
o

Foo'1

6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 15 1.0 0.5 0.0
f1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0

6v'ST
00°8T
170z
9L'0Z
W'TZ
W
L6'2C /
SS'€T M
26'€T
91'sZ
F14T4
£€€°ST
et
woe
T'6E
6b°6E
15—
L=

€9°€S ~
00°ss —

89'9L
00°4L W
L

00122 ~~
89’122~

10

40 20

210 200 190 180 170 160 150 140 130 120 110 100 920 80 70 60
f1 (ppm)

220

S31



°
8
—

~
)
-

Fsoe
Feoe

Fooz
0y
201
Foo't

0.0

0.5

1.5

35 3.0

4.0

4.5

6.0 5.5 5.0
f1 (ppm)

6.5

9.5 9.0 8.5 8.0

10.0

0z'6e —

£0°SS —

89'9L
00°LL W
e LL

e —

10

30

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

220

S32



3f

0.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 20 15 1.0
f1 (ppm)

10.0

89'9L N

00°LL
e LL /

69'T22 ~
0§'zee

10

30

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

220

S33



b0
9104
6109
S6°0 1
0zt
121 y
228
2z
€21
¥2T |
b1 o
2T
92T
92T
97T
A\
TETA
£6°T
€61
€T
SE'T
9’1 g
%'
w1
85T
85T
65T
65T |
097 ]
097
197
w91
91
€97
€97
vo'T
9T
9T
99'T
99'T
91
91

69T
69T
oLt
[/
[/
(784
(784
S6'T
96'T
96'T
96'T
6T
6T
86T
66'T
66T
00T
00T
10T
20z
2T
€0
€0
€0
v0'Z
v0'Z
v0'Z
s0'z
s0'z
90
90
L0t
L0t
80
8T'T
8T'T
8T'T
0e'e
0e'e
fiy4
88T
88T
65T
09'C
19°C
[4k4
STL
oT'L
oT'L
e
e
8T°L
8T°L
6T°L
STL
9L
9L
oL
f244
f244
8L
6L

6'C
1T

0.0

0.5

15 1.0

2.0

6.0 5.0 45 4.0 35 3.0
1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

19°'ST
S0'8T
£49°0C
oz
89°€T
wse
96'9C
7w
6b'1E
95°1E
wie

~
L]
o
&

SN

YO'EE

o
&
P
«

98'SE
88'SE
TE6E
SE'6E

LY'ES ~
06'vS —

89°9L
00°LL W
€L

¥S'SZT
85°SCT /.
61'8ZT
jr4:r48
9€'8ZT
LEBTT

S9TPT
LT v

L0127~
1912

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220

S34



vL'0

]

3h

Foct
Foe't

6'C
0°S

0L

Feot

0.0

15 1.0 05

2.0

3.0

6.5 6.0 5.0 45 4.0
1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0

19°'st
99°LT
JAyas
8081

L0z
L0 /
59°€C

9r'st /
152

0072~
stz W
612

2662 \
100

we
av'ze
[ree
zese
L£6€
8E'6E

0S°€S —~
Y6'vs —

89°9L

2ELL

(V4749
9L'vTT v

TTIET >

BTTET

e~
otz "

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220

S35



L\

0.6

0.8

22 20 18 16 14 12

24

2.8

3.0

32

3.4

3.6

f1 (ppm)

oot
F6eT

TVN~

E szt

Fee
% or's

F oot

Fosv

0.0

0.5

25 2.0

3.0

4.0

6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0

6S°'ST
L0871
0L°0z
€L°0C
S9'€ET
414
L1574
£1°92
1€
6S°LT
96T
S5°62
£9'62
SL°62
E£L1E
6¥°2€
ST'EE
6E'SE
LE'6E
6E'6E

1565 —
s6'vs
£5°86 ~

S6°TL~N
89°9L

ELL

STTZZ~
seree"

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

220

S36



vL'0

6’0

90T

=

89'¢

24 22 20 18
f1 (ppm)

26

3.0

34 3.2

3.6

38

N1gr
= 07T
6'0C
€2t

Eore

F ooz
% 40

Fsor

Fooe

0.5

25

3.0

4.0

6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0

€0zt
65°ST
£0°8T
90°8T
00z
vL'0T
Y9'€T
62'ST
18'sT
vE'LT
1942
T4
2962
89'6C
08'6C
SLTE
s8°ce
YO'EE
6T°€E
'sE
LE'6E
6E°6€

B

19°€S —
Y6'PS —

19°€9 —
89'9L N

00°LL —F
ZELL 7

ETTZZ~

€L

|

Il

I

|

)

10

30

40

60

210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

220

S37



OAc }

3k

Forr
F 19T

Tm.wﬁ
W 6Tt
w 80'8

F oot

Fooz

0.0

0.5

15

2.0

3.0

3.5

4.5

5.0
1 (ppm)

6.5 6.0

7.0

9.5 9.0 8.5 8.0

10.0

09'ST
50°81
6907
€207
201z
19T
ST'ST
68'S7
0€°22
8522
6582
726~
15627
6v'62
19'62 7
1262
er1e
op'ze %
azee |
Le'se

9£'6E “
6E'6E

1585 ~
S6bS —

e

e ——

£9'%9

89°9L N

00°£L
2ELL 7

T —

T~
69122~

|

I

I

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220

S38



2oy

J

COZMe}

3l

Feot
Feer

Tx.ﬁ
Foov
w 20's

Fooe

Fooe

0.0

0.5

15

2.0

4.5 4.0 35 3.0

5.0
1 (ppm)

6.5 6.0

7.0

9.5 9.0 8.5

10.0

95°ST
st
£9°0T
0s/0z
£9°€C
16'vC
¥Z'ST
9Lz
¥5'LT
60°6Z
6162
9€'67
BE'6Z
6562
0L'6Z
0L'TE
Sb'ZE
1Z°eE
L0bE
SE'GE
EE°6E
SE'6E
8E'TS ~
LY'ES —
T6'0S —

89'9L
00742 W
€L

9TvLT
[A4 74 v

9072~
(e

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220

S39



3m

o i §

J

Feor

Fozt
Tm.ﬁ
Forv

w +0'S

Feot

Feoe

F et
Fver

1.5 1.0 05 0.0

2.0

6.5 6.0 5.0 45 4.0 35 3.0
1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0

(56T
£0'81 4
9074
1202
£9°67
8252
£8'9
872
£5°22
1582
PT6Z
2567
0962 7
os'62 )
€21e
8v'Z€ -
[
se'se
»0'8€
PEGE “
9€'6E

—
|

4

LYES — —
06'¥S — -

e —

AXAENE

BLEET v

BLEET

Zp'89T — —

80'T2Z ~ I
e

—=——m

10

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220

540



1.0 09 08 07

11

1.2

17 16 15 14 13
1 (ppm)

18

24

3

26 25

3n

Fser
Eser

Fv.a

AR 4

m\ 60T

w 60'S

Feot

0.0

0.5

15

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0

Uy
69°02 |
£2°02 4
99'€Z |
6247
2€v2
0€°/7 |
95°£2 1
6167 k
2767
6b'67
95°67
6567
89'67
SL6T
T10€
9T°0€ —
2wie—
BE'SE~_
9E'6E
6€'6€

86'Er —

0S°€S —
96'vS —

€0'TL —

89°9L N

00°£L
2ELL 7

8T~
scree "

10

30

40

60

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220




61T
0z't
W
W'
VT

SPT
9'T
9T
86T |
ST
v9'T |

59T |
59T |
99 |
997
997
19T
19T

)

S0

~ —===< 1450
~ = FEr0

- 0z

30

15 1.0 0.5 0.0

2.0

6.0 55 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

9T'SS ~
8855~

89°9L
00°£L W
2ELL

81°9CT
62°92T /.
ez

N

96'£2T
61821
9€'8ZT

0THbT ~
BE'SYT

68'617
9z0ze

130

10

30

60 40

110 100 920 80
f1 (ppm)

120

210 200 190 180 170 160 150 140

220

542



01
0T
0T
80'T
60'T
60'T
60T |
01T |
01T |
or'T
T o
TTT o
498
498
€T
€17
b1
1T
ST'T
ST
91T
or'T |
11
fAs:
61T
9Tt
@t
@
@t
8T'T
8T'T
62T
62T
0€'T
6€'T
W
SbT
9T
s
W
e
8T
8T
6T
6T
05T
05T
ST
ST
ST
ST
LS°T
LS°T
85T
85T
65T
09'F
09'T
197
€97
(74
w
75
€T
€T
SLT
SLT
S8'T
87T
16T
€67
€61
S6'T
S6'T
9%'T
9%'T
6T
16T
86'T
66'T
66'T
10T
80T
60
o1’z
e
e
€17
€17
vIT
ST
81T
81T
61
07z
17
e
e
e
2wt
€2
€T
€T
6v'C

6¥'C

=

3p

21 20 19 18 17
f1 (ppm)

22

15 1.0 0.5 0.0

2.0

6.0 55 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

oz
N
298e
v'8e
€6'8c
[T0E~
o
05'SE
1958
L65E
woe
98'9E
€0s
88
19°8€
€6t
wee
€T
vty
8ees
15

SL'9L
00°£L W
STLL

€072~
6012z~

80 60 40 20

210 200 190 180 170 160 150 140 130 120 110 100
1 (ppm)

220

543



o
!

CeH13

4a

1.0

15

2.5

3.0

f1 (ppm)

I

FO0LT
ST'E
8C'T
€0'€

TLET

860
€071
S0C
w0t
b0

m\ 950

0.0

0.5

15

4.5 4.0 35 3.0

5.0
1 (ppm)

6.5 6.0

7.0

9.5 9.0 8.5 8.0

10.0

n

"

ETTTT~
8122~

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220

S44



690
0 #
£8°0 1

980 |
880
680
060 1
060
660
107 4
[4R8
€17 4
€17
YT
STT
11
811/
81'T |
61T
0e'T
127
]
T u
[
v
st1
sz1
9zt
8eT
6CT
0e'T
€1
[
€T
YET
se'T
9€'T
%€'T
€1
€1
8e'T
8E'T
or'T
or'T
W
i
[
097
81T
61'C
0ee
0z’
e
e
we
we
0£'z
€T
434
[434
€T
ve'z
ve'T
3

69°C
(Va4
we
we
9T
we
8LT
8LT
6LT

16'C
16'C
6T
¥6'C
S6'C
S6'C
Lo'e
80°€
or'e
e
ST'E
Lare
BT'E
oTe
9L
oL
vE'L
SEL
LeL
StL
'L
wie
8¥'L
SS°L
S'L
8S°L
€LL
YL
YL

S&L

68°0
060 N
060

1
81T
81T |
611
07T
177
@t
[Cas ﬁ
€T u
VT
sz1
ST
9Tt
8T'T
62T
0€'T
€T
€T
€67
VET
SE'T
9€'T
9T
LET
LET
8E'T
8E'T
09'F
e
8L
8L
16T
v6'T
S6'
L0€
80

C6H1J

4b

0.6

0.8

1.2

18

2.0
f1 (ppm)

22

2.4

2.8

3.0

3.2

B og'1
Fere

FPTT

Wﬁw.oﬂ

Fseo
Feoo

- 8€0
290
oot
290
8€°0

E 10T
51071
R zo1
E 00T

0.0

0.5

1.0

2.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 45 4.0 35 3.0
1 (ppm)

)5

90bT
orer
85'pT
v’
6522
oz
SELTN
[

6S°LT
ST'6C
6T
18°T€
98'TE
e
9b'EE
LEVE
6E'SE
1618 ~
68°CS —

89'9L
00742 W
2ELL

SSETT
8S°€TT

Sp'oCT
6¥°9CT W
e
SPPET
6¥PET V

et
LLLet V

PTPST ~
LE'vST

¥8'80Z ~.
602~

10

30

40

60

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220




890
E.L
€80
80
980
880 1
680 1
0601
860
007
1T
YT T A

LT'T N

2.0 1.8 1.6 14
f1 (ppm)

22

24

3.0

3.2

v €8T
o't
98'T

Azt

Tv,oﬁ

P €0
E 590
B oo
¥ 0
£ 190
®por
E 290
R gpo

660
107
5001

15 1.0 0.5 0.0

2.0

3.0

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

90T
or'vT
SSpT —
PULT~
90'1C
N
59zt
ETLT,
9€'LT

194
9L'8T
V6T

181€
L8'TE
81°ZE
6b'EE
0b'vE
0b'SE

¥8'1S —
YTESs —

89'9L
00°LL W
ZELL

6YECT
1sezT V
1ozt
st9zt N
TLSET
9L'SET

68°LET \

Y6'LET

0S'TST~
bLIST

¥6'80Z ~_
25602 "

10

L

| '(

|

40

60

210 200 190 180 170 160 150 140 130 120 110 100 920 80
f1 (ppm)

220




SO'bT
60417 D
pSHT
w\ 9U'T v
ST 6s'ze -
. 597
€8T
oo 89T~
9T 9Lt

09°4T \\‘
TN.Oﬁ [ 14

[A 14
- 8TE
98'TE
91'ZE
9S'EE
SPPE
BE'SE

Eevo PETS ~ R
F oo £Les— —

n 95°'S§

W (x4
650
W w0

0.5

1.0

2.0

3.0

wm.WN/

n 004t
e wu’/

—  Foe

0L'%0T — -

T
5.0
1 (ppm)

B88'ETT
S6'ETT V. -

1.NN~ \[
e V
3

£8'8ET
88'8ET v

6.5

96'9bT ~
1wt

— iM E 61
—~ E o001 9T'65T — —

Ce"ﬁe}
o0

8.5

9.5

8807 ~ ——
0b'602 "

{Meo

)5

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220




690
10
£8°0 1
580
980 |
80
680
060 1
060
860
00°T
€17
PTT o
STT A
9r'T
T
81T
611
61'T
0e'T
0e'T
127
]
€T u
¥TT

sz1]
9Tt

el

8eT

8eT

6CT

0e'T m
0e'T

€T
«®©T
EET
EET
vE'T
SET
9€'T
9€'T
LET
8E'T
6ET
6ET
ae
%4
%4
(%4
(%4
44
(44
62
6TT
0eT
T€T
T€T
€T
EET
EET
LT
YLz
sz
st
9T
18T
8T
8T
€8T

98'C
98'C
8T
8T
68'C

06'C
06'C
16'C
£0°E
S0°€
Lo'e
80°€
e
ET'E
ST'E
Lare
9L
9L
oL
8L
6L
0e'L
0e'L
SEL
9€'L
9€'L
LeL
LeL
8EL
8EL
WL
WL
WL
V'L

L

69°0

0.8

1.0

20 18 16 14

22

3.0 2.8 26

32

1 (ppm)

o £60
+6'0
00'T

0.0

0.5

6.0 5.5 5.0 45 4.0 35
1 (ppm)

6.5

9.5 9.0 8.5 8.0 75

10.0

sobt
c0b1 ¥
191
v
6522
voce
€0L2~,
gese

95'LT
£9'8C
6E°6C

6LTE
S8'TE
6CCE
9S'EE
LyvE
8T'SE

9'TS ~
LLES —

wo.ON/

00°£L
2ELL 7

60t
$T'60T
£¥°60T
SH'60T

oozer
soeer
yTzen
sceat
€L
e
18T
s8LTT

SE'6ET
TH'6ET
TP6ET
8P'6ET

v6bT
bh6bT
99'6¥T
89°6vT

L R 2

66'09T
00791
Hatiad

8L7£0T
08°20T
9€'80T
6£°80C

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220

548



020
2o #
€80
580 1
98'0
880 1
680 1
060
160 1
107
£0°T
or'
AsE
1y

8T'T -

81T
61T 7
611
02’1
0e'T
0e'T
127
127
T u
[
o1 ]
€1
¥TT
¥TT
st1
iyl
6CT
0e'T
€1
[
[
€T
€T
YET
se'T
9€'T
9€'T
%€'T
€1
8e'T
8e'T
8E'T
66T
vt
w1
0ee
we
e
we
we
€T
€T
vz
€T
434
[434
€T
ve'z
ve'T
3
%€z
we
e
e
vt
see
08
08
187
e
€82
98
i
88
06
06
16
we
80°€
or'e
e
sT'e
e
61'€
ore
9L
€L
32
vEL
95,
95,
8L
8L
€9°¢
€9°¢
v9L
v9L
oL
oL

I//

S

s LI

S9°L

=81
90'€
1

0T

F €0
Fvoo

¥ SE€0
90
660
€9°0
LEO

oot
860
00°T

0.0

0.5

1.0

2.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 45 4.0 35 3.0
1 (ppm)

)5

S0'pT
60'b1 W
191
o1
6522
stz >
6992~
sez
9522 N
87’8z \
6662
6L1E
98'1E
szze
bs'ee
be
8'se

ESTS ~
88°CS —

wm.WN/

00°£L
2ELL 7

£8'TCT
S8 1T v
08'8TT ~

LLTeT
8CET

TUPET
STHET V

09°6ET
S9°6ET v

99'TST ~
88'15T

08207~
6€802 7

10

30

40

60

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220




890
690
€80
¥8'0 1
580 1
880 1
680 1
060 1
060 |
860
00°T
s
2T
€1
€T
ST
9T'T ]
91T
JAns
81T
81T
61T
61T
0zt u
0zt
121
T
T
T
€T
€T
b1
b1
ST
ST
9T
8T'T
8T'T
62T
0€'T
0€'T
0€'T
€T
€T
€67
€67
PE'T
PE'T
SE'T
9T
ET
ET
8E'T
8ET
6€T
6ET
A%
81z
61T
61T
61T
0Tz
02’z
07z
0£'Z
0£'Z
€7
€T
€T
€7
sb'z
sbz
997
97

69°C
(Va4
YLz
st
9T
we
we
s8'C
s8'C
98'C
88'C
68°C
06'C
00°€
w'e
v0'E
90'€
60°€
or'e
e
1453
STL
are
STL
9L
9L
(A
£€9°L
£€9°L

vo'L

8T
ST'T
88'1
Rorg

Tc.oﬁ

Feco
590
Feee

L£70
W 290
00T
v 290
F8€0

¥ 960
=TT

60

0.0

0.5

2.0

4.5 4.0 35 3.0

5.0
1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

)5

90bT
or'pT
ISP
oULT ~
s0°zz
09°2C
a9z
veLz
g W
92T
Y682
6T
e
1€
vrze
Lree
8EVE
w'se
9IS~
w0es —

89°9L N

00°£L
2ELL 7

B6EETT
e V
8L°9TT
89zt W
9b'8CT

TS'SET
LSSET v
SS'SpT
T19°'SpT v

99'ST ~
06'vST

£E€780Z ~
06802 "

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220

S50



280
£8°0 1
80
¥8'0 1
580 1
98'0
98'0
80 1
880
880
680
0zt
T &
€27
€2
YTT
STT
9’1
21
Fas
87T
87T
62T
0€'T
1€
€07
15T u
€57
57
bS'T
95T
(ST
8s'T
65T
65T
65T
09T
09T
197
9T
T
T
€97
€97

69T
(784
(784
(784
wr
S8'T
S8'T
98'T
98'T
98'T
[A: 21
[A: 29
81T
88T
88T
6T
w1
£6'T
£6'T
v6'T
v6'T
S6'T
S6'T
S6'T
96'T

96'T
L6'T
86T
86T
s0'z
s0'z
k144
k144
ae
ae
81T
(%4
(%4
sTe
sTe
sTe
9z'T
9Tz
9z'T
e
e
e
8Tt
seT
seT
seT
9€'T
9€'T
9€'T
Lee
Lee
8ET
8ET
6E°T

9L

80
£8°0
¥8'0 —7
¥8'0 %

CeH1s3

(o)

4h

17 16 15 14 13 12
f1 (ppm)

18

L0'v
S0'C
00'T

1.5 1.0 05 0.0

2.0

4.5 4.0 35 3.0

5.0
1 (ppm)

6.5 6.0

7.0

9.5 9.0 8.5 8.0

10.0

)5

8T'SS ~
s

89'9L
00742 W
2ELL

PEETT
O¥'ETT v

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220

S51



250
€60 1
80 1

5a
—

N
\

SIS

1

CeH13

diastereomer 1

W 80°€

E1eo

9T
(45

Feot
W €1z

Fort

Fsot
Foot

Fot

m\ €0°T
660
660
W wT
66°0

E oot

0.0

0.5

15

2.0

4.0 35 3.0

5.0
1 (ppm)

6.0

9.5 9.0 8.5 8.0 75 7.0

10.0

)5

60T
TTvT
09v1 7"
S0'6T ~_
992z
e
0592
A
1987 —
0£'6C
oz6e
81e
88°TE
952¢
s
w6vE
€19
6205 ~
SSTS —

89°9L N

00°£L
2ELL 7

26711 —

09°021
ween W
weer ~
veeet \
19°621

90°TET —

0S'8ET —
SE'EPT
B6E'EPT W
80°¥bT Va
LT9vT

T6'T9T —

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220

S52



080 1

v

J s

s

1707

/

CeH13

diastereomer 2

Koo
Fere
=122
Faeer

T

Fert
Fsoz

oot

Fore

Fot

Esot
Eeot

Eeot

QT
M 60T
iy 0T

0T
A L0°T

E 00T

0.0

0.5

1.0

5.0 45 4.0 35 3.0
1 (ppm)

6.0

9.5 9.0 8.5 8.0 75 7.0

10.0

)5

89'9L
00°LL W
€L

&L —

99'021
€€t W
79°€et
vo'EeT W
ss'szt
T0TEF —

EP6ET
18THT

e\
ST —
[T

90'29T —

10

30

40

60

210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

220

S53



bIT
9T'T W
fAns

€00 —

'z
SP'T W

8S'E

Wy —

j39
j39
[ava
[ava

9L

v9'L
v9'L W.
v9'L

A

Eere

o't

0.0

0.5

15 1.0

2.0

6.0 5.0 45 4.0 35 3.0
1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

86'ST —

95'ST —
6LLT—

9Py —

89'9L
00742 W
€L

08'1eT —

06'87T —
89'TET —

6EPPT —

07°e9T —

10

30

60 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

220

S54



Tee
EE°E W
EE°E
vE'E
SE'E
SLe
9L'e
e
e
6L'E
6L'E

BEY —

sTL
1L
0zL
0zL
1L
e
e
9L |
or's
ov'e
RIS
8b°L |
b |
v
05
05°c
152

152
!
€5~
g5t
8Lt

8LL
08'L \‘
08'L

ws
ws v

~

0.0

0.5

15 1.0

2.0

6.0 5.0 45 4.0 35 3.0
1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

SL9T—

6T'SY —

89'9L
0022 W
W€

“scotr—

SSTZT~C
9r'zer —
60b2T <

L9821 =
oc0e1
65HET ~

TL0ST —

£6'09T —

10

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

20

S55



6°61-
68'61- W

5861~

26'61- —

68'61- —

S8°61- —

-19.85 -19.90 -19.95 -20.00 -20.05
1 (ppm)

-19.80

-19.75

ob'L

656
09'6 v

1

| J&LJ&[

|

00T

=69'8T

~oge
Jsre
> 9T

/10T

201
%mo.ﬁ
Zsr1
ot
st

=960

24

-3 -14 <15 <16 -17  -18  -19 20

-12

7

1 (ppm)

LT oo N O

o
58

> o 0
B

SESITSSRNENR

R S e e e R N R R R R R R

(o}
@ 700 MHz
3a (dr: 6.5:1)

SRR

]

—

@ ®o
B

[P,

e i— L )

=\

/// -

==

e

ST

0.6

1
f1 (ppm)

F 09"
00"

= op-

For

Wmo.
€0°

w0

S cdoi

g

0.0

0.5

1.0

2.0

2.5

3.0

3.5

4.0

8.0

8.5

9.0

9.5

(ppm)

f1

S56



H-H Cosy

gDQFCOSY—=YHJ-HWT-CDC13 o
20180706 L o.
YHI-HWT-CDC13
&DQFCOSY o.
0 I
) L
a0 [ ] 0-
09 +
1 L.
G‘ S 1.
1.
; p I
[E o
oo
L1
0
B i
({E)
a0 .
[ a
13 0 ;
: : : : : : : : : : : : : :
26 2.4 22 20 18 1.6 1.4 1.2 1.0 0.8 06 04 02 00
£2 (ppm)
gHSQCAD——YHJ-HWT-CDC13
20180706 o
YHJ-HWT-CDC13 0
gHSQCAD 0
3 ]
3 0
.
0 © n
N
@
—_—
—
‘ i
— 0
{
DRE(
3
T T T T T T T T T T T T T
2.6 2.4 2.2 2.0 1.8 1.6 1.1 1.2 1.0 0.8 0.6 0.1 0.

2 (ppm)

S57

20

=50

f1 (ppm)

£1 (ppm)



A B B P LR TS 22 555 R 5 85 N
RABOFOS i i i i i i i i i ol ol o < <

B o e

2H NMR

r T T T T T T T T T T T T T T T

.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
'"H NMR @ 700 MHz H
E— H.D (0.82D)
D (0.26 D
(0.33D)D. c (H )
0.33D)D 67713
( ) D (0.37 D)
d-3a
15 710 6‘.5 6‘,0 5‘.5 5‘.0 4‘,5 4‘.0 3‘.5 3‘,0 2‘.0 1‘,5 1‘.0 015 0‘,0 —C
£1 (ppm)
XD—-20G-SM2—-CDCL3. 1. fid 3
boss XD -
2H NMR
PR / J
Ayt iy
T T T T T T T T T T T T T T T T T T T
10. 0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
£1 (ppm)
;
H NMR H (0.13 D)
(0.17 D)H z
CsH13
(0.17 D)H
d-2a
i ‘
I
I
\‘\
T T T I :ﬁ
T T T T T T T T T = T r T T T T :\iT T 2 Tr T T
L5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 C
£1 (ppm)

S58



7 Density Functional Theory (DFT) Study
7.1 Complete Reference for Gaussian 09

Gaussian 09, Revision D.01, Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A_;
Cheeseman, J. R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.;
Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.; Ehara, M.;
Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.;
Vreven, T.; Montgomery, Jr., J. A.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers, E.;
Kudin, K. N.; Staroverov, V. N.; Kobayashi, R.; Normand, J.; Raghavachari, K.; Rendell, A.; Burant, J.
C.; Iyengar, S. S.; Tomasi, J.; Cossi, M.; Rega, N.; Millam, N. J.; Klene, M.; Knox, J. E.; Cross, J. B.;
Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi,
R.; Pomelli, C.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A,
Salvador, P.; Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.; Farkas, O.; Foresman, J. B.; Ortiz, J. V;

Cioslowski, J.; Fox, D. J. Gaussian, Inc., Wallingford CT, 2013.

7.2 Computational Methods

Geometry optimizations and single-point energy calculations were carried out using Gaussian 09. The
geometries of intermediates and transition states were optimized using the B3LYP functional'® with a
mixed basis set of SDD for Ir and 6-31G(d) for other atoms in the gas phase. Vibrational frequency

calculations were performed for all the stationary points to confirm if each optimized structure is a local minimum
or a transition state structure. Solvation energy corrections were calculated in cyclopentanone solvent with the

SMD continuum solvation model'® based on the gas-phase optimized geometries. The DFT-D3(BJ) method
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developed by Grimme and co-workers'’ with a mixed basis set of SDD for Ir and 6-311+G(d,p) for other atoms

was used for solvation single-point energy calculations.

7.3 Complete free energy profiles of the reaction pathways shown in Figure 1

. . C4|j|9H + C4H9 y + 94:9 +
loe ST, P AP —M e Mo
\PPLs N I Ir
N 2N VARN VARN
=P =P N p N p
N= N= N N
N 1 N 27.4 \ |
7B . 7 7 (13.1) N ~
=N___p 11-TS ML-TS 11L-TS 13-TS 13L-TS
N HN

@ Sp 8.9)

[ / w \ -
_H . J
/N\I;/P> . N\|'+/P> 10b 10c - 1:3“(_5 ~ \
4 r 12 - N
N P = Dp 193 N
b CeHis
8 10
C-H reductive elimination/ 14L

" C-H oxidative addition I alkene coordination I Ir-C migratory insertion | ligand exchange I
I 1

Figure S1. Free energy profile of Ir—C migratory insertion pathways to form the branched and linear
alkylation products (shown in blue and black, respectively). The (S)-BINAP ligand was used in
calculation. All energies are in kcal/mol and were performed at the B3LYP-D3(BJ)/6-

311+G(d,p)—SDD/SMD(cyclopentanone)//B3LYP/6-31G(d)—SDD level of theory.
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16L 19.3
C—C reductive elimination/

I ligand exchange 1 14L

I alkene coordination I Ir-H migratory insertion

Figure S2. Free energy profile of Ir—H migratory insertion pathways to form the branched and linear
alkylation products (shown in blue and black, respectively). The (S)-BINAP ligand was used in
calculation. All energies are in kcal/mol and were performed at the B3LYP-D3(BJ)/6-

311+G(d,p)—SDD/SMD(cyclopentanone)//B3LYP/6-31G(d)—SDD level of theory.

7.4 Other possible Ir-H or Ir-C insertion pathways from different configurations of Ir(l111)-

hydride complexes
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C-C reductive elimination/

I Ir-H migratory insertion I ligand exchange I 14L

Figure S3. Free energy profile of Ir—H migratory insertion from complex 10c¢ to form the branched and
linear alkylation products (shown in blue and black, respectively). The (S)-BINAP ligand was used in

the calculations. All energies are in kcal/mol.

In addition to the free energy profiles shown in Figure 1 and 2, the Ir-H migratory insertion from
complex 10c is also calculated. As shown in Figure S3, the Ir-H migratory insertion occurs through
transition state 21-TS or 21L-TS. The activation free energies are 26.5 and 27.0 kcal/mol, respectively.
The rate-determining steps are the following C—C reductive elimination via transition state 17L-TS or
23-TS. The actiavtion free energies are much higher than the alkene insertion tration state 11-TS (25.2
kcal/mol). The alkene insertion into Ir—C bond from intermediate 10 is also considered. As shown in
Figure S4, the alkene lies at the trans position of hydride in transition state 25-TS. The strong trans
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effect of hydride suppressed the alkene insertion, thus result in the high activation free energy of 25-TS

(42.5 kcal/mol). Therefore, these possible reaction pathways could be ruled out in this reaction. These

. . 1
results are consistent with Huang’s work.'®

7B\ 2 [@ ;
_ —\H
N\T+/P> \ N N\|r+/P>

ZC4Hq

N Ir. B
N VN
p AG? = 42.5 kcal/mol AP
U 7
C4Hg
10 25-TS

Figure S4. The Ir—C migratory insertion from intermediate 12. The biphosphine ligand used in

calculation is (S)-BINAP.

7.5 Cartesian coordinates and energies of optimized structures

2c

B3LYP SCF energy:
B3LYP enthalpy:
B3LYP free energy:
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-235.84430838 a.u.

-235.669191 a.u.

Cartesian coordinates

ATOM X

C 3.088717
H 3.096365
C 2.045666
H 2.083984
C 0.777206
H 0.862902
H 0.643176
C -0.474134
H  -0.539141
H  -0.358396
C -1.776351
H  -1.883026

Y
-0.176480
0.455824
-0.203765
-0.856003
0.588104
1.240581
1.250766
-0.300900
-0.970111
-0.952511
0.501021
1.153325

-235.710183 a.u.

-235.94575929 a.u.
-235.770642 a.u.
-235.811634 a.u.

V4

-0.440044
-1.326095
0.390784
1.265709
0.222563
-0.656730
1.092101
0.088728
0.959439
-0.788548
-0.033032
0.845572
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H -1.709304 1.170616 -0.902311

C  -3.019446 -0.385080 -0.165847

H  -3.134210 -1.040508 0.706375

H  -3.931739 0.216212 -0.252812

H  -2.956652 -1.025654 -1.054193

H 3.976095 -0.779936 -0.267420

8

B3LYP SCF energy:  -3058.13057527 a.u.
B3LYP enthalpy: -3057.210058 a.u.
B3LYP free energy:  -3057.345829 a.u.

B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-3059.23437508 a.u.
-3058.313858 a.u.
-3058.449629 a.u.

Cartesian coordinates
ATOM X Y Z

sl oNeoN--NONONONONONONQR=R::NoN@R:-R-No NN NONONONONON@!

5.303907
4.332793
3.646935
3.994454
5.002401
5.649326
5.812049
4.086937
2.629608
3.322710
5.252437
6.421594
2.343728
1.967833
3.594258
1.866484
2.352859
3.366339
1.181173
4.574440
3.173367
1.015177
5.530760
4.742879
4.178895
1.981118
0.121176

-2.884406
-2.167297
-1.089951
-0.791568
-1.547651
-2.572489
-3.698220
-2.428323
-0.314808

0.266705
-1.297048
-3.143640

0.984782

0.705847

0.514059

1.793111
-0.636402
-0.330493
-1.283584
0.347968
-0.716178
-1.660834
0.610742

0.662072
-0.431234
-1.390749
-2.187003

-1.175392
-0.512883
-1.147180
-2.504291
-3.161397
-2.512125
-0.665605
0.509110
-0.480976
-3.158581
-4.189149
-3.019263
-2.517500
-1.172619
-4.181885
-3.053133
0.959496
1.935849
1.358862
1.602918
3.302522
2.721236
2.558076
0.579820
4.265305
3.659100
3.028899
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5.337130
6.444425
4.014264
1.839110
6.103073
0.551211
-0.227396
0.382623
-0.258789
0.824189
-0.422751
-0.647120
0.644518
1.296459
0.030488
-0.914521
0.988245
-0.102391
1.295048
0.642107
2.515690
1.177176
-0.275286
3.042754
3.061337
2.371943
0.662824
3.983576
2.787197
-1.354481
-2.172378
-1.436417
-3.021924
-2.146465
-2.299782
-0.834569
-3.088059
-3.634902
-2.349458
-3.751998
0.463209
1.288486
0.132770
1.748003
1.579402
0.595764

0.215838
1.126608
-0.738492
-1.703322
0.425399
1.680133
-1.546028
3.102488
2.849791
4.405181
3.861171
1.855628
5.423513
4.643752
5.154867
3.642924
6.428372
5.947049
2.376615
2.198363
3.072740
2.732350
1.620395
3.616556
3.184662
3.452332
2.582181
4.158287
3.872687
-2.714377
-2.192491
-4.084074
-3.023191
-1.127930
-4.912480
-4.516624
-4.388752
-2.602596
-5.970862
-5.036546
-2.547462
-3.660147
-2.212514
-4.433518
-3.918968
-2.985464

3.903421
2.276433
5.294964
4.690702
4.644526
-0.413298
0.173388
-1.589959
-2.817825
-1.323415
-3.762656
-3.024764
-2.265230
-0.377766
-3.487818
-4.706530
-2.036636
-4.218982
1.120090
2.347138
1.093785
3.520355
2.376824
2.264925
0.161258
3.479274
4.465504
2.230645
4.390693
1.071674
2.090736
0.783264
2.820288
2.306476
1.506477
-0.007265
2.530069
3.613038
1.266356
3.095449
-1.209975
-0.977679
-2.532113
-2.043748
0.036440
-3.598573
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-0.472092
1.398610
2.386609
0.335794
1.760115

-6.275593

-5.421271

-7.292536

-6.354621

-5.797820

-5.404960

-5.471781

-4.198905

-5.706363

-6.671666

-4.650605

-4.786870

-3.419821

-2.589273

-3.176954

-4.055142

-3.107660

-2.940058

-3.521517

-2.859584

-3.838306

-2.282230

-2.201311

-2.464003

-1.114083

-2.685668

-3.657585

-2.007147

-1.329731
-4.100863
-5.290616
-2.711590
-4.703509
-0.323103
0.942087
-0.059785
-0.964275
1.810567
1.190218
-1.013668
-0.432305
-2.035008
-2.529432
-2.417145
-3.210583
-1.784919
-2.074244
-0.783489
0.589976
1.611980
2.108469
1.721748
2.701384
3.028648
2.369732
3.835898
4.826817
3.748061
3.608779
4.104599
4.016658

-2.725551
-3.354813
-1.850916
-4.617262
-4.183028
1.155753
1.464929
0.851131
2.042996
0.906559
2.527494
0.075830
0.076649
-0.823293
-0.886150
-1.678787
-2.404972
-1.590762
-2.222409
-0.705346
0.978251
0.612091
-0.704256
-1.539219
1.638037
2.020665
2.505614
0.829304
1.210886
0.881655
-0.618044
-0.771138
-1.365597

DI IDOQOIDIZOQOIDIZIOQOIZIOQZZIOIZIOIZIOO0OOD T T TOOTT T TOT

-1.417301 0.424263 -0.367948

9-TS

B3LYP SCF energy:  -3058.09317076 a.u.
B3LYP enthalpy: -3057.177462 a.u.
B3LYP free energy:  -3057.314338 a.u.

B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:

B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -846.4266 cm-1

-3059.19826898 a.u.
-3058.282560 a.u.
-3058.419436 a.u.
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Cartesian coordinates
ATOM X

cBolioRoNeRc-NoNONOReRa-Na-Resic BNl oNoN--NOoNONONONONONORsR-NoN @R R sl oNORsR - HONONONONGN@!

6.196539
5.018928
4.024472
4.282556
5.513386
6.454263
6.936653
4.843739
2.777865
3.287264
5.692625
7.391099
2.086539
1.808605
3.478589
1.343920
2.562115
3.347536
1.625078
4.307870
3.163376
1.423633
5.055663
4.455697
3.950832
2.178644
0.660889
4.884430
5.785039
3.799230
2.021836
5.485027
0.132086
0.347506
-0.606563
-1.392631
-0.427089
-1.967986
-1.563263
-1.011960
0.159496
-1.779578
-2.568227
-0.863872

Y
0.925592
0.685790

-0.181929
-0.779682
-0.524919
0.309146
1.592942
1.167291
-0.443703
-1.600699
-0.996602
0.501269
-1.808239
-1.236519
-2.060299
-2.428408
0.153631
-0.335496
1.162098
-1.377420
0.230019
1.671864
-1.806881
-1.838759
-0.231019
1.234789
2.423970
-1.226125
-2.600402
0.217817
1.649943
-1.570626
-1.558173
1.700334
-2.788386
-2.286897
-4.176697
-3.144825
-1.217819
-5.036436
-4.598107
-4.524363
-2.736038
-6.108662

V4

1.231702
0.558946
1.098336
2.374255
3.037073
2.480031
0.799337
-0.395995
0.427002
2.955121
3.999894
2.994919
2.322818
1.049031
3.921509
2.806822
-0.931185
-2.040033
-1.147286
-1.901115
-3.343574
-2.466289
-2.975901
-0.932335
-4.431281
-3.522989
-2.637569
-4.253814
-2.839806
-5.409657
-4.515413
-5.090643
0.281551
0.074193
1.463819
2.514946
1.366104
3.452487
2.597303
2.298772
0.557665
3.346056
4.260666
2.204755
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-2.230487
0.574787
-0.101169
1.584008
0.202116
-0.850636
1.879808
2.152418
1.186393
-0.327591
2.660336
1.422391
0.243164
-0.735703
1.188720
-0.783987
-1.464583
1.135043
1.978929
0.149917
-1.548714
1.873399
0.113260
0.960862
2.181219
0.086269
2.530573
2.859813
0.431287
-0.878462
1.656972
3.484309
-0.259540
1.928568
-6.676874
-6.305515
-7.616320
-6.793777
-6.793193
-6.571262
-5.480139
-4.406781
-5.297816
-6.103844
-4.033508
-3.832536

-5.195078
-2.535361
-2.306596
-3.514010
-3.059093
-1.521842
-4.268781
-3.677878
-4.046226
-2.867122
-5.023041
-4.631898
3.548489
4.193092
4.331147
5.582958
3.601011
5.727006
3.866657
6.356005
6.063333
6.318013
7.440015
1.730748
2.331147
1.336391
2.498023
2.675067
1.515632
0.906507
2.091663
2.952483
1.209666
2.233209
-0.716805
0.660785
-1.096718
-0.660176
0.810219
1.495440
-1.559032
-0.700590
-2.919866
-3.610942
-3.385706
-4.444718

4.071872
-1.225932
-2.433864
-1.188264
-3.570623
-2.482055
-2.323095
-0.277406
-3.515353
-4.499563
-2.278830
-4.399249
-0.078379
0.698913
-0.753813
0.774702
1.246344
-0.680546
-1.332889
0.078273
1.378668
-1.215148
0.136150
1.819714
2.163509
2.840748
3.502279
1.389142
4.182472
2.582702
4.515056
3.754552
4.963409
5.557281
0.622212
0.032685
0.211469
1.711914
-0.937101
0.684676
0.262238
-0.070974
0.197320
0.426814
-0.212324
-0.326300

S68



THEFITZTOQODNZIODNIZDOQOOO0ZZIO

10

-3.020144
-2.047806
-3.151539
-4.833500
-4.138260
-2.787952
-4.887188
-5.873596
-5.046335
-3.913681
-4.111139
-4.011807
-2.528753
-1.799556
-2.130366
-1.435740
-1.931726

-2.479613
-2.827824
-1.123583
0.606918
1.620233
1.694940
2.849181
2.625697
3.557443
3.416480
2.942051
4.498385
2.994877
2.866890
3.770625
0.259586
0.724245

-0.444914
-0.753075
-0.316085
-0.156484
-0.798515
-1.027442
-1.286127
-1.705324
-0.458497
-2.332668
-3.301473
-2.463127
-1.806707
-2.614516
-1.149236
-0.233504
-1.712766

B3LYP SCF energy:
B3LYP enthalpy: -3057.200333 a.u.
B3LYP free energy:  -3057.338949 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-3058.11821345 a.u.

-3059.22881556 a.u.
-3058.310935 a.u.
-3058.449551 a.u.

Cartesian coordinates
ATOM X

TTOOTZTTOODITOOO0OO0O000

6.021895
4.913564
3.932826
4.131122
5.291032
6.220312
6.753182
4.784106
2.755789
3.149864
5.425397
7.103067
2.016266
1.795422
3.298768
1.282938

Y
1.194905
0.896480
-0.031926
-0.632406
-0.313837

0.580363

1.907443

1.377978
-0.354067
-1.525010
-0.787098

0.820015
-1.797780
-1.217968
-1.991121
-2.476491

V4

1.621337
0.860161
1.317134
2.602389
3.359000
2.881393
1.250427
-0.102147
0.552937
3.095072
4.328309
3.467013
2.370084
1.088428
4.065807
2.785393
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2.616815
3.496977
1.678707
4.474286
3.395560
1.566305
5.310641
4.564384
4.272241
2.405416
0.804035
5.216480
6.051246
4.181464
2.314211
5.885865
0.196872
0.293332
-0.596455
-1.390126
-0.454065
-2.013724
-1.519337
-1.086610
0.144934
-1.865283
-2.617598
-0.965882
-2.353394
0.776814
0.133585
1.850462
0.541777
-0.681263
2.253465
2.378143
1.598205
0.034595
3.084191
1.915737
0.086451
-1.043280
1.082119
-1.185052
-1.820158
0.934460

0.248665
-0.209553
1.240062
-1.223692
0.360135
1.760623
-1.626942
-1.683371
-0.074899
1.345055
2.499843
-1.045775
-2.399268
0.375253
1.765166
-1.369982
-1.611480
1.724007
-2.851562
-2.366968
-4.239467
-3.241921
-1.296851
-5.116248
-4.645931
-4.621926
-2.846529
-6.188014
-5.305762
-2.615025
-2.519710
-3.512868
-3.312498
-1.815929
-4.306770
-3.587525
-4.210472
-3.222076
-4.995840
-4.826714
3.555273
4.144715
4.386462
5.530264
3.515071
5.776166

-0.814146
-1.863626
-1.094296
-1.656593
-3.174509
-2.420002
-2.674619
-0.680040
-4.203175
-3.420804
-2.642288
-3.960438
-2.487237
-5.188374
-4.419240
-4.751901
0.196308
0.025094
1.328011
2.381961
1.181594
3.270918
2.513662
2.066584
0.374333
3.113562
4.083060
1.935618
3.802110
-1.244885
-2.488914
-1.108546
-3.564232
-2.627116
-2.181890
-0.162257
-3.411831
-4.520657
-2.058815
-4.248045
-0.168575
0.424347
-0.700873
0.458810
0.849036
-0.668824
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1.979069
-0.197451
-2.067197

1.711998
-0.308748

0.768361

1.938565
-0.165769

2.181250

2.662563

0.070393
-1.092579

1.248437

3.098237
-0.665802

1.436674
-6.509362
-6.153290
-7.491620
-6.532750
-6.781733
-6.260790
-5.377426
-4.340710
-5.223762
-6.008890
-4.017390
-3.850633
-3.023203
-2.086955
-3.128061
-4.741050
-4.104758
-2.783540
-4.904981
-5.882551
-5.098323
-3.970317
-4.275781
-4.016601
-2.554209
-2.001603
-1.958692

-1.415188
-0.846322

3.963171
6.351101
5.969662
6.405783
7.431244
1.783032
2425176
1.360893
2.605155
2787975
1.554115
0.891994
2.171466
3.090589
1.226168
2.322973
-0.739129
0.681326
-1.065509
-0.768448
0.964824
1.448312
-1.584537
-0.720951
-2.939621
-3.633791
-3.405184
-4.462065
-2.506261
-2.845890
-1.151026
0.586428
1.568552
1.574470
2.690446
2.367790
3.502313
3.137145
2.635601
4.214883
2.658923
2.263151
3.488432
0.217746
0.180475

-1.139686
-0.092934
0.915874
-1.092108
-0.067914
1.809238
2.240330
2.763973
3.600823
1.517644
4.126901
2.439937
4.546991
3.921843
4.855590
5.605997
0.937668
0.428964
0.584077
2.034014
-0.421421
1.200586
0.407774
-0.024764
0.257702
0.543847
-0.314424
-0.487510
-0.624566
-1.041188
-0.439392
-0.005432
-0.782405
-1.100520
-1.420902
-1.797511
-0.703911
-2.566529
-3.491432
-2.749679
-2.153612
-3.014062
-1.762095
-0.401883
-1.835691
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B3LYP SCF energy:  -3058.11181512 a.u.

B3LYP enthalpy: -3057.194103 a.u.

B3LYP free energy: -3057.330129 a.u.

B3LYP-D3(BJ) SCF energy in solution: ~ -3059.21312918 a.u.
B3LYP-D3(BJ) enthalpy in solution:  -3058.295417 a.u.

B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -26.6016 cm-1

-3058.431443 a.u.

Cartesian coordinates
ATOM X Y Z

g Bar BN NONOR-NONONONONONoNR="Rsi RO RsR:-NONQR:: R HO NGO NGO RO RO NP

5.708348
4.649432
3.955135
4.400525
5.504636
6.148317
6.214857
4.337584
2.826736
3.723042
5.827080
6.990270
2.625175
2.128753
4.077661
2.140170
2.540719
3.489896
1.476771
4.576178
3.352194
1.364422
5.465055
4.705923
4.288300
2.278076
0.544585
5.326836
6.283060
4.166088
2.178300
6.038783
0.547479

1.782012
1.486145
0.244215
-0.683049
-0.356848
0.851709
2.738206
2.214837
-0.084775
-1.918186
-1.082334
1.095483
-2.196921
-1.278087
-2.650639
-3.153170
0.879450
0.925120
1.780320
0.009847
1.916664
2.760013
0.078587
-0.755371
1.967258
2.836716
3.466554
1.068091
-0.633757
2.731444
3.602798
1.113045
-1.731029

2.091591
1.261721
1.361598
2.356471
3.189095
3.063377
1.995618
0.523029
0.521684
2.476453
3.931557
3.704682
1.702687
0.730007
3.197273
1.833538
-0.591871
-1.679736
-0.573802
-1.788287
-2.704736
-1.606121
-2.838242
-1.032877
-3.771410
-2.624728
-1.586267
-3.839726
-2.896832
-4.534592
-3.389404
-4.658656
-0.188070
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-0.044222
0.109490
-0.285957
0.091402
-0.672212
-0.279208
-0.311591
0.389706
-0.690081
-0.961807
-0.319945
-0.994802
1.143827
0.293159
2.408844
0.700305
-0.688483
2.814546
3.077920
1.962167
0.031792
3.797342
2.280954
-0.761229
-2.126939
0.078639
-2.645762
-2.786092
-0.444321
1.143673
-1.808606
-3.706723
0.218253
-2.214203
0.345494
1.400767
-0.547690
1.576050
2.093358
-0.376318
-1.381548
0.688939
2.406866
-1.078083
0.824124
-6.699491

1.532844
-3.344374
-3.346657
-4.554940
-4.529488
-2.420581
-5.738824
-4.583091
-5.731093
-4.514394
-6.666869
-6.652751
-2.262114
-2.149440
-2.847622
-2.606410
-1.697986
-3.301125
-2.954294
-3.180772
-2.509824
-3.748560
-3.533253
3.222190
3.370409
4.343404
4.616456
2.513353
5.587951
4.256242
5.729412
4.714767
6.445561
6.698729
1.155503
1.790820
0.357139
1.604374
2.425350
0.182083
-0.119694
0.800908
2.089029
-0.432796
0.664148
-0.454667

0.447988
0.622021
1.974275
-0.085359
2.600611
2.542361
0.542435
-1.127324
1.884218
3.647719
-0.022172
2.371791
-1.852385
-2.963497
-2.022980
-4.218668
-2.847992
-3.278139
-1.174738
-4.378253
-5.069487
-3.396567
-5.355060
0.699151
0.981272
0.814997
1.338340
0.918270
1.167410
0.626164
1.426248
1.550767
1.241201
1.701307
2.212132
2.881204
2.941158
4.252158
2.338095
4.316258
2.431884
4.972387
4.756606
4.873297
6.041469
0.664638
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-6.235575
-7.615128
-6.907311
-6.728934
-6.415921
-5.516860
-4.405501
-5.380671
-6.214763
-4.119120
-3.951516
-3.078709
-2.113661
-3.161290
-4.779699
-4.010761
-2.656721
-4.693129
-5.203619
-5.454253
-3.507320
-3.648464
-3.392571
-2.278652
-2.067417
-1.369696

0.696494
-0.927385
-0.087744

0.659666

1.682719
-1.389642
-0.727779
-2.684205
-3.229011
-3.299696
-4.332011
-2.573216
-3.028122
-1.256799

0.480044

1.276865

1.215527

2.284618

1.770157

2.888249

3.133460

3.493883

4.009693

2.211689

1.667726

2.773313

-0.257982
0.297679
1.677107

-1.235172
0.176505
0.664633
0.074985
1.089037
1.522280
0.913582
1.198059
0.386850
0.253447

-0.000673

-0.437742

-1.277064

-1.429836

-2.186712

-3.015925

-1.678367

-2.686307

-3.709474

-2.038160

-2.527306

-3.459736

-2.294893

-1.337319 -0.045875
-0.396320 0.387979

-0.544089
-1.712257
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B3LYP SCF energy:  -3058.11686277 a.u.
B3LYP enthalpy: -3057.197920 a.u.
B3LYP free energy:  -3057.337080 a.u.

B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-3059.21500579 a.u.
-3058.296063 a.u.
-3058.435223 a.u.

Cartesian coordinates
ATOM X Y Z

ONONONON®!

-5.917215
-4.761789
-4.082608
-4.653733
-5.854993

-1.472093
-1.308947
-0.055195
1.028449
0.835743

1.887736
1.155318
1.108913
1.849522
2.583258
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-6.477571
-6.406633
-4.360682
-2.852922
-4.004525
-6.269298
-7.394052
-2.814062
-2.188348
-4.455103
-2.347223
-2.471702
-3.318980
-1.443406
-4.327210
-3.151796
-1.300951
-5.115656
-4.467790
-3.991821
-2.143897
-0.505595
-4.956224
-5.869568
-3.851444
-2.029132
-5.591915
-0.515154
0.037648
0.009487
-0.002759
0.541634
0.481617
-0.404450
1.039825
0.559927
1.007300
0.443822
1.442149
1.382834
-0.956513
-0.084111
-2.135242
-0.380821
0.827130
-2.431861

-0.389968
-2.441667
-2.155080
0.137307
2.284588
1.678717
-0.530808
2.439161
1.365709
3.129713
3.414574
-1.007815
-1.220297
-1.918132
-0.290662
-2.395150
-3.081808
-0.515622
0.615208
-2.606447
-3.326345
-3.785657
-1.687893
0.214727
-3.508417
-4.229984
-1.855104
1.707490
-1.471531
3.293595
3.431774
4.339037
4.590840
2.637337
5.493124
4.264344
5.625880
4.685934
6.292810
6.528983
2.271546
2.025106
2.996596
2.493061
1.456227
3.460260

2.606744
1.908319
0.610275
0.368550
1.817417
3.130340
3.172189
1.155605
0.451053
2.331741
1.162349
-0.533435
-1.682426
-0.274308
-2.072844
-2.487822
-1.085155
-3.178713
-1.496204
-3.613848
-2.138710
-0.871944
-3.955420
-3.458114
-4.203910
-2.731947
-4.819984
-0.324009
0.730324
0.487795
1.889610
-0.281712
2.496391
2.513081
0.329987
-1.363979
1.717794
3.578302
-0.285539
2.190353
-2.032790
-3.103534
-2.273556
-4.385667
-2.938615
-3.555054
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-2.826910
-1.555794
0.304800
-3.348781
-1.789667
0.883847
2.274771
0.125753
2.896199
2.868590
0.747482
-0.953046
2.135992
3.976601
0.147363
2.619625
-0.465631
-1.663693
0.449726
-1.950821
-2.379939
0.162562
1.393967
-1.041474
-2.888431
0.882736
-1.266472
6.685895
6.166712
7.449873
7.135463
6.385588
6.581212
5.434284
4.301790
5.253761
6.097823
3.927042
3.711689
2.883236
1.866028
3.024513
4.695470
3.886993
2.514173
4.528553

3.199582
3.209794
2.291783
4.017303
3.570659
-3.062993
-3.199662
-4.121181
-4.375768
-2.389362
-5.296388
-4.034228
-5.426541
-4.468047
-6.108822
-6.341624
-0.959706
-1.400309
-0.242950
-1.104984
-1.968162
0.046276
0.075139
-0.379629
-1.442346
0.596921
-0.153848
0.489322
-0.266223
1.226596
-0.202079
0.279976
-1.271590
1.112681
0.547756
2.049173
2.501375
2.403964
3.146133
1.801088
2.066129
0.862395
-0.336200
-1.073477
-1.182024
-1.953067

-1.461957
-4.614003
-5.204053
-3.726197
-5.611577
1.148256
1.066751
1.681336
1.495894
0.660435
2.098374
1.767640
2.007443
1.427168
2.497933
2.336871
2.427937
3.007356
3.212565
4.340670
2.424327
4.547374
2.784269
5.112513
4.772873
5.146350
6.150922
0.287360
-0.954591
0.024782
1.011011
-1.879944
-1.044919
0.849717
0.207765
1.835642
2.348537
2.159586
2.920002
1.494028
1.728209
0.507622
-0.769826
-1.609338
-1.563814
-2.669220
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H 5.305996 -1.446518 -3.252388
H 5.007942 -2.822400 -2.191050
C 3.323004 -2.381912 -3.525391
H 3.196890 -1.674544 -4.353361
H 3.446316 -3.379380 -3.957278
C 2.120707 -2.270380 -2.564799
H 1.185130 -2.056823 -3.086781
H 1.969101 -3.217393 -2.022220
Ir  1.226493 -0.024722 -0.540976
H 0.194992 -0.515004 -1.621131
10c

B3LYP SCF energy:  -3293.96722501 a.u.
B3LYP enthalpy: -3292.869596 a.u.
B3LYP free energy:  -3293.024702 a.u.

B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-3295.18734312 a.u.
-3294.089714 a.u.
-3294.244820 a.u.

Cartesian coordinates
ATOM X Y Z

SHONONONONONPR=R-NoRoN:-RuloNeR:=RHONONONONON@

-5.906158
-4.826195
-4.139370
-4.610532
-5.729804
-6.367502
-6.411120
-4.487425
-3.002211
-3.957229
-6.073398
-7.223844
-2.855122
-2.328835
-4.342437
-2.407838
-2.665353
-3.570770
-1.538538
-4.742881
-3.296360
-1.242175
-5.603700

-2.580323
-1.774537
-1.072656
-1.232686
-2.068260
-2.730031
-3.106229
-1.675177
-0.231430
-0.522283
-2.171568
-3.365219
0.254025
0.385365
-0.589249
0.804124
0.048658
0.906533
-0.459474
1.467407
1.220888
-0.059116
2.249468

-0.110230
-0.393440
0.638666
1.981421
2.242872
1.219860
-0.915603
-1.418115
0.371250
3.015143
3.268983

1.427051
2.750145
1.434621
4.029676
3.565826
-1.067560
-1.801961
-1.708746
-1.220201
-3.172348
-3.046984
-1.959775
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-4.967064
-4.202099
-2.100106
-0.319521
-5.340636
-6.494685
-3.976474
-1.866701
-6.031773
-0.743795
-0.235298
-0.299045
-0.150229
0.061460
0.315905
-0.426005
0.541553
-0.045791
0.668345
0.399073
0.807100
1.032929
-1.422005
-0.911512
-2.503317
-1.457091
-0.098476
-3.043009
-2.924514
-2.518382
-1.049439
-3.875273
-2.939734
0.394471
1.510459
-0.263083
1.975304
2.011362
0.207691
-1.151653
1.331213
2.837321
-0.313944
1.695202
-1.079476
-1.905558

1.274774
2.027337
0.736088
-0.386624
2.527432
2.656998
2.243262
1.008341
3.139418
1.348201
1.444278
2.145233
1.411539
3.505360
2.013943
0.363628
4.104615
4.115231
3.364099
1.424280
5.157924
3.832994
2.817943
3.271122
3.511840
4.395316
2.740093
4.634175
3.176946
5.082092
4.727598
5.157748
5.956719
-2.688650
-3.448498
-3.024168
-4.491035
-3.239454
-4.067118
-2.487440
-4.798121
-5.070178
-4.308616
-5.609120
-2.641709
-3.637474

-0.178612
-3.909660
-3.759814
-3.511326
-3.320431
-1.490583
-4.950919
-4.786196
-3.892734
1.148164
-0.841221
2.775518
3.968692
2.801398
5.138300
4.007431
3.968108
1.911870
5.142677
6.047021
3.954980
6.051833
0.229431
-0.993476
0.804283
-1.620989
-1.473145
0.180668
1.747713
-1.034950
-2.571666
0.642589
-1.522176
-2.063408
-1.674365
-3.257038
-2.475525
-0.735870
-4.059434
-3.568611
-3.676339
-2.155985
-4.981234
-4.300527
0.295397
-0.254886
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-0.853526
-2.493443
-2.085331
-1.434678
-0.223374
-2.256673
-3.133918
-1.240450
-2.708247
5.322570
5.438318
6.244831
5.105591
6.234046
5.638385
4.153312
3.465380
3.695365
4.206007
2.544184
2.147915
1.924274
1.058994
2.333218
4.127776
3.816586
2.749795
4.652141
5.733175
4.454666
4.143307
4.780496
4.163112
2.723897
2.440602
1.977386
1.266190
0.700588
2.320745
1.471600
2.792917
2.388283
3.764804
3.121134
3.877671
2.470029

-2.644448
-4.600869
-3.672384
-3.615705
-1.886874
-4.596165
-5.358902
-3.603887
-5.354085
-3.269233
-2.550684
-3.196286
-4.336809
-1.793520
-3.237307
-2.569467
-1.817787
-2.570913
-3.130405
-1.806192
-1.737807
-1.129822
-0.518836
-1.129485
-1.885899
-1.211330
-0.416462
-1.503276
-1.429616
-2.523963
-0.443617
0.446961
-0.793423
-0.100318
0.932383
-0.739493
0.195552
1.007369
2.410673
3.049941
1.591344
1.647649
1.118306
2.837870
2.083496
2.939050

1.675288
0.562008
-1.324115
2.492663
2.115719
1.938604
0.120665
3.561609
2.572297
1.682161
0.321321
2.265347
1.546195
0.334185
-0.502893
2.325758
1.331433
3.617925
4.396844
3.905360
4.912318
2.877360
3.073943
1.577481
0.133230
-1.062081
-1.300625
-2.298613
-2.130997
-2.663346
-3.294599
-3.235448
-4.331306
-2.793787
-3.017949
-3.290649
-0.005384
-1.230483
0.067180
0.292430
1.068421
2.073500
0.964035
-1.134329
-1.370207
-2.010767
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C 3.806082 4.196507 -0.866499
H 3.047022 4.946927 -0.602280
H 4.465757 4.102981 0.007249
C 4.615500 4.695105 -2.072052
H 3.950610 4.782040 -2.942915
H 5370153 3.941236 -2.336626
C 5.302383 6.040195 -1.814648
H 4.569871 6.821859 -1.579721
H 6.000755 5.974872 -0.971656
H 5.869765 6.368772 -2.692059
11-TS

B3LYP SCF energy:  -3293.94512989 a.u.
B3LYP enthalpy: -3292.849681 a.u.
B3LYP free energy:  -3293.004666 a.u.

B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:

B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -314.7382 cm-1

-3295.16160909 a.u.
-3294.066160 a.u.
-3294.221145 a.u.

Cartesian coordinates
ATOM X Y Z

ONONONONORQR Rl oRoRR-NOROR RO RO NONONONP!

6.272485
5.132102
4.366376
4.829110
6.012932
6.722684
6.835013
4.808172
3.157606
4.097313
6.346737
7.627097
2.930799
2.408033
4.470305
2.418083
2.855184
3.696842
1.858490
4.706626
3.518162
1.678931

2.000654
1.464908
0.480269
0.060676
0.625061
1.577877
2.752986
1.802109
-0.081529
-0.936543
0.287895
2.004834
-1.437258
-0.990740
-1.308727
-2.212337
0.259473
-0.353523
1.150644
-1.305017
-0.016691
1.439470

0.854428
0.297976
0.987113
2.274694
2.820811
2.128040
0.308683
-0.679660
0.436429
2.960595
3.798880
2.551766
2.438912
1.190258
3.911626
2.990166
-0.995652
-1.998745
-1.385854
-1.677180
-3.379473
-2.771989
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5.496014
4.852567
4.353961
2.491044
0.880610
5.327993
6.256820
4.205062
2.344623
5.963377
0.767053
0.494138
0.158258
0.093961
-0.382335
-0.458737
0.490404
-0.949877
-0.347535
-0.984639
-0.472310
-1.353665
-1.412599
1.383937
0.992202
2.308705
1.500451
0.301240
2.811225
2.638445
2.406201
1.186470
3.521413
2.799430
-0.033944
-1.268359
0.786890
-1.683526
-1.900467
0.367523
1.761224
-0.870982
-2.638893
1.016522
-1.194197
1.223667

-1.866633
-1.599455
-0.604012
0.893937
2.103354
-1.509843
-2.591765
-0.325304
1.147019
-1.955041
-1.671718
1.679946
-2.764585
-2.321808
-4.026863
-3.124576
-1.348031
-4.822273
-4.405485
-4.378793
-2.768103
-5.796914
-5.004649
-2.943987
-2.976642
-3.903732
-3.947741
-2.233656
-4.873770
-3.896686
-4.899829
-3.952474
-5.607842
-5.654990
3.357244
3.842987
4.218913
5.141487
3.209697
5.514647
3.888861
5.978829
5.502636
6.163333
6.988260
2.221706

-2.656778
-0.645255
-4.365755
-3.731744
-3.079384
-4.014910
-2.382195
-5.405990
-4.779013
-4.775109
0.574656
-0.250306
1.954692
3.290257
1.654653
4.290201
3.562721
2.653103
0.638984
3.975210
5.316760
2.393557
4.752932
-0.636975
-1.981418
-0.184656
-2.849628
-2.361421
-1.048933
0.849887
-2.386370
-3.889706
-0.678566
-3.061054
-0.846957
-0.389155
-1.593893
-0.690223
0.222874
-1.901370
-1.937707
-1.456414
-0.318129
-2.483076
-1.694075
1.362628
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2.280730

0.628495

2.743478

2.747977

1.086979
-0.201220

2.146888

3.569987

0.611343

2.504898
-5.424242
-5.246302
-6.452096
-5.186853
-6.071052
-5.183859
-4.428296
-3.571665
-4.244073
-4.889503
-3.201881
-3.020926
-2.388809
-1.585747
-2.525441
-3.978606
-3.469845
-2.433740
-4.037287
-5.133056
-3.686673
-3.442699
-4.133182
-3.273704
-2.148733
-1.836260
-1.316606

-0.985193

-0.200457
-3.168669
-2.976962
-2.225099
-1.598963
-2.604783
-4.630786
-4.752168

3.144038
1.815017
3.629631
3.485235
2.308306
1.118217
3.214107
4.334131
1.987572
3.599341
2.538134
2.477620
2.312020
3.536445
1.934626
3.467376
1.523056
1.140288
0.976233
1.244869
0.048824
-0.444925
-0.235654
-0.949239
0.311972
1.734659
1.530452
0.700656
2.329941
2.363229
3.371733
1.610768
0.828303
2.285883
0.976959
0.085344
1.689570
-0.202878

-0.507640
-1.315395
-1.372668
-1.989639
-2.725876
-2.335851
-1.264152
-0.992477

1.408247
2.563254
2.629714
0.489919
3.787511
2.538361
3.823156
2.649534
4.710645
4.773738
1.796983
0.263823
2.095651
2.185226
-0.212631
-0.192775
2.293918
1.237652
3.545612
4.377370
3.703018
4.651342
2.618333
2.713207
1.385061
0.046286
-1.221143
-1.582728
-2.381840
-2.396551
-2.322659
-3.607605
-3.945834
-4.451584
-3.060810
-3.617350
-3.137640
-0.329689
-1.651896
-1.469566
-2.538661
-0.628588
-1.130048
0.333793
-1.102709
-0.047835
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-5.156690
-5.280910
-5.131680
-4.772768
-6.783138
-7.287528
-6.930088
-7.435677
-7.335753
-6.973169
-8.504285

-0.516428
-2.649497
-2.951136
-3.401843
-2.651349
-1.895445
-2.343377
-4.018719
-4.336476
-4.789274
-3.991050

-1.705938
-1.337913
-2.384217
-0.721663
-1.017961
-1.636004

0.027085
-1.246655
-2.291229
-0.618375
-1.007923

B3LYP SCF energy:
B3LYP enthalpy: -3292.878352 a.u.
B3LYP free energy:  -3293.033017 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-3293.97636281 a.u.

-3295.19045696 a.u.
-3294.092446 a.u.
-3294.247111 a.u.

Cartesian coordinates
ATOM X Y Z

ONONONONORQR Rl oRoRR-NOROR RO RO NONONONP!

6.554393
5.318023
4.385771
4.782961
6.068728
6.941152
7.241883
5.049280
3.076878
3.873757
6.346937
7.922357
2.620555
2.179633
4.176339
1.963812
2.826497
3.542251
2.031315
4.302895
3.489952
1.997347

1.015157
0.735080
-0.102216
-0.637799
-0.342181
0.468721

1.659939
1.165838
-0.401454
-1.467978
-0.768101
0.692008
-1.710735
-1.160849
-1.913073
-2.355072
0.085229
-0.580751
1.192770
-1.766056
-0.056038
1.694414

0.848174
0.309149
0.989768
2.255699
2.782228
2.094882
0.308068
-0.647796
0.454161
2.951329
3.742811
2.503542
2.451206
1.209454
3.895883
3.017812
-0.945439
-2.006220
-1.239922
-1.790236
-3.339008
-2.574153
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4.970427
4.343845
4.201868
2.720231
1.391587
4.930019
5.535376
4.155523
2.694161
5.469725
0.459863
0.687043
-0.322832
-0.323706
-1.010005
-0.969319
0.203532
-1.671302
-1.020372
-1.649156
-0.937424
-2.193843
-2.151481
0.889524
0.563466
1.625910
0.952895
0.008490
2.009616
1.903996
1.673294
0.691416
2.573796
1.973980
0.411235
-0.828291
1.442216
-1.039635
-1.633647
1.226279
2.421061
-0.015226
-2.005609
2.033722
-0.179465
1.390328

-2.382244
-2.198763
-0.705710
1.107748
2.563574
-1.845775
-3.290173
-0.284884
1.524555
-2.338083
-1.616865
1.770279
-2.433078
-1.804877
-3.649374
-2.390248
-0.865321
-4.223906
-4.164486
-3.601067
-1.899761
-5.167338
-4.056638
-3.058964
-3.112788
-4.121536
-4.201310
-2.299585
-5.209054
-4.104517
-5.252610
-4.221591
-6.021083
-6.099682
3.558540
4.132045
4.399486
5.504870
3.502791
5.769196
3.991899
6.326627
5.931516
6.401703
7.393958
2.080198

-2.825303
-0.797787
-4.382692
-3.582554
-2.800431
-4.134278
-2.634586
-5.383971
-4.586451
-4.938068
0.611957
-0.106505
2.080824
3.340745
1.941814
4.430822
3.480331
3.030591
0.988053
4.278124
5.399941
2.900563
5.126578
-0.481223
-1.841860
0.075240
-2.626912
-2.293296
-0.707120
1.124219
-2.062694
-3.681123
-0.257121
-2.672634
-0.531349
-0.210640
-0.983382
-0.355578
0.151736
-1.138966
-1.214306
-0.826389
-0.099052
-1.497099
-0.943058
1.579617
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2.665861

0.562933

3.112187

3.319990

1.006743
-0.437764

2.284044

4.108115

0.349541

2.631162
-5.302508
-4.648622
-6.379908
-5.165550
-5.306256
-4.393903
-4.553927
-3.460979
-4.723822
-5.549644
-3.794222
-3.890946
-2.746353
-2.033323
-2.542727
-3.425484
-2.604930
-2.662893
-2.101656
-2.978236
-1.468430
-1.403082
-1.479761
-0.342514
-2.094199
-2.966630
-1.448469

-0.987682

-0.098344
-3.375237
-3.399175
-2.370774
-1.885786
-2.830876
-4.834159
-4.873870

2.636797
1.917523
2.995555
2.787629
2.288350
1.519489
2.823207
3.412262
2.164752
3.111211
2.970260
2.662870
2.780071
4.023577
2.051647
3.571259
2.065433
1.500083
1.742799
2.145430
0.857370
0.551680
0.367253
-0.324066
0.689079
1.894134
1.297432
-0.022929
2.212082
2.676594
3.027536
1.257946
1.594084
1.173268
-0.092779
-0.219501
-0.959900
-0.046789
-0.449955
-1.251134
-1.974368
-1.712545
-2.644606
-1.844380
-1.067066
-0.479638

1.755660
2.698893
3.026720
0.903102
3.971308
2.575899
4.138700
3.147040
4.828080
5.126928
0.348661
-1.029655
0.333459
0.622523
-1.661344
-1.581118
1.301076
0.610520
2.628146
3.208420
3.214121
4.249935
2.454466
2.880634
1.149450
-0.696451
-1.697917
-2.155796
-2.815085
-3.293168
-2.463203
-3.799524
-4.837594
-3.552986
-3.560117
-4.223136
-3.729202
-0.389629
-1.621636
-1.615656
-2.442165
-0.549231
-0.839569
0.433611
-1.157525
-0.232763
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H  -5.385664 -0.496793 -1.920343
C -5.547271 -2.407336 -0.924115
H  -5.541141 -2.987885 -1.858391
H  -4.980720 -2.999630 -0.191659
C -6.992854 -2.247600 -0.434795
H  -7.558884 -1.651684 -1.164924
H  -6.996065 -1.669021 0.500315
C -7.702953 -3.586351 -0.208512
H  -7.749867 -4.172398 -1.134273
H  -7.178469 -4.191705 0.540904
H  -8.729798 -3.437754 0.142983
13-TS

B3LYP SCF energy:  -3293.94769526 a.u.
B3LYP enthalpy:  -3292.852589 a.u.
B3LYP free energy:  -3293.008997 a.u.

B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:

B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -943.3217 cm-1

-3295.16549903 a.u.
-3294.070393 a.u.
-3294.226801 a.u.

Cartesian coordinates
ATOM X Y Z

oo TaoODTOOTTITOO0O0000

6.605190
5.410527
4.418415
4.695797
5.940851
6.878749
7.347038
5.217639
3.163401
3.715244
6.136717
7.828583
2.505477
2.202334
3.929244
1.777857
2.919815
3.638161
1.981312
4.624381
3.355373

0.889713
0.555483
-0.184253
-0.558107
-0.202912
0.504077
1.454012
0.858167
-0.549677
-1.280331
-0.501062
0.770049
-1.595049
-1.225054
-1.586097
-2.145124
-0.248713
-1.008235
0.699881
-1.979456
-0.797644

0.969123
0.372343
1.078146
2.433597
3.019478
2.304076
0.411142
-0.650566
0.482911
3.155050
4.046282
2.758870
2.583567
1.243377
4.176222
3.167049
-0.966124
-1.960041
-1.365881
-1.625306
-3.348807
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1.674599
5.306244
4.848333
4.073578
2.343656
0.904131
5.035758
6.060398
3.847269
2.103879
5.584375
0.498251
0.924083
-0.268526
-0.814966
-0.367419
-1.420139
-0.776933
-0.983275
0.025101
-1.505590
-1.831590
-1.053224
-1.981696
0.817907
0.097245
1.769543
0.303555
-0.609458
1.972876
2.358058
1.236825
-0.260547
2.711396
1.398384
0.591467
-0.628935
1.581275
-0.852425
-1.410065
1.356018
2.528881
0.137954
-1.804856
2.134094
-0.036273

0.846339
-2.669914
-2.174732
-1.525668

0.127543

1.544353
-2.440391
-3.398662
-1.344874

0.264815
-2.989059
-1.587291

1.650064
-2.661770
-2.034223
-4.056274
-2.780592
-0.951601
-4.803203
-4.570252
-4.171184
-2.276753
-5.882459
-4.754650
-2.735696
-2.622344
-3.762847
-3.528807
-1.809281
-4.668367
-3.852125
-4.555906
-3.426454
-5.457229
-5.260849

3.225804

3.898719

3.819817

5.129932

3.461122

5.046163

3.317405

5.708232

5.634736

5.482294

6.664050

-2.751114
-2.603492
-0.583789
-4.333886
-3.708436
-3.056487
-3.972652
-2.319862
-5.381696
-4.760015
-4.732751
0.572794
-0.169917
1.878385
3.013569
1.772532
4.023094
3.098711
2.781689
0.902868
3.909236
4.893310
2.679571
4.692024
-0.832042
-2.028059
-0.707345
-3.070238
-2.151159
-1.747641
0.201322
-2.929963
-3.993181
-1.637927
-3.740412
-1.099568
-0.947119
-1.906393
-1.570108
-0.341732
-2.530742
-2.070546
-2.362466
-1.432689
-3.150899
-2.848198
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1.983165

3.002667

1.700545

3.715773

3.241025

2.409581

0.937575

3.419132

4.501523

2.174663

3.971767
-5.899685
-5.604701
-6.575190
-6.370060
-6.351280
-5.532877
-4.534858
-3.645066
-4.092752
-4.755446
-2.744643
-2.326427
-1.950253
-0.909232
-2.366286
-4.288950
-3.765784
-3.533578
-3.607666
-4.586676
-3.043303
-2.876233
-3.186593
-1.798677
-3.164002
-4.006638
-2.308968

-0.904298

-1.629596
-3.638302
-3.227289
-2.777973
-2.508533
-3.340291
-5.115755

2.281403
3.228825
1.857057
3.731101
3.591890
2.363015
1.102310
3.304226
4.462518
2.016900
3.702835
2.823363
2.351693
2.125248
3.810488
1.654860
3.199812
2.796167
2.057310
3.311481
3.880854
3.090836
3.494343
2.351731
2.182421
1.800853
1.670009
1.111996
-0.192787
1.968770
2.274506
2.889584
1.012861
1.145135
1.205001
-0.408934
-0.886232
-1.084744
0.224669
-0.663774
-1.344765
-2.226344
-1.123534
-2.082399
-0.549159
-1.671576

1.222164
1.035309
2.529876
2.123415
0.042563
3.620396
2.696320
3.419397
1.957034
4.623137
4.265310
0.757148
-0.679742
1.268318
0.782217
-1.068682
-1.373329
1.396504
0.560969
2.586928
3.232809
2.943041
3.858137
2.098321
2.340853
0.910350
-0.588052
-1.787939
-2.010846
-3.034062
-3.432591
-2.841433
-4.004397
-5.044719
-3.954925
-3.465722
-3.990265
-3.590997
0.322016
-0.759198
-1.030729
-1.542938
0.247347
0.685892
0.987574
-0.694467

S88



TTTZOQOIITOQOID T O I T

14

-5.544450
-5.679822
-5.314773
-4.850914
-4.789034
-6.793264
-7.321662
-7.256998
-6.996607
-6.577337
-6.506550
-8.060150

-0.828339
-1.738629
-2.971175
-3.804258
-2.908214
-3.295944
-3.360801
-2.462112
-4.596396
-5.454280
-4.549723
-4.797443

-0.135144
-1.635803
0.096846
-0.452483
1.059385
0.353277
-0.608288
0.899777
1.137475
0.597843
2.117850
1.306326

B3LYP SCF energy:
B3LYP enthalpy: -810.633035 a.u.
B3LYP free energy: -810.704588 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-811.06434751 a.u.

-811.39757683 a.u.
-810.966264 a.u.
-811.037817 a.u.

Cartesian coordinates
ATOM X Y Z

TTOQ0QZZIZOTOQOIZIOOOQOOQIZTZITOO

2.485542
1.499131
1.947188
3.226080
0.564842
1.951226
3.077116
2.288470
4.143375
4.783275
4.384323
5.213474
3.534114
3.695543
2.482787
1.248236
0.531023
-0.800118
1.215291
2.141158
1.497276

-1.029100
0.153103
-1.939962
-0.822247
0.017128
1.100455
-1.184821
-0.452167
-1.907816
-2.490150
-1.869834
-2.415554
-1.119314
-1.078992
-0.407046
0.199053
1.284592
1.459746
2.394872
2.735359
2.036876

2.159496
1.970236
2.455365
2.939053
2.520750
2.302012
0.778580
-0.137702
0.285904
0.945294
-1.101751
-1.540492
-1.906595
-2.982700
-1.453783
0.512974
-0.053339
0.045786
-0.832274
-0.350415
-1.829525
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0.126375

0.290364

0.134805
-1.212722
-1.922135
-1.718147
-1.788468
-1.227145
-2.843450
-3.477848
-2.315813
-3.733021
-3.096371
-4.323184
-4.689466
-4.104816
-5.320990
-5.578739
-4.975547
-6.205570
-6.244704
-2.440459
-3.052376
-3.089013
-1.678633

3.491157
4.203154
4.062215
2.746842
3.344682
2.521834
0.505464
-0.387997
0.046906
0.900861
-0.256710
-1.115281
-1.950336
-0.816267
-1.613018
-1.924219
-0.778262
-2.773324
-3.633998
-2.480507
-3.109439
1.114924
1.989564
0.391192
1.439682

-0.878182
-0.060489
-1.812230
-0.645987
-0.058995
-1.597692
0.671897
0.977746
-0.366733
-0.645969
-1.281290
0.096493
0.425640
0.973722
-0.996689
-1.873881
-1.333002
-0.537564
-0.222832
0.314029
-1.340678
1.931378
1.678576
2.436600
2.649347

11L-TS

B3LYP SCF energy:
B3LYP enthalpy: -3292.842089 a.u.
B3LYP free energy:  -3292.996139 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -371.2607 cm-1

-3293.93794310 a.u.

-3295.15940375 a.u.
-3294.063550 a.u.
-3294.217600 a.u.

Cartesian coordinates
ATOM X Y Z

- EONONONONGN®!

-6.019073
-4.978683
-4.041037
-4.220540
-5.306067
-6.189779
-6.718094

-1.494649
-1.108456
-0.119749

0.459605
0.045160
-0.913362
-2.252439

1.963054
1.147749
1.565092
2.861587
3.679565
3.242469
1.620439
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-4.868156
-2.935413
-3.313807
-5.423692
-7.018061
-2.248109
-2.009339
-3.470516
-1.599316
-2.908709
-3.898884
-2.006002
-4.852180
-3.943041
-2.036005
-5.799470
-4.835185
-4.931807
-2.979785
-1.295610
-5.848681
-6.517294
-4.948846
-2.993698
-6.604863
-0.471641
-0.551388
0.313614
0.697708
0.650768
1.372692
0.436572
1.335646
0.374868
1.697571
1.637351
1.577123
2.220664
-1.244592
-0.865868
-2.229394
-1.452937
-0.120665
-2.810812
-2.543135
-2.423794

-1.567842
0.292137
1.458830
0.502623

-1.224724
1.820658
1.222510
1.947260
2.608470

-0.233446
0.284043

-1.200236
1.274002

-0.203646

-1.625074
1.726143
1.678948
0.279588

-1.157563

-2.329438
1.222480
2.478294

-0.111500

-1.512491
1.584130
1.704897

-1.722948

3.073277

2.895586

4.289325

3.896016
1.983591

5.287678
4.470728

5.098155
3.736689
6.219288
5.879097
2.697112
2.586440
3.642433
3.396398
1.858168
4.452279
3.750573
4.331701

0.172706
0.736849
3.283503
4.658640
3.872383
2.496649
1.226093
4.242160
2.850379
-0.671124
-1.588822
-1.109005
-1.215847
-2.935012
-2.470762
-2.108469
-0.211702
-3.832162
-3.347729
-2.827895
-3.428759
-1.793537
-4.846358
-4.375342
-4.119531
0.252737
-0.091633
1.247148
2.589922
0.628207
3.290272
3.116955
1.325711
-0.403874
2.659057
4.331985
0.821746
3.203203
-1.119755
-2.463873
-0.777645
-3.440716
-2.759497
-1.750724
0.256348
-3.087874
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-1.147699
-3.569145
-2.879023
-0.170871
1.038918
-1.057228
1.365411
1.715457
-0.724663
-2.018972
0.488728
2.299633
-1.424366
0.742090
-1.158928
-2.201388
-0.507207
-2.587465
-2.712904
-0.888910
0.303037
-1.930578
-3.401138
-0.369268
-2.228303
5.818504
5.236122
6.759259
6.032572
5.946005
4.938218
4.746746
3.745708
4.645712
5.399872
3.539655
3.406717
2.616427
1.780170
2.677460
4.036499
3.292512
2.258479
3.621138
4.696367
3.241797

3.289845
5.175670
4.961138
-3.480355
-3.998040
-4.355152
-5.343593
-3.350262
-5.699719
-4.002718
-6.197302
-5.728653
-6.359585
-7.244494
-2.081057
-3.000788
-1.547119
-3.362659
-3.441125
-1.914957
-0.844446
-2.822402
-4.068624
-1.493194
-3.111410
-2.452730
-2.871725
-1.902490
-3.319469
-2.713265
-3.926055
-1.565380
-1.325772
-0.977467
-1.144567
-0.146008
0.359138
0.041047
0.704331
-0.536777
-2.017652
-2.086742
-1.262657
-3.141989
-3.259482
-4.124073

-4.477958
-1.464624
-3.847169
-0.549778
-0.057767
-1.198547
-0.231922
0.489986
-1.380445
-1.554284
-0.904769
0.168581
-1.885750
-1.042715
1.622822
1.823866
2.739543
3.112649
0.973707
4.032123
2.597721
4.221376
3.251408
4.888345
5.225305
1.270907
-0.097536
1.149689
1.903753
-0.911726
-0.109006
1.846141
0.875929
3.087207
3.851272
3.326707
4.276906
2.314035
2.458075
1.087605
-0.296673
-1.460560
-1.828645
-2.502759
-2.679820
-2.183437

S92



TTZITOIIZDIQOIIIZIQODIITIOIOIOQODIS ZTZDOITTZO

12L

2.870838
3.538711
2.528431
1.719452
1.385076
0.844207
1.082136
0.192963
3.001384
2.675359
2.487574
1.831346
3.454461
4.168000
2.926716
4.240814
4.792195
3.531857
5.217804
4.656410
5.917780
6.006987
5.336304
6.692291
6.604625
4.039170

-2.626468
-1.987459
-3.435675
-1.786046
-0.986741
-2.422522
-0.014275
0.204487
0.603867
0.606923
1.605132
2.332629
2.235206
1.479499
2.601391
3.405822
3.048014
4.161044
4.067036
4.430417
3.309224
5.223961
6.013609
5.675555
4.883449
0.313572

-3.746706
-4.337231
-4.398284
-3.159211
-3.831194
-2.978206
-0.551660
-1.825559
-2.093474
-3.129819
-1.210402
-1.688270
-0.216289
0.136138
0.669915
-0.839718
-1.722141
-1.209213
0.141202
1.013336
0.522185
-0.481053
-0.841457
0.244826
-1.335363
-1.949837

B3LYP SCF energy:
B3LYP enthalpy:  -3292.869268 a.u.
B3LYP free energy:  -3293.023687 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-3293.96780157 a.u.

-3295.18872683 a.u.
-3294.090193 a.u.
-3294.244612 a.u.

Cartesian coordinates
ATOM X Y Z

- EONONONONGN®!

6.317571
5.158315
4.115797
4.318333
5.528691
6.512408
7.092635

0.713759
0.523814
-0.320468
-0.956354
-0.751904
0.067240
1.365216

1.579318
0.859994
1.344304
2.610045
3.324952
2.823085
1.185592
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5.038259
2.881523
3.292780
5.658510
7.434927
2.113084
1.867109
3.445128
1.365567
2.813092
3.641520
2.077214
4.371041
3.748222
2.200532
5.156188
4.296482
4.575061
3.022748
1.639885
5.267821
5.697138
4.647224
3.114560
5.897279
0.224966
0.659503
-0.644152
-0.965617
-1.050075
-1.664314
-0.629133
-1.756300
-0.822603
-2.066337
-1.886659
-2.059513
-2.609571
0.798153
0.423420
1.648381
0.878116
-0.217681
2.095961
1.964239
1.711197

1.031386
-0.525681
-1.785361
-1.253663

0.221029
-1.944362
-1.304180
-2.299420
-2.594792

0.112603
-0.442207

1.271752
-1.654099

0.232308

1.922095
-2.157686
-2.193463
-0.305927

1.433391

2.828868
-1.477254
-3.087443

0.226435

1.961961
-1.883253
-1.648116

1.780816
-2.740850
-2.241729
-4.042836
-3.022327
-1.251567
-4.822479
-4.458220
-4.317069
-2.623544
-5.828749
-4.926495
-2.866472
-2.801928
-3.911538
-3.755608
-1.999780
-4.865981
-3.984784
-4.791175

-0.089193
0.621055
3.118420
4.280420
3.375316
2.437361
1.186027
4.064130
2.866094

-0.736201

-1.777867

-0.981970

-1.611085

-3.037644

-2.244782

-2.624235

-0.674719

-4.059761

-3.229225

-2.434981

-3.860044

-2.473053

-5.004844

-4.174938

-4.646577
0.327196

0.093218
1.549248
2.825326
1.222116
3.745441
3.119257
2.143087
0.247625
3.404899
4.731451

1.868561
4.121207

-0.956221

-2.303785

-0.547360

-3.218942
-2.646202

-1.458812
0.488693

-2.799927
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0.577481
2.748722
2.062254
0.488961
-0.732496
1.561773
-0.887005
-1.566632
1.402812
2.530023
0.178259
-1.839552
2.242938
0.058674
1.221860
2.468397
0.315490
2.807290
3.182044
0.651014
-0.663220
1.899536
3.781667
-0.067092
2.163274
-5.240170
-4.435719
-6.313518
-5.105854
-5.047082
-4.045396
-4.645324
-3.525761
-4.959891
-5.809358
-4.145824
-4.359899
-3.068245
-2.453778
-2.723923
-3.324079
-2.394937
-2.507512
-1.674511
-2.436955
-1.002183

-3.683690
-5.665889
-5.533219
3.620686
4.207236
4.464060
5.594275
3.576408
5.851119
4.048166
6.421148
6.028484
6.485504
7.500710
1.865004
2.406780
1.547674
2.600295
2.676686
1.752020
1.159172
2.274184
3.008768
1.508654
2.433685
3.399930
3.186366
3.256876
4.418955
2.708869
4.123777
2.383190
1.790534
1.994086
2.417823
1.015480
0.658718
0.496788
-0.278706
0.877086
2.285854
1.761808
0.513260
2.733246
3.348663
3.423947

-4.260422
-1.120692
-3.511279
-0.124377
0.242407
-0.458085
0.251049
0.527495
-0.459495
-0.715804
-0.108251
0.542623
-0.727969
-0.105894
1.858457
2.206094
2.877934
3.544202
1.434583
4.219007
2.623298
4.555246
3.796532
4.997676
5.596887
0.007212
-1.309421
-0.151394
0.389467
-2.086463
-1.714170
0.956082
0.332635
2.237407
2.766210
2.848864
3.850112
2.154877
2.589840
0.895183
-0.923805
-1.868196
-2.481846
-2.801615
-3.303794
-2.291339
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-0.970979
-0.905684

0.044114
-1.801177
-2.603620
-1.217601

-1.107038

-0.124126
-3.456826
-3.767545
-2.650665
-2.132066
-3.568499
-4.245880
-3.005766
-4.420171
-3.754675
-4.987423
-5.398501
-6.062890
-4.832698
-4.365685
-6.240906
-6.925487
-6.845340
-5.606483

1.817596
2.271409
1.596341
0.522365
0.555560
-0.379739
0.121026
-0.211763
-0.587108
-1.153664
-1.394852
-2.210280
-1.975226
-1.193012
-2.319925
-3.149171
-3.959577
-2.836746
-3.696513
-2.885558
-4.009806
-0.172244
-4.869535
-5.237161
-4.576034
-5.709288

-3.824084
-4.817133
-3.491679
-3.818046
-4.573873
-4.025363
-0.550297

-1.734449
-2.114435
-3.001509
-1.089546
-1.599343
-0.006235

0.358114

0.862399
-0.529784
-0.862303
-1.418853

0.519294

0.850765

1.407850
-1.658740
0.006729

0.779347
-0.860233
-0.302717

13L-TS

B3LYP SCF energy:
B3LYP enthalpy: -3292.853062 a.u.
B3LYP free energy:  -3293.008255 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -842.6316 cm-1

-3293.94878743 a.u.

-3295.17232436 a.u.
-3294.076599 a.u.
-3294.231792 a.u.

Cartesian coordinates
ATOM X Y Z

NGNS RONONQ!

-6.371487
-5.164014
-4.346594
-4.818954
-6.072414
-6.835508

1.383120
1.086815
0.025907
-0.720562
-0.395551
0.634525

-1.016815
-0.424779
-0.911103
-2.038580
-2.623557
-2.125671
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-6.976527
-4.826839
-3.074565
-4.019536
-6.415213
-7.792557
-2.793618
-2.286169
-4.385920
-2.214438
-2.651843
-3.347875
-1.594872
-4.419405
-2.952598
-1.174443
-5.076798
-4.722746
-3.654006
-1.843041
-0.314140
-4.700840
-5.893421
-3.344163
-1.522131
-5.233774
-0.591599
-0.487423
-0.014064
0.221333
0.303298
0.725924
-0.004321
0.824662
0.145235
1.030865
0.885042
1.062256
1.425592
-1.037003
-0.466749
-1.988217
-0.817696
0.231376
-2.332752
-2.461077

2.197440
1.669592
-0.298558
-1.775580
-0.977076
0.876601
-2.055239
-1.308458
-2.366499
-2.871384
0.424253
0.133972
1.331468
-0.800583
0.793866
1.920002
-1.036204
-1.336321
0.535971
1.676654
2.579103
-0.356656
-1.751978
1.056021
2.156460
-0.546750
-1.716422
1.610707
-3.124477
-2.893585
-4.383637
-3.901557
-1.922812
-5.389328
-4.590938
-5.155592
-3.707685
-6.358693
-5.941844
-2.514608
-2.090157
-3.550516
-2.702262
-1.261017
-4.164402
-3.880625

-0.628217
0.424736
-0.324643
-2.538025
-3.475548
-2.578659
-1.985032
-0.884523
-3.373801
-2.395575
0.919819
2.150852
0.922448
2.226768
3.359792
2.153477
3.414561
1.335775
4.566697
3.325370
2.161863
4.596396
3.443112
5.469739
4.246921
5.523546
-0.201118
-0.535683
-1.258084
-2.627190
-0.729048
-3.446836
-3.058263
-1.549532
0.323305
-2.908514
-4.503962
-1.120526
-3.545527
1.403384
2.609381
1.429846
3.815587
2.607450
2.632625
0.509205
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-1.744506
-0.371126
-3.063758
-2.016143
-0.011225
1.069007
-0.794614
1.377523
1.660511
-0.482149
-1.658109
0.608372
2.216448
-1.101165
0.847211
-1.471676
-2.569891
-1.011554
-3.205029
-2.930971
-1.641240
-0.152181
-2.741037
-4.060972
-1.271312
-3.233011
5.099955
4.304598
6.170927
4.996391
4.960607
3.622614
4.498006
3.568529
4.743341
5.465705
4.038125
4.198792
3.114531
2.531900
2.831414
3.523112
3.139388
3.305278
2.594856
3.379422

-3.743835
-2.357216
-4.968009
-4.221065
3.405304
3.868673
4.351908
5.228960
3.173062
5.711340
4.038465
6.155303
5.561840
6.423286
7.214101
1.734205
2.599802
1.061422
2.767874
3.146980
1.238236
0.400104
2.089648
3.432179
0.712576
2.229377
3.724586
3.292796
3.518555
4.796182
3.024436
4.079092
2.884650
1.963913
2.876929
3.557314
1.950069
1.885742
1.127723
0.423530
1.133616
2.098677
1.177501
-0.160896
1.699939
2.207887

3.828879
4.744015
2.636923
4.766126
-0.413830
-1.181162
0.269767
-1.237807
-1.763761
0.216075
0.845639
-0.532768
-1.842846
0.755008
-0.577111
-2.097706
-2.217678
-3.237903
-3.446558
-1.352442
-4.472272
-3.159034
-4.577130
-3.522807
-5.348370
-5.535481
0.655467
1.910115
0.769717
0.459403
2.741518
2.251818
-0.441201
0.121171
-1.791174
-2.233846
-2.589330
-3.659470
-1.983775
-2.567286
-0.643789
1.489803
2.488590
2.488224
3.804727
4.384825
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1.789253
2.112252
2.271351
1.036425
2.878559
3.772157
2.270229
1.094715
1.623055
3.851605
4.471689
2.758623
2.323745
4.518573
3.349120
3.831899
2.554703
4.386895
5.228098
3.925487
4.931606
5.369749
4.096343
5.980872
6.349066
6.844604
5.565279

2431163
0.411854
0.439676
0.293126
-0.742332
-1.039594
-1.650087
-0.121329
-0.786632
-1.008411
-1.805693
-1.661730
-2.514220
-0.414588
-2.184410
-1.361555
-2.567388
-3.309616
-2.942956
-4.127353
-3.863342
-3.040445
-4.252939
-4.962907
-5.339134
-4.590972
-5.813579

3.663275
4.511721
5.593498
4.340967
3.821971
4.392866
3.723435
-0.241401
1.098219
1.376770
1.807495
0.485065
1.019456
0.741454
-0.837093
-1.378753
-1.481283
-0.628341
-0.025044
-0.055616
-1.952702
-2.535942
-2.550586
-1.755785
-2.716721
-1.191396
-1.202002

B3LYP SCF energy:
B3LYP enthalpy: -810.635047 a.u.
B3LYP free energy: -810.707469 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-811.06657399 a.u.

-811.39782318 a.u.
-810.966296 a.u.
-811.038718 a.u.

Cartesian coordinates
ATOM X Y Z

TITZTT T OO

2.720056
1.869150
2.087478
3.488435
0.932290
2.428356

-1.412372
-0.115850
-2.285674
-1.373226
-0.206094

0.734970

2.046932
2.008010
2.257386
2.826011
2.563712
2.426686
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3.274014
2.560982
4.246831
4.825707
4.473451
5.230903
3.703089
3.855264
2.743518
1.607410
1.006099
-0.292653
1.791493
2.761538
2.007347
0.833080
1.103889
0.877608
-0.575009
-1.187895
-1.141766
-1.369196
-0.941644
-2.564137
-3.016139
-2.196300
-3.638733
-3.187677
-3.993049
-4.837201
-4.483383
-5.290027
-5.912032
-5.459989
-6.265258
-1.749400
-7.105766
-7.854869
-7.600014
-6.789015

15-TS

B3LYP SCF energy:

B3LYP enthalpy:

-1.481692
-0.572422
-2.259643
-2.976538
-2.098434
-2.681350
-1.176104
-1.037280
-0.405883
0.113853
1.324640
1.634525
2.433607
2.615251
2.160858
3.642438
4.241587
4.304605
3.030758
3.624249
2.982076
0.747013
-0.233536
0.547163
1.520474
0.138752
-0.382160
-1.358410
0.024408
-0.588438
-0.993455
0.387330
-1.519734
-2.495174
-1.115368
1.169805
-1.719243
-2.388265
-0.764924
-2.155185

0.643418
-0.170823
0.051173
0.629378
-1.330028
-1.844092
-2.029888
-3.099110
-1.478792
0.570097
0.141722
0.309441
-0.537515
-0.056472
-1.577281
-0.423920
0.453516
-1.294607
-0.210406
0.482389
-1.152737
0.866567
1.108565
-0.088608
-0.324308
-1.040004
0.489383
0.721747
1.448777
-0.446411
-1.406238
-0.678126
0.129350
0.359224
1.088836
1.811179
-0.810729
-0.371614
-1.031543
-1.766412

-3293.95115384 a.u.

-3292.856333 a.u.



B3LYP free energy:  -3293.008684 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:

B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -732.0190 cm-1

-3295.17135402 a.u.
-3294.076533 a.u.
-3294.228884 a.u.

Cartesian coordinates
ATOM X Y Z

ONONORORaNa-ResfcrBuriosl NN ONOR-NONONONONON QOO RsR-NoN @R RasloNORsRHONONONONGNP!

6.473020
5.172248
4.430469
5.097276
6.442750
7.122014
7.007926
4.708544
3.053672
4.393324
6.923174
8.150660
3.077415
2.360322
4.903486
2.577723
2.560832
3.168372
1.740615
3.912285
3.034831
1.665771
4.475191
4.024305
3.642161
2.314823
1.094473
4.346862
5.026492
3.533782
2.260655
4.804469
0.539985
0.574979
0.244270
0.491277
-0.249276
0.252404

-1.243105
-1.009821
0.096754
0.957349
0.700339
-0.379921
-2.097740
-1.687501
0.356782
2.071753
1.376374
-0.571596
2.273245
1.400037
2.766779
3.133850
-0.506461
-0.272755
-1.623620
0.907710
-1.249539
-2.603110
1.108113
1.665847
-1.021629
-2.436927
-3.507306
0.133324
2.022581
-1.778553
-3.211886
0.302246
1.787199
-1.729864
2.905249
2.427330
4.207621
3.231231

-0.234474
0.154661
-0.355376
-1.283979
-1.659503
-1.147961
0.170006
0.860101
0.023250
-1.794923
-2.362054
-1.439113
-1.473409
-0.595059
-2.456908
-1.893589
1.153415
2.439621
0.976176
2.729628
3.480202
2.006881
3.969807
1.963522
4.744777
3.206299
1.844402
4.988795
4.169160
5.517347
3.966810
5.959170
-0.365470
-0.463667
-1.829306
-3.131061
-1.678106
-4.243262
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0.890868
-0.500025
-0.435255
-0.250673

0.460848
-0.884374
-0.439052

0.513188
-0.668423

1.645771
-0.716292
-1.541373

1.596294

2.569704

0.415142
-1.637624

2.482957

0.377460
-0.174074
-1.061471

0.093423
-1.643383
-1.291470
-0.502566

0.768464
-1.367678
-2.314549
-0.280707
-1.823700

1.648957

2.865747

1.225213

3.643325

3.208645

1.999436

0.284700

3.212696

4.586943

1.654491

3.818594
-5.619215
-4.879877
-6.652193
-5.658259
-5.433340
-4.712201

1.427914
5.009932
4.612001
4.526747
2.848267
6.016208
5.152602
3.006867
3.243417
3.787203
4.240608
2.626175
4.778959
3.630824
5.011074
4.408060
5.370824
5.784486
-3.419553
-3.693658
-4.435231
-4.953230
-2.916045
-5.693178
-4.257183
-5.958025
-5.150122
-6.465884
-6.938652
-1.905331
-2.601393
-1.445442
-2.816862
-2.977982
-1.667562
-0.909705
-2.350345
-3.347323
-1.305704
-2.519216
-2.491031
-1.527940
-2.175297
-3.508809
-0.591001
-1.971795

-3.275183
-2.797711
-0.689469
-4.080131
-5.238460
-2.657622
-4.947622
1.029563
1.750707
1.313903
2.725974
1.573232
2.294919
0.767670
3.000901
3.276886
2.503798
3.762695
-0.324337
0.733062
-1.254345
0.865944
1.454584
-1.125803
-2.083070
-0.065654
1.697626
-1.856499
0.036879
-1.956593
-1.870174
-3.210923
-3.008098
-0.911891
-4.351845
-3.295353
-4.251860
-2.920026
-5.316582
-5.137435
1.261744
2.224790
1.087322
1.668646
2.367543
3.207756
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B3LYP SCF energy:

-4.777480
-3.608900
-4.939049
-5.814227
-3.918263
-3.980162
-2.831307
-2.037811
-2.665211
-3.586827
-2.513600
-1.381181
-2.527045
-3.470594
-2.360038
-1.345663
-1.706580
-0.843715
-0.432228

0.201334

0.246438

-1.089542

-1.060571
-2.650752
-2.218888
-2.337866
-1.827844
-3.043623
-4.047171
-3.986556
-4.531921
-4.934020
-5.000829
-4.453701
-6.347197
-6.275188
-6.828392
-7.227501
-7.345057
-8.228001
-6.790089

-2.442835
-1.678340
-3.024060
-3.625556
-2.834678
-3.287398
-2.056512
-1.887791
-1.431948
-1.243337
-0.613120
-0.118571
-0.592195
-0.231963
-1.601542
0.343133
1.376838
0.102791
0.194057
1.067436
-0.652855
0.048711
0.125186
1.622414
2.597326
1.130556
1.776518
0.444790
1.491436
1.405198
0.580340
2.700397
2.792327
3.623760
2.606308
2.509391
1.684999
3.810965
3.914038
3.713373
4.743734

0.010317
0.277831
-1.219714
-1.449394
-2.181854
-3.164843
-1.859277
-2.575348
-0.651061
1.565450
2.228795
1.668837
3.750735
4.178346
4.162870
4.059148
4.128983
5.001804
2.827781
2.675545
2.979889
-0.434051
-2.132749
-0.736981
-0.519782
-2.050407
-2.754487
-2.514810
-0.153204
0.938619
-0.521289
-0.512635
-1.606412
-0.156903
0.078504
1.171636
-0.280484
-0.270808
-1.356297
0.164611
0.105311

-3293.97111076 a.u.



B3LYP enthalpy: -3292.871931 a.u.
B3LYP free energy:  -3293.027978 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-3295.19938392 a.u.
-3294.100204 a.u.
-3294.256251 a.u.

Cartesian coordinates
ATOM X Y Z

ONONORORaNa-ResfcrBuriosl NN ONOR-NONONONONON QOO RsR-NoN @R RasloNORsRHONONONONGNP!

-6.545588
-5.225520
-4.454348
-5.111215
-6.476151
-7.184657
-7.103067
-4.769724
-3.059307
-4.376239
-6.948376
-8.228298
-3.048248
-2.350127
-4.873717
-2.519858
-2.552254
-3.080054
-1.786073
-3.770174
-2.915012
-1.680427
-4.249155
-3.906555
-3.436492
-2.247294
-1.147720
-4.088298
-4.759573
-3.305525
-2.169760
-4.480068
-0.525830
-0.667641

-0.183737
-0.397781

0.328805
-0.105023

1.051666
0.828957
-0.171809
-0.936830
-0.693336
0.282225
1.823909
1.433312
-0.418828
-1.940997
-1.295199
0.462947
-2.134369
-1.362865
-2.555516
-2.905460
0.343761
-0.054682
1.510998
-1.287395
0.799937
2.365949
-1.652089
-1.954397
0.403312
2.036405
3.303765
-0.798512
-2.603318
1.069160
2.718985
-1.096333
-1.742750
1.822827
-2.513536
-1.751419
-3.811327
-2.275807

0.089345
0.414943
-0.247609
-1.263245
-1.571679
-0.910580
0.611784
1.189077
0.064927
-1.936062
-2.343834
-1.150871
-1.663449
-0.680770
-2.682019
-2.207456
1.260295
2.540799
1.167149
2.730952
3.680151
2301316
3.968903
1.887953
4.941459
3.508612
2.211374
5.087183
4.089519
5.790653
4.351247
6.055355
-0.509760
-0.279151
-2.166410
-3.329156
-2.296062
-4.587606
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-0.830309
0.627763
0.490484
0.414595

-0.289453
1.021530
0.642277

-0.467846
0.725091

-1.587726
0.795588
1.595487

-1.514255

-2.520669

-0.323374
1.725901

-2.390783

-0.267863
0.015513
0.987204

-0.376434
1.534026
1.305988
0.183895

-1.121925
1.137003
2.272171

-0.134243
1.566190

-1.738880

-3.040484

-1.206681

-3.796373

-3.466866

-1.957956

-0.193639

-3.257855

-4.806844

-1.529029

-3.846748
5.507854
4.851056
6.567457
5.444960
5.465524
4.674069

-0.758024
-4.331932
-4.426605
-3.567506
-1.678011
-5.341045
-3.977111
-3.189547
-3.519880
-4.020214
-4.655961
-2.882916
-5.153319
-3.791751
-5.475276
-4.896477
-5.783595
-6.357549
3.524062
3.713676
4.630014
4.975068
2.871953
5.889879
4.519115
6.067935
5.103879
6.732886
7.049729
2.089148
2.600925
1.866171
2.863566
2.794718
2.138103
1.486882
2.632985
3.248500
1.964213
2.841085
2.730059
1.710722
2.510657
3.750355
0.809100
2.131010

-3.257482
-3.558804
-1.417604
-4.705917
-5.476027
-3.640842
-5.685767
0.642636
1.307588
0.811372
2.114913
1.206115
1.623355
0.307546
2.275583
2.621767
1.743825
2.906765
0.002404
1.002041
-0.767782
1.235519
1.607819
-0.541001
-1.546577
0.461036
2.022709
-1.147948
0.639710
-1.755197
-1.646973
-3.034863
-2.790542
-0.668462
-4.179624
-3.143073
-4.058146
-2.688429
-5.162594
-4.946786
1.196681
2.164367
1.036541
1.594839
2.280801
3.156417
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4.682470
3.565259
4.804554
5.639657
3.797952
3.837252
2.754877
1.975491
2.627134
3.567253
2.565494
1.472015
2.583216
3.560623
2.323257
1.500828
1.965895
0.979436
0.561011
0.063610
-0.227844
1.093939
2.628819
2.158050
2.972180
2.107193
3.329188
3.896556
3.624217
4.491089
4.799479
5.132606
4.213772
6.031946
5.704803
6.615278
6.933287
7.305558
7.802365
6.389546
3.751798

17-TS

B3LYP SCF energy:

2.596664
1.772354
3.150409
3.797726
2.867424
3.285873
2.040718
1.795483
1.457658
1.355231
0.604835
0.034613
0.476055
0.179004
1.433711
-0.592398
-1.585326
-0.457563
-0.476810
-1.419200
0.254726
-0.006509
-1.481659
-2.468049
-1.197480
-0.859629
-2.103565
-1.582316
-1.664291
-0.663871
-2.778819
-2.700130
-3.708627
-2.897092
-2.983730
-1.966551
-4.085142
-4.007925
-4.139803
-5.034039
-0.433912

-0.061078
0.223841
-1.310173
-1.562599
-2.264045
-3.263120
-1.912068
-2.624138
-0.683443
1.520349
2.151183
1.584649
3.664390
4.063169
4.144176
3.911976
3.924059
4.864480
2.694042
2.468626
2.892895
-0.399835
-0.851811
-0.817730
-2.327993
-2.917246
-2.834951
0.009707
1.069152
-0.084144
-0.350083
-1.393782
-0.285928
0.557498
1.604064
0.496454
0.204486
-0.824276
0.869575
0.288926
-2.420552

-3293.92221196 a.u.



B3LYP enthalpy: -3292.824111 a.u.
B3LYP free energy:  -3292.978792 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -307.1495 cm-1

-3295.14177377 a.u.
-3294.043673 a.u.
-3294.198354 a.u.

Cartesian coordinates
ATOM X Y Z

ONONeRNa-NurResfcBrlOoRNONOR - NONONONONORON QR ResioNoRsRNoN QRN NONONONORON@

-6.598933
-5.297457
-4.376553
-4.856988
-6.207200
-7.066685
-7.2774854
-4.970824
-3.001987
-3.958943
-6.544496
-8.098058
-2.647593
-2.129972
-4.314613
-1.996159
-2.627351
-3.228513
-1.823087
-4.068861
-2.991653
-1.634677
-4.615824
-4.283130
-3.573737
-2.196824
-1.055257
-4.368932
-5.250717
-3.378560
-2.043675
-4.811024
-0.278387
-0.868449

0.290245

0.827742

0.156173

0.452746
0.269372
-0.501981
-1.065119
-0.867665
-0.125400
1.046763
0.726071
-0.706638
-1.809367
-1.314221
0.020905
-1.958460
-1.406555
-2.255657
-2.515253
-0.161331
-0.768847
0.970998
-1.920266
-0.209087
1.526414
-2.482412
-2.363555
-0.808799
0.956648
2.431246
-1.924489
-3.359304
-0.362946
1.407548
-2.375672
-1.617466
1.691487
-2.292039
-1.410719
-3.647546

-0.136299
0.275267
-0.493912
-1.718723
-2.114807
-1.340038
0.472462
1.201046
-0.091072
-2.516380
-3.046645
-1.647552
-2.145506
-0.935828
-3.441681
-2.802419
1.258985
2.423583
1.412996
2.349689
3.721290
2.710356
3.481967
1.384380
4.871086
3.824890
2.828603
4.759268
3.391959
5.843001
4.802195
5.642682
-0.654421
-0.012717
-2.300713
-3.253819
-2.652023
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1.223305
0.952130
0.555116
-0.268102
1.090119
1.639402
0.444094
1.400585
-0.132273
0.999286
-1.109498
1.144088
1.763366
-0.961678
-1.997794
0.166323
2.020418
-1.738433
0.280663
-0.374529
0.614260
-0.929170
1.004596
1.084328
-0.525705
-1.677159
0.434548
1.757314
-0.970747
0.739701
-2.106486
-3.328573
-1.800101
-4.213453
-3.590597
-2.686017
-0.872275
-3.892101
-5.156700
-2.435517
-4.582874
5.258931
4.963592
6.231889
5.283966
5.779624

-1.864578
-0.361492
-4.102547
-4.354338
-3.213657
-1.163806
-5.154270
-3.570639
-3.123916
-3.956150
-3.431290
-5.053558
-3.767551
-4.524879
-2.824266
-5.339084
-5.689291
-4.736426
-6.193538
3.388753
3.511158
4.562892
4.763336
2.619884
5.818184
4.513092
5.924079
4.832249
6.712367
6.900174
2.058427
2.683396
1.776941
3.030815
2.900167
2.124849
1.266646
2.755875
3.509647
1.897192
3.027144
3.677676
2.567682
3.524996
4.669489
1.841129

-4.513901
-2.996711
-3.909831
-1.947143
-4.844776
-5.232477
-4.158376
-5.822577
0.425580
0.341404
1.378856
1.190184
-0.403352
2.234795
1.462292
2.146437
1.097944
2.964193
2.807258
0.566823
1.561635
0.036064
2.033853
1.965050
0.500601
-0.745384
1.504739
2.814717
0.073320
1.871046
-1.332589
-1.033425
-2.671093
-2.053895
-0.001939
-3.692838
-2.914037
-3.385495
-1.807899
-4.725141
-4.178672
0.549229
1.593849
0.069482
1.012903
1.668088
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4.790423
4.124249
3.288969
3.810859
4.429446
2.647777
2.344416
1.892638
1.001835
2.195101
3.738866
3.167068
2.296811
3.368788
4.415088
2.798844
2.822192
3.639744
2.375781
1.807397
1.702510
0.806637
1.003212
3.141719
2.466678
4.062552
3.527630
4.667127
3.947274
3.299033
4.680484
4.685633
5.451240
3.982294
5.356786
4.594015
6.045116
6.119003
6.918594
6.578990
5.452496
4.762994

15L-TS

2.978499
3.548717
2.474470
4.261712
5.089225
3.891373
4.423741
2.831437
2.520674
2.089945
1.892574
0.802957
-0.111499
0.645106
0.752142
1.405119
-0.773223
-1.498580
-0.882100
-1.003942
-2.056753
-0.666500
0.338328
-1.072881
-1.643358
-0.231237
0.428824
-0.908027
-2.063962
-2.591175
-1.512640
-3.135199
-2.669858
-3.628429
-4.196179
-4.685210
-3.700104
-5.254375
-4.799381
-5.998939
-5.786168
0.362501

2.593370
-0.438309
-0.040373
-1.566647
-1.902590
-2.282287
-3.176451
-1.832800
-2.363836
-0.723187

1.108656

1.773356

1.241277

3.269443

3.582457

3.830538

3.525504

3.447554

4.518562

2.385523

2.122433

2.685096

-0.329874
-0.471079
-1.106471
-1.346111
-2.029149
-1.963964

0.384645

1.086549

0.985697
-0.449553
-1.082293
-1.137523

0.435585

1.058465

1.134073
-0.369150
-0.965892

0.289706
-1.059223
-0.751537
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B3LYP SCF energy:
B3LYP enthalpy: -3292.859829 a.u.

B3LYP free energy:  -3293.013070 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:

B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -747.9765 cm-1

-3293.95426891 a.u.

-3295.17308766 a.u.
-3294.078648 a.u.
-3294.231889 a.u.

Cartesian coordinates
ATOM X Y Z

OO9v v IITTZTTOQOITIOOTOOO0OO0OO0OO0OOOCDITIOODTOOT T OO0

6.092447
4.966693
4.203721
4.659058
5.830163
6.536915
6.647907
4.657725
3.005932
3.928893
6.154149
7.431301
2.767109
2.250402
4.292602
2.241609
2.769396
3.717653
1.843513
4.606990
3.789137
1.974935
5.493487
4.573311
4.726543
2.933220
1.311736
5.560884
6.150993
4.767204
3.025207
6.271462
0.599898
0.329705
0.018333
-0.139972

-0.775845
-0.792027
0.390640
1.594857
1.585980
0.424001
-1.695586
-1.727321
0.400508
2.785065
2.518588
0.423217
2.767743
1.571485
3.719261
3.701084
-0.882776
-1.198854
-1.848749
-0.227247
-2.533205
-3.180676
-0.554639
0.790039
-2.844256
-3.518770
-3.951329
-1.876509
0.208104
-3.863662
-4.548212
-2.120946
1.722136
-1.376373
3.375236
3.571885

-2.288482
-1.494679
-1.262421
-1.886876
-2.690606
-2.891446
-2.448729
-1.045476
-0.443843
-1.666097
-3.145300
-3.507656
-0.940395
-0.349831
-2.086347
-0.801627
0.304964
1.343638
-0.095360
1.887506
1.862058
0.390512
2.888551
1.515882
2.883847
1.314867
0.021444
3.391436
3.295808
3.258918
1.651996
4.175589
0.527944
-1.061380
-0.108687
-1.494966
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-0.315451
-0.614332
0.122591
-0.804545
-0.192611
-0.954286
-0.717231
-1.059636
-1.326364
1.069248
0.157210
2.300943
0.468256
-0.782978
2.612034
3.018871
1.695822
-0.248318
3.570622
1.937872
-0.476011
-1.080004
-0.523341
-1.695273
-1.068184
-1.151735
-0.070191
-1.735955
-2.146194
-1.176741
-2.218682
0.943967
2.065841
0.250673
2.485564
2.614344
0.667594
-0.615247
1.787107
3.360870
0.118629
2.114782
-5.520038
-4.365140
-6.352193
-5.923072

4.424678
4.782661
2.777881
5.636360
4.311446
5.819999
4.918824
6.435880
6.763343
2.160586
1.988891
2.780814
2.433050
1.480114
3.216285
2.935176
3.047042
2.291037
3.691242
3.389107
-3.005995
-3.726278
-3.541169
-4.952977
-3.320304
-4.766610
-3.011023
-5.476530
-5.500516
-5.163944
-6.431341
-0.848363
-1.471677
0.111247
-1.136129
-2.221102
0.442853
0.602946
-0.178639
-1.620846
1.187856
0.081654
-2.496629
-2.259452
-1.806772
-3.511459

0.757217
-1.994141
-2.187495

0.254349

1.828384
-1.118351
-3.067201

0.944038
-1.507534
2.266393

3.319737
2.532992
4.606240

3.141455
3.821884

1.734600
4.861089

5.410481

4.010761

5.863275
-1.431859
-0.383511
-2.727348
-0.625891

0.623537
-2.968882
-3.556868
-1.921514

0.197356
-3.979703
-2.109786
-2.721375
-3.291897
-3.471698
-4.579183
-2.730114
-4.762832
-3.038045
-5.318168
-5.001698
-5.332418
-6.320585

1.887881

2.896273

2.072203

1.961137
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-4.656100
-4.017464
-4.877555
-3.595726
-5.305674
-6.270489
-4.447071
-4.726322
-3.250184
-2.590150
-2.812455
-3.273715
-1.963824
-0.914301
-1.621414
-2.344363
-1.577019
-0.230336
-0.340276
0.416329
0.321821
1.046287
0.855475
-1.123106
-1.633507
-2.610140
-2.155106
-2.736921
-2.215518
-3.421211
-4.014636
-3.801606
-4.539478
-4.936422
-5.158158
-4.407019
-6.249686
-6.021884
-6.775220
-7.170046
-8.096647
-7.443553
-6.683756

-1.593442
-3.199382
-2.217026
-1.651724
-2.416035
-2.869679
-2.023519
-2.170194
-1.414988
-1.063959
-1.184482
-1.648843
-1.498760
-0.912677
-2.163739
-1.956781
-3.260642
-1.573277
-0.661903
-2.259098
-1.212243
-0.397590
-2.072298
0.122470
0.972885
1.492657
2.220275
1.853874
2.753764
0.932837
1.635122
1.504932
0.739481
2.861030
2.994714
3.768925
2.731530
2.594072
1.821127
3.943905
3.823420
4.086083
4.864643

3.713699
3.337350
0.551696
0.779279
-0.736435
-0.946251
-1.789871
-2.826891
-1.487682
-2.269352
-0.212476
2.103163
2.619213
1.995393
3.944044
4.742720
3.838716
4.236471
4.836495
4.793045
2.842392
2.884471
2.420644
0.149265
-1.257004
1.026247
1.691232
-0.353081
-0.653059
1.486002
-1.137808
-2.205973
-0.796685
-0.956981
0.110770
-1.278884
-1.741504
-2.807840
-1.420641
-1.565681
-2.137172
-0.513231
-1.909806
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B3LYP SCF energy:  -3293.98321495 a.u.

B3LYP enthalpy: -3292.883842 a.u.

B3LYP free energy:  -3293.040601 a.u.

B3LYP-D3(BJ) SCF energy in solution: ~ -3295.20571419 a.u.
B3LYP-D3(BJ) enthalpy in solution:  -3294.106341 a.u.
B3LYP-D3(BJ) free energy in solution: ~ -3294.263100 a.u.

Cartesian coordinates
ATOM X Y Z

OO9v v IITTZTTOQOITIOOTOOO0OO0OO0OO0OOOCDITIOODTOOT T OO0

-6.423509
-5.257616
-4.237145
-4.475806
-5.691541
-6.650456
-7.179737
-5.118433
-2.995674
-3.485490
-5.846577
-7.577991
-2.299442
-2.015751
-3.670784
-1.561833
-2.944978
-3.805544
-2.288396
-4.418527
-4.072118
-2.605144
-5.229121
-4.229515
-4.926843
-3.488496
-2.143403
-5.493583
-5.673703
-5.120535
-3.730728
-6.142739
-0.322738
-0.815747

0.613239

0.737725

0.113556
-0.035644
0.960839
2.123848
2.256029
1.271786
-0.665401
-0.931261
0.826226
3.133251
3.152955

1.379694
2.975641
1.812784
4.035739
3.764292
-0.370732
-0.332304
-1.563312
0.871620
-1.535437
-2.752883
0.881861
1.796682
-1.494893
-2.745863
-3.687578
-0.312138
1.815282
-2.419487
-3.672379
-0.289028
1.756813
-1.576211
2.952024
2.677595

1.791386
1.072717
1.096164
1.896385
2.619122
2.571041
1.753440
0.480447
0.358926
1.939694
3.213204
3.125700
1.272930
0.489862
2.516524
1.339156
-0.555720
-1.710456
-0.230914
-2.165015
-2.444119
-0.946374
-3.277579
-1.633082
-3.578888
-1.998725
-0.654130
-3.991473
-3.610720
-4.116678
-2.513339
-4.861864
-0.294812
0.895060
0.771173
2.145707
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1.262198
1.491934
0.207379
2.021744
1.173199
2.140409
1.566481
2.514164
2.726029
-0.529993
0.369980
-1.553801
0.250988
1.158293
-1.671677
-2.261377
-0.769098
0.956203
-2.470205
-0.861484
-0.363659
0.301023
-0.631582
0.668755
0.524163
-0.248644
-1.141254
0.398989
1.170100
-0.464523
0.691177
-1.420109
-2.724466
-0.526964
-3.126499
-3.429270
-0.924937
0.491208
-2.228878
-4.142968
-0.219492
-2.543614
5.010696
4.119771
6.064103
4.947841

4.076113
3.511430
1.836683
4.906506
4.313707
4.627182
3.294320
5.777782
5.278852
2.662495
2.465004
3.613220
3.206244
1.726722
4.348390
3.787525
4.148838
3.041837
5.078199
4.722856
-3.364722
-4.004631
-4.100379
-5.346312
-3.451033
-5.440676
-3.634920
-6.067975
-5.827948
-5.993055
-7.111432
-1.158903
-1.460338
-0.598640
-1.195438
-1.900749
-0.341492
-0.365587
-0.637160
-1.425574
0.088795
-0.434355
-3.479866
-2.806990
-3.211270
-4.573118

0.243978
2.971231
2.583051
1.073281
-0.810608
2.435334
4.033229
0.650816
3.077254
-1.894008
-2.954604
-2.043859
-4.131464
-2.869178
-3.224066
-1.240354
-4.269895
-4.941315
-3.323176
-5.187443
1.069273
0.006572
2.233766
0.102427
-0.900231
2.331942
3.069580
1.268242
-0.732792
3.242174
1.344819
2.585605
3.004817
3.512093
4.314860
2.307380
4.825198
3.210780
5.227297
4.620640
5.530586
6.246887
-1.601060
-2.680848
-1.724063
-1.659573
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4.657870
3.749066
4.429694
3.254572
4.803128
5.690580
3.988412
4.230235
2.873456
2.235926
2.498266
2.991223
1.838365
0.884522
1.477222
2.309816
1.155725
0.314490
0.712227
-0.416642
-0.293352
-0.762600
-1.074688
1.022107
2.720364
2.423032
3.719046
3.213824
3.224208
4.880940
5.388277
4.474336
5.904471
5.394375
6.303359
7.070818
7.575489
6.674130
8.091463
8.911379
7.625447
8.529988
4.145605

-2.015424
-3.522310
-2.975347
-2.239510
-3.149291
-3.717714
-2.578309
-2.693663
-1.858442
-1.400623
-1.651506
-2.218018
-1.698047
-0.924113
-2.123469
-2.032064
-3.177503
-1.168700
-0.267428
-1.614163
-0.797299
0.187220
-1.514197
-0.167694
0.969973
1.920189
1.275774
1.772000
0.400496
2.176884
1.700090
3.126031
2.464497
2.943773
1.512702
3.352514
2.876784
4.306294
3.625256
4.257789
4.135315
2.691640
0.348375

-3.217242
-3.418231
-0.301116
-0.590585
1.008132
1.271786
2.014455
3.064699
1.646655
2.394051
0.350210
-1.927812
-2.533773
-1.958461
-3.946350
-4.654021
-3.969857
-4.284402
-4.765420
-4.965756
-2.914369
-2.921223
-2.640196
-0.093095
-0.756149
-1.209284
0.372698
1.212276
-1.546933
-0.092186
-0.944235
-0.468906
1.014161
1.863180
1.396638
0.558443
-0.294467
0.182348
1.668273
1.310363
2.520430
2.041814
0.774587
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B3LYP SCF energy:
B3LYP enthalpy: -3292.843686 a.u.
B3LYP free energy:  -3292.999143 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -421.4516 cm-1

-3293.94145785 a.u.

-3295.15329405 a.u.
-3294.055522 a.u.
-3294.210979 a.u.

Cartesian coordinates
ATOM X Y Z

(@la-Ma-NesicsiicsficsioRuNoNoRloNoNoRoNoNoNeR:sRNoNoRuNoloNoRuRoNoNONONONONQ!

-6.681398
-5.414923
-4.493086
-4.933306
-6.247943
-7.110437
-7.359318
-5.117067
-3.153251
-4.031583
-6.556263
-8.114788
-2.752505
-2.275407
-4.357842
-2.094555
-2.827464
-3.507519
-2.005398
-4.372160
-3.332713
-1.887193
-4.994906
-4.546755
-3.991895
-2.525311
-1.297270
-4.804991
-5.646575
-3.842473
-2.423369
-5.306166
-0.459917
-0.904951
0.192992

0.630477
0.454032
-0.456997
-1.169974
-0.974557
-0.093858
1.332686
1.024604
-0.656947
-2.058124
-1.535513
0.049776
-2.208577
-1.510173
-2.615471
-2.879432
0.072306
-0.343132
1.202292
-1.477680
0.403084
1.950531
-1.855891
-2.053669
-0.009476
1.564642
2.856378
-1.117918
-2.725050
0.574771
2.160101
-1.425133
-1.755463
1.648223
-2.616613

-0.600033
-0.087983
-0.683800
-1.843908
-2.345930
-1.737231
-0.122973
0.782609
-0.174319
-2.472695
-3.224422
-2.124986
-2.004120
-0.854615
-3.347165
-2.536388
1.099546
2.303599
1.129365
2.351157
3.514522
2.334498
3.520130
1.449918
4.704410
3.486587
2.348145
4.713040
3.523681
5.608807
4.390482
5.626207
-0.428849
-0.305691
-1.951494
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0.854514
0.012917
1.328311
1.016730
0.489103
-0.505180
1.149520
1.841099
0.341720
1.521384
-0.432081
0.671349
-1.469642
0.730519
1.478986
-1.407738
-2.335559
-0.306619
1.586843
-2.227749
-0.258992
-0.383371
0.503875
-0.814453
0.913758
0.878828
-0.390007
-1.483202
0.467804
1.585556
-0.738651
0.789180
-2.001407
-3.232979
-1.565047
-4.004557
-3.590727
-2.336381
-0.623760
-3.556733
-4.957827
-1.985765
-4.159195
5.145565
4.648108
6.205716

-1.871711
-3.994691
-2.477970
-0.808780
-4.602527
-4.600247
-3.847251
-1.879592
-5.669030
-4.323274
-3.143603
-4.015915
-3.306640
-5.010009
-3.941219
-4.299248
-2.661376
-5.151875
-5.677943
-4.401948
-5.926471
3.406379
3.686630
4.473730
4.992579
2.877885
5.780321
4.298991
6.046648
5.185914
6.588851
7.064010
1.825968
2.496927
1.362949
2.700706
2.862767
1.568810
0.826287
2.239216
3.214995
1.200636
2.398984
3.396214
2.397437
3.247893

-2.941332
-2.170802
-4.106974
-2.787338
-3.333350
-1.435076
-4.304748
-4.854999
-3.478223
-5.207506
0.804769
0.877354
1.730204
1.854127
0.158159
2.710604
1.696196
2.779384
1.886781
3.415649
3.539385
0.008093
1.064520
-0.794780
1.329628
1.682931
-0.536844
-1.628438
0.528538
2.161753
-1.173197
0.732863
-1.778923
-1.697512
-3.027740
-2.841082
-0.739603
-4.173488
-3.105086
-4.081528
-2.761743
-5.133582
-4.971157
1.001316
2.078642
0.773737
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5.031114
5.382937
4.423163
4.251848
3.265112
4.224893
4.965358
3.191127
3.113997
2.268178
1.463352
2.291934
3.418391
2.688767
1.870589
2.675742
3.668486
2.041664
2.084523
2.900978
1.506669
1.235142
1.212188
0.193222
0.902524
2.735831
4.225155
4.404795
5.036157
4.860084
4.669948
6.544395
6.724244
6.909529
7.359586
7.179367
6.992598
8.864084
9.414544
9.080233
9.268148
4.600835
2.409730
2.561849

4.433421
1.606962
2.887526
3.112264
2.171830
3.626376
4.348437
3.201207
3.582610
2.286696
1.938562
1.738001
1.795008
0.816194
-0.132092
0.801500
0.936449
1.609584
-0.589079
-1.313780
-0.610097
-0.935568
-2.009013
-0.618324
0.166034
-1.234438
-0.904448
-0.078784
-2.128730
-2.965173
-2.460197
-1.855356
-1.026450
-1.512372
-3.078066
-3.904616
-3.422762
-2.801234
-3.693157
-2.002244
-2.490871
-0.590644
-1.501247
-2.117752

1.337385
2.272582
3.029070
-0.181086
0.208295
-1.452601
-1.785142
-2.319954
-3.331615
-1.864604
-2.500451
-0.612207
1.512419
2.195589
1.642542
3.712014
4.158619
4.112726
4.017670
4.119079
4.946382
2.774916
2.579291
2.908070
-0.179206
0.213351
0.136475
-0.561979
-0.332358
0.359795
-1.314798
-0.419958
-1.120910
0.559767
-0.862315
-0.160562
-1.839464
-0.949742
-1.268421
-1.669584
0.021651
1.117143
-0.806183
0.825430
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B3LYP SCF energy:
B3LYP enthalpy: -574.935109 a.u.
B3LYP free energy: -574.986894 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-575.18734061 a.u.

-575.41708279 a.u.
-575.164851 a.u.
-575.216636 a.u.

Cartesian coordinates
ATOM X Y Z

TZOQOTTZOQOZITOQOIDOQZZIZQOTIOQOIDIOQOOIDITIZTOON

19

B3LYP SCF energy:

-1.575346
-0.047886
-2.021596
-1.784713
0.240411
0.535066
-2.082647
-0.983679
-3.354587
-4.232665
-3.486433
-4.464100
-2.334400
-2.406677
-1.079622
0.216027
1.507572
1.886141
1.203013
2.703834
2.774495
2.654137
3.899175
4.792389
4.159111
3.386335
3.692749
3.795085

B3LYP enthalpy:

B3LYP free energy:

2.178057
2.011787
2.833171
2.627056
2.316903
2.609657
0.759120
-0.129891
0.227597
0.869342
-1.174998
-1.645472
-1.951024
-3.037325
-1.457706
0.572241
0.037960
-1.255332
-2.091987
0.975298
1.444333
1.794793
0.033461
0.311990
0.088296
-1.390849
-1.707129
-2.142492

0.076806
-0.142172
-0.678640

1.056635
-1.157767

0.562889

0.014933

0.030615
-0.008777
-0.021469
-0.014305
-0.036257

0.013654

0.017065

0.034797
0.048678
-0.001048
-0.025769
-0.026219
-0.069128
-1.062692
0.658313
0.207330
-0.361069

1.270551
-0.122048
-1.132709

0.566493

-3058.11779916 a.u.

-3057.199434 a.u.

-3057.335655 a.u.



B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

Cartesian coordinates
ATOM X

oR--NoRONONeRs-Na-NrResBur Bl oN - NONGR-HONORONONONON@R»ResNoNoRsRNOoN @R R-NORONONONONQP!

5.685499
4.573897
3.917985
4.447801
5.597825
6.211109
6.164568
4.193263
2.752780
3.802922
5.982223
7.092096
2.686769
2.142038
4.199662
2.212105
2.277369
3.111830
1.108893
4.324665
2.739041
0.775216
5.097547
4.652468
3.558519
1.566161
-0.109732
4.713326
6.016590
3.253070
1.298584
5.334153
0.555097
-0.106864
0.224390
-0.803807
1.000338
-1.053800
-1.409548
0.759390

Y
2.591603
1.878135
0.979423
0.865942
1.613152
2.457148
3.265207
2.005879
0.212149
0.008849
1.502336
3.021703
-0.700508
-0.619042
-0.080335
-1.337041
0.356772
-0.152646
1.055573
-0.863688
0.064223
1.280752
-1.340414
-1.021883
-0.440140
0.802849
1.852746
-1.131250
-1.876559
-0.263413
0.994247
-1.511632
-1.549307
1.586382
-2.470400
-2.094525
-3.600128
-2.827310
-1.224010
-4.320027

V4

0.106949
-0.282698
0.609583
1.936061
2.308852
1.413847
-0.598056
-1.288282
0.231143
2.857466
3.319502
1.705029
2.493916
1.180269
3.865585
3.228519
-1.191263
-2.251023
-1.522912
-2.006325
-3.619399
-2.887451
-3.040789
-0.985767
-4.665929
-3.902302
-3.135012
-4.387481
-2.821668
-5.693942
-4.938346
-5.193255
0.879646
-0.232148
2.470008
3.347578
2.793505
4.511310
3.122910
3.962364

-3059.21885586 a.u.
-3058.300491 a.u.
-3058.436712 a.u.
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1.797165
-0.272776
-1.860653

1.374522
-0.465060

0.974334
-0.028486

2.255410

0.246711
-1.026750

2.528505

3.050274

1.527071
-0.536260

3.528312

1.740515
-1.280013
-2.247901
-1.258578
-3.142210
-2.307170
-2.166655
-0.538916
-3.105746
-3.872987
-2.133050
-3.807261

0.840474

1.745100
0.617546
2.400621

1.936948

1.280275
-0.061406
2.168844

3.098166

1.101739

2.682496
-6.705468
-5.862794
-7.499785
-7.186831
-6.040822
-6.056134
-5.686500
-4.386694

-3.922501
-3.938776
-2.522828
-5.184547
-4.506331
-3.013319
-3.979634
-3.253696
-5.147533
-3.815315
-4.423026
-2.540332
-5.370124
-5.886704
-4.588850
-6.280781
2.773995
2.293547
4.147963
3.166926
1.230098
5.017660
4.552141
4.533627
2.778123
6.076492
5.212645
2.662569
3.594836
2.657331
4.505530
3.613715
3.566461
1.929177
4.494012
5.217164
3.545140
5.201664
-0.074480
-1.099688
-0.560824
0.647784
-2.126425
-1.059654
0.603551
0.172453

2.131314
4.823773
5.172197
4.195539
5.729862
-0.168642
-0.370118
-0.673284
-1.076490
0.026044
-1.390375
-0.501365
-1.594656
-1.221321
-1.781266
-2.147041
-1.043422
-1.946028
-0.753923
-2.562331
-2.152746
-1.363861
-0.053280
-2.272688
-3.266323
-1.123680
-2.748918
0.926816
0.387358
2.309446
1.214792
-0.681385
3.136690
2.739780
2.592155
0.783161
4.208066
3.236575
-0.315495
-1.108702
0.258526
-0.985785
-0.768082
-2.181918
0.564848
0.189253
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-5.828774
-6.808252
-4.652806
-4.700767
-3.428329
-2.513580
-3.255240
-4.450086
-3.390465
-2.049141
-3.688028
-4.474276
-4.030023
-2.317435
-2.244123
-2.154280
-1.311391
-0.375644
-1.036104
-1.289335
-0.921333

1.533734
1.889985
2.026763
2.766245
1.555490
1.906039
0.605329
-0.736781
-1.315433
-1.170907
-2.107153
-2.860399
-1.429731
-2.723220
-3.721023
-2.833585
-1.776064
-2.271439
-0.954834
-0.207122
0.365566

1.560937
1.866743
2.172001
2.963477
1.764202
2.219731
0.784230
-0.833940
-1.515519
-1.237668
-2.780504
-2.652951
-3.580135
-3.113874
-2.665021
-4.190354
-2.430933
-2.173988
-3.112445
0.444467
1.947114

B3LYP SCF energy:
B3LYP enthalpy: -3292.865817 a.u.
B3LYP free energy:  -3293.019238 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-3293.96292966 a.u.

-3295.18110259 a.u.
-3294.083990 a.u.
-3294.237411 a.u.

Cartesian coordinates
ATOM X Y Z

TTZTOOTZTTOO0OO0000

6.079579
4.973141
4.170229
4.559634
5.711413
6.461549
6.667650
4.710906
2.993867
3.783013
5.984927
7.341260

-1.066490
-0.957465
0.221726
1.283626
1.148292
-0.003315
-1.979806
-1.791607
0.363759
2.464266
1.975697
-0.100863

-2.176409
-1.363277
-1.353909
-2.231250
-3.051894
-3.027828
-2.160478
-0.725252
-0.518914
-2.248875
-3.701540
-3.657292
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2.647595
2.206380
4.092076
2.088545
2.782224
3.751446
1.843626
4.671467
3.821797
1.970195
5.584817
4.642325
4.784648
2.943810
1.291586
5.647682
6.267153
4.823307
3.032586
6.378514
0.610532
0.351066
0.012994
-0.317710
-0.164772
-0.797596
-0.195880
-0.664365
0.085559
-0.978427
-1.034685
-0.798967
-1.358828
1.203197
0.390040
2.437277
0.799682
-0.555577
2.847364
3.078664
2.029493
0.156803
3.805752
2.348407
-0.463675
-1.092771

2.567509
1.512434
3.295071
3.490167
-0.764064
-0.905838
-1.778600
0.128579
-2.129480
-3.004691
-0.032913
1.061837
-2.270924
-3.184649
-3.819379
-1.244593
0.776189
-3.208040
-4.137978
-1.359438
1.782920
-1.495080
3.403549
3.492039
4.538601
4.680795
2.624224
5.727442
4.511096
5.804419
4.729995
6.592797
6.729837
2.336010
2.234067
2.998922
2.778487
1.708475
3.536983
3.112492
3.429672
2.685518
4.044094
3.850495
-3.158627
-3.712522

-1.488256
-0.633201
-2.878148
-1.531762
0.454735
1.512072
0.249017
1.848035
2.255930
0.959751
2.865195
1.299043
3.291742
1.911945
0.744030
3.594994
3.109473
3.841120
2.426732
4.390160
0.307055
-0.815385
-0.397247
-1.764221
0.405350
-2.308499
-2.404310
-0.139635
1.459420
-1.494226
-3.367677
0.503008
-1.916979
1.975316
3.114754
2.089627
4.333871
3.063064
3.309752
1.222090
4.435736
5.204667
3.376840
5.384993
-0.940638
0.189733
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-0.488291
-1.704777
-1.109165
-1.113563
-0.022027
-1.718445
-2.173966
-1.120194
-2.197827

1.030028
2.134773
0.421659
2.619663
2.618436
0.907513
-0.429285
2.007177
3.480007
0.424659
2.386025
-5.658399
-4.580441
-6.507105
-6.058039
-4.932475
-4.258961
-4.925171
-3.660034
-5.279264
-6.232005
-4.363116
-4.582833
-3.185608
-2.485120
-2.817353
-3.437811
-2.177721
-1.083774
-1.953044
-2.746495
-1.885729
-0.598584
-0.771012
-0.004384
0.073590
0.823714

-3.883074
-4.963016
-3.155460
-5.131412
-3.484325
-5.677807
-5.379444
-5.674724
-6.651264
-1.268529
-2.042791
-0.433585
-1.975923
-2.702997
-0.367992
0.173849
-1.137702
-2.574916
0.287198
-1.084975
-2.353628
-2.056894
-1.665309
-3.368220
-1.354959
-2.970450
-2.131705
-1.551833
-2.383048
-2.844301
-2.029338
-2.213654
-1.407515
-1.079222
-1.129200
-1.474257
-1.280043
-0.727856
-1.835490
-1.579637
-2.936578
-1.200584
-0.235432
-1.818896
-0.974994
-0.183417

-2.142263
0.122305
1.120286

-2.208778

-3.034841

-1.078548
1.009660

-3.149470

-1.130257

-2.521566

-2.916568

-3.467981

-4.222141

-2.203582

-4.775953

-3.178171

-5.156222

-4.505783

-5.495789

-6.172896
1.675686
2.748401
1.767170
1.768863
3.509820
3.259359
0.376649
0.660134

-0.924497

-1.169859

-1.940601

-2.985992

-1.592989

-2.348175

-0.305045
2.006612
2.624109
2.049979
4.023660
4.736280
4.011812
4.387630
4.881046
5.068385

3.018815
3.039760
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H 0.609246 -1.886059 2.725008
Ir  -1.119479 0.169072 0.063323
H  -1.214793 0.699237 -1.496317
C  -2.594314 1.593878 1.140015
H  -1.979072 2250512 1.741210
C  -2.825392 1.901706 -0.192472
H  -2.260582 2.716504 -0.622966
H  -3.300803 0.985765 1.694617
C  -4.091511 1.589210 -0.947834
H -3.865116 1.301706 -1.980830
H  -4.638840 0.761555 -0.487617
C  -4.993837 2.844359 -0.967634
H  -5228164 3.139193 0.064675
H  -4.441251 3.684948 -1.410488
C  -6.298213 2.625534 -1.747437
H  -6.057972 2.331148 -2.778801
H  -6.846120 1.780467 -1.307245
C -7.196186 3.866894 -1.763313
H  -8.117374 3.682846 -2.326667
H  -7.480548 4.164015 -0.746680
H  -6.686211 4.719501 -2.227768
21-TS

B3LYP SCF energy:  -3293.93885607 a.u.
B3LYP enthalpy: -3292.843868 a.u.
B3LYP free energy:  -3292.999030 a.u.

B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:

B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -268.5506 cm-1

-3295.15881311 a.u.
-3294.063825 a.u.
-3294.218987 a.u.

Cartesian coordinates
ATOM X Y Z

TOODTITOO0O0000

5.952213
4.898802
4.186652
4.610899
5.703737
6.362208
6.476186
4.599400
3.068667
3.943825
6.010920

2.326253
1.695165
0.642294
0.251231
0.917484
1.936423
3.130242
2.008424
-0.017920
-0.825167
0.603901

1.170878
0.547569
1.190411
2.500403
3.116869
2.468584
0.661659
-0.446084
0.568992
3.131712
4.111288
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7.197717
2.859217
2.362533
4.303115
2.397787
2.824611
3.783277
1.752223
4.889441
3.624509
1.575598
5.791819
5.026507
4.574642
2.487698
0.705112
5.643856
6.626776
4.437615
2.343944
6.367933
0.807781
0.355005
0.152537
0.047244
-0.437410
-0.582612
0.457716
-1.077826
-0.379816
-1.147046
-0.626282
-1.514617
-1.634570
1.571221
1.582340
2.247463
2.209844
1.133578
2.873901
2.281991
2.848055
2.208228
3.385294
3.333242
-0.031495

2.440475
-1.424723
-0.998539
-1.180796
-2.262421

0.261258
-0.302232

1.001464
-1.093782
-0.081613

1.136956
-1.601498
-1.306389
-0.608688

0.634783

1.659992
-1.351506
-2.200852
-0.416709

0.776532
-1.750533
-1.778423
1.646842
-2.926452
-2.563827
-4.141251
-3.400794
-1.622456
-4.970552
-4.460660
-4.608689
-3.104780
-5.906190
-5.259897
-2.975040
-2.715431
-4.115493
-3.593781
-1.809063
-4.989809
-4.328338
-4.736957
-3.371518
-5.867722
-5.421010

3.321487

2.945675
2.540420
1.275863
4.094229
3.043988
-0.888117
-1.818273
-1.376628
-1.398317
-3.224539
-2.789411
-2.308249
-0.345674
-4.137768
-3.679603
-3.168240
-3.691501
-1.956778
-5.199095
-4.748061
-4.395919
0.569563
-0.345723
1.877825
3.234936
1.478913
4.158940
3.585236
2.401829
0.443758
3.747498
5.203616
2.064379
4.466947
-0.635773
-2.013496
-0.163999
-2.901352
-2.403507
-1.050229
0.899546
-2.424072
-3.964367
-0.665515
-3.114348
-1.049022

5126



OZZDOITZTOOCOQZZIZIOZDOIOOOQOIID IOOOQODN I TOIOTOOOOOD T TOIZIOTOO0

-1.177027
0.807329
-1.487938
-1.821859
0.490405

1.718959
-0.660065
-2.374831

1.152658
-0.903997

1.037845

1.949805

0.574457

2.395052

2.307771

1.014459
-0.135368

1.927018

3.105313

0.638060

2.268143
-5.270712
-5.237404
-6.275406
-4.936017
-6.075175
-5.266651
-4.284348
-3.506920
-4.047464
-4.634723
-3.023484
-2.804456
-2.289443
-1.513100
-2.476321
-3.962014
-3.585374
-2.579685
-4.243032
-5.338229
-3.911091
-3.724860
-4.442879
-3.593639
-2.405544

3.963972
4.032824
5.268579
3.451746
5.337471
3.583217
5.957215
5.750651
5.869017
6.971956
2.224620
3.292631
1.682521
3.790126
3.748302
2.186125
0.866069
3.240103
4.611660
1.756405
3.635802
2.583353
2.634716
2.385192
3.535215
2.073755
3.652233
1.486622
1.235184
0.775064
0.940818
-0.196013
-0.821624
-0.354691
-1.099427
0.364830
1.975226
1.808069
1.033173
2.654790
2.662593
3.701846
1.993737
1.235861
2.708533
1.306399

-0.549879
-1.921457
-0.933625
0.156025
-2.309460
-2.298603
-1.823006
-0.531170
-2.987155
-2.124145
1.279680
1.328228
2.484733
2.551412
0.410738
3.710876
2.468324
3.747118
2.569827
4.635340
4.699570
2.206636
0.664776
2.589956
2.639274
0.229921
0.270579
2.519536
1.355983
3.667216
4.565983
3.632984
4.490771
2.479136
2.424937
1.333343
0.298307
-1.044353
-1.499887
-2.117171
-2.066531
-2.040787
-3.410514
-3.744665
-4.228401
-2.992623
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-2.201011
-1.553005
-1.316087
-0.804526
-1.672222
-0.922058
-2.494499
-2.169727
-2.192025
-4.008197
-4.412463
-4.297876
-4.653655
-4.267130
-4.346781
-6.186151
-6.567851
-6.491705
-6.830761
-7.923111
-6.496744
-6.571370

0.417190
1.985318
-0.145197
-0.818030
-1.830200
-2.602782
-1.923658
-2.692195
-1.551267
-1.841355
-1.541101
-1.058117
-3.179820
-3.486997
-3.964122
-3.117874
-2.803536
-2.336948
-4.450467
-4.371624
-4.774670
-5.243325

-3.598998
-3.146720
-0.415241
-1.943600
-1.972390
-2.131365
-0.767798
-0.062872
-2.888994
-0.861162
0.115392
-1.570919
-1.270329
-2.253638
-0.562643
-1.323766
-0.341713
-2.034693
-1.719233
-1.745596
-2.712372
-1.007082

B3LYP SCF energy:
B3LYP enthalpy: -3292.838701 a.u.
B3LYP free energy: -3292.997376 a.u.
B3LYP-D3(BJ) SCF energy in solution:

-3293.93718115 a.u.

-3295.16798394 a.u.

B3LYP-D3(BJ) enthalpy in solution: ~ -3294.069504 a.u.
B3LYP-D3(BJ) free energy in solution: ~ -3294.228179 a.u.
Cartesian coordinates

ATOM X Y Z

C  -6.130478 -1.640157 1.565621

C  -5.041683 -1.188888 0.853445

C  -4.183364 -0.180763 1.379456

C  -4.496862 0.355693 2.669466

C  -5.627605 -0.128581 3.380260

C  -6.430188 -1.107472 2.842518

H  -6.768170 -2.411499 1.143012

H  -4.829364 -1.610335 -0.122317

C  -3.030532 0.299220 0.662913

C  -3.681177 1.388816 3.187925

H  -5.848202 0.294123 4.357123
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-7.294839
-2.574209
-2.199737
-3.945137
-1.997441
-2.869814
-3.779711
-1.931409
-4.759206
-3.712657
-1.852380
-5.625265
-4.826758
-4.622550
-2.718912
-1.102790
-5.565896
-6.363911
-4.557344
-2.651351
-6.261102
-0.622844
-0.579200
0.156391
0.375977
0.690471
1.074889
-0.016026
1.398512
0.546600
1.590165
1.209791
1.794360
2.133132
-1.280699
-1.117464
-2.014504
-1.642411
-0.597413
-2.535648
-2.171819
-2.344732
-1.505794
-3.093277
-2.750621
-0.280749

-1.470402
1.824675
1.261630
1.845585
2.636416

-0.154126
0.420884

-1.099727
1.393573
0.016004

-1.442046
1.907331
1.737182
0.558492

-0.916336

-2.149494
1.483890
2.645690
0.227580

-1.215493
1.892399
1.816841

-1.764822

3.062037

2.790335

4.251320

3.686373
1.882670

5.142046

4.497386

4.867181
3.461535
6.056116
5.565095
2.863689
2.474278
4.030404
3.246294
1.551960
4.802634
4.341972

4.415660
2.927877
5.705992
5.019910

-3.495714

3.390563
2.502272
1.248624
4.138591
2.923298
-0.762446
-1.727437
-1.179340
-1.375129
-3.100377
-2.564950
-2.315354
-0.350503
-4.045684
-3.488180
-2.895320
-3.663527
-2.016673
-5.079160
-4.531325
-4.391211
0.406694
-0.097063
1.542257
2.907135
1.015591
3.717260
3.356405
1.826037
-0.030067
3.179416
4.771750
1.392750
3.809901
-0.967453
-2.301748
-0.687387
-3.340652
-2.538850
-1.723559
0.340956
-3.053288
-4.369882
-1.492957
-3.859488
-0.687688
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0.940156
-1.235223
1.204965
1.685553
-0.964648
-2.195402
0.256333
2.152780
-1.714312
0.463729
-1.284058
-2.319343
-0.702782
-2.770188
-2.771626
-1.150461
0.107899
-2.186614
-3.576259
-0.684531
-2.534518
5.453432
5.254875
6.480588
5.226915
6.030316
5.250941
4.446723
3.563831
4.271486
4.935386
3.201646
3.022342
2.376049
1.571747
2.508029
3.939665
3.358524
2.259243
3.849418
4.936081
3.573194
3.083656
3.692826
2.852225
1.814382

-4.088103
-4.281386
-5.423454
-3.509010
-5.614150
-3.860218
-6.188610
-5.866339
-6.204315
-7.226354
-2.156019
-3.093508
-1.606931
-3.455981
-3.551673
-1.974634
-0.895064
-2.898235
-4.177430
-1.542950
-3.188338
-2.657718
-2.707901
-2.399913
-3.628776
-2.136992
-3.724916
-1.621366
-1.368789
-0.972202
-1.146090
-0.051390
0.516944
0.133323
0.850123
-0.528071
-2.067679
-1.940973
-1.204908
-2.751359
-2.716713
-3.812068
-2.086257
-1.277193
-2.784295
-1.486856

-0.325703
-1.355334
-0.634511
0.209002
-1.671280
-1.635094
-1.314752
-0.340639
-2.190971
-1.559554
1.569941
1.718246
2.720062
2.986004
0.844858
3.990939
2.624764
4.126284
3.083360
4.872656
5.113616
1.634341
0.102072
1.906433
2.092451
-0.424266
-0.295389
2.073469
0.986210
3.265676
4.107379
3.360492
4.265768
2.278246
2.306206
1.087018
-0.119283
-1.386691
-1.643593
-2.566546
-2.711011
-2.457574
-3.732145
-4.150518
-4.542348
-3.076877
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1.446703
1.004393
1.218225
2.452854
2.737656
2.514271
2.050711
3.130897
3.969543
3.989841
4.476137
4.796467
4.898351
4.256067
6.196886
6.102880
6.733061
7.026505
8.019222
7.167213
6.533893
1.451131

-0.609308
-2.230141
0.002301
1.828077
2.847101
1.656104
2.537089
1.129541
1.617551
1.524492
0.729666
2.866702
2.948998
3.767516
2.864284
2.798805
1.957032
4.098788
4.067143
4.171705
5.020982
1.665021

-3.619217
-3.077204
-0.418193
-2.457454
-2.754118
-0.931534
-0.469938
-2.959868
-0.438066
0.654551
-0.843056
-0.803304
-1.893345
-0.474977
-0.174361
0.919390
-0.489490
-0.543266
-0.080433
-1.628528
-0.211313
-2.871254

23-TS

B3LYP SCF energy:
B3LYP enthalpy: -3292.830097 a.u.
B3LYP free energy: -3292.984014 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:
Imaginary frequency: -322.9651 cm-1

-3293.92802464 a.u.

-3295.15110655 a.u.
-3294.053179 a.u.
-3294.207096 a.u.

Cartesian coordinates
ATOM X Y Z

ONeR="R-sRONONONONON®

-6.099715
-5.031265
-4.152536
-4.411373
-5.522820
-6.355405
-6.754399
-4.856819
-3.029727
-3.549401

1.875584
1.429389
0.422863
-0.095104
0.383200
1.346984
2.642041
1.853545
-0.074365
-1.088873

-1.617478
-0.871828
-1.368275
-2.678578
-3.423393
-2.905091
-1.212231

0.109351
-0.611643
-3.198055
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-5.702005
-7.205654
-2.470792
-2.180135
-3.753105
-1.845125
-2.858689
-3.834271
-1.844289
-4.857845
-3.789302
-1.826453
-5.781444
-4.899954
-4.762594
-2.774300
-1.071702
-5.742420
-6.549212
-4.716526
-2.753776
-6.484035
-0.708871
-0.446541
-0.036960
0.538258
0.000328
1.103789
0.541054
0.578065
-0.412604
1.126163
1.528869
0.595894
1.569154
-1.634788
-1.525456
-2.546703
-2.262653
-0.884080
-3.276245
-2.689340
-3.128158
-2.163870
-3.965239
-3.697471

-0.030734
1.704777
-1.535938
-1.028704
-1.504268
-2.305140
0.450735
0.076478
1.351240
-0.880637
0.675758
1.940352
-1.209722
-1.365699
0.322376
1.622621
2.675248
-0.598861
-1.946223
0.795860
2.102969
-0.862270
-1.705963
1.682854
-3.006395
-2.583993
-4.373952
-3.497919
-1.527805
-5.290318
-4.738938
-4.859101
-3.146903
-6.344511
-5.573878
-2.696359
-2.426763
-3.684279
-3.159554
-1.626563
-4.419546
-3.882131
-4.165682
-2.932887
-5.186945
-4.739608

-4.412473
-3.478558
-2.475478
-1.177355
-4.182062
-2.906732
0.785550
1.776838
1.120778
1.520805
3.078115
2416113
2.487189
0.553224
4.051072
3.357756
2.662439
3.763667
2.268000
5.028552
4.332987
4.512306
-0.231643
-0.059375
-1.388024
-2.603119
-1.082000
-3.490713
-2.857756
-1.966742
-0.149194
-3.173328
-4.426969
-1.704855
-3.860815
1.039722
2.407607
0.619393
3.342113
2.745856
1.551424
-0.438546
2918114
4.399846
1.209545
3.643704

5132



TTCTODTTOOOOQZZODOZOIZIOOOOODIICTOOOZITOTZTOIOOO0OO0OCTTTOTIOZT OO0

0.415214
1.140900
0.418475
1.806546
1.193359
1.101059
-0.107279
1.787524
2.342758
1.087901
2.306243
-1.280886
-2.228449
-0.964686
-2.820081
-2.506110
-1.557964
-0.274232
-2.481500
-3.550915
-1.304892
-2.944216
5.767402
5.321613
6.783343
5.759517
6.007088
5.250339
4.732150
3.713170
4.628174
5.392129
3.487086
3.347693
2.538645
1.661294
2.623563
3.989561
3.235813
2.194544
3.466065
4.525810
3.056999
2.692407
3.356025
2.295661

3.186874
3.073137
4.423190
4.172621
2.115737
5.519330
4.543342
5.402520
4.066708
6.466733
6.259398
2.318992
3.353698
1.792200
3.863903
3.762221
2.300648
0.956995
3.342838
4.663618
1.876761
3.740614
2.614108
1.608364
2.407365
3.641747
0.755463
2.071641
2.437186
1.574335
2.971471
3.633282
2.638202
3.027607
1.798561
1.523161
1.240899
1.129253
0.230501
-0.551869
0.165776
0.111875
1.057551
-1.103993
-1.974188
-1.067937

0.611714
1.812483
-0.051820
2.353662
2.320023
0.483649
-0.990980
1.691117
3.293049
-0.047885
2111775
-1.584068
-1.503692
-2.843288
-2.658971
-0.536081
-4.000043
-2.916775
-3.910110
-2.580946
-4.967830
-4.808670
0.713694
1.804648
0.363757
1.095564
1.879580
2.791323
-0.368963
0.109590
-1.627226
-2.025348
-2.392492
-3.394494
-1.853848
-2.420744
-0.606217
1.368553
2.123129
1.695362
3.622638
3.898887
4.127308
4.013076
3.944097
5.032448
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1.591320
1.236850
0.723614
1.062370

2.542912
1.501972
2.736229
2.223911
2.878107
4.208833
4.303098
4.765136
4.894221
4.940543
4.293712
6.317005
6.277733
6.911114
7.022658
8.033788
7.109446
6.470767
3.134842

-1.199123
-2.218227
-0.600542
-0.116230
-3.193725
-3.396542
-1.880846
-1.945138
-4.023826
-1.582230
-0.641038
-1.473841
-2.670075
-3.617254
-2.865034
-2.270276
-1.331082
-2.057222
-3.345519
-3.031345
-4.285757
-3.557512
-3.223883

2.941292
2.793747
3.252690
-0.014471
0.855151
1.109315
0.106751
-0.862143
0.222517
-0.179900
-0.725988
0.759641
-1.037600
-0.485928
-1.938231
-1.455026
-2.025649
-0.554639
-2.287917
-2.569189
-1.730243
-3.211823
1.776544

B3LYP SCF energy:
B3LYP enthalpy: -810.633064 a.u.
B3LYP free energy: -810.704423 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-811.06436615 a.u.

-811.39782286 a.u.
-810.966521 a.u.
-811.037880 a.u.

Cartesian coordinates
ATOM X Y Z

TOOOTT T T T OO

-1.662950
-0.673039
-1.225218
-1.917603

0.367174
-0.746181
-2.833602
-2.426920
-4.119740
-4.485651

-2.408994
-1.244161
-3.141791
-2.943712
-1.522186
-0.892190
-1.703591
-0.404188
-2.097676
-3.086325

-0.915047
-1.177355
-0.223310
-1.835961
-0.990396
-2.217891
-0.272481
0.107394
0.032397
-0.236025
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-4.952159
-5.974463
-4.437885
-5.059213
-3.184982
-1.105088
-0.537465
0.704541
-1.289230
-1.826240
-2.044992
-0.160882
0.187992
-0.484946
0.984334
1.975174
0.960993
1.684306
1.163716
2.101601
2.688251
1.220141
2.908082
2.542629
3.478411
3.850573
4.290114
3.269436
4.984235
4.552149
5.560082
5.928205
5.387096
6.724649
6.404051
2.710927

-1.179514
-1.436535
0.069380
0.794279
0.479964
-0.172726
1.124031
1.450686
2.299739
2.029237
2.663733
3.326737
3.242445
4.361586
2.914017
3.084113
3.499655
0.553253
-0.390128
1.170558
2.086262
1.425111
0.225381
-0.108296
1.146825
-0.846240
-0.501055
-1.748383
-1.223847
-1.582162
-0.322019
-2.289552
-3.215332
-2.538463
-1.944739
0.473293

0.702342
0.960386
1.033445
1.557018
0.751997
-0.253037
-0.349870
0.054477
-0.950296
-1.868851
-0.244290
-1.197834
-2.233939
-1.047233
-0.239356
-0.680644
0.692512
0.772118
0.987091
2.123206
1.979157
2.721743
-0.121434
-1.103121
-0.308474
0.445078
1.390574
0.690717
-0.519048
-1.464380
-0.771566
0.048046
0.280109
-0.662689
0.974427
2.707616

21L-TS

B3LYP SCF energy:
B3LYP enthalpy:  -3292.844150 a.u.
B3LYP free energy:  -3292.997754 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:
B3LYP-D3(BJ) free energy in solution:

-3293.93897868 a.u.

-3295.15939743 a.u.
-3294.064569 a.u.
-3294.218173 a.u.
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Imaginary frequency:

Cartesian coordinates
ATOM X

oNNol--NoNoNoNe R - M- N-NsRB ol NoNoN - NoNONO OO RO RO R"RsNoN o NoNo RN - NoNONO RO RO N®!

-5.882006
-4.783071
-4.150966
-4.703121
-5.838962
-6.419656
-6.342456
-4.386759
-2.992653
-4.116436
-6.242188
-7.289396
-2.997038
-2.378482
-4.568335
-2.608765
-2.604414
-3.492536
-1.468618
-4.659411
-3.201040
-1.156472
-5.496322
-4.896681
-4.086363
-2.002843
-0.232681
-5.218400
-6.381109
-3.848899
-1.758834
-5.892749
-0.793922
-0.165733
-0.334162
-0.344197

0.236754

0.156749
-0.751165

0.748240

0.266544

0.704934

Y
-2.622434
-1.814629
-1.158708
-1.363005
-2.200495
-2.819729
-3.113153
-1.679499
-0.318578
-0.684879
-2.338472
-3.456468

0.091350
0.249478
-0.774929
0.623199
0.026857
0.921024
-0.462012
1.483437
1.279021
-0.017647
2.311236

1.260364
2.126289
0.802935
-0.340270
2.630275
2.721959
2.371829
1.102593
3.275642
1.247230
-1.461460
1.831753
1.011548
3.113409
1.466468
0.007079
3.562521
3.783105
2.744164

-289.3300 cm-1

V4

-0.412329
-0.601772
0.493692
1.798662
1.964065
0.882186
-1.265211
-1.601205
0.322031
2.892182
2.964052
1.015723
2.720008
1.447448
3.876915
3.576339
-1.091271
-1.805885
-1.733090
-1.214752
-3.162159
-3.054799
-1.931562
-0.182208
-3.878734
-3.753229
-3.520677
-3.280353
-1.453616
-4.910901
-4.769623
-3.835760
1.305218
-0.884077
3.013093
4.157668
3.139095
5.379612
4.114715
4.357659
2.286256
5.486667
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0.112401
1.172827
1.092671
-1.494599
-1.321697
-2.308241
-1.907637
-0.752775
-2.892137
-2.483217
-2.685863
-1.764055
-3.510993
-3.139240
0.469081
1.602022
-0.177099
2.090310
2.100210
0.317554
-1.074310
1.455117
2.964289
-0.196156
1.837417
-1.038703
-1.912342
-0.764045
-2.501874
-2.128870
-1.349374
-0.087936
-2.220623
-3.179461
-1.118158
-2.674416
5.524149
5.620123
6.412617
5.417601
6.346387
5.899680
4.269368
3.558700
3.759033
4.286331

0.815963
4.560403
3.097887
2.809813
3.133175
3.643965
4.280955
2.478004
4.788149
3.405943
5.115591
4.509471
5.422168
6.008876
-2.673547
-3.418992
-2.991279
-4.431093
-3.219055
-4.001792
-2.462169
-4.720036
-4.999745
-4.229183
-5.506115
-2.711388
-3.639058
-2.832439
-4.647261
-3.584412
-3.846876
-2.138324
-4.756550
-5.350331
-3.925191
-5.548320
-2.902962
-2.264237
-2.700887
-3.993135
-1.440541
-2.980985
-2.284429
-1.650499
-2.275720
-2.749015

6.248832
4.421679
6.437359
0.566173
-0.786528
1.355357
-1.327356
-1.436834
0.815003
2.399613
-0.527513
-2.379351
1.443723
-0.947484
-2.140687
-1.771350
-3.345294
-2.597680
-0.828660
-4.174237
-3.646512
-3.807558
-2.291701
-5.104178
-4.452368
0.179601
-0.413502
1.546109
0.345979
-1.475335
2.307384
2.023365
1.709936
-0.129734
3.366293
2.299152
1.853114
0.450949
2.457859
1.783270
0.432656
-0.323401
2.416605
1.359239
3.688271
4.511708
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2.526176
2.076737
1.888540
0.959018
2.356344
4.264148
3.931316
2.831429
4.758388
5.837541
4.599435
4.184858
4.776535
4.209454
2.752736
2.404715
2.043785
1.383050
1.122655
1.919063
1.108315
2.609468
2.364719
3.669310
2.716886
3.530290
2.078509
3.300928
2.486949
3.949767
4.095588
3.441523
4.903264
4.686596
3.899471
5.371629
5.247317

-1.619596
-1.549136
-1.048435
-0.523771
-1.057618
-1.730718
-1.124793
-0.382985
-1.421821
-1.295966
-2.460117
-0.413964
0.509012
-0.789280
-0.130617
0.869914
-0.837523
0.192128
1.545908
2.469234
3.134304
1.829561
2.163468
1.618670
3.036744
2.353164
3.148141
4411213
5.087417
4.298527
5.052177
5.163451
4.372118
6.415288
7.127607
6.330626
6.846232

3.892103
4.875978
2.814767
2.948095
1.531945
0.190794
-1.029209
-1.272452
-2.266205
-2.118481
-2.597683
-3.283430
-3.253890
-4.310945
-2.776858
-3.048955
-3.231071
0.050806
-1.041602
-0.438789
-0.143145
0.673766
1.680797
0.529099
-1.608278
-1.869011
-2.494095
-1.229651
-0.930163
-0.350187
-2.376014
-3.252125
-2.680872
-2.001284
-1.725825
-1.149093
-2.837602

B3LYP SCF energy:
B3LYP enthalpy: -3292.877209 a.u.
B3LYP free energy:  -3293.035040 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:

-3293.97661190 a.u.

-3295.20009414 a.u.
-3294.100691 a.u.
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B3LYP-D3(BJ) free energy in solution:

Cartesian coordinates
ATOM X

oNNol--NoNoNoNe R - M- N-NsRB ol NoNoN - NoNONO OO RO RO R"RsNoN o NoNo RN - NoNONO RO RO N®!

-6.643696
-5.310473
-4.450886
-5.026206
-6.406267
-7.203241
-7.273684
-4.909367
-3.046645
-4.197047
-6.818926
-8.257616
-2.861659
-2.253935
-4.630235
-2.260304
-2.542246
-2.976486
-1.750651
-3.769437
-2.613306
-1.374144
-4.174915
-4.066826
-3.052101
-1.809026
-0.729021
-3.817935
-4.779125
-2.767586
-1.524855
-4.149034
-0.422679
-0.856218
0.076882
0.126955
0.478041
0.576216
-0.229337
0.928421
0.440881
0.983912

Y
0.405754
0.234238

-0.522810
-1.097706
-0.909923
-0.173422
0.988167
0.685548
-0.709540
-1.853132
-1.360392
-0.035138
-2.007418
-1.428731
-2.312486
-2.595364
-0.150069
-0.795550
0.999178
-1.979818
-0.239345
1.508341
-2.566762
-2.422973
-0.863808
0.925813
2.375514
-2.005194
-3.468993
-0.420252
1.348367
-2.476639
-1.747689
1.712510
-2.282173
-1.302291
-3.588428
-1.618972
-0.296678
-3.903350
-4.365111
-2.922271

V4

0.248258
0.548557
-0.300921
-1.479414
-1.760168
-0.915690
0.914563
1.448065
-0.017685
-2.341817
-2.659144
-1.136500
-2.072771
-0.917482
-3.226630
-2.753654
1.283715
2.500435
1.357207
2.503486
3.770962
2.636017
3.681446
1.561380
4.969462
3.799313
2.694413
4.930168
3.651830
5.920247
4.759944
5.850784
-0.711668
-0.096978
-2.416512
-3.424260
-2.725198
-4.706437
-3.219851
-4.010722
-1.969279
-5.001350

-3294.258522 a.u.

5139



TOOOQOD T TTOOQOTT T TOTOTOO0OO0O0OT T TOTOTOO0O0O0TITIOQOITIQOTOOO0O0T I T

0.597720
1.233337
1.333620
-0.361116
0.871099
-1.529180
0.928634
1.790019
-1.469056
-2.490596
-0.242190
1.890431
-2.385383
-0.196291
-0.597590
0.415014
-1.485570
0.562627
1.079680
-1.332303
-2.307062
-0.303472
1.351220
-2.026999
-0.189559
-2.026447
-3.361304
-1.498219
-4.157824
-3.785335
-2.292149
-0.450491
-3.627377
-5.194213
-1.865562
-4.248931
4.230966
3.718538
5.292735
3.680800
4.546214
3.164806
3.921976
3.052624
4.276475
4.944209

-0.852427
-4.921501
-3.172387
-3.317608
-3.842835
-4.050790
-5.063957
-3.303645
-5.270291
-3.679509
-5.779666
-5.453928
-5.820962
-6.728874
3.509639
4.208291
4.240819
5.588388
3.684094
5.617687
3.742481
6.296275
6.107458
6.161445
7.369274
2.007332
2.390576
2.029323
2.746317
2.412431
2.394582
1.788612
2.745890
3.026865
2.409224
3.028274
4.104127
3.062682
4.326176
5.048652
2.479861
3.517400
3.455618
2.360805
3.762716
4.590676

-5.476336
-4.235254
-5.998691
0.264842
0.693196
0.522815
1.364416
0.499830
1.200904
0.189509
1.624502
1.685304
1.393250
2.150531
0.319469
-0.355690
1.128106
-0.197219
-1.031581
1.292169
1.631682
0.635734
-0.735235
1.926321
0.760838
-1.499810
-1.309010
-2.798853
-2.396848
-0.311033
-3.888180
-2.960797
-3.689258
-2.232365
-4.887365
-4.534089
1.341564
2.366470
1.480344
1.437217
2.788636
3.190248
0.014515
0.252792
-1.274658
-1.495263
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3.746753
4.004383
2.888279
2.460647
2.510209
2.833582
2.186842
1.459934
2.238321
3.254837
1.642832
1.643921
2.444872
0.925435
0.989518
1.305283
-0.102933
1.084421
3.942384
3.645409
2.731541
2.415439
3.054798
5.105332
4.756881
5.403491
6.329151
6.683149
6.029543
7.487936
7.784231
7.136566
8.707099
9.103569
8.450051
9.514840
4.306060

2.965887
3.155117
1.934608
1.308483
1.624504
2.167996
1.058646
0.111586
0.865376
0.937632
1.634624
-0.550581
-1.255431
-0.581981
-0.942963
-1.942911
-0.975211
0.076316
-1.237631
-1.633402
-1.209139
-2.237878
-0.824730
-2.084971
-3.114520
-1.698103
-2.111914
-1.082420
-2.489465
-2.964413
-2.590838
-3.994189
-2.976323
-1.964106
-3.378111
-3.592957
-0.219200

-2.319560
-3.355289
-2.007963
-2.784015
-0.731100
1.582923
2.154536
1.518482
3.656354
4.062054
4.171028
3.851006
4.095147
4.674597
2.498200
2.194355
2.561537
-0.458369
0.035389
1.016882
-0.903528
-1.100075
-1.887760
-0.511248
-0.683243
-1.497083
0.414661
0.577194
1.404198
-0.119913
-1.110341
-0.276511
0.808258
0.955849
1.796193
0.398725
0.224575

25-TS

B3LYP SCF energy:
B3LYP enthalpy: -3292.819370 a.u.
B3LYP free energy:  -3292.974474 a.u.
B3LYP-D3(BJ) SCF energy in solution:
B3LYP-D3(BJ) enthalpy in solution:

-3293.91407551 a.u.

-3295.13307224 a.u.
-3294.038367 a.u.
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B3LYP-D3(BJ) free energy in solution:

Imaginary frequency:

Cartesian coordinates
ATOM X

- NoR-NoNoNeoNeNs-Na-NesficNoBosioNNoNON--HONONONONONON@R=sR:sNoNoR:RuNoN@RsR:-NOoNONONONONP!

6.615326
5.354427
4.483361
4.958664
6.269545
7.085835
7.256553
5.018368
3.154222
4.092684
6.610864
8.085618
2.813395
2.313965
4.447121
2.182193
2.743867
3.390260
1.781630
4.354002
3.057313
1.427139
4.965446
4.612696
3.708341
2.061187
0.626365
4.648722
5.699434
3.445966
1.790820
5.143371
0.557392
0.636915
0.059465
-0.371474
0.055180
-0.775251
-0.397429
-0.359610
0.367188

Y
1.274316
0.876594
0.200093

-0.030137
0.377539
1.016386
1.790088
1.085689

-0.219173

-0.650397
0.181855
1.328541

-0.999518

-0.790224

-0.838341

-1.457924

-0.013787

-0.801530
0.924208

-1.806034

-0.585246
1.081126

-2.527804

-2.005087

-1.339896
0.371974
1.759400

-2.290613

-3.286707

-1.153034
0.521530

-2.862193

-1.353067
1.708981

-2.111701

-1.260841

-3.495444

-1.774827

-399.3275 cm-1

V4

0.167842
-0.218326
0.685013
2.015577
2.381239
1.477595
-0.541334
-1.226674
0.312930
2.945708
3.394578
1.765200
2.593026
1.274701
3.956120
3.341381
-1.114979
-2.139475
-1.479247
-1.842501
-3.515739
-2.852775
-2.844571
-0.809878
-4.526733
-3.838069
-3.124291
-4.201963
-2.588719
-5.565050
-4.880466
-4.981960
0.906172
-0.259387
2.537452
3.572160
2.770516
4.804265

-0.189812 3.411881

-4.010504
-4.182486

4.002397
1.993294

-3294.193471 a.u.
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-0.772982
-1.096538
-0.355202
-1.092425
0.903011
0.076298
2.006110
0.338944
-0.755270
2.263730
2.669476
1.429104
-0.308161
3.120996
1.633209
0.332358
-0.533392
1.033404
-0.723168
-1.057575
0.841075

1.744684
-0.040452
-1.398255

1.393051
-0.186085

1.588252

2.773961

1.040410

3.403864

3.207393

1.664768

0.117084

2.848540

4.327141

1.221787

3.334987
-4.916669
-4.330866
-4.721401
-6.003854
-3.676282
-5.112383
-4.221999
-3.409195
-4.315833

-3.155070
-1.097198
-5.085604
-3.557539
-2.846632
-3.212958
-3.664747
-4.368918
-2.577085
-4.820797
-3.401079
-5.177589
-4.631009
-5.438472
-6.074745
3.455311
4.231745
4.085687
5.585694
3.777270
5.446412
3.534139
6.197788
6.165179
5.915626
7.254232
2.265460
2.999549
2.154554
3.585433
3.120059
2.753773
1.606928
3.468592
4.138750
2.660855
3.936939
-3.017826
-1.809041
-3.960860
-2.931947
-2.129784
-1.174311
-2.944547
-1.795466
-3.739872

5.023383
5.590427
4.159652
5.980400
-0.143371
-1.214023
0.162676
-1.953560
-1.489050
-0.573423
0.980456
-1.634651
-2.786330
-0.320624
-2.212233
-0.828260
-0.035076
-1.865100
-0.297479
0.800799
-2.127078
-2.468416
-1.352764
0.325963
-2.936718
-1.558537
1.237674
1.069860
2.519236
2.165364
0.081855
3.616618
2.654722
3.442844
2.019685
4.604599
4.293765
-2.352666
-3.127859
-2.872720
-2.239902
-3.945429
-3.547208
-1.016874
-0.974731
0.105989
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-4.941297
-3.601739
-3.655045
-2.796472
-2.237827
-2.632877
-3.538425
-3.249885
-2.612443
-3.640361
-3.454207
-4.716817
-2.787716
-1.815509
-3.244065
-2.608400
-1.720434
-3.461884
1.078817

-0.520757
-3.233316
-3.094954
-2.350982
-1.845731
-2.782976
-4.700161
-5.161828
-4.801325
-5.465818
-5.023367
-5.342726
-6.962827
-7.084475
-7.400786
-7.731346
-7.339253
-7.654742
-8.794790

-4.628115
-3.338658
-3.897893
-2.213431
-1.893970
-1.457604
-1.047763
0.295654
1.137825
0.957917
0.322187
1.196027
2.229826
2.018545
3.060519
2.516051
3.107453
3.116337
0.143014
-0.478041
1.559134
2.613191
1.079125
1.871340
0.334284
1.160513
1.435655
0.075204
1.856994
1.572919
2.946101
1.515047
0.425434
1.800808
2.203134
1.909380
3.294517
1.941614

0.119091
1.246060
2.173081
1.182335
2.045931
0.064883
-2.127471
-2.258673
-1.368200
-3.567979
-4.440479
-3.571325
-3.556581
-4.018363
-4.103735
-2.059654
-1.865634
-1.701253

-0.052039

-1.444433
0.495271
0.267959
1.546271
2.096470
2.216616
0.485263
-0.470819
0.599068
1.630950
2.594264
1.542494
1.630832
1.712930
0.664071
2.763986
3.745163
2.689116
2.738005

5144



8. References:

1. F.Mo, G. Dong, Science 2014, 345, 68.

2. P. Mizar, B. Myrboh, Tetrahedron Lett. 2006, 47, 7823.

3. G.-Z. Wang, J. Jiang, X.-S. Bu, J.-J. Dai, J. Xu, Y. Fu, H.-J. Xu, Org. Lett. 2015, 17, 3682.

4. W.D. Kerber, M. R. Gagné, Org. Lett. 2005, 7, 3379.

5. M. Schinkel, L. Wang, K. Bielefeld, L. Ackermann, Org. Lett. 2014, 16, 1876.

6. W.B.Reid, J. I. Spillane, S. B. Krause, D. A. Watson, J. Am. Chem. Soc. 2016, 138, 5539.

7. C. Hirschhduser, J. Velcicky, D. Schlawe, E. Hessler, A. Majdalani, J.-M. Neudorfl, A. Prokop, T.
Wieder, H.-G. Schmalz, Chem.--Eur. J. 2013, 19, 13017.

8. S.Z. Tasker, A. C. Gutierrez, T. F. Jamison, Angew. Chem. Int. Ed. 2014, 53, 1858.

9. L. A.Paquette, F. Pierre, C. E. Cottrell, J. Am. Chem. Soc. 1987, 109, 5731.

10. Nakamura, S.; Kaneeda, M.; Ishihara, K.; Yamamoto, H. J. Am. Chem. Soc. 2000, 122, 8120.

11. D. Xing, G. Dong, J. Am. Chem. Soc. 2017, 139, 13664.

12. U. P. Dhokte, P. M. Pathare, V. K. Mahindroo, H. C. Brown, J. Org. Chem. 1998, 63, 8276.

13. S. Ozaki, H. Yoshinaga, E. Matsui, M. Adachi, J. Org. Chem. 2001, 66, 2503.

14. a) B. S. Pilgrim, A. E. Gatland, C. T. McTernan, P. A. Procopiou, T. J. Donohoe, Org. Lett. 2013, 15,
6190; b) B. S. Pilgrim, A. E. Gatland, C. H. A. Esteves, C. T. McTernan, G. R. Jones, M. R. Tatton, P. A.
Procopiou, T. J. Donohoe, Org. Biomol. Chem. 2016, 14, 1065.

15. a) A. D. Becke, J. Chem. Phys. 1993, 98, 5648; b) C. Lee, W. Yang, R. G. Parr, Phys. Rev. B 1988, 37,
785.

16. A. V. Marenich, C. J. Cramer, D. G. Truhlar, J. Phys. Chem. B 2009, 113, 6378.

17. a) S. Grimme, J. Antony, S. Ehrlich, H. Krieg, J. Chem. Phys. 2010, 132, 154104; b) S. Grimme, S.
Ehrlich, L. Goerigk, J. Comput. Chem. 2011, 32, 1456.

18. X. Li, H. Wu, Y. Lang, G. Huang, Catal. Sci. Technol. 2018, 8, 2417.

5145



