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1. Preparation of key intermediate 8

Starting with oleanolic acid (OA, 6), the C-28 carboxyl group was protected with
benzyl (Bn) to create benzyl 3p-hydroxy-olean-28-oate (Scheme S1), which improved
the solubility of the substrates and facilitated product purification in subsequent
reactions. The t-butylmethylsilyl (TBS) was chosen to protect 3-OH group. This yielded
the 3-O-TBS derivative in high yield (81%) upon treatment with t-butyldimethylsilyl
trifluoromethanesulfonate (TBSOTY) and imidazole. We prepared the 12-oxo derivative
through m-CPBA oxidation of the olefin, followed by rearrangement of an epoxide
intermediate. The newly formed chiral center (C-13) was assigned as [ based on
stereochemistry described previously, which was supported by an NOESY experiment.
The C-12 carbonyl group was then reduced using NaBHjy in tetrahydrofuran (THF) in
the presence of trace water to produce the 12p- and 12a-hydroxyl derivatives in a ratio
of approximately 2:1. The 12B-hydroxy OA (8) was finally separated through
chromatography on silica gel (Pe/EtOAc: 20:1-10:1).

Scheme S1. Synthesis route for key intermediate 8. Reagents and conditions: (a) BnBr, Ko,COs,
tetrabutylammonium bromide (TBAB), THF, HO; (b) TBSOTT, imidazole, CH,Cly; (c) m-CPBA,
CH,Cly; (d) NaBH4, THF.

2. Preparation of y-glutamic acids bearing different size of protecting groups.
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Scheme S2. Preparation of the corresponding y-glutamic acids. Reagents and conditions:
(a) DIPEA, THF/H,0 4:1, 23°C for 8 h, yield: > 98% (for anhydride), or DIPEA, DCM, 23°C for 4
h, yield: >98% (for acyl chloride); (b) Pd/C, hydrogen (1 atm.), MeOH, 23°C for 6 h, yield:
55.7~97.1%; (c)DIC, 4-DMAP, DCM, 23°C for 8 h, yield: >98%.

As shown in Scheme S2, For a-carboxyl terminal protected by tert-butyl ester,
amino-terminal introduced different substituents of glutamic acid modification, the
following method was prepared as follows: to a solution of L-glutamic acid-5-benzyl
ester-1-tert-butyl ester hydrochloride (1 g, 3.0 mmol, 1.0 eq.) in 15 mL of THF/H>O
4:1 mixture, DIPEA 1.3 mL (9.0 mmol, 3.0 eq.) and acid anhydrides containing
different substituents (2.0 eq.) were slowly added. The reaction mixture was stirred at
room temperature for 12 hours (if it is acid chlorides substituted by different
substituents, the reaction solvent should be adjusted to dry DCM, and the reagent
equivalent should be the same as above). Then the mixture was diluted with water and
extracted with ethyl acetate. The organic layers were combined and dried over sodium
sulfate and concentrated in vacuum to obtain crude product using to the next step
without any purification. The obtained intermediates were dissolved in 15 mL of
methanol, with 10% of the mass of palladium carbon. The hydrogen gas at 1 atmosphere
was passed through, and the reaction mixture was stirred at room temperature. After 6
hours, the mixture was diluted with water and extracted with ethyl acetate. The organic
layers were combined and dried over sodium sulfate and concentrated in vacuum to
obtain crude products, and then directly subjected to flash chromatography on silica gel

using PE/EtOAc (2:1) to obtain intermediates quantitatively.



5-(tert-butoxy)-4-((methoxycarbonyl)amino)-L-glutamic acid (14a).

White solid 441 mg, overall yield: 55.7%. [a]5 = +14.4° (¢ 1.3, CHCl3). '"H NMR
(400 MHz, CDCls) d (ppm): 10.66 (br, IH, COOH), 5.40 (d, 1H, J= 6.8 Hz, NH), 4.26-
4.32 (m, 1H, 4-H), 3.68 (s, 3H, OCH3), 2.37-2.53 (m, 2H, 2-2H), 2.17-2.20 (m, 1H, 3-
Ha), 1.90-1.99 (m, 1H, 3-Hy), 1.47 (s, 9H, OBu'). '*C NMR (100 MHz, CDCls) & (ppm):
178.0, 171.1, 156.8, 82.7, 53.7, 52.4, 30.0, 28.0, 27.8. MS (ESI) m/z 284.2 (M+Na)".

5-(tert-butoxy)-4-((ethoxycarbonyl)amino)-L-glutamic acid (14b).

White solid 792 mg, overall yield: 94.8%. [a]5 = +11.4° (¢ 1.2, CHCl3). '"H NMR
(400 MHz, CDCls) d (ppm): 10.56 (br, IH, COOH), 5.34 (d, 1H, J=7.6 Hz, NH), 4.26-
4.32 (m, 1H, 4-H), 4.12 (q, 2H, J = 6.8 Hz, OCH2CH3), 2.37-2.53 (m, 2H, 2-2H), 2.15-
2.23 (m, 1H, 3-H,), 1.89-1.99 (m, 1H, 3-Hy), 1.47 (s, 9H, OBu"), 1.25 (t, 3H, J = 7.2
Hz, OCH,CH3). *C NMR (100 MHz, CDCls) & (ppm): 177.9, 171.1, 156.4, 82.6, 61.3,
53.5, 30.0, 28.0, 28.0, 14.5. MS (ESI) m/z 298.1 (M+Na)®.

5-(tert-butoxy)-4-((propoxycarbonyl)amino)-L-glutamic acid (14c).

White solid 758 mg, overall yield: 86.4%. [a]y =+10.8° (¢ 2.0, CHCl3). '"H NMR
(400 MHz, CDCls) d (ppm): 10.58 (br, IH, COOH), 5.34 (d, 1H, J=7.2 Hz, NH), 4.27-
4.32 (m, 1H, 4-H), 4.12 (t, 2H, J = 6.4 Hz, OCH,CH>CH3), 2.37-2.53 (m, 2H, 2-2H),
2.17-2.23 (m, 1H, 3-Ha), 1.89-1.99 (m, 1H, 3-Hy), 1.59-1.68 (m, 2H, OCH,CH,CH3),
1.47 (s, 9H, OBu'), 0.93 (t, 3H, J= 7.2 Hz, OCH>CH,CH3). '*C NMR (100 MHz, CDCl3)
o (ppm): 177.8, 171.1, 156.5, 82.6, 66.9, 53.5, 30.0, 28.0, 28.0, 22.3, 10.3. MS (ESI)
m/z 312.2 (M+Na)*.

5-(tert-butoxy)-4-((isopropoxycarbonyl)amino)-L-glutamic acid (14d).

White solid 836 mg, overall yield: 95.3%. [a]y = +9.0° (¢ 1.2, CHCIl3). '"H NMR
(400 MHz, CDCIl3) d (ppm): 9.80 (br, 1H, COOH), 5.26 (d, 1H, J= 7.6 Hz, NH), 4.86-
4.92 (m, 1H, OCHMe,), 4.27-4.30 (m, 1H, 4-H), 2.37-2.52 (m, 2H, 2-2H), 2.16-2.21
(m, 1H, 3-Ha), 1.89-1.98 (m, 1H, 3-Hy), 1.47 (s, 9H, OBu"), 1.23 (d, 6H, J = 6.0 Hz,
OCHMe»). *C NMR (100 MHz, CDCls) §(ppm): 177.9, 171.1, 156.0, 82.5, 68.7, 53.5,
30.0, 28.0, 28.0, 22.0. MS (ESI) m/z 312.3 (M+Na)".

5-(tert-butoxy)-4-((isobutoxycarbonyl)amino)-L-glutamic acid (14e).
White solid 828 mg, overall yield: 90.1%. [a]y = +8.9° (¢ 1.3, CHCl3). 'H NMR
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(400 MHz, CDCL3) d (ppm): 5.36 (br, 1H, NH), 4.26-4.31 (m, 1H, 4-H), 3.84 (d, 2H, J
= 6.4 Hz, OCH,CHMey), 2.37-2.52 (m, 2H, 2-2H), 2.15-2.23 (m, 1H, 3-H,), 1.85-1.96
(m, 2H, 3-Hy, OCH,CHMe), 1.47 (s, 9H, OBu'), 0.92 (d, 6H, J= 6.4 Hz, OCH,CHMe,).
13C NMR (100 MHz, CDCls) & (ppm): 177.7, 171.2, 156.5, 82.6, 71.4, 53.6, 30.0, 28.0,
28.0, 28.0, 19.0. MS (ESI) m/z 326.3 (M+Na)".

5-(tert-butoxy)-4-((sec-butoxycarbonyl)amino)-L-glutamic acid (14f).

White solid 972 mg, overall yield: 97.1%. [a]y = +7.8° (¢ 1.9, CHCl3). 'H NMR
(400 MHz, CDCls) d (ppm): 10.29 (br, IH, COOH), 5.26 (d, 1H, J= 7.6 Hz, NH), 4.70-
4.74 (m, 1H, 1’-H), 4.26-4.31 (m, 1H, 4-H), 2.37-2.52 (m, 2H, 2-2H), 2.15-2.20 (m,
1H, 3-Ha), 1.89-1.98 (m, 1H, 3-Hy), 1.50-1.63 (m, 2H, 2°-2H), 1.47 (s, 9H, OBu"), 1.20
(d, 3H, J = 6.0 Hz, 1’-CH3), 0.90 (t, 3H, J = 7.6 Hz, 3’-3H). '*C NMR (100 MHz,
CDCh) 6 (ppm): 177.7,171.1, 156.3, 82.5, 73.3, 53.5, 30.0, 29.0, 28.0, 28.0, 19.7, 9.6.
MS (ESI) m/z 326.3 (M+Na)*.

5-(tert-butoxy)-4-(((cyclopentyloxy)carbonyl))amino)-L-glutamic acid (14g).

White solid 811 mg, overall yield: 84.8%. [a]y = +7.7° (¢ 1.7, CHCl3). '"H NMR
(400 MHz, CDCIl3) d (ppm): 10.28 (br, 1H, COOH), 5.24 (d, 1H, J= 7.6 Hz, NH), 5.08
(br, 1H, cyclopentyl-H), 4.26-4.31 (m, 1H, 4-H), 2.36-2.52 (m, 2H, 2-2H), 2.15-2.21
(m, 1H, 3-Ha), 1.90-1.97 (m, 1H, 3-Hy), 1.80-1.85 (m, cyclopentyl-2H), 1.68-1.70 (m,
4H, cyclopentyl-4H), 1.53-1.60 (m, 2H, cyclopentyl-2H), 1.47 (s, 9H, OBu"). MS (ESI)
m/z 338.3 (M+Na)*. Known compound.

5-(tert-butoxy)-4-((phenoxycarbonyl)amino)-L-glutamic acid (14h).

White solid 803 mg, overall yield: 81.9%. [a]5 =+10.1° (¢ 2.2, CHCl3). 'H NMR
(400 MHz, CDCl3) d (ppm): 7.35 (dd, 2H, J = 7.6, 8.4 Hz, Ph-2H), 7.20 (dd, 1H, J =
7.6, 8.4 Hz, Ph-H), 7.12 (d, 2H, J = 7.6 Hz, Ph-2H), 5.78 (d, 1H, J = 8.0 Hz, NH), 4.36
(ddd, 1H, J=5.2, 8.0, 8.4 Hz, 4-H), 2.41-2.57 (m, 2H, 2-2H), 2.21-2.29 (m, 1H, 3-H,),
1.97-2.06 (m, 1H, 3-Hy), 1.49 (s, 9H, OBu'). *C NMR (100 MHz, CDCl3) & (ppm):
177.9, 170.8, 154.4, 150.8, 129.3, 125.5, 121.6, 83.0, 53.8, 29.9, 28.0, 27.7. MS (ESI)
m/z 346.2 (M+Na)".

For a-carboxyl terminal modified with esters of different substituents and amino
terminal protected by fert-butoxycarbonyl, the following method was prepared as

follows: to a solution of L-glutamic acid-y-benzyl (1 g, 4.2 mmol, 1.0 eq.) in 15 mL
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THF/H>0 4:1 mixture, DIPEA (1.3 mL, 9.0 mmol, 3.0 eq.) and (Boc)20 (2.0 eq.) were
added slowly, and the mixture was stirred at 23°C for 12 hours. Then the mixture was
diluted with water and extracted with ethyl acetate. The organic layers were combined
and dried over sodium sulfate and concentrated in vacuum to obtain crude product using
to the next step directly. The intermediate in DCM 15 mL was added alcohols with
different substituents (equivalent ratio 1:1). Then DIC (1.0 eq.) and 4-DMAP (0.2 eq).
were added slowly, and the mixture was stirred at room temperature for 12 hours. Then
the mixture was diluted with water and extracted with ethyl acetate. The organic layers
were combined and dried over sodium sulfate and concentrated in vacuum to obtain
crude products using to the next step without any purification. The corresponding g-
glutamic acids were prepared under the same catalytic hydrogenation conditions as
previously described, and were subsequently subjected to flash chromatography on
silica gel using PE/EtOAc (2:1) as the solvent.

4-((tert-butoxycarbonyl)amino)-5-methoxy-L-glutamic acid (18a).

White solid 325 mg, overall yield: 98.8%. [a]p =+13.9° (c 1.2, CHCl3). '"H NMR
(400 MHz, CDCIl3) d (ppm): 9.28 (br, 1H, COOH), 5.19 (d, 1H, J= 7.6 Hz, NH), 4.34-
4.40 (m, 1H, 4-H), 3.75 (s, 3H, OCH3), 2.39-2.53 (m, 2H, 2-2H), 2.17-2.22 (m, 1H, 3-
Ha), 1.92-1.97 (m, 1H, 3-Hy), 1.44 (s, 9H, Boc). MS (ESI) m/z 284.3 (M+Na)". Known

compound.

4-((tert-butoxycarbonyl)amino)-5-ethoxy-L-glutamic acid (18b).

White solid 314 mg, overall yield: 89.2%. [a]p =+12.0° (c 1.4, CHCl3). '"H NMR
(400 MHz, CDCl3) d (ppm): 9.42 (br, 1H, COOH), 5.21 (d, 1H, J=7.6 Hz, NH), 4.31-
4.36 (m, 1H, 4-H), 4.20 (q, 2H, J = 7.2 Hz, OCH,CH3), 2.39-2.53 (m, 2H, 2-2H), 2.16-
2.23 (m, 1H, 3-Ha), 1.90-2.01 (m, 1H, 3-Hy), 1.44 (s, 9H, Boc), 1.29 (t, 3H, J= 7.2 Hz,
OCH>CHj3). MS (ESI) m/z 298.2 (M+Na)". Known compound.

4-((tert-butoxycarbonyl)amino)-5-propoxy-L-glutamic acid (18c).

White solid 286 mg, overall yield: 85.6%. [a]p =+10.5° (c 1.2, CHCI3). '"H NMR
(400 MHz, CDCl3) d (ppm): 5.20 (d, 1H, J= 7.6 Hz, NH), 4.32-4.38 (m, 1H, 4-H), 4.10
(t, 3H, J = 6.4 Hz, OCH,CH2CH3), 2.39-2.54 (m, 2H, 2-2H), 2.16-2.23 (m, 1H, 3-H.),
1.92-1.99 (m, 1H, 3-Hp), 1.63-1.72 (m, 2H, OCH>CH2CH3), 1.44 (s, 9H, Boc), 1.29 (t,
3H, J=7.6 Hz, OCH,CH>CHj3). MS (ESI) m/z 312.3 (M+Na)". Known compound.



4-((tert-butoxycarbonyl)amino)-5-isopropoxy-L-glutamic acid (18d).

White solid 300 mg, overall yield: 75.4%. [a]s =+10.1° (c 1.2, CHCl3). '"H NMR
(400 MHz, CDCIl3) d (ppm): 5.20 (d, 1H, J= 7.6 Hz, NH), 5.00-5.10 (m, 1H, OCHMe,),
4.27-4.32 (m, 1H, 4-H), 2.38-2.53 (m, 2H, 2-2H), 2.15-2.20 (m, 1H, 3-H.), 1.89-1.98
(m, 1H, 3-Hy), 1.44 (s, 9H,Boc), 1.23 (d, 6H, J = 6.0 Hz, OCHMey). MS (ESI) m/z
312.2 (M+Na)". Known compound.

4-((tert-butoxycarbonyl)amino)-5-isobutoxy-L-glutamic acid (18e).

White solid 320 mg, overall yield: 81.0%. [a]y =+8.7° (¢ 1.8, CHCl3). 'H NMR
(400 MHz, CDCI3) d (ppm): 11.21 (s, 1H, COOH), 5.20 (d, 1H, J = 8.0 Hz, NH), 4.34-
4.39 (m, 1H, 4-H), 3.92 (d, 2H, J = 6.8 Hz, OCH2CHMez), 2.39-2.54 (m, 2H, 2-2H),
2.18-2.23 (m, 1H, 3-H.), 1.91-2.01 (m, 2H, 3-Hy, OCH>CHMe»), 1.44 (s, 9H, Boc),
0.94 (d, 6H, J = 6.8 Hz, OCH>CHMe;). 3C NMR (100 MHz, CDCls) & (ppm): 178.0,
172.3,155.5,80.2,71.6,52.8,30.1,28.3,27.8,27.7, 19.0. MS (ESI) m/z 326.3 (M+Na)".

4-((tert-butoxycarbonyl)amino)-5-(sec-butoxy)-L-glutamic acid (18f).

White solid 325 mg, overall yield: 62.4%. [a]5 = +8.2° (¢ 1.0, CHCI3). '"H NMR
(400 MHz, CDCls) d (ppm): 5.22 (d, 1H, J= 7.2 Hz, NH), 4.89 (ddq, 1H, J=3.2, 6.4,
13.2 Hz, 1’-H), 4.29-4.34 (m, 1H, 4-H), 2.37-2.53 (m, 2H, 2-2H), 2.15-2.22 (m, 1H, 3-
Ha), 1.89-1.98 (m, 1H, 3-Hy), 1.52-1.67 (m, 2H, 2°-2H), 1.44 (s, 9H, Boc), 1.23 (d, 3H,
J=5.6 Hz, 1’-CH3), 0.90 (t, 3H, J = 7.6 Hz, 3’-3H). *C NMR (100 MHz, CDCl3) &
(ppm): 177.9, 171.9, 155.6, 80.1, 74.0, 53.0, 30.1, 28.7, 28.3,27.9, 19.4, 9.7. MS (ESI)
m/z 326.3 (M+Na)".

4-((tert-butoxycarbonyl)amino)-5-cyclopentyloxy-L-glutamic acid (18g).

White solid 344 mg, overall yield: 69.6%. [a]5 =+7.8° (¢ 1.4, CHCI3). '"H NMR
(400 MHz, CDCl3) d (ppm): 11.04 (br, 1H, COOH), 5.17-5.23 (m, 2H, NH,
cyclopentyl-H), 4.26-4.31 (m, 1H, 4-H), 2.38-2.52 (m, 2H, 2-2H), 2.14-2.20 (m, 1H, 3-
Ha), 1.84-1.97 (m, 3H, 3-Hs, cyclopentyl-2H), 1.68-1.76 (m, 4H, cyclopentyl-4H),
1.59-1.62 (m, 2H, cyclopentyl-2H), 1.44 (s, 9H, Boc). MS (ESI) m/z 338.3 (M+Na)".

Known compound.

4-((tert-butoxycarbonyl)amino)-5-phenoxy-L-glutamic acid (18h).
White solid 155 mg, overall yield: 30.9%. [a]s =+10.4° (c 1.8, CHCl3). '"H NMR
(400 MHz, CDCI3) d (ppm): 7.38 (dd, 2H, J = 8.0, 8.4 Hz, Ph-2H), 7.23-7.26 (m, 1H,
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Ph-H), 7.10 (d, 2H, J = 8.0 Hz, Ph-2H), 5.22 (d, 1H, J = 8.0 Hz, NH), 4.58-4.61 (m,
1H, 4-H), 2.51-2.65 (m, 2H, 2-2H), 2.36-2.39 (m, 1H, 3-H.), 2.09-2.15 (m, 1H, 3-Hy),
1.47 (s, 9H, Boc). MS (ESI) m/z 346.3 (M+Na)*. Known compound.

3. Stability test of compound 10b

To preliminarily determine the stability of compound 10b in a biological
environment, an in vitro experimental verification method was employed. The trace
compound was dissolved in mouse plasma to simulate the biological environment.
Samples were taken at different time intervals at 37°C, and the content of the compound
was determined by HPLC C18 analytical column. The peak area of the absorption at
220 nm was utilized for content calculation.

The standard curve shown in Fig. S1 can be plotted using the peak area and the
mass of compound 10b in the corresponding volume of the solution. The relationship
is y = 23.253x+ 100.67 (R? = 0.9994), which meets linearity requirements and can be

used for subsequent operations.

10000 y = 23..253x+ 100.67
R?=0.9994
8000
§ 6000
< 4000
2000

0

T T T T 1
0 100 200 300 400 500

m (ug)

Fig. S1. The relationship curve between the absorption peak area and mass of compound 10b at 220
nm.

Subsequently, a mouse with a body weight of 20 g and blood volume of 1 mL was
calculated based on the subsequent in vivo experiment’s dosage (100 mg-Kg™).
Assuming 100% absorption, the converted plasma drug concentration is 2 mg-mL™.
Based on the calculation, 0.5 mg of 10b was added to 200 mL of mouse plasma to
prepare a mixed solution. The plasma was then processed after 1h, 6h, 12 h, 24 h, and
48 h, respectively. The compound content in the sample was compared to the initial
content with UV absorption and retention time (t = 6.5 min). As shown in Table S1, no
significant decrease in the content of 10b was observed between 0 to 48 hours,

indicating that compound 10b existed stably in mouse plasma.



Table S1. The contents of compound 10b extracted from mouse plasma in different time periods.

Theoretical mass of

Time (37°C) Peak area Mass of 10b (pg) Recovery rate
10b (ng)
Oh 710.1 26.2 38.5 68.0 %
lh 743.3 27.3 38.5 70.9 %
6h 781.0 29.2 38.5 75.8 %
12h 667.1 24.4 38.5 63.4 %
24 h 714.8 26.4 38.5 68.5 %
48 h 786.8 29.5 38.5 76.6 %

4. Compound 10b affects markers of liver injury and hepatic fibrosis in BDL rats

Table S2. Serum biochemical markers of BDL rats (n=8).

10b
Sham(n=8) BDL(n=8)
100mg-kg'(n=7)

Serum ALT (U-L™) 27.75+3.86 102.38+41.49% 84.83+18.11
Serum AST (U-L) 116+20.02 659.75+179.41% 435.5+98.62"
Serum ALP (U-L) 178.5+54.74 371.00+41.17% 391.33+52.42
Serum y-GT (U-L) / 39.63+22.93% 37.5+6.74
Serum CHO (mmol-L"

1.57+0.16 2.55+0.44" 2.08+0.43
Serum LDL (mmol-L"

1.57+0.16 1.08+0.22% 1.06+0.22
Serum HDL (mmol-L~ .

0.65+0.08 0.47+0.12% 0.29+0.06
Serum TG (mmol-L")  0.27+0.12 0.74+0.24" 0.67+0.19
Serum TBA (umol-L!)  8.53+2.65 228.45+31.99% 202.60+30.80
Serum TBiL (umol-L-

0.78+0.21 177.45+19.94% 180.00+26.16
Bile TBA(umol-L™") / 258.46+69.07 249.4+103.67
Bile TBiL (umol-L")  / 5.63+1.51 5.8+2.46
Urine TBA(umol-L)  -0.53£1.62 24.75+20.07% 15.38+5.76
Urine TBiL (umol-L")  2.93+4.72 6.65+4.09% 5.33+1.50




5. Compound 10b affects serum biochemical markers in HFD mice

Table S3. Serum biochemical markers of HFD mice (n=7)

10b
Ctrl (n=7) Model (n=7)
100mg-kg!'(n=7)
Serum ALT (U-L™) 32.63+30.61 258.33+43.36" 325.43+88.40

Serum AST (U-L)
Serum ALP (U-L)
Serum LDH (U-L1)
Serum CHO (mmol-L")
Serum LDL (mmol-L")
Serum HDL (mmol-L")
Serum TG (mmol-L)
Serum Glu (mmol-L)
Serum TBA (umol-L™)

Serum TBiL (umol-L™")

114.88+£32.21

59.00+8.30

474.00+188.43

2.79+0.32

0.14+0.02

1.89+0.32

1.24+0.25

8.72+0.94

1.34+0.57

1.48+1.21

326.83+43.41%
128.83+9.50"
1563.67+245.77%
2.13+0.42%
0.33+0.13%
1.03+0.20%
1.08+0.18
3.80+1.37%
25.72+4.10%

3.80+1.13%

401.86+91.05

189.71£29.41

1326.57+264.54

2.36+0.44

0.23+0.04

1.22+0.33

0.85+0.30

5.71+£1.25

23.46+12.81

3.81+£0.92

Values are presented as the mean = SD (n=7); ## p<<0.01, significantly different from the sham

group.

6. Binding model of 123-OA derivative interacting with FXR-LBD
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H10

Fig. S2. (A) Binding model of compound 10b (green) as ligand interacting with FXR-LBD. (B)
Binding model of compound 7 (pink) and 21 (orange) as ligands interacting with FXR-LBD.
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§ 50 74752264 Exact Mass: 745.51288
2 40
30
76850098
20
74852557
10 76950409
76648773
. 74450400 | | [749.52814 76354578 77030751 77756116
o L L e e
miz
m/z Theo. Mass |Delta (ppm)|RDB equiv. [Composition
746.51965 746.52016 -0.509 8.5[C43 H72 09N M+H
Fig. S95. HRMS of compound 9b
mh-8-15#885 RT:8.70 AV:1 NL: 1.04E9
T: FTMS +p ESI Ful ms [100.0000-1500.0000] o o
760.53491
1001 >L
] Ow
90
] XO NH OH
. (0]
80 3
707 HO
[ -
.
T 603 Chemical Formula: C44H;3NOqg
2 7 Exact Mass: 759.52853
o 507 76153809
2 7
2 w0
30
20 78251605
] 762.54065
107 783.51947
] 763.54340 784.52264
0— T 1 T T T T T T T Lk | T T T T T T T T T T T T T T T T ] T T T
755 760 765 770 775 780 785 790
miz
m/z Theo. Mass |Delta (ppm)|RDB equiv. |Composition
760.53491| 760.53581 -0.899 8.5|C44 H74 O9 N M+H

Fig. S96. HRMS of compound 10a
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YMY-346#883 RT: 8.68 AV: 1 NL:9.84E8
T: FTMS +p ESI Full ms [100.0000-1500.0000]

100 76053485
90
80
o 709
.
© -
2 60
FE
o 50: Chemical Formula: C44H73NOg
2 7 761:33802 Exact Mass: 759.52853
e 40%
304
20
] 76054050 78251599
107 78351935
] 76354358 F84.52246
GIIII]II|[Ill|||IIII|IIII|IIII|IIII||III||
750 755 760 765 770 775 780 785 790
miz
m'z Theo. Mass |Delta (ppm)|RDB equiv. |[Composition
760.53485| 760.53581 -0.959 8.5|C44 H74 O9 N M+H
Fig. S97. HRMS of compound 10b
mh8-19#891 RT:875 AV:1 NL:812E8
T: FTMS +p ESIFullms 100.0000-15000000]
100 : Boc.
o NH o
o S AL
(6] O
80 OH
70
8
G 60 HO
'!CJ ~
=
< 50 Chemical Formula: C44H73NOg
2 Exact Mass: 759.52853
< 40
o
30
20
76254065
10 78251611
764.54779 78452277
o 7 777.56018 |/ 79157678 79848926
745 750 755 760 765 770 775 780 785 790 795
miz
m/z Theo. Mass |Delta (ppm)|RDB equiv. [Composition
760.53491| 760.53581 -0.899 8.5|C44 H74 O9 N M+H

Fig. S98. HRMS of compound 10¢
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mh-8-16#887 RT: 8.72 AV: 1 NL: 660E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]

Relative abundance

100 76053522
9%
80
70
60
Chemical Formula: C44H73NOg
50 76153821 Exact Mass: 759.52853
40
30
20
762.54083 782.51624
10 78351978
E .76354413 76850012 777 56183 | [ 78452295
750 755 760 765 770 775 780 785
mz
m/z Theo. Mass [Delta (ppm)|RDB equiv. |Composition
760.53522| 760.53581 -0.589 8.5|C44 H74 09N M+H

mh-8-5 #883 RT: 8.68 AV:1 NL:8.70E8
T: FTMS +p ESIFull ms [100.0000-1500.0000]

Relative abundance

Fig. S99. HRMS of compound 10d

100§ 660 48260
90
BO—f
70§
%3 Chemical Formula: C3gHgsNO-
50 Exact Mass: 659.47610
] 66148578
405
30%
2o§
10% 662.48859
05 658 46741 66349127 674.49811
650 652 634 656 658 660 662 664 666 668 670 672 674 676 678 680
miz
m/z Theo. Mass |Delta (ppm)[RDB equiv. |Composition
660.48260| 660.48338 -0.78 7.5|C39 H66 O7 N M+H

Fig. S100. HRMS of compound 11a
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mh-8-1#901 RT: 883 AV:1 NL: 1.95E8
T: FTMS +p ESI Full ms [100.0000-1500.0000]

100 72645465
907
aoé
707
[ ]
Q ]
3 603
S ]
i 501 Chemical Formula: C4oHgsNOg
2 ] Exact Mass: 703.46593 72745776
=R
& 403
30? 70447247
203
] 70547577 72846039
109
oE 699.52368 7?%7906 71848865 72250726 732-5|03|66 74046960
rrorn,. ., r.,rnnnnnr,nnrr . r,rn,n.n.r,nA...nrnmrrm7Trprmm 0o U1
695 700 705 710 715 720 725 730 735 740
miz
m/z Theo. Mass |Delta (ppm)|RDB equiv. [Composition
726.45465| 726.45515 -0.504 8.5|C40 H65 O9 N Na M+Na
Fig. S101. HRMS of compound 11b
mh-884795 RT:7.91 AV:1 NL: 6.19E8
T: FTMS +p ESI Full ms [100.0000-1500.0000]
604.42133
100+
goé
soé
707
g ]
5 60]
2 Chemical Formula: C35Hs5,NO;
s ] Exact Mass: 603.41350
5 ] 605.42462
]
309
20]
0] 60642743
_ 62640283
o} 59333002 50937671 60743066 62043689 62740637 636.36548
50 595 600 05 610 615 620 625 630 635
miz
m/z Theo. Mass |Delta (ppm)[RDB equiv. |Composition
604.42133| 604.42078 0.55 7.5|C35H58 O7 N M+H

Fig. S102. HRMS of compound 11¢
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mh-8-27-2#851 RT: 850 AV:1 NL: 8.66E8
T: FTMS +p ESIFull ms [100.0000-1500.0000]

100 73250470
907
ao—f
0 70
g 7
© -
T 60
f‘; 50_5 Chemical Formula: C4,HggNOg
£ ] 733.50775 Exact Mass: 731.49723
& 40
307
207 75448578
] 734.51050
105 75548920
o 73048883 73931294 74652020 74953113 |756—'4'9194
1 T 1 T 7&0 T T T T 7&5 T T T T 7:10 T T T T 7:;5 T T T T Téo T T T 1 7%5 1 1 T 1 Téo
miz
m/z Theo. Mass |Delta (ppm)|RDB equiv. [Composition
73250470 732.50451 0.191 8.5|C42 H70 O9 N M+H
Fig. S103. HRMS of compound 19b
mh-8-27-3#859 RT:851 AV:1 NL: 1.04E9
T: FTMS +p ESI Full ms [100.0000-1500.0000]
76850146
100+
] >‘\ o) o)
= OWO
E O_ _NH
80 N \W OH
] o)
o 707
e ]
T 60 HO
3 4
< .
o 50l Chemical Formula: C43H7{NOg 76350476
> 50-
% 1 Exact Mass: 745.51288
- 404
30% 74651984
20%
] 74752301 770.50745
109
. 74852582
0: | 754 48499 766.0289 7711013 777.55969
745 750 755 760 765 770 775 780
miz
m/z Theo. Mass |Delta (ppm)|RDB equiv. |Composition
768.50146| 768.50210 -0.644 8.5|1C43 H71 O9 N Na M+Na

Fig. S104. HRMS of compound 19¢

62



mh-8-27-4 #863 RT: 856 AV:1 NL:4.33E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]

Relative abundance

Relative abundance

100+ 74651990
goé
807
70§
60 ) )
] Chemical Formula: C43H7¢NOg
50 747 52989 Exact Mass: 745.51288
407
30%
207
] 74852576
10
] 4932893 75053149
0|IIII|IIII]IIII|IIII]IIII|IIlI|IIIl|IIII]IIII|
744 745 746 747 748 749 750 751 752 753
miz
m/z Theo. Mass |Delta (ppm)|RDB equiv. |Composition
746.51990| 746.52016 -0.259 8.5[C43 H72 09N M+H
Fig. S105. HRMS of compound 19d
mh-8-27-5#865 RT: 863 AV:1 NL: 9.15E8
T: FTMS +p ES| Full ms [100.0000-1500.0000]
100+ 76053571 >[\ 0 1)
] OWO
e O _NH
: T OH
80 0]
70
] HO
60 7
] Chemical Formula: C44H73NOg
50 76153804 Exact Mass: 759.52853
40
30
20
. 76254156
10 78251678
] 783.52039
o] 76?—'54419 77455054 777.56232 [ 78452301
755 T T T T 7|60 T T T T 7&5 T T T 7|70 T T T T 7;5 T T T T 7é0 T T T T 7é5 T T T
miz
m'z Theo. Mass |Delta (ppm)|RDB equiv. |Composition
760.53571| 760.53581 -0.099 8.5|C44 H74 O9 N M+H

Fig. S106. HRMS of compound 19e
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mh-8-27-6#875 RT: 868 AV:1 NL:143E9
T: FTMS +p ESI Full ms [100.0000-1500.0000]

1004 760.53613
909
80
70—3
g ]
-‘.E 60 Chemical Formula: C44H73NOg
3] Exact Mass: 759.52853
2 5o 761.53949
.
< 407
e ]
307
20—5
] 762.54211
105
. 78251601
o] 758.51666 ‘76%34474 77455157 77756140 |, 78552679
750 755 760 765 770 775 780 785
miz
m/z Theo. Mass |Delta (ppm)|RDB equiv. |Composition
760.53613| 760.53581 0.321 8.5[C44 H74 O9 N M+H

Fig. S107. HRMS of compound 19f

mh-8-27-7 #875 RT: 8.68 AV:1 NL: 127E9
T: FTMS + p ESI Fullms [100.0000-1500.0000]

100- 77253552 j\ o o
A
3] O _NH
60 O/ b OH
: O
70
g 3 HO
S 60]
2 ] 77253688 Chemical Formula: C45H73NOg
e 507 ' Exact Mass: 771.52853
5]
© 407
30
20—:
] 77454138
' 79451648
05 77554413 78655194 79056683 | jrees2252
7%5 T T T T 7|70 T 1 T 1 7;5 1 T T T 7é0 L T T T Tés T 1 T T 750 1 T T 7é5 T T T T 860
miz
m/z Theo. Mass |Delta (ppm)|RDB equiv. [Composition
772.53552| 772.53581 -0.289 9.5|C45 H74 O9 N M+H

Fig. S108. HRMS of compound 19g
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mh-8-28-1#847 RT: 840 AV:1 NL: 140E9
T: FTMS +p ESIFull ms [100.0000-1500.0000]

100+ 74047064
goé
aoé
g 705
T ]
2 803 Chemical Formula: C44Hg7NOg
g 505 Exact Mass: 717.48158
5 74247656
€ 7
407
30%
E 718.48883
20
10] 72049512
o .14‘98212 75448419 76245178 774.55127
700 70 720 730 740 750 760 770 780
miz
m/z Theo. Mass |Delta (ppm)|RDB equiv. |Composition
740.47064| 740.47080 -0.164 8.5|1C41 H67 O9 N Na M+Na

Fig. S109. HRMS of compound 20a

mh-8-28-2#855 RT: 847 AV:1 NL: 1.35E9
T: FTMS +p ESI Full ms [100.0000-1500.0000]

100- 754 48578
90—5
ao—f
703
8 :
£ o]
2
2 50 Chemical Formula: C4yHggNOg
e ] Exact Mass: 731.49723 stz
& 40
< ]
30 73250433
20—5
1 734.51031
10
o 74046967 _ 74652435 TPBA9524 764 54547 77756299
720 725 730 735 740 75 750 755 760 765 0 775 780
miz
m'z Theo. Mass |Delta (ppm)|RDB equiv. |Composition
754.48578| 754.48645 -0.674 8.5|C42 H69 O9 N Na M+Na

Fig. S110. HRMS of compound 20b
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mh-8-28-3#867 RT: 859 AV:1 NL: 1.24EQ
T: FTMS + p ESI Full ms [100.0000-1500.0000]

100 768.50122
goé
80;
70
o 197
g 3
T 60
3 4
f‘: 50 Chemical Formula: C43H74NOg 769.50438
£ ] Exact Mass: 745.51288
& 0]
30
1 74651965
207
] 770.50720
] 747.52289
10
] 748.52570 771.50995
0_ |‘|'|r;-| T |7|54|.48|39’|5 L M i W Rk ik Rl o Wl R Md Rk A Rl b Wl b | |7|77|55|86|5| T |7|84|47:|,’88
740 745 750 755 760 765 770 775 780 785
miz
m'z Theo. Mass |Delta (ppm)|RDB equiv. |[Composition
768.50122| 768.50210 -0.884 8.5|C43 H71 O9 N Na M+Na
Fig. S111. HRMS of compound 20c¢
mh-8-28-4#869 RT:8.62 AV:1 NL:1.18E9
T: FTMS + p ESI Full ms [100.0000-1500.0000]
768.50116
100
1 @) @)
=S G
] O ; (@]
E O.__NH
003 X \[( OH
o 707 0
e ]
-‘gu 60 HO
2 7
v 50 Chemical Formula: C43H7{NOqg 769.50452
® 7 Exact Mass: 745.51288
© 407
307 746 51971
205
. 747.52295 77050714
109
] 74852582 771.50989
LR T S e .
740 745 750 755 760 765 770 775
miz
m'z Theo. Mass |Delta (ppm)|RDB equiv. [Composition
768.50116| 768.50210 -0.944 8.5|C43 H71 O9 N Na M+Na

Fig. S112. HRMS of compound 20d
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mh-8-28-5 #869 RT. 8.65 AV:1 NL: 6.26E8
T: FTMS +p ESIFull ms [100.0000-1500.0000]

: o} o}
100 760.53540 \( w
] 07 0
90+ N
] XOTNH OH
80 o)
9 707
g ] HO
Bl 4
5 60y
2 ] Chemical Formula: C44H73NOg
2 503 761.53851 Exact Mass: 759.52853
3 ]
207
] 78251666
20
] 762.54138 78352002
10
] 763.54462 78452319
G_IIII[IIII|II'II|IIII|IIII|IIII|II'III|I
750 755 760 765 770 775 780 785
miz
m'z Theo. Mass |Delta (ppm)|RDB equiv. |Composition
760.53540] 760.53581 -0.409 8.5|C44 H74 O9 N M+H

Fig. S113. HRMS of compound 20e

mh-8-28-6 #867 RT: 8.65 AV:1 NL: 8.08E8
T: FTMS +p ESIFullms [100.0000-1500.0000]

100_§ 76053589
go—f
80
y T
= ]
2 60
R 761 53905 Chemical Formula: C44H73NOg
£ e Exact Mass: 759.52853
2 407
30—3
20-5
] 76254175 78251703
104 78352063
05 75239044 783.54436 76452344
745 750 755 760 765 770 775 780 785
m/z
m/z Theo. Mass |Delta (ppm)|RDB equiv. |Composition
760.53589| 760.53581 0.081 8.5[C44 H74 O9N M+H

Fig. S114. HRMS of compound 20f
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mh-8-28-7#871 RT. 8.68 AV:1 NL:6.44E8
T: FTMS +p ESIFull ms [100.0000-1500.0000]

100 77253564

90

80

70
8
5 e
S Chemical Formula: C45H73NOg
T 50 7353876 Exact Mass: 771.52853
2
< 40
o

30

79451678
20
774.54138
795.52020
10
. 77554468 78251703 79;;52319
7%5 T T T T 7|70 T T T T 7]75 T T T 7&0 T T T T 7é5 T T T T 750 T T 7é5 T T T T 860
miz
m/z Theo. Mass |Delta (ppm)|RDB equiv. |[Composition
772.53564| 772.53581 -0.169 9.5|C45 H74 O9 N M+H

Fig. S115. HRMS of compound 20g
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