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EXPERIMENTAL SECTION

General Considerations: All manipulations were performed under a nitrogen atmosphere
using standard Schlenk techniques. All solvents used for catalysis were dried over and
distilled from sodium (toluene) or CaH2 (dichloromethane, hexane, ethyl acetate, methanol).
The catalyst [Co'(MeTAA)] has been synthesized according to literature procedures.t All
chemicals were purchased from commercial suppliers (either from Sigma-Aldrich or
Fluorochem) and used without further purification. NMR spectra (*H and *3C) were measured
on a Bruker AV400 (100 MHz for 3C). Unless noted otherwise, the NMR spectra were
measured in CDCls. Individual peaks are reported as: multiplicity (s = singlet, d = doublet, t =
triplet, g = quartet, m = multiplet), integration, coupling constant in Hz. Mass spectra of the
newly synthesized compounds were recorded on an Agilent-5973 GC-MS spectrometer, and
the corresponding HRMS data were recorded on a JEOL AccuTOF 4G via direct injection
probe using CSI (Cold Spray lonization). EPR spectra were recorded on a Bruker EMXplus
spectrometer at room temperature (298 K).

General Procedure for the synthesis of the aldehyde precursors:> The o-
bromobenzaldehyde (1.0 equiv.) was dissolved in toluene (2 mL/mmol aldehyde). Pd(OAc)2
(0.02 equiv.), P(o-tol)s (0.04 equiv.), the required Heck acceptor (1.5 equiv.) and EtsN (0.4
mL/mmol aldehyde) were added, and the reaction mixture was placed under an N2
atmosphere and heated to reflux (115°C, oil bath) for 40 h. The reaction was then cooled to
RT, diluted with H20 and extracted with CH2Clz. The organic phase was dried (MgSOa),
filtered and concentrated, and the crude material was purified by flash chromatography.

Pd(OAc),

@[CHO P(o-Tol), CHO
A R >
+
Br Toluene = R
110°C,40 h

General Procedure for Synthesis of the N-tosylhydrazone substrates:®* An equimolar
mixture of corresponding aldehyde and N-tosyl hydrazide were placed in a round bottom
flask and dissolved in methanol (2 mL/mmol). The reaction mixture was stirred overnight at
room temperature. The white precipitate was collected by filtration, and washed with
methanol and hexane to obtain the pure product.

CHO NH,NHTs X, ..NHTs
> N
@Q/\R MeOH C(;\R
General Procedure for Synthesis of 1H-Indenes: Under a nitrogen atmosphere, the
respective cinnamyl N-tosylhydrazone (1a—r) (0.2 mmol) was added to a flame-dried
Schlenk tube. The tube was capped with a Teflon screw cap, evacuated, and backfilled with
nitrogen. Base LiOBu (1.2 equiv; 0.22 mmol), [Co'"(MeTAA)] catalyst (5 mol%) and

benzene (anhydrous and degassed, 3 mL) were added inside the glove box. The Schlenk tube
was then placed in an oil bath and heated to the desired temperature under nitrogen for a set
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period. After the reaction finished, the resulting mixture was concentrated and the residue
was purified by flash chromatography (silica gel).

EPR Spectra of Catalytic Reaction Mixtures: X-band EPR spectrum of a carbon radical
(probably Co''-carbene radical intermediate) trapped with PBN; Settings: microwave
frequency: 9.36607 GHz; power: 6.33 mW; modulation amplitude: 1.0G); Reaction
conditions: N-tosylhydrazone (0.2 mmol, 1.0 equiv), LiOtBu (0.24 mmol, 1.2 equiv),
[Co(MeTAA)] (5 mol%), PBN (0.4 mmol, 2.0 equiv), benzene (3 mL), 60 °C, 30 min.

—— Standard conditions (no catalyst)|

T T T T T T T T T T T T 1
3280 3300 3320 3340 3360 3380 3400
Field (G)

|—— Standard conditions (with catalyst)|

T T T T T T T T T T T T 1
3280 3300 3320 3340 3360 3380 3400
Field (G)
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Characterization of N-tosylhydrazone substrates and 1H-indene products:

(E)-Methyl 3-(2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (1a):

Yield = 82%; 'H NMR (400 MHz, CDCl3): § 8.17 (d, J = 15.8 Hz,

1H), 8.09 (d, J = 8.3 Hz, 2H), 7.77 (dd, J = 7.8, 1.4 Hz, 1H), 7.42 (s, Sy-NHTs
1H), 7.36 (s, 1H), 7.17 (dd, J = 7.8, 1.4 Hz, 1H), 7.05 (t, J = 8.1 Hz, ©:;\CO0Me
1H), 6.96 (t, J = 9.5 Hz, 3H), 6.28 (d, J = 15.8 Hz, 1H), 3.65 (s, 3H),

1.97 (s, 3H): *C NMR (100 MHz, CDCls): & 167.11, 144.74, 144.07, 141.55, 135.23,
133.56, 131.81, 130.06, 129.87, 129.57, 127.88, 127.17, 126.92, 126.70, 120.91, 51.83,
21.48.

(E)-Mthyl 3-(2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (1b):
Yield = 85%; *H NMR (400 MHz, CDCls): § 8.20 (s, 1H), 8.12 (d, J
= 15.8 Hz, 1H), 7.90 (d, J = 8.1 Hz, 2H), 7.83 — 7.57 (m, 2H), 7.49
(dd, J = 5.3, 3.6 Hz, 1H), 7.38 — 7.30 (m, 2H), 7.27 (d, J = 8.2 Hz, ZNCOOEt
2H), 6.30 (d, J = 15.8 Hz, 1H), 4.27 (q, J = 7.0 Hz, 2H), 2.37 (s, 3H),

1.34 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCls): § 166.85, 144.99, 143.95, 141.46,
135.33, 133.58, 131.94, 129.97, 129.81, 129.54, 127.88, 127.14, 121.25, 60.82, 21.45, 21.18,
14.15.

X _NHTs
N/

(E)-Butyl 3-(2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (1c):

Yield = 86%; H NMR (400 MHz, CDCls): 5 8.98 (s, 1H), 8.22 (s,

1H), 8.10 (d, J = 15.8 Hz, 1H), 7.91 (d, J = 8.3 Hz, 2H), 7.80 (dd, J Sy-NHTs
= 6.1, 3.1 Hz, 1H), 7.54 — 7.48 (m, 1H), 7.36 (dd, J = 5.7, 3.5 Hz, ©;c00n3u
2H), 7.29 (d, J = 8.3 Hz, 2H), 4.22 (t, J = 6.7 Hz, 2H), 2.39 (s, 3H),

1.70 (p, J = 6.8 Hz, 2H), 1.43 (h, J = 7.4 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H); *C NMR (100

MHz, CDCl3): § 166.90, 144.71, 144.00, 141.19, 135.26, 133.60, 131.89, 130.03, 129.84,
129.56, 127.89, 127.61, 127.12, 121.37, 64.74, 30.57, 21.47, 19.06, 13.63.

(E)-tert-Butyl 3-(2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (1d):
Yield = 81%; *H NMR (400 MHz, CDCls): § 8.85 (s, 1H), 8.19 (s,

1H), 7.99 (d, J = 15.8 Hz, 1H), 7.91 (d, J = 8.3 Hz, 2H), 7.79 (dd, J = Sy-NHTs
5.7, 3.5 Hz, 1H), 7.49 (dd, J = 5.6, 3.5 Hz, 1H), 7.36 (dd, J = 5.9, 3.4 ©;

Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 6.24 (d, J = 15.7 Hz, 1H), 2.39 (s,

3H), 1.55 (s, 9H); 13C NMR (100 MHz, CDCl3): § 166.03, 144.78, 144.01, 140.15, 135.23,
133.91, 131.70, 130.02, 129.58, 129.55, 127.90, 127.55, 127.19, 123.42, 81.04, 28.05, 21.47.

COOtBu
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(E)-Phenyl 3-(2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (1e):

Yield = 89%; *H NMR (400 MHz, CDCls): & 8.53 (s, 1H), 8.29 (d, J ~_ NHTs

= 15.8 Hz, 1H), 8.11 (s, 1H), 7.95 — 7.86 (m, 2H), 7.74 (dd, J = 5.8, @O

3.4 Hz, 1H), 7.59 (dd, J = 5.7, 3.4 Hz, 1H), 7.42 (dd, J = 10.3, 5.2 Hz, ~co0oPh
4H), 7.27 (d, J = 7.9 Hz, 3H), 7.20 (d, J = 7.7 Hz, 2H), 6.51 (d, J =

15.8 Hz, 1H), 2.38 (s, 3H); 1*C NMR (100 MHz, CDCls): 8 165.04, 150.57, 144.86, 144.16,
143.40, 135.10, 133.39, 131.89, 130.15, 129.61, 129.37, 128.29, 127.89, 127.43, 125.81,
121.49, 120.43, 21.47.
(E)-N'-(2-((E)-3-((Dimethylamino)oxy)-3-oxoprop-1-en-1-yl)benzylidene)-4-
methylbenzenesulfonohydrazide (1f):

Yield = 76%; 'H NMR (400 MHz, CDCls): & 9.33 (s, 1H), 8.27 NHTs
(s, 1H), 7.88 (d, J = 8.4 Hz, 4H), 7.46 (dd, J = 5.8, 3.2 Hz, 1H), N

7.36 (dd, J =5.4, 3.8 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 6.74 (d, J @(;\COONMeZ
=15.3 Hz, 1H), 3.17 (s, 3H), 3.09 (s, 3H), 2.39 (s, 3H); 13C NMR

(100 MHz, CDCls): 6 166.27, 144.21, 143.60, 138.70, 135.75, 134.66, 132.11, 129.78,
129.43, 129.25, 127.76, 126.95, 126.63, 121.21, 37.43, 36.06, 21.43.

(E)-N'-(2-((E)-2-Cyanovinyl)benzylidene)-4-methylbenzenesulfonohydrazide (19):
Yield = 80%; *H NMR (400 MHz, CDCls): 6 8.07 (s, 1H), 8.02 — 7.77

(m, 4H), 7.62 — 7.52 (m, 1H), 7.51 — 7.38 (m, 4H), 7.28 (d, J = 0.9 Hz, n-NHTS
2H), 5.76 (d, J = 16.5 Hz, 1H), 2.46 (s, 3H); *C NMR (100 MHz, @(;\
CDCl3): 6 148.86, 145.05, 143.87, 135.66, 132.45, 131.90, 130.39,

129.70, 129.49, 127.75, 126.86, 117.89, 98.53, 21.48.

(E)-4-Methyl-N'-(2-((E)-styryl)benzylidene)benzenesulfonohydrazide (1h):

Yield = 92%; 'H NMR (400 MHz, CDCls): & 8.13 (s, 1H), 7.89 — 7.74

(m, 3H), 7.71 (d, J = 7.9 Hz, 1H), 7.56 (dd, J = 13.0, 7.7 Hz, 4H), 7.44 NHTs
—7.29 (m, 5H), 7.24 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 16.1 Hz, 1H), 2.40 @C\

(s, 3H); 13C NMR (100 MHz, CDCls): & 146.92, 144.12, 137.26,

136.96, 135.10, 132.61, 130.23, 130.13, 129.55, 128.66, 128.08, 127.98, 127.87, 127.46,
126.90, 126.70, 125.61, 21.47.

(E)-Methyl 3-(4-fluoro-2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (1i):

Yield = 79%; 'H NMR (400 MHz, CDCls): § 8.26 (s, 1H), 8.09

(s, 1H), 8.05 (d, J = 15.8 Hz, 1H), 7.91 (d, J = 8.1 Hz, 2H), 7.80 NHTSs
(dd, J =8.8,5.7 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.24 — 7.17 (m, \C(\/\COOMe
1H), 7.10 (td, J = 8.3, 2.6 Hz, 1H), 6.32 (d, J = 15.8 Hz, 1H), 3.86

(s, 3H), 2.43 (s, 3H); *C NMR (100 MHz, CDCls): & 167.04, 144.32, 142.73, 142.70,

140.00, 135.04, 134.18, 134.10, 129.67, 129.29, 129.20, 127.88, 120.81, 117.69, 117.47,
113.70, 113.47, 51.92, 21.51.
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(E)-Methyl 3-(5-fluoro-2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (1j):

Yield = 80%; 'H NMR (400 MHz, CDCls): 8 8.19 (s, 1H), 8.09 ~  NHTs

(d, J = 1.5 Hz, 1H), 7.99 (d, J = 15.7 Hz, 1H), 7.91 (d, J = 8.1 Hz, /@Q

2H), 7.53 (dd, J = 9.2, 3.8 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.11 A ~coO0Me
(t, J=8.3 Hz, 1H), 6.29 (d, J = 15.7 Hz, 1H), 3.84 (s, 3H), 2.44 (s,

3H); 3C NMR (100 MHz, CDCls): § 167.04, 144.32, 142.73, 142.70, 140.00, 135.04,

134.18, 134.10, 129.67, 129.29, 129.20, 127.88, 120.81, 117.69, 117.47, 113.70, 113.47,
51.92, 21.51.

(E)-Methyl 3-(5-chloro-2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (1k):

Yield = 86%; *H NMR (400 MHz, CDCls): Yield = 86%;5 8.18 ~_NHTs
(s, 1H), 8.06 (s, 1H), 8.00 (d, J = 15.8 Hz, 1H), 7.92 (d, J = 8.0 m

Hz, 2H), 7.79 (d, J = 2.3 Hz, 1H), 7.47 (d, J = 8.4 Hz, 1H), 7.36 cI A ~cooMe
(d, J = 8.0 Hz, 3H), 6.32 (d, J = 15.8 Hz, 1H), 3.85 (s, 3H), 2.44 (s, 3H); *C NMR (100

MHz, CDCls): & 166.90, 144.34, 142.73, 140.04, 136.15, 135.02, 133.26, 131.82, 130.16,
129.68, 128.46, 127.88, 127.20, 121.38, 51.95, 21.52.

(E)-Methyl 3-(2-((E)-(2-tosylhydrazono)methyl)-5-(trifluoromethyl)phenyl)acrylate (11):
Yield = 84%; 'H NMR (400 MHz, CDCls): 6 8.24 (s, 1H), 8.08 ~ NHTs
(d, J = 17.1 Hz, 2H), 8.00 (s, 1H), 7.93 (d, J = 8.3 Hz, 2H), 7.63 /@Q

(d, J =1.2 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 6.38 (d, J = 15.9 F.C 2 ~NCOOMe
Hz, 1H), 3.87 (s, 3H), 2.44 (s, 3H); ®C NMR (100 MHz,

CDClg): 6 166.53, 144.50, 142.85, 140.05, 136.69, 134.88, 132.32, 131.56, 129.69, 127.94,
124.71, 123.21, 52.03, 21.50.

(E)-Methyl 3-(5-nitro-2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (1m):

Yield = 82%; 'H NMR (400 MHz, DMSO-ds): 6 11.85 (s, 1H),

8.39 (d, J = 2.4 Hz, 1H), 8.30 (s, 1H), 8.18 (dd, J = 8.6, 2.4 Hz, Sy-NHTs
1H), 8.07 (d, J = 15.9 Hz, 1H), 7.99 (d, J = 8.6 Hz, 1H), 7.80 (d, OZN/©i;\COOMe
J=8.0Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 6.67 (d, J = 15.8 Hz,

1H), 3.79 (s, 3H), 2.36 (s, 3H); *C NMR (100 MHz, DMSO-ds): 6 166.22, 148.33, 144.11,

143.51, 139.58, 139.06, 136.24, 133.61, 130.10, 129.98, 127.57, 124.60, 124.23, 122.17,
52.23, 21.36.

(E)-Methyl 3-(2-((E)-(2-tosylhydrazono)methyl)naphthalen-1-yl)acrylate (1n):
Yield = 78%; 'H NMR (400 MHz, CDCls): 6 8.23 (d, J = 16.1
Hz, 1H), 8.18 (s, 1H), 8.14 (s, 1H), 8.05 (d, J = 8.8 Hz, 1H), 8.00 —
7.95 (m, 1H), 7.93 (d, J = 8.3 Hz, 2H), 7.87 — 7.79 (m, 2H), 7.60 —
7.50 (m, 2H), 7.35 (d, J = 8.1 Hz, 2H), 6.09 (d, J = 16.1 Hz, 1H),
3.89 (s, 3H), 2.42 (s, 3H); C NMR (101 MHz, CDCls): &
166.35, 145.65, 144.09, 140.71, 135.31, 133.74, 133.13, 130.96, 129.58, 129.47, 129.04,
128.91, 128.37, 127.92, 127.84, 127.56, 127.26, 127.00, 124.98, 122.95, 52.02, 21.47.
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(E)-Methyl 3-(4-methyl-2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (10):

Yield = 93%; 'H NMR (400 MHz, CDCl3): & 8.21 (s, 1H), 8.14

—8.06 (m, 2H), 7.92 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 8.0 Hz, 1H), Me Sy-NHTs
7.32 (d, J = 8.0 Hz, 3H), 7.21 (d, J = 8.1 Hz, 1H), 6.31 (d, J = \C(;\coom
15.9 Hz, 1H), 3.85 (s, 3H), 2.42 (s, 3H), 2.38 (s, 3H); *C NMR

(100 MHz, CDClz): 6 167.20, 145.00, 144.01, 141.64, 140.37, 135.24, 133.42, 130.88,
129.54, 129.20, 127.88, 127.82, 127.59, 120.62, 51.82, 21.47, 21.26.

(E)-Methyl 3-(4-methoxy-2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (1p):

Yield = 89%; 'H NMR (400 MHz, CDCls): 8 8.40 (s, 1H), 8.18

(s, 1H), 8.01 (d, J = 15.7 Hz, 1H), 7.95 — 7.89 (m, 2H), 7.50 (d, J MeO Xy NHTs
= 8.7 Hz, 1H), 7.36 — 7.30 (m, 3H), 6.94 (dd, J = 8.7, 2.7 Hz, \E:(;\
1H), 6.25 (d, 15.7 Hz, 1H), 3.88 (s, 3H), 3.83 (s, 3H), 2.42 (s, CooMe

3H); ¥C NMR (100 MHz, CDCls): & 167.57, 160.87, 144.22, 144.10, 140.51, 135.21,
133.53, 129.56, 128.48, 127.88, 126.18, 118.36, 117.43, 110.57, 55.43, 51.77, 21.47.

(E)-Methyl 3-(4,5-dimethoxy-2-((E)-(2-tosylhydrazono)methyl)phenyl)acrylate (19):
Yield = 88%; 'H NMR (400 MHz, CDCls): & 8.25 (s, 1H), 8.18 MeO . _NHTs
(s, 1H), 7.99 (d, J = 15.7 Hz, 1H), 7.91 (d, J = 8.4 Hz, 2H), 7.40 m

—7.30 (m, 3H), 6.96 (s, 1H), 6.26 (d, J = 15.5 Hz, 1H), 3.96 (S, meoO Z~CcoOMe
3H), 3.93 (s, 3H), 3.84 (s, 3H), 2.43 (s, 3H); *C NMR (100

MHz, CDCls): 6 167.38, 150.82, 150.77, 144.16, 144.08, 140.14, 135.26, 129.53, 127.89,
126.79, 125.88, 118.59, 108.26, 108.11, 56.00, 55.85, 51.83, 21.48.

(E)-Methyl 3-(2-((E)-(2-tosylhydrazono)methyl)phenyl)but-2-enoate (1r):

Yield = 86%; 'H NMR (400 MHz, CDCls): § 8.24 (s, 1H), 7.95 — « NHTs
7.82 (m, 4H), 7.42 — 7.30 (m, 4H), 7.15 (dd, J = 7.1, 1.8 Hz, 1H), N

5.70 (s, 1H), 4.22 (q, J = 7.1 Hz, 2H), 2.43 (s, 3H), 2.40 (s, 3H), 1.32 CC\/\COOMe
(t, J = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls): § 166.29, 155.31, Me

145.37, 143.98, 143.75, 135.37, 129.88, 129.59, 129.53, 128.01, 127.81, 127.37, 126.44,
121.07, 60.19, 21.54, 21.49, 14.13.

la-D:
Yield = 83%; *H NMR (400 MHz, CDCls): § 8.58 (s, 1H), 8.12 (d, J NHTs
= 15.8 Hz, 1H), 7.92 (d, J = 8.3 Hz, 2H), 7.85 — 7.75 (m, 1H), 7.57 — N”

7.46 (M, 1H), 7.43 — 7.34 (m, 2H), 7.32 (d, J = 8.1 Hz, 2H), 6.33 (d, J ' D

= 15.8 Hz, 1H), 3.85 (s, 3H), 2.41 (s, 3H); 3C NMR (100 MHz, A~ cooMe
CDCls): § 167.11, 144.15, 141.43, 135.18, 133.57, 131.69, 130.14,

129.92, 129.61, 127.91, 127.76, 127.18, 121.00, 106.18, 106.17, 51.87, 21.50.
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1b-D:

Yield = 88%; 'H NMR (400 MHz, CDCls): & 8.51 (d, J = 3.0 Hz, _NHTSs
1H), 8.16 (d, J = 2.5 Hz, 1H), 8.10 (s, 1H), 7.92 (d, J = 7.9 Hz, 2H),
7.87 — 7.75 (m, 1H), 7.59 — 7.47 (m, 1H), 7.39 (dt, J = 5.9, 3.9 Hz,
2H), 7.32 (d, J = 8.0 Hz, 2H), 4.30 (d, J = 7.0 Hz, 2H), 2.42 (d, J = ~
3.2 Hz, 3H), 1.36 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCls):

0 144.69, 144.22, 140.97, 135.11, 133.78, 131.53, 130.19, 129.77, 129.61, 127.92, 127.87,
127.30, 60.74, 21.50, 14.19.

COOEt

Methyl 1H-indene-2-carboxylate (2a):

Yield = 86%; *H NMR (400 MHz, CDCls): 8 7.75 (s, 1H), 7.54 (q,
J =4.7 Hz, 2H), 7.42 — 7.31 (m, 2H), 3.98 — 3.79 (s, 3H), 3.71 (s,
2H); 3C NMR (100 MHz, CDCls): & 165.35, 144.67, 142.59,
141.12, 136.93, 127.47, 126.76, 124.17, 123.29, 51.53, 38.25; HRMS (EI, m/z): Calculated
for [M*] C11H1002: 174.0681; found: 174.0671.

COOMe

e

Ethyl 1H-indene-2-carboxylate (2b):

Yield = 78%; *H NMR (400 MHz, CDCls): & 7.75 (s, 1H), 7.54
(dd, J = 7.8, 3.9 Hz, 2H), 7.40 — 7.30 (m, 2H), 4.33 (g, J = 7.1 Hz,
2H), 3.72 (s, 2H), 1.39 (t, J = 7.1 Hz, 3H); 3C NMR (100 MHz,
CDClz): 5 164.96, 144.68, 142.66, 140.85, 137.38, 127.38, 126.73, 124.15, 123.22, 60.31,
38.25, 14.29; HRMS (EI, m/z): Calculated for [M*] C12H1202: 188.0837, found: 188.0834.

COOEt

2

n-Butyl 1H-indene-2-carboxylate (2c):

Yield = 80%; 'H NMR (400 MHz, CDCls): 6 7.79 — 7.70 (m, 1H),
7.54 (d, J = 3.3 Hz, 2H), 7.41 — 7.31 (m, 2H), 4.28 (t, J = 6.6 Hz,
2H), 3.71 (s, 2H), 1.75 (dd, J = 8.5, 6.4 Hz, 2H), 1.55 — 1.42 (m,
2H), 1.01 (t, J = 7.4 Hz, 3H); C NMR (100 MHz, CDCls): & 165.02, 144.68, 142.67,
140.79, 137.41, 127.36, 126.72, 124.14, 123.21, 64.21, 38.25, 30.71, 19.18, 13.68, 0.92;
HRMS (EIl, m/z): Calculated for [M*] C14H1602, 216.1150, found: 216.1155.

CO0"Bu

o

tert-Butyl 1H-indene-2-carboxylate (2d):

Yield = 76%; 'H NMR (400 MHz, CDCls): § 7.64 (d, J = 2.1 Hz,

1H), 7.56 — 7.45 (m, 2H), 7.34 (dd, J = 5.6, 3.1 Hz, 2H), 3.66 (d, J = t
2.0 Hz, 2H), 1.59 (s, 9H); 13C NMR (100 MHz, CDCls): & 164.39, c°° Bu
144.64, 142.82, 140.00, 139.23, 127.10, 126.62, 124.08, 123.03,

105.97, 80.36, 38.27, 28.16. HRMS (EI, m/z): Calculated for [M*] Ci4H1602: 216.1150,
found: 216.1151.
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Phenyl 1H-indene-2-carboxylate (2e):

Yield = 82%; 'H NMR (400 MHz, CDCls): § 7.99 (d, J = 2.0 Hz,

1H), 7.60 (ddd, J = 9.6, 6.0, 2.8 Hz, 2H), 7.50 — 7.37 (m, 4H), 7.30 COOPh
(d, J=7.7 Hz, 1H), 7.26 — 7.19 (m, 2H), 3.85 (d, J = 2.0 Hz, 2H); 13C

NMR (100 MHz, CDCl3): 6 163.18, 150.70, 144.98, 142.92, 142.43, 136.25, 129.34, 127.91,
126.92, 125.63, 124.28, 123.59, 121.60, 38.39. HRMS (EIl, m/z): Calculated for [M*]
Ci6H1202: 236.0837, found: 236.0832.

N,N-Dimethyl-1H-indene-2-carboxamide (2f):

Yield = 98%; ‘H NMR (400 MHz, CDCls): § 7.51 (d, J = 7.0 Hz, 1H),

7.46 (d, J=7.2 Hz, 1H), 7.37 — 7.27 (m, 2H), 7.04 (s, 1H), 3.78 (s, 2H), CONMez
3.15 (d, J = 13.5 Hz, 6H); 3C NMR (100 MHz, CDCls): 8 167.99,

143.16, 143.05, 140.63, 133.42, 126.59, 126.10, 123.82, 122.08, 40.48, 38.99, 35.37. HRMS
(El, m/z): Calculated for [M*] C12H13NO: 187.0997, found: 187.1005.

1H-Indene-2-carbonitrile (29):

Yield = 52%; 'H NMR (400 MHz, CDCls): § 7.64 (d, J = 2.2 Hz, 1H),

7.59 — 7.48 (m, 2H), 7.47 — 7.33 (m, 2H), 3.72 (d, J = 2.0 Hz, 2H); 3C CN
NMR (100 MHz, CDCls): § 146.13, 142.99, 141.29, 128.27, 127.37,

124.00, 123.16, 116.99, 114.09, 40.82; HRMS (EIl, m/z): Calculated for [M*] CioH7N:
141.0578, found: 141.0578.

2-Phenyl-1H-indene (2h):

Yield = 85%; 'H NMR (400 MHz, CDCls): & 7.73 — 7.66 (m, 2H), 7.53

(d, J = 7.4 Hz, 1H), 7.45 (td, J = 7.6, 5.8 Hz, 3H), 7.37 — 7.31 (m, 2H), Ph
7.29 (s, 1H), 7.25 (td, J = 7.4, 1.2 Hz, 1H), 3.85 (d, J = 1.5 Hz, 2H); 3C

NMR (100 MHz, CDCls3): 6 146.33, 145.28, 143.07, 135.90, 128.61, 128.58, 127.45, 126.55,
126.51, 126.44, 125.57, 125.49, 124.68, 123.60, 120.91, 38.91; HRMS (EI, m/z): Calculated
for [M*] CisHi12: 192.0939, found: 192.0936.

Methyl 6-fluoro-1H-indene-2-carboxylate (2i):

Yield = 87%; 'H NMR (400 MHz, CDCls): § 7.69 (d, J = 6.1 Hz, 1H), 7.46 (td, J = 8.8, 5.0
Hz, 1H), 7.23 (ddd, J = 8.5, 5.9, 2.4 Hz, 1H), 7.12 — 7.00 (m, 1H), 3.87 (d, J = 3.4 Hz, 3H),
3.70 (d, J = 2.0 Hz, 1H), 3.67 (s, 1H); *C NMR (100 MHz, N

CDCls): 6 165.02, 164.98, 164.14, 163.38, 161.68, 160.96, 146.96, F—!(;E>*COOM9
146.87, 144.21, 144.12, 140.25, 140.23, 140.19, 139.93, 139.91,

139.11, 138.61, 138.58, 136.75, 136.71, 125.08, 124.99, 124.24, 124.15, 114.57, 114.34,

114.28, 114.05, 111.92, 111.69, 110.07, 109.84, 51.65, 51.56, 38.47, 38.44, 37.69; HRMS
(El, m/z): Calculated for [M*] C11HoFO2: 192.0587, found: 192.0593.
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Methyl 5-chloro-1H-indene-2-carboxylate (2)):

Yield = 82%; 'H NMR (400 MHz, CDClg): & 7.68 (d, J = 10.6 Hz, 1H), 7.52 (d, J = 2.0 Hz,
1H), 7.45 (dd, J = 8.1, 4.4 Hz, 1H), 7.33 (ddd, J = 8.0, 4.5, 1.9 Hz,
1H), 3.87 (d, J = 1.8 Hz, 3H), 3.73 — 3.64 (m, 2H); *C NMR (100 Cl4-
MHz, CDCl3): 6 165.00, 146.18, 144.16, 142.69, 141.04, 140.12,
139.87, 138.71, 137.32, 133.70, 132.74, 127.41, 127.19, 125.12, 124.62, 124.02, 123.23,
51.68, 51.64, 38.23, 37.93; HRMS (EIl, m/z): Calculated for [M*] C11HsCIO2: 208.0291,
found: 208.0294.

COOMe

8

Methyl 5-(trifluoromethyl)-1H-indene-2-carboxylate (2k):

Yield = 84%; 'H NMR (400 MHz, CDCls): & 7.89 — 7.71 (m,

2H), 7.63 (d, J = 1.4 Hz, 2H), 3.89 (d, J = 1.0 Hz, 3H), 3.77 (d, J FsCy-
= 1.9 Hz, 2H); 3C NMR (100 MHz, CDCls): 6 164.81, 164.75,
147.94, 145.76, 144.65, 142.99, 139.82, 139.72, 138.83, 125.66, 124.43, 124.27- 124.03 (m,
1C), 123.30, 121.06, 121.03, 120.03, 119.99, 51.78, 51.75, 38.45, 38.40; HRMS (EIl, m/z):
Calculated for [M*] C12HoF30z2: 242.0555, found: 242.0557.

COOMe

8

Methyl 5-nitro-1H-indene-2-carboxylate (2I):

Yield = 84%; *H NMR (400 MHz, CDCls): & 8.39 (s, 1H), 8.32
—8.24 (m, 1H), 7.82 — 7.74 (m, 1H), 7.67 (d, J = 8.4 Hz, 1H), O,N—-
3.91 (dd, J = 2.3, 0.9 Hz, 3H), 3.87 — 3.81 (m, 2H); *C NMR

(100 MHz, CDCl3): & 164.32, 150.92, 148.57, 147.23, 145.04, 143.69, 142.47, 140.08,
139.23, 139.06, 124.64, 123.35, 122.97, 122.54, 119.48, 118.15, 51.91, 38.79, 38.59; HRMS
(El, m/z): Calculated for [M*] C11HsNO4: 219.0532, found: 219.0536.

COOMe

8

Methyl 3H-cyclopenta a-naphthalene-2-carboxylate (2m):

Yield = 93%; 'H NMR (400 MHz, CDCls): § 8.15 (d, J = 8.8 Hz, COOMe
1H), 7.99 (d, J = 7.5 Hz, 1H), 7.91 (dd, J = 13.6, 7.8 Hz, 1H), 7.83 s

(dd, J =14.9, 7.7 Hz, 2H), 7.68 — 7.47 (m, 3H), 4.00 (d, J = 1.9 Hz,

1H), 3.92 (d, J = 4.3 Hz, 3H), 3.84 (d, J = 2.0 Hz, 1H); °C NMR OO

(100 MHz, CDClI3): & 165.22, 165.15, 143.48, 142.53, 141.86,

139.96, 138.86, 138.77, 136.69, 136.37, 132.75, 132.47, 129.77, 128.77, 128.46, 128.13,
127.79, 126.60, 126.47, 125.92, 125.47, 123.80, 123.33, 122.37, 121.24, 51.56, 51.54, 39.51,
37.41; HRMS (EI, m/z): Calculated for [M*] C1sH1202: 224.0837, found: 224.0837.

Methyl 5-methyl-1H-indene-2-carboxylate (2n):

Yield = 88%; *H NMR (400 MHz, CDCls): 6 7.71 (d, J = 7.0

Hz, 1H), 7.42 (t, J = 7.3 Hz, 1H), 7.35 (s, 1H), 7.18 (dd, J = 8.0, MemCOOMe
3.8 Hz, 1H), 3.87 (t, J = 1.3 Hz, 3H), 3.72 — 3.63 (m, 2H), 2.44 O

(d, J = 5.7 Hz, 3H); *C NMR (100 MHz, CDCls): & 165.45,

145.09, 142.83, 141.80, 141.16, 139.99, 137.70, 137.06, 136.44, 135.84, 128.47, 127.66,

124.97, 123.81, 122.95, 51.48, 38.01, 21.61, 21.26; HRMS (EI, m/z): Calculated for [M*]
Ci12H1202: 188.0837, found: 188.0837.

s10 |



Methyl 6-methoxy-1H-indene-2-carboxylate (20):

Yield = 72%; 'H NMR (400 MHz, CDCI3):  7.70 (d, J = 2.0 N

Hz, 1H), 7.42 (dd, J = 10.8, 8.2 Hz, 1H), 7.14 — 7.03 (m, 1H), Meo—l(;@*COOMG
6.98 — 6.86 (m, 1H), 3.89 — 3.83 (m, 6H), 3.66 (dd, J = 12.5, 1.9

Hz, 2H); 3C NMR (100 MHz, CDCls): & 165.39, 165.28, 160.02, 147.00, 143.82, 141.04,
138.13, 136.89, 135.63, 134.54, 124.66, 123.97, 114.27, 113.12, 109.94, 107.92, 55.42,

51.53, 51.40, 38.30, 37.54; HRMS (EIl, m/z): Calculated for [M+] Ci12H1203: 204.0786,
found: 204.0792.

Methyl 5,6-dimethoxy-1H-indene-2-carboxylate (2p):

Yield = 70%; *H NMR (400 MHz, CDCls): 6 7.70 — 7.63 (m, MeO

1H), 7.08 (s, 1H), 7.04 (s, 1H), 3.95 (s, 3H), 3.93 (s, 3H), 3.84 (s, COOMe
3H), 3.64 (d, J = 1.1 Hz, 2H); 3C NMR (100 MHz, CDCl3): 5 MeO

165.25, 149.64, 148.57, 141.36, 138.19, 135.12, 107.42, 105.83, 56.01, 51.38, 38.26; HRMS
(El, m/z): Calculated for [M+] C13H1404: 234.0892, found: 234.0897.

Ethyl 3-methyl-1H-indene-2-carboxylate (3):

Yield = 95%; 'H NMR (400 MHz, CDCls): 6 7.52 (dddd, J = 8.5,

5.3, 2.8, 0.8 Hz, 2H), 7.42 — 7.33 (m, 2H), 4.33 (q, J = 7.1 Hz, 2H), COOEt
3.69 (d, J =25 Hz, 2H), 2.58 (t, J = 2.4 Hz, 3H), 1.40 (t, J = 7.1 Hz,

3H); ¥C NMR (100 MHz, CDCls): & 165.90, 151.20, 145.21, Me
143.38, 129.74, 127.49, 126.44, 123.84, 120.98, 106.12, 59.83, 38.67, 14.34, 12.32; HRMS
(El, m/z): Calculated for [M+] C13H1402: 202.0994, found: 202.0977.

Methyl 1H, 1D-indene-2-carboxylate (2a-D):

Yield = 88%; *H NMR (400 MHz, CDCl3): § 7.76 (s, 1H), 7.54 (q, b

J=4.6 Hz, 2H), 7.36 (dd, J = 5.4, 3.2 Hz, 2H), 3.87 (s, 3H), 3.71 (s,

1H); 3C NMR (100 MHz, CDCl3): & 165.35, 144.67, 142.59, C°°Me
141.19, 141.12, 136.93, 127.47, 126.76, 124.17, 123.28, 51.53,

38.26; °H NMR (60 MHz, CDCls): & 7.54, 3.46; HRMS (EI, m/z): Calculated for [M+]
C11H9DO2: 175.0744, found: 175.0762.

Ethyl 1H, 1D-indene-2-carboxylate (2b-D):

Yield = 85%; *H NMR (400 MHz, CDCls): & 7.88 — 7.63 (m, 1H), 5

7.62 — 7.46 (m, 2H), 7.43 — 7.30 (m, 2H), 4.33 (q, J = 7.1 Hz, 2H),

3.71 (s, 1H), 1.39 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): & COOEt
164.97, 144.68, 142.66, 140.85, 137.38, 127.38, 126.73, 124.15,

123.22, 60.31, 38.25, 14.28; 2H NMR (60 MHz, CHCIs): § 8.24, 4.16; HRMS (EI, m/z):
Calculated for [M+] C12H11DO2: 189.0900, found: 189.0924.
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Synthetic procedure for compound 5 and 7: Under a nitrogen atmosphere, cinnamyl N-
tosylhydrazone (1a-b) (0.1 mmol) and TEMPO/DBP (0.2 mmol) were added to a flame-dried
Schlenk tube. The tube was capped with a Teflon screw cap, evacuated, and backfilled with
nitrogen. Base LiO'Bu (1.2 equiv; 0.12 mmol), [Co'(MeTAA)] catalyst (5 mol %) and and
benzene (anhydrous and degassed, 2 mL) were added inside the glove box. The Schlenk tube
was then placed in an oil bath and heated to the desired temperature under nitrogen for a set
period. After the reaction finished, the resulting mixture was concentrated and the residue
was purified by flash chromatography (silica gel).

(E)-2,2,6,6-Tetramethylpiperidin-1-yl 2-(3-ethoxy-3-oxoprop-1-en-1-yl)benzoate (5):
Yield = 14%; *H NMR (400 MHz, CDCls): & 8.44 (d, J = 15.9 Hz,
1H), 7.98 (dd, J = 7.8, 1.4 Hz, 1H), 7.66 (d, J = 7.6 Hz, 1H), 7.61 —

7.54 (m, 1H), 7.48 (td, J = 7.6, 1.4 Hz, 1H), 6.35 (d, J = 15.9 Hz, 1H), oN
3.81 (s, 3H), 1.86 — 1.62 (m, 5H), 1.48 (dd, J = 7.8, 5.2 Hz, 1H), 1.27 o
(s, 6H), 1.18 (s, 6H); 13C NMR (100 MHz, CDCl3): § 166.74, 166.70, P
143,50, 136.14, 132.04, 130.01, 129.72, 129.30, 127.79, 120.78, COOEt

60.33, 51.59, 39.09, 31.88, 20.84, 16.88; HRMS (GC, m/z): Calculated for [M+]
C20H27NO4: 345.1940, found: 345.

(E)-2-(3-ethoxy-3-oxoprop-1-en-1-yl)benzyl benzoate (7):

Yield = 08%: 'H NMR (400 MHz, CDCls): & 8.13 (d, J = 15.8 Hz,

1H), 8.10 — 8.03 (m, 2H), 7.69 — 7.63 (m, 1H), 7.61 — 7.52 (m, 2H), Jis
7.48 — 7.38 (m, 4H), 6.45 (d, J = 15.8 Hz, 1H), 5.53 (s, 2H), 3.82 (s, ©:1

3H): 13C NMR (100 MHz, CDCls): § 166.90, 166.06, 141.27, 134.73, A~ COOEt
133.87, 133.02, 130.03, 129.99, 129.74, 129.61, 128.87, 128.29, 126.82,

120.33, 64.26, 51.68, 29.60; HRMS (GC, m/z): Calculated for [M+] C1sH1604: 296.1049,
found: 296.

s12 |



L6'tT— S—— —

S9°€ — /J

9Z'9~\.

og9” —
v6'9

96'9

66'9 ~—
£0°L R
s0°L
L0°L =
o1

o1 —_—
8T'L

8T'L —
oL

L

9L'L

9L'L

e

8Lt

80'8

or's

sT'8

6T'8

X, ,.NHTs
N/

COOMe

Foo'e

Froe

Feo

WMo.m
T
o1
#uo.ﬂ
o't
Reot
6T
o1

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

9.0

11.0 10.5 10.0 9.5

8¥'1C —

€8IS —

T6°0CT
os'9zt
76921
LTLTT
88'LTT
£LS°6CT
£8°62T
90°0€T
I8'TIET
9S'EET
ET'SET
SS'IVT
LO0°VPT
172441

TT°L9T —

X _NHTs

COOMe

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

s13 |




E'T
vE'T W
9€'T

LET—

T4
9T'v
8T'Y
1194

879~
€9
9T'L

8T'L

X4

ve'L

9L

sv'L

ov°s
0s'Z]
0s'z/
69°L
7L
v
Vi
SLL
68"
16°L 1
01'8 |
v1°8 |
oz'g

T

X, ._NHTs

COOEt

Ho'E

HJ Ix4:1

T°C
(4

£8°0
8'0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)

9.5

10.5

STVvI —
8T'TC
nv.ﬂNV

7809 —

£9°9L
ma.whw
om.hh

mN..nN.n
v.n.hN.n/
88°LTT
vS'6CT
.nw.m~.nW
L6'6CT
v6'TET v
wm.mm.—\
€E'SET
' IVT \
S6'EVT
66'vYT

S8°99T —

X, ,.NHTs
N’

COOEt

150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

190 180 170 160

210 200

s14 |




v6'0
96°0
86°0
8€'T
o't
w'r
YT
9T
8sv'T
99°T
89°T
oL'T
LT
€LT
6E°CT—

Ty
NN.QW

vy

0£9~
ve'o
8T
og'L
se
o8
L8
e
0s'2 7
ﬁm.&
zs'L
8L
6L
08z
182
06
6L
80'8 *
zZ1'8
s

__——

wm.wg

COOnBu

——_

-—

Ferz
ooz

T

(x4
Rpot
¥L6°0
Fz6'1T
Frot
560

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)

9.5

11.0 10.5 10.0

€9°€T
90°6T ~\.
LY TT~

LS°0E—

vLv9 —

LEITT
Tt
19°LCT
68°LZ1
9S°6CT
¥8°6C1
€0°0ET
68°IET
09°€EET
9T'SET
6T IVT
00'vvT
TLPPT

—S—=\=—

06991 —

N

=

X, _NHTs

COOnBu

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

s1s |




SS'T—

6E°T—

zT'9~\
9z'9 7
8T'L
oL
ve'L
s€'L
9L
V293
8v°L
6v°L
6tz
os]
8.,
8L
6LL
08'L
062
6L ‘
L6'L
10'8

o

mﬂ.w.‘
S8'8

X _NHT
N-S
COOtBu

=

il

S

FL0'E

[
1T
B0t
60T
T

o1
Rrot

Toot

0.C

0.5

1.0

100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

10.5

LYV'IT—

S0°8C —

v0'18 —

et
6T°LTT
SS°LTT
06°L2T
SS°6CT
8S°6CT
CO'0ET
OL'IET
T6°EET
ET'SET
ST'OVT
TOv¥T
8LvYT

B i L

€0°99T —

X, ,.NHTs
N/

COOtBu

=

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

516 |




8€'C—

6v°9~.
€597

6T'L
17
vz'L
9z°L
8z,
6€°L]
e
e
vz ]
85,
65°L
oocq
192
£L¢
vL
veL
scL
68
06'2
T6°L
16
T8
(T8
18
£s°8

N

X, ._NHTs
COOPhA

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

85 80 75 7.0 65 6.0 55 50 45
f1 (ppm)

9.0

9.5

.1.0 10.5 10.0

LYV'IT—

£v°02T
6V 12T
18'STT
£v'LTT
68'LTT
6z'8TT
Le762T
19°62T
ST'OET
68 TET ~
6£°EET
OT'SET
OvEPT N,
9T'YYT 7
98'vbT
tsr0st

v0'S9T —

X. _NHTs
N/

COOPh

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

s17 |




6E'CT—

60°€
e’

L
6T°L
ve'L
o8,
gL
8L
[
ov'L
ov'L
L
18,
88,
68
8

€E€6 —

f//!/

N

Z

X, ._NHTs

COONMe,

N

Toos

8'C
6°C

/90T
LT'T
£0'T

To.v
Eso

o

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

9.0

11.0 10.5 10.0 9.5

EV'IT—

90'9€ ~.
ev'Le”

11T
€9'921
S6°9CT
9s°L2TT
ST'6CT
EV'6CT
8/°6CT
TT°CET
99'VET
SL'SET
0L'8ET
09°€EVT
TTvvT

——=N=—

LT°99T —

N

Z

X, _NHTs

COONMe,

T
100
f1 (ppm)

T
110

130

T T T T T
190 180 170 150 140

210

120

160

200

518 |




ov'T —

1 742N
857

8T°L
8T°L

N.v.hk.
v—u.hv
V'L
v6'L
mm.NW.
96°L

S NHT
N- S
CN

J

[l

H'm

%
k

L4
(4
0'T
9'E
0°'T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)

9.0

11.0 10.5 100 9.5

8¥'1C —

€5°86 —

68°LIT—
98921
SL°LTT ”k
6v°6CT
0s°6TT
6E°0ET
06°IET
SV'ZET

99°SET
LBEVT
mo.mvﬂ\

98'8vT

X, ,.NHTs
N/

CN

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

S19 |




ov'c—

06'9
v6'9
€T'L
sz
o'
e
€€°L
veL
oL
8€°L |
8€°L |
6€°L Y
ov LA
'L
£v'L
vsL
952 1
1571
65'L
09z
oL
e
[2:91
8L
S8z
98
18
£T'8

X, _NHTs

Ph

60

1T
T's
L€
0T

0'€E

poo't

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)

9.0

11.0 10.5 10.0 9.5

LYV'IT—

19°STT
02921 4
06°9ZT 7
b LTT
£8°£TT
86°LTT N
80°8ZT
99°82T
S5°62T ]
€T°0ET ]
€2°0€T
To'zeT |
OT'SET %
96'9€T |
9T LET |
UYL

z6'9v1

X, ,.NHTs
N/

Ph

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

s20 |




ev'c—

98'€ —

0£'9~\
ve'o

otz
T2
(4 WA
€12
6T
oz
1z
nn.&
se
6sc]
08,
182
z8'L
06
6L
£0'8
L0'8
60'8

80°L
60°L M

97’8

X, _NHTs

COOMe

L

Fort

T
Wwa.ﬂ
R0z

£0°1
W..S.N

0T

oo

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

9.5

1.0 10.5 10.0

IS 1C—

<6'1IS —

LY'ETT
oL'ETT
s
69°LTT
180217
88 2T~
oz'6zT
mN.mﬁN.
19621
OTbET
ST'VET
vO'SET
00°0vT
oLZYT
€21
ZE VYT

VYo' L9T —

X _NHT
NoS

COOMe

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

s21 |




vv'e—

v8'€ —

£LT°9
T€9

mo.h/
e
(494
€T°L
SE'L

LEL
IS¢
(44
vSL
vSL
06°L~\
T6'LF
L6°L
T0'8
60'8
60'8
6T'8

—_—

NHTs

COOMe

s

NS

Rerr
PE0'T
Peoz
0z
ot
£6°0
8'0

65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

7.0

10.0 9.5 9.0 8.5 8.0

10.5

1.0

X, ._NHTs
COOMe

s 1 — =

T<6'1IS — -

T
100
f1 (ppm)

©oN
A3 10, 129.67,
]
o
T
110

T T T T
140 120

150

160

SN

180

190

200

13C NMR (101 MHz, CDG$ 167.04, |4§3
129.29, 129.20, 127.88, 120.81, 117.69%9117.

130

170

210

s22 |




e —

NHTs

COOMe

4

NS

Cl

S8'€ — /J

0£'9~\
ve'o

SE'L
LeL
ov'L
8v'L
6LL
mhn%.
16
£6°L
66°L
z0'8
908
8T8

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

85 80 75 70 65 60 55 50 45
f1 (ppm)

9.0

11.0 10.5 10.0 9.5

(40 YA

S6°'1S —

8E'TTT
0z'LTT
88'LTT
ov'8TT
89°6CT
9T'0ET
T8 TET 7
9T'EET
ZO'SET
mﬂ.wma\
0'obT
€L°TYT
VEYYT

06991 —

X, _NHTs

COOMe

C

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

s23 |




n
= & 2
J )
= Q ° = O
T (o] re I (]
P4 O P4 O
\ ] \
\N / o =
. 4\
[
4 0S'1Z —
n
A [
e
[~
S o
e | 0 ™
vwe— ~—— L -—————— Losl 2 w
€02 — -
Q
[ o
n
= [~ e
ge— S -————— ko )
<
n
[ <
~
LQE
na
o
e
ingd
[~ wn
o
e TTETT
ﬁ.vﬁ/
LEO N, === Fyor| ve6 LTI
ov'9” — Fe 69°6ZT M
9GS TET~
e ze'ZET “
SE€'Z N 88'VET
LEL 69°9£T /.
g9z —— 00z | in S0'0bT
£9°L 0'C [ N S8'TYT
¢6'L ~ 8" T 0S'vbT
z6'L _ 60| o
. —_— == ]
v6'L _ = oz [ @
008 - -— Ho0T
90°8 "
T8 F e €5°99T —
vz's
Q
)
n
[ o
Q
I
Lol
n
=]
Lol
&
[ ]
Lal

T
100
f1 (ppm)

110

120

130

140

150

160

170

180

190

T
200

s24 |

210




9€'T —

6L'E—

599~
6997

oL
Nv.h”’
6L'L

ﬂw.h”’.
86°L

00°'8
S0°'8
60°'8
LT'8
LT'8
6T'8
6T'8
0€'8
6£°'8
6E'8

S8'IT —

X, ._NHTs

COOMe

O,N

-0.!

0.0

1.5 1.0 05

40 35 3.0 25 20

75 7.0 65 6.0 55 50 4.5
f1 (ppm)

8.0

9.0 8.5

.3.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

9€'1C —

€TSS —

Lrzen
€Ty
09°vZT

sz
86671
oT'0€T
19'€sT/,
vzoeT 7/,
wc.mﬂ\
85°6ET
IS'EVT
E.S:\
£e'8bT

TT99T —

X, ._NHTs

COOMe

O,N

T
100
f1 (ppm)

T T T T T T T T T T
190 180 160 150 140 120 110

200

130

170

210

s2s |




we—

68°€ —

ve'L
9g'L

£5°L

vsL

ss'z

ss'

95

95

1572
1827
€8°L
v8°L |
S8°Z
98"~
18'
z6°L
€62
v6°L 1
96°
96°
86°L
£0'8
20'8
18
8T'8
178

o

ul

ST'8

/

X, _NHTs

COOMe

Froe

Fe66'0

T
0°C
T
0'C
£6°0
0'T

6°0
8°0
0T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.5

5.0
f1 (ppm)

5.5

6.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

1.0 10.5 10.0

LYV'IT—

coes —

S6°TTT
86'VTT |
00°£2T |
92°£TT
95°£TT
v8'LTT
T6°LTT
LE'8TT N
16°82T
10°62T 7
Lv6TT
85°6CT
96°0€T
£T°€ET ]
vLEET %
TEGET

12007 4
60'bbT %
S9°SHT

SE'99T —

X, _NHTs

COOMe

_—

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

526 |




8€°T~\
e

S8'€E—

629\
€g9”

0z'L
Nu.n/.
1€°L
€gL
89°~
oz’
16
£€6°L
60’8
or's
%]
18

X. _NHTs
N/

Me

COOMe

o€
0°E

FSO'T
®86'C
ko't
vz

¥86'T
Foo't

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

0

85 80 75 70 65 60 55 50 45 4.
f1 (ppm)

9.0

11.0 10.5 10.0 9.5

9T°'1T
LV TIT

8IS —

oozt —
6S°LTT
8L
88°LTT
oz 6T
vS'6CT
88'0€T
TV'EET
YT'SET
LEOVT
Y9 1vT
T0'vvT
00°'StT

0T L9T —

X, _NHTs

Me

COOMe

T
100
f1 (ppm)

T T T T T T T T T T
190 180 160 150 140 120 110

200

130

170

210

s27 |




X, _NHTs

e — —_——

MeO

€8EN  —
88~

€T9~.
o ——
£LT°9

£6'9
v6'9
s6°9 —_—

96'9
zEL
zecq
e f
ves
QQ.NA —_—
152 W

16'2 1

NQ.Ng ﬁ S——
£6°2 ]
66'L
€08
81’8
ot's

COOMe

0°E
0°E

FET'E
Fzo't

0'
0'T

26

koot

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

0

90 85 80 75 70 65 60 55 50 45 4.
f1 (ppm)

9.5

11.0 10.5 10.0

LYV'IT—

LLTIS—
EV'SS —

LS°0TT—
£0°LTT
AN
81'9ZT \
88'£2T\
8b'8TT ~
os'6z17.
£S°€ET
1Z°s€T
1sov1”
oT'bbT
ZTvbT

£8°09T —

LS°L9T —

X _NHTs

MeO

COOMe

T
100
f1 (ppm)

T T T T T T T T T T
190 180 160 150 140 120 110

200

130

170

210

528 |




Ev'c—

v8'EN
£6'€~
96'c/

Yo~
8z'97

96'9 —

(494
vm.nv
SE'L
06°L
eec”/
8T8

X, _NHTs

MeO

COOMe

MeO

Fso'e

[\ ir4
0T
0°'T
0°'T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

55 50 4.5
f1 (ppm)

6.0

6.5

8.0 7.5 7.0

8.5

9.0

11.0 10.5 10.0 9.5

8¥'1Cc —

€8IS~
S8°'SS
00°9S V.

T1°80T
9Z'80T V.

65°8TT—
88'sTT
67921 AY
68°£2ZT \
€5°62T
oz'ser”
YT OVT —
80'bYT
oT'bYT 7
L2°0ST
z8'0sT 7

8€'L9T —

X _NHT
N- S

MeO

COOMe

MeO

N

T T T T T T T T T T T
190 180 170 160

200

210

140 130 120 110 100
f1 (ppm)

150

s29 |




0E'T
Nm.ﬂv

vE'T

o'z~
e’

6TV
7y
€TV
STY

X _NHTs

~ “COOMe

Me

_—

=LTE

6°C
T°€

Ego't
Fey

Foov
Toot

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)

9.0

11.0 10.5 10.0 9.5

ETPT —

6V°'1T
vS'1C

61°09 —

€S°6CT
6S°6CT
88°6CT
LE'SET /s
SLEVT
86°EVT
LE'SPT s/

L0'1CT
vy 9zt
LELTT
18'LTT
T0°'8CT

TESST—

677991 —

X _NHTs
N/

~ “COOMe

Me

L

-

J—

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

s30 |




vm.._"
9€'T A

8€" /

we—

LTy
6T
1€y

€€V

1€L
€€°L
8€'L
6€°L
ov'L
1s°L
[4-w4
€S°L
6L°L
08'L
18°L
16°L
€6°L
1) %
91’8
0s'8

e =

COOMe

30 25 20 15 10 05 o0.0

3.5

90 85 80 75 70 65 60 55 50 45 4.0
f1 (ppm)

9.5

10.5

STV —
8T'TC
SP'1C V

7809 —

ST'1CT
v6°'SCT
vT°LTT
88'LTT
9/'8CT
¥S°'6CT
.nw.mN.nW
hm.mNﬁ\
V6'TET
8S'EET
m.m.m.m.n\
W'IVT
S6'EVT
66'VVT

S8°99T —

NHTs
N/

COOMe

| Ll

o

150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

190 180 170 160

210 200

s31 |




S8'€ —

XN
§897
€L
8€'L
6€'L
6€°L
oL
16'L
mm.n%
or's
pTg

8S'8 —

COOMe

A

=

860

Tz
0z
Ryor
60
61
Reot
Foo't

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

9.0

9.5

10.5

0S'1TC —

L8'TS —

h.n.wo.n
8T'90T v
00'1CT
w.n.hN.n/
9/'LTT
16'LCT
T9'6CT
¢6'6CT >
PT'0ET
69'TET
LS'EET
w.n.mm.n\
Mv..ne.n\

ST'vvT

TT°L9T —

NHT
N-TS

COOMe

150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

190 180 170 160

210 200

s32 |




TLE
L8°E
L8°E

SE'L
9€°L
LEL
€S°L
vs'L
SS°L
9S°L
SL°L

COOMe

A ~—
> T

\

fos

ket
Mg
Foo't

0.0 -0.5 -1.0

1.0 0.5

75 70 65 60 55 50 45 40 35 3.0 25 20 15
f1 (ppm)

8.0

9.0 8.5

11.5 11.0 10.5 10.0 9.5

ST'8E —

€S'IS —

62°€CT
LTy A
9L'9TT 7
war/
£6°9ET ~
TUTPT N

6S°THT ~
L9YYT

SE'S9T —

s COOMe

-10

T T T T T T T T
130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
140

T
160

T
190

s33 |




LE'T
6E'T W —
Wt

e — B
1€
(2% —
ey

:1on 4

SE'L
og'L
e
£5°L -
vs'L

SS'L

95,

sL'L

roo'e

Fso0'c

Feoz

F10'C
Feoz
Foo't

-0.5

0.0

1.0 05

85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

9.5 9.0

10.5

6TVvT —

ST'8E —

TE09—

TT'ETT

STVt V
€L°9CT 7
8€°LTT .\.

8E'LET~.
S8'OVT N\,
99'ZHT —
89'vbT

96'V9T —

—_—

-

EE

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

200

s34 |




66°0
€0°'T

A"
8s¥'T
0S'T
<s'T

€LT
vt
SL'T
LT

TLre—

9T’y
wN.vW.
(v} 4

SE€'L
OM.NW.
LEL
vS'L

vS'L
mh.h\.

SLL

ﬂo.ﬂW. —_—

A

1

|

Feoz
ooz

Froz

Froz
Feoz
Fo0'T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05 -1
f1 (ppm)

9.0

11.0 10.5 10.0 9.5

89°€ET —
8T'6T —

TL0E—

ST'8E—

Ty —

1T°€TT

yTveT AN
zL9TT 7
og'LzT

T LET~
6L 0VT .
19THT —
89vbT

T0's9T —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

210

s3s |




6S'T—

99°€
L9°E

€€°L
veL
ve'L
SE€'L
1S°L
Nm.hw.
[4-w'4
v9°L
S9°L
S9°L

e

0

Foze

PE6'T
Fo0'z
Foo't

-0.5

0.0

0.5

1.0

85 80 75 70 65 60 55 50 45 40 35 3.0 25 2
f1 (ppm)

9.0

11.0 10.5 10.0 9.5

91°'8¢ —

LT°8E—

9€°08 —

£6'S0T —

€0°€TT
80°vCT V
T9°921 7
oT°L2TT

€T6ET
00°0¥T —
8TV
vovvr/

6EVIT —

200 190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

110

536 |




S8°'€
S8'E

(1474
€TL
veL
e
6T'L
€L
ov'L
e
L
L
£b'L —_—
oL —_—
sv'L —_—
e
66'L
66'L

—_—

0'C
0T

184
Bsoe

Foo't

1.5 1.0 0.5 0.0 -0.5

(1]

2.5 2

3.0

3.5

85 80 75 70 65 6.0 55 50 4.5
f1 (ppm)

9.0

11.0 10.5 10.0 9.5

6E'8E —

09°TZT
6s°€ZT
8z'veT
£9'szT
ze'9TT <
16221
ve6TT
sz9eT —
£vTyT
z6THT
86'vv1 7
02:0ST~

8T'€9T —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

210

$37 |




PTE~
e

8L'€E —

v0'L
LT'L
6C°L
1€L
€€°L
SE€'L—
Sv'L
'L
0S°L
[4-w4

koo

+66°0
0T
0'T
0'T

1.0 05 0.0 -05

50 45 40 35 3.0 25 20 15

1 (ppm)

5.5

6.0

7.0 6.5

95 9.0 85 80 75

10.5

115

LE'SE~
66°8E ~\.
sv'ov —

80°CZT

T8'ETT M
0T'9ZT —7
6S°9CT /
CTYV'EET —

£9°0VT
SO'EVT
9T'EVT 7

66°L9T —

|

"e

|

l

|

I

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

538 |

190

200




e V. -

e

L)
L
L
V'L
€572y
vS'L .;. N
(-9 :ﬁ —
SS°L

952 ]
952
voz
oL |
59°L

Feoz

0°C
(14
0°'T

40 35 30 25 20 15 1.0 05 0.0 -05 -1.0

85 80 75 70 65 60 55 50 4.5
f1 (ppm)

9.0

1.5 11.0 10.5 10.0 9.5

[4: 21|

60°VTT ~
66°9TT ~
9T'E€TT

00°bTT N\
LELTT N,
iy et

6T TVT ~
66°ZTVT
ET9PT

n

i

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

s39 |




Ph

v8'€
S8'E

0°'T
0°'T
14
0'€E
0T
0'C

0.5 0.0 -0.5

1.0

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25
f1 (ppm)

10.5 10.0

T6'8E —

16°0CT
09°€TT
89'vCT
6¥'STT
LS'STT
14 4°T1]
1S°9CT
SS°9C1T
SYLTT
8S°8¢T
T9°8ZT
06°SET —

LOEVT
8T'SYT~
ecrovT/

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

200

sqo |




COOMe

L9°E
ON.MW —
oL'E

L8'E

€0z
vo'L
S0z
902
902
902
L0L
80
80°L
60°L v
1L
Ly —_—
T

Py —
QN.NL ——
vesd
ste ]
vb L
st'L
obL
e
8b'L
6bL
892
oL

/

6'0

0t
Rpoe

Kot
B0t
Hot
00°T

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

85 80 75 7.0 65 6.0 55 50 45
f1 (ppm)

9.0

10.5 10.0 9.5

69°LE
vv°'8€ ./.
Lv'8E

9S°'1S
S9'1IS

COOMe

v8'60T
£0°0TT
69°TTT
T6'TTT
SOYIT
STYIT
YEYIT
LSYTT
STYTT
vever
66'vTT
80'SZT
TL9€T
SL9ET
85°8ET ]
19'8€T
TT6€T
16°6€T
£6°6€T ]
6T°0vT ]
£TOVT
STOVT
VYT
YT
£8'9bT
96'9bT
96'09T
89'T9T
8€'€9T
YTt
86'Y9T
20°S9T

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

sau |




COOMe

7\

Cl

89°€
89°€

69°€ —

oL
oL
L8°E
L8°E

€L
e
e
€€°L Y
£€°L1
vEL
vEL
SE L
€L
v
Ssv'L
o'z 1
1572
152
zsL
99z
69°L

) jpe—

|

=

For'e
For'e

H\No.ﬁ
0T
0T

ﬂco..n

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)

10.5

€6°LE
€T°8€

v9'1Ss
89°'IS

COOMe

7\

Cl

£T'ETT
z0'bTT
29'bTT
ZT'sTT
6T°LTT
LTt
vLeeT
0L'EET V
TELET~
TL'8ET G
£8°6ET
ZTovT
O TYT
69°ZHT
9T bYT
ST'OVT

00°S9T —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

210

saz |




COOMe

V733
8L€ —_—
68'e 7 —_—

68°€E

£9°L
£9°L
v
SLL —_—
scL _—
oLt
8LL
6L'L

0°C

LO'E

f

6'T
0°C

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

4.5

Q
n

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.5

f1 (ppm)

ov'8€
SP'8€

SL°1S
8L°1S

66°6TT 1
€0°02T 1
€0°TZT |
90°TZT |
0€°€TT |
€0°'vTT |
£0°vTT |
TTveT
9THTT
0T'HTT
YT YTy
LTYTT

Ev'ver 4
99°SZT
€8'8ET
Nh.mn.nW
T8'6ET

-«

66°CYT
S9'vv1
9/L'SYT
v6'LYT

SLY9T
8'v9T

COOMe

7 N\

F,;C

-10

T T T T T T T T
140 130 120 110 100 90 80 70 60
f1 (ppm)

T
150

T T
200 190

T
210

sa3 |




€8'E
€8'E
v8'€
S8°'€
S8°'€
06°€E
T6°€
T6°€
T6°€

99°L
89°L
L
L
L
8L°L
8L°L
ST'8
9T'8
£LT°'8
8’8
0€'8
6E'8

COOMe

7\

O,N

¥LO'T
B0t

F90'T
®z0'T

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

100 95 90 85 80 75 70 65 6.0 55 50 45
f1 (ppm)

10.5

6S°8€
6/L°'8€

L6°TS —

COOMe

7 N\

O,N—-

ST'8IT
w*.m.—.n#
vs'cet ./.
L6°CT1 N
SE'ETT
vo'vet

90°6€T
€T°6ET /
80°0VT ~t
LrTYT~
69'EPT “
vo'SyT

€T LYT \
L5'8bT \
26'0ST

TEPYIT
SY'votT

20

30

T T T T T T
130 120 110 100 90 80 70 60
f1 (ppm)

T T
160 140

T
180

00

saa |




v8'€
mw.n”/.
16°€

T6'€E
oo.v\.

00’V

8L
0s'z
1S°L
€S'L
LS°L
85"
09°2
T9°Z Y
€9°L Y
§9°£
082~
8L
8L
982 1
68,1
1621
z6°L
v6'L
86°L
00'8
v1i'8
9T'8

il /

vE'8

COOMe

-—

6°0
0°€E
0°'T

5
6°0
S0
R

1.0 0.5 0.0 -0.5

1.5

rie~
156

2.0

2.5

VSIS
9S°1S

3.5 3.0

4.0

vTIeT
¢ LgTan
EE€TT
o E 08'€TT
& 8 4v'seT
See'set
L2414
09'9ZT
6L°LTT
€1'8TT
9v'8TT
£2°8TT Y

LL6TT A

5

5.5

6.0

LYV'TET
SLTET
LEIET
69°9€T
LLBET
98'8ET
. 96'6ET
98'IVT
€SCTYT
8V EVT
ST'S9T
TT'S9T

6.5

7.0

9.5 9.0 8.5 8.0

10.5 10.0

COOMe

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

sas |




COOMe

/

Me

3 4 V. -

S¥'e

99'c
19 -
98'c
18°E W. —
18°E

) ¥4
VA ¥4
8T'L
6T°L —
SEL—3 _
o'z
WL —_—
vL
oLL
L

A

Foo'z
oo

Fse0
60
0T

Fse0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)

10.5 10.0

9T'1IT
19°'1C

108 —

8V'IS —

mm.NNﬂ
ﬂm.nﬁ/
£6'bZT Y
09°2ZT~
sz’
Y8'SET~
vy 9ET F
90°L£T
oz LgT
66°6€T
OT'THT
08" TYT
£8°ZVT
60°SHT
Sb'sOT —

COOMe

7\

Me--

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

210

s46 |




COOMe

7\

MeO

vo's
s9°'€
19°€ —_—
89'€
s8'€
98'c
L8'€

06°9
06°9
269
269
269
£6°9 1
169
S6'9
0L
£0°L
60°
60 |
[} 3
ovz
ztL ]
VL
[
69
69°L
osL

i e
I'r i

)

¥10C
¥Z0'9

Feot
Feot

kot
Foo't

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

T
60 55 50 45
f1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0 7.5

T
10.0

YSLENL
oe'se

oIS
€5'1S
wss

26°20T~,
¥6°60T ~
ZTETT ~
v/

LE'ETT .
99'vzT 7
bSbET

£9°SET \
68'9ET
£T°8ET “
A
vy
00°LbT

TO0°09T ~
8T'S9T
6E°S9T

COOMe

7\

MeO

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

sa7 |




O’ COOMe

MeO
MeO

€9'€
v9'€ _
v8'E —_—
£6°'S e ———
S6°€

vo'L~
80,7

99°L
£L9°L

JE0°T
S0
0'E
TE

0T
0°'T

85 80 75 70 65 6.0 55 50 4.5 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0 -05
f1 (ppm)

9.0

9.5

9T'8E —

8€'IS —
T0°9Ss —

€8'SOT ~
w01

CI'SET~
6T'8ET —
9ETVYT —

LS'8YT ~.
vo'6vT

ST'S9T—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

210

sa8 |




8€'T

T

ov.uW. —_—

8S°C
wm.NW.
6S°C

69°€
69°€

SEY

Le7L
8€'L
8€'L
6€°L
ov'L
0s°Z Y
0s°2 Y
1S
TS
(-2
252
zs 2
zs L]
£sz
€5°L
vsL
vs'L
vs'L

(11> 4
(4% 4
1484

vS'L

Me

Leo

e

Feo'z
Feoz

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)

10.5

TETT~
PEYT

£9°8E —

€8°6S —

<1901 —

86°0ZT~\
Y8'ETT N\
ProTT ~
6v'L2T 7,
veezr’

8E'EVT
TT°SPT 4
0T IST ~

06°S9T —

Me

_—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

210

sa |




TLE
L8°E

SE'L
9€°L
LEL
LEL
€S°L
vSs'L
SS°L
9S°L
9L

— —_—

_—,—,—

|

FSp°T
Foo'e

Fo6't
Fzg'1
¥TL0

3.5 3.0 25 2.0 1.5 1.0 05 0.0 -05

0

85 80 75 70 65 60 55 50 45 4,
f1 (ppm)

9.0

11.0 10.5 10.0 9.5

9T'8E —

€S'IS—

8z'€TT
LTveT AN
9L792T 7
e’
€6'9€T
ZTIYT N
6T'TVT
65°ZHT “
L9'vYT

SE'S9T—

-10

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
200

10

sso |




LT
mm.ﬂv. —_—
T

T7e— _—

o'y
ey J
vey

9E'Y

se
se
oL
9g'L
9L
Le°L
s NEEE—
£5°L —_—
vs'L —
ss'z
ss'z
9s°L
scL
scL
scL

_—_—

-—

Ll

YT

feer
6'T

¥TL0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -05
f1 (ppm)

9.5

11.0 10.5 10.0

8TVYI —

ST'8E—

T€09—

cTeTT

STVt V
€L°92T 7
8€°LTT .\.

8ELET~.
S8'OVT ~\.
99'THT —
89'v¥T

L6'V9T —

-10

T T T T T T T T T
180 170 160 150 140 130 120 110 100 20
f1 (ppm)

T
190

T
200

ss1 |




2H NMR spectra of 2a-D and 2b-D:
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COMPUTATIONAL SECTION

Geometry optimizations were carried out with the Turbomole program package* coupled to
the PQS Baker optimizer® via the BOpt package.! We used unrestricted ri-DFT-D3
calculations at the BP86 level,” in combination with the def2-TZVP basis set,® and a small
(m4) grid size. Grimme’s dispersion corrections® (version 3, disp3, ‘zero damping’) were
used to include Van der Waals interactions. All minima (no imaginary frequencies) and
transition states (one imaginary frequency) were characterized by calculating the Hessian
matrix. ZPE and gas-phase thermal corrections (entropy and enthalpy, 298 K, 1 bar) from
these analyses were calculated. The nature of the transition states was confirmed by following
the intrinsic reaction coordinate. The relative (free) energies obtained from these calculations
and the energy diagram are reported in Figure S1 and Table S1.
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Figure S1 — Energy Diagram for the computed mechanism for catalytic indene synthesis
using [Co(MeTAA)] (black) and [Co(TPP)] (red).
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Table S1 — Energies of the optimized geometries

SCF+ZPE ENTHALPY FREE ENERGY FREE ENERGY
SPECIES <S%> SCF (au) ZPE (au)
(au) (au) (298) (au) (298) (kcal)
N, 0.00 -109.58042 | 0.00535 -109.5751 -109.57176 -109.5935 -68770.96
CoTPP 0.76 -3296.5797 0.58059 -3295.999 -3295.96046 -3296.07171 -2068316.21
CoMeTAA 0.76 -2454.2354 0.38508 -2453.85 -2453.82584 -2453.89959 -1539845.23
Diazo compound 0.00 -685.41364 | 0.18475 -685.2289 -685.21353 -685.2717 -430014.48
Indene 0.00 -575.91128 0.17761 -575.7337 -575.72146 -575.77127 -361301.92
Non-Aromatic Indene
() 0.00 -575.86602 0.17639 -575.6896 -575.6773 -575.728 -361274.77
Indene H-shift non-
aromatic to aromatic 0.00 -575.84726 0.17323 -575.674 -575.662 -575.71148 -361264.41
TS (TS4)
CoMeTAA diazo (B) | 0.76 | -3139.6934 | 0.5717 | -3139.122 | -3139.08156 -3139.1897 -1969871.26
CoMeTAA N; loss
. 0.77 -3139.6801 0.5695 -3139.111 -3139.07098 -3139.17783 -1969863.81
from diazo TS (TS1)
CoMeTAA carbene
0.76 -3030.1157 0.56258 -3029.553 -3029.51546 -3029.61968 -1901115.04
complex (C)
CoMeTAA carbene
L 0.76 -3030.0842 0.5597 -3029.524 -3029.48723 -3029.58951 -1901096.10
cyclization TS (TS2)
CoMeTAA gama
radical after 0.77 -3030.1473 | 0.56414 -3029.583 -3029.54643 -3029.64788 -1901132.73
cyclization (D)
CoMeTAA H-shift
gama radical to beta 0.76 -3030.1199 | 0.55965 -3029.56 -3029.52312 -3029.62584 -1901118.90
radical TS (TS3)
CoTPP diazo (B) 0.76 -3982.042 0.76761 -3981.274 -3981.21985 -3981.36368 -2498343.41
CoTPP N; loss from
. 0.77 -3982.024 0.76583 -3981.258 -3981.20443 -3981.34485 -2498331.59
diazo TS (TS1)
CoTPP carbene
0.76 -3872.459 0.7575 -3871.702 -3871.64982 -3871.78967 -2429584.68
complex (C)
CoTPP carbene
L. 0.76 -3872.428 0.75457 -3871.673 -3871.6221 -3871.75805 -2429564.84
cyclization TS (TS2)
CoTPP gama radical
L 0.80 -3872.493 0.7583 -3871.734 -3871.68277 -3871.82132 -2429604.54
after cyclization (D)
CoTPP H-shift gama
radical to beta radical 0.76 -3872.477 0.75557 -3871.722 -3871.67103 -3871.80674 -2429595.39

TS (TS3)
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Coordinates (pdb format) for all optimized geometries
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31

40

30
23

36

O O O OO O o o o o

.221
.023
.359
.289
.689
.453
.385
.004
.618
.608
.014
-0.
.121
. 744
.493
.897
.614
.522
.146
.828
.728
.621
.986
.019
.317
.899
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RPN O NP DO OO OFRFNWDNR

. 637
.781
.660
.937
.899
.269
.696
.789
.473
.085
.306
.796
.765
.081
.820
.531
.395
.006
.862
.397
. 937
.273
.820
.741
.244
.958

.073
.285
.802
.085
. 841
.153
.216
.911
.528
.314
.671
.083
.543
.146
.959
.666
.120
.198
.765
.521
.094
.449
.154
.016
.715
.636

F PP R R R RPRRPRRRPRRPRRPRRRRRRRRRRRRR R &

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

O O O O O O O O O O O O O OO oo oo o oo oo o

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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END
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ATOM
ATOM
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ATOM
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ATOM
ATOM
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34
36
40
44

1

O ~J o U b W DN

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

QO Q@D @D oD oD OO0 Qo@D DD Q0000 @

35
37
41
45

48
38
42
46

111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111

49
39
43
47

CoMeTAA diazo (B)

e T T S e S S e e = T S = T T N = W Sy o

O OO O NNRERE - B B &P

w R PN PR RN

.769
.324
.235
. 648
.476
.949
.613
.046
.153
.156
.555
.141
.268
.841
.937
.244
.005
.572
773
.204
.802
.097
.401
.274
.034
.376
.283

H w w o whhoNhh e+ -

y>

.590
127
.047
.658
.937
.094
.302
.751
.998
.278
.308
.107
.464
. 646
.562
.824
.394
.374
.784
.774
.574
.710
.520
.916
.996
.895
.069

N NN DN D DN DO

O P P B O D P wwhDNhhds~BPFP O

.832
.846
.285
.244
.169
.881
.752
.618
.311
.621
.751
.204
.382
. 640
.228
.285
.309
.590
.579
.759
.068
.056
.214
.963
.093
.550
.289

HF PR PR PR RPRRRPRPRRRRRRRRRRRRRRR R &

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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ATOM
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28
29
30
31
32
33
34
35
36
37
38
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40
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43
44
45
46
47
48
49
50
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52
53
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56
57
58
59
60
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62
63
64
65
66
67
68
69
70
71
72
73
74
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T DT DD T QD@D D Q@D DD OO Q=20222
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O
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111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
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111
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T = Y S B B = T = T e S S e e B e e T = T = W S S e R R T = T e = T = S S S e e e S e

773
.501
.393
.084
. 680
.096
.930
.023
.878
.419
.758
.572
.491
.193
. 756
.822
.716
.095
.102
.402

0.742

W W W W P EPDNEDNDNDDNDDNDNDWWWWOU OS> OOTWO

727
.830
.041
.023
.219
.816
.642
.035
.101
.836
.523
.593
.516
.246
.198
.862
.930
.406
. 980
.783
.724
.101
.149
.029
.167
.175

H oy < 3 o U b b w w DN o

[
O O N

.018
.199
.526
.804
.718
.351
.825
.170
.489
L2717
.979
.417
.015
. 937
.441
L7712
.041
.534
.544
.159
.061
.233
.118
.162
.101
.330
.357
.041
.272
.312
.975
172
377
.487
.461
.435
.718
.979
.615
.881
.348
.498
.749
.224
.207
.101
.781

N O P OO NEFEF OO WWwoOoODMDMDNDRE P W

.958
173
.314
.968
.512
.996
.462
.425
.970
.925
.513
.069
.129
.666
.536
.275
.270
L322
.250
.032
.017
.326
.752
.298
.464
.351
.605
. 730
.833
.045
.258
.275
. 915
171
. 644
.733
.999
.196
.928
.390
.804
.258
. 743
.261
.821
.555
.198

PP PP RPPRERRPRPRPRRPRPRPRRPRPRPRRPRPRPRERRPEPRRPRRRPRPRRPRPRPRPRRRERRRERRERRERRERRRRRRRR R B

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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.00
.00
.00
.00

O O O O O O O O O O O O O O O O O O O O O O O O OO OO O O OO OO oo oo ooooo o oo o

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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14
15
16
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24
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29
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33
35
39
43
50
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52
53
54
55
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67
71
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O~ O

O
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30
16
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49
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49
49
34
36
40
44
52
54
55
54
57
58
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63
65
67
68
72
74

28
31

29
13
43
17
19
20
32

32
27
33

49

47
37
41
45
53
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56
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69
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48
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ATOM
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ATOM
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ATOM
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ATOM

1

0 J o O b W N

11
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13
14
15
16
17
18
19
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22
23
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34
35
36
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CoMeTAA N: loss from diazo TS (TS1)

111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
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e e T = T e e = T e S S e e e R R R N = T = T T S S e O e R N = T = T = T S Sy =

N PPN P DNDDN

.665
.248
.246
.632
.389
.910
.625
.919
.116
.045
.423
.988
.175
.855
.865
.208
.015
.546
.690
.173
.784
.979
.298
.299
.069
.358
.319
.835
.584
.483
.108
.735
.098
.938
.057
.820

w O W N o NP -

NN DD OO ODN W W

. 649
772
.055
.681
.986
.124
.282
.816
.028
.315
.346
.158
.483
.656
.538
.829
.396
.356
.770
.788
.597
.692
.485
.904
.975
.871
.046
.009
.211
.546
.811
.706
.317
771
.159
.491

.907
.907
.313
.285
.233
.927
.786
.701
.358
.597
.718
172
.343
.715
.336
.398
.368
.663
.708
.891
.124
.215
.335
.965
.086
.533
.294
.968
.170
.364
.991
.539
.999
.458
.414
.989

I = T = T = T = T R O e e e N N N e e e e e e T T e S S O e R S e =

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

O O O O O O O O O O O O O O O O OO OO O O OO OO OO oo oooo oo

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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ATOM
ATOM
ATOM
ATOM
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ATOM
ATOM
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ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT

T T =TT T Q=TT T QT T

C

@)

T OQOzZ2zZz Tzt o000 OQO0Q000aA0A0
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12
30
16
18
19
18

111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111

28
31

29
13
43
17
19
20
32

e e = T = T = T e R R e e S B e N N T e e e e e e T T R R e e e N a a

31

39

30
23

W NN WRFEEDNDDNDDNDDNDDNDWWWWOU D WD D DWW wo

.461
.805
.456
.340
.343
.691
.176
.648
.096
.066
.408
.724
.903
.662
.025
.999
.003
.682
.676
L7117
.929
.959
.560
.616
.519
. 311
.283
.908
.925
.479
.022
.809
.769
.137
.401
.901
.854
.197

O O o 1 o O o b W wN

.263
.959
.491
.138
.976
.532
.708
.041
.499
.547
.121
.045
.207
.074
.245
.109
.318
.408
.996
.226
.388
.906
.309
L412
.518
.498
.470
.753
.001
.656
.913
.390
.529
762
.355
.862
.012
.792

|
H ON O R P ORFR NEPE OO WNODNDDNREEFE W

.903
.470
.042
.096
.623
.521
.317
.260
.346
.348
.033
.023
.316
. 746
.214
.463
.305
.516
.693
777
.925
.224
.162
.936
.148
.676
.765
.033
.166
.969
.432
.832
.300
.798
.501
.388
. 487
.187

R e e T = T = T R S R e e S S e L T el e e e e e e T T e S R R e e S S R N

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

O O O O O O O O O O O O O O O O O O O OO O O O O O OO OO ooo oo o o

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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111
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111
111
111
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I N = Sy
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W W N NN
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.346
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.576
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.979
.274
.416
.194
.842
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.00
.00
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.00
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.131
.025
.455
.128
.209
.655
.235
.315
.730
.987
.368
.099
.669
.070
.239
.206
.313
.309
.054
.489
.074
.522
.375
.715
.716
.800
.785
.614
.828
.409
.185
.041
.886
.152
.833
.719
.538
.020
L1111
.088
.708
.159
.022
.826
.400
.686
.958
.956

.320
.502
.408
.110
.293
.142
.551
.768
.704
.909
.576
.549
.879
.795
.388
.769
.666
.616
.778
.576
.043
L117
.025
.579
171
.537
.280
.144
.500
.401
.762
.626
.048
.618
.257
.167
.897
.495
.193
.979
472
.034
.535
.359
.146
.594
.718
.118

.017
.619
.222
.841
.091
.607
.182
.272
.702
.735
.043
.237
.953
.113
.769
.282
.623
.023
.321
.920
.051
.915
.331
.007
.071
.398
.487
.805
. 663
.516
171
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.077
.901
.718
.235
.249
.981
.552
.309
.881
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.515
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.280
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.072
.443
.688
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.163
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. 848
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.876
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.820
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.743
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.828
.349
.989
.420
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.858
.894
.963
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.085
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.004
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.014
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CoMeTAA carbene cyclization TS (TS2)
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.841
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.589
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.545
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.339
.008
.503
.197
.752
762
. 796
.174
. 880
.019
.860
.154
.310
.163
.010
.817
.252
.875
.136
.947
.693
.483
.116
.958
.411
723
.629
.459
.833
.999
.188
.599
.664
.263
.583
.478
.287
.823
.291
.249
.101
.497
.830
.966
.648
.405
.111
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.491
.594
L4177
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.810
.367
.806
.737
.383
.004
.006
.294
.063
.426
.598
.029
.620
.263
.655
.390
.017
.702
.123
.538
.033
.830
.930
.850
.724
.255
.190
.956
.715
.028
.340
.686
.656
.875
.148
.575
.944
.915
.080
.944
.102
.200
.070
.183

.028
.223
137
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.238
.977
.509
.352
.531
.543
.752
.165
.497
.081
.930
. 617
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.233
L7179
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.793
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.933
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.534
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.733
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.228
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.320
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.791
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.766
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.107
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.836
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.927
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.879
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.919
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. 677
.850
.769
.026
.608
.584
.987
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.817
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.356
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.831
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.390
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.140
.215
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.396
.357
.480
.377
.095
.267
.240
.098
.546
.542
.312
.217
.560
.414
.007
.266
.967
.474
.576
.138
.892
.318
.650
.033
.759
.047
.322
.565
.414
.565
.671
.347
.658
.295
.547
.314
.634
.682

.259
.755
.924
.244
.017
721
.657
.341
.100
.705
.935
.270
.767
. 760
.149
.930
.090
.047
.133
.275
.251
.140
.192
.169
.067
.059
.148
.598
.504
.128
.860
.685
.076
.238
.619
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.222
.462
.012
. 945
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.063
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.251
.328
.225
.861
.901
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.878
.971
.239
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.985
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CONECT 15 18 19
CONECT 16 19 20
CONECT 17 18 32
CONECT 18 21
CONECT 19 22
CONECT 24 25 32
CONECT 25 26 27
CONECT 27 28 35
CONECT 28 33
CONECT 29 31 33
CONECT 30 33
CONECT 32 33
CONECT 33 34
CONECT 34 51 62
CONECT 35 36 49
CONECT 37 38 39
CONECT 41 42 43
CONECT 45 46 47
CONECT 51 53 54
CONECT 52 55 56
CONECT 53 56 61
CONECT 54 55 57
CONECT 55 58
CONECT 56 59
CONECT 61 62 71
CONECT 62 63 72
CONECT 63 64 65
CONECT 65 66
CONECT 66 67 68
END

23

37

70
50
40
44
48

60

69

CoMeTAA H-shift gama radical to beta radical TS (TS3)
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.946
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.000
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.909
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.901
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.083
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.055
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.265
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.332
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.285
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.095
.414
.350
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.522
.340
.559
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.891
.983
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.753
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.361
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.829
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.201
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.890
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.424
.059
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.038
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.044
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.372
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.875
.024
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