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Experimental procedures and data

General Methods. The corresponding starting materials were syrgbdtiusing oven-dried
glassware under a nitrogen atmosphere containiefjom-coated stirrer bar and dry septum. All
reactions were performed at ambient piessure in oven-dried 20 mL vessel containing a
teflon-coated stirrer bar and dry septum. All mieawe irradiation experiments were carried out
in @ mono mode microwave apparatus equipped witlessure control system and a vertically-
focused IR temperature sensor (CEM).

Solvents were purified by standard procedures prioruse. All other compounds are
commercially available and were used without furtngrification.

Flash column chromatography was performed using4Z8mesh ultra-pure silica gel. NMR
spectra were obtained on 300 and 500 MHz spectasmesing acetonesdchloroform-d and
methanol-g as solvents, with proton and carbon resonanc88@500 MHz and 75/125 MHz,

respectively. Mass spectral data were acquired\W@ AutoSpec mass spectrometer.
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1. Additional information

1.1.  Selected screening results (Table S1)

" | Ph - |
O SN Ph Ph O\
NH pn  [Rh'-cat. Ph NH
Cu salt - as oxidant Ph | ‘ Ph
H H ’ ‘ ‘ Additives, Dioxane (0.1M) o \N i Ph ~-Ph
Ph  120°C,24h, N, HN.
1,1.0equiv 2.0 equiv Bn, 3
Entry | [Rh]-cat (mol%) Cu-salt Additives Conv. (%) | 2/3 ratio (%)™
1 | [RhCLCP*]; 2.5 | Cu(0Ac), - - 47 21/79
2" | [RhC,Cp*], 5.0 |Cu(OAc), - - 63 32/68
3 | [RhCl,Cp*], 50 | Cu(OAc), - - 74 14/86
4 | [RhCL,Cp*], 50 | Cu(OAc), - AgSbFg | 299 >98/<2
5 | [RhCl,Cp*], 25 | cu(0Ac), - AgSbFg | 299 >98/<2
6 | [RhCL,Cp*], 25 |- - AgSbFg | - -
7 | [RhCL,Cp*], 50 | Cu(TFA), - - 0 -
8 | [RhCL,Cp*], 50 |Cu(OAc)yH,0 |- - 67 42/58
9 | [RhCL,Cp*], 50 |Cu(SOsCFs), |- - 0 -
10 | [RhCLCP*], 50 | Cu(TFA), NaOAc |- 66 44/56
11 | [RhCL,Cp*], 50 |- NaOAc - 68 <2/>98
12 | [RhCl,Cp*], 25 |- NaOAc | AgSbFg 46 <2/298
13 | [Rh(cod)Cl], 25 |- NaOAc | AgSbFg 94 <2/298
14 | Rh(acac)(CyH,), 50 |- NaOAc | - 60 <2/>298
15 |Rh(cod),BF,H,0 5.0 |- NaOAc - 83 <2/>98
16 | Rh(cod),PF¢ 50 |- NaOAc - 77 <2/>298

Reaction conditions: 1 (0.15 mmol, 1.00 equiv), diphenylacetylene (0.3@ah 2.00 equiv), [Rf
cat., additives NaOAc (4.00 equiv), AgSb®:1 respect to the amount of Cl present in the Rh
cat.), Cu-salt (2.00 equiv), dioxane (0.1M), 120 23 h. ™ Determined by'H NMR from the
crude mixture®™ 4 h reaction time.
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1.2.

Other tested substrates and reaction conditian

Attempts to control the Ritatalyzed ortho-mono-olefination of the benzylamine
derivatives provided a mixture of mono- and di-lafed products.

Ha |
7 7
O N
N O N | O. N |
NH ph  [RhCI(cod)l, (2.5 mol %) N N
AgSbFg (5 mol %) Ph NH Ph NH
H H + | | - Ph +
NaOAc (2.0 equiv) | __Ph |
120°C, 4 h, N,
1,1.0 equiv 1.0 equiv 2, 44% isol. 3, 12% isol.

N-alkylation is not tolerated: Tertiary picolinamiderivatives are unreactive.

g
[RhCp*Cl,] (2.5 mol %) 0 \N
AgSbFg (10 mol %) N Ph [RhCl(cod)], (2.5 mol %)
Cu(OAc), (2.0 equiv) > AgSbFg (5 mol %)
+
Dioxane (0.1M) | | NaOAc (4.0 equiv)
pW (150 W), 120 °C pp,  DCE (0.1M)
1h, Ny 120 °C, 24 h, N,
1.0 equiv 2.0 equiv

Starting material is recovered unaltered under both reaction systems
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1.3.  X-ray structure determination

In addition to the NMR and mass spectra, the sireatlucidation of a representative example
of each structural series has been determined kay Xliffraction.

N-Benzyl-5,6,7,8-tetraphenylisoquinoline-1-carboxande (2):
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N-(2,6-Bis(E)-1,2-diphenylvinyl)phenethyl)picolinamide (73):

/N
=N

In the ORTEP view of these compounds, hydrogen sittewe been removed for simplicity.
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2. Typical procedure for the protection of benzylarme derivatives

2.1. Synthesis of pyridinecarboxamide derivatives

Synthesis ofN-benzylpicolinamide (1)* A 50 mL round-bottomed flask immersed in a 0 °C

@) bath (ice and water) was charged with picolinicda¢616 mg,
_N N 5.0 mmol, 1.00 equiv) and GAI, (10 mL). To the stirred suspension
- | H/\© was added oxalyl chloride (0.47 mL, 5.50 mmol, lefjdiv) dropwise

over a 15-minute period followed by addition of DMB.10 mL,
catalytic amount) in one portion, producing a mest-color and the evolution of a gas. The
mixture was kept in the cooling bath for 1 h andnttallowed to warm to room temperature.
After gas evolution ceased, the mixture was againled to 0°C and NEt(1.40 mL,
10.0 mmol) was added dropwise over a 15-minuteodeiollowed by benzylamine (0.60 mL,
5.50 mmol, 1.10 equiv) added dropwise over a 154taiperiod. The brown mixture was left in
the cooling bath for 30 minutes and then allowedvism to room temperature. Stirring was
continued at room temperature for 2 h. Removabbfesitin vacuo gave the crude product as a
brown solid that was extracted with,®+CH,Cl,. The organic phases were combined and
concentrated under reduced pressure to gi@e a white solid; yield: 1.04 g (98%); mp= 219-
221 °C. The analytical data (NMR, HRMS analysis}ahad those reported in the literature for
N-benzylpicolinamiddCAS: 18904-38-6]'H NMR (CDCl 3, 300 MHz) &: 8.52 (ddd,J = 4.8,
1.7, 0.9 Hz, 1H, py-B, 8.39 (s, 1H), 8.24 (df, = 7.8, 1.1 Hz, 1H, py-H, 7.85 (tdJ=7.7, 1.7
Hz, 1H, py-H), 7.43 - 7.25 (m, 6H, py-}i 4.67 (d, 1H), 4.66 (d, 1HYC NMR (CDCls, 75
MHz) &: 164.3 (C=0), 149.9 (py-§; 148.1 (py-C), 138.3, 137.4 (py-Y, 128.8, 127.9, 127.5,
126.3 (py-C), 122.4 (py-6), 43.6. ESI" calcd. for GaHisN,O (M+H)": 213.1022; Found:
213.1028.

N-Benzyl-6-methylpicolinamide (5) Compound5 was prepared following the typical
procedure from 6-methylpicolinic acid (685 mg, 5rthol,

o)
_N N 1.00 equiv), to givés as a pale orange solid; yield: 670 mg (59%);
“ | H/\© mp= 104-105 °C’H NMR (CDCl;, 300 MHz) &: 8.46 (s, 1H),
8.05 (d,J = 7.7 Hz, 1H), 7.73 (t) = 7.7 Hz, 1H), 7.45 - 7.23 (m,

6H), 4.68 (dJ = 6.2 Hz, 2H), 2.55 (s, 3HY°C NMR (CDCl3, 75 MHz) §: 164.5, 157.3, 149.2,
138.6, 137.7, 128.8, 128.0, 127.5, 126.1, 119.65,434.3.EI" calcd. for GH1N,O (M)":
226.1106; Found: 226.1112.

N-Benzyl-6-chloropicolinamide (6) Compound 6 was prepared following the typical
0O procedure from 6-chloropicolinic acid (788 mg, 5r@thol,
CI\_N N 1.00 equiv), to givé as a pale orange solid; yield: 825 mg (67%);
~ | H/\© mp= 116-117 °C'H NMR (CDCl 3, 300 MHz) §: 8.25 - 8.09 (m,
1H), 7.80 (tJ = 7.8 Hz, 1H), 7.44 (d] = 8.0 Hz, 1H), 7.38 - 7.24
(m, 5H), 4.65 (d,) = 6.2 Hz, 2H)*C NMR (CDCl;, 75 MHz) &: 162.9, 150.5, 150.1, 140.1,

138.0, 128.8, 127.9, 127.7, 127.1, 121.2, 48B.calcd. for GsH1;CIN,O (M)": 246.0560;
Found: 246.0558.

Y(a) A. Jozwiak, J. Z. Bzezinski, M. W. Plotka, A. K.Szczesniak, Z. Malinowski and J. Epsztaji&ur. J. Org.
Chem., 2004, 3254;1§) H. Brunner, B. Nuber and M. Prommesberdgefrganomet. Chem., 1996,523 179.

S7



N-Benzyl-5-(trifluoromethyl)picolinamide (7). Compound7 was prepared following the
typical procedure from 5-(trifluoromethyl)picolinic acid

O
N N (0.34 mL, 2.40 mmol, 1.00 equiv), to giveas a yellow solid;
« | H/\© yield: 468 mg (71%); mp= 71-72 °CH NMR (CDCl 300
FaC MHz) &: 8.79 (s, 1H), 8.38 (d] = 8.2 Hz, 1H), 8.33 (s, 1H),

8.11 (d,J = 8.2 Hz, 1H), 7.41 - 7.26 (m, 5H), 4.69 (= 6.1 Hz, 2H)**C NMR (CDCls, 75
MHz) §: 163.0, 152.9, 145.3 (d,= 3.9 Hz), 137.9, 134.9 (dd,= 6.8, 3.4 Hz), 129.2, 128.9,
128.7, 127.9, 127.8, 122.3, 43BSI* calcd. for GaHiFaN,O (M+H)": 281.0896; Found:
281.0897.

N-(4-Methoxybenzyl)-3-methylpicolinamide This compound was prepared following the
typical procedure from 3-methylpicolinic acid (3@,

o)
_N N 2.70 mmol, 1.00 equiv) and (4-methoxyphenyl)methaina,
| H/\O\ (0.37 mg, 2.70 mmol, 1.00 equiv) to give a yelloiy gield:
X OMe 468 mg (71%)H NMR (CDCl;, 300 MHz) 5: 8.48 (s, 1H),

8.35 (s, 1H), 7.57 (dl = 7.3 Hz, 1H), 7.39 - 7.26 (m, 3H), 6.89 {ds 8.7 Hz, 2H), 4.58 (d] =
5.9 Hz, 2H), 3.79 (s, 3H), 2.79 (s, 3HC NMR (CDCls, 75 MHz) §: 165.7, 158.9, 147.2,
145.3, 140.7, 135.3, 130.6, 129.0, 125.5, 114.2,5%2.6, 20.4El" calcd. for GsH1gN,O;
(M+H)": 256.1212; Found: 256.1220.

N-(4-(Methylthio)benzyl)picolinamide (20) Compound20 was prepared following the general
protocol from (4-(methylthio)phenyl)methanamine @28g,

o)
_N N 1.63 mmol, 1.10 equiv), to give0 as a white solid; yield:
| H/\©\ 272 mg (65%); mp= 66-68 °CHH NMR (CDCI 3, 300 MHz) 5:
X SMe 8.42 (d,J=4.2 Hz, 1H), 8.24 (s, 1H), 8.13 @7 7.8 Hz, 1H),

7.75 (t,J = 7.6 Hz, 1H), 7.35 - 7.29 (m, 1H), 7.16 (dd 17.8, 8.2 Hz, 1H), 4.52 (d,= 6.0 Hz,
1H), 2.37 (s, 1H)}3C NMR (CDCls, 75 MHz) &: 164.3, 149.8, 148.1, 137.6, 137.4, 135.2,
128.5, 127.0, 126.3, 122.4, 43.1, 168 calcd. for G4H1,N,OS (M)™: 258.0827; Found:
258.0834.

N-(4-Methoxybenzyl)picolinamide (21). Compound21 was prepared following the typical
procedure from (4-methoxyphenyl)methanamirg@.65 mL,

O
_N N 5.00 mmol, 1.00 equiv), to giv@1l as a white solid; vyield:
« | H/\©\ 758 mg (63%); mp= 52-53 °CH NMR (CDCl 3, 300 MHz) &:
OMe 8.88 (d,J=4.7 Hz, 1H), 8.71 (s, 1H), 8.60 (@= 8.6 Hz, 1H),

8.21 (t,J=7.7 Hz, 1H), 7.77 (s, 1H), 7.67 (@= 8.6 Hz, 2H), 7.25 (d] = 8.7 Hz, 2H), 4.98 (d,
J=6.0 Hz, 2H), 4.16 (s, 3H)Y°C NMR (CDCl3, 75 MHz) §: 164.2, 159.1, 150.0, 148.1, 137.4,
130.4, 129.27, 126.2, 122.4, 114.2, 55.3, 4B\ calcd. for G4H;sN,O, (M+H)": 243.1128;
Found: 243.1138.

N-(4-Methylbenzyl)picolinamide (22) Compound22 was prepared following the typical
procedure from p-tolylmethanamine (0.70 mL, 5.50 mmol,

O
_N N 1.10 equiv), to giv@2 as a pale yellow solid; yield: 926 mg (82%);
9 H/\©\ mp= 87-88 °C*H NMR (acetone-a, 300 MHz) 5: 8.75 (s, 1H),
8.57 (d,J = 4.7 Hz, 1H), 8.16 (d) = 7.8 Hz, 1H), 7.96 () = 7.7

Hz, 1H), 7.57 - 7.50 (m, 1H), 7.29 @z= 7.7 Hz, 2H), 7.13 (d] = 7.6 Hz, 2H), 4.61 (d] = 6.2
Hz, 2H), 2.29 (s, 3H)"*C NMR (acetone-@, 75 MHz) &: 164.5, 151.3, 149.1, 138.3, 137.4,
137.2, 129.8, 128.5, 127.1, 122.7, 43.3, 2El0.calcd. for G/H.N,O (M)": 226.1106; Found:
226.1108.
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N-(4-Chlorobenzyl)picolinamide (23). Compound23 was prepared following the typical
procedure  from  (4-chlorophenyl)methanaming(0.67 mL,

o)
_N N 5.50 mmol, 1.10 equiv), to giv@3 as a pale yellow solid; yield:
| H/\©\ 946 mg (70%); mp= 87-88 °CH NMR (acetone-d;, 300 MHz)
x Cl 5:8.90 (s, 1H), 8.59 (dl = 5.5 Hz, 1H), 8.15 (d] = 7.8 Hz, 1H),

7.98 (t,J = 7.7 Hz, 1H), 7.55 (ddd,= 7.6, 4.8, 1.3 Hz, 1H), 7.42 (d= 8.7 Hz, 2H), 7.34 (d]
= 8.6 Hz, 2H), 4.65 (d] = 6.5 Hz, 2H)-*C NMR (acetone-@, 75 MHz) §: 164.8, 151.1, 149.2,
139.6, 138.3, 133.0, 130.2, 129.2, 127.2, 122.89.4RI" calcd. for GsHy:CIN,O (M)":
246.0560; Found: 246.0570.

N-(4-Fluorobenzyl)picolinamide (24) Compound24 was prepared following the typical
procedure  from  (4-fluorophenyl)methanamine(0.60 mL,

O
_N N 5.50 mmol, 1.10 equiv), to give4 as a yellow oil; yield: 945 mg
| H/\©\ (82%):'H NMR (acetone-d,, 300 MHz)5: 8.89 (s, 1H), 8.57 (d]
F =45 Hz, 1H), 8.17 (d) = 7.8 Hz, 1H), 7.96 (i) = 7.6 Hz, 1H),

7.57 - 7.48 (m, 1H), 7.49 - 7.38 (m, 2H), 7.07)(t 8.6 Hz, 2H), 4.65 (d] = 6.4 Hz, 2H)°C
NMR (acetone-d, 75 MHz) &: 164.8, 162.7 (d] = 243.0 Hz), 151.1, 149.1, 138.3, 136.6Jd,
= 3.1 Hz), 130.4 (dJ = 8.1 Hz), 127.1, 122.8, 115.7 (@,= 21.5 Hz), 42.8EI" calcd. for
C1aH1:FN,O (M)™: 230.0855; Found: 230.0850.

N-(4-(Trifluoromethyl)benzyl)picolinamide (25). Compound25 was prepared following the
typical procedure from (4-(trifluoromethyl)phenyl)-

o)
_N N methanaming0.78 mL, 5.50 mmol, 1.10 equiv), to gi¥® as a
- | H/\©\ yellow solid; yield: 1.02 g (67%); mp= 83-84 °CH NMR
CF; (CDCl;, 300 MHz)5: 8.61 - 8.41 (m, 1H), 8.22 (d,= 7.8 Hz,

1H), 7.85 (tJ = 7.7 Hz, 1H), 7.56 (1) = 10.1 Hz, 2H), 7.53 - 7.38 (m, 3H), 4.72 Jcs 6.2 Hz,
2H). *C NMR (CDCls, 75 MHz) §: 164.6, 149.7, 148.3, 142.6, 137.6, 128.1, 125,7 (q,J
= 3.8 Hz), 122.5, 43.ESI" calcd. for G,H1,FN,O (M+H)™: 281.0896; Found: 281.0886.

N-(4-Cyanobenzyl)picolinamide (26) Compound26 was prepared following the typical
procedure  from  4-(aminomethyl)benzonitrile (927 mg,

o)
_N N 5.50 mmol, 1.10 equiv), to giv@6 as a white solid; yield:
« | H/\©\ 785 mg (66%); mp= 128-130 °CH NMR (acetone-d, 300
CN MHz) &: 9.04 (s, 1H), 8.60 (d]l = 4.7 Hz, 1H), 8.15 (d) = 7.8

Hz, 1H), 7.98 (tdyJ = 7.7, 1.7 Hz, 1H), 7.72 (d,= 8.3 Hz, 2H), 7.62 - 7.53 (m, 3H), 4.75 {d,

= 6.5 Hz, 2H).*C NMR (acetone-@, 75 MHz) & 165.1, 151.0, 149.2, 146.3, 138.4, 133.0,
129.2, 127.3, 122.8, 119.3, 111.4, 433" calcd. for GHuN:O (M) 237.0902; Found:
237.0907.

Methyl 4-(picolinamidomethyl)benzoate (27) Compound27 was prepared following the
typical procedure from methyl 4-(aminomethyl)berteoa

O
N N (908mg, 5.50 mmol, 1.10 equiv), to gi2& as a white solid;
| H/\Q yield: 1.08 g (73%)%): mp= 85-86 °GH NMR (CDCl,
X CO,Me 300 MHZz) &: 8.51 (s, 1H), 8.46 (dl = 4.2 Hz, 1H), 8.17 (d]

= 7.8 Hz, 1H), 7.94 (d] = 8.1 Hz, 2H), 7.79 () = 7.7 Hz, 1H), 7.36 (d] = 8.1 Hz, 3H), 4.67
(d, J = 6.2 Hz, 2H), 3.83 (s, 3H}*C NMR (CDCl;, 75 MHz) &: 166.7, 164.4, 149.6, 148.1,
143.6, 137.3, 129.9, 129.2, 127.4, 126.3, 122.3),523.0.EI" calcd. for GsHiN,0;5 (M)*:
270.1004; Found: 270.1011.
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N-(3-Methylbenzyl)picolinamide (28) Compound28 was prepared following the typical
procedure from mtolylmethanamine (0.69 mL, 5.50 mmol,

o)
_N N 1.10 equiv), to give8 as a white solid; yield: 893 mg (79%); mp=
| HU 63-64 °C.*H NMR (acetone-a, 300 MHz)3: 8.77 (s, 1H), 8.58 (d,
N J=4.8 Hz, 1H), 8.17 (d] = 7.8 Hz, 1H), 7.97 (§ = 7.7 Hz, 1H),

7.54 (ddd,J = 7.6, 4.8, 1.2 Hz, 1H), 7.23 - 7.14 (m, 3H), 7-0801 (m, 1H), 4.62 (d] = 6.4
Hz, 2H), 2.29 (s, 3H)"*C NMR (acetone-@, 75 MHz) &: 164.6, 151.3, 149.1, 140.3, 138.6,
138.3, 129.1, 129.1, 128.5, 127.1, 125.5, 122.75,431.4.E|" calcd. for GHN,O (M)":
226.1106; Found: 226.1105.

N-(3-(Trifluoromethyl)benzyl)picolinamide (29). Compound29 was prepared following the
typical procedure from (3-(trifluoromethyl)phenykhanamine

0]
N CF, (0.80 mL, 5.50 mmol, 1.10 equiv), to gi¥® as a colorless oll;
| h H/\©/ yield: 952 mg (68%)H NMR (acetone-d;, 300 MHz) &: 9.04
= (s, 1H), 8.60 (dJ = 4.7 Hz, 1H), 8.16 (d] = 7.8 Hz, 1H), 7.98

(td,J= 7.7, 1.7 Hz, 1H), 7.76 (s, 1H), 7.71 §c& 6.8 Hz, 1H), 7.62 - 7.51 (m, 3H), 4.76 {c;
6.5 Hz, 2H).**C NMR (acetone-@, 75 MHz) &: 165.0, 151.1, 149.2, 142.2, 138.4, 132.4,
132.4, 130.9 (d) = 31.8 Hz), 130.1, 127.2, 125.3 (= 271.4 Hz), 125.1 (4l = 3.9 Hz), 124.5
(9,3 =3.9 Hz), 122.9, 43.EI" calcd. for G4H1:F:N,O (M)": 280.0823; Found: 280.0811.

N-(2-Methylbenzyl)picolinamide (30). Compound30 was prepared following the typical
'e) procedure  from o-tolylmethanamine (0.68 mL, 5.50 mmol,
N 1.10 equiv), to give30 as a pale orange solid; yield: 712 mg (63%);
- | ”é@ mp= 89-90 °C'H NMR (acetone-d;, 300 MHz)5: 8.62 (s, 1H), 8.58
X (d,J=3.8 Hz, 1H), 8.17 (d] = 7.8 Hz, 1H), 7.96 (§ = 7.7 Hz, 1H),
7.58 - 7.49 (m, 1H), 7.34 @,= 3.6 Hz, 1H), 7.20 - 7.13 (m, 3H), 4.65 {d5 6.2 Hz, 2H), 2.37
(s, 3H).**C NMR (acetone-g¢, 75 MHz) &: 164.5, 151.2, 149.1, 138.3, 137.8, 136.7, 130.9,

128.7, 127.9, 127.1, 126.7, 122.7, 41.5, 1811 calcd. for G;H1,N,O (M)*: 226.1106; Found:
226.1112.

N-(2-Bromobenzyl)picolinamide (31). Compound31 was prepared following the typical
procedure from (2-bromophenyl)methanamine hydraateo(900 mg,

0]
N 4.00 mmol, 1.10 equiv), to giv81 as a pale brown solid; vyield:
- | ”/j© 856 mg (59%); mp= 91-92 °CH NMR (acetone-¢, 300 MHz) &:
X Br 8.88 (s, 1H), 8.61 (dl = 4.7 Hz, 1H), 8.16 (d] = 7.8 Hz, 1H), 7.98 (t,

J=17.7 Hz, 1H), 7.51 (m, 2H), 7.44 @= 7.6 Hz, 1H), 7.32 (1 = 7.5
Hz, 1H), 7.19 (tJ = 7.6 Hz, 1H), 4.73 (d] = 6.4 Hz, 2H)>C NMR (acetone-¢, 75 MHz) &:
164.8, 150.9, 149.2, 138.9, 138.3, 133.3, 130.0,712128.5, 127.2, 123.5, 122.8, 44"
calcd. for GaH14BrN,O (M)*: 290.0055; Found: 290.0055.

N-(2-Fluorobenzyl)picolinamide (32) Compound32 was prepared following the typical
@) procedure from (2-fluorophenyl)methanami@60 mL, 5.50 mmol,
ENJ)LN 1.10 equiv), to give32 as an orange oil; yield: 598 mg (52%M
“ | H/jg NMR (acetone-d, 300 MHz) &: 8.80 (s, 1H), 8.60 (d) = 4.8 Hz,
F 1H), 8.15 (dJ = 7.8 Hz, 1H), 7.98 (td] = 7.7, 1.7 Hz, 1H), 7.55 (ddd,
J=17.6,4.8, 1.3 Hz, 1H), 7.49 - 7.41 (m, 1H), 7-3525 (m, 1H), 7.13 (m, 2H), 4.73 @ 6.4
Hz, 2H)."*C NMR (acetone-d, 75 MHz) &: 164.8, 161.63 (dJ = 244.6 Hz), 151.0, 149.2,

138.3, 130.5 (d) = 4.4 Hz), 129.8 (d] = 8.2 Hz), 127.2, 127.0, 125.1 @@= 3.6 Hz), 122.8,
115.8 (d,J = 21.5 Hz) El* caled. for GsH1:FN,O (M)*: 230.0855; Found: 230.0857.
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N-(Furan-2-ylmethyl)picolinamide (33). Compound33 was prepared following the typical

0 procedure from furan-2-yimethanaming0.50 mL, 5.50 mmol,
_N N o 1.10 equiv), to give33 as a white solid; yield: 667 mg (60%); mp=
| H | » 105-107 °C!H NMR (CDCl3, 300 MHz) 8: 8.51 (d,J = 4.7 Hz, 1H),

X 8.33 (s, 1H), 8.19 (d] = 7.8 Hz, 1H), 7.81 (1) = 7.7 Hz, 1H), 7.46 -

7.29 (m, 2H), 6.34 - 6.21 (m, 2H), 4.64 (M= 5.9 Hz, 2H).X*C NMR (CDCls, 75 MHzZ) &:
164.2, 151.3, 149.8, 148.1, 142.3, 137.4, 126.2,412110.5, 107.5, 36.ESI" calcd. for
C1H1iN,0, (M+H)*: 203.0815; Found: 203.0823.

2.2. Synthesis oN-benzyl-2-heteroaryl carboxamide derivatives

Synthesis ofN-benzylquinoline-2-carboxamide (8) Compound was prepared following the
typical procedure for the synthesis of pyridinecadmide

O
_N N derivatives but from quinoline-2-carboxylic acid 6(®mg,
! | H/\© 5.00 mmol, 1.00 equiv), to giv@ as a pale orange solid; yield:
720 mg (55%); mp= 123-124 °é4 NMR (CDCl 3, 300 MHz)

8: 8.60 (s, 1H), 8.34 (dl = 4.1 Hz, 2H), 8.07 (d] = 8.5 Hz, 1H), 7.88 (d] = 8.2 Hz, 1H), 7.82
- 7.69 (m, 1H), 7.61 (t) = 7.5 Hz, 1H), 7.47 - 7.26 (d,= 55.9 Hz, 5H), 4.75 (d] = 6.1 Hz,
2H). ®C NMR (CDCl3, 75 MHz) §: 164.5, 149.7, 146.5, 138.4, 137.5, 130.1, 1292B.3,
128.7, 127.9, 127.7, 127.5, 118.9, 4E&I* calcd. for GH:N,O (M+H)*: 263.1178; Found:
263.1186.

N-Benzyl-5-methylthiophene-2-carboxamide (9) Compound9 was prepared following the
0) typical procedure from 5-methylthiophene-2-carbaxylacid
S (711 mg, 5.00 mmol, 1.00 equiv), to gi9eas a yellow solid; yield:
\ | ”/\© 885 mg (76%); mp= 145-146 °H NMR (acetone-d;, 300 MHz)
0: 8.07 (s, 1H), 7.54 (d} = 3.7 Hz, 1H), 7.41 - 7.15 (m, 6H), 6.89 -
6.66 (M, 1H), 4.54 (d] = 6.1 Hz, 2H), 2.48 (d] = 0.8 Hz, 4H)*C NMR (CDCl;, 75 MHz) 5:

162.0, 145.4, 138.4, 136.2, 128.8, 128.6, 127.9,.612126.1, 43.9, 15.7El" calcd. for
C13H1NOS (M) 231.0718; Found: 231.0719.

N-Benzylbenzop]thiophene-2-carboxamide (10) Compoundl0 was prepared following the
typical procedure from benzdgihiophene-2-carboxylic acid

o)
S (891 mg, 5.00 mmol, 1.00 equiv), to gil® as a yellow solid;
| ”/\© yield: 909 mg (68%); mp= 146-147 °4d NMR (CDCIl3; 300
MHz) &: 7.89 - 7.75 (m, 3H), 7.47 - 7.27 (m, 7H), 6.44 XHl),
4.67 (d,J = 5.7 Hz, 2H)*C NMR (CDCl3, 75 MHz) &: 162.3,

141.0, 139.2, 138.3, 138.0, 129.0, 128.1, 127.8.512125.5, 125.2, 125.1, 122.9, 44K~
calcd. for GgH13NOS (M)': 267.0718; Found: 267.0706.
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3. Typical procedure for the protection of phenethi/derivatives

Synthesis ofN-phenethylpicolinamide (61)' A 50 mL round-bottomed flask immersed in a
0 °C bath (ice and water) was charged with picolagid (616 mg,
) /\/@ 5.00 mmol, 1.00 equiv) and GEI, (10 mL). To the stirred
Ns N suspension was added oxalyl chloride (0.472 mL,0 &fol,
| _ H 1.10 equiv) dropwise over a 15-minute period fokkoWby addition
of DMF (0.10 mL, catalytic amount) in one portigeroducing a
rust-red color and the evolution of a gas. The omixtwas kept in the cooling bath for 1 h and
then allowed to warm to room temperature. After gaslution ceased, the mixture was again
cooled to 0 °C and NEf{1.40 mL, 10.0 mmol) was added dropwise over aniftiite period
followed by 2-phenylethanamin®.63 mL, 5.00 mmol, 1.00 equiv) added dropwiser avé5-
minute period. The brown mixture was left in thelarg bath for 30 minutes and then allowed
to warm to room temperature. Stirring was continaedoom temperature for 2 h. Removal of
solventin vacuo gave the crude product as a brown solid that waaeed with HO-CH,Cl..
The organic phases were combined and concentraigéer weduced pressure to giGéas a
yellow oil; yield: 789 mg (70%)*H NMR (CDCl 3, 300 MHz) &: 8.52 (d,J = 4.7 Hz, 1H), 8.35
-8.13 (m, 2H), 7.84 (t) = 7.7 Hz, 1H), 7.46 - 7.37 (m, 1H), 7.37 - 7.22 &Hl), 3.78 (dd,) =
13.6, 7.1 Hz, 2H), 2.98 (il = 7.3 Hz, 2H).**C NMR (CDCl;, 75 MHz) §: 164.25, 149.89,
147.99, 138.92, 137.22, 128.71, 128.54, 126.39,0126122.07, 40.70, 35.8&l" calcd. for
C14H1N,0 (M)*: 226.1106; Found: 226.1110.

N-(4-Methoxyphenethyl)picolinamide (62).Compounds2 was prepared following the general
OMe protocol from 2-(4-methoxyphenyl)ethan-1-amine QOn8L,
) W©/ 5.50 mmol, 1.10 equiv),to giv62 as a pale orange solid;
AN N yield: 1.06 g (83%); mp= 56-58 °CH NMR (acetone-d,
| _ H 300 MHz) é: 8.56 (d,J = 4.7 Hz, 1H), 8.39 (s, 1H), 8.13 (d,
J=7.8Hz, 1H), 7.95 (td = 7.7, 1.7 Hz, 1H), 7.52 (ddd =
7.6, 4.8, 1.3 Hz, 1H), 7.20 (d,= 8.7 Hz, 2H), 6.86 (d] = 8.7 Hz, 2H), 3.76 (s, 3H), 3.66 (dH,
= 14.6, 6.3 Hz, 2H), 2.88 (§,= 7.4 Hz, 2H)*C NMR (acetone-d, 75 MHz) 5: 164.5, 159.2,

151.3, 149.1, 138.2, 132.2, 130.5, 127.0, 122.64.71155.4, 41.6, 35.6El" calcd. for
C15H15N202 (M)+: 256.1212; Found: 256.1215.

N-(4-Chlorophenethyl)picolinamide (63).Compound63 was prepared following the general
c) protocol from 2-(4-chlorophenyl)ethan-1-amine (Ondlz,
O /\/©/ 5.50 mmol, 1.10 equiv), to giveé3 as a white solid; vyield:
N N 1.03 g (79%); mp= 87-88 °CH NMR (acetone-d;, 300 MHz)
| _ H d: 8.56 (d,J = 4.1 Hz, 1H), 8.44 (s, 1H), 8.12 (di= 7.8, 1.0
Hz, 1H), 7.96 (td,J) = 7.7, 1.7 Hz, 1H), 7.53 (ddd,= 7.5, 4.8,
1.2 Hz, 1H), 7.31 (s, 4H), 3.69 (ddi= 13.9, 6.8 Hz, 2H), 2.96 (#,= 7.3 Hz, 2H)*C NMR

(acetone-d, 75 MHz) &: 164.6, 151.2, 149.1, 139.4, 138.3, 132.3, 13123,2, 127.0, 122.6,
41.2, 35.8EI" calcd. for G4H13CIN,O (M)™: 260.0716; Found: 260.0706.
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N-(4-Fluorophenethyl)picolinamide (64).Compound64 was prepared following the general
F protocol from 2-(4-fluorophenyl)ethan-1-amine (0MQ,
0 ﬂ 5.50 mmol, 1.10 equiv), to givé% as a white solid; yield: 1060
AN N mg (87%); mp= 58-59 °CH NMR (acetone-a, 300 MHz) &:
| P H 8.57 (d,J = 3.9 Hz, 1H), 8.44 (s, 1H), 8.12 (@= 8.8 Hz, 1H),
7.96 (td,J = 7.7, 1.7 Hz, 1H), 7.54 (ddd,= 7.5, 4.8, 1.3 Hz,
1H), 7.35 - 7.29 (m, 2H), 7.06 (d= 34.8 Hz, 2H), 3.68 (dd, = 13.9, 7.0 Hz, 2H), 2.95 {@,=
7.3 Hz, 2H).”°*C NMR (acetone-g, 75 MHz) &: 164.6, 162.3 (dJ = 241.9 Hz), 151.2, 149.1,

138.3, 136.5 (dJ = 3.1 Hz), 131.3 (d] = 7.9 Hz), 127.0, 122.6, 115.8 (@= 21.2 Hz), 41.4,
35.6.E1" calcd. for GaHiFN,O (M)*: 244.1012; Found: 244.1015.

N-(3-Methoxyphenethyl)picolinamide (65).Compounds5 was prepared following the general
') protocol from 2-(3-methoxyphenyl)ethan-1-amine QOngL,
N ﬁ\ 5.50 mmol, 1.10 equiv), to givé5 as a yellow oil; yield:
- H OMe ' 922 mg (72%)H NMR (acetone-d;, 300 MHz) 5: 8.59 -
X 8.53 (m, 1H), 8.42 (s, 1H), 8.14 @ = 7.8 Hz, 1H), 7.96 (it,
J=7.7,1.9 Hz, 1H), 7.52 (ddd,= 7.5, 4.8, 1.2 Hz, 1H), 7.21 @,= 7.9 Hz, 1H), 6.91 - 6.82
(m, 2H), 6.81 - 6.73 (m, 1H), 3.76 (s, 3H), 3.7d,@= 13.8, 7.1 Hz, 2H), 2.93 @,= 7.3 Hz,
2H).°C NMR (acetone-@, 75 MHz) 5: 164.5, 160.8, 151.3, 149.1, 141.9, 138.3, 13127,0,

122.6, 121.7, 115.1, 112.6, 55.3, 41.3, 3&55.calcd. for GsH1eN,O, (M)*: 256.1212; Found:
256.1204.

N-(3-Methylphenethyl)picolinamide (66). Compound66 was prepared following the general

0o protocol from 2-n-tolyl)ethan-1-amine (0.79 mL, 5.50 mmol,
N 1.10 equiv), to givés6 as a yellow oil; yield: 826 mg (69% )
| = H NMR (acetone-d, 300 MHZz) é: 8.56 (d,J = 4.0 Hz, 1H), 8.41
= (s, 1H), 8.13 (dJ = 7.8 Hz, 1H), 7.96 (td) = 7.7, 1.7 Hz, 1H),

7.53 (dddJ = 7.6, 4.8, 1.2 Hz, 1H), 7.23 - 6.97 (ddds 23.9, 15.7, 7.4 Hz, 4H), 3.68 (dil=
14.8, 6.3 Hz, 2H), 2.94 - 2.88 (= 7.0 Hz, 2H), 2.29 (s, 3H)*C NMR (acetone-d, 75 MHz)
8:164.5, 151.3, 149.1, 140.3, 138.6, 138.3, 13p8,1, 127.7, 127.0, 126.6, 122.6, 41.4, 36.5,
21.3.E1" calcd. for GsH1N,O(M)*: 240.1263; Found: 240.1267.

N-(2-Methoxyphenethyl)picolinamide (67).Compounds7 was prepared following the general

o) protocol from 2-(2-methoxyphenyl)ethan-1-amine (0.81 mL,
N /\/© 5.50 mmol, 1.10 equiv), to give7 as a yellow oil; yield: 691 mg
Ej)Lﬁ (54%).'"H NMR (acetone-d;, 300 MHz) 5: 8.58 (d,J = 5.3 Hz,
= OMe 1H), 8.45 (s, 1H), 8.11 (d, = 7.8 Hz, 1H), 7.94 (td) = 7.7, 1.7
Hz, 1H), 7.52 (ddd) = 7.6, 4.8, 1.2 Hz, 1H), 7.25 - 7.15 (dds 11.7, 4.5 Hz, 2H), 6.96 (d,=
7.9 Hz, 1H), 6.87 (td) = 7.5, 1.0 Hz, 1H), 3.86 (s, 3H), 3.66 (dd; 12.8, 7.0 Hz, 2H), 2.96 (t,
J = 7.0 Hz, 2H).*C NMR (acetone-@, 75 MHz) &: 164.5, 158.6, 151.4, 149.1, 138.2, 131.1,

128.5, 128.5, 126.9, 122.5, 121.3, 111.2, 55.75,480.8.EI" calcd. for GsH1eN,O, (M)™:
256.1212; Found: 256.12009.

N-(2-Methylphenethyl)picolinamide (68).Compound68 was prepared following the general

0 protocol fromfrom 2-(o-tolyl)ethan-1-amine (0.77 mL, 5.50 mmol,
N 1.10 equiv), to gives8 as an yellow oil; yield: 804 mg (67%)
| N NMR (acetone-@&, 300 MHz) 5: 8.61 - 8.44 (m, 2H), 8.15 (d,=
= 7.8 Hz, 1H), 7.95 (td) = 7.7, 1.7 Hz, 1H), 7.52 (ddd,= 7.5, 4.8,
1.2 Hz, 1H), 7.26 - 7.08 (m, 4H), 3.66 (ddr 15.4, 6.2 Hz, 2H), 3.02 - 2.91 (m, 2H), 2.38 (s,

3H). *C NMR (acetone-d, 75 MHz) 5: 164.6, 151.3, 149.1, 138.4, 138.2, 137.0, 13130,1,
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127.1, 126.9, 126.8, 122.6, 40.4, 34.0, 1&3.calcd. for GsH1¢N,O (M)™: 240.1263; Found:
240.1263.

N-(2-Bromophenethyl)picolinamide (69).Compound69 was prepared following the general

0 protocol from  2-(2-bromophenyl)ethan-1-amine (09,

N 5.50 mmol, 1.10 equiv), to giv89 as a brown oil; yield: 1.14 g
MHA/@ (75%). *H NMR (acetone-¢;, 300 MHz) 5: 8.61 - 8.43 (m, 2H),
= Br 814 (d,J=7.8Hz, 1H), 7.94 () = 7.7 Hz, 1H), 7.57 (d] = 7.9

Hz, 1H), 7.55 - 7.48 (m, 1H), 7.38 (@= 7.6 Hz, 1H), 7.28 (} = 7.4 Hz, 1H), 7.13 () = 7.6
Hz, 1H), 3.75 (ddJ = 14.2, 6.6 Hz, 2H), 3.12 (§,= 7.3 Hz, 2H).*C NMR (acetone-d, 75
MHz) &: 164.6, 151.2, 149.0, 139.6, 138.2, 133.5, 13128.1, 128.5, 126.9, 125.0, 122.5,

39.7, 36.6EI" calcd. for G4H13BrN,O (M)*: 304.0211; Found: 304.0207.

N-(2-Chlorophenethyl)picolinamide (70).Compound70 was prepared following the general
protocol  from  2-(2-chlorophenyl)ethan-1-amine  (Omil,
0 5.50 mmol, 1.10 equiv), to giveé0 as a yellow oil; yield: 910 mg
Na N (70%). 'H NMR (acetone-d¢;, 300 MHz) 3: 8.57 (d,J = 5.5 Hz,
| _ H cl 1H), 8.54 - 8.43 (m, 1H), 8.12 (d,= 7.8 Hz, 1H), 7.96 () = 7.7
Hz, 1H), 7.57 - 7.49 (d] = 26.2 Hz, 1H), 7.44 - 7.33 (m, 2H), 7.28
- 7.20 (m, 2H), 3.74 (ddl = 13.6, 7.2 Hz, 2H), 3.11 @,= 7.3 Hz, 2H)°C NMR (acetone-g,

75 MHz) 6: 164.7, 151.3, 149.1, 138.2, 137.9, 134.6, 13130,2, 128.9, 127.9, 127.0, 122.6,
39.7, 34.1EI1" calcd. for G4H1CIN,O (M)™: 260.0716; Found: 260.0705.

N-(2-(Naphthalen-2-yl)ethyl)picolinamide (71).Compound71 was prepared following the
general protocol from 2-(naphthalen-2-yl)ethanamine
(0] (0.77 mL, 5.50 mmol, 1.10 equiv), to givd as a brown oil;
N SN yield: 1.26 g (83%)*H NMR (CDCl s, 300 MHz)&: 8.48 (d,
| _ H J = 4.7 Hz, 1H), 8.23 - 8.11 (m, 2H), 7.87 - 7.75, @),
7.71 (s, 1H), 7.48 (s, 2H), 3.90 - 3.77 (m, 1H)L23t,J=7.1
Hz, 1H).**C NMR (CDCl;, 75 MHz) §: 164.4, 150.0, 148.1, 137.4, 136.5, 133.7, 13128,3,

127.7, 127.6, 127.3, 127.2, 126.2, 126.1, 125.2,2,240.7, 36.2EI" calcd. for GgH1eN,O
(M)*: 276.1263; Found: 276.1264.

N-(2-(Thiophen-2-yl)ethyl)picolinamide (72) Compound72 was prepared following the
o s general protocol from 2-(thiophen-2-yl)ethanamin®.64 mL,
N /\/Q 5.50 mmol, 1.10 equiv), to givé2 as a dark orange oil; yield:
| N N 1.14 g (90%)H NMR (CDCI 3 300 MHz)$: 8.53 (d,J = 3.9 Hz,
E))J\H 1H), 8.26 (s, 1H), 8.21 (d,= 7.8 Hz, 1H), 7.84 (td] = 7.7, 1.7 Hz,
1H), 7.41 (m, 1H), 7.17 (dl = 5.1 Hz, 1H), 6.96 (m, 1H), 6.90 (m,
1H), 3.78 (q,J = 6.8 Hz, 2H), 3.18 () = 6.9 Hz, 2H).*C NMR (CDCl;, 75 MHz) 8: 164.3,

149.9, 148.1, 141.3, 137.3, 127.0, 126.1, 125.8.912122.2, 40.9, 30.1EI" calcd. for
C1o.H1N,OS(M)™: 232.0659; Found: 232.0670.

N-(3-Phenylpropyl)picolinamide. The title compound was prepared following the geher
protocol from 3-phenylpropan-1-amine (0.78 mL, 5n&ol,

O
ENj)J\N 1.10 equiv), to give N-(3-phenylpropyl)picolinamideas an
| H/\/\© orange oil; yield: 904 mg (75%)YH NMR (acetone-d, 300
= MHz) &: 8.58 (d,J = 5.0 Hz, 1H), 8.46 (s, 1H), 8.18 @~ 7.8
Hz, 1H), 7.93 (td) = 7.7, 1.7 Hz, 1H), 7.51 (ddd~= 7.5, 4.8, 1.1 Hz, 1H), 7.31 - 7.11 (m, 5H),

3.51 (ddJ = 13.6, 6.7 Hz, 2H), 2.75 - 2.64 (m, 2H), 2.01911(m, 2H).*C NMR (acetone-d,
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75 MHz) 3: 164.6, 151.3, 149.0, 142.6, 138.1, 129.1, 12928.8, 126.5, 122.5, 39.5, 33.8,
32.2.El" calcd. for GsHigN,O (M)™: 240.1263; Found: 240.1261.

4. Typical procedure for the protection of alkylamne derivatives

Synthesis ofN-ethylpicolinamide (4). A 50 mL round-bottomed flask immersed in a 0 &thb

) (ice and water) was charged with picolinic acid §@6dg, 5.0 mmol,
_ NN 1.00 equiv) and CKCl, (10 mL). To the stirred suspension was added bxaly
“ | H chloride (0.47 mL, 5.50 mmol, 1.10 equiv) dropwisger a 15-minute

period followed by addition of DMF (0.10 mL, cataty amount) in one
portion, producing a rust-red color and the evolutof a gas. The mixture was kept in the
cooling bath for 1 h and then allowed to warm tomaemperature. After gas evolution ceased,
the mixture was again cooled to 0 °C and ]NEt40 mL, 10.0 mmol) was added dropwise over
a 15-minute period followed by ethylamine soluti@M in THF (2.50 mL, 5.00 mmol,
1.00 equiv) added dropwise over a 15-minute pefite. brown mixture was left in the cooling
bath for 30 minutes and then allowed to warm tanrdemperature. Stirring was continued at
room temperature for 2 h. Removal of solventacuo gave the crude product as a brown solid
that was extracted with 8-CH,Cl,. The organic phases were combined and concentrated
under reduced pressure to gias a pale yellow oil; yield: 654 mg (87%MH NMR (CDCl,
300 MHz) 3: 8.42 (d,J = 4.7 Hz, 1H), 8.09 (dl = 7.8 Hz, 1H), 7.99 (s, 1H), 7.72 {tz 7.7 Hz,
1H), 7.32 - 7.25 (m, 1H), 3.41 (4,= 7.2 Hz, 2H), 1.15 () = 7.3 Hz, 3H)*C NMR (CDClj,

75 MHz) §: 164.0, 149.9, 147.8, 137.2, 125.9, 122.0, 34417.El" calcd. for GH;oN,O (M)":
150.0793; Found: 150.0800.

5. Typical procedure for the synthesis of alkynes
5.1. Synthesis of diaryl alkynes
Diphenylacetylene was purchased from Aldrich aretiuss received.

Synthesis of 1,2-bis(4-methoxyphenyl)ethyndl).? A 50 mL round-bottomed flask was

charged with 1-iodo-4-methoxybenzene (468 mg,
MeO O — O OMe 2.00 mmol, 1.00 equiv), PdC(3.54 mg, 0.02 mmol),

pyrrolidine (0.83 mL, 10.0 mmol) and,®f (2.50 mL).
The mixture was heated to 50 °C for 15 min befbee I-ethynyl-4-methoxybenzene (0.31 mL,
2.40 mmol, 1.20 equiv) was added. The reaction lefisstirring for 24h and then allowed to
warm to room temperature. The desired product waaaed with HO-CH,Cl,. The organic
phases were combined and concentrated under regwesdure. The resulting residue was
purified by column chromatographg-fiexane as only eluent) to giveas a white solid; yield:
427 mg (90%); mp= 145-146 °éH NMR (acetone-d;, 300 MHz)5: 7.44 (d,J = 8.9 Hz, 4H),
6.95 (d,J = 8.9 Hz, 4H), 3.83 (s, 6H}*C NMR (acetone-@, 75 MHz) &: 160.6, 133.6, 116.4,
115.0, 88.6, 55.€ " calcd. for GgH140, (M)*: 238.0994; Found: 238.0996.

%B. Liang, M. Dai, J. Chen and Z. YanhOrg. Chem., 2005,70, 391.
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1,2-Bis(4-(ert-butyl)phenyl)ethyne (II). CompoundIll was prepared following the typical

procedure from 1t€rt-butyl)-4-iodobenzene (0.35 mg,
‘Bu O = O ‘Bu 2.00mmol,  1.00equiv)  and  feft-butyl)-4-
ethynylbenzene (0.43 mL, 2.40 mmol, 1.20 equiv)git@
Il as a yellow solid; yield: 224 mg (39%); mp= 171-FZ2'H NMR (acetone-¢;, 300 MHz)

§: 7.46 (s, 8H), 1.33 (s, 18HYC NMR (acetone-g, 75 MHz) &: 152.4, 132.0, 126.3, 121.3,
89.5, 35.3, 31.4 1" calcd. for GHys (M)*: 290.2035; Found: 290.2037.

1,2-Di-p-tolylethyne (Ill). Compoundll was prepared following the typical procedure from 1
1-iodo-4-methylbenzene (436 mg, 2.00 mmol, 1.00wgand
O — O 1-ethynyl-4-methylbenzene (0.30 mL, 2.40 mmol, 1eBQiv),
to give lll as a white solid; yield: 384 mg (93%); mp= 121-
122 °C.*H NMR (acetone-a;, 300 MHz) §: 7.41 (d,J = 8.1 Hz, 4H), 7.22 (d] = 7.9 Hz, 4H),
2.35 (s,6H)C NMR (acetone-@, 75 MHz) &: 139.3, 132.1, 130.1, 121.2, 89.5, 214}
calced. for GgHis (M)*: 206.1096; Found: 206.1099.

1,2-Bis(4-(trifluoromethyl)phenyl)ethyne (IV). CompoundlV was prepared following the
typical procedure from 1-iodo-4-
FsC Q — O CF3 (trifluoromethyl)benzene (0.30 mL, 2.00 mmol,
1.00 equiv) and 1l-ethynyl-4-(trifluoromethyl)bengen
(0.40 mL, 2.40 mmol, 1.20 equiv), to gi as a white solid; yield: 710 mg (95%); mp= 107-
108 °C.'"H NMR (CDCl 3, 300 MHz)8: 7.67 - 7.61 (m, 8H)-*C NMR (CDCl;, 125 MHz) &

132.1, 130.6 (g = 32.8 Hz), 126.5 (q] = 1.2 Hz), 125.5 (g = 3.8 Hz), 124.0 (q] = 272.2
Hz), 90.2.E1* calcd. for GeHgFs (M)*: 314.0530; Found: 314.0529.

1,2-Bis(3-methoxyphenyl)ethyne (V).CompoundV was prepared following the typical
procedure  from  l-iodo-3-methoxybenzene  (0.23 mL,
O — 2.00 mmol, 1.00 equiv) and 1-ethynyl-3-methoxyberze
(0.30 mL, 2.40 mmol, 1.20 equiv), to giveas a yellow solid;
MeO OMe yield: 770 mg (81%); mp= 62-63 °CH NMR (acetone-d,
300 MHz) &: 7.32 (t,J = 7.9 Hz, 2H), 7.17 - 7.07 (m, 4H), 7.01 - 6.94 @H), 3.83 (s, 6H):*C
NMR (acetone-@, 75 MHz) §: 160.6, 130.5, 125.0, 124.7, 117.1, 115.8, 8%7%.%I" calcd.
for CigH140, (M)™: 238.0994; Found: 238.0983.

1,2-Di-o-tolylethyne (VI). CompoundVl was prepared following the typical procedure from 1
e iodo-2-methylbenzene (0.25 mL, 2.00 mmol, 1.00equand 1-
O - Q ethynyl-2-methylbenzene (0.30 mL, 2.40 mmol, 1.40ie), to give
VI as a yellow oil; yield: 769 mg (93%) NMR (acetone-d, 300
MHz) &: 7.53 (d,J = 7.4 Hz, 2H), 7.34 - 7.20 (m, 6H), 2.52 (s, 6K NMR (acetone-@, 75
MHz) §&: 140.4, 132.5, 130.3, 129.1, 126.5, 124.0, 9311.EI1" calcd. for GegHis (M)™:
206.1096; Found: 206.1091.
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5.2. Synthesis of alkyl-aryl alkynes

Synthesis of 1-(cyclohexylethynyl)-4-methoxybenzerg¥ll). * A 50 mL round-bottomed flask
was charged with 1-iodo-4-methoxybenzene (1.17 g,
Q%@OMG 5.00 mmol, 1.00 equiv), Pd(PfCl, (175.5g, 0.25 mmol)
and copper(l) iodide (95.2 mg, 0.5 mmol). The migtwas
vacuumed and flushed with Argon for three times.e@hEtN (10 mL) and the
ethynylcyclohexane (0.78 mL, 6.00 mmol, 1.20 eqweay added. The reaction was left stirring
at room temperature until the aryl iodide was comstl. The resulting mixture was diluted with
diethyl ether, washed with water and brine, drigthwveanhydrous MgS¢) concentrated under
reduced pressure and purified by column chromaptyrén-hexane as only eluent) to givél
as a yellow oil; yield: 536 mg (50%) NMR (CDCl 3, 300 MHz) : 7.33 (d,J = 8.8 Hz, 1H),
6.80 (d,J = 8.8 Hz, 1H), 3.79 (s, 2H), 2.62 - 2.50 (m, 1HP4 - 1.83 (m, 1H), 1.83 - 1.68 (m,
1H), 1.56 - 1.45 (m, 2H), 1.40 - 1.24 (m, 2MC NMR (CDCl;, 75 MHz) &: 159.7, 133.3,

114.7, 113.9, 88.0, 85.9, 81.5, 55.3, 35.2, 2604,222.8.EIl" calcd. for GsHis0 (M)":
214.1358; Found: 214.1360.

1-(Cyclohexylethynyl)-4-(trifluoromethyl)benzene (MIl). CompoundVIIl was prepared
following the typical procedure from 1-bromo-4-
O%QCFS (trifluoromethyl)benzene (0.70 mL, 5.00 mmol, 1difliv), to
give VIl as a yellow oil; yield: 755 mg (60%fH NMR
(CDCl3, 300 MHz) 6: 7.50 (g,d = 8.5 Hz, 2H), 2.67 - 2.55 (m, 1H), 1.93 - 1.83 @Hl), 1.76
(dd,J = 8.9, 3.9 Hz, 1H), 1.59 - 1.25 (m, 4HJC NMR (CDCl;, 126 MHz) 5: 132.2, 131.9,

129.3 (q,J = 32.6 Hz), 125.1 (q) = 3.8 Hz), 124.1 (¢J = 272.0 Hz), 97.3, 79.6, 35.1, 32.6,
29.8, 26.0, 25.0, 22.&I" calcd. for GsHisF3 (M)™: 252.1126; Found: 252.1126.

2-(Cyclohexylethynyl)thiophene (IX). CompoundIX was prepared following the typical
procedure from 2-iodothiophene (0.70 mL, 5.00 mnidd0 equiv), to

O%@ give IX as a brown oil; yield: 542 mg (57%X NMR (CDCI3 300
MHz) 6: 7.16 (d,J = 5.1 Hz, 1H), 7.11 (d] = 3.3 Hz, 1H), 6.97 - 6.89

(m, 1H), 2.67 - 2.54 (m, 1H), 1.95 - 1.80 (m, 2HBO - 1.67 (m, 2H), 1.62 - 1.48 (m, 3H), 1.40

- 1.26 (m, 3H).13C NMR (CDCl3, 75 MHz) 6: 130.9, 126.8, 125.9, 124.4, 98.5, 73.7, 32.6,
30.0, 26.0, 25.CEl" calcd. for G,H1,S (M)": 190.0816; Found: 190.0819.

6. Typical procedure for the synthesis of 1,3-enyse

Synthesis of E)-methyl 6-cyclohexylhex-2-en-4-ynoate (X)
Synthesis of 3-cyclohexylpropiolaldehyde. Following a
MeO,C.__~ . 4
AN modified procedure by Larsenet al.,” prop-2-yn-1-
ylcyclohexane (1.16 mL, 8.00 mmol, 1.00 equiv) w&solved
in dry THF (10 mL) and the solution was cooled46 °C. A solution ohBuLi in hexane 2M
(3.20 mL, 8.00 mmol, 1.10 equiv) was added dropwis&intaining the temperature under
=35 °C. After addition, anhydrous DMF (1.22 mL, 1é@ol, 2.00 equiv) was added in one

portion and the cold bath was removed. The reactiotiure was allowed to warm to room
temperature for 30 min. The THF solution was poured vigorously stirred biphasic solution

®X. Zhang S. Sarkar and R. C. Larock,Am. Chem. Soc., 2010,132, 14070.
4 M. Journet, D. Cai, L. M. DiMichele and R. D. Lars@atrahedron Lett., 199839, 6427.
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prepared from 10% aqueous KD, (43.2 mL) and MTBE(40 mL) cooled over ice. Layers
were separated and the organic extract was washkedvater. Combined organic layers were
dried over NgSQ,, filtered and concentrated obtaining an oil whiedis filtered through silica
gel using a mixture ofi-hexane/AcOEt (9:1) as eluent to give the corredjmgnaldehyde (3-
cyclohexylpropiolaldehyde) as a colorless oil. Tineduct was directly used in the next step in
order to obtain the desired product through a Hevdadsworth-Emmons reaction.

Thus, a 50 mL round-bottomed flask immersed in7&°C bath (Cg(s) and acetone) was
charged with methyl 2-(dimethoxyphosphoryl)acetélted 8 mL, 7.27 mmol, 1.00 equiv) and
THF (15 mL). To the stirred solutianBuLi in hexane 2M (3.20 mL, 8.0 mmol, 1.10 equivgsw
added dropwise. The reaction mixture was stirredl ‘@@ bath (ice and water) for 30 min. After
that, the reaction was cooled again-#8 °C for the addition of the obtainedB-acetylenic
aldehyde (1.16 mL, 8.00 mmol, 1.10 equiv) and thgture was allowed to warm to room
temperature for 15 min. The reaction was then dguethevith 10 mL of water and the aqueous
layer was extracted with AcCOEt. The organic layeeye combined, dried over b&0, and
concentrated under reduced pressure to give a @ard’he obtained oil was purified by
chromathography using-hexane as eluent to gié8 as a yellow oil; yield: 1.19 g (72%)H
NMR (CDCl 3, 300 MHz)4: 6.77 (d,J = 15.8 Hz, 1H), 6.15 (dl = 15.8 Hz, 1H), 3.74 (s, 3H),
2.26 (d,J = 6.6 Hz, 2H), 1.84 - 1.60 (m, 5H), 1.59 - 1.44 (H), 1.30 - 1.12 (m, 3H), 1.07 -
0.92 (m, 2H)*C NMR (CDCl3, 75 MHz) &: 166.7, 128.8, 126.6, 100.2, 78.9, 51.8, 37.33,32.
27.7, 26.3, 26.21" calcd. for GgH140, (M)™: 206.1307; Found: 206.1310.

(E)-Methyl 7-phenylhept-2-en-4-ynoate (XI). CompoundXl was prepared following the
MeO,C general protocol from but-3-yn-1-ylbenzene (1.12 mL
“ R 8.00 mmol, 2.00 equiv), to giv&l as a orange oil; yield:
1.09 g (64%).H NMR (CDCl3 300 MHz) 5: 7.35 - 7.18
(m, 5H), 6.74 (dJ = 15.8 Hz, 1H), 6.14 (d} = 15.8 Hz, 1H),
3.75 (s, 3H), 2.87 (t] = 7.4 Hz, 2H), 2.67 (1) = 7.4 Hz, 2H)**C NMR (CDCl;, 755 MHz) :
166.6, 140.3, 129.2, 128.5, 128.5, 126.6, 126.29,988.7, 51.8, 34.7, 22.€&Il" calcd. for
C14H140, (M)*: 214.0994; Found: 214.0961.

(E)-Methyl 9-chloronon-2-en-4-ynoate (XIl). CompoundXIl was prepared following the
MeO,C._ general protocol from 6-chlorohex-1-yne (0.96 mL,

\/\/\A 8.00 mmol, 2.00 equiv), to giv&ll as a orange oil; yield:

Cl' 0.80 g (50%)*H NMR (CDCls, 300 MHz): 6.75 (d,J =

15.8 Hz, 1H), 6.16 (d) = 15.9 Hz, 1H), 3.75 (s, 3H), 3.57 {t= 6.4 Hz, 2H), 2.44 () = 6.8
Hz, 2H), 1.99 - 1.85 (m, 2H), 1.81 - 1.67 (m, 2HE NMR (CDCl;, 75 MHz) §: 166.6, 129.3,
126.2, 99.8, 78.5, 51.9, 44.4, 31.6, 25.6, 1812 calcd. for GoH;,ClO, (M)*: 200.0604; Found:
200.0601.

5 (@) L. Horner, H. Hoffmann and H. G. Wipp&hem. Ber. 1958,91, 61; ) L. Horner, H. Hoffmann, H. G.
Wippel and G. KlahreChem Ber. 1959,92, 2499; €) W. S. Wadsworth and W. D. EmmodsAm. Chem.
Soc. 1961,83, 1733.
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7. Rh(lll)-catalyzed heteroaryl C-H functionalization (Scheme 1)
7.1. Scope with regard to the heteroaryl moiety
Synthesis ofN-benzyl-5,6,7,8-tetraphenylisoquinoline-1-carboxandie (2).

Method A: Thermal conditions. An oven-dried, nitrogen-flushed 20 mL vessel waarghd

H with N-benzylpicolinamide 1) (31.8 mg, 0.15 mmol, 1.00 equiv),

pho N\Bn diphenylacetylene (53.3 mg, 0.30 mmol, 2.00 equipgntamethyl-

Ph N cyclopentadienylrhodium(lll) chloride dimer (4.649m0.0075 mmol,
| 0.050 equiv), copper (ll) acetate (54.5 mg, 0.300mrA.00 equiv) and

Ph X silver hexafluoroantimonate(V) (10.7 mg, 0.03 mn@R0 equiv). The
Ph reaction vessel was sealed with a Teflon lined tzgn evacuated and

flushed with nitrogen three times. Under the atrhesp of nitrogen, 1,4-dioxane (1.00 mL)
were addedia syringe. The resulting mixture was then stirredl2® °C for 24 h. After the
reaction was complete, the volatiles were remavedacuo and the residue was purified by
column chromatographynthexane-EtOAc 2:1), yieldin@ as a pale yellow solid; vyield:
80.0 mg (94%)mp= 261-262 °C'H NMR (methanol-d,, 500 MHz) §: 8.36 (d,J = 5.9 Hz,
1H), 7.52 (d,J = 5.9 Hz, 1H), 7.33 - 7.13 (m, 16H), 6.90 - 6.7, (L1H), 3.78 (s, 2H):°*C
NMR (methanol-d,, 125 MHz) &: 170.9, 157.2, 145.2, 144.2, 141.6, 140.9, 1403.7,
139.4, 139.4, 139.3, 139.0, 137.9, 133.9, 132.2,201331.8, 129.4, 128.9, 128.8, 128.2, 128.2,
128.1, 127.8, 127.7, 127.6, 126.9, 126.7, 124.9,00244.4FB" calcd. for GH3;N,O (M+H)":
567.2436; Found: 567.2439. The structure of thisnmmund was confirmed by X-ray
diffraction.

Method B: Microwave assisted conditions. An oven-dried, nitrogen-flushed 10 mL
microwave vessel was charged witR-benzylpicolinamide 1) (31.8 mg, 0.15 mmol,
1.00 equiv), diphenylacetylene (53.3 mg, 0.30 mmol2.00 equiv), pentamethyl-
cyclopentadienylrhodium(lll) chloride dimer (4.64m0.0075 mmol, 0.05 equiv), copper (I)
acetate (54.5mg, 0.30 mmol, 2.00 equiv) and silhexafluoroantimonate(V) (10.7 mg,
0.03 mmol, 0.20 equiv). The reaction vessel wakdeaith a Teflon lined cap, then evacuated
and flushed with nitrogen three times. Under tmeasiphere of nitrogen, 1,4-dioxane (1.00 mL)
was addedia syringe. The resulting solution was then stirred 3 min at room temperature
followed by microwave irradiation at 120 °C for 1Removal of solvenin vacuo gave the
crude product as a brown solid that was extractiéldl MyO-CH,Cl,. The organic phases were
combined and concentrated under reduced pressine.rdsidue was purified by column
chromatographynthexane-EtOAc 2:1), yielding as a pale yellow solid; yield: 76.4 mg (90%).
The structure of this compound was confirmed bya¥-diffraction.

ORTEP view o2, hydrogen atoms have been removed for simplicity
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N-Benzyl-3-methyl-5,6,7,8-tetraphenylisoquinoline-Tarboxamide (14). In this case,

o H compoundl4 was prepared following the general protocol A frbin

Ph "Bn benzyl-6-methylpicolinamide5f (33.9 mg, 0.15 mmol, 1.00 equiv) by
Ph NN conventional heating at 120 °C for 24h to givkas a yellow oil; yield:
“ | 46.9 mg (54%)™H NMR (CDCl 3, 300 MHz) 3: 7.48 - 7.33 (m, 14H),
Ph 7.05 - 6.92 (m, 7H), 6.92 - 6.80 (m, 5H), 6.581(4), 4.08 (d,J = 4.9
Ph Hz, 2H), 2.68 (s, 3H)"*C NMR (CDCl; 126 MHz) &: 168.2, 155.0,

149.6, 143.4, 141.2, 139.9, 139.6, 138.4, 138.0,71337.6, 137.2, 132.1, 131.3, 130.7, 128.7,
128.3, 127.8, 127.6, 127.0, 126.8, 126.8, 126.8,712125.8, 125.6, 122.7, 119.1, 44.2, 23.9.
ESI" calcd. for GoHzaN,O (M+H)"™: 581.2587; Found: 581.2566.

N-Benzyl-3-chloro-5,6,7,8-tetraphenylisoquinoline-Tarboxamide (15).Compoundl15 was
H prepared following the general protocol B froml-benzyl-6-
Pho N\Bn chloropicolinamide ) (36.9 mg, 0.15 mmol, 1.00 equiv), to git6 as
Ph NN a pale yellow oil; yield: 55.9 mg (62%H NMR (CDCl 5, 300 MHz) 5:
| 7.48 (s, 1H), 7.41 - 7.17 (m, 8H), 7.17 - 7.10 {H), 6.87 (dd,J = 4.2,
Ph N-">cl 25 Hz, 6H), 6.76 - 6.68 (m, 4H), 6.37 Jt= 5.0 Hz, 1H), 3.94 (d] =
Ph 5.2 Hz, 2H).”*C NMR (CDCl3, 75 MHz) §: 166.6, 156.1, 144.6, 143.4,
142.6, 139.3, 139.3, 139.1, 139.0, 138.4, 137.3,31337.2, 132.1, 131.1, 131.1, 130.5, 128.8,
128.4, 128.1, 127.7, 127.4, 127.0, 126.9, 126.8,812126.1, 125.9, 123.6, 120.4, 44E5|"

calcd. for GiH3CIN,O (M+H)": 601.2041; Found: 601.2051.

7-Benzyl-5,6-diphenyl-3-(trifluoromethyl)-1,7-naphhyridin-8(7H)-one (16). Compound16
Bn was prepared following the general protocol B frod-benzyl-5-
Ph. N. .o (trifluoromethyl)picolinamide7) (42.0 mg, 0.15 mmol, 1.00 equiv), to gie
| as a yellow solid; yield: 54.7 mg (84%); mp= 21%2C.'"H NMR (CDCl 5,
Ph >N 300 MHz) é: 9.10 (s, 1H), 7.78 (s, 1H), 7.21 - 7.08 (ddd; 20.6, 14.1, 6.4
S I Hz, 9H), 7.04 - 6.98 (m, 2H), 6.88 @3z 7.1 Hz, 4H), 5.29 (s, 2H})*C NMR
(CDCl3, 126 MHz) 6: 161.0, 145.5 (q) = 3.5 Hz), 144.4, 142.9, 137.0, 134.3,
CFs 133.4, 133.0, 131.5 (¢, = 3.9 Hz), 131.3, 130.2, 129.3, 128.8, 128.6, 428.
128.0, 127.8, 127.5, 127.4, 123.1 Jcf 273.4 Hz), 117.3, 49.8F NMR (CDCl;, 282 MHz)
8: -62.4.ESI" calcd. for GHzgFsN,O (M)™: 456.1449; Found: 457.1492. The structure of this
compound was confirmed by X-ray diffraction.

ORTEP view ofl4, hydrogen atoms have been removed for simplicity
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N-Benzyl-7,8,9,10-tetraphenylphenanthridine-6-carboamide (17). Compound 17 was
prepared following the general protocol B frdwbenzylquinoline-2-
Ph Bn carboxamide & (39.3 mg, 0.15 mmol, 1.00 equiv), to gilg§ as a
Ph yellow solid; yield: 42.5 mg (46%); mp= 250-252 “6.NMR (CDCl ;,
[ 300 MHz) &: 8.00 (d,J = 8.0 Hz, 1H), 7.51 (t) = 7.0 Hz, 1H), 7.40 -
Ph \ 7.04 (s, 17H), 6.93 - 6.82 (d,= 2.8 Hz, 6H), 6.75 - 6.63 (s, 4H), 6.60
Ph (t, J = 4.5 Hz, 1H), 4.01 (d) = 5.1 Hz, 2H).”*C NMR (CDCl;, 75
MHz) &: 165.6, 151.3, 145.8, 141.1, 139.7, 139.0, 13B34,5, 137.2,
130.8, 130.1, 129.7, 129.6, 129.4, 128.7, 128.8,21228.1, 128.0, 127.8, 127.7, 127.4, 127.3,
127.0, 43.6ESI" calcd. for GsH33N,O (M)™: 617.2587; Found: 617.2580.

6-Benzyl-2-methyl-4,5-diphenylthieno[2,3&]pyridin-7(6H)-one (18). Compound 18 was
prepared following the general protocol A frawbenzyl-5-methylthiophene-
2-carboxamide9) (34.7 mg, 0.15 mmol, 1.00 equiv). to gi¥8 as a yellow
solid; yield: 60.2 mg (99%); mp= 174-176 &l NMR (CDCI 3, 300 MHz) 5:
7.24 - 7.00 (m, 11H), 6.82 - 6.97(s, 4H), 6.571(d), 5.24 (s, 2H), 2.54 (s,
3H). **C NMR (CDCl3, 125 MHz) 6: 158.4, 148.8, 146.6, 142.6, 137.9, 137.1,
134.1, 130.8, 130.7, 128.4, 128.3, 127.9, 127.7,22127.0, 126.8, 123.1,
118.1, 48.9, 16.£SI" calcd. for GiH,NOS (M+H)": 408.1416; Found: 408.1405.

Compoundl8 was also prepared following method B to give ttle tompound in 99% vyield
(60.2 mq). The structure of this compound was cordd by X-ray diffraction.

ORTEP view ofl6, hydrogen atoms have been removed for simplicity

2-Benzyl-3,4-diphenylbenzo[4,5]thieno[2,8]pyridin-1(2H)-one (19). Compound 19 was
Bn prepared following the general protocol A frddvbenzylbenzdj|thiophene-
N 2-carboxamide 10) (40.1 mg, 0.15 mmol, 1.00 equiv), to gid® as a
yellow solid; yield: 60.3 mg (91%); mp= 226-227 “6.NMR (CDCl ;, 300
MHz) &: 7.92 (d,J = 8.1 Hz, 1H), 7.39 () = 7.6 Hz, 1H), 7.26 (s, 11H),
6.91 (d,J = 6.1 Hz, 4H), 6.58 (d) = 8.3 Hz, 1H), 5.29 (s, 2H}*C NMR
(CDCl3, 75 MHz) &: 159.1, 143.6, 142.9, 140.0, 137.4, 136.6, 13638,7,
131.2, 130.6, 129.8, 128.4, 128.3, 128.3, 127.7,51227.3, 127.2, 127.1,
125.9, 124.3, 123.3, 118.9, 49.BSI" calcd. for GoH,,NOS (M+H)": 444.1416; Found:
444.1398.

Compoundl?7 was also prepared following method B to give ttle tompound in 98% vyield
(65.5 mg).
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7.2. Scope with regard to théN-substituent

7-Phenethyl-5,6-diphenyl-1,7-naphthyridin-8(7H)-one(88) (Scheme 5)Compound88 was
Ph  prepared following the general protocol B from witktphenethylpicolinamide
(61) (61.8 mg, 0.15 mmol, 2.00 equitg give88 as a pale yellow solid; yield:
54.3 mg (90%); mp= 229-230 °¢H NMR (CDCl;, 300 MHz) 5: 8.91 (d,J =
PhN._O 2.2 Hz 1H), 7.53 (dd) = 8.3, 2.2 Hz, 1H), 7.45 (dd,= 8.3, 1H), 7.19 (m,
| 9H), 7.04 (m, 4H), 6.92 - 6.83 (m, 2H), 4.16 - 4(@® 2H), 3.03 - 2.88 (m,
Ph” ¥ "N 2H).C NMR (CDCl;, 75 MHz) 5: 161.2, 149.6, 142.4, 141.1, 138.5, 135.4,
S ' 134.2, 133.9, 133.5, 131.5, 130.2, 129.0, 128.8,5,2128.2, 128.2, 127.3,
126.5, 117.3, 48.5, 34.6B" calcd. for GgH,3N,O (M+H)"™: 403.1810; Found:
403.1818.

N-Ethyl-5,6,7,8-tetraphenylisoquinoline-1-carboxamie (13) (Scheme 1)Compoundl3 was
o H prepared following the general protocol B fravethylpicolinamide
Ph ~" (4) (22.5 mg, 0.15 mmol, 2.00 equit) give13 as ayellow oil; yield:

Ph 64.2 mg (85%)H NMR (CDCl3, 300 MHz) &: 9.11 (d,J = 5.7 Hz,
7N 1H), 8.24 (d,J = 5.8 Hz, 1H), 8.03 (dd] = 12.1, 4.9 Hz, 3H), 7.97 -
o N 7.86 (m, 7H), 7.65 (s, 6H), 7.56 - 7.45 (m, 4HR3(s, 1H), 3.71 - 3.55

(m, 2H), 1.80 (tJ = 7.3 Hz, 3H)*C NMR (CDCls, 75 MHz) 5: 168.2,

Ph 168.2, 156.0, 143.6, 142.2, 140.5, 139.7, 139.9,313138.3, 138.2,
137.8, 137.0, 132.2, 131.2, 131.2, 130.7, 127.9,11226.8, 126.8, 126.7, 125.9, 125.7, 121.1,
34.7, 14.2FB" calcd. for GgH,gN,O (M+H)™: 505.2280; Found: 505.2277.

7.3. Scope with regard to the alkyne

Synthesis ofN-benzyl-5,6,7,8-tetrap-tolylisoquinoline-1-carboxamide (11).Compound11
was prepared following the general protocol B fran2-dif-

tolylethyne (II') (61.8 mg, 0.30 mmol, 2.00 equiv) to gitkas a

O H pale yellow oil; yield: 57.0 mg (61%)H NMR (CDCl; 300
OxN-g, MH2) 5: 8.26 (s, 1H), 7.36 - 7.22 (m, 6H), 7.10 - 6.9Q @Hl),
O 6.73 - 6.54 (m, 9H), 6.34 (s, 1H), 3.98 (s, 2HR12(s, 6H), 2.13
/ N (s, 3H), 210 (s, 3H)C NMR (CDCIs, 75 MHz) & 167.1,

A 154.8, 144.7, 144.7, 143.0, 138.5, 138.5, 137.9,.613137.4,

O 136.7, 136.6, 136.4, 136.2, 135.2, 135.1, 135.@2.213131.1,
O 130.9, 130.5, 128.7, 128.6, 128.4, 127.7, 127.6,612127.5,

124.7, 121.7, 44.3, 29.8, 21.4, 21.3, 21ESI" calcd. for

CasHzdNO (M+H)": 623.3056; Found: 623.3054.
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N-Benzyl-5,6,7,8-tetrakis(4-(trifluoromethyl)phenylisoquinoline-1-carboxamide (12).

CF,4 Compoundl2 was prepared following the general protocol B
from 1,2-bis(4-(trifluoromethyl)yphenyl)ethyné\) (94.2 mg,
O 0.30 mmol, 2.00 equiv), to givE2 as a pale yellow oil; yield:

FsC O Neg 79.3 mg (63%)'H NMR (CDCl 3, 500 MHz) 6: 8.41 (s, 1H),
O 7.57 (d,J = 8.0 Hz, 2H), 7.43 (1] = 8.4 Hz, 2H), 7.26 (s, 13H),
Z>N 6.86 (dd,J = 14.0, 8.0 Hz, 4H), 6.65 (s, 1H), 3.96 (s, 2H¢
\ ! NMR (CDCl3, 125 MHz)$: 170.3, 155.0, 143.6, 142.2, 140.4,
O 139.6, 139.6, 139.4, 138.1, 138.1, 137.8, 137.2,3,3131.2,
F4C 131.2, 130.7, 127.9, 127.1, 127.0, 126.9, 126.8,8/2126.0,
O 125.8, 121.4, 29.8ESI" calcd. for GsHoF1N,O (M+H)":

839.1926; Found: 839.1944.
CF;

8. Rh(l)-catalyzedortho-olefination of the benzylamine derivatives (Schemg)
8.1. Scope with regard to the benzylamine

Synthesis of N-(2,6-bis(E)-1,2-diphenylvinyl)benzyl)picolinamide (3). An oven-dried,

N7 nitrogen-flushed 20 mL vessel was charged Withenzylpicolinamide

o S | (1) (31.8mg, 0.15 mmol, 1.00 equiv), diphenylacetgle(53.3 mg,
0.30 mmol, 2.00 equiv), chloro(1,5-cyclooctadieheltium dimer

Ph_HN Ph (1.85 mg, 0.00375 mmol, 0.025 equiv), sodium aeeté49.8 mg,

| | 0.60 mmol, 4.00 equiv), and silver hexafluoroantaie(V) (2.58 mg,

Ph Ph0.0075 mmol, 0.05 equiv). The reaction vessel weaes with a Teflon
lined cap, then evacuated and flushed with nitraeee times. Under

the atmosphere of nitrogen, 1,2-dichloroethaned(inQ) were addedglia syringe. The resulting
mixture was then stirred at 120 °C for 24 h. Attez reaction was complete, the volatiles were
removedin vacuo and the residue was purified by column chromaiayyah-hexane-EtOAc
5:1), yielding3 as a pale yellow solid; yield: 64.9 mg (88%); mp864188 °C."H NMR
(acetone-d, 500 MHz) 6: 8.57 (d,J = 4.7 Hz, 1H), 8.06 (s, 1H), 7.99 @= 7.7 Hz, 1H), 7.93
(td,J=7.7, 1.5 Hz, 1H), 7.59 - 7.50 (m, 1H), 7.46407(m, 1H), 7.39 (s, 1H), 7.37 (@~ 1.3
Hz, 1H), 7.25 - 7.22 (m, 4H), 7.22 - 7.11 (m, 13A}1 - 7.08 (m, 3H), 6.71 (s, 2H), 4.54 {d,
= 5.4 Hz, 2H).®*C NMR (acetone-d, 125 MHz) 5: 163.3, 151.1, 149.0, 146.6, 142.8, 140.9,
138.2, 138.0, 134.8, 132.0, 131.0, 130.5, 130.9,11228.7, 128.3, 128.2, 127.7, 127.0, 122.4,
39.6.FB" calcd. for GiH33N,O (M+H)™: 569.2593; Found: 569.2596. The structure of this
compound was confirmed by X-ray diffraction.

ORTEP view of3, hydrogen atoms have been removed
for simplicity
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N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-(methylthio)benzyl)picolinamide (39). Compound 39

N e
@) N |
Ph._ HN Ph
| |
Ph Ph
SMe

was prepared following the general protocol fromi-(4-
(methylthio)benzyl)picolinamide  2(Q) (38.7 mg, 0.15 mmol,
1.00 equiv),to give39 as a yellow solid; yield: 78.0 mg (84%); mp= 83-
84 °C."H NMR (CDClI 3, 300 MHz)5: 8.42 (d,J = 4.3 Hz, 1H), 8.00 (d,
J=7.8 Hz, 1H), 7.79 - 7.65 (m, 2H), 7.35 (dd&; 6.5, 4.9 Hz, 1H), 7.25

- 6.97 (m, 22H), 6.67 (s, 2H), 4.36 (M= 5.0 Hz, 2H), 2.52 (s, 3HYC
NMR (CDCl3, 75 MHz) 8: 162.9, 150.0, 147.7, 146.4, 141.5, 139.4,
137.9, 137.0, 131.4, 130.4, 129.8, 129.4, 128.8.012127.7, 127.4,
127.0, 125.7, 121.9, 39.1, 15ESI" calcd. for G,HzsN,OS (M+H)'":

615,2464; Found: 615.2472.

N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-methoxybenzyl)picolinamide 40). Compound40 was

N ’
(@) N |
Ph_ HN Ph
| |
Ph Ph
OMe

prepared following the general protocol from N-(4-
methoxybenzyl)picolinamide2Q) (31.8 mg, 0.15 mmol, 1.00 equiv), to
give 40 as a white solid; yield: 70.0 mg (78%); mp= 143-2¢4'H
NMR (acetone-@, 300 MHz) &: 8.57 (d,J = 4.6 Hz, 1H), 8.01 - 7.84
(m, 3H), 7.52 (dd) = 6.7, 5.4 Hz, 1H), 7.29 - 7.04 (m, 20H), 7.00 (s,
2H), 6.71 (s, 2H), 4.44 (d] = 5.0 Hz, 2H), 3.87 (s, 3H}*C NMR
(CDCl3, 75 MHz) &: 163.2, 159.5, 151.1, 148.9, 147.9, 142.8, 140.7,
138.2, 137.9, 131.9, 130.5, 130.2, 129.1, 128.8B.212127.7, 126.9,
126.8, 122.4, 116.3, 55.7, 39.ESI" calcd. for GyHssN,O, (M)™:

599.2693; Found: 599.2707.

N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-methylbenzyl)picolinamide (4). Compound 41 was

N ‘g
oA
HN Ph
| |
Ph

Ph
Ph

prepared  following the general protocol from N-(4-
methylbenzyl)picolinamide2@) (33.9 mg, 0.15 mmol, 1.00 equiv), to
give 41 as a pale yellow solid; yield: 66.7 mg (75%); m@B94160 °C.
'H NMR (acetone-@, 300 MHz) &: 8.56 (d,J = 4.8 Hz, 1H), 8.04 -
7.87 (m, 3H), 7.53 (ddd,= 7.3, 4.8, 1.4 Hz, 1H), 7.29 - 7.01 (m, 22H),
6.68 (s, 2H), 4.48 (d] = 5.4 Hz, 2H), 2.39 (s, 3H}*C NMR (CDCl;,

75 MHz) &: 162.9, 150.1, 147.7, 145.8, 142.0, 139.8, 1313.1,
137.0, 131.1, 131.0, 130.6, 129.8, 129.4, 128.83.012127.3, 126.8,

125.7,121.9, 39.3, 21.ESI" calcd. for G,H3sNLO (M+H)™: 583.2743; Found: 583.2730.

N-(2,6-Bis((E)-1,2-diphenylvinyl)benzyl)picolinamide (42). Compound 42 was prepared

N/

O X |
Ph._HN Ph
| |
Ph Ph
Cl

following the general protocol fronN-(4-chlorobenzyl)picolinamide
(23) (36.9 mg, 0.15 mmol, 1.00 equiv), to gi¥R as a pale yellow
solid; yield: 89.2 mg (99%); mp= 160-162 °& NMR (acetone-d,
300 MHz) &: 8.56 (d,J = 4.1 Hz, 1H), 8.10 (s, 1H), 8.00 @= 7.4 Hz,
1H), 7.93 (tdJ= 7.6, 1.7 Hz, 1H), 7.54 (ddd,= 7.3, 4.8, 1.5 Hz, 1H),
7.38 (s, 2H), 7.29 - 7.08 (m, 20H), 6.75 (s, 2Hp34(d,J = 5.5 Hz,
2H). **C NMR (acetone-@¢, 75 MHz) &: 163.5, 150.9, 149.0, 148.4,
141.5, 140.3, 138.3, 137.7, 134.1, 133.3, 132.8.613130.4, 130.2,
129.3, 128.8, 128.5, 128.0, 127.0, 122.5, 3ESI" calcd. for

C41H3.CIN,O (M+H)": 603.2197; Found: 603.2184.
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N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-fluorobenzyl)picolinamide (43). Compound 43 was
prepared following the general protocol  from N-(4-

N~ | fluorobenzyl)picolinamide 24) (34.5 mg, 0.15 mmol, 1.00 equiv),to
0 X give 43 as a pale yellow solid; yield: 61.4 mg (70%); m@B44136 °C.
Ph. HN ph ‘H NMR (CDCIl3, 300 MHz) &: 8.43 (d,J = 4.4 Hz, 1H), 8.01 (d) =

7.8 Hz, 1H), 7.76 (ddJ = 7.5, 6.2 Hz, 2H), 7.37 (dd,= 6.7, 5.0 Hz,

1H), 7.12 (ddt,) = 11.4, 8.8, 4.9 Hz, 22H), 6.67 (s, 2H), 4.43)d,5.1

Hz, 2H).**C NMR (CDCls, 75 MHz) 8: 163.0, 161.4 (d] = 248.5 Hz),

150.0, 147.9 (dJ = 7.8 Hz), 147.7, 140.9 (d,= 1.6 Hz), 139.2, 137.0,
136.7, 131.8, 129.8, 129.7, 129.4, 128.5, 128.0,612127.1, 125.8,
122.0, 117.0 (dJ = 20.8 Hz), 38.9ESI"* calcd. for GiHgFN,O (M+H)": 587.2493; Found:
587.2479.

)
=y

-n % E
L)
>

N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-(trifluoromethyl)benzyl)picolinamide (44). Compound
44 was prepared following the general protocol froht(4-

N~ | (trifluoromethyl)benzyl)picolinamide 26) (42.0 mg, 0.15 mmol,
O A 1.00 equiv), to gived4 as a pale yellow solid; yield: 88.7 mg (93%);
Ph. HN pn Mp=157-158 °C’H NMR (acetone-d, 300 MHz) &: 8.56 (d,J = 3.9

Hz, 1H), 8.23 (s, 1H), 8.02 (d,= 7.8 Hz, 1H), 7.94 (td] = 7.6, 1.5 Hz,
pnh 1H), 7.68 (s, 2H), 7.57 - 7.49 (m, 1H), 7.32 - 7(6& 20H), 6.80 (s,
2H), 4.62 (d,J = 5.6 Hz, 2H).®*C NMR (acetone-d, 75 MHz) &:
163.6, 150.8, 149.0, 147.5, 141.4, 140.1, 139.8,313137.6, 133.1,
CF3 130.6, 130.2, 129.3, 128.8, 128.6, 128.0, 127.3) (3.5 Hz), 127.1,
122.5, 39.5ESI" calcd. for GHaFsN,O (M+H)*: 637.2461; Found: 637.2459.

Ph

<

N-(4-Cyano-2,6-bis(E)-1,2-diphenylvinyl)benzyl)picolinamide (45). Compound 45 was
prepared following the general protocol  from N-(4-

N~ | cyanobenzyl)picolinamide26) (35.6 mg, 0.15 mmol, 1.00 equiv), to
O X give 45 as a pale yellow solid; yield: 39.2 mg (44%); mp& 4179 °C.
Ph. HN pn ‘H NMR (CDCl3, 300 MHz)6: 8.42 (d,J = 4.4 Hz, 1H), 8.09 - 7.82 (m,

2H), 7.79 (tdJ = 7.7, 1.6 Hz, 1H), 7.63 (s, 2H), 7.39 (dds 6.9, 5.3
Ph Hz, 1H), 7.22 - 7.11 (m, 16H), 7.08 - 7.01 (m, 4656 (s, 2H), 4.45 (d,
J = 5.5 Hz, 2H).*C NMR (CDCls, 75 MHz) &: 163.2, 149.8, 147.9,
147.0, 140.0, 139.8, 138.8, 137.2, 136.4, 133.2.63129.8, 129.5,
CN 128.7, 128.2, 128.0, 127.5, 126.1, 122.1, 118.5,5,B9.4ESI* calcd.
for CaHa:N3O (M+H)*: 594.2539; Found: 594.2525.

Ph

<

Methyl 3,5-bis((E)-1,2-diphenylvinyl)-4-(picolinamidomethyl)benzoate(46). Compound46
was prepared following the general protocol from thye 4-
| (picolinamidomethyl)benzoate27) (40.5 mg, 0.15 mmol, 1.00 equiv),
to give46 as a pale yellow oil; yield: 70.1 mg (70%)} NMR (CDCl 5,
Ph._HN Ph 300 MHz)é: 8.42 (d,J = 4.8 Hz, 1H), 8.06 - 7.96 (m, 3H), 7.84 (s, 1H),
7.77 (tdJ=7.7, 1.6 Hz, 1H), 7.40 - 7.34 (m, 1H), 7.23097(m, 14H),
Ph 7.08 - 7.01 (m, 5H), 6.67 (s, 2H), 4.41 Jd5 5.3 Hz, 2H), 3.93 (s, 3H).
¥C NMR (CDCl3, 75 MHz) &: 166.9, 163.1, 149.9, 147.8, 146.2, 141.1,
139.3, 139.1, 137.1, 136.9, 131.9, 131.3, 129.8.512129.3, 128.5,
128.1, 127.6, 127.1, 125.9, 122.0, 52.4, 39&BI" calcd. for
CyaH3N,03 (M+H)™: 627.2569; Found: 627.2666.

NZ
) X

Ph

<

COyMe
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(E)-N-(2-(1,2-Diphenylvinyl)-5-methylbenzyl)picolinamide (47a). Compound 47a was
prepared following the general protocol from N-(3-

| methylbenzyl)picolinamide2®) (33.9 mg, 0.15 mmol, 1.00 equiv), to give
47aas a pale yellow oil; yield: trace$d NMR (CDCl 3, 300 MHz) 5: 8.48
(d,J=4.3 Hz, 1H), 8.14 (d] = 7.8 Hz, 1H), 8.03 (s, 1H), 7.81 (8= 7.7,

| 1.6 Hz, 1H), 7.39 (dd) = 6.5, 4.8 Hz, 1H), 7.29 - 7.07 (s, 13H), 6.70 (s,
1H), 4.43 (d,J = 6.1 Hz, 2H), 2.35 (s, 3HESI" calcd. for GgH,sN,O
(M+H)": 405.1961; Found: 405.1964.

N/

In this experiment,N-(2,6-bis(E)-1,2-diphenylvinyl)-3-methylbenzyl)picolinamide (&b)
was also obtaineds a pale yellow oil; yield: 72.5 mg (83%) NMR

N~ | (CDCl3, 300 MHz) &: .35 (d,J = 4.4 Hz, 1H), 7.92 (d] = 7.8 Hz, 1H),
0 X 7.68 (td,J = 7.7, 1.5 Hz, 1H), 7.60 (s, 1H), 7.31 - 6.94 @8H), 6.64
Ph HN (s, 1H), 6.53 (s, 1H), 4.46 (ddd,= 44.9, 14.0, 4.9 Hz, 2H), 2.36 (s,

3H). *C NMR (CDCl3;, 75 MHz) 8: 162.9, 150.1, 147.6, 145.1, 143.5,
142.1, 140.0, 139.4, 138.6, 137.3, 137.3, 137.6,713133.6, 131.6,
130.9, 130.0, 129.8, 129.8, 129.7, 129.4, 129.8,412128.1, 128.0,

127.3, 127.3, 126.9, 126.8, 125.7, 121.9, 39.98.28SI" calcd. for
CaHzsNO (M+H)": 583.2743; Found: 583.2739.

(E)-N-(2-(1,2-Diphenylvinyl)-5-(trifluoromethyl)benzyl)picolinamide (48). Compound 48
was prepared following the general protocol fronN-(3-
N~ (trifluoromethyl)benzyl)picolinamide 29) (42.0mg, 0.15 mmol,
O X 1.00 equiv). In this experiment a mixture of Hex&w®Et:CHCE (8:1:1)
HN ph Wwas used in the chromatography column to give te g8 as a pale
| yellow oil; yield: 34.4 mg (50%)*H NMR (CDCl 3, 300 MHz) &: 8.52
ph (d,J=4.6 Hz, 1H), 8.19 (d] = 7.8 Hz, 1H), 8.15 (s, 1H), 7.85 (tdi~
7.7, 1.5 Hz, 1H), 7.72 (s, 1H), 7.61 @ 8.1 Hz, 1H), 7.52 (dJ = 7.9
Hz, 1H), 7.44 (ddJ = 7.0, 5.3 Hz, 1H), 7.31 -7.15 (m, 10H), 6.761(d),
4.55 (d,J = 6.2 Hz, 2H)."*C NMR (CDCl;, 75 MHz) &: 164.1, 149.7, 148.0, 147.3, 147.3,
140.7, 139.1, 137.5, 137.4, 136.6, 132.0, 131.9,218d,J = 32.5 Hz), 129.8, 129.6, 128.8,

128.2, 128.0, 127.5, 126.1 @@= 3.7 Hz), 124.4 (4] = 3.3 Hz), 124.4 (q] = 293.4 Hz), 122.3,
41.3.El" calcd. for GgH,;FsN,O (M)™: 458.1606; Found: 458.1590.

(E)-N-(2-(1,2-Diphenylvinyl)-6-methylbenzyl)picolinamide(49). Compound49 was prepared
NZ following the general protocol fromi-(2-methylbenzyl)picolinamide3(Q)

| (33.9 mg, 0.15 mmol, 1.00 equiv), to gi¥8 as a pale yellow solid; yield:

60.0 mg (99%); mp= 147-148 °&4 NMR (acetone-d;, 300 MHz) §: 8.53

(d,J=4.7 Hz, 1H), 8.04 (ddl = 7.8, 1.0 Hz, 1H), 7.93 (td,= 7.7, 1.7 Hz,

| 1H), 7.66 (s, 1H), 7.52 (ddd,= 7.5, 4.8, 1.3 Hz, 1H), 7.32 - 7.10 (m, 13H),

6.74 (s, 1H), 4.57 (d] = 5.6 Hz, 2H), 2.39 (s, 3H}°C NMR (acetone-g,

75 MHz) é: 163.6, 150.9, 149.0, 146.3, 143.5, 141.2, 13838B,3, 138.1,

135.0, 131.4, 130.9, 130.4, 130.2, 129.4, 128.8,512128.3, 127.8, 127.0, 122.4, 39.0, 19.8.
ESI" calcd. for GgH2sN,O (M+H)*: 405.1961; Found: 405.1967.
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(E)-N-(2-Bromo-6-(1,2-diphenylvinyl)benzyl)picolinamide(50). Compounds0 was prepared
N7 following the general protocol from-(2-bromobenzyl)picolinamide3()
O\\‘)g (43.5 mg, 0.15 mmol, 1.00 equiv), to gis6 as a pale yellow solid; yield:
48.4 mg (69%); mp= 67-68 °CH NMR (acetone-d, 300 MHz) §: 8.54
HN Ph (d,J = 4.8 Hz, 1H), 8.06 (d] = 7.8 Hz, 1H), 8.01 - 7.91 (m, 2H), 7.67 (dd,
Br\g)/[ J=7.9, 1.4 Hz, 1H), 7.53 (ddd,= 7.5, 4.8, 1.3 Hz, 1H), 7.44 - 7.28 (m,
Ph 2H), 7.25 - 7.11 (m, 10H), 6.75 (s, 1H), 4.75J¢ 5.4 Hz, 2H)*C NMR
(acetone-d, 75 MHz) &: 163.6, 150.8, 149.0, 148.2, 142.0, 140.6, 138.3,

137.7, 136.1, 133.3, 132.5, 131.1, 130.5, 130.0,201329.3, 128.8, 128.4, 128.0, 127.1, 126.7,
122.5, 42.1ESI" calcd. for G;H,BrN,O (M+H)": 469.0910; Found: 469.0903.

(E)-N-(2-(1,2-Diphenylvinyl)-6-fluorobenzyl)picolinamide (51). Compound51 was prepared
NZ following the general protocol fromi-(2-fluorobenzyl)picolinamide 32)
OYQ (34.5mg, 0.15 mmol, 1.00 equiv), to giB& as a pale yellow oil; yield:
56 mg (92%)'H NMR (CDCl 5, 300 MHz)$: 8.26 (d,J = 4.7 Hz, 1H), 7.92
HN Ph (4,3 =7.8Hz, 1H), 7.72 (s, 1H), 7.58 (tl= 7.7, 1.7 Hz, 1H), 7.20 - 7.12
F | (m, 1H), 7.12 - 7.04 (m, 1H), 7.03 - 6.83 (m, 12612 (s, 1H), 4.38 (d} =
Ph 56 Hz, 2H).*C NMR (CDCls, 75 MHz) 5: 163.5, 160.2, 149.9, 147.9,
146.8 (d,J = 3.5 Hz), 140.7 (dJ) = 2.6 Hz), 139.6, 137.2, 136.8, 131.7,
129.8, 129.5, 129.0 (d, = 9.4 Hz), 128.6, 128.1, 127.7, 127.2, 126.5J)(¢, 3.0 Hz), 126.0,

123.3 (dJ = 14.9 Hz), 122.2, 115.0 (d,= 22.8 Hz), 35.0 (d) = 4.9 Hz)."F NMR (CDCl5,
282 MHz) §: -115.6.E1" calcd. for G;HFN,O (M) *: 408.1638; Found: 408.1635.

(E)-N-((3-(1,2-Diphenylvinyl)furan-2-yl)methyl)picolinamide (52). Compound 52 was
prepared following the general protocol fromN-(furan-2-

N~ | yimethyl)picolinamide 383) (30.3 mg, 0.15 mmol, 1.00 equiv). In this

0 X experiment a mixture of Hexane:AcOEL:&H, (10:1:1) was used in the
HN Ph chromatography column to give to gi&2 as an pale yellow oil; yield:
5/[ 24.1 mg (42%)*H NMR (CDCls, 500 MHz) 5: 8.54 (d,J = 4.6 Hz, 1H),
o Ph 8.17 (d,J = 7.7 Hz, 1H), 8.06 (s, 1H), 7.83 {t= 7.0 Hz, 1H), 7.46 - 7.38
— (m, 1H), 7.38 - 7.22 (m, 8H), 7.17 - 6.99 (m, 4680 (s, 1H), 6.38 (dl =

1.6 Hz, 1H), 4.32 (dJ = 5.7 Hz, 2H)."*C NMR (CDCl;, 75 MHz) &: 164.0, 149.9, 148.1,

148.0, 141.7, 140.0, 138.9, 137.4, 137.0, 134.9,812429.5, 128.9, 128.7, 128.1, 127.9, 126.9,
126.2, 122.4, 111.5, 35.ESI" calcd. for GsH2i:N,0, (M)™: 381.1597; Found: 381.1611.

8.2. Scope with regard to the alkyne
8.2.1. Scope with regard to the aryl-aryl alkyne

Synthesis of N-(2,6-bis(E)-1,2-bis(4-methoxyphenyl)vinyl)benzyl)picolinamide (34).
NZ Compound34 was prepared following the general
MeO 1) S | OMe Protocol from 1,2-bis(4-methoxyphenyl)ethyng (
O O (71.4 mg, 0.30 mmol, 2.00 equiv) to gi8d as an
HN orange solid; yield: 83.9mg (81%); mp= 158-
159 °C.*H NMR (acetone-d;, 300 MHz) &: 8.54

| |
O O ‘ (d, J = 4.8 Hz, 1H), 7.92 (ddd] = 11.1, 9.4, 4.7
MeO OMe Hz, 1H), 7.51 (ddd) = 7.2, 4.7, 1.4 Hz, 1H), 7.37 -
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7.30 (m, 3H), 7.14 (dJ = 8.8 Hz, 4H), 7.05 (d] = 8.9 Hz, 4H), 6.75 - 6.70 (m, 8H), 6.53 (s,
2H), 4.48 (d,J = 5.3 Hz, 2H), 3.73 (s, 6H), 3.67 (s, 6M)C NMR (acetone-@, 75 MHz) &:
163.2, 159.8, 159.5, 151.1, 149.0, 147.1, 140.8,11334.7, 133.3, 131.7, 131.4, 130.7, 130.7,
130.5, 128.1, 126.8, 122.4, 114.5, 114.2, 55.43,58.7.ESI" calcd. for GsH4iN,Os (M+H)™:
689.3009; Found: 689.3001.

N-(2,6-Bis(E)-1,2-bis(4-(ert-butyl)phenyl)vinyl)benzyl)picolinamide (35). Compound 35

NES was prepared following the general protocol fro@+1,
Bu 0 ﬁ')\:) tgy bis(4-tert-butyl)phenyl)ethyne 1) (87.0 mg,
O O 0.30 mmol, 2.00 equiv). In this experiment a migtur
HN of Hexane:AcOEt (6:1) was wused in the

| | chromatography column to giv@s as a pale yellow
O O O solid; yield: 84 mg (71%); mp= 115-117 °& NMR
Bu tgy (CDCl3, 300 MHz)4&: 8.54 - 8.39 (m, 1H), 8.04 (d,=
7.8 Hz, 1H), 7.84 - 7.64 (m, 2H), 7.37 (s, 4H),0/(8,J = 1.2 Hz, 7H), 7.14 (d] = 8.5 Hz, 4H),
7.01 (d,J = 8.4 Hz, 4H), 6.59 (s, 2H), 4.49 @z 5.0 Hz, 1H), 1.28 (s, 18H), 1.20 (s, 18HL
NMR (CDCl 3, 75 MHz) 6: 162.9, 150.2, 150.1, 149.7, 147.8, 146.4, 1413@,0, 136.9, 134.3,
133.5, 130.7, 130.1, 129.3, 129.0, 127.4, 125.6,112124.8, 122.1, 39.6, 34.5 @7 5.1 Hz),

31.7, 31.3 (dJ = 4.5 Hz), 22.7, 14.ESI" calcd. for GHesN.O (M+H)"™: 793.5091; Found:
793.5108.

N-(2,6-Bis(E)-1,2-dip-tolylvinyl)benzyl)picolinamide (36). Compound 36 was prepared
N7 following the general protocol and 1,2qtolylethyne
0 . | (1) (61.8 mg, 0.30 mmol, 2.00 equiv) to gi86 as a pale
O O yellow solid; yield: 72.0 mg (77%): mp= 110-112 °t&l
HN NMR (acetone-@, 300 MHz) §: 8.56 (d,J = 4.7 Hz, 1H),
| | 8.00 - 7.94 (m, 1H), 7.89 (td,= 7.6, 1.7 Hz, 1H), 7.81 (s,
O O O 1H), 7.50 (dddJ = 7.4, 4.8, 1.4 Hz, 1H), 7.40 - 7.30 (m,
3H), 7.11 (dJ = 8.1 Hz, 2H), 7.03 - 6.89 (m, 13H), 6.60 (s,
2H), 4.48 (d,J = 5.2 Hz, 2H), 2.22 (s, 6H), 2.15 (s, 6M}IC NMR (acetone-@, 75 MHz) &:
163.1, 151.1, 148.9, 146.9, 142.0, 138.1, 138.1,7.337.2, 135.3, 134.6, 131.4, 130.8, 130.4,

130.1, 129.8, 129.4, 128.2, 126.7, 122.3, 39.71,221.1.FB" calcd. for GsH4iN,O (M+H)™
625.3219; Found: 625.3234.

N-(2,6-Bis(E)-1,2-bis(4-(trifluoromethyl)phenyl)vinyl)benzyl)picolinamide  (37). Com-

NZ pound 37 was prepared following the general

E.C o “ | CF protocol 1,2-bis(4-(trifluoromethyl)phenyl)ethyne
3 O O * (IV) (94.2 mg, 0.30 mmol, 2.00 equiv), to gi8é as

HN a white solid; yield: 106 mg (84%); mp= 186-187 °C.

| | 'H NMR (acetone -¢, 300 MHz) §: 8.54 (d,J = 4.7
O O O Hz, 1H), 8.02 - 7.89 (m, 2H), 7.85 (s, 1H), 7.58 -
FiC cF, 7-43(m, 16H),7.32 (dI = 8.1 Hz, 4H), 6.94 (s, 2H),
4.59 (d,J = 5.4 Hz, 2H)**C NMR (acetone-@, 75
MHz) &: 163.4, 150.6, 149.0, 145.6, 144.4, 143.5, 14138.4, 134.9, 132.2, 131.6, 131.3,
130.8, 129.9 (g = 32.2 Hz), 129.4 (q] = 32.2 Hz), 128.9, 127.1, 126.3 (4= 3.7 Hz), 125.9

(g,J = 3.8 Hz), 125.2 (9 = 271.1 Hz), 125.1 (q] = 271.5 Hz), 122.5, 39.€SI" calcd. for
CysHaoF12N,0 (M+H)™: 841.2082; Found: 841.2064.
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N-(2,6-Bis(E)-1,2-bis(3-methoxyphenyl)vinyl)benzyl)picolinamide(38). Compound38 was
prepared following the general protocol from 1,8¢Bi
methoxyphenyl)ethyne\) (71.4 mg, 0.30 mmol, 2.00 equiv),
to give 38 as a yellow solid; yield: 56.1 mg (54%); mp= 78-
79 °C."H NMR (CDCl;, 300 MHz) &: 8.40 (d,J = 4.3 Hz,
1H), 8.00 (d,J = 7.8 Hz, 1H), 7.75 (dtJ = 7.6, 3.8 Hz, 2H),
7.36 (s, 4H), 7.04 (1 = 7.9 Hz, 4H), 6.83 - 6.75 (m, 4H), 6.70 -
6.54 (m, 10H), 4.48 (dJ = 5.1 Hz, 2H), 3.55 (d] = 5.2 Hz,
12H). °C NMR (CDCl;, 126 MHz) §: 162.9, 159.4, 159.2,

OMe OMe 150.1, 147.7, 145.7, 142.0, 141.2, 138.4, 137.8,5,3131.3,
130.3, 129.4, 129.0, 127.6, 125.7, 122.4, 122.2,912114.9, 114.1, 113.5, 113.5, 55.1, 55.0,
39.7.ESI" calcd. for GsH4iN,Os (M+H)™: 689.3015; Found: 689.3001.

OMe N~ | OMe
NN

8.2.2. Scope with regard to the alkyl-aryl alkyne$cheme 3)

N-(2,6-Bis(E)-1-cyclohexyl-2-(4-methoxyphenyl)vinyl)benzyl)picbhnamide (58).
Compound58 was prepared following the general
protocol from 1-(cyclohexylethynyl)-4-
methoxybenzene M) (64.2 mg, 0.30 mmol,
2.00 equiv). In this experimemthexane was used
as only eluent in the chromatography column to
give 58 as a yellow oil; yield: 78.1 mg (88%)
NMR (CDCl;, 300 MHz) 6: 8.43 (d,J = 4.4 Hz,
1H), 8.18 (s, 1H), 8.10 (d,= 7.8 Hz, 1H), 7.77 (§ = 7.6 Hz, 1H), 7.36 - 7.24 (m, 2H), 7.17 (d,
J=7.0 Hz, 6H), 6.83 (d] = 8.5 Hz, 4H), 6.33 (s, 2H), 4.70 (s, 2H), 3.8264), 2.98 (tJ =
11.1 Hz, 2H), 1.97 - 1.53 (m, 10H), 1.37 - 0.80 @AH). *C NMR (CDCl;, 126 MHz) &:
162.9, 158.2, 150.3, 148.0, 145.6, 144.1, 137.0,201330.1, 129.4, 129.3, 128.9, 125.9, 125.7,
125.7, 122.2, 113.6, 55.3, 40.8, 31.0, 26.5, 690 calcd. for GaH4oN,O3 (M+H)™: 641.3737,;
Found: 641.3721.

N-(2,6-Bis(E)-1-cyclohexyl-2-(4-(trifluoromethyl)phenyl)vinyl)benzyl)picolinamide  (59).
Compound59 was prepared following the general
protocol from 1-(cyclohexylethynyl)-4-
(trifluoromethyl)benzene M) (75.6 mg,
0.30 mmol, 2.00 equiv). In this experiment an
increase of the catalityc species was necessary, th
(7.39 mg, 0.015 mmol, 0.1 equiv) of [Rh(cod)ClI]
and (10.3 mg, 0.03 mmol, 0.2 equiv) of Aggh¥as
used. Likewisan-hexane was used as only eluent in the chromatbgreplumn to gives9 as a
pale yellow oil; yield: 92.5 mg (86%)H NMR (CDCI 3, 300 MHz) 8: 8.38 (d,J = 4.9 Hz, 1H),
8.18 (s, 1H), 8.06 (d] = 7.6 Hz, 1H), 7.76 () = 7.7 Hz, 1H), 7.53 (d] = 8.2 Hz, 3H), 7.37 -
7.29 (d,J = 8.0 Hz, 5H), 7.17 (d] = 7.5 Hz, 2H), 6.39 (s, 2H), 4.70 (s, 2H), 2.9.84 (s, 2H)
1.84 - 1.62 (m, 10H), 1.26 - 0.91 (m, 12C NMR (CDCl3, 75 MHz) 8: 163.0, 150.0, 148.7,
148.2, 148.0, 143.4, 141.2, 137.4, 133.5, 129.8,212129.0 (qJ = 32.4 Hz), 128.9, 128.4,
127.9, 126.2, 126.1, 125.2 @F 3.8 Hz), 124.4 (q] = 271.9 Hz), 122.2, 41.1, 32.9, 26.3, 25.9,
1.1.ESI" calcd. for GaHasFsN,O (M+H)™: 717.3274; Found: 717.3307.
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N-(2,6-Bis(E)-1-cyclohexyl-2-(thiophen-3-yl)vinyl)benzyl)picolnamide (60). Compound60

N7 was prepared following the general protocol from 2-

| (cyclohexylethynyl)thiophene 1X) (57.2mg, 0.30 mmol,

2.00 equiv), to gives0 as a colorless oil; yield: 67.5 mg (76%).
'H NMR (CDCl 3, 300 MHz) 5: 8.49 (s, 1H), 8.10 (s, 1H), 8.01
(d,J=7.8 Hz, 1H), 7.75 (] = 7.7 Hz, 1H), 7.40 - 7.34 (m, 1H),
7.25-7.19 (m, 3H), 7.13 (d,= 7.2 Hz, 2H), 6.90 (s, 3H), 6.74
(s, 2H), 6.48 (s, 2H), 4.59 (s, 2H), 3.28 - 3.1,2(3). 2.08 - 1.62
(m, 10H), 1.52 - 0.81 (m, 10H}*C NMR (CDCl;, 75 MHz) &: 162.9, 150.2, 147.9, 145.0,
144.9, 143.9, 139.7, 137.2, 133.6, 128.6, 127.8,7120126.1, 125.9, 125.3, 122.5, 122.2, 41.6,
32.5, 30.8, 26.7, 26.&SI" calcd. for G;H4N,0S, (M+H)*: 593.2654; Found: 593.2645.

8.3. Scope with regard to the 1,3-enyne (Scheme 4)

Synthesis of (E,2'E,4E,4'E)-dimethyl 5,5'-(2-(picolinamidomethyl)-1,3-phenyl@e)bis(6-
cyclohexylhexa-2,4-dienoate) (55An oven-dried,
nitrogen-flushed 20 mL vessel was charged Whith
benzylpicolinamide 1) (31.8 mg, 0.15 mmol,
1.00 equiv), chloro(1,5-cyclooctadiene), rhodium
dimer (3.96 mg, 0.0075 mmol, 0.05 equiv), sodium
acetate (49.8 mg, 0.60 mmol, 4.00 equiv), and silve
hexafluoroantimonate  (5.85 mg, 0.015 mmol,
0.10 equiv). Under oxygen atmosphere the solvent
1,2-dichloroethane (1.00 mL) and tH&){methyl 6-
cyclohexylhex-2-en-4-ynoatej (61.8 mg, 0.30 mmol, 2.00 equiv) were adgiedsyringe and
the resulting mixture was saturated of oxygen hytting at O °C for 10 min. Then the reaction
was stirred at 120 °C for 12 h. After the reactiegis complete, the volatiles were removed
vacuo and the residue was purified by column chromafagya(cyclohexane-AcOEt-CiEl,
2:1:1), yielding55 as a yellow oil; yield: 84.3 mg (90%H NMR (CDCl 3, 300 MHz) §: 8.42
(d,J = 4.6 Hz, 1H), 8.11 (d) = 7.8 Hz, 1H), 7.99 (s, 1H), 7.78 (t#l= 7.7, 1.6 Hz, 1H), 7.58
(dd,J = 15.2, 11.6 Hz, 2H), 7.40 - 7.32 (m, 1H), 7.3Q)(¢ 7.7 Hz, 1H), 7.07 (d) = 7.6 Hz,
2H), 6.18 (dJ = 11.6 Hz, 2H), 5.71 (d] = 15.1 Hz, 2H), 4.56 (d} = 5.0 Hz, 2H), 3.73 (s, 6H),
2.52 (d,J =6.9 Hz, 4H), 1.72 - 1.55 (m, 10H), 1.32 - 1.28 @H), 1.18 - 1.04 (m, 6H), 1.02 -
0.87 (m, 4H).*C NMR (CDCl;, 75 MHz) 3: 167.6, 163.4, 150.2, 149.6, 148.0, 145.0, 140.1,
137.3, 131.3, 129.5, 128.4, 127.4, 126.2, 122.3,4.51.6, 40.9, 39.3, 36.6, 33.5, 26.4, 26.3.
ESI* calcd. for GgHagN,Os (M+H)™: 625.3641; Found: 625.3644. Configuration deteeniby
analysis of itsH NMR and a nOe experiment.

(2E,2'E,4E,4'E)-Dimethyl 5,5'-(2-(picolinamidomethyl)-1,3-phenyl@e)bis(7-phenylhepta-
2,4-dienoate) (56).Compound56 was prepared
following the general protocol fronEj-methyl 7-
phenylhept-2-en-4-ynoate  XI) (64.2 mg,
0.30 mmol, 2.00 equiv), to gives as a orange oil;
yield: 89.3mg (93%)."H NMR (CDCl; 300
MHz) &: 8.42 (d,J = 4.7 Hz, 1H), 8.11 (] = 7.8
Hz, 1H), 8.07 (s, 1H), 7.78 (td,= 7.8, 1.6 Hz, 1H),

S30



7.55 (ddJ = 15.1, 11.7 Hz, 2H), 7.41 - 7.33 (m, 1H), 7.2R067 (m, 13H), 6.16 (d = 11.7 Hz,
2H), 5.74 (dJ = 15.1 Hz, 2H), 4.57 (d} = 5.1 Hz, 2H), 3.74 (s, 6H), 3.02 - 2.94 (m, 4Bi)4 -
2.66 (M, 4H).3C NMR (CDCls, 75 MHZ) &: 167.4, 163.4, 150.1, 149.6, 148.0, 144.4, 140.8,
139.3, 137.4, 131.7, 128.7, 128.6, 128.5, 128.4,612126.2, 122.4, 121.9, 51.6, 39.4, 34.8,
34.7.ESI* calcd. for GiH4N,Os (M+H)*: 641.2937; Found: 641.2943.

(2E,2'E,4E,4'E)-Dimethyl  5,5'-(2-(picolinamidomethyl)-1,3-phenyl@e)bis(9-chloronona-
2,4-dienoate) (57).Compound57 was prepared
following the general protocol from (E)-methyl 9-
chloronon-2-en-4-ynoate  X(l) (60.0 mq,
0.30 mmol, 2.00 equiv), to giver as a orange oil;
yield: 66.2 mg (72%). %)H NMR (CDCl ;, 300
MHz) 6: 8.44 (d,J = 4.7 Hz, 1H), 8.11 (dJ = 7.8
Hz, 1H), 8.02 (s, 1H), 7.79 (td,= 7.7, 1.7 Hz,
1H), 7.58 (ddJ = 15.2, 11.7 Hz, 2H), 7.41 - 7.35 (m, 1H), 7.28 & 7.4 Hz, 1H), 7.09 (d] =
7.7 Hz, 2H), 6.14 (d) = 11.7 Hz, 2H), 5.75 (d] = 15.1 Hz, 2H), 4.56 (dl = 5.1 Hz, 2H), 3.74
(s, 6H), 3.46 (tJ = 6.5 Hz, 4H), 2.69 - 2.61 (m, 4H), 1.83 - 1.71 @Hl), 1.59 - 1.47 (m, 4H).
3C NMR (CDCls, 75 MHz) &: 167.5, 163.4, 150.6, 149.5, 148.0, 144.3, 13833,4, 131.5,
128.6, 128.5, 127.6, 126.3, 122.4, 122.0, 53.56,544.6, 39.3, 32.4, 26.ESI" calcd. for
CsaH3oClLN,Os (M+H)™: 613.2158; Found: 613.2160.

9. Rhodium-controlled divergent aryl/heteroaryl C-H functionalization using an alkynyl
propiolate (Scheme 5)

Synthesis of (E,2'E)-diethyl 3,3'-(2-(picolinamidomethyl)-1,3-phenyle®)bis(pent-2-
enoate) (54) An oven-dried, nitrogen-flushed 20 mL vessel was

= | charged withN-benzylpicolinamide 1) (31.8 mg, 0.15 mmol,

O SN 1.00 equiv), chloro(1,5-cyclooctadiene),  rhodium meli

EtO,C NH CO,Et (3.96 mg, 0.0075 mmol, 0.05 equiv), sodium ace{d®8 mg,
| | 0.60 mmol, 4.00 equiv), and silver hexafluoroantnaie

Et Et (5.85 mg, 0.015 mmol, 0.1 equiv). Under oxygen afphere the

solvent 1,2-dichloroethane (1.00 mL) and the efhplentynoate

(39.5pL, 0.30 mmol, 2.00 equiv) were added syringe and the
resulting mixture was saturated of oxygen by buigpblat 0 °C for 10 min. Then the reaction
was stirred at 120 °C for 12 h. After the reactieass complete, the volatiles were removed
vacuo and the residue was purified by column chromatuuya(cyclohexane-AcOEt-CiEI,
2:1:1), yielding54 as a dark orange oil; yield: 27.9 mg (409%%).NMR (CDClI 3, 300 MHz) 5:
8.46 (d,J = 4.6 Hz, 1H), 8.15 (d] = 7.9 Hz, 1H), 8.04 (s, 1H), 7.81 (t#l= 7.7, 1.5 Hz, 1H),
7.43 - 7.33 (m, 1H), 7.30 @,= 7.8 Hz, 1H), 7.08 (d] = 7.6 Hz, 2H), 5.76 (s, 2H), 4.61 @~
5.1 Hz, 2H), 4.10 (¢ = 7.1 Hz, 4H), 2.95 (q] = 7.5 Hz, 4H), 1.21 (1) = 7.1 Hz, 6H), 1.02 (t,
J=7.5Hz, 6H)*C NMR (CDCls, 75 MHz) §: 165.8, 162.4, 149.8, 148.0, 143.9, 137.3, 130.5,
128.1, 127.3, 126.0, 122.2, 120.0, 59.9, 39.4,,27413, 12.6.ESI" calcd. for G;HsaN,Os
(M+H)": 465.2311; Found: 465.2313.
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Ethyl 2-(6-benzyl-5-ethyl-7-0x0-6,7-dihydro-5H-pyrolo[3,4-b]pyridin-5-yl)acetate (53).An
oven-dried, nitrogen-flushed 20 mL vessel was obdrgvith N-
N CO,Et  benzylpicolinamide ¥ (31.8mg, 0.15mmol, pentamethyl-
| N cyclopentadienylrhodium(lll) chloride dimer (4.64m0.0075 mmol,
0.050 equiv), copper(ll) acetate (54.5 mg, 0.30 A0 equiv) and
b silver hexafluoroantimonate(V) (10.7 mg, 0.03 mm@R0 equiv). The
reaction vessel was sealed with a Teflon lined tagn evacuated and
flushed with nitrogen three times. Under the atrhesp of nitrogen, 1,2-dichloroethane
(1.00 mL) and the ethyl 2-pentynoate (3815 0.30 mmol, 2.00 equiv) were addéd syringe.
The resulting mixture was then stirred at 120 °C2%4 h. After the reaction was complete, the
volatiles were removedn vacuo and the residue was purified by column chromatagya
(cyclohexane-AcOEt-CHCl, 8:1:1), yielding53 as a brown oil; yield: 45.5 mg (90%H NMR
(CDCl3, 300 MHz) s: 8.78 (d,J = 4.7 Hz, 1H), 7.73 (d] = 7.8 Hz, 1H), 7.51 - 7.41 (m, 3H),
7.34 - 7.22 (m, 3H), 4.75 (dd,= 47.7, 15.4 Hz, 2H), 3.80 - 3.60 (m, 2H), 2.81J¢& 3.0 Hz,
2H), 2.06 - 1.88 (m, 2H), 0.91 @,= 7.1 Hz, 3H), 0.21 (f) = 7.2 Hz, 3H)*C NMR (CDCls,
75 MHz) é: 168.3, 151.1, 141.0, 137.4, 129.8, 128.9, 12B8,7, 125.5, 65.8, 60.8, 43.4, 42.2,
29.5, 13.8, 6.9E1" calcd. for GgH2:N,05 (M)™: 338.1630; Found: 338.1641.

10. Rh(l)-catalyzedortho-olefination of phenethylamine derivatives (Schem®)

10.1. Scope with regard to the phenethylamine

Synthesis ofN-(2,6-bis(E)-1,2-diphenylvinyl)phenethyl)picolinamide (73).An oven-dried,
nitrogen-flushed 20mL  vessel was charged  with\-

| o phenethylpicolinamide 6() (33.9mg, 0.15mmol, 1.00 equiv),
N A diphenylacetylene (53.3 mg, 0.30 mmol, 2.00 equighloro(1,5-
cyclooctadiene)rhodium dimer (3.70 mg, 0.0075 mm@IQ5 equiv),
O~ 'NH sodium acetate (49.8 mg, 0.60 mmol, 4.00 equiv),d asilver
Ph Ph hexafluoroantimonate(V) (2.58 mg, 0.0075 mmol, GQ&iv). The
- | | oh reaction vessel was sealed with a Teflon lined tizgmy evacuated and

flushed with nitrogen three times. Under the atrhesp of nitrogen,
1,2-dichloroethane (1.00 mL) were adddiéd syringe. The resulting
mixture was then stirred at 120 °C for 24 h. Attez reaction was complete, the volatiles were
removedin vacuo and the residue was purified by column chromaiayyan-hexane-EtOAc
5:1), yielding73 as a white solid; yield: 66.6 mg (76%Wp= 145-146 °CH NMR (acetone-

de, 300 MHZz) 5: 8.55 (d,J = 3.9 Hz, 1H), 8.03 (d] = 7.8 Hz, 1H), 7.92 (td) = 7.7, 1.5 Hz,
2H), 7.55 - 7.47 (m, 1H), 7.40 (s, 3H), 7.24 - 7(f&¥, 10H), 7.18 - 7.09 (m, 10H), 6.73 (s, 2H),
3.44 (dd,J = 14.3, 6.9 Hz, 2H), 2.77 - 2.69 (m, 2HC NMR (CDCl;, 125 MHz) §: 163.7,
150.2, 147.9, 145.4, 143.0, 140.0, 137.3, 137.3,61.330.9, 130.8, 129.9, 129.5, 128.3, 128.1,
127.4, 126.9, 126.3, 125.8, 122.2, 39.3, 3&3!" calcd. for G,H3sN,O (M)": 583.2743;
Found: 583.2754. The structure of this compoundaeasirmed by X-ray diffraction.
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ORTEP view of 67,
hydrogen atoms have
been removed for
simplicity

N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-methoxyphenethyl)picolinamice  (77). Compound 77

was prepared following the general protocol fror-(4-
methoxyphenethyl)picolinamid&?) (38.4 mg, 0.15 mmol, 1.00 equiv),
to give 77 as a white solid; yield: 74 mg (81%); mp= 169-170 *H
NMR (CDCl3, 300 MHz) 3: 8.46 (d,J = 4.1 Hz, 1H), 8.09 (d) = 7.8
Hz, 1H), 7.77 (tJ = 7.7 Hz, 1H), 7.58 (s, 1H), 7.42 - 7.30 (m, 1AHR1
- 7.06 (m, 20H), 6.95 (s, 2H), 6.71 (s, 2H), 3.883H), 3.26 (ddJ =
13.7, 6.6 Hz, 2H), 2.55 (i) = 7.5 Hz, 2H)."*C NMR (CDCl;, 125
MHz) &: 163.7, 157.5, 150.3, 148.0, 146.5, 143.0, 13833, 3, 137.2,
130.8, 129.9, 129.5, 128.3, 128.1, 127.8, 127.%,9.2125.9, 122.2,
116.2, 55.5, 39.5, 29.€SI" calcd. for GsHsN,O, (M+H)": 613.2849;
Found: 613.2830.

N-(4-Chloro-2,6-bis(E)-1,2-diphenylvinyl)phenethyl)picolinamide (78).Compound78 was

prepared following the general protocol  fromN-(4-
chlorophenethyl)picolinamidég) (39.0 mg, 0.15 mmol, 1.00 equiv), to
give 78 as a white solid; yield: 77.6 mg (84%); mp= 199-200'H
NMR (CDCl3, 300 MHz) s: 8.47 (d,J = 4.2 Hz, 1H), 8.08 (d] = 7.8
Hz, 1H), 7.78 (tdJ = 7.7, 1.6 Hz, 1H), 7.59 (s, 1H), 7.40 (s, 2H3107-
7.32 (m, 1H), 7.22 - 7.02 (m, 20H), 6.70 (s, 2HR73(dd,J = 13.8, 6.7
Hz, 2H), 2.59 (tJ) = 7.5 Hz, 2H)*C NMR (CDCl;, 75 MHz) 5: 163.7,
150.1, 148.0, 146.9, 141.8, 139.3, 137.2, 136.9.413131.8, 131.6,
130.4, 129.8, 129.5, 128.4, 128.1, 127.7, 127.5,91222.2, 39.1, 30.3.
ESI* calcd. for G,Hz,CIN,O (M+H)™: 617.2354; Found: 617.2352.

N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-fluorophenethyl)picolinamide (79). Compound79 was

prepared following the general protocol from N-(4-
fluorophenethyl)picolinamide6d) (36.6 mg, 0.15 mmol, 1.00 equiv), to
give 79 as a pale yellow solid; yield: 50.2 mg (56%); m@B4205 °C.
'H NMR (CDCl3, 300 MHz) 8: 8.47 (d,J = 4.4 Hz, 1H), 8.09 (d] =
7.8 Hz, 1H), 7.82 - 7.73 (m, 1H), 7.59 (s, 1H),77(8d,J = 6.9, 5.2 Hz,
1H), 7.23 - 7.06 (m, 22H), 6.71 (s, 2H), 3.28 (dd 13.9, 6.7 Hz, 2H),
2.60 (t,J = 7.5 Hz, 2H).®*C NMR (CDCl3;, 125 MHz) §: 163.7, 160.79
(d,J = 246.8 Hz), 150.1, 148.0, 147.1 (d+ 7.5 Hz), 142.0 (d) = 1.3
Hz), 139.4, 137.2, 136.9, 131.5 @~ 3.2 Hz), 131.4, 129.8, 129.5,
128.4,128.1, 127.7, 127.1, 125.9, 122.2, 117.38 €20.5 Hz), 39.2,

30.0.ESI" calcd. for GoHsFN,O (M+H)™: 601.2649; Found: 601.2648.
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(E)-N-(2-(1,2-Diphenylvinyl)-5-methoxyphenethyl)picolinanide (80). Compound 80 was

| X

N~

O~ 'NH

MeO

Ph

Ph

prepared  following the  general protocol  from N-(3-
methoxyphenethyl)picolinamideés$) (38.4 mg, 0.15 mmol, 1.00 equiv),
to give80 as a colorless oil; yield: 40 mg (62%) NMR (CDCl 5, 300
MHz) 6: 8.50 (d,J = 4.2 Hz, 1H), 8.16 (d] = 7.8 Hz, 1H), 7.89 (s, 1H),
7.82 (td,J = 7.7, 1.6 Hz, 1H), 7.40 (ddd,= 7.5, 4.8, 1.0 Hz, 1H), 7.29 -
7.24 (m, 1H), 7.23 - 7.05 (m, 10H), 6.84 - 6.78 @hi), 6.63 (s, 1H),
3.80 (s, 3H), 3.41 (dd, = 14.0, 6.7 Hz, 2H), 2.75 {,= 7.3 Hz, 2H)°C
NMR (CDClj;, 75 MHz) &: 164.2, 159.3, 150.1, 148.1, 142.4, 140.7,
138.7, 137.4, 137.4, 137.0, 132.1, 130.4, 130.®.5,2128.4, 128.1,

127.4, 126.8, 126.1, 122.3, 115.3, 112.2, 55.40,483.7.El" calcd. for GgH,eN,O, (M)™:
434.1994; Found: 434.1991.

(E)-N-(2-(1,2-Diphenylvinyl)-5-methylphenethyl)picolinanide (81). Compound 81 was

| X
’e
07 NH
Ph
|
Ph

prepared following the general protocol from N-(3-
methylphenethyl)picolinamide66) (36.0 mg, 0.15 mmol, 1.00 equiv), to
give 81 as a pale yellow oil; yield: 20.1 mg (329%H NMR (CDCl;, 300
MHz) &: 8.42 (d,J = 4.6 Hz, 1H), 8.07 (dl = 7.8 Hz, 1H), 7.80 (s, 1H), 7.73
(t,J=7.7 Hz, 1H), 7.34 - 7.27 (m, 1H), 7.19 - 6.97, @BH), 6.56 (s, 1H),
3.31 (dd,J = 14.1, 6.7 Hz, 2H), 2.67 (§,= 7.4 Hz, 2H), 2.26 (s, 3H}C
NMR (CDCl3, 75 MHz) &: 164.1, 150.1, 148.1, 142.7, 141.5, 140.6, 137.6,
137.4, 137.3, 136.9, 131.1, 130.9, 130.4, 130.0,512128.4, 128.1, 127.4,
127.3, 126.9, 126.1, 122.2, 40.2, 33.4, 2EP.calcd. for GgHxeN,O (M)™:

418.2045; Found: 418.2049.

(E)-N-(2-(1,2-Diphenylvinyl)-6-methoxyphenethyl)picolinanide (82). Compound 82 was

prepared  following the  general protocol  from N-(2-
methoxyphenethyl)picolinamidesT) (38.4 mg, 0.15 mmol, 1.00 equiv),
to give82 as a colorless oil; yield: 57 mg (87%j NMR (CDClI 5, 300
MHz) 6: 8.51 (d,J = 4.8 Hz, 1H), 8.17 (s, 1H), 8.14 @= 7.8 Hz, 1H),

1.9 Hz, 2H), 7.10 - 7.06 (m, 2H), 6.98 (dds 7.6, 1.1 Hz, 1H), 6.87 (dd,

| X
N~
O~ "'NH
Ph 7.80 (td,J=7.7, 1.7 Hz, 1H), 7.38 (ddd,= 7.6, 4.8, 1.2 Hz, 1H), 7.27 -
| 7.24 (m, 1H), 7.22 - 7.18 (m, 5H), 7.15 (&= 2.1 Hz, 1H), 7.14 (d] =
MeO Ph

J=8.3,0.9 Hz, 1H), 6.64 (s, 1H), 3.88 (s, 3HBH(dd,J = 12.6, 6.8
Hz, 2H), 2.92 (tJ) = 6.9 Hz, 2H)1*C NMR (CDCls, 75 MHz) &: 164.1,

158.1, 150.4, 148.0, 145.9, 142.5, 140.4, 137.8,61329.9, 129.5, 128.4, 128.1, 127.5, 127.2,
126.9, 126.0, 125.9, 123.3, 122.2, 109.5, 55.65,397.1.EI" calcd. for GgH,¢N,O, (M)™:
434.1994; Found: 434.2005.

(E)-N-(2-(1,2-Diphenylvinyl)-6-methylphenethyl)picolinanide (83). Compound 83 was

s
N~
07 NH
Ph
|
Ph

prepared following the general protocol from N-(2-
methylphenethyl)picolinamide6g) (36.0 mg, 0.15 mmol, 1.00 equiv), to
give 83 as a yellow oil; yield: 50 mg (79%3 NMR (CDCl 3, 300 MHz) é:
8.52 (d,J = 4.8 Hz, 1H), 8.16 (d] = 7.8 Hz, 1H), 7.88 (s, 1H), 7.83 (ttl=
7.7,1.7 Hz, 1H), 7.41 (ddd,= 7.6, 4.8, 1.2 Hz, 1H), 7.25 - 7.08 (m, 13H),
6.66 (s, 1H), 3.16 (dd] = 15.8, 6.3 Hz, 2H), 2.93 - 2.82 (m, 2H), 2.45 (s,
3H). C NMR (CDCl;, 75 MHz) &: 164.0, 150.0, 147.9, 144.9, 143.5,
140.6, 137.9, 137.6, 137.3, 135.3, 130.4, 130.2,01.3129.5, 128.8, 128.4,
128.1, 127.5, 126.9, 126.4, 126.1, 122.4, 38.81,319.9.EI" calcd. for
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CuoH26N,0 (M)™: 418.2045; Found: 418.2041.

(E)-N-(2-Bromo-6-(1,2-diphenylvinyl)phenethyl)picolinamide (84). Compound 84 was
prepared following the general protocol from N-(2-
| h bromophenethyl)picolinamide69) (45.6 mg, 0.15 mmol, 1.00 equiv), to
N~ give 84 as a yellow oil; yield: 50.0 mg (69%jH NMR (CDCl;, 300
MHz) 6: 8.39 (d,J = 4.6 Hz, 1H), 8.02 (d) = 7.8 Hz, 1H), 7.74 (s, 1H),
7.68 (td,J=7.7, 1.6 Hz, 1H), 7.44 (d,= 6.9 Hz, 1H), 7.33 - 7.24 (m, 1H),
Ph 722 (d,J=7.5Hz, 1H), 7.13 - 6.99 (m, 9H), 6.97 - 6.90Q @hl), 6.52 (s,
Br | 1H), 3.25 (dd,J = 14.1, 6.9 Hz, 2H), 2.94 - 2.85 (m, 2HJC NMR
Ph (CDCl;, 75 MHz) &: 164.1, 150.1, 148.0, 146.6, 142.3, 139.8, 137.3,
136.9, 136.8, 132.7, 131.2, 130.3, 129.9, 129.8,51228.1, 127.9, 127.8,
127.1, 126.3, 126.0, 122.3, 38.4, 3ESI" calcd. for GgH.BrN,O (M+H)": 483.1066; Found:
483.1064.

O~ 'NH

(E)-N-(2-Chloro-6-(1,2-diphenylvinyl)phenethyl)picolinanide (85). Compound 85 was
N prepared following the general protocol from N-(2-
| chlorophenethyl)picolinamiderQ) (39.01 mg, 0.15 mmol, 1.00 equiv), to
I\S\; give 85 as a colorless oil; yield: 60 mg (92%H NMR (CDCl;, 300
MHz) &: 8.41 (d,J = 4.6 Hz, 1H), 8.04 (d] = 7.8 Hz, 1H), 7.76 (s, 1H),
O 'NH o 770 (= 7.8, 15 Hz, 1H), 7.35- 723 (s, 1H), 7.22 -07(@n, 10H),
6.98 - 6.92 (m, 2H), 6.55 (s, 1H), 3.27 (dds 14.4, 6.6 Hz, 2H), 2.93 -
C|\<§/[Ph 2.86 (m, 2H).*C NMR (CDCl;, 75 MHz) &: 164.1, 150.2, 148.1, 146.6,
142.1, 139.8, 137.3, 136.9, 135.6, 135.2, 131.2,91229.6, 129.5, 129.2,

128.5, 128.1, 127.8, 127.6, 127.1, 126.0, 122.3,3R..3.EIl" calcd. for
CusH25CIN,O (M)*: 438.1499; Found: 438.1494.

(E)-N-(2-(3-(1,2-Diphenylvinyl)naphthalen-2-yl)ethyl)piolinamide (86). Compound86 was

AN prepared following the general protocol froml-(2-(haphthalen-2-
NI _ yl)ethyl)picolinamide 71) (41.4 mg, 0.15 mmol, 1.00 equiv), to g&&as a
yellow oil; yield: 28 mg (42%)*H NMR (CDCI 5, 300 MHz) 8: 8.48 (d,J =

07 > NH 4.2 Hz, 1H), 8.17 (d) = 7.8 Hz, 1H), 7.93 - 7.76 (m, 5H), 7.72 (s, 1H}8
ph (dd,J =6.0, 3.3 Hz, 2H), 7.42 - 7.34 (m, 1H), 7.2513(m, 10H), 6.81 (s,
| 1H), 3.46 (ddJ = 13.8, 6.8 Hz, 2H), 2.85 (8, = 7.2 Hz, 2H).*C NMR
Ph (CDCls, 75 MHz) &: 164.2, 150.1, 148.1, 142.9, 142.7, 140.0, 131/33,3,
‘ 135.6, 133.2, 132.3, 130.8, 130.1, 129.8, 129.8,912128.5, 128.2, 127.7,
O 127.7, 127.4, 127.1, 126.2, 126.1, 125.9, 122.3),48B.7.ESI" calcd. for
CaaHagN,O (M+H)™: 455.2123; Found: 455.2117.

(E)-N-(2-(3-(1,2-Diphenylvinyl)thiophen-2-yl)ethyl)picoinamide (87). Compound 87 was
N prepared following the general protocol fromN-(2-(thiophen-2-
| yhethyl)picolinamide 72) (34.8 mg, 0.15 mmol, 1.00 equiv), to gi8& as a

yellow oil; yield: 59 mg (97%)*H NMR (CDCI 3, 300 MHz) §: 8.53 (d,J =

N
0P NH 4.3 Hz, 1H), 8.18 (dJ = 7.8 Hz, 1H), 8.12 (s, 1H), 7.83 (tii= 7.7, 1.5 Hz,

1H), 7.43 - 7.38 (m, 1H), 7.25 - 7.16 (m, 5H), 7-1409 (m, 4H), 7.07 - 7.01
j Ph (m, 2H), 6.83 (dJ = 5.2 Hz, 1H), 6.69 (s, 1H), 3.66 (= 6.7 Hz, 2H), 3.03
N
S T “ph

\

(t, = 6.9 Hz, 2H)**C NMR (CDCls, 75 MHz) §: 164.3, 150.0, 148.1, 142.1,

140.4, 137.6, 137.4, 137.4, 137.1, 130.1, 129.9,912129.5, 128.5, 128.1,
127.5, 126.9, 126.2, 122.3, 40.9, 2&T" calcd. for GeHN,OS (M+H)": 411.1531; Found:
411.1526.
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10.2. Scope with regard to the alkyne

N-(2,6-Bis(E)-1,2-bis(4-methoxyphenyl)vinyl)phenethyl)picolinande (74). Compound74
AN was prepared following the general protocol from
Nl P 1,2-bis(4-methoxy-phenyl)ethyne 1) ( (71.4 mg,
0.30 mmol, 2.00 equiv) to giv&4 as a white solid,;
MeO 07 NH OMe vyield: 86.4 mg (82%); mp= 92-93 °CH NMR
O O (CDCl3, 300 MHz) 5: 8.41 (d,J = 4.6 Hz, 1H),
| | 8.03 (d,J = 7.8 Hz, 1H), 7.72 () = 7.7 Hz, 1H),
7.54 (s, 1H), 7.35 - 7.16 (m, 3H), 7.02 (dd=
O O ‘ 18.9, 8.6 Hz, 8H), 6.65 (§,= 8.2 Hz, 8H), 6.50 (s,
MeO OMe  2H), 3.71 (s, 6H), 3.69 (s, 6H), 3.27 (dds= 12.6,
6.0 Hz, 2H), 2.58 (t) = 7.5 Hz, 2H)*C NMR (CDCls, 75 MHz) &: 163.7, 158.7, 158.4, 150.3,
147.9, 145.7, 141.0, 137.2, 135.6, 132.7, 131.0,703.30.6, 130.3, 129.4, 126.2, 125.8, 122.2,
113.7, 113.5, 55.3, 55.2, 39.4, 30BSI" calcd. for GgHisN,Os (M)*: 703.3166; Found:
703.3172.

N-(2,6-Bis(E)-1,2-dip-tolylvinyl)phenethyl)picolinamide (75). Compound75 was prepared
N following the general protocol from 1,2-pitolylethyne
NI _ (1) (61.8 mg, 0.30 mmol, 2.00 equiv) to givB as a pale
yellow solid; yield: 80 mg (84%); mp= 85-86 °& NMR
0% > NH (CDCl3, 300 MHz)5: 8.39 (d,J = 4.2 Hz, 1H), 8.02 (d] =
O O 7.8 Hz, 1H), 7.71 (tJ = 7.7 Hz, 1H), 7.48 (s, 1H), 7.48 -
| | 7.33 (m, 4H), 7.01 (dJ = 7.8 Hz, 4H), 6.95 - 6.84 (m,
12H), 6.54 (s, 2H), 3.25 (dd,= 13.2, 6.2 Hz, 2H), 2.58 (t,
O O O J = 7.5 Hz, 2H), 2.21 (s, 12HY’*C NMR (CDCl;, 75
MHz) &: 163.6, 150.3, 147.9, 145.6, 142.2, 137.2, 137.1,

137.0, 136.5, 135.6, 134.7, 130.6, 130.3, 129.8,412129.0, 128.8, 126.1, 125.8, 122.2, 39.4,
30.6, 21.3, 21.FESI" calcd. for GgH4aNLO (M)*: 639.3369; Found: 639.3367.

N-(2,6-Bis(E)-1,2-bis(4-(trifluoromethyl)phenyl)vinyl)phenethyl)picolinamide (76). Com-

AN pound 76 was prepared following the general
Nl _ protocol from 1,2-bis(4-
(trifluoromethyl)phenyl)ethyne 1Y)  (94.2 mg,
O~ "NH O

FsC CF3  0.30 mmol, 2.00 equiv), to givé6 as a pale yellow
O solid; yield: 55 mg (43%); mp= 86-88 °¢H NMR
| | (CDCls, 300 MHz) 5: 8.46 (d,J = 4.2 Hz, 1H), 8.07
(d,J = 7.8 Hz, 1H), 7.80 (tdJ = 7.7, 1.7 Hz, 1H),
O O O 7.63 (s, 1H), 7.50 - 7.38 (m, 12H), 7.27 {5 8.0
FsC CF;

Hz, 5H), 7.17 (d,J = 8.2 Hz, 3H), 6.81 (s, 2H), 3.36
(dd, J = 14.3, 6.8 Hz, 2H), 2.58 (§ = 7.6 Hz, 2H).**C NMR (CDCl;, 75 MHz) &: 163.9,
149.8, 148.0, 144.3, 143.4, 142.94¢& 1.3 Hz), 140.1 (d) = 1.3 Hz), 137.4, 135.4, 131.3 (#,
= 2.5 Hz), 130.1 (s] = 5.6 Hz), 130.0 (dJ = 32.5 Hz), 129.7 (s} = 5.7 Hz), 129.3 (d) = 32.5
Hz), 127.0, 126.2, 125.9, 125.8, 125.6 JG; 3.7 Hz), 125.39 (q) = 3.7 Hz), 124.17 (d) =
272.1 Hz), 124.03 (d) = 272.2 Hz), 122.3, 39.4, 31.ESI" calcd. for GgHa:F1.N,O (M)™:
855.2239; Found: 855.2254.

S36



11. Typical procedure for the cleavage of the benkgroup (Scheme 8)

Synthesis of 5,6,7,8-tetraphenylisoquinoline-1-cadxamide (82)

An oven-dried, argon flushed 10 mL microwave vesset charged with

PhO NF; N-benzyl-5,6,7,8-tetraphenylisoquinoline-1-carbox@ei ) (30.0 mg,
Ph SN 0.05 mmol, 1.00 equiv) and then sealed with a Teflmed cap,
P evacuated and flushed with argon three times. Utlteratmosphere of
Ph argon, toluene (1.00 mL) and triflic acid (106 1L.20 mmol, 4.00 equiv)
Ph were addedia syringe. The resulting solution was then stirredS min

at room temperature followed by microwave irradiatat 150 °C for 1 h. Removal of solvént
vacuo gave the crude product as a brown solid that vitaged with 15 mL of CHCI, and and
washed with water (2 x 20 mL). The organic phasesewombined and concentrated under
reduced pressure. The residue was purified by aoladhmomatographynthexane-EtOAc 1:1
with 10% of MeOH), yielding82 as a yellow solid; yield: 19.5 mg (82%H NMR (acetone-

de, 300 MHZz) &: 8.36 (d,J = 5.4 Hz, 1H), 7.36 (d] = 5.7 Hz, 1H), 7.31 - 7.18 (s, 6H), 7.16 -
7.00 (m, 7H), 6.95 - 6.78 (m, 11H), 6.15 (s, 1HL NMR (acetone-¢, 75 MHz) &: 144.1,
142.8, 141.6, 140.7, 140.6, 139.7, 139.3, 139.8,41337.2, 133.4, 131.9, 131.9, 131.5, 128.6,
128.2, 127.8, 127.4, 127.3, 127.3, 126.6, 126.3,9,.2120.8, 119.7, 115.&SI" calcd. for
CaHosN,0 (M+H)": 477.1961; Found: 477.1969.

12. Typical procedure for the cleavage of the picwlate group (Scheme 8)

Synthesis of (2,6-bisf)-1,2-diphenylvinyl)phenyl)methanamine (90).A 20 mL vessel was
charged with N-(2,6-bis(€)-1,2-diphenylvinyl))picolinamide 3)
Ph HoN Ph (56.8 mg, 0.10 mmol, 1.00 equiv) and KOH (336 mgp0@nmol,
| | 60.0 equiv). The reaction vessel was sealed witafton lined cap, and
Ph Ph ethanol (3.00 mL) was addada syringe. The resulting mixture was
stirred at 125 °C for 24-48 h. After the reactiomswcomplete, the
reaction mixture was cooled down to room tempeeatdiluted by 50 mL of ethyl acetate and
washed with water (2 x 20 mL). The organic layeswaed over MgS@and concentrateih
vacuo to give 90 as a yellow solid; yield: 40 mg (86%); mp= 137-FP88 'H NMR (acetone-
ds, 300 MHz) 8: 7.28 - 7.20 (m, 5H), 7.20 - 7.05 (m, 7H), 6.702H), 4.54 (s, 2H)**C NMR
(acetone-d, 75 MHz) &: 146.6, 143.0, 141.9, 138.4, 131.8, 130.7, 13080,0, 129.0, 128.8,
128.0, 127.5, 126.9, 51 2SI calcd. for GsH3oN (M+H)*: 464.2372; Found: 464.2381.
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Synthesis of 2-(2,6-bisff)-1,2-diphenylvinyl)phenyl)ethanamine (91).A 20 mL vessel was
charged withN-(2,6-bis(€)-1,2-diphenylvinyl)phenethyl)picolinamide

Ph NHz Ph (73) (58.2 mg, 0.10 mmol, 1.00 equiv) and NaOH (336 5180 mmol,
| | 60.0 equiv). The reaction vessel was sealed withfton lined cap, and
Ph Ph ethanol (3.00 mL) was addadla syringe. The resulting mixture was

stirred at 125 °C for 24-48 h. After the reactiomswcomplete, the

reaction mixture was cooled down to room tempeeatailuted by
50 mL of ethyl acetate and washed with water (®xn2). The organic layer was dried over
MgSQ, and concentrateith vacuo to give91 as a pale yellow oil; yield: 43 mg (89%MH NMR
(acetone-d, 300 MHz)5: 7.40 - 7.27 (m, 4H), 7.24 - 7.11 (m, 21H), 6.683H), 3.12 (ddJ =
9.9, 6.4 Hz, 2H), 2.82 (dd} = 10.0, 6.5 Hz, 2H)**C NMR (acetone-@, 75 MHz) &: 146.2,
144.0, 141.1, 138.2, 137.5, 131.2, 131.0, 130.8,11329.0, 128.8, 128.1, 127.7, 126.6, 52.7,
33.0.ESI" calcd. for GgHs,N (M+H)": 478.2529; Found: 478.2539.

13. Synthesis of the Rh-complex A°

o An oven-dried, nitrogen-flushed 20 mL vessel wasrgld with N-
_Bn benzylpicolinamide ¥) (21.2 mg, 0.10 mmol, 1.00 equiv), pentamethyl-
@J\'}‘ " cyclopentadienylrhodium(lll) chloride dimer (30.5gm 0.05 mmol,
~N-—"RhTCp*Cl g 50 equiv), sodium acetate (32.8 mg, 0.40 mmaDO 4quiv). The
reaction vessel was sealed with a Teflon lined tagn evacuated and flushed with nitrogen
three times. Under the atmosphere of nitrogen,GIH10.0 mL) was addeda syringe and the
mixture was left stirring for 16 h at room temperat After that the resulting mixture was
filtered through Celite® and the volatiles weretjadlly removedin vacuo until observing the
formation byn-hexane addition of an orange solid that it wagattarized as the Rhcomplex
A.'™H NMR (CDCl 3, 300 MHz): 8.61 (d,J = 5.4 Hz, 1H, py-19, 8.09 (dJ = 7.8 Hz, 1H, py-
H%, 7.90 (t,J = 7.7 Hz, 1H, py-P), 7.48 (d,J = 7.3 Hz, 3H), 7.30 - 7.21 (m, 2H), 7.14Jt=
7.3 Hz, 1H), 4.97 () = 15.2 Hz, 2H), 1.59 (s, 15HIC NMR (acetone-@, 75 MHz) &: 170.3
(C=0), 157.1 (py-6), 151.3 (py-C), 143.6, 139.4 (py-Y, 128.7, 128.2, 127.4 (py 126.2,
125.4 (py-C), 95.3 (d,J = 8.0 Hz), 54.8, 9.2. This compound was also dtarized by X-ray
diffraction.

ORTEP view of RW-complexA, hydrogen atoms have been
removed for simplicity

® A. M. Martinez, N. Rodriguez, R. Gémez Arrayas ar@.CarreteroChem. Commun., 2014,50, 6105.
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14. Synthesis of the Rhcomplex B

0 An oven-dried, nitrogen-flushed 20 mL vessel wasargad with N-

G)J\N,Bn benzylpicolinamide 1) (106 mg, 0.50 mmol, 1.00 equiv), and
| Ny chloro(1,5.cyclooctadiene)rhodium(l)  dimer (123 mg,0.25 mmol,

ZN==Rhicod - 5 equiv). The reaction vessel was sealed willefion lined cap, then
evacuated and flushed with nitrogen three timesdddrthe atmosphere of nitrogen, {CHp
(5.0 mL) was addedia syringe and then a solution of KOH (56.1 mg, Ini@iol, 2.00 equiv)
in EtOH (3.0 mL) was added. After stirring for 10nmat room temperature, the resulting
mixture was filtered through Celite® and the vd&siwere partially removeth vacuo until
observing the formation of an orange solidrblgexane addition. This solid was characterized
as the RhcomplexB. *H NMR (acetone-d;, 300 MHz)8: 8.11 (t,J = 7.1 Hz, 1H, py-H), 7.96
(d,J=7.5Hz, 1H, py-B), 7.86 (dJ = 5.3 Hz, 1H, py-®), 7.60 (tJ = 5.9 Hz, 1H, py-H), 7.33
(d,J=7.4 Hz, 2H), 7.24 (§ = 7.5 Hz, 2H), 7.14 (¢ = 7.1 Hz, 1H), 4.30 (s, 2H), 4.21 @F
2.7 Hz, 2H), 4.02 (d) = 2.7 Hz, 2H), 2.50 - 2.31 (m, 4H), 1.91 (d= 8.7 Hz, 4H)*C NMR
(acetone-@, 125 MHz) §: 173.4 (d,J = 1.4 Hz, C=0), 157.1 (py-§; 146.7 (py-€), 143.9,
140.9 (py-G), 128.6, 127.5 (py-O, 127.4, 126.4 (py-8, 125.3, 83.9 (d) = 12.9 Hz), 78.5 (d,
J=12.0 Hz), 47.7 (d) = 1.5 Hz), 31.6, 30.8. For the X-ray diffractiondies, the orange solid
was dissolved in toluene. Pentane was added to tteenupper layer. Then the vessel was kept
under refrigeration for 12 h. The obtained crystaése suitable for the characterization by X-
ray diffraction.

ORTEP view of RhcomplexB, hydrogen atoms
have been removed for simplicity

15. Synthesis of the Rhcomplex M

0 An oven-dried, nitrogen-flushed 20 mL vessel wasarghd with N-
G)LN/Bn benzylpicolinamide 1) (106 mg, 0.50 mmol, 1.00 equiv), and
| L acetylacetonatobis(ethylene)rhodium(l) (129 mg, 50rZnol, 0.50 equiv).

N==="RN" " The reaction vessel was sealed with a Teflon licegn, then evacuated and

==)2  flushed with nitrogen three times. Under the atrhese of nitrogen, CHCl,

(5.0 mL) and a solution of KOH (56.1 mg, 1.00 mmaI00 equiv) in EtOH (3.0 mL) were
addedvia syringe. After stirring for 10 min at room tempeen&, the volatiles were partially
removedin vacuo until observing the formation of an orange soliy dropwise n-hexane
addition. Then the remaining solvent was evacuageuinert atmosphere and the resulting
solid was totally driedn vacuo. This RE-complexM was quickly characterized due to its
moderate stability. The NMR tube was prepared unitesgen atmospherdd NMR (CDCl
300 MHz) 5: 8.09 (d,J = 7.8 Hz, 1H), 7.95 (td] = 7.7, 1.4 Hz, 1H), 7.63 (d,= 5.4 Hz, 1H),
7.50 - 7.44 (m, 1H), 7.34 (d,= 7.5 Hz, 2H), 7.29 - 7.22 (m, 2H), 7.15Jt 7.1 Hz, 1H), 4.33
(s, 2H), 3.21 (s, 6H), 2.46 (s, 2HJC NMR (CDCl3, 75 MHz) &: 174.3 (dJ = 1.4 Hz), 174.3,
156.5, 142.4, 142.1, 140.1, 128.3, 126.7, 126.6,01225.3, 61.5 (d] = 11.8 Hz), 45.8 (d] =
1.5 Hz).ESI" calcd. for GHxN,ORh (M+H)": 371.0625; Found: 371.0621.
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16. Mechanistic studies
16.1 Stoichiometric studies with the isolated Rh and RH picolinamide complexes

16.1.1. Using the RH -complex A

Ar
O P
Ar Ar Nl
o Ph Ph NHPh
@E«N B AgSoFe A R | Ph
—Bn s N
Rh * ‘ ‘ NaOAc, p-xylene (0.1M) o) \N) * Ph
th
*Cp Cl Ph 120°C, 4 h, N, HN‘Bn
Rh'-complex A 2 3

General procedure. An oven-dried, nitrogen-flushed 20 mL vessel waargad with RH-
complex A (24.3 mg, 0.05 mmol, 1.00 equiv), diphenylacetgle(il7.8 mg, 0.10 mmol,
2.00 equiv), sodium acetate (16.4mg, 0.20 mmol, 00 4guiv), and silver
hexafluoroantimonate(V) (17.2 mg, 0.05 mmol, 1.6Qi¢). The reaction vessel was sealed
with a Teflon lined cap, then evacuated and flushétth nitrogen three times. Under the
atmosphere of nitrogem;xylene (1.00 mL) was addedla syringe. The resulting mixture was
then stirred at 120 °C for 4 h. After the reactisas complete, the volatiles were removed
vacuo and the residue was analysed ¥WYNMR, yielding 2 and 3 in a 70% and 30%
respectively.

16.1.2. Using the Rhcomplex B
)

Ph Ph NH
-Bn ‘ Ph
N + ~_Ph
Rh NaOAc, DCE (0.1M) Ph

cod Ph 120°C, 24 h, N,

Rh'-complex B 3

General procedure. An oven-dried, nitrogen-flushed 20 mL vessel waargad with Rh
complex B (21.1 mg, 0.05 mmol, 1.00 equiv), diphenylacetglefl7.8 mg, 0.10 mmol,
2.00 equiv) and sodium acetate (16.4 mg, 0.20 m#A@IQ equiv). The reaction vessel was
sealed with a Teflon lined cap, then evacuatedflaisied with nitrogen three times. Under the
atmosphere of nitrogen, 1,2-dichloroethane (1.00 mvhs addedvia syringe. The resulting
mixture was then stirred at 120 °C for 24 h. Attez reaction was complete, the volatiles were
removedin vacuo and the residue was analysed'BNMR, yielding 3 in a 79% P was not
observed).
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16.2. H/D exchange experiments using,D as deuterium donor

16.2.1. RH' -catalyzed G-H functionalization process

16.2.1.1. Standard reaction

Ph
Ph Ph
Ph—=—Ph
S (2.0 equiv) o H/D Ph
| L o [CpRACl, (5.0 mol%) | / N |
N AgSbFg (20 mol%)

NH  Cu(OAc); (2.0 equiv)

H H Dioxane, 120 °C, 4h
D,O (10 equiv)

1 1-D', 55% recovery 2-D, 39%
50% H/D scrambling in C3-Py
46% H/D scrambling in the Bn

General procedure. An oven-dried, nitrogen-flushed 20 mL vessel wésrged with N-
benzylpicolinamide 1) (31.8 mg, 0.15 mmol, 1.00 equiv), diphenylacetgle (53.3 mg,
0.30 mmol, 2.00 equiv), pentamethyl-cyclopentadidrodium(lll) chloride dimer (4.64 mg,
0.0075 mmol, 0.05 equiv), copper (Il) acetate (5ddh 0.30 mmol, 2.00 equiv) and silver
hexafluoroantimonate(V) (10.7 mg, 0.03 mmol, 0.80ie). The reaction vessel was sealed
with a Teflon lined cap, then evacuated and flushétth nitrogen three times. Under the
atmosphere of nitrogen, 1,4-dioxane (1.00 mL) aguatelium oxide (27.1 pL, 10.0 equiv) were
addedvia syringe. The resulting mixture was then stirred. 20 °C for 4 h. After the reaction
was complete, the volatiles were remowvadvacuo and the residue was purified by column
chromatographyrthexane-EtOAc 2:1), obtainintyD" in 55% vyield (19 mg) an@-D in 39%
yield (33 mg).

In the spectrum ofl-D', the integration of the doublet at 8.17-8.14 pmy-K°) was 0.48
instead of 0.96 (50% H/D scrambling) and the iraéign of the doublet at 7.42-7.39 ppm
(corresponding to the-benzyl positions) was 1.09 instead of 2.00 (469 BiZrambling).

The deuteration percentage D could not be determined Byl NMR, being analyzed by
mass spectrometry instead.

541



Spectra of 1 and 1-B

'H NMR (acetone-g 300 MHz)
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16.2.1.2. Standard reaction from RH -complex A

*Cp

X Nzl‘?h'"'CI AgSbFg (1.0 equiv) oM
| N b NaOAc (4.0 equiv) N
4 P
o Oy p-Xylene, 120 °C, 12h
" D,0 (10 equiv) H/D O H/D
Rh-
2
complex A 1-D4, 70%

49% H/D scrambling in C3-Py
14% H/D scrambling in the Bn

An oven-dried, nitrogen-flushed 20 mL vessel waarghad with RH-complexA (12.1 mg,
0.025 mmol, 1.00 equiv), silver hexafluoroantimeaf&) (8.59 mg, 0.025 mmol, 1.00 equiv)
and sodium acetate (8.20 mg, 0.10 mmol, 4.00 eqiiing reaction vessel was sealed with a
Teflon lined cap, then evacuated and flushed witlogien three times. Under the atmosphere of
nitrogen, p-xylene (1.00 mL) and deuterium oxide (4.52 uL, 01€quiv) were addedia
syringe. The resulting mixture was then stirredl20 °C for 12 h. After the reaction was
complete, 2.00 mL of D and 2.00 mL of CKCl, were added and the organic layer was
filtered through Celite®. Then the volatiles weesnovedn vacuo and the residue was purified
by column chromatography-hexane-EtOAc 5:1), obtainirtgD? in 70% vyield (3.90 mg).

In the spectrum ofl-D? the integration of the doublet at 8.17-8.14 ppy-K°) was 0.51
instead of 0.96 (49% H/D scrambling) and the iraéign of the doublet at 7.42-7.39 ppm
(corresponding to the-benzyl positions) was 1.72 instead of 2.00 (14% bl{rambling).
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Spectra of 1 and 1-B

'H NMR (acetone-g 300 MHz)

9p-3U0I0Y 0T —

ZT

Tooz

0’}
WMO‘N

0z
Rgs0

60
1960

Tz60

Feso

T
4.0

T
45
1 (ppm)

T
5.0

9p-3U0I0Y 0T —

POV~
9Y "

H/D

D/H

ZT

H/D O
X
N

658~
198"

7660
Az
590}

o'
90

05

20 15 1.0

25

35

4.0

T
4.5
1 (ppm)

T
50

6.0

6.5

75

S44



16.2.2. Rh-catalyzed G-H functionalization process

16.2.2.1. Standard reaction

H Ph—==—Ph
| N (2.0 equiv) H
N“ O [RhCl(cod)l, 25 mol %) [ copy
Ny AgSbFe (5.0 mol%) N HN
NaOAc (4.0 equiv) NH Ph Ph
H H DCE, 120°C, 12h LU PP
D,0 (10 equiv) DH H/D H/D H/D
1 1-D* 8% recovery 3-D', 73%, 85% D
57% D di:mono-deut.: 6:1

General procedure. An oven-dried, nitrogen-flushed 20 mL vessel wdsrged with N-
benzylpicolinamide 1) (31.8 mg, 0.15 mmol, 1.00 equiv), diphenylaceatgle (53.3 mg,
0.30 mmol, 2.00 equiv), chloro(1,5-cyclooctadieheffium dimer (1.85 mg, 0.00375 mmol,
0.025 equiv), sodium acetate (49.8 mg, 0.60 mmol,.00 4quiv), and silver
hexafluoroantimonate(V) (2.58 mg, 0.0075 mmol, GQ&iv). The reaction vessel was sealed
with a Teflon lined cap, then evacuated and flushétth nitrogen three times. Under the
atmosphere of nitrogen, 1,2-dichloroethane (1.0Q nand deuterium oxide (27.1 pL,
10.0 equiv) were addeda syringe. The resulting mixture was then stirred 2@ °C for 12 h.
After the reaction was complete, the volatiles wermovedin vacuo and the residue was
purified by column chromatographyn-hiexane-EtOAc 5:1), yielding-D* in 73% vyield
(62.2 mg) and recovering 8% (3.00 mg)1eD*. The obtained products were analysed'Hy
NMR and the deuteration percentage was deducedtfrernomparison of th# NMR spectra
of 1 and3 respectively.

In the spectrum 08-D', the integration of the peak at the singlet af. m (corresponding to
the olefin) was 0.30 instead of 2.03 (85% H/D sditamg). Likewise, the product was
characterized by ESICalcd. for G;Hz;,D,N,O (M+H)": 371.0625; Found: 371.0621.

In the spectrum ofl-D* the integration of the peak at the doublet at27489 ppm
(corresponding to the-benzyl positions) was 0.86 instead of 2.00 (57% BZrambling).

This experiment was also performed running theti@aonly for 2h. Herein the volatiles were
removedin vacuo and the residue was purified by column chromatgyyan-hexane-EtOAc
5:1), yielding3-D" in 59% yield (50.0 mg) and recovering 38% (12.7) oigl-D".

In the spectrum 08-D', the integration of the peak at the singlet af. m (corresponding to
the olefin) was 0.51 instead of 2.03 (75% H/D sdrtmg).

In the spectrum ofl-D*, the integration of the peak at the doublet at27.89 ppm
(corresponding to the-benzyl positions) was 1.07 instead of 2.00 (47% BiZrambling).
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Reaction performed for 12h. Spectra of 3 and 3-b

'H NMR (CDCL, 500 MHz)
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Spectra of 1 and 1-D

'H NMR (acetone-g 300 MHz)
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Reaction performed for 2h. Spectra of 3 and 3-b
'H NMR (CDCL, 500 MHz)
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Spectra of 1 and 1-D

'H NMR (acetone-g 300 MHz)
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16.2.2.2. Evaluation of the potential of the Rhcomplex B for the cleavage and formation
of C-H bonds

,—cod ,—cod
N N/Rh N N/Rh
| AN H  NaOAc (4.0 equiv) | AN H
o DCE, 120 °C, 12h 5
H H D,0 (10 equiv) H/D H
Rh'- Rh'-complex B-D'
complex B 97% recovery, 92% D

An oven-dried, nitrogen-flushed 20 mL vessel wasrghd with Rh-complex8 (10.6 mg,
0.025 mmol, 1.00 equiv) and sodium acetate (8.200r0 mmol, 4.00 equiv). The reaction
vessel was sealed with a Teflon lined cap, thecwatad and flushed with nitrogen three times.
Under the atmosphere of nitrogen, 1,2-dichloroeth@n00 mL) and deuterium oxide (4.52 L,
10.0 equiv) were addeda syringe. The resulting mixture was then stirred 2@ °C for 12 h.
After the reaction was complete, the volatiles wermovedin vacuo and the residue was
analysed byHNMR and the deuteration percentage was deducea tiie comparison with the
standardH NMR spectrum of RhcomplexB. HSQC/HMBCexperiments were used to assign
the resonances.

In the spectrum of RitomplexB-D*, the integration of the peak at the doublet at 7.9%
ppm (py-H) was 0.08 instead of 1.02 (92% H/D scramblingkeliise aH NMR experiment
was performed to corroborate the deuterium presdncaddition we observed that the carbon
signal corresponding to the deuterated positioaptieared in thEC NMR spectrum.
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Spectra of RH-complex B and Rh-complex B-D'

'H NMR (acetone-g 500 MHz)
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Deuterium spectrum of RH-complex B-D'

’H NMR (acetone, 76 MHz)
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Spectra of RH-complex B and Rh-complex B-D'
3C NMR (acetone- 126 MHz)
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16.2.2.3. Standard reaction from Rhcomplex B in presence of BD

D/H

4
cod Ph —Ph cod |
\N’Rhl (2.0 equiv) \N’Rhl \
| N H NaOAc (4.0 equiv) HD +
=
DCE, 120 °C, 12h
H Oy D,0O (10 equiv)
Rh'-complex B Rh'-complex B-D?
3-02, 10%

90% recovery
64% H/D scrambling in C5-Py 49% H/D scrambling in C5-Py

33% H/D scrambling in the Bn 68% H/D scrambling in the olefin

An oven-dried, nitrogen-flushed 20 mL vessel waargad with Rhcomplex B (21.1 mg,
0.05 mmol, 1.00 equiv), diphenylacetylene (17.8 mgl0 mmol, 2.00 equiv) and sodium
acetate (16.4 mg, 0.10 mmol, 4.00 equiv). The m@actessel was sealed with a Teflon lined
cap, then evacuated and flushed with nitrogen ttinees. Under the atmosphere of nitrogen,
1,2-dichloroethane (1.00 mL) and deuterium oxideD49uL, 10.0 equiv) were addeda
syringe. The resulting mixture was then stirredl20 °C for 12 h. After the reaction was
complete, the volatiles were removéd vacuo and the residue was purified by column
chromatographyrthexane-EtOAc 4:1), yielding ReomplexB-D? in 90% yield (18.3 mg) and
recovering 10% (2.86 mg) o8-D°.Then the reaction was analysed HYNMR and the
deuteration percentage was deduced from the cosapawith the standartH NMR spectrum
of RH-complexB.

In the spectrum of the remaining 'RlomplexB-D?, the integration of the doublet at 8.17-8.14
ppm (py-H) was 0.37 instead of 1.02 (64% H/D scrambling) tiredintegration of the doublet

at 7.42-7.39 ppm (corresponding to titbenzyl positions) was 1.35 instead of 2.03 (33% H/

scrambling).

In the spectrum oB-D?, the integration of the doublet at 8.17-8.14 ppy-K°) was 0.53
instead of 1.04 (49% H/D scrambling) and the iratign of the doublet at 7.42-7.39 ppm
(corresponding to the olefin) was 0.67 instead.08468% H/D scrambling).
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Spectra of RH-complex B and Rh-complex B-D*

'H NMR (acetone-g 500 MHz)
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Spectra of 3 and 3-B

'H NMR (CDCL, 500 MHz)
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16.3. Kinetic studies of the Rhcatalyzedortho-olefination of N-benzylamide derivatives

These studies were performed running several ic&Enteactions in parallel, each of them
stopped at the given time.

16.3.1. Evaluation of the substitution of the aryalkyne

General procedure. An oven-dried, nitrogen-flushed 20 mL vessel wasrghd with N-
benzylpicolinamide 1) (31.8 mg, 0.15 mmol, 1.00 equiv), alkyne (0.30@hnm2.00 equiv),
(chloro(1,5-cyclooctadiene)rhodium dimer (1.85 m@00375 mmol, 0.025 equiv), sodium
acetate (49.8 mg, 0.60 mmol, 4.00 equiv), and silllexafluoroantimonate(V) (2.58 mg,
0.0075 mmol, 0.05 equiv). The vessel was sealeld aviTeflon lined cap, then evacuated and
flushed with N three times. Under the,Mtmosphere, 1,2-dichloroethane (1.00 mL) was added
via syringe and the resulting mixture was then stiaed20 °C for a given time. Percentage of
the final product was determined BYNMR of the crude mixture.

Os_Py OYPV
NH Ar  [Rh(cod)Cl], Ar NHAr
[AgSbFg] |
+ H U Ar
NaOAc, DCE (0.1M)  Ar
Ar 120°C, Time (h), N,
1 Ar = p-Me-CGH4, p-CF3-CGH4
100
80
60
40

—e—p-Me-C6H4

20 —e—p-CF3-C6H4

Conversion to product (%)

0 5 10 15 20

Reaction Time (h)
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16.3.2. Evaluation of the substitution of theN-benzylamide

General procedure. An oven-dried, nitrogen-flushed 20 mL vessel wasarghd with
picolinamide derivative (0.15 mmol, 1.00 equiv),lazb(1,5-cyclooctadiene)rhodium dimer
(1.85 mg, 0.00375 mmol, 0.025 equiv), sodium aee@9.8 mg, 0.60 mmol, 4.00 equiv), silver
hexafluoroantimonate(V) (2.58 mg, 0.0075 mmol, eg&iv) and diphenylacetylene (35.6 mg,
0.20 mmol, 2.00 equiv). The vessel was sealed witfeflon lined cap, then evacuated and
flushed with N three times. Under the atmosphere @f N2-dichloroethane (1.00 mL) was
addedvia syringe and the resulting mixture was then stire¢éd120 °C for a given time.
Percentage of the final product was determinetHiYMR of the crude mixture.

O%l/ Py OYPY
NH Ph [Rh(cod)Cl], Ph NHPh
[AgSbF] |
+ ‘ ‘ x._Ph
NaOAc, DCE (0.1M) Ph
Ph  120°C, Time (h), N,
R R
R = Me, CF3

100
80 /.

60

Conversion to product (%)

40 —e—p-Me
20 —e—p-CF3
0
0 5 10 15 20

Reaction Time (h)
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16.3.1. Standard reaction from Rhcomplex B in presence of D

General procedure. An oven-dried, nitrogen-flushed 20 mL vessel wagrghd with N-
benzylpicolinamide 1) (21.2 mg, 0.10 mmol, 1.00 equiv), diphenylacetgle (35.6 mg,
0.20 mmol, 2.00 equiv) and sodium acetate (32.8 g0 mmol, 4.00 equiv). The reaction
vessel was sealed with a Teflon lined cap, thecwatad and flushed with nitrogen three times.
Under the atmosphere of,Na solution of the Rkbased catalyst (5 mol% of Rhin 1,2-
dichloroethane (1.00 mL) was added syringe and the resulting mixture was then stired
120 °C for a given time. Percentage 3fvas determined byHNMR of the crude mixture.

When using [Rh(cod)d] silver hexafluoroantimonate(V) (1.72 mg, 0.005 ohn®.05 equiv)
was added.

OY Py OY Py Rh'-complexB  Rh'-complex M
[Rh']-cat. NH 0
NH Ph Ph L P TN
. [AgSbFe] | - w =N_ N
X _ . N-
fl NaOAc, DCE (0.1M)  Ph N-N-gn Rh BN
Ph  120°C, Time (h), N,
1 3

cod (=2

[Rh'-cat. = [Rh(cod)Cl],, [Rh(acac)(C,H4),], Rh'-complex B, Rh'-complex M

[Rh(cod)ClI], vs [Rh(acac)(GHJ),]

100
E g
m
(@]
= °
[
k)
£ —[Rh(acac)(C2H4)2]
>
[

——[Rh(cod)Cl]2
S [Rh(cod)Cl]

10 15 20 25 30

Reaction Time (h)

Rh'-complex Bvs Rh'-complex M

100 .

S g0

(49]

o

2 60

2 40 — Rh(C2H4)2-complex M
(%]

2 ——Rh(cod)-complex B

€ 20

(@)

0 5 10 15 20 25 30
Reaction Time (h)
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16.4. Role of the base in the Ritatalyzedortho-olefination of N-benzylamine (1)

(@) Py
NH

1

Ph [Rh']-cat.
[AgSDbFe]

Ph NH

I [NaOAc], DCE (0.1M)
Ph  120°C, 12h, N,

Ph

OY Py

| Ph
xPh

3

Rh-complex B Rh'-complex M
e} (0]
N Ot
/N'RHN‘Bn /N'Rh’N\Bn
(I;Od =5

[Rh']-cat. = [Rh(cod)Cl],, [Rh(acac)(C,Hy)-], Rh'-complex B, Rh'-complex M

Entry | [Rh]-cat. NaOAc® |3 (%)™
19 | [Rh(cod)Cl], M
X <1
2 | [Rh(acac)(CyHa),] d >4
X 49
3 Rh'-complex B v 2
X 37
4 Rh'-complex M v 89
X 51

Reaction conditions: 1 (0.15 mmol, 1.00 equiv), diphenylacetylene
(0.30 mmol, 2.00 equiv), 5 mol% of [RhDCE (0.1M), 120 °C, 12 h.
Ll NaOAc (4.00 equiv)® Conversion yield determined By NMR
from the crude mixturé? AgSbR; (1.72 mg, 0.005 mmol, 0.05 equiv)

was added.
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17. NMR Spectra

The chemical shifts of the solvents (used in thjss§nals observed fdH NMR and**C NMR
spectra are listed in the following chart. The nplittity is shown as 1 for singlet, 2 for doublet,
etc.

Solvent 'H NMR Chemical Shift (ppm) 3¢ NMR Chemical Shift (ppm)
Acetone 11.65 (1), 2.04 (5) 206.7 (13), 29.9 (7)
Chloroform 7.26 (1) 77.2(3)
Methanol 4.87 (1), 3.31(5) 49.1(7)

In the following table are the chemical shifts bé twater signal in the solvents listed before.
(H2O in aprotic solvents or HOD in protic solvents)

Solvent 'H NMR Chemical Shift (ppm)
Acetone 2.84
Chloroform 1.56
Methanol 4.87
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N-Benzylpicolinamide (1)
'H NMR (CDCL, 300 MHz)
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HSQC (CDC}, 500 MHz)
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N-Benzyl-6-methylpicolinamide (5)

'H NMR (CDCL, 300 MHz)

—8.46

;

g

e

5

5
83 RI%{Y 86
ER NN <<
VNN \'%

g s W &
® 9 9 N <
o -~ ~ © @
115 110 105 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 15 10 05
1 (ppm)
13
C NMR (CDCk, 75 MHz)
7
£
3
8 8 % 8% ©888 3 © s s
g b 3 &b 8BNE S 9 g
[ [ [ NN [ [
I
| |
| |
|
[ J ‘ .
T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10

1 (ppm)

S64



N-Benzyl-6-chloropicolinamide (6)
'H NMR (CDCL, 300 MHz)
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N-Benzyl-5-(trifluoromethyl)picolinamide (7)

'H NMR (CDCL, 300 MHz)
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N-(4-Methoxybenzyl)-3-methylpicolinamide

'H NMR (CDCL, 300 MHz)

6LC—

6L —

1Sy~
65v "

ZI

OMe

e

9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5
1 (ppm)

9.5

*C NMR (CDC}, 75 MHz)

6y'0c —

692y —

less —

p-usiojol0ly0 9122 —

v —

95'SCh —
6062~
89°0€L —
8E'GEL —
eLovE —

8E'SYL —
vl —

06'854 —

L1691 —

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

00

S67



N-(4-(Methylthio)benzyl)picolinamide (20)

'H NMR (CDCL, 300 MHz)
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N-(4-Methoxybenzyl)picolinamide(21)

'H NMR (CDCL, 300 MHz)

Uy —

L6y~
667"

€L~
p-w0jol0lyD 922
59U~
89L—
e

ZT

OMe

Fo0¢

Fioe

$0'C
1071

Fiso

fooy

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

9.5

115 110 105

¥C NMR (CDC}, 75 MHz)

€0ty —

P-WOJOOID 9L 2L —

9L —

e —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

S69



Methylbenzyl)picolinamide (22)

'H NMR (acetone-g 300 MHz)
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Chlorobenzyl)picolinamide (23)

N-(4

'H NMR (acetone-g 300 MHz)
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N-(4-Fluorobenzyl)picolinamide (24)
'H NMR (acetone-g 300 MHz)
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N-(4-(Trifluoromethyl)benzyl)picolinamide (25)
'H NMR (CDCL, 300 MHz)
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N-(4-Cyanobenzyl)picolinamide (26)
'H NMR (acetone-g 300 MHz)
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Methyl 4-(picolinamidomethyl)benzoate (27)

'H NMR (CDCL, 300 MHz)
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N-(3-Methylbenzyl)picolinamide (28)
'H NMR (acetone-g 300 MHz)
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N-(3-(Trifluoromethyl)benzyl)picolinamide (29).

'H NMR (acetone-g 300 MHz)
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N-(2-Methylbenzyl)picolinamide (30)
'H NMR (acetone-g 300 MHz)
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N-(2-Bromobenzyl)picolinamide (31)
'H NMR (acetone-g 300 MHz)
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N-(2-Fluorobenzyl)picolinamide (32)
'H NMR (acetone-g 300 MHz)
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N-(Furan-2-ylmethyl)picolinamide (33)

'H NMR (CDCL, 300 MHz)
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N-Benzylquinoline-2-carboxamide (8)

'H NMR (CDCL, 300 MHz)
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N-Benzyl-5-methylthiophene-2-carboxamide (9)
'H NMR (acetone-g 300 MHz)
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N-Benzylbenzop]thiophene-2-carboxamide (10)

'H NMR (CDCL, 300 MHz)
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N-Phenethylpicolinamide (61)
'H NMR (CDCL, 300 MHz)
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N-(4-Methoxyphenethyl)picolinamide (62)

'H NMR (acetone-g 300 MHz)
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N-(4-Chlorophenethyl)picolinamide (63)

'H NMR (acetone-g 300 MHz)
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N-(4-Fluorophenethyl)picolinamide (64)

'H NMR (CDCL, 300 MHz)
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N-(3-Methoxyphenethyl)picolinamide (65)

'H NMR (acetone-g 300 MHz)
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N-(3-Methylphenethyl)picolinamide (66)

'H NMR (acetone-g 300 MHz)
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N-(2-Methoxyphenethyl)picolinamide (67)

'H NMR (acetone-g 300 MHz)
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N-(2-Methylphenethyl)picolinamide (68)

'H NMR (acetone-g 300 MHz)
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N-(2-Bromophenethyl)picolinamide (69)

'H NMR (acetone-g 300 MHz)
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N-(2-Chlorophenethyl)picolinamide (70)

'H NMR (acetone-g 300 MHz)
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N-(2-(Naphthalen-2-yl)ethyl)picolinamide (71)

'H NMR (CDCL, 300 MHz)
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(Thiophen-2-yl)ethyl)picolinamide (72)

N-(2

'H NMR (CDCL, 300 MHz)
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N-(3-Phenylpropyl)picolinamide
'H NMR (acetone-g 300 MHz)
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N-Ethylpicolinamide (4)

'H NMR (CDCL, 300 MHz)
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1,2-Bis(4-methoxyphenyl)ethynél)
'H NMR (acetone-g 300 MHz)
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1,2-Bis(4-(ert-butyl)phenyl)ethyne (I1)

'H NMR (acetone-g 300 MHz)
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1,2-Di-p-tolylethyne (llI)
'H NMR (acetone-g 300 MHz)
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1,2-Bis(4-(trifluoromethyl)phenyl)ethyne (1V)

'H NMR (CDCL, 300 MHz)
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1,2-Bis(3-methoxyphenyl)ethyne (V)

'H NMR (acetone-g 300 MHz)

— 2.05 Acetone-d6

BIRLESH 3
NNNNNNO el
Nl \
! OMe
OMe
I
‘\
‘ . A
Inairalral
£42 g
NN ©
).0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 50 45 4.0 3.5 25 20 15 1.0 0.5
1 (ppm)
13,
C NMR (acetone- 75 MHz)
S
g 3 8e 23 o . 3
8 g 83 t© 5 e 2
e e da  -¢ 3 8 &
RRY |
Il
I
00 190 180 170 160 150 140 130 120 110 100 90 80 70 50 40 30 20 10

1 (ppm)

5103



1,2-Di-o-tolylethyne (VI)
'H NMR (acetone-g 300 MHz)
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1-(Cyclohexylethynyl)-4-methoxybenzene (VII)
'H NMR (CDCL, 300 MHz)
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1-(Cyclohexylethynyl)-4-(trifluoromethyl)benzene (Mll)
'H NMR (CDCL, 300 MHz)
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2-(Cyclohexylethynyl)thiophene (1X)
'H NMR (CDCL, 300 MHz)
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(E)-Methyl 6-cyclohexylhex-2-en-4-ynoate (X)
'H NMR (CDCL, 300 MHz)
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(E)-Methyl 7-phenylhept-2-en-4-ynoate (XI)
'H NMR (CDCL, 300 MHz)

hd
£
ks
2
g
5
882 RN EE= 2 S58RLY
NN N (Rt [-Rv-] © NN
NEEERY \/ SN
(.
| .
J |
T T T T T T T T T T T T T T T T T T T 1
00 95 90 85 80 75 70 65 60 55 5.0 5 40 35 30 25 2.0 15 10 05 0.
f1 (ppm)
13,
C NMR (CDCh, 75 MHz)
4
£
L
e
2
8 3 QBRGR 2 @ 2 N 2
8 S AREER o o pa < &
g g ARERR £ N 7 5 B
| S \/
I
I I | | |
| | |
. J |i | | 1 J
y
T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10
f1 (ppm)

5109



(E)-Methyl 9-chloronon-2-en-4-ynoate (XII)
'H NMR (CDCL, 300 MHz)
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N-Benzyl-5,6,7,8-tetraphenylisoquinoline-1-carboxandie (2)

'H NMR (methanol-¢ 500 MHz)
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N-Benzyl-3-methyl-5,6,7,8-tetraphenylisoquinoline-arboxamide (14)

'H NMR (CDCL, 300 MHz)
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N-Benzyl-3-chloro-5,6,7,8-tetraphenylisoquinoline-arboxamide (15)

'H NMR (CDCL, 300 MHz)
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7-Benzyl-5,6-diphenyl-3-(trifluoromethyl)-1,7-naphhyridin-8(7H)-one (16)
'H NMR (CDCL, 300 MHz)
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%F NMR (CDC}, 282 MHz)
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N-Benzyl-7,8,9,10-tetraphenylphenanthridine-6-carboamide (17)

'H NMR (CDCL, 300 MHz)
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6-Benzyl-2-methyl-4,5-diphenylthieno[2,&]pyridin-7(6H)-one (18)

'H NMR (CDCL, 300 MHz)
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2-Benzyl-3,4-diphenylbenzo[4,5]thieno[2,8]pyridin-1(2H)-one (19)

'H NMR (CDCL, 300 MHz)
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7-Phenethyl-5,6-diphenyl-1,7-naphthyridin-8(7H)-ong88)
'H NMR (CDCL, 300 MHz)

b4

£

g

g

5

5
55 BRRNTELIRYNSRRG CEE 28R
@6 NNNNNNNNNNNNGS O o F T NN
v TS\ N e

}1

Lk J‘\
; 3
50 ‘

45 BEd %
2.0 9.5 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.0 3.5 3.0
f1 (ppom)
13
C NMR (CDCL, 75 MHz2)
i
N 3 ¥BNEEILEERYRM 8
g g SRAHNBRANNNARE IS
ECE SRy
‘\
' “
| |
i U, n J

34.69

—48.52

00 190 180 170 160 150 140 130 120 110 100 920 80 70 60
f1 (ppm)

5119



N-Ethyl-5,6,7,8-tetraphenylisoquinoline-1-carboxamie (13)

'H NMR (CDCL, 300 MHz)
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N-Benzyl-5,6,7,8-tetrap-tolylisoquinoline-1-carboxamide (11)

'H NMR (CDCL, 300 MHz)
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N-Benzyl-5,6,7,8-tetrakis(4-(trifluoromethyl)phenylisoquinoline-1-carboxamide (12)

'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1,2-diphenylvinyl)benzyl)picolinamide (3)

'H NMR (acetone-g 500 MHz)
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N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-(methylthio)benzyl)picolinamide (39)

'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-methoxybenzyl)picolinamide 40)

'H NMR (acetone-g 300 MHz)
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N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-methylbenzyl)picolinamide (4.)

'H NMR (acetone-g 300 MHz)
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N-(2,6-Bis((E)-1,2-diphenylvinyl)benzyl)picolinamide(42)

'H NMR (acetone-g 300 MHz)
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N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-fluorobenzyl)picolinamide (43)

'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-(trifluoromethyl)benzyl)picolinamide (44)

'H NMR (acetone-g 300 MHz)
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N-(4-Cyano-2,6-bis(E)-1,2-diphenylvinyl)benzyl)picolinamide (45)

'H NMR (CDCL, 300 MHz)
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Methyl 3,5-bis((E)-1,2-diphenylvinyl)-4-(picolinamidomethyl)benzoate(46)

'H NMR (CDCL, 300 MHz)
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(E)-N-(2-(1,2-Diphenylvinyl)-5-methylbenzyl)picolinamide(47a)
'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1,2-diphenylvinyl)-3-methylbenzyl)picolinamide (#b)

'H NMR (CDCL, 300 MHz)
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(E)-N-(2-(1,2-Diphenylvinyl)-5-(trifluoromethyl)benzyl)picolinamide (48)

'H NMR (CDCL, 300 MHz)
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(E)-N-(2-(1,2-Diphenylvinyl)-6-methylbenzyl)picolinamide(49)

'H NMR (acetone-g 300 MHz)
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(E)-N-(2-Bromo-6-(1,2-diphenylvinyl)benzyl)picolinamide(50)

'H NMR (acetone-g 300 MHz)
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(E)-N-(2-(1,2-Diphenylvinyl)-6-fluorobenzyl)picolinamide (51)

'H NMR (CDCL, 300 MHz)
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%F NMR (CDC}, 282 MHz)
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(E)-N-((3-(1,2-Diphenylvinyl)furan-2-yl)methyl)picolinamide (52)

'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1,2-bis(4-methoxyphenyl)vinyl)benzyl)picolinamidg34)

'H NMR (acetone-g 300 MHz)
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N-(2,6-Bis(E)-1,2-bis(4-tert-butyl)phenyl)vinyl)benzyl)picolinamide (35)

'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1,2-dip-tolylvinyl)benzyl)picolinamide (36)

'H NMR (acetone-g 300 MHz)
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N-(2,6-Bis(E)-1,2-bis(4-(trifluoromethyl)phenyl)vinyl)benzyl)picolinamide (37)

'H NMR (acetone-g 300 MHz)

1.5

10

20

30

9P-8U0JR0Y ¥8'6C —

\ o
9P-8U0IROY GOT — = \ ‘ —_ F 6968 —
=z

w0
ES le'szh
I N 6521
(@] — 879zL
— €E'9zk
L 2 LE'9TL
™
2692k ~_
1002k —
) 8leL
o™
@) @) o
g g Y
06'8zL *
zzeeh
© . y96el
85y < vszeL ot
o> \j 202 jebais mvmm” 7
—_ ek 59061
£ 98'sTh oa08)
L2eg 165zl Telel
0= X
1652k Zorer A\
= 109t \
€294
0 82921
[ w© €€'9z) 6zzeL —
LE9TH
26921
o L0224
Fo 8142l
06824
2z6eh A
Y962
L2 18624 &
© €20eL <F
99°08L
L 9808k
69 — =202 @ Lelel
N 29'lEL
62Z€L
€L~ _ - 66VEL
ot - =007 oreel
w1l Fsolr o
1L =
Pl
S8~ — ¥ 260 €95rL
6L~ Faz S 80'6YL
€08 — @ G905}
9p'E9l —
€58 L@
cog > —— 00l ®

9.0

95

*C NMR (acetone-l 75 MHz)

.0

r
)

40

128 127 126
70 60 50

129
80

130
90

131
100
1 (ppm)

5143

132
110

180 170 160 150 140 130 120

190




N-(2,6-Bis(E)-1,2-bis(3-methoxyphenyl)vinyl)benzyl)picolinamidg38)

'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1-cyclohexyl-2-(4-methoxyphenyl)vinyl)benzyl)pictinamide (58)

'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1-cyclohexyl-2-(4-(trifluoromethyl)phenyl)vinyl)benzyl)picolinamide (59)

'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1-cyclohexyl-2-(thiophen-3-yl)vinyl)benzyl)picolnamide (60)

'H NMR (CDCL, 300 MHz)
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(2E,2'E,4E,4'E)-Dimethyl 5,5'-(2-(picolinamidomethyl)-1,3-phenyla&e)bis(6-
cyclohexylhexa-2,4-dienoate) (55)

'H NMR (CDCl, 300 MHz)
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(2E,2'E,4E,4'E)-Dimethyl 5,5'-(2-(picolinamidomethyl)-1,3-phenyla&e)bis(7-phenylhepta-

2,4-dienoate) (56)
'H NMR (CDCl, 300 MHz)
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(2E,2'E,4E,4'E)-Dimethyl  5,5'-(2-(picolinamidomethyl)-1,3-phenyl@e)bis(9-chloronona-
2,4-dienoate) (57)

'H NMR (CDCl, 300 MHz)
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Ethyl 2-(6-benzyl-5-ethyl-7-0x0-6,7-dihydro-5H-pyrolo[3,4-b]pyridin-5-yl)acetate (53)

'H NMR (CDCL, 300 MHz)
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(2E,2'E)-Diethyl 3,3'-(2-(picolinamidomethyl)-1,3-phenyler)bis(pent-2-enoate) (54)

'H NMR (CDCl, 300 MHz)
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N-(2,6-Bis(E)-1,2-diphenylvinyl)phenethyl)picolinamide (73)

'H NMR (acetone-g 300 MHz)

9P-2U0IROY S0T —

89T~
LT —

or'e
(24 W
sv'e
e \

€L9—
80L—
STL~
N«N ~
B4
6L
6L
V6L
V6L N
log
08
P98~
ss8 "

Ph

Ph

Ph

Ph

e

E6lc

=00}

90 85 80 75 70 65 60 55 5 45 40 35 30 25 20 15 10 05
1 (ppm)

9.5

*C NMR (CDC}, 125 MHz)

8L0€ —

PE6E —

P-ULOJOI0I4D O} 2L —

0L€9L —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

5153



N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-methoxyphenethyl)picolinamide (77)

'H NMR (CDCL, 300 MHz)
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N-(4-Chloro-2,6-bis(E)-1,2-diphenylvinyl)phenethyl)picolinamide (78)

'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1,2-diphenylvinyl)-4-fluorophenethyl)picolinamide (79)

'H NMR (CDCL, 300 MHz)
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(E)-N-(2-(1,2-Diphenylvinyl)-5-methoxyphenethyl)picolinanide (80)

'H NMR (CDCL, 300 MHz)
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(E)-N-(2-(1,2-Diphenylvinyl)-5-methylphenethyl)picolinanide (81)

'H NMR (CDCL, 300 MHz)
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(E)-N-(2-(1,2-Diphenylvinyl)-6-methoxyphenethyl)picolinanide (82)

'H NMR (CDCL, 300 MHz)
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(E)-N-(2-(1,2-Diphenylvinyl)-6-methylphenethyl)picolinanmide (83)

'H NMR (CDCL, 300 MHz)
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(E)-N-(2-Bromo-6-(1,2-diphenylvinyl)phenethyl)picolinamide (84)

'H NMR (CDCL, 300 MHz)
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(E)-N-(2-Chloro-6-(1,2-diphenylvinyl)phenethyl)picolinamide (85)

'H NMR (CDCL, 300 MHz)
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(E)-N-(2-(3-(1,2-Diphenylvinyl)naphthalen-2-yl)ethyl)piolinamide (86)

'H NMR (CDCL, 300 MHz)
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(E)-N-(2-(3-(1,2-Diphenylvinyl)thiophen-2-yl)ethyl)picoinamide (87)

'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1,2-bis(4-methoxyphenyl)vinyl)phenethyl)picolinande (74)

'H NMR (CDCL, 300 MHz)
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N-(2,6-Bis(E)-1,2-dip-tolylvinyl)phenethyl)picolinamide (75)

'H NMR (CDCL, 300 MHz)

ee—

ssT
meV

092/

xe
PTe~\

9e-T
wmn\

r59—
89
69
669\
0L
oVL—

P-ULI0j0I01YD 97 L —
eeL/
syL—
1>
g
108~
v08~"

6€8~
ore~"

=07¢l

F ol

T ooc

= 90¢C

Mozl
0’y
K ee
T 960
80'L
7

F 660

= 00}

1.0 0.5

1.5

60 55 50 45 40 35 30 25 20
1 (ppm)

6.5

9.0 85 8.0 7.5

9.5

€e'lT
o424 v
L9'0€ —

oF'6E —

P-W0JOI0ND 91" 2L —

vt
S8'aCh
6L'9CL
£8'8C1
90°6Ch
ek
08'6C}
YEOEL
£€9°0EL

LLYEL
£9'gEl
lg'oel
L0
6LLEL W
6T LEL
el —
99'Gr ~
S6'LYE~
9E05) ~

69°€9L —

¥C NMR (CDC}, 75 MHz)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

5166



N-(2,6-Bis(E)-1,2-bis(4-(trifluoromethyl)phenyl)vinyl)phenethyl)picolinamide (76)

'H NMR (CDCL, 300 MHz)
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5,6,7,8-Tetraphenylisoquinoline-1-carboxamide (89)

'H NMR (acetone-g 300 MHz)
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(2,6-Bis(E)-1,2-diphenylvinyl)phenyl)methanamine (90)

'H NMR (acetone-g 300 MHz)
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2-(2,6-Bis(E)-1,2-diphenylvinyl)phenyl)ethanamine (91)

'H NMR (acetone-g 300 MHz)
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Rh"' -complex A

'H NMR (CDCL, 300 MHz)
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HSQC (CDC}, 500 MHz)
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Rh'-complex B

'H NMR (acetone-g 300 MHz)

9p-oU0jROY G0°7 —

Le—

;s —

20
207>
e

@
oev

|
__N----Rh'cod

Foy

0T
602
1T

90 85 80 75 70 65 60 55 5 45 40 35 30 25 20 1.5 10 05
1 (ppm)

9.5

¥C NMR (acetone- 125 MHz)

9P-0UOIBIY 86T ~_
2808 —
691e~"

Sy
u'Ly v

S'8L
¥9'8L v

€6'€8
€08 >

0e'szL
ov'oct #
Clgra A
0s°221 \
19821

06°0¥L —
96°EYL —
YLV~

L1751 —

vreLL
SY'eLL >

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

5173



HSQC (acetoneg500 MHZz)
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Rh'-complex M

'H NMR (CDCL, 300 MHz)
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18. Theoretical calculations

18.1. Computational details

All calculations were performed with Gaussian’ @@ DFT level. The geometries of all
complexes here reported were fully optimized udimg M06 hybrid functionlin the gas
phase. The standard 6-31G(Bsis set was used for C, H, N and O atoms. ThEL2®Z
basis set, which includes the relativistic effegtsore potential (ECP) of Hay and Wadt and
employs a split-valence (doubig-basis set, was used for RK{B1). Harmonic frequencies
were calculated at the same level to charactengatationary points and to determine the zero-
point energies (ZPE). Final energies were obtaiumsidg the more extended 6-311+G(d'p)
basis set for all atoms expect Rh for which Sblas used (B2). Relative free energies (in
kcal-mol) were evaluated at the M06/6-311+G(d,p)-SDD wifPEZand entropy corrections
evaluated at 298 K by using the frequencies preljowalculated at the MO06/6-31G(d)-
LANL2DZ level.

’ Gaussian 09, Revision C.01, M. J.Frisch, G. W. TruéksB. Schlegel, G. E. Scuseria, M. A. Robb, J. R.
Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G.eferfson, H. Nakatsuji, M. Caricato, X. Li, H. P.
Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, JSonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda,
J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitkhd\Nakai, T. Vreven, J. A. JR. Montgomery, J. E.
Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E.tB#os, K. N. Kudin, V. N. Staroverov, T. Keith, R.;
Kobayashi, J. Normand, K. Raghavachari, A. RendelG.Burant, S. S. lyengar, J. Tomasi, M. Cossi, N.
Rega, J. M. Millam, M.; Klene, J. E. M. Knox, J. Bross, V. Bakken, C. Adamo, J R. Jaramillo, R.
Gomperts, R. E. Stratmann, O. Yazyev, A. Austin, J. &n@i, C. Pomelli, J. W. Ochterski, R. L. Martin, K.
Morokuma, V. G. Zakrzewski, G. A. Voth, P. Salvador, .JDdnnenberg, S. Dapprich, A. D. Daniels, O.
Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowskind. Fox, Gaussian, Inc., Wallingford CT, 2010.

8y. zhao and D. G. Truhlafheor Chem Account, 2008,120, 215.

o (a) R. Ditchfield, W. J. Hehre and J. A. PopleChem. Phys., 197154, 724; b) M. M. Francl, W. J. Petro,
W. J. Hehre, J. S. Binkley, M. S. Gordon, D. J. DeFesgbsJ. A. Pople]. Chem. Phys., 1982,77, 3654.

% (@) P.J. Hay and W. R. Wadl, Chem. Phys., 1985,82, 270; b) P.J. Hay and W. R. Wadt, Chem. Phys.,
1985,82, 299.

K. Raghavachari, J. S. Binkley, R. Seeger and Poble,J. Chem. Phys., 1980,72, 650.
12D, Andrae, U. Haeussermann, M. Dolg, H. Stoll and H. $dteor. Chem. Acc., 1990,77, 123.
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16.2. Cartesian coordinates (A) and energies (hages) of all

complex A

E(M06 /B1) = -1645.78747278
H(correction)= 0.469311
G(correction)= 0.382838
E(M06 / B2) = -1647.16635412
Imaginary frequencies: 0

3.20102
3.68429
3.90464
1.89741
4.9643

1.26484 3686
0.29264 260D
2.44793 0Q&4
1.25338 4291
2.4169 4345
3.23089 3.65608 3917
1.24843 2.41073 4068
0.70996 -0.48381 9098
3.7573 4.60127 5828
1.88608 3.63635 0395
-0.17435 2.3327 €285
0.82455 -1.44 703
-0.50674 -1.60767 76@5
-0.42385 -2.33705 33.07
0.9594 -2.68827 B39
1.73475 -2.12849 70@5
1.46934 -0.3518 9D3I2
-0.61309 1.07265 4288
1.29724 4.53299 7347
-0.79562 3.37245 4674
1.2007 -0.72728 239
-1.74173 -1.13451 5167
-1.55339 -2.80123 1685
1.4784 -3.50936 9B&2
3.20687 -2.28861 4296
-1.82826 0.90007 2D26
0.46059 0.04045 7822
2.17381 -0.22859 2743
1.26651 -1.4247 6382
-2.61169 -1.14897 929
-1.63589 -0.10483 22084
-1.96355 -1.77483 223
-1.72108 -3.88131 90.88
-1.34779 -2.61674 7B89
-2.48514 -2.28419 €041
2.49787 -3.21887 7483
0.85766 -3.40463 9249
1.4879 -4.57094 or.p4

PRPRPPRPRPPRPPRPRPRPPRPRPRPOODDDODORNRPRODDODOODORNODORNORO®
O00O000O0O0000O0000000000 00000000 0000000

5177

the optimized structures

3.46186

3.60872

3.73629
-1.70249
-1.92528
-3.09052
-3.35078
-4.0378
-2.63537

-3.30843 6534
-1.60326 9949
-2.10227 9818
0.0181 €BP3
1.77334 8385
0.76922 0BG
1.64654 50@8
-0.20899 1209
2.44084 601
-4.51309 1.52092 0128
-5.2048 -0.33713 €106
-3.85758 -0.87797 5BY
-4.70278 2.21284 229
-5.44026 0.52262 0625
-5.93002 -1.11055 1043
-6.34876 0.42539 9834

PRPORRPROOROOORREREERE
lcNeoNoNoNoNololoNoloNoNoNoNoNoNa!

9
&

® JO0Ac

E(M06 / B1) = -228.377962939

H(correction)= 0.053862

G(correction)= 0.021010

E(MO06 / B2) = -228.468403841

Imaginary frequencies: 0

0.21947 0.00197 €307
0.80754 -1.10073 00@1
0.68498 1.16353 00.8
-1.34311 -0.05966 €181
-1.7472 0.55319 208

-1.72147 -1.08763 939
-1.72961 0.37819 32.9

PR, EPOOWOOWO®
[cNeoNolNoNeoNeNe]

X

E(M06 / B1) = -460.218180759
H(correction)= 0.002361
G(correction)= -0.015023
E(MO06 / B2) = -460.261704437
Imaginary frequencies: 0

17 0 O 0. 0.




modA

E(M06 / B1) = -1413.96314662

H(correction)= 0.523705
G(correction)= 0.430332

E(MO06 / B2) = -1415.37982519

Imaginary frequencies: 0

-2.85292
-3.39014
-3.43962
-1.60234
-4.45779
-2.71182
-0.90405

-3.15111
-1.42975
0.43783
-0.44612
0.79404
0.50327
-0.91539
-1.50587
0.79319
-1.25729
-3.36347
-0.80979
1.06733
-0.61723
2.13211
1.47845
-1.63205
-2.94789
1.88795
-2.52952
0.19819
-1.55836
-0.63158
2.90072
2.1191
2.44324
1.58755
1.14919
2.46847
-2.67277
-1.15604
-1.61631
-3.23123
-3.18338
-3.5639
1.63927

1.49445 508
0.55926 ©D&9
2.72933 9666
1.39095 U351
2.77709 78385
3.88458 2333
2.49756 0835

-0.53962 -0.43074 4889

4.86577 9383
3.76704 eU&9
2.3121 3684
-1.23598 8305
-1.52025 3P48
-2.3259 724
-2.59402 692
-1.93026 7638
1.02448 4887
-0.33505 3831
-0.70479 1749
4.61749 3319
3.29965 3037
-0.4227 1803
-1.06937 6233
-2.91727 8851
-3.40139 5291
-1.97954 4B19
0.72862 555b
-0.4896 (A4
0.30036 383
0.14163 B33
-1.06201 1274
-1.17222 2806
-0.01284 9Ba@5
-1.65997 7858
-3.99907 10K
-2.77626 2409
-2.45891 80.38
-3.07365 5089
-3.29664 3691
-4.46739 82a@7
-2.98493 8B01
-1.28194 &B55
-1.72667 f0EG3
-0.19309 0339

OFRPRFRPFRPFPFRPRPPPPPPPPPPPPOOODOODODDOOOOORLR0OO~NOODODODODOODOOOORLRPPOOORLNOORL,O®

OO0 O0O0O0O0O0O0OO0OO0OO0OO0OO0OO0O0DO0OOCO0DO0OO0OO0OOCO0DO0OO0OD0DO0OO0DO0OOO0DO0OO0OO0O0OO0OO0O OO0 O0O0OO

1.94352 1.54139 9226
3.2352 0.58392 94@3
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-2.94514
3.66394
4.08719

-0.40447 53%6
1.51828 5316
-0.4697 2123
-2.58988 0.53416 9821
-4.03253 -0.47503 5385
-2.47499 -1.21946 2235
3.02022 2.36739 815
4.8976 1.37449 7688
5.3254 -0.6161 038

3.77399 -1.18508 91.9
5.21906 2.1092 311@7
5.72871 0.30115 5938
5.97272 -1.45031 73@9
6.6928 0.18843 5333

PRPORRPROORRPRRRPOOOD
lcNeoNeoNoNoNoNoNecNoloNoNoNoNe]

J

5

F)
> ]
9
J I1Aa

E(M06 / B1) = -1413.93859303
H(correction)= 0.523395
G(correction)= 0.430161
E(MO06 / B2) = -1415.35142771
Imaginary frequencies: 0

=]

3.9188
4.2888
4.80571
2.60575
5.87362
4.28245
2.10937
4.93418
2.91042
0.65881
2.45243
-0.08896
0.29413
-1.33955
0.08472
-1.50983
-1.19388
-2.56815
-0.57662
-0.95671
-2.66669
-3.64939
-1.04459
0.83692
-1.47017
0.13318

-2.62074 1637
-3.27725 0639
-1.82275 0322
-2.65169 U84
-1.86226 02@9
-0.98282 781D
-1.85178 5889
-0.33561 6451
-0.98418 0BZ6
-2.06475 20387
-0.32743 3986
-0.96345 7007
-3.229 (B89
-1.20413 8974
0.84378 2028
-0.35906 6833
-2.10859 93487
-1.39262 3749
2.24939 0D&4
1.78576 2842
-2.4785 5369
-0.51809 5028
0.90273 o131
2.23082 0218
3.39492 9595
1.93559 6253
-1.82889 -3.17544 0287
-3.822 -2.67437 91869
-4.81168 -0.71967 0UG7

l—‘@@HCDCDCDCDCDO?GJO?O?I—‘H&CDCD\IHO?O?I—‘O?@I—‘\ICDHCD

OCO0OO0000000O0O0O0O0O0O0O,HOOOOOOOOOOOO0OO

-3.57393 0.32955 3104



PRRPRPRRPRRPRPRRPRRPRPRPEPRPRRPRORRPRPORPRORODORRPROIOOOD

cNeoNeoloNeoNoNeolloNololololololoNoloNololoNolololoNololoNeolNoNe]

0.10331
-2.46525
1.26631
1.76654
-0.92954
-2.28683
-1.9182
1.22899
0.09687
-3.89115
-4.89929
-5.65047
0.06738
-2.77954
-3.12569
-2.62888
2.68655
2.34264
2.48151
1.22982
-0.14264
1.06756
-0.68932
-5.80728
-0.83602
0.92967
0.05845
2.80051
3.29978
3.09664

0.0682 2B19
0.52545 0213
0.87104 9874
3.35277 0429
4.20189 8961
3.08093 3395
3.80327 1319
1.6333 1284
2.41979 79772
-3.52887 6B39
-1.79628 €843
-0.03222 1381
-1.36413 2B25
0.78425 23.0
1.05219 6639
-0.5479 5b&5
0.47106 DM
3.62938 92+4
3.07215 2034
4.24402 6040
1.56979 3214
2.82411 808&b
3.16996 1328
-1.95927 4115
-1.85769 4787
-1.93032 4293
-1.44491 2382
-0.61601 22™4
0.82326 2047
0.91182 8283

J

9
M
o

4*‘

3 a*

ftﬁi}

E(M06 /B1) = -1413.92923243
H(correction)= 0.523615
G(correction)= 0.430969
E(MO06 / B2) = -1415.34305775
Imaginary frequencies: 0

OO ~NPFRPOOPFRPOOOR,NOOR, O

[cNeooNoloNoNololololoNoNoNe]

[IAa

2.09169
2.18514
3.2336
0.86024
4.20785
3.08688
0.71918
3.93233
1.80534
-0.65752
1.66323
-0.88484
-1.38986
-2.00253

3.69101 7QE6
4.5948 7089
2.93827 2843
3.38644 2419
3.25069 42583
1.81735 208
2.29402 sB&2
1.19465 1438
1.48961 sS4
1.90192 €I.B%6
0.71401 3234
0.60481 1B4
2.69993 4918
-0.06256 5BY5

5179

al

0 0.5979

-1.69954
-2.17787
-3.2835

1.18087
0.8904

-3.83334
-3.95381
-0.25281
1.84154
1.81468
2.11745
-3.32406
-5.00997
-5.13392
-3.54403
-0.46006
-1.29076
0.82351
3.3148

2.77612
1.17325
1.98152
3.10973
2.25869
-5.42746
-5.66059
-5.6425

-1.76301
-1.27553
-1.10647
-2.29538
1.08221
3.70405
3.59224
3.81347
1.48575
3.25553
2.14
-6.58108
-2.58643
-1.74414
-1.99151
0.3111

2.05001
1.0972

PRPRRPRPRRPRPRPRRPRPRPRRPRLPRRORPRRPRPORPRORPRODORRPRODODODDRODODRDIODODDODDODD RN
lcNeoNeoNoNoNoloNoNoloNecloNoNoNoNoNoloNoRoloNooNoNoloNoRoNo oo NoNoloNoRoNoNoNoNo oo NoRoNa

-0.30809 40.86
-1.097 7408
0.44022 1332
-0.05662 5891
-1.90276 4833
-1.52556 6467
1.15123 1a31
-1.24512 6985
-1.64407 5148
-0.72403 4883
-3.18389 3607
-1.8643 9B85
2.08153 €943
1.15798 2624
-1.241 7382
-2.1888 3b98
-0.30557 6296
-2.65439 203
0.27414 6203
-0.54235 3¥85
-3.00702 406
-3.7348 3046
-3.82444 14236
-1.43529 0436
-2.9159 7381
2.10504 6543
-0.03747 295
-2.17961 022
0.36345 1315
-3.4783 4D@2
-3.08407 2641
-2.21711 1B48
1.62594 227
-0.95991 7286
0.5179 0I®o
-1.04205 9844
-2.81115 4338
-2.86638 2347

-3.90722 2083

-0.02814 1122
-0.12699 868
1.40832 8287
0.35779 321
2.34475 2239
2.02466 987
1.58198 238/

uﬂr*ﬁ 7’ *3

Ve o
4‘2 209>

s‘“‘
P,

TS(I-IAa

E(MO6 / B1) = -1413.90469376

H(correction)= 0.517537
G(correction)= 0.425993

E(MO6 / B2) = -1415.31935178



Imaginary frequencies: 1 (-1578.5796 m

PRPPRPPRPRPRRPPRPRPRPRPPRPRPRORPRRPRPORPROROOORRPPRPODDDROORODNDDDNNDORRPADONOODROOR,NOR O

OO0 O0O0O0O0CO0DO0OO0CO0O0OO0O0OO0OO0DO0OO0OO0O0OO0OO0DOO0DO0OO0OD0DO0OO0OO0OO0OD0DO0OOO0DO0OO0O0O0OO0DO0OO0O0O0,HOOOO0OOODO0OOOOOOO

-2.90341 3.46858 9362
-3.23195 4.40539 5D82
-3.80983 2.41698 4004
-1.62939 3.4235 €836
-4.8481 2.53839 43.36
-3.34904 1.23417 2207
-1.20898 2.28121 3017
-4.03171 0.39752 8343
-2.00832 1.13472 1641
0.20869 2.19597 4031
0.63004 0.91326 023l
0.84418 3.18507 9948
1.83544 0.61185 5434
-0.61179 -0.54919 0a&b
1.69985 -0.36947 3381
1.92251 1.36772 5230
3.10864 0.60297 4047
0.45943 -2.09463 3BA7
-0.50731 -1.46276 6DG1
3.51207 1.74551 4043
3.91264 -0.53521 0UB2
-0.93622 -2.48685 2607
0.51026 -0.87988 8B4l
1.59932 -2.9069 3188
-1.14597 -0.93914 1397
2.89095 2.64029 1@m
4.67996 1.73141 0863
5.0841 -0.55215 SB849
3.61555 -1.42126 62&7
-1.73183 -1.51369 748
-1.40136 -3.71585 203
-0.84141 -0.47066 52704
1.72073 -0.13351 1B36
1.64326 -3.88012 4B21
1.49384 -3.10344 4a@42
255821 -24 &&r21

-1.89804 0.0682 1548
-0.9684 -1.54363 8223
498377 2.62674 4689
5.46633 0.58123 6092
5.70018 -1.45057 8U.83
-3.20501 -1.57026 8RB/
-2.49037 -3.72923 1027
-0.95291 -3.79135 602
-1.1142 -4.61453 9482
-1.23778 0.71373 6235
2.61701 -0.44159 6Bg7
1.5999 0.94484 6PAE6
1.89729 -0.29724 933

-0.68723 -2.59798 14@3
-0.15997 -1.00622 9463
-1.87906 -1.42321 74384
6.38039 0.57399 603/
-3.44424 -2.16403 7243
-3.63281 -0.57189 2807
-3.72008 -2.0332 3103
-0.52639 1.53924 4368
-2.22804 1.08906 81.%
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1 0 -1.2705 0.45936 3#07
1 0 -1.87027 0.48916 59X

A&
E(M06 / B1) = -1413.92225508
H(correction)= 0.522527
G(correction)= 0.426992
E(MO06 / B2) = -1415.33799069
Imaginary frequencies: 0

-3.29845 0.90351 0069
-3.85938 -0.0237 &85

-3.9471 2.03816 8437
-1.94016 0.97378 8B38
-5.00627 2.01619 3T.Al
-3.21041 3.21102 38R
-1.32622 2.23138 2031
-0.61913 -0.5609 3B12
-3.68511 4.1092 3bZ4
-1.9282 3.32426 9988
0.07259 2.34408 1@183
0.52503 1.12713 0@87/
0.67113 3.40842 4018
1.69373 1.0726 o614£7
1.56363 0.22959 6278
1.71254 2.00172 60/
3.02356 0.92246 7090
3.39695 1.80576 4632
3.91445 -0.08176 4064
2.71357 2.61286 1001
4.62198 1.66123 8699
5.14601 -0.2254 12&4
3.63853 -0.76004 6D&7
49014 2.3549 7B3

5.49816 0.64174 1687
5.82918 -1.01637 2083
6.45769 0.53251 19325
-1.98905 1.18666 1BZ5
-1.99886 1.19872 0288
-1.32482 0.16116 43283
-0.81404 -0.68472 1281
-1.22407 0.11252 3822
-0.81328 -0.84625 55838
-0.56528 0.92276 6933
-2.20571 0.28436 8697
-0.48082 -1.31583 5142
0.81205 -1.64516 6D
-1.4869 -2.12239 9823
-0.65235 -0.48814 8338
0.58895 -2.49816 7327
2.09947 -1.1336 ob®4

OO RPFPPRPOOOODORRPPRPORPFPOODFRPROODORPRFPOONONRPRPOODORPROOORFRO
OCO0OO0O0000000O0O0O0O0O0O0O0O0OO0OO0OO0OO0OOO0OOO0OO0OOOOO0OO,HOOOOOOO



PRRPRPRPRRPRRPRPORRPRORPRRLRREPOO®

cNeolooNeoloNeoloNololololoNoloNoNeNeNe]

-0.84242
-2.90363
-0.00696
-1.68333
-0.3893
1.59258
2.95207
2.08202
2.27979
-1.47649
-3.00973
-3.26493
-3.57689
1.68352
1.31342
2.58355
-2.56892
-1.13116
-1.21829

-2.76247 1022
-2.29375 2B73
0.39914 4318
-0.13249 9242
-1.0568 88P8
-3.0383 886

-1.3789 6423
-0.04225 124
-1.56503 €299
-3.63261 10@8
-3.17533 7299
-1.42741 8321
-2.43422 63381
-4.13201 09%6
-2.80372 2831
-2.60315 1036
-3.54707 04.39
-3.36624 2437
-4.68816 4688

9

2
>

]

>

o
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2 Diphenylacetylene

E(M06 /B1) = -539.031917418
H(correction)= 0.202996
G(correction)= 0.152671
E(M06 / B2) = -539.1569763
Imaginary frequencies: 0

PRPPRPOPRPORFRPODODOODOORPREPPRPORPORPODODOODOOOO®

[cNeooNeololoNeoNolNolololoNoloNololoNoloNoloNoNeNe)

0.60708
-0.60708
-2.03027
-2.74208
-2.74204
-4,12921
-2.18874
-4.12917
-2.18867
-4.82717
-4.67123
-4.67116
-5.91558

2.03027

2.74208

2.74204

412921

2.18874

412918

2.18867

4.82717

4.67123

4.67116

5.91558

0.00003 O.
0.00004 oO.
0.00002 O.
1.20886 0016
-1.20885 6006
1.20473 0016
2.14625 0028
-1.20476 6006
-2.14622 0028
-0.00003 O.
2.14885 0028
-2.1489 0P8
-0.00004 O.
0.00002 O.
1.20886 0016
-1.20885 00106
1.20473 60106
2.14625 0028
-1.20476 00106
-2.14622 0028
-0.00003 O.
2.14885 0028
-2.1489 0028
-0.00004 0.

5181

2
B’

HOAC

E(M06 / B1) = -228.959405766
H(correction)= 0.067747
G(correction)= 0.035499
E(MO06 / B2) = -229.030738416
Imaginary frequencies: 0

1 0 1.70653 -0.81366 00Q5
6 0 0.09255 0.12518 0011
8 0 0.65375 1.19206 60@O
8 0 0.76171 -1.0475 0001
6 0 -1.38731 -0.09887 O.
1 0 -1.67833 -0.68112 81.%9
1 0 -1.9052 0.86217 60O
1 0 -1.67815 -0.6818 &1.2.
J ,f}a \’
4 ﬂ/
JJ J Mwa
J‘ J”“*Q ,
s a2, &R,
4 IVAa

E(M06 / B1) = -1723.98134015
H(correction)= 0.658293
G(correction)= 0.550344
E(MO06 / B2) = -1725.4678699
Imaginary frequencies: 0

DO NOOOOOONR,PPOOFRLPOO R, O

OCO0OO0O0000000O0O0O0O0O0O0O0O 0000000

-3.1727

-3.37486
-4.18824
-1.91593
-5.18977
-3.89852
-1.74922

-0.92293 5892

-0.08064 2439
-1.81817 3097
-1.11119 %4

-1.70311 S0B1
-2.86226 4024
-2.16013 0432

-0.20817 -0.04803 1846

-4.67162
-2.71259
-0.45504
-1.27782
-0.44927
0.34219
-0.19889
-0.0704
-2.63541
-0.47476
0.82057
-1.46738
1.42834
1.06052
-2.9739
-3.63772
0.83718

-3.58863 0072
-3.03338 1682
-2.19569 5847
1.52006 0@F
-0.86377 2206
-1.15033 6811
-3.01849 3085
1.81089 .82
1.45212 5831
0.55912 8305
-1.2564 7318
-1.82088 35@3
-0.8566 138D

2.69565 0042
0.62738 4228
2.17957 6B26
1.03365 9358
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cNeooNeololoNolololololoNoloNololoNoloNoloNolooNeoloNololololololoNoloNoNeoloNoololoNolNoloNolloNoNoNeNe]

-1.56698
1.64444
1.27894

-1.56833

-2.46019

-1.15975
1.50606
1.1512
2.77766
2.38036
0.82534

-4.29464

-2.18903

-4.95852

-3.3695
1.24272

-1.32207

-2.51224

-1.7465
3.10528
2.13839
0.48689
1.57612
2.88974
3.9431
3.44189
2.56764
1.88943

-0.20249

-5.2895

-4.55061

-5.73399
1.41246
0.45674
2.16025
3.66171
3.50056
3.33836
1.98723
4.13159
5.18915
3.87284
3.20091
4.46241
1.69364

-6.32595
4.2022
5.28547
6.08594
4.03205
6.25594

1.43494 9327
-0.07788 5P®7
-2.66122 0P4R
-2.69812 8233
-1.36952 333
-2.17934 29@2
0.23196 5349
-1.285 995
-1.41357 40@6
2.23607 7381
4.07117 S3&2
0.53076 5389
0.05884 3386
2.07744 2807
2.81781 3631
2.46247 0B®2
1.85559 88@7
0.88847 988
2.28056 1586
-0.09477 5B58
-2.71616 2245
-3.29594 8153
-3.0976 6B39
-2.71981 5133
-0.66381 1PB1
3.12447 821
1.17327 3083
4.95801 5287
4.43148 7086
1.24999 9B29
-0.11882 8817
2.64442 1032
2.71778 633
3.13367 38113
2.69033 53@8
-0.51664 02@°
0.91212 734
-0.70908 78.33
-3.32695 8D®H1
-3.24081 0B85
-1.18467 6936
0.34265 321
4.4895 1635
2.74226 Q61
6.02382 5796
1.16667 13733
-4.26086 3048
-2.4714 5098
-0.58125 06%4
5.18835 0.»4
-2.88115 7384

5182

E(MO6 /B1) =
H(correction)=

TS(IV-V)Aa

-1723.9649261

0.656305

G(correction)= 0.548299
E(MO06 / B2) = -1725.44931843
Imaginary frequencies: 1 (-262.4215tm

[N NoNoNoNoN ol o NN N ol N oN 2R N Ne e le el el e NerNerl o) e i NNeo e NN NN e rNerNo i ool o))

OCO0OO0O000000O0O0O0O0O0O0O0O0O0O0O0OO0O0OO0O0O0O0O0LHOOOOOOOOOOOOOOOO

-2.05235
-2.63112
-2.30365
-1.07773
-3.04718
-1.60288
-0.39537
-1.80751
-1.80274
-0.6707
0.72958
-0.93656
-3.25987
1.14533
1.21605
-0.6909

-2.4616 85227
-2.30752 60%8
-3.56188 5BP9
-1.53744 4585
-4.30539 7561
-3.67852 52326
-1.78798 4b86
0.34806 40.4
-4.51446 3396
-2.81552 5364
-0.87269 6226
1.2846 8125
0.22077 8899
-0.16465 25681
-0.81261 3287
2.68091 13159

0.01674 -0.30209 50&7

-3.90907
-4.02953
2.16743
0.2473
-1.43661
1.58378
1.39803
0.05829
-0.59515
0.37517
-5.29593
-3.31408
-5.41801
-3.52048
2.00442
2.03871
3.5848
0.42589
0.83415
-1.25089
-2.15743
2.85275
2.49429
-0.58954
-1.99196
0.18438
-6.05306

-0.44293 3b58
0.84926 0054
0.83893 7537
3.41232 262

3.34287 0432
-1.18801 1910
0.20178 9225
0.34722 52483
-0.92753 3178
-1.88623 62&3
-0.4805 8bB63
-0.91901 1387
0.79733 534
1.3909 9821
1.69238 00.78
1.21021 643
0.34674 €826
4.76972 0616
2.89482 8a%0
4.69748 3168
2.77204 8316
-1.81031 48%2
1.20616 8369
1.57543 9a&1
-1.20216 7808
-3.35054 7328
0.12974 8834



1 0 -5.79067 -0.9898 1283
1 0 -6.00423 1.2857 3D26

6 0 3.99027 -0.87891 4b4

6 0 4.52813 1.12117 3034
6 0 -0.32075 5.4165 8893

1 0 1.15837 5.32561 70%3
1 0 -1.83195 5.19691 635

1 0 3.57338 -1.06456 98241
1 0 2.66943 -2.50429 1092
1 0 3.32602 -2.3805 62G3

1 0 3.13367 1.00286 583
1 0 211196 2.22833 92%3
1 0 3.14224 1.17864 98%

1 0 -0.72006 1.50311 8485
1 0 -1.58579 1.73293 5888
1 0 -0.00051 2.47675 8346
1 0 -2.09273 -1.05705 6822
1 0 -2.29376 -2.23325 5B3

1 0 -2.71698 -0.53433 9PK3
1 0 0.67481 -3.69695 55637
1 0 -0.87408 -3.62512 P02
1 0 0.61661 -3.91632 1366
1 0 -7.14026 0.09012 2089
1 0 3.27361 -1.46535 7R
6 0 5.29413 -1.32795 723/
6 0 5.83601 0.67313 5339
1 0 4.231 2.09607 w41

1 0 -0.17326 6.47872 7295
1 0 5.59395 -2.28564 9B645
6 0 6.22011 -0.56026 €082
1 0 6.55351 1.2905 861

1 0 7.2392 -0.91911 3076 -

2

VAa

E(MO6 /B1) = -1724.0124951

H(correction)= 0.660039
G(correction)= 0.552458

E(MO6 / B2) = -1725.49367446

Imaginary frequencies: 0

6 0 1.96362 2.83784 sa.m4
1 0 2.88116 2.78457 384
6 0 1.34036 4.0421 eA.B2
6 0 14324 1.64764 8998
1 0 1.73695 4.97812 8U%b
6 0 0.18483 4.03644 98D
6 0 0.26548 1.76573 8881
6 0 2.12829 0.34085 6388

5183
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OCO000000O0O0O0O0O0O0OO0O0OO0OOOOOOOOODODODODODODODODODODO0DO0DO0O0O0O0DO0DO0O0O0O0O0O0O0O0O0O0O0O0O 00000000

-0.32641 4.97603 2245
-0.34027 2.94678 3L®4
-0.33025 0.55335 7268
1.39761 -0.4962 8B36

3.4548 0.13386 #4753

-0.84918 -0.2677 6D36
-0.31119 0.43809 6331
1.67894 -1.88838 2825
-0.37816 0.51199 2831
3.72246 0.6924 3B12

4.46289 -0.60364 46381
-1.38726 -1.54956 6I.31
1.45991 -2.89135 3221
2.17707 -2.26626 7B®6
-1.77727 -0.30067 32484
495798 0.51151 4339
2.93767 1.24768 521

5.69915 -0.77998 =489
4.27572 -1.03336 3856

-1.15507 -2.29777 93¥4
-0.86801 -1.85888 9247
-2.87348 -1.53819 1B85
1.69429 -4.22669 7068
1.12462 -2.60034 2132
2.41321 -3.60304 8227
2.41206 -1.48924 0311
-0.7063 0.26686 25481

-2.51725
-2.19673
5.95304

0.80154 2180
-1.72731 5292
-0.22215 6a?

5.14181 0.94271 2889
6.47347 -1.35157 4841
-3.44038 -0.5662 4B%

-3.70493 -2.49804 41328
2.15998 -4.59067 32487
1.52332 -4.98888 8038
2.80936 -3.87355 5845
-0.6628 1.65114 3888
0.12179 -0.4759 0897
-1.81823 1.9801 0x@7
-3.755 0.69777 9&4

-2.81258 -1.9421 4393
-1.32566 -2.39586 8B35
-2.78842 -1.98352 7026
6.92366 -0.35957 7383
-2.787 0.16394 2343

-4.81221 -0.54444 6B@1
-5.0815 -2.47799 6139
-3.26539 -3.27671 1485
2.34333 -5.6375 6BH9
0.29609 2.648 9W17

1.08837 0.01384 829b
0.31846 -1.50514 85357
-0.39941 -0.52905 74.83
-2.16137 3.34722 3BR0
-3.9722 -0.33571 0597
-3.67038 1.27996 2029
-4.62214 1.07876 5B24
-5.24174 0.21706 1B%
-5.63912 -1.49418 &BZ7



-5.71687
-0.09323
0.49106
1.26011
-2.8194
-1.2629
-2.66815
-6.71418

-3.23212 9843
3.11674 0633
3.45092 6B&R
2.18269 3347
3.31752 50182
3.91173 4168
3.92113 239
-1.47118 4235

PRRPRRPRRERPR
Oocooocoooo

IAb

E(M06 /B1) = -1413.95112369
H(correction)= 0.523261
G(correction)= 0.430800
E(MO06 / B2) = -1415.36958443
Imaginary frequencies: 0

3.17854
3.2186

4.17497
2.10887
5.03074
4.04492
1.95171

-0.63173 0B
0.17802 3530
-1.59108 2023
-0.65791 9234
-1.54001 9584
-2.6111 12219
-1.66416 5987
4.81209 -3.37808 0012
291641 -2.64915 14@5
0.65886 -1.7276 1189
2.72335 -3.43097 4187
-0.2145 -0.77842 21.39
0.49164 -2.60083 e3%4
-1.51676 -0.79662 5202
0.42526 0.60994 0558
-1.51965 -1.65052 =5PU8
-1.66285 0.10296 7562
-2.66872 -0.92572 92D
0.77011 2.54655 4049
-0.15599 -0.55197 1@
-3.85747 -0.22438 O0BB
-2.58647 -1.79196 0105
-0.64397 2.43081 1Q.75
1.41875 2.56983 53583
1.42888 2.76866 5729
0.01937 -1.81132 63®4
-3.94673 0.42428 7235
-4.9326 -0.35615 ZHE8
-3.65733 -1.92588 7636
-1.66824 -2.35924 4947
-0.85366 2.2316 8585
-1.69189 2.58411 5159
0.43411 2.36463 5311
2.87703 2.78788 5063
0.92006 2.20625 5893
247264 2.43148 4P

PRPOO0OO0OORPROORPROODODODODODO0OOO0OOREFPMAANOODONRPOORPOORPR~NOORL,O®
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1.42578 3.83178 4256
0.5647 -2.64613 5045
-0.56723 -2.20001 1332
-5.85163 0.20068 0B83
-4.83025 -1.20084 73%6
-3.57928 -2.61135 1835
-2.13748 1.94608 8D3
-1.91907 3.65346 7685
-2.62154 2.07674 7482
-1.36414 2.20519 2BG8
0.62719 2.22838 2PB
3.47645 2.1711 3016
3.19257 2.5676 7BB2
3.13323 3.83765 40R
-0.43283 -3.27062 9382
-0.08554 -1.62836 14.1
-1.63542 -1.94794 3836
-5.66539 -1.30497 6432
-1.97978 1.16245 3385
-2.89866 1.56946 8320
-2.53125 2.84121 8B&8
0.08386 3.01204 6836
1.68509 2.29284 034938
0.24514 1.25029 4334

PRRPRPRRPRPRRPRPRPRPRRPORRPRPRORPROROOOR
lcNoNoNoloNoloNoNoloNecNoloNoRoNoNoloNoNoloNeRoN o)

? [IAb

E(MO6 /B1) = -1413.92120237
H(correction)= 0.522741
G(correction)= 0.431715
E(MO06 / B2) = -1415.33481771
Imaginary frequencies: 0

3.92764
3.98196
4.99823
2.79879
5.88701
4.89807
2.71629
5.70986
3.74932
1.52913
3.61359
0.28964
1.77275
0.78989
-0.52853
-1.85858

-1.10876 16.76
-2.1829 12316

-0.46425 1632
-0.49812 9010
-1.02303 72175
0.90873 0086
0.81983 8984
1.45834 76183
1.56237 06.81
1.60413 8263

2.63319 8643
1.09379 3149
2.68532 289

1.97391 4549
-0.35383 7219
1.99603 8838
-0.39037 2.98447 2841
-1.23358 1.6354 0R®5

-0.09711 -2.43941 20482
0.94437 -0.21956 8982

COFRPRFRPOPPIODONFRPROOFRPROORPRNORPO
OCO0OO0O0O0 0000000000000 O0O



-1.47922
-3.2179
-1.1418
-0.61159
1.23111
1.59076
-2.45707
-0.42126
-3.51932
-4.17553
-2.26836
-0.97969
-1.94714
0.15044
1.11023
1.85485
1.75207
1.37099
2.72682
-3.80037
-2.13837
-5.22884
-3.5866
-0.09581
-1.84978
-0.84396
-2.91853
-0.29772
1.18037
0.17457
2.3352
3.28759
3.39466
-4.55963
-4.31631
-3.5387
-3.97522
-3.6266
-2.41585
-3.50147

PRPRRPRPRRPRPRRPRRPRPRRPRPRRPORRPRORPRRPRODODORRPRPODODDODORRPRIOIDODDOOD
lcNeNeoNoNcNoloNecNoNcNoNoNoNoNoNeloNoNoNoNoNoNoNeNoNoNoloNe oo oo NoNelo NoNoNo N

1.90951 &6.71
2.10995 99381
-2.32524 6333
-1.95472 9249
-3.04431 2817
0.79795 62%5
1.89245 7202
2.00951 488
2.19351 4537
2.1244 ©oB86
-1.74512 203
-2.70328 92726
-1.49984 6B38
-1.91765 6B&4
-4.08389 668
-3.03719 6089
-2.48463 109
1.98451 3885
0.37349 7348
2.00089 5D21
1.83105 128
2.22958 5233
-1.45271 4185
-2.20173 1287
-2.41016 986
-3.78846 0Bd@6
-1.0424 9804
-1.21843 &3.3
-1.58343 7219
-2.91555 2833
-0.1743 4367
1.24896 1347
-0.30705 33@6
2.00773 32
-2.21704 3339
-1.4475 3605
-0.47857 1®31
-0.31286 8684
-0.57622 5345
-1.8937 8DB2

J <9

TS(II-1)Ab

E(M06 / B1) = -1413.90227803

H(correction)= 0.516797
G(correction)= 0.425669

E(M06 / B2) = -1415.3176471
Imaginary frequencies: 1 (-1569.4821Hm

0 3.99422
0 4.14098
0 4.95792

(o200 e}

0.97146 7848
2.04118 4073
0.24605 08049

5185
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2.86543
5.85069
4.75176
2.67405
5.48341
3.60471
1.47251
3.40383
0.24833
1.69613
-0.8492

0.44887 65M6
0.73755 89@B
-1.12103 7@23
-0.86239 9837
-1.73579 BI3
-1.68699 5035
-1.5492 9p19
-2.75465 0012
-1.04595 5BP1
-2.57267 8D12
-1.8698 3r.Z7

-0.42754 0.42092 0895

-1.95614
-0.48014
-1.23618
0.13902
-0.40579
-1.75878
-2.06236
-0.88451
1.11587
-1.71109
-3.20864
1.49496
0.31664
-2.74967
-3.40098
-0.688
1.21514
-2.73645
-3.40068
-4.21139
1.42369
2.08669
2.03889
-0.19424
1.33072
0.38373
-3.40259
-2.25517
-3.38982
-3.98505
-3.33289
-3.96733
0.26244
-1.48957
-0.66187
0.43164
2.33412
-3.97782
-2.53657
-5.18538
1.9144
2.85527
3.03823
-4.76321
-0.56343

-1.90086 2051
-2.88582 5R397
-1.48807 62¥4
2.54846 B4
2.09882 3031
1.65339 7963
1.92925 0838
2.42235 2634
-0.0076 6B%
-1.33135 3588
-2.44161 14
3.10475 4633
2.0423 2266
1.20045 932D
1.76603 3613
2.79011 5bB3
-1.15687 7294
-1.34576 9591
-2.86462 2742
-2.43575 5508
4.13366 29213
3.11742 7aZ
2.50354 8035
1.38532 42Q
1.64636 8232
3.04381 73@1
0.41221 9¥45
0.79946 8765
2.03559 1588
2.68888 0233
1.56946 1236
0.94396 834/
2.38492 2854
2.39476 962
3.88192 8723
-2.11763 3196
-1.40443 589
-1.89729 1B26
-0.92632 8526
-2.86508 882
-1.54955 5816
-2.32917 7347
-0.56777 6389
-1.91634 6¥83
-1.63621 98®4




&y

I

Ab

E(MO6 / B1) = -1413.94223094

H(correction)= 0.521491
G(correction)= 0.428710

E(MO06 / B2) = -1415.35480497

Imaginary frequencies: 0

3.53004
3.35109
4.82804
2.44815
5.67593
5.00266
2.62005

6.00019
3.88196
1.41325
0.19631
-0.37075
-2.18385
0.73371
3.94406
1.59821
-0.89251
-0.2032
-2.18105
-3.32238
-0.71967
1.01516
1.68844
-0.76169
-0.85212
0.01709
-0.24523
-3.33505
-4.47477
-3.31293
-1.31412
-1.39528
-0.26229
2.34286
1.69846
2.71142
1.40379
0.12619
-0.46418
-1.00867
0.71758
-3.32945
-4.48451
-5.36407

PORPFPFRPRPRPRPPPOODODORPROOODODORFPOODODOODODDODDODODDOFRROOOONOORLRPMPOORL,RNORL,O
OO0 O0O0O0O0OO0O0OOCO0DO0OO0CO0O0OO0DO0OO0OO0DO0OO0O0O0OO0OOD0DO0ODODO0OOCO0DO0OO0O0OO0OO0O0OO0O OO0 O0OO0OO0OO0O

-0.82997 01%
-0.76362 7459
-0.78539 00@5
-0.95154 3686
-0.68072 7B45
-0.89233 76.B
-1.03222 863

-0.43987 0.4327 528

-0.8745 1203
-1.0191 843
-1.13857 91%6
-1.24826 8¥.19
-0.74956 4383
-0.54214 8516
2.30835 9U®L
-1.09954 6549
-1.1562 1236
-1.53769 2383
-1.97439 0247
-1.41561 8028
-0.42632 0859
2.39971 62386
2.17473 604
2.31072 3237
-2.54097 6728
-0.83892 828
-2.74217 8013
-2.70126 1882
-2.13107 9667
-1.14501 8335
0.21457 914
2.39903 3324
2.63329 6231
2.10682 7196
2.12611 2931
3.28514 5PEL
2.08959 139y
1.55398 8253
-2.17205 1023
-2.01103 2824
-3.48632 6839
-3.19631 8334
-2.81524 48525
-1.98796 2287
-1.05223 0858

5186

-2.74377
-1.07327
-2.48528
-1.16219
-0.39056

2.35569

3.14845

2.59043
-5.38228
-2.91159
-3.41133
-3.05508
-1.40973

0.29147
-0.15187

PRRPRRPRRPRPRRRPRRPRORRPLRLO
cNeNeoNoNoNoNoNololoNoloNeoRoNa!

2.64516 eB43
1.89723 1388
2.55864 732
3.63339 6532
2.02666 525
1.41584 6682
1.84574 3089
3.11357 4808
-2.55149 7B08
3.71431 €195
2.34161 4813
2.08477 SbA7
1.75016 5238
1.27332 7364
2.99208 2339

IVADb

E(MO06 / B1) = -1723.97033679

H(correction)= 0.658240
G(correction)= 0.550280

E(MO06 / B2) = -1725.45692285

Imaginary frequencies: 0

-4.01412
-3.78963
-5.32305
-2.97113
-6.12991
-5.56042
-3.20718
-6.56805
-4.49438
-2.12057
-4.61704
-0.8047
-2.52803
-0.01758
1.43507
-0.23489
-0.34239
1.86055
2.37676

3.22615
2.02817
3.73497
1.23145
4.16033
3.58766
4.45984
0.01925

OFRPFPODOORFRPROPPRODORPRFPOOONRPODORFRPOORLRNOREPO
OCO0OO000000 0000000000000 OOOO0OO

0.45349 4237
1.00586 5218
0.08908 5a&2
0.17518 5898
0.33789 4166
-0.59052 3®32
-0.44168 9982
-0.90227 0085
-0.84058 8B33
-0.67607 2B@5
-1.31927 5P32
-0.69468 3082
-0.83999 9102
-0.89579 4248
-0.94707 4D96
-0.09361 7333
-1.81548 63Q6
-0.82643 a1
-1.11229 €B&7

0.35937 -0.6332 60.@2

-0.86563 3BY5
-1.20035 9446
-1.1674 73Q9
1.49094 5638
-1.04566 5486
-0.7169 8149
-1.29889 7638
1.6379 0439



2.60425
5.2229
-1.17788
3.20649
3.34491
-1.78847
-1.70937
452478
2.62413
4.65896
2.87845

-2.9274
-1.35634
-2.85192
-1.22657
5.25635
4.97949
5.22214
-3.46911
-3.39825
-3.26624
6.28937
-4.36764
-2.60081
-1.56409
-0.65945
-1.25599
-1.55751
0.78639
-0.99099
1.33611
1.53051
0.24558
-2.32513
2.73333
1.05422
2.5698
1.54972
0.32805
-2.51718
-3.14498
-2.36494
2.79403
3.44812
3.07122
1.30776
-0.4281
0.16817

PRPRRPRPRRPRPRRPRPORPRRPRRPOODDODODDORRPOODRRPREPRPRRPRORRPRORORORPRORODODDODODRO®
lcNeNoNoNoNoNoNcoNoloNeoNoloNoNoNoNoNoNoNoNo oo NoNolo NN oo NoNoNo oo NoNoNo oo NoNoNoNoNoNoNeoRoNa}

1.91539 46422
-1.06336 1P8B5
2.37864 e911
2.19328 8DKL
2.10748 2052
3.10763 5983
2.43639 6BY98
2.62948 3874
2.08544 9238
2.54789 eB6@2
1.89349 90@5
3.85809 0387
3.07424 5969
3.18554 1077
1.87765 e321
2.80154 6U0Z0
2.84396 0258
2.68838 8b5b1
3.88906 7041
4.4191 0997
3.21416 1891
3.14221 18&5
4.47079 7882
-0.75619 8839
-0.4091 3324
-1.2292 8237
-0.45124 94@8
0.6484 3311
-1.14637 4382
-2.21378 5DA7
-2.16299 10%2
-0.31118 2338
-2.73066 708
-2.7843 2BA1
-2.67159 4194
0.67081 5833
-0.1464 1301
-0.79383 1434
-3.85328 0086
-2.79026 4099
-2.2405 0B®4
-3.8312 6b4
-3.50686 5226
-1.90975 7936
-3.04307 7063
-3.87447 935
-3.74101 8889
-4.82853 83483

*2

TS(IV-V)Ab

E(MO6 / B1) = -1723.95448524

H(correction)= 0.657677
G(correction)= 0.554484
E(MO06 / B2) = -1725.43903785

Imaginary frequencies: 1 (-252.4939tm

OFRRFRPFPFPFPFPORPPFRPOOODOORPRPFPPFPORPRPPFPOODORPRODODDODDODDODDDDODODODOODODODORFPOPMPODONRLROORPROORPNOORFR,O®

OCO0OO00000O0O0O0O0O0O0OO0OOO0OO0OOOOO0OOOOODODOODODODODOO0DO0OO0OO0O0O0O0O0 000000000000 0OO

-4.27583
-4.22733
-5.49914
-3.11021
-6.41328
-5.51411
-3.13419
-6.44789
-4.32273
-1.90229
-4.27849
-0.68759
-2.1119
0.30278

0.57878 46.53
1.16697 6Y49
0.11271 85387
0.35342 eBm2
0.31813 3888
-0.60913 6B43
-0.30179 2v.27
-0.99966 O0B&8
-0.79268 8bG1
-0.43385 9318
-1.2887 8437
-0.74883 0BG3
-0.26701 &334
-0.75918 730

0.20227 -0.73483 683

1.63929
0.36324
-0.01614
-0.05412
0.95686
0.22119
1.94397
2.59827
-1.28944
0.09715
0.38063
2.31999
1.45868
-0.80407
3.21222
2.34667
3.84807
-1.02948
-2.60786
1.1167
-0.58519
-0.1152
1.10463
2.26203
3.02071
2.75028
2.74456
-1.17387
-1.43825
4.15546
3.47401
4.58273
-2.01154
-2.59052
-3.41844
-2.84753
0.57815
2.11703
1.20346
3.00071

-1.14277 5227
0.24281 48321
-1.42544 9327
-2.81505 0123
-2.1812 649
1.33243 5265
-0.85481 203
-1.76417 5BS6
-2.09658 3V.A7
-4.03626 6236
-1.017 8345
-2.71884 2228
1.04452 6321
2.33827 4089
-1.16801 2235
-2.00014 9365
-2.09892 =pH1
-1.02279 3237
-2.58276 4894
-4.11437 /D7
-4.0081 9746
-4.95718 2791
-0.06454 7837
-3.46729 2846
-1.94423 5368
-3.21273 433
1.7229 7846
2.96514 4989
2.70973 4127
-1.79881 2405
-0.88519 96%1
-2.59021 8628
-0.07182 2234
-2.75809 3508
-1.87696 541
-3.54239 3DA3
0.89733 3813
0.13924 03.1
-0.45478 083Gl
2.46018 8v@H



PRPRRPRORPRORPRORORRPRREPRPOROO®

eNeooloNeoloNeoloNololololoNoloNoNeoloNeNoNe]

3.68978
-2.16987
-0.65818
-2.42921
-1.1731

5.13657
-3.0097
-1.71381
-2.10506

4.18265

2.25403

4.86144

3.48976
-2.80336
-2.4474
-2.92265

5.11465

4.37259

5.58421
-3.58537

6.03897

1.72778 08933
3.93445 5541
2.69235 7297
3.68012 2¥323
2.20077 &B17
-2.0406 1BG5
-0.52178 8265
0.211 4549
0.84567 22583
3.18084 171
2.46472 80@3
2.46024 7033
1.15609 1244
4.29031 087
4.41947 9PI6
3.95522 5832
3.18207 8534
3.74758 2304
2.46797 9BG2
5.04788 2699
3.74892 86.2

VADb

E(M06 /B1) = -1724.01299798
H(correction)= 0.659592
G(correction)= 0.555042
E(M06 / B2) = -1725.49310124
Imaginary frequencies: 0

OFRPFPOPOODONFRPROOOOFRPOOORLPNOORPO®

OO0 O0,HOO0OO0OO0OO0COO0OO0OOOOOO0OO

4.24683
4.38254
5.27703
3.07079
6.21052
5.07154
2.86416
5.8504
3.8469
1.5186
3.60234
0.48935
1.40155
-0.75272

-0.16757 -1.18521 5519

-1.92963
-0.90753
-0.71621

1.25226

0.33434 934ar
0.06295 4B@3
0.9762 8361
0.01978 4013
1.20693 26.16
1.30353 1730
0.37262 2266
1.79692 9738
1.00474 9258
0.21265 9285
1.25871 197
-0.40528 88&1
0.71673 23983
-0.22132 1333

-0.73894 1947
0.84701 58%0
-0.73774 BI7
-2.9157 9327

PRPRPRPORRPRORPRORPRORRPRPRPRPRPRRPRPORPRODOODORRPRPRORPRRPRRPRORRPOODDORRPROIDODDORIDIDDDIDIDIOOOD

cNeooloNeoloNoloNololololololoNoloNoNoloNoNoloolololololoNoloNoloNoNoloNololNololoNeoloNoNoNololololoNoloNoNoNoNeNe)

-0.48324
-2.44907
-2.64985
-0.01738
1.18913
2.44145
-1.71842
0.56299
-3.68062
-2.25289
-3.85733
-0.89109
-0.40464
-0.14227
2.34344
2.23142
3.3024
2.71993
-2.38412
1.00248
1.17359
-4.38349
-4.08486
-4.40811
-2.30732
-1.4894
0.07364
-0.10777
-0.64266
3.28308
2.41857
2.24326
-3.31928
-2.11286
2.03523
0.50549
2.21022
0.82769
-5.34483
-2.35673
-2.81473
-2.8757
0.11083
-1.54865
-0.88459
-3.949
-3.54308
-2.74393
-1.39946
2.65163
2.35693
2.6765
-3.66465
-4.66474
-2.51967
3.46608
-4.15874

0.82968 056/
-0.03189 0335
-1.84783 0225
-3.48487 AUB1
-2.02023 4932
-3.18904 5816
1.13843 e@12
1.74804 486
-0.43335 4883
-2.37995 7P@5
-2.22985 4947
-2.94555 3PHA
-4.44541 6316
-2.09084 8341
-1.39507 4236
-2.95526 11@1
-2.58265 6288
-4.25116 92
2.45681 7092
1.80833 7242
2.58874 00@®
-1.50427 71223
0.14342 7043
-3.07315 6BY7
-3.33978 3B65
-4.44835 2968
-4.18848 1914
-5.4751 1283
-1.44427 33@7
-1.61338 2884
-1.7871 6348
-0.30254 6583
2.76426 2647
3.42884 41%7
2.66319 4247
1.18721 1338
3.43367 A&7
2.56218 31%0
-1.78477 4343
-4.36242 4D22
-2.67235 4221
-3.32968 9764
-0.76911 5646
-0.85057 4825
-2.19129 o4.2
4.0026 6191
2.02181 9880
4.6652 0ODH6
3.20631 36&6
3.47004 9283
2.70023 8385
4.07291 7689
49596 @0.03
4.22069 5BZ4
5.40443 7Y &7
4.13286 81™4
5.92966 1024




g“

J a‘ 2
il | complex B
E(M06 /B1) = -1107.6074958
H(correction)= 0.420312
G(correction)= 0.345186
E(M06 / B2) = -1108.93040443
Imaginary frequencies: 0

45 0 0.62846 -0.60262 -G3u
6 0 -0.43752 -2.02509 5B6GE5
6 0 1.92627 -2.31766 4011
6 0 1.30655 -1.97315 5¥B3
6 0 -1.09082 -1.94232 2213
7 0 2.08605 0.90973 5055
7 0 -0.31428 1.06624 3098
1 0 -0.84542 -1.43372 8pal
6 0 0.51203 -3.11355 9014
6 0 1.52769 -3.50269 600G

1 0 2.94346 -1.9493 1092
1 0O 1.88868 -1.38247 728

6 0 0.11684 -2.66459 7538
6 0 -0.9866 -2.99285 63496
1 0 -1.95441 -1.27575 5864
6 0 3.28516 0.78633 366b
6 0 1.70593 2.11404 06@.2

6 0 -1.64914 1.15863 9683
6 0 0.34567 2.23724 40@4
1 0 1.05537 -2.73883 638/
1 0 -0.04892 -4.00004 3232
1 0 1.13263 -4.30718 7399
1 0 2.42206 -3.92136 9005
1 0 -0.29456 -1.98417 3B0J8
1 0 0.42951 -3.5741 18343

1 0 -0.8218 -3.98041 1096
1 0 -1.9483 -3.06356 8BH9
1 0 3.55209 -0.20707 98645
6 0 4.15807 1.85501 70=1
6 0 2.52189 3.23239 9862
1 0 -1.8049 0.35273 718
1 0 -1.72605 2.10745 5P®5
6 0 -2.75644 1.1047 {84
8 0 -0.03712 3.35602 8943
1 0 5.12416 1.70558 5348
6 0 3.76712 3.10215 00&/
1 0 2.13864 4.17131 888

6 0 -2.60188 1.67418 9253
6 0 -3.97698 0.50697 9045
1 0 4.42882 3.96121 9a(H
1 0 -1.65115 2.13804 5BZ¢
6 0 -3.64604 1.65259 1104
6 0 -5.02422 0.48425 283

1 0 -4.10325 0.05031 7637
1 0 -3.51016 2.10488 9287
6 0 -4.86144 1.05877 81B

5189

=

0 -5.96826 0.01092 4237
1 0 -5.67741 1.04144 (02a8

COD

E(M06 / B1) = -311.766659673
H(correction)= 0.188764
G(correction)= 0.149854
E(M06 / B2) = -311.847506425
Imaginary frequencies: 0

-1.73844 0.62448 3336
-1.73844 -0.62448 3326
-0.5658 1.51911 225

-2.71682 1.0755 1689
-2.71682 -1.0755 1(h89
-0.5658 -1.51911 A25

0.5658 1.51911 225

-0.13881 1.29858 142%
-0.95212 2.54453 0237
-0.13881 -1.29858 11436
-0.95212 -2.54453 0287
0.5658 -1.51911 225

1.73844 0.62448 3836
0.13881 1.29858 1126
0.95212 2.54453 0%/
0.13881 -1.29858 1126
0.95212 -2.54453 0287
1.73844 -0.62448 3836
2.71682 1.0755 1689
2.71682 -1.0755 1689

PRORRPRPRROORRPRRPOORRLROOO®
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E(MO06 / B1) = -1024.21939962
H(correction)= 0.286011
G(correction)= 0.215838
E(MO06 / B2) = -1025.53245113
Imaginary frequencies: 0

-0.77648 0.85499 -8@P
0.26536 -0.73502 4381
-1.99295 -0.6636 1024
0.35899 2.68022 7051
15764 -0.60739 41.36
-0.21499 -1.97018 6375
-3.19165 -0.54931 2285

N
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-1.55353
-0.55374
1.60443
1.73357

-1.90838 6B.13
3.3627 1002
0.3518 7288
-1.42415 622

PFROFRPFRPFRPOOFRPFPRFRPFRPPFPOFRPOODOOOOODORFRLROOREFOO

cNeooNeololoNeoololololooloNololoNoloNolNolololoNoNeNeNe]

2.66733
0.30194
-3.48979
-3.98433
-2.29663
-1.60135
-0.38702
3.33074
2.99331
-4.94594
-3.53458
-1.85982
-0.42648
0.56284
-1.21784
3.03632
4.3181
3.97818
2.4488
-4.13808
4.83013
4.64808
4.22449
5.42154

-0.63596 0062
-3.0596 7462
0.47062 6140
-1.6473 1723
-3.04558 6383
2.82308 3095
4.8575 104
-1.826 9935
0.52224 0030
-1.49604 0625
-2.92531 8294
-3.99847 3032
5.14437 6931
5.18494 2254
5.36743 08
-2.7313 06
-1.85748 8016
0.49025 9146
1.44319 604
-3.80422 0663
-2.79385 0648
-0.69764 71@9
1.39965 4068
-0.72041 43@9

®
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IBa

E(M06 / B1) = -1024.17670571
H(correction)= 0.283671
G(correction)= 0.212092
E(M06 / B2) = -1025.49263751
Imaginary frequencies: 0

DOODDOO OO ® NG

0.28414 -0.02611 683
-0.67699 -1.78753 1001
1.36704 1.77476 734
0.37434 -2.72452 =329
-1.95975 -1.94106 20.34
1.05917 2.76089 8333
0.318 -3.12778 8D@E1
0.38454 -3.59337 3042
1.59511 -1.83365 73383
-2.66604 -0.61434 4038
-2.51045 -2.96819 A0.76
0.15413 2.81224 2432
1.94016 3.98623 =047
1.85496 -1.27144 1827
2.56077 -1.65712 9612

5190

-1.96839 0.57067 €63
-3.89521 -0.60904 6033
2.99905 3.70093 8012
1.73956 4.75914 0089

1.74789
3.07111
1.25255
3.7309
2.36032
-2.55515
-1.07751
-4.4459
3.26388
3.98806
4.45998
-3.82066
-2.00066
-5.45438
4.91255
-4.32455

PRPRRPRPORPRORPRORODRPRORPRORRLPRELNOD
cNoNoNoloNoloNoNoloNoRoloNoRooNoNoNeRo)

4.39656 493
-0.5806 35683
-1.58806 6326
-0.97324 9282
-2.08421 8.0
1.79803 7087
0.58255 4541
0.57928 20@4
-0.1556 2033
-0.42755 223
-0.84348 52@7
1.80232 0U34
2.70365 161
0.5525 5216
0.12163 9843
2.73261 6028

, TS(I-1)Ba
E(MO6 /B1) = -1024.16640277

H(correction)= 0.279356
G(correction)= 0.208904

E(MO06 / B2) = -1025.4850604
Imaginary frequencies: 1 (-522.7850tm

0.128
-0.1117
-1.89083
-0.90115

0.59383

1.05211
-1.33439
-2.36383
-2.82463

0.06362

1.19582

0.95316

2.23606
-1.57795
-3.64501
-4.1607
-2.48714
-0.86395

0.71073

2.1514

3.37752
-4.51532
-4.92264

1.78228

0.23483

HHHCDCD@@OOI—‘O\ICDCDHHCD@@O?@OOHCD\I@
cNoNoloNoloNeoloNololololololoNoloNolNoNoNololNoNe N

0.21175 -Q08
-1.80254 121
0.07515 oBa2
0.48829 1T
2.22521 1058
-2.64278 1612
-2.35237 8768
-1.25517 2585
1.10667 0531
3.24171 D21
-3.27162 12716
-3.34971 3082
-1.72934 6206
-3.55734 0091
-1.57425 6315
0.77369 00@2
2.13729 6015
3.25199 7115
4.55868 6523
-0.6748 928
-1.82173 3012
-0.57067 7329
1.54804 00.B7
4.54347 7088
5.40503 4031



0 0.62613
0 3.16515
0 132
0 4.40572
0 3.44529
0 -5.56109
0 3.04841
0 4.29629
0 5.28838
0 5.08547

PRORRRPOROR

4.68556 5224
0.27986 8B38B

-0.65488 1648

-0.88972 10.%4
-2.62112 D14
-0.85505 2863
1.11425 724
0.17357 8024
-0.97745 44137
0.92158 4348

- [IBa

E(MO06 / B1) = -1024.19197306

H(correction)= 0.282001
G(correction)= 0.211610

E(MO6 / B2) = -1025.50814015

Imaginary frequencies: 0

0.65657
-0.15793
1.99972
0.05883
1.32938
-1.49911
0.40828
1.7251
3.19786
0.31092
-1.63164
-1.60294
-2.55781
-0.0634
2.53409
4.05762
3.44963
-0.58079
0.16119
-3.0449
-3.03076
3.67974
5.00885
1.13904
-0.37292
-0.43038
-4.00313
-2.64472
-3.9885
-2.61163
4.33737
-4.37711
-4.4824
-4.35083

I—‘@I—‘I—‘I—‘@l—‘(Dl—\l—\l—\l—\@@@@ml—‘m\lmml—\l—‘@@@@@ml—‘mﬂa
[cNeooNoloNoNooloololololeoNolololololololojloloNoloNolNoNololoNoNeNe)

0.84029 -6e4
-0.82275 3691
-0.51185 6647
0.51836 2439
2.81365 2a3
-0.7704 7B68
-2.03596 1061
-1.83925 1232
-0.2701 3294
3.39614 5816
-1.61568 2@l
0.16496 4889
-0.82006 6463
-3.12854 3031
-2.87491 1611
-1.34197 7138
0.74241 5337
2.7753 0BB4
4.88076 7@.15
0.35629 6982
-2.04911 3042
-2.61267 4659
-1.19811 865
5.3527 10@(1
5.34828 5031
5.04309 8538
0.30319 7810
1.31501 8421
-2.10176 6809
-2.95924 6845
-3.46793 28383
1.2282 1B%6
-0.92511 264
-3.06721 2PB

5191

1 0 -5.23476

-0.96617 1242

TS(IV-V)Ba
E(M06 / B1) = -1563.20831399

H(correction)= 0.485360
G(correction)= 0.388793

E(MO06 / B2) = -1564.67059217
Imaginary frequencies: 1 (-346.0721tm

-1.34961
-2.1514
-1.81319
-2.77733
-1.48175
-3.02694
-0.84532
-2.85295
-2.78623
-4.06375
0.18745
-0.97583
-3.56293
-1.96739
-4.84229
-4.23273
1.14967
-0.0613
-3.35297
-4.59561
-5.64846
1.01311
1.99056
-0.18523
-5.20257
1.73904
0.2046
-0.88727
1.43725
1.36051
0.25636
2.77462
2.42437
-0.5118
3.003
3.86436
3.05554
2.90154
-1.91188
0.16401

DOV, PP PRPRPPRPOFRPORPOODORPORPONOODODOD0OOOOREFEOO-N
OCO0000000O0O0O0O0O0LHOOOOOOOOOOOOOOOOOOOOOOOOOO

-1.91901 9566
-1.73029 7137
-2.70271 B24
-2.62508 2546
-1.63007 42.36
-0.50663 €16
-2.63442 4081
-3.36913 9826
0.63969 13B
-0.48615 2081
-1.69961 1536
-3.43167 0233
1.78496 5a@37
0.63323 4374
0.65376 =383
-1.38301 2026
-1.6012 0733
-3.3182 6345
2.67489 4229
1.79446 1946
0.65502 8025
-2.43338 1332
-0.91702 0Z2.22
-3.97817 28735
2.68981 8B
-2.40215 29728
-0.56663 132
0.36388 189
1.08473 8934
-1.85812 199%
1.4368 1033
1.56315 SG&2
-2.47372 5029
2.52946 9385

2.91553 €167

0.68277 €637
-2.32954 9912
-3.48571 8B15
2.53146 9988
3.63703 3021



6 0 4.28912 3.37704 0345
1 0 2.15272 3.59638 10Z
6 0 5.15103 1.15845 202
1 0 3.67231 -0.37234 80D
1 0 3.0174 -3.00175 6393
1 0 3.85076 -3.93592 7T®2
1 0 2.14454 -4.27077 6531
6 0 -2.61547 3.61394 1122
1 0 -2.45244 1.67913 8334
6 0 -0.54321 4.71356 4137
1 0 1.25386 3.63292 4234
6 0 5.37021 2.50005 2237
1 0 4.45093 4.42707 482A7
1 0 5.99145 0.46672 8098
6 0 -1.93694 4.70976 369
1 0 -3.70484 3.59444 9037
1 0 -0.00237 5.56147 6B3&5
1 0 6.38091 2.8638 1r.1D3
1 0 -2.48998 5.55747 323H
I @
& f‘”) ‘
b f\q.f‘_, g
? } s @ ) B’_JJ
0 IBb

E(M06 / B1) = -1024.2091306
H(correction)= 0.284892
G(correction)= 0.214932
E(M06 / B2) = -1025.52585121
Imaginary frequencies: 0

0.00795 0.33008 088
-0.32843 -1.63792 7034
-1.99039 0.23365 4383
0.03242 2.42128 3831
0.7791 -2.50418 907

-1.56129 -2.12343 20.37
-2.79423 1.25825 6396
-2.50838 -1.01641 4604
1.00699 3.15352 5835
0.62599 -3.51297 8039
0.86882 -2.63 9u87

2.0246 -1.86533 42@

-1.95863 -3.29503 40.43
-2.29271 2.22444 2291
-4.14974 1.07886 998/
-3.85603 -1.25905 €721
2.05133 2.78747 0311
0.78213 4.6409 1684
2.18751 -0.46644 423
2.97182 -2.59687 3.4
-4.76806 1.93655 503
-4.69247 -0.20197 0Bl
-4.19605 -2.28798 eB87
-0.08855 4.99386 S52BEL
1.6624 5.22668 70@8
0.5571 4.80464 7158

l—\r—w—w—\ml—\mmmoommr—\ooml—\l—\mmmmmoo\l\la
cNeoloNoNeoloNeolloNololololoNooNoloNoNeoloNeooloNeNeNe]
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1 0 1.64944 0.14363 3738
6 0 3.27955 0.1628 5B.22
6 0 4.06964 -1.96791 5B®4
1 0 2.83402 -3.67359 7861
1 0 -5.75383 -0.36874 8365
1 0 3.35313 1.24425 4641
6 0 4.21914 -0.58859 =36
1 0 4.80262 -2.56221 oD45
1 0 5.06867 -0.09682 3B29
b3 {i -
J s
Jj} N &ﬁ >
A’
9 TS(I-11)Bb

E(M06 / B1) = -1024.19249926
H(correction)= 0.279821
G(correction)= 0.210364

E(MO06 / B2) = -1025.51264934
Imaginary frequencies: 1 (-502.7683tm

0.09666 0.25739 B0B
-0.28846 -1.71194 1435
-2.068 0.20042 1%Q3

0.03505 2.33743 564

1.98059 -0.4392 028

0.82962 -2.62579 90
-1.53143 -2.1741 W12
-2.91175 1.21495 0634
-2.53264 -1.06022 2689
0.88074 3.2374 0029
2.07104 -1.84955 4014
3.13056 0.30297 8224
0.67587 -3.48006 9028
0.90559 -3.06525 0B
1.91633 -3.35461 8331
2.43708 2.19623 €38
4.28299 1.01613 @42
3.89102 -1.33635 3119
1.95909 3.08452 7021
0.41777 4.64558 7897
3.27935 -2.47845 4021
3.06539 1.39068 402

4.33142 -0.34011 78@6
4.94822 1.8632 705

-4.7756 -0.28421 Z%39
4.19976 -2.37668 5609
0.58052 4.84084 3@26
1.12322 5.39771 804

0.33368 4.72973 7022
4.41026 -1.73062 €131
3.33215 -3.57037 2626
5.21789 0.25192 1285
-5.84595 -0.47229 1084
5.35172 -2.23313 8806
1.09362 0.39624 55483

l—‘l—‘l—‘HHCDHHHl—‘OHOﬁl—‘CDCDCDCDCDHOOI—‘I—‘OﬁOﬁOﬁCDCDCDCDCDCD\I\Ia
[cNeoNoloNoNoNeololNooNoloNoNoloNoloNoloNoNoloNoloNoloNoNoNoloNolNolNoNeNe]
1




o, P 5,
" ’J&J
e -

E(M06 / B1) = -1024.20249518
H(correction)= 0.281559
G(correction)= 0.210417
E(M06 / B2) = -1025.52133336
Imaginary frequencies: 0

0.19716 0.27202 @8n
-0.02878 -1.72075 109
0.32872 0.21644 408
0.68691 2.3271 2395
2.12357 -0.20977 3089
1.17532 -2.52257 7a46
-1.22269 -2.3118 1009
-0.10874 3.31849 1088
2.36462 -1.60254 2585
3.21679 0.66085 0018
1.2021 -3.26443 4394
1.17109 -3.12228 0846
-2.363 -1.32115 4369
-1.45579 -3.53073 1005
-1.32018 3.30169 5224
0.60274 4.66252 3331
3.67101 -2.08626 2829
3.02273 1.7339 0691
451912 0.16761 5006
-2.07891 -0.00363 3497
-3.66978 -1.79456 =028
1.1246 4.70523 9r93
-0.10897 5.49168 5098
1.36856 4.76656 45%3
4.75047 -1.20678 6508
3.84482 -3.16596 40.83
5.36316 0.85983 803®
-3.08495 0.87714 2001
-4.71489 -0.88099 €186
-3.81268 -2.87273 €008
5.76956 -1.59411 06145
-2.76841 1.92162 0319
-4.41872 0.47713 4004
-5.75008 -1.22307 7219
-5.2062 1.22872 40103

I—‘I—‘(DI—‘l—\l—\(D(Dl—\l—\(DI—‘I—‘I—‘(D\I(Dl—\(D(DCXJCXJ(DI—‘I—‘(D(D(D(D(D(DCXJl—‘\Ia
[cNeoNoNoloNoNeololNolololoNoloNololoNoloNoloNololoNolloNoloNoloNololoNoNe]

11Bb

E(M06 / B1) = -1563.24159061
H(correction)= 0.487495
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G(correction)= 0.392997
E(MO06 / B2) = -1564.7047563
Imaginary frequencies: 0

IIOIOIIIOIOIOIIOOIOIOOOIIIIIOOZOOOOOOIOOOIIOOOOOOOOOOIZ;:Q

0.10988 0.17622 -1.06358
-1.7143 1.01957 -0.92762
0.0202 0.49698 -2.56393
0.70345 2.06603 -0.91345
2.11197 -0.45826 -1.41215
1.02851 -0.39815 1.62987
-1.76364 2.46537 -0.95288
-2.84262 0.31665 -1.00346
-0.36175 2.98896 -0.79645
2.01536 2.54103 -0.82533
2.53705 -1.66301 -1.39925
-0.16456 -0.20408 1.7858

2.43414 -0.63337 1.65445
-2.43836 2.84163 -0.16119
-2.21182 2.81775 -1.90206
-2.59585 -1.17318 -1.00702
-4.00147 0.75964 -1.04196
-0.09621 4.33504 -0.55022
2.83344 1.82754 -0.94296
2.27029 3.892 -0.58556

1.89741 -2.69791 -1.17115
4.03069 -1.76066 -1.69766
-1.53442 0.03323 2.08823
2.92795 -1.94259 1.73732
3.33375 0.44203 1.65369
-1.32615 -1.61773 -1.06562
-3.67874 -2.04341 -0.92884
1.21619 4.79198 -0.44286
-0.92834 5.03703 -0.44569
3.3006 4.24688 -0.51262
4.58955 -1.10434 -1.01633
4.38224 -2.79249 -1.5859

4.23027 -1.41323 -2.71985
-2.42879 -1.03511 2.23515
-2.00671 1.34664 2.23267
4.29396 -2.16726 1.83904
2.22655 -2.77253 1.69258
4.69855 0.20786 1.75107
2.94094 1.45326 1.55723
-1.09244 -2.93381 -1.02432
-3.43899 -3.40921 -0.88801
-4.67304 -1.60334 -0.8858
1.41424 5.8472 -0.2496

-3.765 -0.79277 2.52689

-2.06414 -2.05319 2.10078
-3.34088 1.579 2.52942

-1.31253 2.17167 2.0729

5.18272 -1.09494 1.85172
4.6685 -3.18856 1.89504
5.39014 1.04953 1.74525
-0.03374 -3.19897 -1.06566
-2.12447 -3.86378 -0.93228
-4.2671 -4.11541 -0.81918
-4.2245 0.51152 2.67664
-4.45534 -1.63062 2.61931
-3.70213 2.60253 2.62033



H 6.25483 -1.27469 1.92773 6 0 -2.82287 -0.71452 1B51
H -1.89185 -4.92682 -0.89889 6 0 -3.70194 -2.85433 0213
H -5.2761 0.69967 2.88819 1 0 -2.64381 -4.50032 3B4
1 0 4.33524 -0.57261 7221
6 0 2.26834 3.98817 3B29
L@ 2 9 1 0 0.26827 3.93593 3D.B8
JJ‘J ? 6 0 3.64148 2.07277 36@4
w ) aed 1 0 273216 0.52174 4056
i ¥ i ’ "TJ‘"‘J 6 0 -4.38805 3.5492 90G9
@4’ ‘ 9 1 0 -4.94387 1.62566 834
274 1 0 -3.55554 5.32937 99E5
L 1 0 -2.8035 0.37437 8B4
! 6 0 -3.7406 -1.46922 I35
3 7 I\VBb 1 0 -4.4043 -3.47943 6083
6 0 3.48173 3.31341 422%
E(MO06 / B1) = -1563.23092033 1 0 213236 4.95893 13@5
H(correction)= 0.486576 1 0 458601 1.5371 2215
G(correction)= 0.390818 1 0 -5.30071 4.04272 2P4B
Imaginary frequencies: 0 1 0 430143 3.75514 134
-0.10558 -0.36882 038
0.00679 -2.32547 4038
-0.79867 -0.1721 8BG4
1.43609 -0.26221 8B1H
0.70551 -0.88068 5563
-0.8306 1.6594 51926
1.14949 -2.74953 2B41
-0.80088 -3.22229 8225
1.84724 -1.52925 4BA7
2.05859 0.87556 9293 TS(IV-V)Bb
1.82638 -1.46521 3BB/ E(MO06 / B1) = -1563.21480284
0.2771 1.64032 4526 H(correction)= 0.484389
-2.03635 2.27249 3262 G(correction)= 0.388053
1.83286 -3.33003 8.9 E(MO06 / B2) = -1564.68002923
0.83669 -3.42305 423/ Imaginary frequencies: 1 (-581.5562tm

-1.86714 -2.60006 9028
-0.75474 -4.45476 05695
2.88543 -1.62366 6347
1.72902 1.86522 76@8
3.10272 0.76882 1384
2.68499 -1.74042 264
2.12891 -1.75117 1835
1.37971 2.17007 9587
-3.026  1.56065 262

-2.25063 3.63972 7841
-1.92071 -1.26298 6B22
-2.7506 -3.42728 7B29
3.52296 -0.48253 5863
3.19935 -2.61132 1833
3.58401 1.67227 9304
2.51286 -0.82514 6337
2.89617 -2.52747 0BY5
1.2237 -2.036 5361

1.22637 3.42149 1B47
2.60526 1.49758 11l
-4.18687 2.19602 4833
-2.85999 0.50302 2547
-3.41099 4.26865 0368
-1.47968 4.19788 =321

0.3803 -0.22143 -603
1.94413 -1.47963 2653
-0.56657 -0.76384 4229
-0.19417 -1.774 (0BD9

1.57809 0.77418 640
1.65467 0.98922 0638/
-1.2481 1.07904 389

1.98028 -2.7304 9829
2.96762 -1.08854 7123
0.69183 -2.87079 5738
-1.35895 -1.86706 6Y43
2.31235 0.28383 02®
2.77671 0.29429 68@1
1.50374 2.20655 2342
-1.63777 0.15725 7691
-1.53381 2.26987 8322
2.82138 -2.71922 12®4
2.14969 -3.58256 8584
4.01161 -1.71208 2BS2
0.37429 -4.03407 5B86
-2.04453 -1.01917 1683
-1.6581 -3.03742 63438
2.51404 -0.89016 92.F6

l—‘(Dl—\(D(D(DI—‘I—‘I—‘I—‘l—\(D(D\I(D(D(D(DOO(DI—‘(DCXJ(DHH(D(D(D(D(D(D(D(DGJ(DH\I@
cNeooNoNeoNoNeoloNolololololooNoloNoNeolololololololoNololoNoNolololoNoloNeoNeNo)

OOOHOOOHHCDCDCDCD(D@O)@@CD\ICDCDH\I@
[cNeoNoNoNoloNeolololololoNoNoNoNoloNoNeoNoNeNeNe]
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6 0 2.97871 1.39389 234
6 0 3.78027 0.81959 73B
1 0 057649 2.72224 6B
6 0 245775 2.79958 418
6 0 -2.81343 -0.48143 2D37
6 0 -2.3777 3.27452 7831
6 0 -0.94847 2.44934 4399
6 0 -0.79499 -4.12522 0BdA5
1 0 1.06415 -4.88079 1B4%
1 0 -2.57224 -3.09436 6340
1 0 2.2186 2.07532 38%1
1 0 3.56821 0.96751 4220
1 0 3.62901 1.99667 781
6 0 3.61886 2.08444 2233
1 0 4.65793 0.19948 4589
1 0 229236 3.79784 42481
6 0 -2.79379 -1.80143 9B31
6 0 -4.02407 0.22936 7631
6 0 -2.64296 4.41533 2401
1 0 -2.80684 3.15138 1863
6 0 -1.23389 3.58466 92.73
1 0 -0.25386 1.6874 PR
1 0 -1.02711 -5.04401 4%@5
1 0 4.39085 2.51535 6841
6 0 -3.94558 -2.38759 €Z34
1 0 -1.8629 -2.36629 3B92
6 0 -5.17025 -0.35914 8D@9
1 0 -4.05033 1.2492 9232
6 0 -2.07897 4.57095 8242
1 0 -3.29727 5.18689 18%/
1 0 -0.77838 3.70842 7318
6 0 -5.13751 -1.67044 €13
1 0 -3.91169 -3.41783 5BB2
1 0 -6.09963 0.20937 1B39
1 0 -2.2925 5.46409 7BB4
1 0 -6.03912 -2.13122 &332
a2 &

3.': *d

.- 3*‘
23> ’

. ]

20" %
9 i W,

>-@

s 9 TS(IV-V)Bb' 2

E(MO6 / B1) = -1563.19374287

H(correction)= 0.484199
G(correction)= 0.393527

E(MO06 / B2) = -1564.6548415
Imaginary frequencies: 1 (-246.4010tm

45 0 0.14216 -0.60496 -09®
7 0 0.9366 -2.08415 4321
1 0 0.18144 -1.54257 6B&

* Model transition state in which a C-C bond
instead of C-H one is formed (affording specles

instead oK, scheme 9)
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-1.67848
-0.83352
0.02343
2.24809
-1.3572
-2.90745
-0.55659
0.07965
0.3023
2.96783
2.86309
-2.28371
-3.12998
-3.81345
0.38484
-1.56109
2.2198
4.34757
-3.51676
-2.01907
-4.75519
-1.77475
-2.50768
-1.19264
2.80802
4.96649
4.8808
-4.23013
2.13188
4.18498
6.04751
4.62832
-3.68753
-3.65857
-2.49434
-4.75651
-1.28105
-2.45565
-4.71584
-5.6524
-0.06238
-3.56447
-1.54409
-5.58156
0.99429
-3.52582
1.3448
1.77953
2.43619
0.75796
2.86426
1.50399
2.69429
3.20752
3.45788
4.07082

-1.41613 0@29
0.82107 4323
-2.76251 3608
-2.09107 8531
-2.62611 7292
-1.35484 98483
2.06657 5826
-2.29657 4236
-3.81934 74488
-1.07332 €4
-2.78741 04.2
-3.66033 2565
-0.45651 7845
-2.40261 5086
2.64319 9B#O
2.88928 5316
0.25261 72628
-0.93902 8B31
-3.5515 1015
-4.58411 4BE68
-2.33113 96936
2.41016 2486
293117 0286
3.90874 1329
0.72144 2792
0.06042 2Ba8
1.62145 7023
-4.37445 70105
1.38762 6223
0.90424 0633
0.19052 8D48
1.71236 8296
-0.66141 0#08
0.39425 3289
0.91246 56@&3
1.21486 6D&2
0.09165 8381
2.26423 9392
255771 9@
0.80315 2331
0.39572 80.B5
3.07759 0637
2.6608 4098
3.19783 6149
0.97667 2836
4126 1029
0.48642 03381
2.01056 6938
1.0047 8343
-0.32304 3833
2.51735 6I@5
2.38407 8adr
0.5994 645
2.02049 2545
3.31351 1608
2.41609 538%6




-1.14188 2.49732 1436
0.59872 2.66438 3266
-0.92261 -2.09937 8I.9

0.55127 -1.49427 6393
2.16531 0.48243 703

3.852 -1.1134 Z®O5S

-4.5869 -1.10254 291
-3.55499 -2.84941 €B4
-5.32656 0.75644 7a®

-1.40043 4.50384 403

-0.5417 3.60431 1263
-2.14358 3.06732 8B85
0.50705 -0.5774 6648
0.06548 -2.31781 99@5
1.61328 -1.73511 2346
3.11763 1.35803 5807
4.84188 -0.19724 0582
4.05405 -2.12414 7B2
-5.57926 -1.51916 0&4
2.76657 2.33345 803
4.47305 1.06931 5943
5.89483 -0.46456 9066
5.21625 1.81796 0937

2-butyne
E(M06 / B1) = -155.846407557
H(correction)= 0.091058
G(correction)= 0.056887
E(MO06 / B2) = -155.890398747
Imaginary frequencies: 0

0.60405 -0.00024 o001
-0.60405 -0.00019 c0O4
2.05825 0.00011 0O@5
-2.05825 0.00011 Co@1
2.46125 -0.10526 1586
2.46018 0.93307 1683
2.46058 -0.82714 9949
-2.4603 0.93359 1645
-2.46066 -0.82639 0041
-2.46105 -0.10661 1688

PRRPRPRRPRPODOOO®
cNeNeoNoNoNeoNoNoNoNo)
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TS(IV-V)Bb(2-butyne)
E(M06 /B1) = -1180.02788568
H(correction)= 0.371784

VBb

G(correction)= 0.287877 E(MO06 / Bl) = -1563.23830539
E(MO06 / B2) = -1181.39898363 H(correction)= 0.489574
Imaginary frequencies: 1 (-575.4720tm G(correction)=0.393609

E(MO06 / B2) = -1564.69557364

Imaginary frequencies: 0
-0.12809 0.55652 -G42

0.2142 -1.30041 5238
-0.32796 1.46309 1b62
-2.02685 -0.04136 /@2
-0.38023 2.49296 6554
0.31557 -0.20325 32%5
-0.94141 -2.15428 0B34
1.43965 -1.76858 2612
-2.17277 -1.33835 2143
-3.16873 0.69474 33@1
-0.59435 2.64866 8363
-0.33439 2.9796 4192
-0.1091 -1.27761 9286
-0.88392 -2.9835 U231
-0.97678 -2.61125 @B97
2.5134 -0.74643 B51
1.7888 -2.89847 1P&4
-3.44955 -1.84571 4B62
-3.06713 1.69576 5933
-4.44411 0.1676 8319
-1.19384 3.50177 3DYA
-0.43851 4.0721 3225

0.76929 -0.04836 -@3H
2.75943 -0.17341 3386
0.82212 -1.99848 2055
1.05264 0.03982 3¥@
1.23146 0.1554 3297
3.27028 -1.51567 7619
3.57106 0.87648 7a.B4
2.0945 -2.45041 5B8&9
0.26261 -2.87792 9BZ7
1.59614 -0.92046 2238
1.9184 0.51192 4B712
1.83175 0.0015 9r@9
3.8942 -1.77701 Q@

3.92532 -1.61268 61G5
2.82342 2.16804 7036
4.80123 0.91686 27O
2.2317 -3.74208 6DB5
-1.25337 -2.54312 8B4
-0.1071 -4.16986 9P@

1.97229 -2.01399 40365
1.67787 -0.52013 9308

H@@H@OOOHHOOO@@@@OO@OH\I&
[cNeoleooNeoNoNoloNololololoNoloNoloNololoNelNo)
CDCDO)I—‘O)OO@HHCDCDCDCD@O)@@OO@\I@
cNoNoNoNeoNoNoNolNolNolololoNoNoNoNoNoNeoNoNe)
1
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6 0 -3.36128 0.56741 o182
1 0 -1.31736 0.75602 3526
6 0 -2.55319 1.06082 703
6 0 -1.66222 -1.16221 6247
7 0 1.49488 2.12968 €03l
6 0 3.53185 3.36444 1430
6 0 1.14202 -4.60741 2645
1 0 3.21401 -4.07622 62.0
1 0 -0.97097 -4.83374 5B
1 0 0.66062 -0.44904 0822
1 0 2.24719 -1.2697 5835
1 0 2.14242 0.46645 038b
6 0 -3.82911 1.30029 6333
6 0 -4.31842 -0.12234 3B@6
6 0 -3.10684 0.95449 4839
1 0 -2.68655 1.9732 8¥25
6 0 -2.23239 -1.27518 2833
1 0 -1.06546 -1.98049 6187
6 0 0.84329 3.25615 7046
6 0 2.85163 4.53873 2629
1 0 4.60385 3.31938 93%/
1 0 1.26771 -5.61585 2217
6 0 -5.18113 1.37002 1&@&7
1 0 -3.10072 1.82525 2814
6 0 -5.66951 -0.0523 4B6
1 0 -3.98851 -0.73002 0526
6 0 -2.95765 -0.21872 7383
1 0 -3.66337 1.7939 5859
1 0 -2.09457 -2.1958 93@3
1 0 -0.23033 3.15025 8836
6 0 1.47899 4.49025 o242
1 0 3.38526 5.48758 7093
6 0 -6.11526 0.69688 3328
1 0 -5.507 1.95242 7B66
1 0 -6.38525 -0.60168 3335
1 0 -3.39481 -0.30738 6933
1 0 0.90801 5.38637 3243
1 0 -7.17689 0.7448 7228
4‘ ?
. ] » 3
?2d .4 A_),
953 9@
29 @ - ‘3
Jé’ -9
Jj" ‘ ___é/ "’J
el = A 9
P
s VIBb

E(MO06 / B1) = -1563.28556966

H(correction)= 0.490206
G(correction)= 0.393334

E(MO06 / B2) = -1564.74241359

Imaginary frequencies: 0

45 0 0.66699
6 0 2.29146
7 0 -0.73602
6 0 -0.34839
8 0 0.02347

1.02491 63
0.00006 312
2.32228 0%
-0.61547 234
1.06187 4843

5197
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cNoNoNoNeoloNololNololololololololoNoloNoNolololoNoNoNoNoloNoNoNoloNoNoloNoNoNololoNoNoloNoloNoNoNoloNoNeoNeNe]

3.21827 -0.16564 8381
2.5833 -0.5392 943

-0.22291 2.39978 3BO2
-1.92565 2.87632 40.86
-1.62759 -0.66547 3956
0.30733 -1.59637 =B22
-1.0846 1.50586 0348
2.85756 0.37775 6826
4.40361 -0.86434 0631
1.86284 -0.4028 938

3.76779 -1.24536 98B/
11072 1.73824 1274
-0.88897 3.04793 €34
-2.2783 2.75493 8336
-2.65069 3.54473 2b6@9
-2.66867 -1.67216 04.B31
-1.97922 0.18257 3B16
1.12492 -2.61218 4022
0.09496 -1.53541 3®15
-2.0456 1.95411 63@5
-1.17763 1.42264 22%1
1.62736 1.13562 4802
3.65893 1.01259 8145
2.72308 -0.44494 913
4.67836 -1.41116 5Y%4
5.1144 -0.99233 1366
3.98169 -1.67152 83.58
15979 1.78989 583
-2.12186 3.63201 oZX7
-0.41087 3.06369 43@6
-3.61661 3.98206 798
-3.96638 -1.34387 3BI7
-2.49284 -2.93202 9B@5
1.69649 -3.55161 978G
1.31819 -2.64645 2a&1
0.66803 -2.47403 8231
-0.53106 -0.73568 376
-0.30491 1.90211 8261
-2.09764 1.8941 8832
-1.16416 0.36965 34.B7
5.6047 -1.96367 2036
-2.66676 4.14673 9884
-5.03522 -2.21293 7366
-4.11635 -0.37577 2049
-3.5644 -3.80147 53@5
-1.50605 -3.24245 3167
1.46899 -3.48902 7D%5
2.33435 -4.33237 8387
0.49327 -2.40777 6266
-4.84314 -3.45248 .07
-6.02631 -1.92042 20.39
-3.39386 -4.77188 2546
1.92231 -4.22331 3825
-5.6775 -4.14104 6313
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TS(VI-VI)Bb

E(M06 /B1) = -1563.25907066
H(correction)= 0.488855
G(correction)= 0.394756
E(MO06 / B2) = -1564.71408677

Imaginary frequencies: 1 (-245.6961 tm

(D(D(D(D(DI—‘(D(D(D(DI—‘I—‘l—‘(Dm@ml—‘l—‘ml—‘I—‘(D(Dl—‘@\ll—‘l—‘mooml—‘l—‘@l—‘@@@@@\l@a

[cNeooNoNeoNoNeoloNoNoNolololooNoloNoleololeoololoololololololNoNoloNoNoloNoloNoloNoNeoNoNe]

0.98991
-0.22747
1.75754
0.26172
-0.91294
1.16003
2.98228
-0.01773
-1.25737
-1.17046
1.9494
0.60559
3.53627
3.6539
-0.74651
0.37726
-1.71136
2.8201
4.75299
-0.9619
3.27729
5.23867
5.27206
2.6117
4.48496
6.1919
4.81965
0.75708
0.31834
0.38455
-0.44259
-0.27771
-0.16332
-1.51886
-0.96975
-1.90207
-1.22682
-3.16382
-1.68615
-2.15219
-0.60478
-4.02597
-3.59943
-2.45948

0.3844 @887
-0.8005 9B86
-1.42561 6323
-2.13551 0X¥7
-0.34503 3381
-2.59773 BH
-1.51698 2653
-2.96861 8336
0.68753 5288
-1.18248 1307
-3.26195 8396
-3.19719 5082
-0.16368 7032
-2.54165 209
-2.51244 8842
-3.98679 8257
-0.80014 7434
0.92282 6933
-0.05543 3038
-3.18015 146
2.14355 2364
1.2064 4181
-0.97986 74.7
2.96756 SB&A
2.32155 8946
1.32232 52.38
3.32922 2¥05
3.67562 2320
3.36936 9018
2.23322 76
4.41785 9682
4.29147 73@7
5.42922 8124
4.28973 098
-0.21354 183
0.78189 9813
-1.37561 7AX7
0.99487 0.5
1.56546 2636
-2.35248 9336
-1.48415 22108
1.97019 40381
0.35457 7965
-3.40869 4B328

5198

-2.63124
-0.91641
0.13233
-5.25268
-3.70952
-4.8259
-2.96357
-1.84435
-3.18296
-0.42508
-5.66795
-5.88836
-5.1249
-2.08189
-6.62884

PRPRRPRORPRROROROROR
cNeNoNoNoNoNoNololoNoloNeoRoNa!

-2.26425 8328
-2.5363 7231
-0.7317 9849
2.27271 2085
2.49386 4887
0.66261 52@1
-0.38016 58
-3.50214 8249
-4.16217 3288
-2.60862 4387
1.61615 8687
3.03028 7069
0.14819 €833
-4.33022 5332
1.85003 4234

VIIBb

E(M06 / B1) = -1563.31651888

H(correction)= 0.492086
G(correction)= 0.399155

E(MO6 / B2) = -1564.76788558

Imaginary frequencies: 0

0.62185
1.90762
-0.11721
1.55839
3.17178
-0.53964
0.68806
2.47988
1.04274
3.48835
4.061
-0.55234
-1.08609
-0.46849
1.0302
2.4824
4.77585
-0.41627
-1.23767
-2.04985
-1.25615
-0.8927
0.23849
1.94533
2.73619
5.04073
5.52304
-2.1667

l—‘HCDCDHCDCDO?I—‘I—‘I—‘O?\ICDCDCDCDCDO?I—‘I—‘O?O?O?CDCD\I@
[cNoNoloNoloNeoloNoNolololoNoloNoloNoNoNoNoloNoloNoNeNeNe]

0.41239 0SB
-1.15896 20@5
2.35433 104
-2.54955 5683
-0.84562 3688
3.00959 1284
-3.08168 3660
-3.14341 3233
-2.64259 3041
0.59089 7318
1.58799 8n34
2.62998 8185
4.38204 5601
-2.3741 (188
-4.24241 2B
1.37378 5806
1.07792 5643
4.89827 56897
4.99149 4082
4.24891 60.B3
-2.87014 430
-1.15258 48@7
-4.72875 6233
-4.76613 428
2.65816 40.45
2.40831 €835
0.37561 1087
-2.33297 1532



PRPRRPRPORPRRPRORPRORPRORORODODOROORORRPORRFPLOOO®

cNeoNeooNeooNeolololololololooNoloNolNolololololNolololoNoNoNoNe]

-0.91063
-1.36562
-1.34624
0.52374
1.87916
4.00081
6.04135
-1.54485
-2.47958
-1.1497
-2.0837
-1.04521
4.15908
-2.85953
-3.21842
-2.51667
-2.31616
-1.47852
-0.49593
-3.92862
-2.2794
-4.28965
-2.94793
-2.21239
-3.09094
-1.23489
-4.65734
-4.19104
-4.83954
-2.54283
-5.49802

-4.03616 2338
-0.07612 3r97
-1.43135 5B937
-5.63975 82%6
3.22782 9837
3.20994 9@&0
2.81906 005
-4.40291 3BE1
0.87001 408
-0.20305 024
-2.59236 1Ba@1
-0.57942 23@8
4.25871 385
1.63229 5696
1.04861 38.3
-2.89503 0B18
-3.27003 9B9
-0.88529 13357
0.34527 3D66
2.51633 1450
1.52799 728
1.93424 8334
0.50353 3135
-2.043 &235
-3.80493 8286
-0.20673 A3
2.67179 3098
3.09008 034
2.05078 18635
-2.28006 7886
3.36414 9.6
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B(COD)

E(M06 /B1) = -1336.02189142
H(correction)= 0.476627
G(correction)= 0.388084
E(MO06 / B2) = -1337.42688825
Imaginary frequencies: 0

PORPOOOOO®N R

-0.36336
1.53138
-2.30265
-1.38572
2.02641
2.46152
-2.58757
-1.05552
-0.67435
-2.73834
2.79329

0.54048 @3
0.01722 8038
1.24063 552

-0.95576 4647
-1.29107 3189
0.98262 3B9

1.78071 8037
-1.46682 7433
-1.20555 44.27
-0.56859 a3P9
-1.19912 1747

5199

1.20219
2.62729
1.96667
3.64058
-1.80791
-4.09177
-1.95922
-0.16035
-2.81524
-2.77973
-3.97558
3.45843
2.34531
2.79931
0.73123
-4.48252
-4.29567
-4.62324
-2.64021
-2.69185
-1.33416
-3.9472
-4.86143
-4.13035
3.69269
3.99373
2.87994
1.69559
2.34029
3.78694
0.29777
-3.57548
-1.85535
-3.17757
-4.76492
4.64501
3.70447
2.64787
1.07311
2.96814
-0.67653
-3.83359
4.12408
0.6838

PRPRRPRPRPORORPRRPRPRPOODODRORPRODRORRPRPRPORPRRPRLPNODODODORRPRPOODO0O0OO R
leNoNoNoloNecNoNoNoNoNoNoloNoNoNoNeNoNoNoloNoNoNoNoloNoNoloNoNoNoNoRoNoNoloNo oo NoNoNoNe]

-1.88937 5418
-2.06262 7387
2.30819 20353
0.88362 1034
2.1549 6223

1.92723 11@5
-1.74065 9097
-2.10038 4208
-1.00945 1362
0.52191 4P49
-0.99767 or.22
-3.15551 303

-1.7362 5P@6

3.42033 ea&2
2.35846 00&r
0.98359 12316
2.72004 3331
2.12196 70.6

-3.10754 109

-0.9414 3b96
-1.72629 0581
-0.50411 3925
-0.59423 2B57
-2.4886 ana7
-3.40931 €63

-3.90934 0U®O
-2.48871 9246
-0.88202 5235
4.61592 20D

3.29379 99@5
3.50138 4652
-3.34583 3821
-3.88369 6332
-3.31157 5481
-2.93692 7434
-4.7553 85487
-3.57799 2937
-2.21924 2319
4.65514 4438
5.50698 4495
3.44346 3064
-4.40153 7U.36
-4.16368 4748
5.56505 9886

B(diphenylacetylene)

E(M06 / B1) = -1563.27922542

H(correction)= 0.490728
G(correction)= 0.391450

E(MO06 / B2) = -1564.73782685

Imaginary frequencies: 0
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[cNeooloNoNoNolololololololoNoNoloNoleoNoNeolololoNolololeolojoloNololoNeoloNoololoololoNoloNoleoNoNoloNolNeoNolololoNoNeNe]

-0.92422
-0.40711
0.52245
1.02138
0.73387
-1.17567
0.42954
1.97814
0.76937
0.58616
2.06282
-2.43628
-0.99376
-0.81867
1.5832
1.61915
3.29462
2.1849
3.20846
-2.64227
-3.37896
-0.89654
-1.7106
1.4924
2.54889
2.54665
0.59443
4.21953
3.58045
1.28948
3.41935
4.44569
3.11606
-3.80057
-4.56934
-3.13981
0.25206
-1.86935
2.39581
3.85176
2.25037
5.23908
3.49248
4.55431
5.32633
-3.92255
-4.79195
-5.32675
0.18112
4.57964
5.5162
-5.72213
-1.49149
-2.52081
-3.32226
-2.71963
-1.9629
-3.71482
-2.57261

0.01602 643
-0.97815 9r43
1.49043 4838
0.55341 4236
-0.67811 3148
-2.00548 7B36
2.73057 e0@2
-0.10077 8551
0.41077 9249
-1.16458 1BA8
-1.11701 704
-2.11712 6415
-2.80255 1285
3.34331 eB.B3
3.34746 741
-1.23846 2212
0.37774 8I%L
-2.29708 3r.p1
-0.35275 @a4p
-1.20818 9405
-3.09389 e€r&9
4.54232 6251
2.86301 5782
4.54282 7489
2.86435 2042
-1.87402 3303
-1.59938 3222
-0.26354 9849
1.2538 0522
-2.88583 3843
-2.69424 3358
-0.7483 0OBS38
0.57635 6352
-1.20362 /259
-3.11377 5084
-3.79497 5832
5.14632 7225
5.01088 1D45
5.00575 7224
-1.39318 23@&7
-2.75574 0347
0.11797 6233
-3.60482 60D
-1.92145 6233
-0.1304 8BG7
-0.39449 9D@6
-2.14547 2836
-3.86926 5033
6.08442 22&7
-1.89582 63%5
-2.22451 48387
-2.11142 8782
0.87469 8226
1.63221 2349
1.85095 0624
2.31422 7846
3.10029 98G8
2.76736 43220
1.59987 9546
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B(2-butyne)
E(MO06 / B1) = -1180.09074375

H(correction)= 0.378399
G(correction)= 0.293398
E(MO06 / B2) = -1181.45457601
Imaginary frequencies: 0

-0.62804
0.70008
0.42571
0.82556

-1.90804
2.00808
0.39233
0.24959
1.44168

-3.16106
1.93348
2.31269
3.07569

-1.00953
1.10482

-0.76177
0.97384
0.36456
2.14531
0.65676
1.99415

-3.96802

-3.67149
3.35341
3.80769

-1.75492

-1.51348

-3.18636

-4.75826

-3.40007
2.78962
4.33784
4.79847
3.57211

-3.03131

-2.8293

-0.84408
4.54142
5.06546
5.35357

-3.5847

-3.60265

-3.25305
5.83441

-4.64431

-0.48689 0949
0.949 538

-2.08807 8968
-1.99492 90.66
-1.9644 828

0.70234 2825
2.23193 30%2
-2.53617 7287
-2.24799 9B31
-2.12909 52
-0.13791 32Q3
1.59914 923

0.3897 0048

2.41058 3041
3.23824 2a®
-2.93901 236

-3.31904 4243
-1.69864 7899
-3.09507 €087
-2.47164 2B92
-1.36425 4471
-1.38645 9066
-3.43498 0D31
1.29745 1088
-0.79573 6893
1.30404 =B687
3.68485 9809
-4.28915 1089
-3.52092 9.9
-3.48343 21
2.23012 48
1.01913 5931
-1.07448 6024
-1.52151 4924
1.42993 4087
3.81996 1G:55
452473 7849
1.73653 5233
-0.16801 9043
-2.01133 1025
0.48985 aB.B2
2.67572 8253
4.80725 60.39
-0.38518 3424
2.73597 Q97
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IBa(COD)
E(M06 / B1) = -1335.99827804

H(correction)= 0.475936
G(correction)= 0.385847
E(M06 / B2) = -1337.40164424
Imaginary frequencies: 0

0.5936
-0.93072
-0.05114
-0.52429

1.84567
-1.06747
-1.86595
-0.3969

0.96356
-1.87708

0.27992

2.00978
-1.99243
-0.09176
-1.50169

0.85243

1.97902

0.8784
-2.02272
-2.04285
-2.94296

1.67324

0.00719

1.65055

2.69251
-1.59359
-2.99387
-2.14294

1.09697

1.69437
-0.42094
-2.65991
-4.26931

2.70755

1.84952

1.93419

3.14753

3.44217
-2.40794
-0.40666
-1.6235
-3.67684
-5.28833
-4.49893

3.92211

-0.11759 -645%

1.28756 4695
1.21598 5886
-1.71974 3.7
1.42815 9G&L
2.38485 7622
0.72513 8032
0.56087 784
2.231 4215
-1.78316 1124
-2.76526 11.89
1.45805 6524
3.51114 1043
2.77313 7UB3
1.93736 814
2.31095 33493
1.84672 6I1@
3.64554 5b635
-2.77 8389
-1.03647 13P38
-1.57209 e24
-2.46147 0BZH
-3.82463 7640
0.60561 8291
2.7317 5306
4.27175 1889
3.08291 7219
4.22703 3981
3.60039 843
4.23667 0131
4.3367 5BU5
-1.54919 0R25
-1.39999 6838
-2.74667 1B34
-1.90225 7809
3.52286 4364
2.57736 3346
3.08349 314
4.86515 4925
4.95522 6283
-1.65927 2DG9
-1.36189 3531
-1.21924 5848
-1.40765 3687
-2.43637 8083

5201

PRRPORRPRORERPO®

cNoNoloNeolNoNoNoNoNe]

3.14461
1.01795
-3.43263
-4.99476
-6.31567
4.74431
4.20178
3.27474
-5.78837
5.22685

-1.57199 9509
-1.83236 9D.44
-1.33911 9929
-1.19874 1998
-1.08733 1087
-2.67587 €93
-1.83295 4234
-1.09641 6339
-1.05073 523
-1.58495 1320

IBa(diphenylacetylene)
E(MO06 / B1) = -1563.25587086
H(correction)= 0.489917
G(correction)= 0.391113
E(MO06 / B2) = -1564.71203821
Imaginary frequencies: 0

CDI—‘@H@HCDCD\IOOO@@@@@@OOHHO@@@@@@O\I&

ecNeoNeoloNoNoloNolNololololoNoloNoNololololoNoloNoloNoNoNoNoNoNe o)

-1.13831
-0.15313
0.26125
0.61837
-2.26794
0.97636
-0.52982
0.34248
1.46626
-3.27366
0.79993
1.01547
2.30618
-1.70611
-0.05073
-0.76768
1.53634
1.21701
2.58181
-3.63706
-4.03439
2.71126
3.15378
-1.66318
-2.78608
-0.67989
-1.6956
1.61464
2.4004
2.05554
0.36216
3.41291

-0.0214 -023
-0.69391 1D8&5
1.40182 8a®
0.28428 8081
0.65567 2640
-0.12041 633

-1.94911 9369
2.79748 7640

-0.59616 3142
1.3455 4297
0.95927 3382
-0.57651 1330
-0.32732 2448
-2.29385 0P
-2.74472 0B95
3.48033 =039
3.51019 902

-1.97592 8851
-0.08537 1B36
1.51974 32%5
2.02613 7@2
-1.61018 449

0.74814 5810
-3.45791 2585
-1.39019 812
4.83518 4086
2.92617 6885
4.86311 0UB9
2.97638 8941

-2.81384 0B@2
-2.37343 3146
-0.9273 48%7
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[cNeoNoNeoloNoNeoolNolololoNoloNololoNoloNoloNololoNeoloNe]

2.78131 0.98531 6321
-3.53635 2.9772 0335
-5.0634 2.24595 6536
-4.02483 1.41708 8339
2.05394 -2.45275 6216
3.92439 -1.80252 93454
4.37061 0.55745 0865
2.84098 1.7554 4p@2
-2.66014 -3.7132 09G3
-3.81196 -1.68374 821
-2.87584 -0.52849 5I95
0.50703 5.53336 2422
-1.55039 5.35269 4B47
2.54819 5.39998 6243
3.15357 -2.29591 8311
1.84992 -3.8835 3287
42732 -0.5142 6351
4.21486 -2.80621 8385
4.75761 -0.72098 1868
5.00971 1.41476 926
-2.5966 -4.66182 5081
-3.74556 -2.86088 3983
-4.62227 -0.96813 5297
0.56997 6.59592 58X
3.80653 -2.95635 6815
5.69859 -0.87456 0082
-4.50847 -3.12656 6927

TS(I-I)Ba(COD) **

E(M06 /B1) = -1335.96826246
H(correction)= 0.470693
G(correction)= 0.383297

E(MO06 / B2) = -1337.3740232
Imaginary frequencies: 1 (-598.3530 tm

Iy
o 0 O Ny

oNeoloNeNo)

-0.18941 -0.0208 633
1.24421 0.38425 4841
0.26414 1.90122 9867
-1.57053 -0.60012 0564
-1.82394 0.61861 2119

14

Differences

in energy depending on the

orientation of benzyl ring are usually bellow 1
kcal-mol'and both conformers can be normally

found. However, in the case @S(I-11)Ba(cod)

that with benzyl ring parallel to the Rh-H bond
that is being formed could only be optimized,
whereas that with benzyl group parallel to the
ligand could only be optimized in the case of
TS(I-1)Ba(diphenylacetylene).

5202
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1.92967
1.79851
1.11253
-0.38215
0.83858
-1.24184
-1.60183
-1.21769
-2.96511
2.27998
1.20558
3.09782
2.74042
1.32478
-0.16803
-1.03832
-0.36754
-2.02242
-2.45964
-0.87795
-3.35355
-2.56856
-4.1414
2.88162
4.40045
0.69105
-0.65711
-3.03596
-1.54228
-2.12691
-3.62436
-2.83828
-1.82211
-3.77044
-4.79514
-4.95793
1.86052
3.95385
5.47327
4.55567
0.87656
-4.73137
-3.22977
-4.06519
-5.85163
3.77175
5.25358
6.48615
-5.47391
6.09303

-0.69881 21.33
1.61899 1r1
2.53284 3022
2.71321 317

0.61283 5286
-1.83138 8B9

-0.72991 4B36
1.29528 2943
1.31026 28647
-0.35261 6852
-1.51397 8085
-1.22208 2045
1.95164 353
3.8483 8334
4.08749 8433
2.26438 72@1
-2.35512 6B28
-2.67076 72@5
-1.91317 8599
-0.94202 4209
2.07461 274

1.87637 3245
0.44829 4013

-2.08562 5842
-0.81659 1524
4.60088 1602
4.75603 93&3
-2.83457 7386
-3.64252 233

-2.14466 2393
-2.12837 486
-1.84624 390

-2.80806 9B.97
-0.32802 1893
1.08624 382
-0.08687 0B32
-2.38008 1094
-2.54427 1831
-1.27931 5835
-0.10734 27583
5.67753 6083
-1.118 21723

-2.17966 8D26
-3.12591 6bZ8
0.50384 3286
-3.217 5BI3

-2.14859 0826
-0.95403 9UB3
-1.27094 17292
-2.51102 0022
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TS(I-I)Ba(diphenylacetylene)

E(M06 /B1) = -1563.21492502
H(correction)= 0.486091
G(correction)= 0.390363

E(M06 / B2) = -1564.67391194
Imaginary frequencies: 1 (-543.9700tm

l—‘@@@l—‘@I—‘I—‘mmml—‘@@@@@l—‘l—‘l—‘ml—‘l—‘l—‘@@l—‘I—‘I—‘HH@@@@OOH@\IOO@HH@H@@@@OO@\I&

cNeolooNeoNoNeooNololololoNoloNoloNololoNolNololoololoNoloololololoNoloNoleoloNeooNoleoNoloololoNolNoNoNe o)

-0.17346 -1.28156 -06B
0.98738 0.1047 964

1.68307 -2.06876 1331
-1.5138 -2.90427 8143
0.36699 1.05987 8B
2.33429 -0.01478 9r8&7
2.73875 -1.22166 0882
2.00957 -3.21761 1098
0.67014 -2.34395 exnul
-2.40676 -2.68409 6381
-0.60044 0.64026 0BG

1.00619 1.16458 7321
0.14759 2.42492 8BY

3.12484 0.72796 8285
4.02355 -1.44616 263

3.34491 -3.4466 263

1.22314 -3.90595 2391
-2.34335 -1.73404 11.82
-3.609 -3.60184 3KB2

1.24167 3.23844 6b696
-1.13835 2.90575 42236
4.307 -2.53707 8322

3.64308 -4.32312 02B1
-4.50693 -3.0169 9BY7
-3.74383 -4.00326 4B@3
-3.507 -4.42421 AWI5

2.2422 2.84014 429

1.04536 4.50534 2001
-1.33702 4.17345 9888
-1.99451 2.27024 7929
5.36341 -2.705 1369

1.90771 5.12762 86838
-0.24453 4.97883 895/
-2.35141 4.53157 1a@31
-0.39619 5.97139 €329
-2.60967 2.37871 1613
-3.27872 1.54766 3336
-2.73166 0.26025 3944
-4.63983 1.75434 17497
-1.3166 0.07702 8384
-3.58137 -0.81083 5BB5
-5.04766 2.76145 3086
-5.47914 0.68397 1582
-0.10805 0.18292 6838
-4.94088 -0.59511 3Vr34
-3.14755 -1.80524 4v7.32
-6.5472 0.84646 5826
1.10916 0.70253 1593
-5.5874 -1.43852 8L.¥5
2.08767 -0.12714 7327
1.32895 2.08748 755l
3.25636 0.41932 925

1.92893 -1.20446 8228

5203

2.50383
0.57501
3.47072
4.01688
2.66797
4.39869

PRRPRORO®
lcNeoNoNoNoNo)

2.62523 8P
2.72845 1844
1.79425 4276
-0.24088 0325
3.70111 2239
2.21633 2834

IIBa(COD)

E(M06 / B1) = -1335.98216277

H(correction)= 0.472953
G(correction)= 0.383768

E(MO06 / B2) = -1337.38741665

Imaginary frequencies: 0

0.06106
-1.28556
-0.17071
-1.10265

1.71953
-1.92378
-1.76129
-1.05096

0.45851

2.08875

2.36869

0.89927
-2.24904
-1.17586
-3.10528
-2.64041
-1.29241
0.21449
1.12258
1.51011
3.22982
3.57875
2.64841
1.61871
2.95062
4.36546
-0.6565

0.68761

3.76158

2.81326

4.2449

4.8047

3.28269

3.86005
-4.04323
-1.95669
-5.45639

03!—‘CDHHCDCDHl—‘l—‘030303HHCDCDHHO)\IOOO)I—‘I—‘HCDCDCDCDCDO)O)I—‘O)\I@
[cNeooloNoloNeoloNoloNololololoNoNoNoNoloNoloNoNoNololoNoloNoNoNoNoloNoNeNe)

0.02932 -a8®
0.40559 70.81
1.98804 7083
0.01207 2664
-0.46164 6242
-0.69986 41%3
1.6581 6¥.145
2.60143 407
2.80647 on&2
0.7567 04163
-1.80534 7816
-0.45102 8247
-0.36299 4388
-1.50082 7807
-1.24636 80382
1.98318 704
3.91296 900
4.17913 e1x/
2.37268 5B31
1.59783 9348
1.17495 2813
-2.0154 8Pa6
-1.9842 3025
-2.57742 984
-2.30884 0604
-0.66178 3rH2
4.67698 9851
4.85672 7B46
1.99152 4850
1.63475 8147
0.10284 e34£7
-1.20514 8935
-1.82119 2822
-3.08358 6287
-2.79418 1878
-2.73589 5309
-1.14734 28488



-4.45944
-0.85928
3.71948
491454
5.08747
5.59655
-3.91011
-5.30013
-6.43578
6.07518
-6.1563
1.45489
1.2005
0.41629
1.93088
2.92462
1.38832
2.07802

PRPRPRPOOODORRPRPRORRPRORRRER
cNoNeoNoNoNcNoNoNoNoNoNoloNeoNoNoNeNo)

0.19618 0.7
5.75094 4.5
-0.70726 85398
0.54145 2269
-0.36501 88@3
-1.34279 3383
-3.62329 1B
-2.21983 5096
-0.68465 5044
0.1042 30.9

-2.6015 dB17
-0.63849 65386

-1.86877 7584

-2.26304 70301
-2.87848 2BG5
-3.06159 9B@2
-3.82887 5299
-2.49349 4345

lIBa(diphenylacetylene)

E(M06 / B1) = -1563.23371794
H(correction)= 0.488006
G(correction)= 0.393395
E(MO06 / B2) = -1564.69367517
Imaginary frequencies: 0

I—‘I—‘I—‘(D(D(D(DGJI—‘(D\IOO(DI—‘H(D(D(D(D(DOOI—‘(D\I@

[cNeoNoloNeoloNoloNoloNololololoNoloNoloNolNeoloNelNoNe]

-0.38889 -0.88502 -D1B
1.15174 0.35887 2%

1.16282 -2.00381 9045
-0.16455 -1.45781 8B36
-2.20564 -2.08706 S3&5
0.91446 1.58393 5317
2.43195 -0.04716 5B@9
2.43582 -1.43025 eBX7
1.10512 -3.29264 6889
-2.94655 -1.1932 7D38
-0.03262 1.46907 0385
1.72724 1.73708 8237
0.82288 2.77842 4633
3.44133 0.60573 3bB

3.58576 -2.02941 =@97
2.2997 -3.93023 6025

0.13937 -3.78319 73@3
-2.49725 -0.07194 21.79
-4.40777 -1.5049 8b64
1.97283 3.48714 88P4
-0.40203 3.14934 &J.7

3.50141 -3.25888 5528
2.30299 -4.93927 8342
-4.71016 -2.38363 0b65
-5.01908 -0.63937 OBA6

5204
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cNeololoNeoloNoloNololNololoNoloNoloNoNoloNololoNolololoNoNoNoNeoNoNeNe)

-4.58342
1.898
2.92721

-0.47745

-1.29694
4.45002
2.80243
0.67262

-1.4396
0.61445
1.3345
1.92054
1.28077
3.29009

-0.11533
2.03085
3.78656
4.03512

-1.32077
3.40252
1.52666
5.11557

-2.74087
3.97773

-3.34732

-3.5502

-4.72822

-2.71195

-4.9314

-3.07566

-1.70342 SD65

4.54579 88P2

3.1552 9B4&9
4.20569 1638
2.58917 7D®1
-3.74297 0849
5.0894 8047
4.90817 6823
4.48762 4864
5.73479 7633
-1.93712 1233
-1.07079 124
-0.0074 5929
-1.02701 2381
-0.04348 8689
1.10165 45668
-1.86816 0B&2
0.0645 8220
-0.02114 0BS6
1.12844 4903
1.91696 3BD7
0.07542 2222
0.09203 8648
1.97297 7284
1.30051 1439
-0.98781 6685
1.43212 5D38
2.12505 9302
-0.8481 (P54
-1.93468 158

-5.52528 0.36152 5048
-5.18702 2.37576 SUB3
-555 -1.69471 9814

-6.60937 0.46713 7Y.B3




