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1. General information

Unless otherwise specified, the chemicals were obtained commercially and used without further purification.
Solvents (ethyl acetate, petroleum ether) used for column chromatography were of technical grade and used
after distillation. Water was ultrapure water. Poplar wood materials were obtained from Dalian Hongda Wood
Co., Ltd, China. They were milled into powders in size of 40-60 meshes and dried under vacuum at 60 °C for 3
days before use. Analytical thin layer chromatography (TLC) was conducted with TLC plates (Silica gel 60
F254, Qingdao Haiyang) and visualization on TLC was achieved by UV light (254 nm). Flash column
chromatography was performed on silica gel 200-300 mesh with freshly distilled solvents. Matrix assisted
Laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF) was carried out to check the oil
molecular weight distribution in an AB Sciex TOF-5800 machine. A 15 g/L solution of DHB (2,5-
dihydroxylbenzoic acid) in methanol was used as matrix. NMR spectra were recorded on a Bruker 400 MHz
NMR spectrometer with TMS as the internal standard. Multiplicities are given as: brs (broad singlet), s (singlet),
d (doublet), t (triplet), q (quartet), dd (doublets of doublet), dt (doublets of triplet), td (triplets of doublet) or m
(multiplet). HRMS data were recorded on a Bruker maXis UHR-TOF mass spectrometer. Gas chromatography
(GC) analysis was performed on a SHIMADZU GC-2014 gas chromatograph with a HP-5 MS column (quartz
capillary column, 30 m x 0.25 mm x 0.25 ym). GC-MS analysis was carried out on Varian 450GC-320 MS with
FID detector and HP-5 capillary column. GPC analysis was carried out on a Viscotek TDAmax with three
detectors (refractive index, light scattering, and viscometry detectors), a Viscotek column (modified porous
styrene-divinylbenzene copolymer, 300 mm length 7.8 mm inside diameter) and a guard column (40 mm
length 7.8 mm inside diameter). Lignin model compounds 2a-2j were synthesized according to the literature.'8
Poplar wood dioxasolv lignin was extracted according to the literature,®2 the yield of extracted lignin is ca. 20

mg/g. The compound 2a’ were prepared according to the literature.3 14

2. Typical procedure for the preparation of terpyridine ligands (a-e)

OMe
Z(I( * J@AO o R N
~
rt., EtOH, 12 h |
N I MeO |\ N/ |\
_N N~
a

Ligands a-e was were synthesized according to the literature.' A typical procedure: 2-acetylpyridine (2.42 g,
20 mmol), 4-methoxybenzaldehyde (1.36 g, 10 mmol) and EtOH (50 mL) were added to a 200 mL round-
bottom flask. Then, KOH pellets (1.54 g, 85%, 20 mmol) and NH3*H,O (29 mL, 29.3%, 25 mmol) were added
to the solution. The solution was stirred at room temperature for 12 h. After the reaction, the solid was
collected by filtration and washed with EtOH (3 x 20 mL). Recrystallization from CHCI;/EtOH afforded white
crystalline solid. (0.881 g, 26% yield). Other ligands were prepared following the same procedure as that of a.
Ligands f, g and h were purchased from XPR INDUSTRIAL (CHINA) LIMITED.
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3. Typical procedure for the preparation of terpyridine Rh complexes (1a-1h)

OMe OMe

reflux, EtOH, 12 h

|\ +  RhCly3H,0
~
| X N I X
_N N~
a

Complex 1a-1h were prepared according to the literature.'® A typical procedure: RhCl;*3H,0 (0.132 g, 0.5
mmol), ligand a (0.170 g, 0.5 mmol) and ethanol (20 mL) were added to a 100 mL round-bottom flask, then the
reaction mixture was refluxed for 12 h. The yellow solid was collected by filtration, washed with water, hot
ethanol, and diethyl ether. The solid product 1a was then dried at 50 °C overnight under vacuum (0.250 g, 91%
yield). These complexes were characterized by NMR and HRMS. The 3C NMR spectra of some complexes

were not obtained due to their low solubilities.

4. Optimization of reaction conditions for the cleavage of 2a

Table S1 The effect of different bases?

o} OMe
(o}
+
OH OMe MeO
(e} 1a, 1 mol% e 3
MeO Base (1 equiv.), 110 °C, 0 OMe
© , 12 h, under Ar . OH
2a
MeO
4a 5a
Yield® (%)
Entry Base Conversion (%)
3 4a 5a
1 NaOH 86 7 73 77
2 KOH 70 9 53 57
3 LiOH 80 9 64 68
4 Na,CO; 32 10 19 21
5 K,CO4 29 10 13 17
6 CH3COONa 0 0 0 0

2 Reaction conditions: 2a (0.2 mmol), 1a (0.002 mmol), base (0.2 mmol), H,O (1 mL), 110 °C, 12 h, under Ar. After the reaction,
hydrochloric acid (1 M) was used to acidify the solution to pH = ca. 1. ® Yields were determined by GC-FID with diphenyl as internal

standard.
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Table S2 The effect of the amount of base, catalyst, reaction time, and temperature?

(0] OMe
(e}
+
OH OMe MeO
e
(0] 1a, mol% 3
NaOH , 110 °C, o OMe
MeO , h, under Ar OH
+
2a
MeO
4a 5a
f b (o
Entry NaOH 1a Time Temp. Conversion Yield” (%)
equivalent mol% h 0 %
(eq ) (mol%) (h) (©°c) (%) 3 4a 5a
1 0.5 1 12 110 68 11 47 51
2 1 1 12 110 86 7 73 77
3 1.5 1 12 110 100 10 84 87
4 15 0.5 12 110 25 9 13 15
5 1.5 0.5 48 110 100 10 58 68
6 1.5 0.5 12 130 85 11 49 56
7 1.5 0.2 96 110 21 9 10 11
8 1.5 1 12 100 81 10 64 69
9 1.5 1 12 80 40 9 24 27
10 1.5 1 48 80 85 6 70 78
11 1.5 - 12 110 4 0 0 0
12 - 1 12 110 0 0 0 0

@ Reaction conditions: 2a (0.2 mmol), 1a (mmol), NaOH, H,O (1 mL), 110 °C, 12 h, under Ar. After the reaction, hydrochloric acid (1

M) was used to acidify the solution to pH = ca. 1. ? Yields were determined by GC-FID with diphenyl as internal standard.

5. Typical procedure for the cleavage of lignin model compounds

2a (0.4 mmol), 1a (2.19 mg, 1 mol%), NaOH (0.6 mmol) and degassed H,O (1 mL) were added to a 35 mL
pressure tube, then the tube was sealed under an atmosphere of argon. The mixture was stirred and heated
at 110 °C (oil bath temperature) for 12 h. After cooling to room temperature, hydrochloric acid (1 M) was used
to acidify the solution to pH = ca. 1, which was then extracted with ethyl acetate (3 x 10 mL). The organic
layers were combined, washed with brine, dried over Na,SQO,, filtered and evaporated in vacuo. The reaction
was determined by GC-FID with diphenyl as the internal standard to give the GC yield. Alternatively, the crude
products were purified by flash chromatography on silica gel, eluting with hexane/ethyl acetate (20:1) to get

the desired products.
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6. Depolymerization of the extracted poplar wood dioxasolv lignin

6.1 General procedure

A 35 mL pressure tube was charged with the extracted poplar wood lignin (100 mg), 1a (2.74 mg), NaOH (30
mg) and degassed H,O (1 mL), then the tube was sealed under an atmosphere of argon. The mixture was
then heated at 110 °C (oil bath temperature) for 24 h. After cooling to room temperature, hydrochloric acid (1
M) was used to acidify the solution to pH = ca. 1, which was then extracted with ethyl acetate (3 x 10 mL). The
organic layers were combined, washed with brine, dried over Na,SO,, filtered and evaporated in vacuo. The
yield of the oil is 90 wt% based on the starting lignin. The monomer products in liquid oil were analyzed and
quantified by GC-FID with mesitylene as internal standard (HP-5 column, 30 m x 0.32 mm x 0.25 ym). The
total yield of the monomers is 9.7 wt% based on the starting lignin. The structures of the monomers are
proposed based on the molecular weight of the GC-MS (Varian 450GC-320 MS with FID detector and HP-5
capillary column) analysis. (Scheme S2 and Scheme S4). The molecular weight distribution of the liquid oil

was analyzed by MALDI-TOF with the mass range of m/z 50-1000.

6.2 Characterization results of the oil from the extracted poplar wood dioxasolv lignin

6.2.1 MALDI-TOF spectroscopy
100
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Scheme S1. MALDI-TOF spectrum of the oil from the depolymerization of the extracted poplar wood lignin.
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6.2.2 GC-MS and GC-FID analysis of the oil from the extracted poplar wood lignin
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Scheme S2. GC-MS spectrum of the oil from the depolymerization of the extracted poplar wood lignin.

Table S3. Yields of monomers in the oil from the depolymerization of the extracted poplar wood lignin?

O O (0] O (0] 0]
MeO OH MeO MeO OH MeO
HO HO HO HO HO HO
OMe OMe OMe OMe OMe OMe

2.56

Yield® (mg) 2.02 2.67 0.3 1.93 0.23

2 Reaction conditions: Poplar wood dioxasolv lignin (100 mg), 1a (2.74 mg), NaOH (30 mg), H,O (1 mL), 110 °C, 24 h, under Ar. After
the reaction, hydrochloric acid (1 M) was used to acidify the solution to pH = ca. 1. ? Yields were determined by GC-FID with

mesitylene as internal standard.

7. Depolymerization of the raw poplar wood powder

7.1 General procedure

A pressure tube was equipped with a magnetic stir bar and was charged with the raw poplar wood powder
(1000 mg), 1a (13.7 mg), NaOH (300 mg) and degassed H,O (20 mL), then the tube was sealed under an
atmosphere of argon, heated at 110 °C (oil bath temperature) for 24 h. After cooling to room temperature,
hydrochloric acid (1 M) was used to acidify the solution to pH = ca. 1, the remaining solid was separated by
vacuum filtration and heated at 50 °C overnight under vacuum. The filtrate was analyzed by HPLC-MS, which
did not contain any sugar derivatives, such as glucose, xylose, 5-hydroxylfurfural, and polyols. The aqueous
solution from the filtration was then extracted with ethyl acetate (3 x 20 mL). The organic layers were
combined, washed with brine, dried over Na,SQ,, filtered and evaporated in vacuo. The yield of the resulting

oil is 15 wt% (150 mg) based on the starting raw poplar wood powder. The lignin component in the poplar
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wood powder is 18.6 wt%,'” thus most of the lignin in the poplar wood powder has been depolymerized. The
molecular weight distribution of the oil was analyzed by MALDI-TOF with the mass range of m/z 50-1000. The
monomer products in the oil were analyzed and quantified by GC-FID with mesitylene as an internal standard
(HP-5 column, 30 m x 0.32 mm x 0.25 pym). The total yield of the monomers is 16.7 wt% based on the lignin
oil and 2.5 wt% based on the starting raw poplar wood powder. Elemental analysis of the solid showed that it
contains 36.65% carbon, 5.59% hydrogen and 56.2% oxygen, which fits with that of cellulose/hemicellulose.'®
The yield of the (hemi)cellulose is 65 wt% based on the starting raw poplar wood powder. Enzymatic
hydrolysis of the solid yielded 72% of glucose and 20% of xylose respectively (based on the weight of solid).

The enzymatic hydrolysis was carried out according the our previous procedure.'*

7.2 Characterization results of the liquid oil of raw poplar wood powder

7.2.1 MALDI-TOF spectroscopy

100
176
80 —
— 60 -
X
e 138 333
a 4
T 159
§ 40 304 478
=
1 578
199
20
243
| ses 101 443 594
112 551
0 y Imh boie o ‘.ll 1 b . T
0 200 400 600 800 1000
m/z

Scheme S3. MALDI-TOF spectrum of the oil from depolymerization of the raw poplar wood lignin.
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7.2.2 GC-MS and GC-FID analysis of the oil from the raw poplar wood lignin
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Scheme S4. GC-MS spectrum of the oil from the depolymerization of the raw poplar wood lignin.

Table S4. The catalytic activity of 1a and Rh-Rh for depolymerization of raw poplar wood powder?

Entry Catalyst (mg) Time (h) Oil (mg) Residue (mg)
1 1a (13.7) 24 154 651
2 Rh-Rh (10)® 24 140 600

2 Reaction conditions: raw poplar wood powder (1000 mg), Catalyst, NaOH (300 mg), H,O (20 mL), 110 °C, 24 h, under Ar. After
reaction, hydrochloric acid (1 M) was used to acidify the solution to pH = ca. 1. » Rh-Rh is our previous developed binuclear Rh
complex (ACS Catal., 2019, 9, 4441).

Table S5. Yields of monomers in the oil from the depolymerization of the raw poplar wood lignin?

(0] (0] 9 (0] (0] (0]
MeO MeO MeO OH MeO
HO HO HO HO HO HO
OMe OMe OMe OMe OMe OMe

5.70

Yield® (mg) 2.77 2.36 9.17 1.08 3.84

2 Reaction conditions: raw poplar wood powder (1000 mg), 1a (13.7 mg), NaOH (300 mg), H,O (20 mL), 110 °C, 24 h, under Ar. After
the reaction, hydrochloric acid (1 M) was used to acidify the solution to pH = ca. 1. ? Yields were determined by GC-FID with

mesitylene as internal standard.
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7.3 Gel-permeation Chromatography (GPC) of the extracted lignin and depolymerized
liquid oil

Table S6. Weight-average (M,,), number-average (M,) and polydispersity (M,,/M,) of the extracted lignin and the oil products obtained

from depolymerization by GPC analysis.

Sample My, M, M./M,
poplar wood dioxaslov lignin 3810 564 6.751
oil from poplar wood dioxaslov lignin 709 139 5.117
oil from poplar wood 794 129 6.143
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Scheme S5. GPC molecular weight distribution of poplar wood dioxasolv lignin (i), oil from poplar wood dioxasolv lignin (j) and

oil from poplar wood (k).

7.4 Linkage abundance calculated from HSQC NMR spectra

The linkage abundance for poplar wood dioxaslov lignin, oil products obtained from poplar wood dioxaslov

lignin and oil products obtained from raw poplar wood powder are given in the table below.

Per 100 Units Cy B-O-4 (%) B-B (%) B-5 (%)
poplar wood dioxaslov lignin 54.9 4.6 9.3
Oil from poplar wood dioxaslov lignin 0.1 0.1 5.3
Oil from poplar wood 1.3 0.06 4.0

8. Mechanistic studies

8.1 Deuterium labelling studies

OH OMe (0] OMe
o} 1a (1 mol%
( N CH,D + o
D NaOH, 110 °C,
MeO toluene, 12 h, Ar MeO 70% D
2a' 4a’

Scheme S6. Deuterium labelling studies.

In order to understand the mechanism, deuterium labelling studies were conducted to shed light on the
pathway of hydrogen transfer, which was carried in the present of toluene instead of H,O for the sake of
avoiding the H/D exchange reaction of the ketone product under standard conditions. Procedure for the

deuterium labelling studies: To a 35 mL pressure tube, a magnetic stir bar, 1a (2.74 mg, 1 mol%), 2a’ (0.5
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mmol), NaOH (0.75 mmol) and degassed toluene (1 mL) were added, then the tube was sealed under an
atmosphere of argon. The mixture was heated at 110 °C (oil bath temperature) for 12 h. After cooling to room
temperature, the solvent was evaporated in vacuo. The residue was purified by column chromatography on
silica gel with hexane/ethyl acetate (20:1) as elution to give the product of 4a’. 70% deuterium atom was

transferred to the methyl near the group of carbonyl from the 'H NMR analysis.

—7.260
3.869
2.554

__7.948
~~7.926
_6.943
~~6.921

Signal from the CH, of the
OMe methyl group adjacent to the
carbonyl group

L |

T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm

8.2 Procedure for the detection and quantification of formaldehyde for the cleavage of
2j

o OMe
R + OH
MeO
OH OMe R = Me, 4a, 9% 5a. 569
R=Et 4f, 31% o2 6%
o 1a, 2 mol%
> (0] OMe
NaOH , 110 °C, o
MeO HO , 60 h, under Ar
2i
MeO
6a, 24%

Scheme S7. Reaction conditions for the catalytic cleavage of 2i.

In the proposed mechanism (Scheme 2), the formaldehyde was generated through Retro-Aldol reaction in the
presence of NaOH. We have tried to detect and quantify the presence of formaldehyde after a catalytic
reaction with substrate 2i (Scheme S7). The signal of formaldehyde could be detected in the 'H NMR
spectrum of the aqueous solution of the reaction after extraction with organic solvent (Scheme S8). The peak
at 8.45 ppm in the 'TH NMR was assigned to formaldehyde by addition of authentic formaldehyde solution (37
wt% formaldehyde solution, Scheme S8 and S9). The yield of formaldehyde is measured to be 0.5% with
sodium benzoate (0.05 mmol) as internal standard (Scheme S9), which is lower than the yield of 4a (9%, see
Table 2 in the Main Atrticle, the yield of formaldehyde and 4a is supposed to be the same according to the
proposed mechanism), possibly due to side reactions of formaldehyde under the conditions, e.g. forming a

hemiacetal type compound via reacting with -OH under the basic condition. Procedure for the detection and

S10



quantification of formaldehyde: a magnetic stir bar, 1a (4.39 mg, 2 mol%), 2i (0.4 mmol), NaOH (0.6 mmol)

and degassed H,O (1 mL) were placed into a 35 mL pressure tube, then the tube was sealed under an

atmosphere of argon. The mixture was heated at 110 °C (oil bath temperature) for 60 h. After the reaction,

sodium benzoate (0.05 mmol) was added and the mixture was then extracted with ethyl acetate. Then, a

sample was taken from the aqueous solution. The sample was diluted with D,O and used for 'H NMR analysis.
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8.3 Evidence for a mononuclear Rh catalyzed mechanism

We have carried out mechanistic studies to probe whether the reaction is catalyzed by a dimeric Rh complex.
Based on the reaction conditions used and our experimental observations, we think the reaction is most likely
catalyzed by a mononuclear Rh complex. The conclusion is supported by the following facts and results:

1. It is difficult to form a dimeric Rh complex with the ligand of the mononuclear Rh complex 1a. The ligand of
1a is more sterically hindered than the simple 2,2":6’,2"-terpyridine, which makes it more difficult to form a
dimeric structure due to steric hindrance. We tried to synthesize the dimeric complex with the ligand of 1a,
following the same procedure for our previous reported dimeric Rh complex (ACS Catal. 2019, 9, 4441-4447,
Green Chem., 2016, 18, 4605-4610). However, we were not able to isolate a dimeric Rh complex from this
ligand. A mixture was formed according to the 'H NMR spectrum of the obtained solid (Scheme S10). The
result support that it is more difficult to form a dimeric Rh complex from the ligand of 1a than the simple
2,2:6’,2”-terpyridine ligand.
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Scheme $10

2. It is difficult to form a dimeric Rh complex under the catalytic conditions. An acetate group (AcO") is
essential for the formation of the dimeric structure, acting as a bridging ligand. Under the catalytic conditions
(NaOH as base, H,O as solvent), no such a bridging ligand is presented.

3. Electronic absorption studies suggest that the dimeric structure is not formed during the reaction. Nocera
and coworkers reported that there will be typical absorption bands for a dimeric Rh complex in the electronic
absorption spectrum, an intense band at around 300 nm for the allowed do — do* transition and a less
intense band at around 400 nm for the & do* transition (Inorg. Chem. 1996, 35, 811-817). We

measured the electronic absorption spectrum of the aqueous solution after the reaction of cleaving 2a with 1a
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as catalyst (Scheme S11). From the spectrum, no characteristic absorption band corresponding to dimeric
metal complexes was observed, which suggest that the Rh complex remained to be mononuclear during the

catalytic reaction.

Absorbance

04

— 7T v 1 * I T T T T 7T T " T 71T "1
200 250 300 350 400 450 500 550 600 650 700 750 800

Wavelength (nm)

Scheme S11. Electronic absorption spectrum of the aqueous solution after a catalytic reaction. Conditions: 2a (0.2 mmol), 1a (2 mol%,
2.2 mg), NaOH (12 mg, 0.3 mmol), H,O (1 mL). After the reaction, 0.8 mL of liquid was taken from the reaction mixture, which was
passed through a membrane to remove any solid residue and diluted to 10 mL. The resulting solution was used for electronic
absorption measurement.

4. The mono-nuclear Rh catalyst 1a could be isolated after the reaction from the reaction mixture. After a
reaction of cleaving 2a with 1a as catalyst, upon treating the reaction mixture with hydrochloric acid (1 M),
yellow precipitates were formed and isolated. The '"H NMR and HRMS spectra of the yellow precipitates are

identical to that of 1a (Scheme S12).

'H NMR of pure 1a

IH NMR of the recovered complex

J MJHI — 4 [ I P

| T J ;
|
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Intens. +MS, 0.0-0.1min #(2-3)
x105 4920339
HRMS of the recovered complex
4
Chemical Formula: Cy,H47CI,N;ORh
511.9793 [M-CI]* calculated: 511.9798
found: 511.9793
626.0704
3
596.0308
748.1069
2
1
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442 0416
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o 1 ™ Lk
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Scheme S12. 'H NMR and HRMS spectra of the recovered complex. Reaction conditions: 2a (0.3 mmol), 1a (14 mol%, 23 mg),
NaOH (0.45 mmol), H,O (1 mL), 110 °C, 12 h, under Ar. After the reaction, hydrochloric acid (1 M) was used to acidify the solution to
pH = ca. 1. The yellow precipitate was collected by filtration and used for '"H NMR and HRMS measurements.

5. The solubility of the mononuclear Rh complex 1a and our previously reported binuclear Rh complex is quite
distinct. The binuclear complex is soluble in aqueous NaOH solution, while 1a has very low solubility in it
(Scheme S13). The 1a catalyzed reaction could be proceed in a “on water” fashion, differing from the

binuclear complex.

Scheme $13. Solubility of binuclear and mononuclear complexes. Left: binuclear complex used in our previous studies; right: the

mononuclear complex 1a.
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9. Analytic data of the products

OMe

4'-(4-Methoxyphenyl)-2,2':6',2"-terpyridine:'5 white solid; '"H NMR (CDCl;, 400 MHz) d (ppm): 8.73 (dd, J =
4.7,0.7 Hz, 2H), 8.71 (s, 2H), 8.67 (d, J = 8.0 Hz, 2H), 7.89-7.85 (m, 4H), 7.35 (ddd, J = 5.8, 4.8, 1 Hz, 2H),
7.03 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H); '*C NMR (CDCl;, 100 MHz) d (ppm): 160.6, 156.5, 155.9, 149.9, 149.2,
136.9, 130.9, 128.6, 123.9, 121.5, 118.4, 114.4, 55.5; HRMS (ESI) calculated for CyH:;N3NaO [M+Na]*
362.1264, found 362.1269.

4'-Phenyl-2,2':6',2"-terpyridine:"5 light green solid; '"H NMR (CDCl;, 400 MHz) & (ppm): 8.75 (s, 2H), 8.73 (d,
J =48 Hz, 2H), 8.68 (d, J = 8.0 Hz, 2H), 7.92-7.86 (m, 4H), 7.52 (t, J = 7.1 Hz, 2H), 7.45 (t, J = 7.2 Hz, 1H),
7.35 (dd, J = 6.4, 4.9 Hz, 2H); '3C NMR (CDCl3, 100 MHz) d (ppm): 156.4, 156.0, 150.4, 149.2, 138.6, 136.9,
129.1, 129.0, 127.4, 123.9, 121.5, 119.0; HRMS (ESI) calculated for C;1H4sN3Na [M+Na]* 332.1158, found
332.1168.

4'-(4~(Trifluoromethyl)phenyl)-2,2":6',2"-terpyridine: white solid; '"H NMR (DMSO, 400 MHz) & (ppm): 8.76
(d, J = 4.3 Hz, 2H), 8.73 (s, 2H), 8.66 (d, J = 7.9 Hz, 2H), 8.14 (d, J = 8.1 Hz, 2H), 8.04 (t, J = 7.7 Hz, 2H),
7.92 (d, J = 8.1 Hz, 2H), 7.53 (dd, J = 7.1, 5.2 Hz, 2H); '3C NMR (DMSO, 100 MHz) & (ppm): 155.8, 154.7,
149.3, 147.7, 141.4, 137.4, 129.5 (q, 2Jcr = 31.9 Hz), 127.8, 126.1 (q, 8Jc.r = 3.7 Hz), 124.5, 124.1 (q, "Jcr =
270.5 Hz), 120.9, 118.0; HRMS (ESI) calculated for C,,H14F3N3Na [M+Na]* 400.1032, found 400.1044.

4'-(Naphthalen-2-yl)-2,2":6',2"-terpyridine: white solid; 'H NMR (CDCl;, 400 MHz) & (ppm): 8.89 (s, 2H),
8.77 (d, J=4.6 Hz, 2H), 8.71 (d, J = 7.9 Hz, 2H), 8.42 (s, 1H), 8.05-7.98 (m, 3H), 7.90(td, J = 7.6, 1.7 Hz, 3H),
7.56-7.53 (m, 2H), 7.39-7.36 (m, 2H); '*C NMR (CDCI3, 100 MHz) & (ppm): 156.3, 156.0, 150.2, 149.2, 137.0,
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135.8, 133.6, 128.8, 128.7, 127.8, 126.8, 126.7, 126.6, 125.1, 123.9, 121.5, 119.1; HRMS (ESI) calculated for
CasH47N3sNa [M+Na]* 382.1315, found 382.1316.

4'-(Anthracen-9-yl)-2,2':6',2"-terpyridine: s light green solid; '"H NMR (CDCl3, 400 MHz) & (ppm): 8.79 (d, J =
8.0 Hz, 2H), 8.63 (d, J = 4.5 Hz, 2H), 8.61 (s, 2H), 8.55 (s, 1H), 8.07 (d, J = 8.5 Hz, 2H), 7.92 (td, J= 7.7, 1.4
Hz, 2H), 7.71 (d, J = 8.8 Hz, 2H), 7.47 (t, J = 7.1 Hz, 2H), 7.37-7.32 (m, 4H); '*C NMR (CDCl;, 100 MHz) &
(ppm): 156.3, 155.8, 149.7, 149.4, 137.0, 134.5, 131.4, 129.7, 128.5, 127.5, 126.5, 126.0, 125.3, 124.0, 123.9,
121.5; HRMS (ESI) calculated for CgH1gN3Na [M+Na]* 432.1471, found 432.1466.

OMe

Yellow solid; 'H NMR (DMSO, 400 MHz) & (ppm): 9.28 (d, J = 5.4 Hz, 2H), 9.10 (s, 2H), 8.95 (d, J = 8.0 Hz,
2H), 8.41 (t, J = 7.8 Hz, 2H), 8.24 (d, J = 8.8 Hz, 2H), 7.96 (t, J = 6.6 Hz, 2H), 7.24 (d, J = 8.8 Hz, 2H), 3.91 (s,
3H); 13C NMR (DMSO, 100 MHz) & (ppm):161.8, 157.5, 155.1, 153.1, 151.2, 140.1, 129.7, 128.3, 127.3, 125.3,
121.0, 114.8, 55.6; HRMS (ESI) calculated for C5,H17Cl,N;ORh [M-CI]* 511.9798, found 511.9797.

71N\
Cl cl C
1b

Yellow solid; '"H NMR (DMSO, 400 MHz) & (ppm): 9.29 (d, J = 5.1 Hz, 2H), 9.17 (s, 2H), 8.98 (d, J = 8.1 Hz,
2H), 8.43 (t, J = 7.6 Hz, 2H), 8.24 (d, J = 7.24 Hz, 2H), 7.97 (t, J = 6.6 Hz, 2H), 7.71 (t, J = 7.0 Hz, 2H), 7.66 (t,
J = 7.2 Hz, 1H); HRMS (ESI) calculated for C»;H15Cl,NsRh [M-CIJ* 481.9693, found 481.9689.

N
c ©
1c

C

Gray solid; '"H NMR (DMSO, 400 MHz) & (ppm): 9.30 (d, J = 5.3 Hz, 2H), 9.23 (s, 2H), 8.96 (d, J = 7.9 Hz, 2H),
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8.44 (t, J = 8.0 Hz, 4H), 8.09 (d, J = 8.2 Hz, 2H), 7.98 (t, J = 6.6 Hz, 2H); HRMS (ESI) calculated for
022H14C|2F3N3Rh [M-CI]* 5499566, found 549.9552.

Orange solid; "H NMR (DMSO, 400 MHz) & (ppm): 9.31 (s, 1H), 9.30 (s, 3H), 9.01 (d, J = 7.9 Hz, 2H), 8.86 (s,
1H), 8.44 (td, J = 8.0, 0.9 Hz, 2H), 8.36 (dd, J = 8.5, 1.4 Hz, 1H), 8.25 (d, J = 8.7 Hz, 1H), 8.13-8.08 (m, 2H),
7.98 (t, J = 6.4 Hz, 2H), 7.70-7.68 (m, 2H); '*C NMR (DMSO, 100 MHz) & (ppm):157.4, 155.4, 153.2, 151.6,
140.2, 133.8, 132.9, 132.7, 129.1, 128.8, 128.4, 128.3, 128.0, 127.8, 127.2, 125.4, 124.9, 122.1; HRMS (ESI)
calculated for CosH;;,Cl,NsRh [M-CI]* 531.9849, found 531.9843.

Orange solid; "H NMR (CDCls, 400 MHz) & (ppm): 9.74 (d, J = 5.4 Hz, 2H), 8.70 (s, 1H), 8.25 (s, 2H), 8.16 (d,
J = 8.4 Hz, 2H), 8.08 (d, J = 4.2 Hz, 2H), 8.09 (s, 2H), 7.75 (d, J = 4.1 Hz, 2H), 7.58 (t, J = 9.0 Hz, 4H), 7.51-
7.48 (m, 2H); °C NMR (CDCls, 100 MHz) & (ppm):157.4, 156.2, 155.0, 152.4, 139.5, 131.2, 130.1, 129.7,
129.5, 129.2, 128.5, 127.8, 126.0, 125.9, 124.9, 124.1; HRMS (ESI) calculated for CogH1sClsNsNaRh [M+Na]*
639.9592, found 639.9593.

Yellow solid; "6 19 'H NMR (DMSO, 400 MHz) & (ppm): 9.28 (d, J = 3.6 Hz, 2H), 8.82 (d, J = 5.4 Hz, 2H), 8.78
(d, J = 5.2 Hz, 2H), 8.55 (t, J = 5.4 Hz, 2H), 8.39 (td, J = 5.2, 1.0 Hz, 2H), 7.96 (td, J = 3.7, 0.8 Hz, 2H); 13C
NMR (DMSO, 100 MHz) & (ppm):157.2, 155.2, 153.2, 140.5, 140.3, 128.4, 125.1, 124.4; HRMS (ESI)
calculated for C;sH1;Cl,N,ORh [M-CI]* 405.9380, found 405.9378.

Yellow solid; 'H NMR (DMSO, 400 MHz) & (ppm): 9.24 (d, J = 5.4 Hz, 2H), 8.39 (d, J = 7.8 Hz, 2H), 8.29 (t, J =
7.8 Hz, 2H), 7.87 (t, J = 6.6 Hz, 2H), 7.65 (s, 2H), 7.44 (s, 2H); HRMS (ESI) calculated for C1sH:>Cl,N;ORh
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[M-CI]* 420.9489, found 420.9503.
COOH

Yellow solid; '"H NMR (DMSO, 400 MHz) & (ppm): 9.29 (d, J = 5.4 Hz, 2H), 9.19 (s, 2H), 9.00 (d, J = 8.0 Hz,
2H), 8.39 (t, J = 7.7 Hz, 2H), 7.98 (t, J = 6.6 Hz, 2H); HRMS (ESI) calculated for C1gH11Cl,N;O,Rh [M-CIJ*
449.9278, found 449.9286.

(0] OMe
o0
MeO 3

2-(2-Methoxyphenoxy)-1-(4-methoxyphenyl)ethan-1-one:'* yellow solid; '"H NMR (CDCl;, 400 MHz) &
(ppm): 8.02 (d, J = 8.8 Hz, 2H), 6.96-6.92 (m, 4H), 6.85-6.84 (m, 2H), 5.28 (s, 2H), 3.88 (s, 3H), 3.87 (s, 3H);
3C NMR (CDCl;, 100 MHz) & (ppm): 193.1, 164.0, 149.8, 147.7, 130.5, 127.7, 122.3, 120.8, 114.8. 114.0,
112.2,72.0, 55.9, 55.5.

(0]

MeO
4a
1-(4-Methoxyphenyl)ethan-1-one:® 20. 21 white solid; m.p. = 36-38 °C; 'H NMR (CDCl;, 400 MHz) & (ppm):
7.94 (d, J = 7.6 Hz, 2H), 6.94 (d, J = 7.6 Hz, 2H), 3.88 (s, 3H), 2.56 (s, 3H); '*C NMR (CDCl;, 100 MHz) &
(ppm): 196.9, 163.5, 130.7, 130.4, 113.7, 55.5, 26.4; MS (EI) for CgH1,0, [M]*: 150.
0]

4b
Acetophenone:?' white oil; 'H NMR (CDCl;, 400 MHz) d (ppm): 7.97 (d, J = 8.0 Hz, 2H), 7.59-7.55 (m, 1H),
7.47 (t, J = 7.6 Hz, 2H), 2.62 (s, 3H); ®C NMR (CDCI3, 100 MHz) & (ppm): 198.3, 137.2, 133.2, 128.7, 128.4,
26.8; MS (El) for CgHgO [M]*: 120.

0}
MeO

MeO
4c

1-(3,4-Dimethoxyphenyl)ethan-1-one:'* white solid, m.p. = 48-52 °C; '"H NMR (CDCls, 400 MHz) & (ppm):
7.58 (d, J = 8.4 Hz, 1H), 7.53 (s, 1H), 6.89 (d, J = 8.0 Hz, 1H), 3.95 (s, 3H), 3.94 (s, 3H), 2.58 (s, 3H); °C
NMR (CDCls, 100 MHz) & (ppm): 196.9, 153.4, 149.1, 130.6, 123.4, 110.1, 109.9, 56.2, 56.1, 26.3; MS (EI) for
C1oH1203 [M]*: 180.

0}

L

4d

S18



1-(4-Hydroxyphenyl)ethan-1-one: white solid, m.p. = 132-135 °C; '"H NMR (CDCl;, 400 MHz) d (ppm): 7.91
(d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 6.18 (s, 1H), 2.57 (s, 3H); '3C NMR (CDCl3, 100 MHz) & (ppm):
198.9, 161.5, 131.4, 129.7, 115.7, 26.5; MS (El) for CgHzO, [M]*: 136.

o}
HO
de
1-(4-Hydroxy-3-methoxyphenyl)ethan-1-one: white solid, m.p. = 103-106 °C; 'H NMR (CDCl;, 400 MHz) &
(ppm): 7.54 (s, 2H), 6.95 (d, J = 8.0 Hz, 1H), 6.05 (s, 1H), 3.96 (s, 3H), 2.56 (s, 3H); '*C NMR (CDCls, 100

MHz) & (ppm): 197.1, 150.6, 146.7, 130.2, 124.1, 113.9, 109.8, 56.1, 26.3; MS (EI) for CgH1003 [M]*: 166.
(o]

MeO
4f

1-(4-Methoxyphenyl)propan-1-one:'* 22 white oil; '"H NMR (CDCl;, 400 MHz) & (ppm): 7.95 (d, J = 7.6 Hz,
2H), 6.93 (d, J = 8.0 Hz, 2H), 3.87 (s, 3H), 2.96 (q, J = 14.0, 6.8 Hz, 2H), 1.21 (t, J = 7.2 Hz, 3H); '*C NMR
(CDCls, 100 MHz) & (ppm): 199.6, 163.4, 130.3, 130.1, 113.8, 55.6, 31.5, 8.6; MS (EI) for C1oH1,0, [M]*: 164.

O
MeO

MeO

49
1-(3,4-Dimethoxyphenyl)propan-1-one:'* white solid, m.p. = 54-56 °C; '"H NMR (CDCl;, 400 MHz) & (ppm):
7.60 (d, J = 8.0, 2.0 Hz, 1H), 7.55 (s, 1H), 6.89 (d, J = 8.4 Hz, 1H), 3.95 (s, 6H), 2.97 (q, J = 14.4, 7.2 Hz, 2H),
1.22 (t, J = 7.2 Hz, 3H); '3C NMR (CDCl3, 100 MHz) & (ppm): 199.7, 153.1, 149.1, 130.2, 122.6, 110.1, 110.0,
56.1, 56.0, 31.4, 8.7; MS (EI) for C41H1403 [M]*: 194.

OMe
OH

5a
2-Methoxyphenol:8 '* yellow oil; '"H NMR (CDCl;, 400 MHz) & (ppm): 6.95-6.93 (m, 1H), 6.89-6.87 (m, 3H),
5.63 (s, 1H), 3.89 (s, 3H); '3C NMR (CDCl3, 100 MHz) & (ppm): 146.7, 145.7, 121.5, 120.3, 114.6, 110.8, 55.9;
MS (EI) for C;HgO, [M]*: 124.

5b
Phenol: white solid, m.p. = 39-41 °C; 'H NMR (CDCl3, 400 MHz) d (ppm): 7.27-7.24 (m, 2H), 6.94 (t, J= 7.2
Hz, 1H), 6.84 (t, J = 7.6 Hz, 2H), 4.69 (s, 1H); 13C NMR (CDCls, 100 MHz) & (ppm): 155.5, 129.8, 120.9, 115.4;
MS (EI) for C;HgO, [M]*: 94.

OH

MeO\[:i]/OMe

5¢c
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2,6-Dimethoxyphenol: white solid, m.p. = 49-51 °C; "H NMR (CDCl;, 400 MHz) & (ppm): 6.81 (t, J = 8.4 Hz,
1H), 6.59 (d, J = 8.4 Hz, 2H), 5.52 (s, 1H), 3.89 (s, 6H); 3C NMR (CDCI;, 100 MHz) & (ppm): 147.3, 134.9,
119.2, 104.9, 56.3; MS (EI) for CgH1003 [M]*: 154.

OH

MeO OMe
5d

3,5-Dimethoxyphenol: white solid, m.p. = 39-41 °C; "H NMR (CDCl;, 400 MHz) 3 (ppm): 6.08 (s, 1H), 6.02 (s,
2H), 4.73 (s, 1H), 3.76 (s, 6H); 13C NMR (CDCl;, 100 MHz) & (ppm): 161.6, 157.3, 94.2, 93.2, 55.4; MS (EI) for
CgH1003 [M]+Z 154.

O OMe
MeO 6a

2-(2-Methoxyphenoxy)-1-(4-methoxyphenyl)propan-1-one:' 2 colorless oil; '"H NMR (CDCl;, 400 MHz) &
(ppm): 8.12 (d, J = 8.7 Hz, 2H), 6.94-6.87 (m, 4H), 6.82-6.79 (m, 2H), 5.41 (q, J = 6.9 Hz, 1H), 3.86 (s, 3H),
3.84 (s, 3H), 1.71(d, J = 6.5 Hz, 3H); '*C NMR (CDCl;, 100 MHz) & (ppm): 197.7, 163.9, 150.1, 147.1, 131.5,
127.4, 122.4, 120.9, 116.3, 113.9, 112.5, 78.3, 56.0, 55.6, 19.2; HRMS (ESI) calculated for C;H:s04Na
[M+Na]* 309.1103, found 309.1100.

O OMe
ReARS
MeO 7a
1-(3,4-Dimethoxyphenyl)-2-(2-methoxyphenoxy)propan-1-one: colorless solide; '"H NMR (CDCl3, 400 MHz)
® (ppm): 7.82 (d, J = 1.2 Hz, 1H), 7.68 (d, J = 1.6 Hz, 1H), 6.94-6.87 (m, 3H), 6.82-6.77 (m, 2H), 5.42 (q, J =
7.2 Hz, 1H), 3.94 (s, 3H), 3.92 (s, 3H), 3.84 (s, 3H), 1.73(d, J = 7.2 Hz, 3H); '3C NMR (CDCl3, 100 MHz) &
(ppm): 197.8, 153.7, 149.1, 147.1, 127.5, 127.4,123.7, 120.9, 116.0, 112.4, 111.4, 110.2, 78.3, 56.2, 56.0,
55.9, 19.3; HRMS (ESI) calculated for C1gH200sNa [M+Na]* 339.1203, found 339.1201.
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11. Traces of 'H NMR and '*C NMR spectra
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