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I. General information

The catalyst was prepared according to published literature methods.! All
reagents were purchased from Sigma-Aldrich and Adamas-beta, which were used
without further purification. *H and 13C Nuclear Magnetic Resonance (NMR) spectra
were recorded on Bruker AVANCE Ill 500 MHz (500 MHz for proton, 125MHz for
carbon) spectrometer with tetramethylsilane as the internal reference using CDCl; as
solvent in all cases, and chemical shifts were reported in parts per million (ppm, 6).
FT-IR spectra were recorded on a Thermo Fisher Nicolet 6700. XRD were explored on
D/max 2200PC of Japan. GC analyses were performed on Shimadzu GC-2014 with a
flame ionization detector equipped with an Rtx-1 capillary column (internal diameter
= 0.25 mm, length = 30 m) or a Stabil wax capillary column (internal diameter = 0.25
mm, length = 30 m). GC mass spectra were recorded on Shimadzu GCMS-QP2010
with RTX-5MS column (0.25 mmx 30 m). Column chromatography was performed

using 200-300 mesh silica gel.

Il. Preparation of chromium-catalyst
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Figure S1. Preparation of (NH,;);[CrMogO,5(OH)el.

(NH,)3[CrMog0,5(0OH)g] was synthesized according to the previously reported
literature®2: First of all, (NH4)sM070,4% 4H,0 (5.3 g, 4.2mmol) was dissolved in water
(80ml) and the solution in a flask was put in an oil bath and heated to reflux. Then,
Cr(NOs3); (1.2 g, 3.0mmol) dissolved in 80ml of water was added dropwise into the
above solution. The pH of the solution needed to be controlled at around 2.5 during
this process. After the dropwise addition was completed, the mixed solution was
further stirred at a constant temperature for 1 hour. Following by, the solution was
filtered while hot. The obtained purple-red liquid was left at room temperature for
12 hours and precipitated the purple crystals. After recrystallized, filtered and
vacuum dried, the purple crystals (4.9 g) was deposited and collected. IR: 3208.24
(vasNH, m), 1638.98 (60H m), 1401.73 (6NH, s), 945.18(v Mo=0, vs), 892.11 (v
Mo=0, vs), 648.03 (v Mo-0O-Mo, vs), 573.00 (v M-O-Mo, w) cm™.



Ill. FT-IR and XRD spectra of catalyst
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Figure S2. The FT-IR spectra of (NH,);[CrMogO,5(OH)el.
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Figure S3. The XRD spectra of (NH,);[CrMogO,5(OH)¢].

IV. Optimization studies.



Table S1. The effects of conditions?

Cat.1 (1.0 mmol%) o
Additives (0.1 equiv.)

©f\OH CO, (1.0 bar, ballon) @OH
OH

DMSO (2.0 ml), 24h, 80°C OH
Entry Cat. (mol%) Additives Solvent Time(h) Conversion Yield (%)®
(%)°
1 1.0 - DMSO 12 <5 Trace
2 1.0 Na,S0, DMSO 12 21 12
3 1.0 NaF DMSO 12 13 5
4 1.0 NaCl DMSO 12 45 36
5 1.0 NaBr DMSO 12 41 28
6 1.0 NaNO, DMSO 12 23 14
7 1.0 Na,CO3 DMSO 12 48 32
8 1.0 CaCl, DMSO 12 20 12
9 1.0 MgCl, DMSO 12 27 20
10 1.0 ZnCl, DMSO 12 15 4
11 1.0 LiCl DMSO 12 17 9
12 1.0 KClI DMSO 12 60 51
13 1.0 NH,CI DMSO 12 12 7
14 1.0 K3PO, DMSO 12 80 70
15 0.5 K3PO, DMSO 12 74 61
16 2.0 K3PO, DMSO 12 75 65
17 1.0 K3PO, Dioxane/DMSO(1:1) 12 26 20
18 1.0 K3PO, Toluene/DMSO(1:1) 12 17 10
19 1.0 K3PO, DMF/DMSO(1:1) 12 13 8
20 1.0 K3PO, MeOH/DMSO(1:1) 12 32 21
21 1.0 K3PO, MeCN/DMSO(1:1) 12 21 15
22¢ 1.0 K3PO, CH,Cl,/DMSO(1:1) 12 16 11
23d 1.0 K3PO, THF/DMSO(1:1) 12 9 2
24¢ 1.0 K3PO, Acetone/DMSO(1:1) 12 14 9
25 1.0 K3PO,4 DMSO 18 84 77
26 1.0 KsPO, DMSO 24 99 85
27 1.0 K3PO, DMSO 30 99 81
28f 1.0 K3PO, DMSO 24 90 78
298 1.0 K3PO, DMSO 24 96 80

a Reaction conditions: alcohols(1.0 mmol), DMSO (2.0 ml) with CO, balloon, ? TH-NMR vyield was determined
using 1,3,5-mesitylene as an internal standard. cat 40°C, 9 at 60°C, ¢at 50°C, fat 70 °C, %at 90 °C. All reactions
performed under air atmosphere.




Cat.1 (1.0 mmol%) o)

X K3POy4 (1.0 equiv.) S
©/\/\OH CO, (1.0 bar, ballon) OH

DMSO (20.0 ml), 24 h, 80°C
134 g 136g
10 mmol Yield: 88% (isolated)

Figure S4. Gram-scale reaction of the catalyst.
Recycling experiments of the catalyst for alcohols to acids

The Cr'"Mog catalyst was precipitated by adding ethyl acetate or anhydrous ether to
the reaction system after the oxidative experiments, and then recovered for reuse.

The recovered catalyst was characterized by FT-IR and XRD.
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Figure S5. Recycling experiments of the catalyst. Conditions: Cat. 1 (1.0 mol%),
alcohol (1.0 mmol), CO, (1.0 bar), K3PO, (0.1 equiv.), and DMSO (2.0 ml) at 80°C for

24 h.
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Figure S6. The FT-IR spectra of the catalyst before and after the reaction.
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Figure S7. The XRD spectra of the catalyst before and after the reaction.
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VI. NMR data of products
0]

©)LOH

Benzoic acid (2)35): White solid. IH NMR (400 MHz, CHLOROFORM-D) & 10.04 (d, J =
7.8 Hz, 2H), 9.57 (d, J = 3.1 Hz, 1H), 9.43 (d, J = 2.0 Hz, 2H).13C NMR (101 MHz,
CHLOROFORM-D) & 173.90 (s), 135.88 (s), 132.07 (s), 131.23 (s), 130.54 (s).

(@]
Joa.
p-Toluic acid (3) B-51:White powder. *H NMR (400 MHz, DMSO-D6) § 12.75 (s, 1H),

7.80 (d, J = 8.1 Hz, 2H), 7.24 (d, J = 8.1 Hz, 2H), 2.31 (s, 3H). 13C NMR (101 MHz,
DMSO-D6) 6 167.84 (s), 143.52 (s), 129.85 (s), 129.62 (s), 128.55 (s), 21.62 (s).

0
0y
H,CO

P-Methoxybenzoicacid (4) 3-51:White powder. 'H NMR (400 MHz, DMSO-D6) § 12.59
(s, 1H), 7.85 (d, J = 8.9 Hz, 2H), 6.97 (d, J = 9.0 Hz, 2H), 3.78 (s, 3H). 13C NMR (101
MHz, DMSO-D6) & 167.54 (s), 163.36 (s), 131.87 (s), 123.48 (s), 114.33 (s), 55.95 (s).

0
o

4-1sopropylbenzoic acid (5) 3-5): White powder. *H NMR (400 MHz, CHLOROFORM-D)
6 8.04 (d, ) = 8.4 Hz, 2H), 7.32 (d, ) = 8.1 Hz, 2H), 2.98 (dt, J = 13.8, 6.9 Hz, 1H), 1.27
(d, J = 6.9 Hz, 6H).13C NMR (101 MHz, CHLOROFORM-D) & 172.51 (s), 155.48 (s),
130.50 (s), 126.72 (s), 125.65 (s), 34.44 (s), 23.77 (s).

/©)J\OH
Br



4-bromobenzoic acid (6) 3-51: White powder. H NMR (501 MHz, DMSO) &6 13.19 (s,
1H), 7.85 (s, 2H), 7.71 (s, 2H). 3C NMR (126 MHz, DMSO) & 167.07 (s), 132.85 (s),

131.48 (s), 131.13 (s), 130.47 (s).
0

o
Cl

4-chlorobenzoic acid (7) [3-31:White powder.'H NMR (501 MHz, DMSO) & 13.16 (s,
1H), 7.93 (d, J = 8.6 Hz, 2H), 7.52 (d, J = 8.6 Hz, 2H). 13C NMR (126 MHz, DMSO) &
166.91 (s), 138.25 (s), 131.55 (s), 130.07 (s), 129.10 (s).

0]
o
F

4-Fluorobenzoic acid (8) B-5:White powder. 'H NMR (400 MHz, CHLOROFORM-D) &
8.13 (dd, J = 8.9, 5.4 Hz, 2H), 7.14 (t, ) = 8.6 Hz, 2H).13C NMR (101 MHz, DMSO-D6) &
166.89 (s), 132.63 (d, J =9.5 Hz), 116.27 (s), 116.05 (s).

O

o
FsC

4-(trifluoromethyl)benzoic acid (9) [3-31:White powder. 'H NMR (501 MHz, DMSO) &
13.49 (s, 1H), 8.14 (d, J = 8.4 Hz, 2H), 7.87 (d, J = 8.2 Hz, 2H). 13C NMR (126 MHz,

DMSO) 6 166.65 (s), 135.05 (s), 132.81 (s), 130.55 (s), 126.05 (s), 125.34 (s).
o

OH
O,N
4-nitrobenzoic acid (10) [3-3L:Light yellow powder. 'H NMR (400 MHz, DMSO-D6) &
13.63 (s, 1H), 8.27 (d, J = 8.8 Hz, 2H), 8.11 (d, J = 8.8 Hz, 2H). 3C NMR (101 MHz,
DMSO-D6) & 166.34 (s), 150.58 (s), 136.90 (s), 131.24 (s), 124.28 (s).
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OH

28

2,4,6-Trimethylbenzoic acid (11) [3-51: White powder. 'H NMR (400 MHz,
CHLOROFORM-D) & 8.83 (s, 2H), 4.31 (s, 6H), 4.22 (s, 3H). 13C NMR (101 MHz,
CHLOROFORM-D) & 176.29 (s), 142.14 (s), 137.89 (s), 131.31 (s), 130.65 (s), 22.86 (s),
21.94 (s).

3,5-dimethoxybenzoic acid (12) B-51:White powder. 'H NMR (501 MHz, DMSO) &
12.94 (s, 1H), 6.97 (d, ) = 2.3 Hz, 2H), 6.64 (t, J = 2.2 Hz, 1H), 3.69 (s, 6H). 3C NMR

(126 MHz, DMSO) & 167.43 (s), 160.83 (s), 133.30 (s), 107.29 (s), 105.33 (s), 55.86 (s).
O«_OH

H

naphthoic acid (13) B-5):Light yellow powder. 'H NMR (400 MHz, DMSO-D6) & 13.05
(s, 1H), 8.58 (s, 1H), 8.10 — 7.93 (m, 4H), 7.64 — 7.52 (m, 2H). 13C NMR (101 MHz,
DMSO-D6) 6 167.98 (s), 135.46 (s), 132.67 (s), 131.05 (s), 129.80 (s), 128.71 (t, J =
12.7 Hz), 128.18 (s), 127.33 (s), 125.69 (s).

4-bromo-2-chlorobenzoic acid (14) 3-51:White powder. 'H NMR (501 MHz, DMSO) &
13.73 (s, 1H), 7.94 (d, J = 2.3 Hz, 1H), 7.74 (dd, J = 8.6, 2.5 Hz, 1H), 7.52 (d, J = 8.6 Hz,
1H). 13C NMR (126 MHz, DMSO) & 135.57 (s), 133.86 (s), 133.48 (s), 133.05 (s),
131.33 (s), 120.32 (s).

11



OH
HO

_0O
4-hydroxy-3-methoxybenzoic acid (15)13-3!: liquid. *H NMR (400 MHz, DMSO-D6) &
12.45 (s, 1H), 9.80 (s, 1H), 7.42 — 7.36 (m, 2H), 6.80 (d, J = 8.5 Hz, 1H), 3.76 (s, 3H).
13C NMR (101 MHz, DMSO-D6) & 167.73 (s), 151.60 (s), 147.72 (s), 123.98 (s), 122.10

(s), 115.53 (s), 113.19 (s), 56.03 (s).
O

dOH
OH

salicylic acid (16) 3-51:White solid.'H NMR (400 MHz, DMSO-D6) & 13.76 (s, 1H),
11.37 (s, 1H), 7.75 (dd, ) = 7.9, 1.7 Hz, 1H), 7.48 — 7.44 (m, 1H), 6.92 — 6.85 (m, 2H).
13C NMR (101 MHz, DMSO-D6) & 172.48 (s), 161.68 (s), 136.17 (s), 130.79 (s), 119.69
(s), 117.61 (s), 113.40 (s).

WOH

Cinnamic acid (17)B3-5::White crystal.!H NMR (400 MHz, DMSO-D6) & 12.59 (s, 1H),
7.87 (d, J = 8.2 Hz, 2H), 7.71 (d, J = 8.3 Hz, 2H), 7.62 (d, J = 16.1 Hz, 1H), 6.64 (d, J =
16.1 Hz, 1H). 13C NMR (101 MHz, DMSO-D6) & 167.73 (s), 142.60 (s), 138.81 (s),
130.18 (s), 129.35 (s), 126.22 (s), 122.69 (s).

e

4-Methylcinnamic acid (18) [3-51:White powder. 'H NMR (400 MHz, DMSO-D6) 6
12.27 (s, 1H), 7.55 — 7.48 (m, 3H), 7.18 (d, J = 8.0 Hz, 2H), 6.42 (d, J = 16.0 Hz, 1H),
2.28 (s, 3H). 13C NMR (101 MHz, DMSO-D6) & 168.20 (s), 144.45 (s), 140.66 (s),
132.03 (s), 130.03 (s), 128.71 (s), 118.62 (s), 21.53 (s).

12



0]
H,CO

4-methoxycinnamic acid (19)!3-3]: white powder. *H NMR (400 MHz, DMSO-D6) &
12.18 (s, 1H), 7.59 (d, J = 8.7 Hz, 2H), 7.50 (d, J = 16.0 Hz, 1H), 6.93 (d, J = 8.7 Hz, 2H),
6.34 (d, J = 16.0 Hz, 1H), 3.75 (s, 3H). 3C NMR (101 MHz, DMSO-D6) 6 168.36 (s),

161.46 (s), 144.27 (s), 130.46 (s), 127.35 (s), 117.02 (s), 114.87 (s), 55.83 (s).

O

N OH

Br

4-bromocinnamic acid (20) 3-51: White crystal. 'H NMR (400 MHz, DMSO-D6) 6 7.57
(dt,J = 19.6, 12.3 Hz, 5H), 6.53 (d, J = 16.0 Hz, 1H). 13C NMR (101 MHz, DMSO-D6) &

167.94 (s), 143.13 (s), 134.07 (s), 132.38 (s), 130.68 (s), 124.05 (s), 120.67 (s).

Cl

4-chlorocinnamic acid (21) 3-51:Colorless crystal. 1H NMR (400 MHz, DMSO-D6) &
12.43 (s, 1H), 7.69 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 16.0 Hz, 1H), 7.43 (d, J = 8.5 Hz, 2H),
6.52 (d, J = 16.0 Hz, 1H). 3C NMR (101 MHz, DMSO-D6) 6 167.95 (s), 143.04 (s),

135.23 (s), 133.75 (s), 130.47 (s), 129.45 (s), 120.61 (s).

0]

N OH

4-fluorocinnamic acid (22) [3-3l:White crystal. 'TH NMR (400 MHz, DMSO-D6) 6 12.35
(s, 1H), 7.72 (dd, J = 8.7, 5.6 Hz, 2H), 7.55 (d, J = 16.0 Hz, 1H), 7.20 (t, J = 8.8 Hz, 2H),
6.45 (d, J = 16.0 Hz, 1H).13C NMR (101 MHz, DMSO-D6) & 168.04 (s), 162.44 (s),
143.22 (s), 131.42 (s), 130.98 (s), 119.63 (s), 116.50 (s).

13



o}
/@/\)J\OH
F3C

4-(trifluoromethyl)cinnamic acid (23)3-5:White powder. 'H NMR (400 MHz, DMSO-
D6) 6 12.61 (s, 1H), 7.86 (d, J = 8.1 Hz, 2H), 7.70 (d, J = 8.3 Hz, 2H), 7.62 (d, ] = 16.1
Hz, 1H), 6.64 (d, ) = 16.1 Hz, 1H). 13C NMR (101 MHz, DMS0-D6) § 167.73 (s), 142.59
(s), 138.79 (s), 130.51 (s), 129.33 (s), 126.18 (d, J = 3.7 Hz), 122.68 (s).

O
|\ OH

7

N

picolinic acid (24) 3-51:White powder. 'H NMR (400 MHz, DMSO-D6) 6 13.13 (s, 1H),
8.66 (d, J = 4.6 Hz, 1H), 8.01 — 7.92 (m, 2H), 7.58 (ddd, J = 7.5, 4.7, 1.2 Hz, 1H). 13C
NMR (101 MHz, DMSO-D6) & 166.70 (s), 149.96 (s), 148.86 (s), 138.04 (s), 127.62 (s),

125.18 (s).
0
)X
OH

2-furoic acid (25) 3-51:Off-white powder. 'H NMR (400 MHz, CHLOROFORM-D) &
11.32 (s, 1H), 7.66 — 7.61 (m, 1H), 7.35 — 7.30 (m, 1H), 6.55 (dd, J = 3.6, 1.8 Hz, 1H).
13C NMR (101 MHz, CHLOROFORM-D) & 163.73 (s), 147.54 (s), 143.88 (s), 120.28 (s),
112.38 (s).

Wt

2-thiophenecarboxylic acid(26) [3-3!:solid. *H NMR (400 MHz, CHLOROFORM-D) &
7.89 (dd, J =3.7, 1.2 Hz, 1H), 7.64 (dd, J = 4.9, 1.1 Hz, 1H), 7.14 (dd, J = 4.9, 3.8 Hz,
1H).13C NMR (101 MHz, CHLOROFORM-D) & 167.74 (s), 135.13 (s), 134.13 (s), 132.92
(s), 128.17 (s).

14



2-methl-1,3-thiazole-5-carboxylic acid (27) [3-5l:solid. 'H NMR (501 MHz, DMSO) &
13.29 (s, 1H), 8.07 (s, 1H), 2.60 (s, 3H). 13C NMR (126 MHz, DMSO) & 172.21 (s),
162.54 (s), 147.99 (s), 130.50 (s), 19.78 (s).
/\H/OH

o
Propionic acid (28) [3-5I: Colorless liquid. 'H NMR (501 MHz, CDCI3) § 11.83 (s, 1H),

1.61 —1.45 (m, 2H), 0.91 - 0.77 (m, 3H). 13C NMR (126 MHz, CDCI3) & 180.15 (s),
17.88 (s), 13.11 — 12.95 (m).

%OH

Valeric acid (29) [3-5I: Colorless liquid. 'H NMR (501 MHz, CDCI3) 6 11.60 (s, 1H), 2.13
(td, ) = 7.6, 2.4 Hz, 2H), 1.50 — 1.34 (m, 2H), 1.17 (pd, J = 7.5, 2.4 Hz, 2H), 0.72 (td, J =
7.4, 2.4 Hz, 3H). 13C NMR (126 MHz, CDCI3) & 180.27 (s), 33.52 (s), 26.54 (s), 21.96
(s), 13.22 (s).
/\H/OH

0]
acrylic acid (30) [3-3I: Clear liquid. 'H NMR (501 MHz, CDCI3) & 11.63 (s, 1H), 6.26 (dd,
J=17.3, 1.2 Hz, 1H), 5.90 (dd, J = 17.3, 10.5 Hz, 1H), 5.71 (dd, J = 10.4, 1.2 Hz, 1H).13C
NMR (126 MHz, CDCI3) § 171.34 (s), 132.70 (s), 127.80 (s).

P
N-"0H

3,3-dimethylacrylic acid (31)3-51: white crystal. 'TH NMR (501 MHz, DMSO) § 11.73 (s,
1H), 5.51 (s, 1H), 1.98 (s, 3H), 1.74 (s, 4H). 3C NMR (126 MHz, DMSO0) & 167.75 (s),
155.83 (s), 116.93 (s), 27.22 (s), 20.08 (s).

O

" 0H

15



Geranic acid (32)13!:solid. 'H NMR (400 MHz, CHLOROFORM-D) & 13.84 (s, 1H), 7.62
(d, J = 1.1 Hz, 1H), 7.08 — 6.97 (m, 1H), 4.15 — 4.09 (m, 6H), 3.86 (d, J = 1.3 Hz, 1H),
3.62 (s, 3H), 3.55 (s, 3H). 13C NMR (101 MHz, CHLOROFORM-D) & 174.64 (s), 165.48
(s), 134.56 (s), 124.82 (s), 117.02 (s), 43.16 (s), 35.63 (s), 28.01 (s), 27.34 (s), 19.35 (s).

0

Ao

@)

Levulinicacid(33) B-5):Clear yellow liquid. *H NMR (501 MHz, CDCI3) § 10.02 (s, 1H),
2.34 (t, ) = 6.5 Hz, 2H), 2.12 (t, J = 6.5 Hz, 2H), 1.73 (s, 3H). 13C NMR (126 MHz, CDCI3)
§208.31 (s), 176.96 (s), 37.26 (s), 28.97 (s), 27.32 (s).

0]

OH
Cl

2-chloropropionic acid (34) B-51:Colourless liquid. *H NMR (501 MHz, CDCI3) § 11.13
(s, 1H), 4.30 (g, J = 7.0 Hz, 1H), 1.52 (d, J = 7.1 Hz, 2H). 13C NMR (126 MHz, CDCI3) &

176.03 (d, J = 1.3 Hz), 52.09 (s), 21.07 (s).

o)
O)‘\OH

Cyclohexanecarboxylic acid (35)13-51: White solid.'H NMR (501 MHz, CDCI3) § 12.20
(s, 1H), 2.26 (d, J = 10.9 Hz, 1H), 1.87 (s, 2H), 1.70 (s, 2H), 1.58 (s, 1H), 1.40 (s, 2H),
1.31 - 1.09 (m, 3H). 13C NMR (126 MHz, CDCI3) & 182.82 (s), 42.86 (s), 28.66 (s),
25.65 (s), 25.25 (s).

16



VIl. NMR spectra

10.05
10.03

>
Lo,
5

9.57
9.56
9.44
9.43

1.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

1H NMR spectra of 2(500 MHz, CDCl;)

—173.90
135.88
132.07
13123
130.54

£
v
G

(=]

OH

190 180 170 160 150 140 130 120 110 100 9% 8 70 60 S50 40 30 20 10 0
f1 (ppm)

13C NMR spectra of 2(125 MHz, CDCI3)

17



I€0—

€T°L
§TL
6L°L
8L

OH

SLT—

L

=00t

-90°C

-£0'7

=001

7.0

12.0 11.0 10.0

13.0

0.0

3.0 2.0 1.0

4.0

6.0

8.0
f1 (ppm)

9.0

1H NMR spectra of 3(500 MHz, DMSO)

w1e—

SS°8TI
N@.mwﬁ./.
S8°671

IS EFT—

P8LOT—

OH

-10

20 10

30

170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

180

13C NMR spectra of 3(125 MHz, DMSO)

18



f1 (ppm)

13C NMR spectra of 4(125 MHz, DMSO)

19

% e -+ -l -

e LRI &

- { ol o N3 -] Lis)

| ~ ~ |

(o]
oH !
\O
e A 1
1 1 1 ]
3 s 5 g
(-] -~ -
14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)
1H NMR spectra of 4(500 MHz, DMSO)

-+ S -~ o L]
uw; & * - B w
[ ] - - - )
B 8 8 3 9

I P i |

Q
OH
\O
1

I

1

1
90 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10



LTT
mﬂ.ﬂv -

P6'T
96'T
86'T
00e:
'€

gL
£EL
£0'8
SO'8

OH

=009

=971 F

=0T

=z

10.0

8.0 7.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

9.0

11.0

12.0

1H NMR spectra of 5(500 MHz, CDCI3)

LEET—

FFrE—

SOSTI~
L9
0s'0eT”

IS'TLT—

OH

20 10

30

70

80

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

200

13C NMR spectra of 5(125 MHz, CDCI3)

20



3 v
J @~
o ] o
I v
OH
Br
oSl | | |
| '
e} ==
- = =
o2 Q_ =
™ T T T T T =t -+ T - T T r T .2
16 15 14 13 12 11 10 9 8 7 [ ] 4 3 2 1 0
fl (pom)
1H NMR spectra of 6(500 MHz, DMSO)
- Wi o oon I~
o) ® T =
= =
= o ﬂ o en
o nand
I e
OH
Br
| |
I
1
- - - - - T r . - r — - . - + - — ;
180 180 170 180 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

13C NMR spectra of 6(125 MHz, DMSO)

21



e
<

—13.16
7.94
7.92
7.52
7.51

(o]
n j OH
cl
1 ! [}
= o @
=) e &
et P ]

14.5 13.5 12.5 1.5 10.5 95 85 7.5 6.5 5.5 4.5 3.5

2.5

15

0.5

1 (ppm)
1H NMR spectra of 7(500 MHz, DMSO)
- oo
) AR
o g LEED
: A T O
OH
cl !
I
1
! I
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

i1 (ppm)

13C NMR spectra of 7(125 MHz, DMSO)

22



8.15
8.13
8.12
8.11
7.16
7.14
7.12

(o]
OH
F
1
1 |
= =
= =
P i
12.5 11.5 10.5 9.5 85 15 6.5 5.5 4.5 35 2.5 15 0.5
f1 (ppm)

1H NMR spectra of 8(500 MHz, CDCl;)

N Ll (]
& i a g
a4 -
== ==
< [

)
o
=
-]
s
|
Q
Q)kokt
=

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
11 (ppm)

13C NMR spectra of 8(125 MHz, CDCI3)

23



8.14
8.13
7.88
7.86

i
%

—13.49

OH

1.00—
2.08~
2.107

w Wi o= W W el
] SRS
] Wi el 28 W
] ¢ @A e
-  =m2=244
0 | N1
OH
F
E
E
1
220 200 180 160 140 120 100 80 60 20 20 C
£1 (ppm)

13C NMR spectra of 9(125 MHz, DMSO)

24



@ ® oS
% A s
— G0 90 S0 &0
1 N
(0]
OH
0
5
1
e
]
]
1 75
d o
S =2
— o ey
140 130 120 110 100 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
1 (ppm)

1H NMR spectra of 10(500 MHz, DMSO)

180 170

160 150 140 130 120 110 100

%0 8 70 60 50 40 30 20 10 0
f1 (ppm)

13C NMR spectra of 10(125 MHz, DMSO)

25



—8.83
431
422

OH

2.00-
6.02~
2.99-

12.5 11.5 10.5 9.5 8.5 7.5 6.5 5.5 4.5 35 2.5 1.5 0.5
1 (ppm)

1H NMR spectra of 11(500 MHz, CDCI3)

—176.29
—142.14
~137.89

13131

130.65
2286
2104

Fé

OH

00 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0
f1 (ppm)

13C NMR spectra of 11(125 MHz, CDCI3)

26



; [~ ol ] f=a)
=] SSRGS e
- P - o)
| = N |
o
0
He” OH
~en,
i .JL A AL
2 s < %
- (=] — w
1'3 12 11 1.U 9 8  d [ B 4 % 5
f1 (ppm)
1H NMR spectra of 12(500 MHz, DMSO)

" o = SN o0

-+ o o o o o

=9 ) [T, ]

O o o o o (Ta)

- - — - - "

I | N |

o
o
He OH
0
CH,
]
1
]
1
150 léU l;U léU 150 1:10 L%U 150 110 160 9.0 S.U T.U 6-0 C_TO 4.0 3.0 2.0 1.0

£1 (ppm)

13C NMR spectra of 12(125 MHz, DMSO)

27



P
#§°L1
95°L1
1§71
65°L1
65°LY
T19°L
19°L

-

E.tﬁ o
g9

+6°L
$6°L
96°L4
86°L
9081
8081
gsgl

OH

SOET—

-0z [
i

=001 [

=001l

11.0 10.0

12.0

14.0

1.0 0.0

2.0

3.0

6.0 5.0 4.0

7.0
f1 (ppm)

9.0

13.0

1H NMR spectra of 13(500 MHz, DMSO)

69'STI
€€°LT0
81°'8T1
65'8T1
69'8T1
S8'8TI
08°6T1
SO'1€1
L9TEl
9p'sEl

86'L9T—

OH
SO

170 160 150 140 130 120 110 100 20 80 70 60 S50 40 30 20 10

180

f1 (ppm)

13C NMR spectra of 13(125 MHz,DMSO)

28



—13.73

7.94
7.94
7.75
7.75
7.73
7.73
7.53
7.51

|

cl o
COH
Br
A - ‘A
| et Bl
1 13 12 1 10 a 8 ki 8 5 1 3
£1 (ppm)
1H NMR spectra of 14 (500 MHz, DMSO)
& nETLZR H
£ EE88E &
| —" |
Cl
OH
Br

180

160

140 120 100
£1 (ppm)

13C NMR spectra of 14(125 MHz, DMSO)

29

40

20



9LE—=

6L'9
189

6E°L
:l.W
IF'L

Y

08°6—

SPII—

OH

HO

=00t

=101

-7 |

=00'T

-00°T L

12.0 11.0 10.0

13.0

3.0 2.0 1.0

4.0

8.0 7.0 6.0
f1 (ppm)

9.0

1H NMR spectra of 15(500 MHz, DMSO)

£0°95—

6T €M~
€SS
01 TT~,
86°€TI—

Lirvl—
09 1IST—

ELL9I—

OH

HO

180 170 160 150 140 130 120 110 100 920 80 70 60 S0 40 30 20 10

]

f1 (ppm)

13C NMR spectra of 15(125 MHz, DMSO)

30



80
980

89

L8701
88°91
6891
6891
0691
76"
76"
L

L
9L
9L
9L
9L
8F°L
8L
¥LoL
SLL
9L°L
9L
LETI—

oL ET—

(o]

OH

OH

o
-
;
(=]
-
(o]
L
-
iyl
Y
=
£
Yoz k
o
T —
£00T ke
L o
@
L ©
v
™~
-
~76'0
L ~
-
&
-101
-+
Ll
wy
-
| ©
-

1H NMR spectra of 16(500 MHz, DMSO)

OF €T~
TOLTT~
69611

6L°0€T—
LT9ET—

89°191T—

8+ TLTI—

OH

OH

30 20 10

40

19 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

200

13C NMR spectra of 16(125 MHz, DMSO)

31



w99
999

09°L
vu.hk

oLl
L
98°L
88°L

68'TT—

OH

—-e01 [

JWT

~E0T

Mroz b

=001

13.0

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

12.0

14.0

1H NMR spectra of 17(500 MHz, DMSO)

69°TT0~_
TITTA,
SE6TI~
s1T0c1<

I8°8€1—
09 Trl—

€LLIT—

OH

1l

90

170 160 150 140 130 120 110 100 8 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR spectra of 17(125 MHz, DMSO)

32



8TT—

0F'9~,
e
LTL
6T'L

6+°L
1s .__.W
€8°L

LTTI—

—00°E

=0T L

=0T
—E0E |

=001

7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5
1 (ppm)

8.5

9.5

1H NMR spectra of 18(500 MHz, DMSO)

€5 1T—

o8Il —

1L8T
N
sozer/

2901 —
SYFEFlI—

0T8I —

OH

20 10

30

170 160 150 140 130 120 110 100 9 80 70
f1 (ppm)

180

13C NMR spectra of 18(125 MHz, DMSO)

33



SLiE—

69+
9g9/

T6'9

—d.uv
8L
wLT
mm.h*

09°L

8T TI—

OH

L

=00t

=001
=00°T L

0T L

00T

=001

10.0

11.0

13.0

3.0 2.0 1.0

4.0

7.0 6.0
f1 (ppm)

8.0

9.0

12.0

1H NMR spectra of 19(500 MHz, DMSO)

£8°55—

LEFIT~C
wrins

SELI~
9 0E1—

LTPPI—

9P 191 —

9¢'891—

OH

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

190

f1 (ppm)

13C NMR spectra of 19(125 MHz, DMSO)

34



NSO W
g g g
[ P S o S Y-
S RS
Q
OH
Br
1
1 A A A
A 4
= S
2 =
11.5 10.5 95 %0 85 80 75 7.0 65 60 55 S50 45 40 35 30 25 20 15 10 05 O
1 (ppm)
1H NMR spectra of 20(500 MHz, DMSO)
- L] - oo w -
= Vs e ]
 hod o TS TS
= g 2H838
| I Ré= T
(o]
OH

Br

190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR spectra of 20(125 MHz, DMSO)

35



059
s
WL
L

'L
98°L
89°L
0LL

e?il—

OH

) I I

cl

=001

ST

~u60f
VoGt

=001 |

13.0

14.0

11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
1 (ppm)

12.0

1H NMR spectra of 21(500 MHz, DMSO)

19°021—

SF6Tl

bv.cm—V
SLEEl-,
mﬂ.mm_.\.

FOrEFT—

SOLII—

OH

cl

170 160 150 140 130 120 10 100 9% 80 70 60 S0 40 30 20 10
f1 (ppm)

180

13C NMR spectra of 21(125 MHz, DMSO)

36



€0~
Lo/

8T°L
cm.hw
wl

€8°L
LS°L
0L’
L
L
PLL

SETT—

=901 |

~90°C

SEOT |

0T

=001

12.0

2.0 1.0

3.0

4.0

9.0 8.0 7.0 6.0
1 (ppm)

10.0

11.0

13.0

1H NMR spectra of 22(500 MHz, DMSO)

05911~
£9°611—

86°0¢1
el

ITerI—

PE9I—
FO89L—

170 160 150 140 130 120 110 100 9% 8 70 60 50 40 30 20 10
1 (ppm)

180

13C NMR spectra of 22(125 MHz, DMSO)

37



w0y
99°9

09°L
oL
69°L
IL°L

S8 .h*
LEBL

1921—

OH

—vor1 |

F90T b

~U0T

Vwoz

—o01 [

10.5

11.5

13.5

4.5 35 2.5 1.5 0.5

55

75

8.5

9.5

12.5

f1 (ppm)

1H NMR spectra of 23(500 MHz, DMSO)

89T
91'9T1
cﬂ.wﬂw
€€ 6TIF
1570¢1
6L 8E1I—
65 TF1I—

ELLIT—

OH

170 160 150 140 130 120 110 100 9 8 70 60 S0 40 30 20 10
1 (ppm)

180

13C NMR spectra of 23(125 MHz, DMSO)

38



LE'L
LE°L
8S°L
BE'L

65°L
09°L
09°L
WL
6L
6L
6L
96°L ﬁ
961+
oost
10'8/
99'g
19'8

ETET—

OH

=80T
—£07

—60'T

=00°T

6.5

fl (ppm)

8.5

1H NMR spectra of 24(500 MHz, DMSO)

SI'STI~
LI

FOrSEl—

988K~
96°6F1"

0L991—

OH

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

170

13C NMR spectra of 24(125 MHz, DMSO)

39



—11.32
64
64
64
33
33
32
56
56
S
S

A . A
1 1 I
g S 2 g
- & = —
12.5 11.5 10.5 9.5 8.5 7.5 6.5 5.5 4.5 35 2.5 1.5 0.5
1 (ppm)
1H NMR spectra of 25(500 MHz, CDCI3)
2 23 5 3
] s oen =] o)
€ ol § 2
| P B
o}
Qo
OH
I 1 1
1
1
ereiaihigimihithdatlriiaprirariinafulisa Bt
190 180 170 160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10

f1 (ppm)

13C NMR spectra of 25(125 MHz, CDCl;)

40



7.90
7.90
7.89
7.89
7.65
7.65
7.64
7.64
7.15
7.14
7.13
7.13

]
S
OH
1
11 1
28 =
- = -
125 11.5 10.5 9.5 85 7.5 6.5 55 4.5 35 2.5 1.5 0.5
11 (ppm)
1H NMR spectra of 26(500 MHz, CDCl;)
£ Zz2ac
g Rk
[ N
[0}
s
OH
I 1
,4: |
LT dd = it tndioget: = iy
190 180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectra of 26(125 MHz, CDCl;)

41




-
o £ g
— o (a1
| |
HaC 5 o
U_(
N
OH
" A
s 3 2
- S el
14 1.3 12 1 10 5 é 7 3] 5 4 é
£1 (ppm)
1H NMR spectra of 27(500 MHz, DMSO)
— - =3 =
W 3 . z
g d = g e
(SR 5 g B
[ [ I [
HBC\IrS 0
)<
OH
1
| i '
150 150 ]..:0 ].éO 1%0 1:10 ].30 1.20 1]..0 1[‘]0 9‘0 S.O T-U 6.0 5.0 4.0 2.0
£1 (ppm)

13C NMR spectra of 27(125 MHz, DMSO)

42



—11.83
57
55
54
52
51
S0
85
34
82

0]
1 |
< @
S s 3
- A
16 14 12 10 8 6 4 2 0
1 (ppm)

H,C

°=<\ —180.15

OH

'H NMR spectra of 28(500 MHz, CDCl5)

—17.88
—13.03

200

190

180

170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

13C NMR spectra of 28(125 MHz, CDCI3)

43



€11
P
SI'T
911
8114
61°T4
si1d
AL
1
€1
81
6€'1
o1
e
1
Wl
€1
ed!
!
wT
U7
£I'T
Pz
SI'T
SI'T

=p

09'11—

OH

H.C

JU

86T
-
g6t

~10'T

—00°'T

10

12

14

16

£1 (ppm)

1H NMR spectra of 29(500 MHz, CDCI3)

TEL—

96717
pSOT
TSEE~

LT 08—

OH

HaC

10

50 40

60

80

140 130 120 110 100 %0
£1 (ppm)

150

160

180 180

200

13C NMR spectra of 29(125 MHz, CDCI3)

44



1.00—
0.85~
0.94
0.87

12

=)
w©
@

1
o o
o
-
¥
5]

£1 (ppm

1H NMR spectra of 30(500 MHz, CDCI3)

—171.34
—132.70
—127.80

190

180 170 160 150 140 130 120 110 100 90 2 70 a0 50 20 30 20 10
£1 (ppm)

13C NMR spectra of 30(125 MHz, CDCI3)

45



i = E
= W o al
I ] 11
CHs O
Hye OH
J; A
N (AR
g 2 58
- - oo
12 1 10 9 8 7 6 5 H 3 2 1
£1 (ppm)
1H NMR spectra of 31(500 MHz, DMSO)
K 2 g a2
< b g -
— — — [ ] [x]
| | | ]
CH; O
HBCJ\)LOH
1
1
1
1
L
| | | | |
(=1 =2 ~ -] o0
2 @ ] R g
= 3 e o
].éU I;U lf..‘Cl 150 ].:IU I%U IEU U..U IEU QIU S.U T.U EIU 6.U '-llEl .“;El ZIU l‘U
£1 (ppm)

13C NMR spectra of 31(125 MHz, DMSO)

46



SS°¢-
(AR W
98°¢- M-

L8°E

or¥
I
[

wrl
w0 ._..W
€0°L

oL
oL

FRET—

OH

o

J

F80°E
~orE

g b

V109

=660 |

=001

=670

-2

W

7
f1 (ppm)

8

1 10

12

1H NMR spectra of 32(500 MHz, CDCI3)

SE'61—
bELT
10°8T:

€95
9T'EP~

OLI—

8FI—

95 PEl—

8F'S91—

FOFLI—

OH

i

L

Jl

180

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

190

f1 (ppm)

13C NMR spectra of 32(125 MHz, CDCI3)

47



ol
s ga@asan
- L I o T I
1 e
Q
OH
HiC

4
.

1.00
1.877
4 1907
2.61

£1 (ppm)

1H NMR spectra of 33(500 MHz, CDCI3)

—208.31

—176.96

—~37.26
28.97
27.32

I

220 200 180 160 140 120 100 80 60 10 20
f1 (ppm)

13C NMR spectra of 33(125 MHz, CDCI3)

48



2 [ [32 Bt
= Mg L
i + < < ~F -
| e et
o}
OH
cl
L
s & ©
< =] i
- (=] o
1.2 1.1 1.0 6 8 6 :3 4 5
f1 (ppm)
1H NMR spectra of 34(500 MHz, CDCI3)
o el
3 2 g
g8 el =
— i =]
& I I
(o}
OH
Cl
1
2l
150 léU l;U lf.SU l:SU 1:]0 150 150 l;U ll.]U Q.U B.U T.U 6.0 E.U 4.0 3.0 2.U 1.U
£1 (ppm)

13C NMR spectra of 34(125 MHz, CDCI3)

49



—12.20

| — et |
2 258233
1'3 1.2 11 llU 9 8 T E 5 4 3 2 'l
fl (ppm)
1H NMR spectra of 35(500 MHz, CDCI3)
g b N WD
> * A= o ]
| | NN

160 140 120 100 80 60 40 20
£1 (ppm)

13C NMR spectra of 35(125 MHz, CDCl;)

50



