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A. Bader charge analysis

DFT calculations were performed with the PWsct code from the Quantum ESPRESSO
distribution using the generalized gradient approximation (GGA) of Perdew--Burke--Ernzerhof
(PBE). Bader charge analysis was performed by generating charge densities with single point
self-consistent-field calculations of US-PP optimized structures using the PAW (projector-
augmented-wave) potentials and 1000 Ry kinetic energy cutoff for charge density and then
computing the Bader charges using the bader program.

The results of the Bader charge analysis are summarized in Table S1. Bader charges for the
carbon and oxygen atoms of the carbonyl group were calculated and the analysis confirmed that
the positive charge on the carbonyl carbon atom decreases by changing the substituents on the
para-position of the phenyl ring in the following order: NO, > H > OMe > OH. In the case of
p-OH-benzoic acid the carbon atom is not as positively charged as in the case of benzoic acid.
It should however be noted that the results refer to gas-phase calculations and the presence of
solvent could influence these results.
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Figure S1. Schematic depiction of the meaning of labels used Table S1. The go label designated the
charge of oxygen of the carbonyl group, while the ¢c label designates the charge of the carbon of the
carbonyl group, of the various investigated carboxylic acids.

Table S1. Calculated Bader charges for the carbon (qc) and oxygen (qo) atoms of the carbonyl group in
units of elementary charge (schematically depicted in Fig. S1), for investigated substituted benzoic
acids.

Species qc [e] qo |e]
p-NOz-benzoic acid 2.70 -1.84
benzoic acid 2.66 -1.85
p-OMe-benzoic acid 2.64 -1.87
p-OH-benzoic acid 2.60 -1.85




B. Optimization of reaction conditions for esterification of steroidyl esters

Table S2. Catalyst, catalyst loading, temperature and time optimization for esterification of cholic acid
b

with methanol.®

OMe

catalyst
MeOH ———

T, t

HO
cholic acid cholic acid methyl ester
Loading Temperature Time Conv.
Entry Catalyst
[mol%] [°C] [h] [%6]°

1 NCS 7 70 1 17
2 NBS 7 70 1 91
3 NIS 7 70 1 39
4 I 7 70 1 71
5 DBDMH 7 70 1 92
6 DBDMH 10 70 1 92
7 DBDMH 5 70 1 85
8 DBDMH 35 70 1 82
9 DBDMH 7 80 1 92
10 DBDMH 7 60 1 90
11 DBDMH 7 50 1 82
12 DBDMH 7 70 2 93
13 DBDMH 7 70 3 94
14 DBDMH 7 70 4 94
15 DBDMH 7 70 5 100

2 Reaction conditions: cholic acid (0.25 mmol), MeOH (0.5 mL), NXS, DBDMH, I,, T, t.
b Conversions were determined by '"H NMR analysis of the crude reaction mixtures.

C. Experimental data
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Methyl benzoate (1a)[1]

Reaction conditions: According to the general procedure;
benzoic acid (1 mmol, 122.1 mg), MeOH (0.5 mL), DBMDH
(0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 129 mg, 95%; colourless oil;

"H NMR (300 MHz, CDCl3) § 8.07 - 8.01 (m, 2H), 7.59 — 7.51
(m, 1H), 7.43 (ddt, J = 8.2, 6.8, 1.1 Hz, 2H), 3.91 (s, 3H); 3C
NMR (76 MHz, CDCI3) § 167.2, 133.0, 130.3, 129.7, 128.4,
52.2; HRMS (ESI) for CsHgOz: calculated m/z = 137.0603
(MH"); found m/z = 137.0606 (MH™).
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Methyl octanoate (2a)[2]

Reaction conditions: According to the general procedure;
octanoic acid (1 mmol, 158.5 uL), MeOH (0.5 mL), DBDMH
(0.070 mmol, 20.0 mg), 70 °C, 2 h.

Purification: Not necessary.

Yield: 153 mg, 97% yield; colourless oil;

'"H NMR (300 MHz, CDCl3) 8 3.67 (s, 3H), 2.30 (t,J = 7.5 Hz,
2H), 1.69 — 1.56 (m, 2H), 1.35 — 1.25 (m, 8H), 0.88 (t, /= 6.9
Hz, 3H); *C NMR (76 MHz, CDCl3) 6 174.5, 51.5, 34.2, 31.8,
29.2, 29.0, 25.1, 22.7, 14.2; HRMS (ESI) for CoHi30::
calculated m/z = 159.1385 (MH"); found m/z = 159.1389
(MH").

Methyl 4-nitrobenzoate (3a)[1]

Reaction conditions: According to the general procedure; 4-
nitrobenzoic acid (I mmol, 167.1 mg), MeOH (1.5 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 176 mg, 97% yield; white solid;

'H NMR (300 MHz, CDCls) & 8.34 — 8.19 (m, 4H), 3.99 (s,
3H); BC NMR (76 MHz, CDCl3) 8 165.2, 150.6, 135.6, 130.8,
123.6, 52.9. HRMS (ESI) for CsH7NOs4: calculated m/z =
182.0453 (MH"); found m/z = 182.0457 (MH").

Methyl 4-fluorobenzoate (4a)[3]

Reaction conditions: According to the general procedure; 4-
fluorobenzoic acid (1 mmol, 140.1 mg), MeOH (2 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 131 mg, 85% yield; colourless oil;

'"H NMR (300 MHz, CDCl3) 6 8.02 (ddd, J=10.1, 5.2, 2.5 Hz,
2H), 7.13 — 7.03 (m, 2H), 3.89 (s, 3H); *C NMR (76 MHz,
CDCI3) 6 166.2, 165.8 (d, J =253.5 Hz) 132.2 (d, ] = 9.4 Hz),
126.5 (d, J = 3.0 Hz), 115.6 (d, J = 22.0 Hz), 52.2; YF NMR
(285 MHz, CDCI3) 6 -106.34 (tt, J = 8.5, 5.4 Hz); HRMS (ESI)
for CsH7FO;: calculated m/z = 155.0508 (MH™); found m/z =
155.0505 (MH").

Methyl 4-methylbenzoate (5a)[3]

Reaction conditions: According to the general procedure; 4-
methylbenzoic acid (1 mmol, 136.1 mg), MeOH (2 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 135 mg, 90% yield; colourless oil;

'H NMR (300 MHz, CDCl3) & 7.97 — 7.86 (m, 2H), 7.22 (d, J
= 8.2 Hz, 2H), 3.88 (s, 3H), 2.39 (s, 3H); 13C NMR (76 MHz,
CDCl3) 6 167.2, 143.6, 129.6, 129.1, 127.5, 52.0, 21.7; HRMS
(ESI) for CoH100z: calculated m/z = 151.0759 (MH"); found
m/z =151.0755 (MH").
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Methyl 4-methoxybenzoate (6a)*

Reaction conditions: According to the general procedure; 4-
methoxybenzoic acid (1 mmol, 152.2 mg), MeOH (2 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 116 mg, 70% yield; colourless oil;

"H NMR (300 MHz, CDCl3) § 8.08 — 7.89 (m, 2H), 7.00 — 6.83
(m, 2H), 3.86 (s, 3H), 3.82 (s, 3H); *C NMR (76 MHz, CDCl3)
0 166.8, 163.3, 131.5, 122.6, 113.6, 55.3, 51.8; HRMS (ESI)
for CoH1003: calculated m/z = 167.0708 (MH"); found m/z =
167.0712 (MH").

Methyl 3-nitrobenzoate (7a)[4]

Reaction conditions: According to the general procedure; 3-
nitrobenzoic acid (I mmol, 167.1 mg), MeOH (2 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 141 mg, 78% yield; yellow solid;

'H NMR (300 MHz, CDCl3) 6 8.94 —8.75 (m, 1H), 8.50 — 8.30
(m, 2H), 7.68 (t, J = 8.0 Hz, 1H), 4.00 (s, 3H); 13C NMR (76
MHz, CDCl;3) ¢ 165.0, 148.3, 135.3, 131.9, 129.7, 127.4,
124.6, 52.8; HRMS (ESI) for CsH7NO4: calculated m/z =
182.0453 (MH"); found m/z = 182.0457 (MH").

Methyl 3-fluorobenzoate (8a)[5]

Reaction conditions: According to the general procedure; 3-
fluorobenzoic acid (1 mmol, 140.1 mg), MeOH (0.5 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 128 mg, 83% yield; colourless oil;

'"H NMR (300 MHz, CDCl3) § 7.83 (dt, J = 7.7, 1.2 Hz, 1H),
7.71 (ddd, J = 9.4, 2.6, 1.5 Hz, 1H), 7.41 (td, J = 8.0, 5.6 Hz,
1H), 7.25 (tdd, J=8.3,2.5, 1.0 Hz, 1H), 3.92 (s, 3H); *C NMR
(76 MHz, CDCl3) 6 166.0 , 162.6 (d, J = 246.6 Hz), 132.4 (d, J
= 7.6 Hz), 130.1 (d, J = 7.6 Hz), 125.4 (d, J = 2.9 Hz), 120.1
(d, J =21.4 Hz), 116.6 (d, ] = 23.0 Hz), 52.4; '’F NMR (285
MHz, CDCl3) 6 -112.92 (ddd, J = 9.4, 8.4, 5.6 Hz); HRMS
(ESI) for CsH7FOz: calculated m/z = 155.0508 (MH"); found
m/z =155.0511 (MH").

Methyl 3-methylbenzoate (9a)[3]

Reaction conditions: According to the general procedure; 3-
methylbenzoic acid (1 mmol, 136.1 mg), MeOH (2 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 147 mg, 98% yield; colourless oil;

'"HNMR (300 MHz, CDCl3) & 7.88 — 7.81 (m, 1H), 7.39 — 7.28
(m, 1H), 3.91 (s, 2H), 2.40 (s, 3H). 3C NMR (76 MHz, CDCl3)
6 167.3, 138.2, 133.7, 130.2, 130.2, 128.3, 126.8, 52.1, 21.3;
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HRMS (ESI) for CoH10Oz: calculated m/z = 151.0759 (MH");
found m/z = 151.0762 (MH").

Methyl 3-methoxybenzoate (10a)[6]

Reaction conditions: According to the general procedure; 3-
methoxybenzoic acid (1 mmol, 152.1 mg), MeOH (2 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 130 mg, 78% yield; yellow oil;

'TH NMR (300 MHz, CDCls) § 7.66 — 7.53 (m, 2H), 7.33 (t, J
=7.9Hz, 1H), 7.09 (ddd, /=8.2, 2.6, 0.9 Hz, 1H), 3.91 (s, 3H),
3.84 (s, 3H); ¥C NMR (76 MHz, CDCIl3) & 167.0, 159.6,
131.5,129.4,122.0, 119.5, 114.0, 55.4, 52.2; HRMS (ESI) for
CoH1003: calculated m/z = 167.0708 (MH"); found m/z =
167.0717 (MH").

Methyl 2-nitrobenzoate (11a)[7]

Reaction conditions: According to the general procedure; 2-
nitrobenzoic acid (I mmol, 167.1 mg), MeOH (0.5 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 45 mg, 25% yield; white solid;

'H NMR (300 MHz, CDCl3) 8 7.91 (dd, J= 7.4, 1.9 Hz, 1H),
7.78 —7.59 (m, 3H), 3.93 (s, 3H); 1*C NMR (76 MHz, CDCls)
d o 166.0, 148.3, 133.0, 131.9, 129.9, 127.6, 124.0, 53.3;
HRMS (ESI) for CsH7NOj4: calculated m/z = 182.0453 (MH");
found m/z = 182.0456 (MH").

Methyl 2-fluorobenzoate (12a)[7]

Reaction conditions: According to the general procedure; 2-
fluorobenzoic acid (1 mmol, 140.1 mg), MeOH (0.5 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 131 mg, 85% yield; colourless oil;

'"H NMR (300 MHz, CDCl3) 6 7.93 (td, J = 7.6, 1.9 Hz, 1H),
7.57 —7.45 (m, 1H), 7.20 (td, J = 7.6, 1.1 Hz, 1H), 7.13 (ddd,
J=10.9, 8.3, 1.1 Hz, 1H), 3.93 (s, 3H); *C NMR (76 MHz,
CDCl3) 6 164.96 (d, J = 2.9 Hz), 162.00 (d, J = 259.7 Hz),
134.55 (d, J=9.0 Hz), 132.20, 124.02 (d, J = 3.5 Hz), 118.72
(d,J=10.1Hz), 117.03 (d, J=22.5 Hz), 52.36; ’"F NMR (285
MHz, CDCl3) 6 -109.58 (ddd, J = 10.9, 7.3, 4.9 Hz); HRMS
(ESI) for CsH7FO;: calculated m/z = 155.0508 (MH"); found
m/z =155.0505 (MH").

Methyl 2-methylbenzoate (13a)[7]

Reaction conditions: According to the general procedure; 2-
methylbenzoic acid (1 mmol, 136.1 mg), MeOH (0.5 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 117 mg, 78% yield; colourless oil;
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'TH NMR (300 MHz, CDCl3) 6 7.90 (dd, J = 8.1, 1.5 Hz, 1H),
7.37(td,J=17.5,1.5Hz, 1H), 7.28 — 7.14 (m, 2H), 3.87 (s, 3H),
2.59 (s, 3H); 13C NMR (76 MHz, CDCl3) & 168.1, 140.2,
132.0, 131.7, 130.6, 129.6, 125.7, 51.8, 21.8; HRMS (ESI) for
CoH1002: calculated m/z = 151.0759 (MH"); found m/z =
151.0757 (MH").

Methyl 2-iodobenzoate (15a)[8]

Reaction conditions: According to the general procedure; 2-
iodobenzoic acid (I mmol, 248.0 mg), MeOH (0.5 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 152 mg, 58% yield; colourless oil;

'H NMR (300 MHz, CDCl3)  7.95 (dd, J =7.9, 1.1 Hz, 1H),
7.76 (dd, J = 7.8, 1.7 Hz, 1H), 7.36 (td, J = 7.6, 1.1 Hz, 1H),
7.11 (td, J=7.7, 1.7 Hz, 1H), 3.90 (s, 3H); 13C NMR (76 MHz,
CDCl3) 8 166.9, 141.3, 135.1, 132.7, 130.9, 127.9, 94.1, 52.5;
HRMS (ESI) for CgH710: calculated m/z = 262.9569 (MH");
found m/z = 262.9563 (MH").

Methyl 3,4-dimethoxybenzoate (18a)[9]

Reaction conditions: According to the general procedure; 3,4-
dimethoxybenzoic acid (I mmol, 182.2 mg), MeOH (2 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 40 h.

Purification: Not necessary.

Yield: 126 mg, 64% yield; white solid;

'TH NMR (300 MHz, CDCl3) 6 7.67 (dd, J = 8.4, 2.0 Hz, 1H),
7.54 (d, J=2.0 Hz, 1H), 6.88 (d, J= 8.4 Hz, 1H), 3.93 (s, 6H),
3.89 (s, 3H); BC NMR (76 MHz, CDCls) & 166.8, 152.9,
148.6, 123.5, 122.6, 111.9, 110.2, 55.9, 55.9, 51.9; HRMS
(ESI) for CioH1204: calculated m/z = 197.0814 (MH™); found
m/z =197.0809 (MH").

Methyl myristate (20a)>

Reaction conditions: According to the general procedure;
myristic acid (1 mmol, 228.4 mg), MeOH (0.5 mL), DBDMH
(0.070 mmol, 20.0 mg), 70 °C, 2 h.

Purification: Not necessary.

Yield: 238 mg, 98% yield; colourless oil;

'"H NMR (300 MHz, CDCl3) 8 3.66 (s, 3H), 2.30 (t, /= 7.5 Hz,
2H), 1.74 — 1.52 (m, 2H), 1.26 (s, 20H), 0.88 (t, J = 6.7 Hz,
3H); 3C NMR (76 MHz, CDCl3) & 174.5, 51.5, 34.2, 32.1,
29.8, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 25.1, 22.8, 14.2, 11.2;
HRMS (ESI) for Ci15H3002: calculated m/z = 243.2324 (MH");
found m/z = 243.2318 (MH").

Methyl stearate (21a)[10]

Reaction conditions: According to the general procedure;
stearic acid (1 mmol, 284.5 mg), MeOH (0.5 mL), DBDMH
(0.070 mmol, 20.0 mg), 70 °C, 2 h.
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Purification: Not necessary.

Yield: 296 mg, 99% yield; white solid;

"H NMR (300 MHz, CDCl3)  3.67 (s, 3H), 2.30 (t, J = 7.5 Hz,
2H), 1.69 — 1.55 (m, 2H), 1.37 — 1.20 (m, 28H), 0.88 (t, J = 7.0
Hz, 3H); 3C NMR (76 MHz, CDCl3) § 174.5, 51.6, 34.3, 32.1,
29.8, 29.8, 29.8, 29.8, 29.8, 29.8, 29.8, 29.7, 29.6, 29.5, 29.4,
29.3, 25.1, 22.8, 14.3; HRMS (ESI) for C19H3302: calculated
m/z =299.2950 (MH"); found m/z = 299.2957 (MH").

Methyl oleate (22a)[10]:

Reaction conditions: According to the general procedure;
oleic acid (1 mmol, 315.6 pL), MeOH (2 mL), DBDMH (0.070
mmol, 20.0 mg), 70 °C, 5 h.

Purification: Not necessary.

Yield: 291 mg, 98% yield; colourless oil;

'TH NMR (300 MHz, CDCl3) 6 5.34 (ddd, J = 5.6, 3.5, 2.1 Hz,
2H), 3.66 (s, 3H), 2.30 (t, J = 7.5 Hz, 2H), 2.10 — 1.91 (m, 4H),
1.71 — 1.54 (m, 2H), 1.42 — 1.17 (m, 18H), 0.88 (t, ] = 6.7 Hz,
3H); 3C NMR (76 MHz, CDCl3) § 174.4, 130.1, 129.9, 51.5,
34.2, 32.0, 29.9, 29.8, 29.7, 29.5, 29.4, 29.3, 29.3, 29.2, 27.3,
27.3, 25.1, 22.8, 14.2; HRMS (ESI) for C19H360>: calculated
m/z =297.2794 (MH"); found m/z =297.2798 (MH").

Methyl 4-(4-chlorophenyl)-4-oxobutanoate (23a)[11]
Reaction conditions: According to the general procedure; 3-
(4-chlorobenzoyl)propionic acid (1 mmol, 212.6 mg), MeOH
(0.5 mL), DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.
Purification: Not necessary.

Yield: 224 mg of white solid (99%);

'TH NMR (300 MHz, CDCl3) 6 7.90 — 7.81 (m, 2H), 7.41 — 7.33
(m, 2H), 3.64 (s, 3H), 3.22 (t, J = 6.6 Hz, 2H), 2.70 (t, J = 6.6
Hz, 2H); 3C NMR (76 MHz, CDCls) & 196.8, 173.2, 139.6,
134.8, 129.4, 128.9, 51.8, 33.3, 27.9; HRMS (ESI) for
Ci2H802: calculated m/z = 249.0294 (MNa"); found m/z =
249.0297 (MNa").

(S)-Methyl 2-acetamido-3-phenylpropanoate (24a)[12]
Reaction conditions: According to the general procedure; N-
acetyl-L-phenylalanine (1 mmol, 207.2 mg), MeOH (0.5 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 210 mg of white solid (95%);

THNMR (300 MHz, CDCl3) 6 7.33 —7.18 (m, 3H), 7.18 — 7.05
(m, 2H), 6.38 (d, J=7.5 Hz, 1H), 4.95 — 4.77 (m, 1H), 3.69 (s,
3H), 3.21 — 2.93 (m, 2H), 1.95 (s, 3H); 3C NMR (76 MHz,
CDClh) 6 172.2, 169.8, 136.0, 129.2, 128.5, 127.0, 53.2, 52.2,
37.8, 22.9; HRMS (ESI) for C12H1sNOs: calculated m/z =
222.1130 (MH"); found m/z = 222.1135 (MH").
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Methyl 2-(1H-indol-3-yl)acetate (25a)[13]

Reaction conditions: According to the general procedure;
Heteroauxin (1 mmol, 175.2 mg), MeOH (0.5 mL), DBDMH
(0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: Yield: 183 mg of brown oil (97%);

'H NMR (300 MHz, CDCl3) 6 8.16 (s, 1H), 7.56 (dd, J = 6.7,
1.6 Hz, 2H), 7.24 — 6.98 (m, 3H), 6.84 (d, /J=2.4 Hz, 1H), 3.72
(s, 2H), 3.63 (s, 3H); 13C NMR (76 MHz, CDCls3) & 173.0,
136.1, 127.1, 123.4, 122.0, 119.5, 118.6, 111.4, 107.8, 52.0,
31.1; HRMS (ESI) for Ci1H11NOz2: calculated m/z = 190.0868
(MH"); found m/z = 190.0865 (MH™).

Methyl 2-cyanoacetate (26a)[14]

Reaction conditions: According to the general procedure;
Cyanoacetic acid (1 mmol, 85.1 mg), MeOH (0.5 mL),
DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: Yield: 96 mg of colourless oil (97%);

'TH NMR (300 MHz, CDCl3)  3.76 (s, 3H), 3.46 (s, 2H); 13C
NMR (76 MHz, CDCl3) 8 163.6, 113.2, 53.5, 24.4; HRMS
(ESI) for C4HsNOz: calculated m/z = 100.0399 (MH"); found
m/z =100.0398 (MH").

Adamantane-1-carboxylic acid methyl ester (27a)[5]
Reaction conditions: According to the general procedure; 1-
adamantanecarboxylic acid (1 mmol, 180.2 mg), MeOH (0.5
mL), DBDMH (0.070 mmol, 20.0 mg), 70 °C, 20 h.
Purification: Not necessary.

Yield: 188 mg, 97% yield; white solid;

'H NMR (300 MHz, CDCl3) & 3.60 (s, 3H), 2.01 — 1.92 (m,
3H), 1.88 — 1.80 (m, 6H), 1.74 — 1.59 (m, 3H); *C NMR (76
MHz, CDCl3) 6 178.08, 51.44, 40.64, 38.81, 36.46, 27.91;
HRMS (ESI) for Ci2H;302: calculated m/z = 195.1385 (MH");
found m/z = 195.1382 (MH").

Dimethyl oxalate (28a)[15]

Reaction conditions: According to the general procedure;
oxalic acid (1 mmol, 90.0 mg), MeOH (2 mL), DBDMH (0.070
mmol, 20.0 mg), 70 °C, 15 h.

Purification: Not necessary.

Yield: 112 mg, 95% yield; white solid;

'"H NMR (300 MHz, CDCl3) & 3.92 (s, 6H); 3C NMR (76
MHz, CDCl3) 6 157.8, 53.5; HRMS (ESI) for C4H¢O4:
calculated m/z = 119.0344 (MH"); found m/z = 119.0342
(MH").

Trimethyl citrate (292a)[16]



Molecular Weight: 422,60

Reaction conditions: According to the general procedure;
malonic acid (1 mmol, 210.1 mg), MeOH (2 mL), DBDMH
(0.070 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 220 mg, 94% yield; white solid;

'"H NMR (300 MHz, CDCl3) 8 4.10 (s, 1H), 3.81 (s, 3H), 3.67
(s, 6H), 2.89 (d, ] = 15.6 Hz, 2H), 2.79 (d, J = 15.6 Hz, 2H);
13C NMR (76 MHz, CDCl3) & 173.8, 170.2, 73.3, 53.2, 52.0,
43.1; HRMS (ESI) for CoH1407: calculated m/z = 235.0818
(MH"); found m/z = 235.0815 (MH™).

Cholic acid methyl ester (30a)[17]

The mixture of cholic acid (0.25 mmol, 102.1 mg), MeOH (2
mL) and DBDMH (0.018 mmol, 5.1 mg) was stirred in a 25
mL reactor tube at 70 °C for 5 h. After the completion of the
reaction, the mixture was cooled to room temperature and
MeOH was evaporated under the reduced pressure. The residue
was dissolved in ethyl acetate and washed with the mixture of
1 mL of saturated Na>S>03(aq), | mL of saturated NaHCO3(aq)
and 10 mL of distilled water. The water phase was extracted
with ethyl acetate (3 x 10 mL). The organic layers were
combined, dried with Na;SO4 and the solvent was evaporated
under the reduced pressure.

Purification: Not necessary.

Yield: 104 mg, 98% yield; white solid;

"H NMR (300 MHz, CDCl3) 8 3.95 (s, 1H), 3.83 (s, 1H), 3.66
(s,3H), 3.55(s, 3H), 3.49-3.32 (m, 1H), 2.48 — 1.07 (m, 24H),
0.98 (d, J = 5.8 Hz, 3H), 0.88 (s, 3H), 0.67 (s, 3H). 3C NMR
(76 MHz, CDCls) & 174.7, 72.9, 71.7, 68.3, 51.3, 46.8, 46.2,
41.4, 41.4, 39.3, 39.3, 35.2, 35.2 34.6, 34.6, 31.0, 30.8, 30.2,
28.0, 27.4, 26.1, 23.1, 22.3, 17.2, 12.3; HRMS (ESI) for
C25H420s: calculated m/z = 423.3110 (MH"); found m/z =
423.3128 (MH).

Hyodeoxycholic acid methyl ester (31a)[18]

The mixture of hyodeoxycholic acid (0.25 mmol, 98.1 mg),
MeOH (2 mL) and DBDMH (0.018 mmol, 5.1 mg) was stirred
in a 25 mL reactor tube at 70 °C for 5 h. After the completion
of the reaction, the mixture was cooled to room temperature
and MeOH was evaporated under the reduced pressure. The
residue was dissolved in ethyl acetate and washed with the
mixture of 1 mL of saturated Na>S>03(q), | mL of saturated
NaHCOs(aq) and 10 mL of distilled water. The water phase was
extracted with ethyl acetate (3 x 10 mL). The organic layers
were combined, dried with Na;SOs and the solvent was
evaporated under the reduced pressure.

Purification: Not necessary.

Yield: 86 mg, 85% yield; white solid;

'H NMR (300 MHz, CDCls) 6 4.13 — 3.96 (m, 1H), 3.66 (s,
3H), 3.64 — 3.52 (m, 1H), 2.82 (s, 2H), 2.45 — 2.29 (m, 1H),
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2.29 — 2.13 (m, 1H), 2.03 — 1.54 (m, 10H), 1.50 — 1.03 (m,
14H), 0.93 (s, 3H), 0.90 (s, 3H), 0.64 (s, 3H); 3C NMR (76
MHz, CDCI3) 6 174.8, 71.5, 68.0, 56.3, 56.1, 51.6, 48.6, 42.9,
40.1, 40.0, 36.0, 35.7, 35.5, 34.9, 34.9, 31.2, 31.0, 30.2, 29.4,
28.2,24.3, 23.6, 20.9, 18.3, 12.1; HRMS (ESI) for C25H4204:
calculated m/z = 371.2950 (M-H,O+H"); found m/z =
371.2951 (M-H.O+HY).

Litocholic acid methyl ester (32a)[19]

The mixture of litocholic acid (0.25 mmol, 94.1 mg), MeOH (2
mL) and DBDMH (0.018 mmol, 5.1 mg) was stirred in a 25
mL reactor tube at 70 °C for 5 h. After the completion of the
reaction, the mixture was cooled to room temperature and
MeOH was evaporated under the reduced pressure. The residue
was dissolved in ethyl acetate and washed with the mixture of
1 mL of saturated Na>S203(aq), | mL of saturated NaHCO3(aq)
and 10 mL of distilled water. The water phase was extracted
with ethyl acetate (3 x 10 mL). The organic layers were
combined, dried with Na;SO4 and the solvent was evaporated
under the reduced pressure.

Purification: Not necessary.

Yield: 96 mg, 98% yield; white solid;

"H NMR (300 MHz, CDCl3) & 3.66 (s, 3H), 3.60 (dt, J = 10.8,
4.7 Hz, 1H), 2.35 (ddd, J=15.2, 10.1, 5.1 Hz, 1H), 2.29 - 2.15
(m, 1H), 2.06 (s, 1H), 2.00 — 1.00 (m, 26H), 0.92 (s, 3H), 0.90
(s,3H), 0.64 (s, 3H). BC NMR (76 MHz, CDCl3) 6 174.8,71.8,
56.5, 56.0, 51.5, 42.8, 42.2, 40.5, 40.2, 36.5, 35.9, 35.4, 35.4,
34.6,31.1, 31.0, 30.5, 28.2, 27.3, 26.5, 24.3, 23.4, 20.9, 18.3,
12.1; HRMS (ESI) for C25sH4203: calculated m/z = 371.3107
(M-H>O+H"); found m/z = 373.3102 (M-H,O+H").

Dehydrocholic acid methyl ester (33a)[20]

The mixture of dehydrocholic acid (0.25 mmol, 101.6 mg),
MeOH (0.5 mL) and DBDMH (0.018 mmol, 5.1 mg) was
stirred in a 25 mL reactor tube at 70 °C for 5 h. After the
completion of the reaction, the mixture was cooled to room
temperature and MeOH was evaporated under the reduced
pressure. The residue was dissolved in ethyl acetate and first
washed with the mixture of 1 mL of saturated Na>S>03(q), 1
mL of saturated NaHCO3(aq) and 10 mL of distilled water and
then with 10 mL of 10% HCl.q). The water phase was extracted
with ethyl acetate (3 x 10 mL). The organic layers were
combined, dried with Na;SO4 and the solvent was evaporated
under the reduced pressure.

Purification: Not necessary.

Yield: 97 mg, 93% yield; white solid;

'"H NMR (300 MHz, CDCl3) & 3.66 (s, 3H), 3.01 — 2.75 (m,
3H), 2.51 — 1.16 (m, 21H), 1.41 (s, 3H), 1.08 (s, 3H), 0.85 (d,
J = 6.5 Hz, 3H). 3C NMR (76 MHz, CDCls) § 212.0, 209.1,
208.8,174.5,56.9,51.8,51.5,49.0,46.9,45.7,45.6,45.0,42.8,
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38.7, 36.5, 36.1, 35.6, 35.3, 31.3, 30.5, 27.7, 25.2, 22.0, 18.7,
11.9; HRMS (ESI) for C25H360s: calculated m/z = 417.2641
(MH"); requires m/z = 417.2644 (MH").

2-Fluoroethyl benzoate (1b)[21]

Reaction conditions: According to the general procedure;
benzoic acid (1 mmol, 122.1 mg), 2-fluoroethanol (0.5 mL),
DBDMH (0.07 mmol, 20.0 mg), 70 °C, 40 h.

Purification: Preparative TLC (CH2Clo/MeOH =200 : 1)
Yield: 161 mg, 96% yield; colourless oil;

"H NMR (300 MHz, CDCl3) & 8.20 — 7.86 (m, 2H), 7.60 — 7.52
(m, 1H), 7.49 — 7.37 (m, 2H), 4.85 — 4.44 (m, 4H); C NMR
(76 MHz, CDCl3) & 166.4, 133.3, 129.8, 128.5, 81.5 (d, J =
170.6 Hz), 63.9 (d, J = 20.2 Hz); ’F NMR (285 MHz, CDCI3)
o 5.03 (tt, J = 47.4, 28.6 Hz); HRMS (ESI) for CoHoFO,:
calculated m/z = 169.0665 (MH"); found m/z = 169.0668
(MH").

2-Fluoroethyl octanoate (2b)[22]

Reaction conditions: According to the general procedure;
octanoic acid (1 mmol, 158.5 pL), 2-fluoroethanol (0.5 mL),
DBDMH (0.07 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 175 mg, 92% yield; yellow oil;

'TH NMR (300 MHz, CDCl3) & 4.73 — 4.20 (m, 4H), 2.36 (t, J
=17.5 Hz, 2H), 1.71 — 1.57 (m, 2H), 1.42 — 1.19 (m, 8H), 0.88
(t, J=7.1 Hz, 3H); 3C NMR (76 MHz, CDCl3) & 173.7, 81.5
(d, J=170.3 Hz), 63.2 (d, ] =20.1 Hz), 34.2, 31.7, 29.1, 29.0,
25.0, 22.7, 14.1. F NMR (285 MHz, CDCI3) 6 4.86 (tt, J =
47.4, 28.7 Hz); HRMS (ESI) for Ci10H9FO2: calculated m/z =
191.1447 (MH"); found m/z = 191.1446 (MH").

Isopropyl benzoate (1¢)[23]

Reaction conditions: According to the general procedure;
benzoic acid (1 mmol, 122.1 mg), isopropanol (0.5 mL),
DBDMH (0.07 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 38 mg, 23% yield; colourless oil;

'TH NMR (300 MHz, CDCl3) 6 8.09 —7.99 (m, 2H), 7.59 — 7.50
(m, 1H), 7.47 —7.38 (m, 2H), 5.26 (hept, J = 6.3 Hz, 1H), 1.37
(d, J=6.3 Hz, 6H); '*C NMR (76 MHz, CDCl3)  166.3, 132.8,
131.1, 129.6, 128.4, 68.5, 22.1.

Isopropyl octanoate (2¢)[24]

Reaction conditions: According to the general procedure;
octanoic acid (1 mmol, 158.5 pL), isopropanol (0.5 mL
DBDMH (0.07 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Not necessary.

Yield: 160 mg, 86% yield; colourless oil;
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THNMR (300 MHz, CDCl3) 8 5.00 (hept, J = 6.3 Hz, 1H), 2.25
(t, J =7.5 Hz, 2H), 1.67 — 1.55 (m, 2H), 1.35 — 1.25 (m, 8H),
1.23 (d, J = 6.3 Hz, 6H), 0.88 (t, ] = 7.0 Hz, 3H); *C NMR (76
MHz, CDCls) 6 173.4, 67.3, 34.8, 31.7, 29.2, 29.0, 25.1, 22.7,
21.9, 14.1; HRMS (ESI) for Ci1H220z: calculated m/z =
187.1698 (MH™); found m/z = 187.1703 (MH").

Cholic acid isopropyl ester (30¢)[25]

The mixture of cholic acid (0.25 mmol, 102.1 mg), i-PrOH (0.5
mL) and DBDMH (0.018 mmol, 5.1 mg) was stirred in a 25
mL reactor tube at 70 °C for 20 h. After the completion of the
reaction, the mixture was cooled to room temperature and i-
PrOH was evaporated under the reduced pressure. The residue
was dissolved in ethyl acetate and washed with the mixture of
1 mL of saturated Na>S203(aq), | mL of saturated NaHCO3(aq)
and 10 mL of distilled water. The water phase was extracted
with ethyl acetate (3 x 10 mL). The organic layers were
combined, dried with Na;SO4 and the solvent was evaporated
under the reduced pressure.

Purification: Not necessary.

Yield: 97 mg, 86% yield; white solid;

"H NMR (300 MHz, CDCl3) 8 4.99 (hept, J= 6.1 Hz, 1H), 3.96
(s, 1H), 3.84 (s, 1H), 3.53 — 3.35 (m, 1H), 3.11 (s, 3H), 2.43 —
1.31 (m, 24H), 1.22 (d, J = 6.3 Hz, 6H), 0.98 (d, J = 6.0 Hz,
3H), 0.88 (s, 3H), 0.67 (s, 3H); 3C NMR (76 MHz, CDCl3) &
174.0, 73.2, 72.0, 68.6, 67.5,47.2, 46.6, 41.7, 41.6, 39.6, 35 .4,
35.4,34.9, 34.8, 31.8, 31.1, 30.5, 28.3, 27.6, 26.4, 23.3, 22.6,
22.0, 17.4, 12.6, 11.1; HRMS (ESI) for C27H460s: calculated
m/z = 451.3424 (MH"); found m/z = 451.3436 (MH").

Litocholic acid isopropyl ester (32¢)[19]

The mixture of litocholic acid (0.25 mmol, 94.1 mg), i-PrOH
(0.5 mL) and DBDMH (0.018 mmol, 5.1 mg) was stirred in a
25 mL reactor tube at 70 °C for 20 h. After the completion of
the reaction, the mixture was cooled to room temperature and
i-PrOH was evaporated under the reduced pressure. The
residue was dissolved in ethyl acetate and washed with the
mixture of 1 mL of saturated Na>S>03(q), 2 mL of saturated
NaHCO3(q) and 10 mL of distilled water. The water phase was
extracted with ethyl acetate (3 x 10 mL). The organic layers
were combined, dried with Na>SOs and the solvent was
evaporated under the reduced pressure.

Purification: Not necessary.

Yield: 55 mg, 53% yield; white solid;

"H NMR (300 MHz, CDCl3) § 5.08 —4.93 (m, 1H), 3.71 - 3.56
(m, 1H), 2.44 - 2.10 (m, 2H), 2.02 - 1.27 (m, 21H), 1.27-1.18
(m, 6H), 1.19-0.97 (m, 6H), 0.95 —0.87 (m, 6H), 0.64 (s, 3H);
13C NMR (76 MHz, CDCls) § 174.0, 72.0, 67.4, 56.6, 56.1,
42.8,42.2, 40.5, 40.3, 36.5, 35.9, 35.5, 35.4, 34.7, 31.8, 31.1,
30.6,28.3,27.3,26.5,24.3,23.5,22.0,20.9, 18.4, 12.1; HRMS
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(ESI) for C27H4603: calculated m/z = 419.3498 (MH"); found
m/z =419.3523 (MH").

n-Butyl benzoate (1d)[26]

Reaction conditions: According to the general procedure;
benzoic acid (I mmol, 122.1 mg), n-butanol (0.5 mL),
DBDMH (0.07 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Preparative TLC (CH2Clo/MeOH =200 : 1)
Yield: 139 mg, 78% yield; colourless oil;

"H NMR (300 MHz, CDCl3) 6 8.10 —7.99 (m, 2H), 7.58 — 7.49
(m, 1H), 7.42 (t, ] =7.5 Hz, 2H), 4.32 (t, ] = 6.6 Hz, 2H), 1.84
—1.66 (m, 2H), 1.56 — 1.39 (m, 2H), 0.98 (t, J = 7.4 Hz, 3H).
13C NMR (76 MHz, CDCI3) § 166.7, 132.8, 130.6, 129.6,
128.4, 64.9, 30.9, 19.4, 13.8; HRMS (ESI) for Ci1H140:
calculated m/z = 179.1072 (MH"); found m/z = 179.1070
(MH").

n-Butyl octanoate (2d)[27]

Reaction conditions: According to the general procedure;
octanoic acid (1 mmol, 158.5 puL), n-butanol (1 mmol, 92 pL),
DBDMH (0.07 mmol, 20.0 mg), 70 °C, 15 h.

Purification: Not necessary.

Yield: 190 mg, 95% yield; colourless oil;

'TH NMR (300 MHz, CDCl3) 8 4.07 (t, J = 6.6 Hz, 2H), 2.29 (t,
J =7.5 Hz, 2H), 1.70 — 1.52 (m, 4H), 1.47 — 1.21 (m, 10H),
0.94 (t, J = 7.3 Hz, 3H), 0.87 (t, J = 6.9 Hz, 3H); '3C NMR (76
MHz, CDCl3) 6 174.0, 64.1, 34.4, 31.8, 30.8, 29.2, 29.0, 25.1,
22.7,19.2, 14.1, 13.7; HRMS (ESI) for C12H2407: calculated
m/z =201.1855 (MH"); found m/z=201.1857 (MH").

Cholic acid n-butyl ester (30d)[28]

The mixture of cholic acid (0.25 mmol, 102.1 mg), n-butanol
(0.5 mL) and DBDMH (0.018 mmol, 5.1 mg) was stirred in a
25 mL reactor tube at 70 °C for 20 h. After the completion of
the reaction, the mixture was cooled to room temperature and
MeOH was evaporated under the reduced pressure. The residue
was dissolved in ethyl acetate and washed with the mixture of
1 mL of saturated Na>S203(aq), | mL of saturated NaHCO3(aq)
and 10 mL of distilled water. The water phase was extracted
with ethyl acetate (3 x 10 mL). The organic layers were
combined, dried with Na>SO4 and the solvent was evaporated
under the reduced pressure.

Purification: Not necessary.

Yield: 95 mg, 82% yield; white solid;

'H NMR (300 MHz, CDCl3) 8 4.06 (t, J = 6.6 Hz, 2H), 3.96
(s, 1H), 3.84 (s, 1H), 3.53 — 3.35 (m, 1H), 3.22 (s, 3H), 2.44 —
0.78 (m, 37H), 0.67 (s, 3H); 13C NMR (76 MHz, CDCl3) §
174.6,73.2, 72.0, 68.6, 64.2,47.1, 46.5, 41.7, 41.6, 39.6, 39.6,
35.4,35.4, 34.9, 34.8, 31.5, 31.1, 30.8, 30.5, 28.3, 27.6, 26.4,
23.3,22.6, 19.3, 17.4, 13.8, 12.6. HRMS (ESI) for C28H4s0s:
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calculated m/z = 465.3580 (MH"); found m/z = 465.3576
(MH").

Litocholic acid n-butyl ester (32d)[29]

The mixture of litocholic acid (0.25 mmol, 94.1 mg), n-BuOH
(0.5 mL) and DBDMH (0.018 mmol, 5.1 mg) was stirred in a
25 mL reactor tube at 70 °C for 20 h. After the completion of
the reaction, the mixture was cooled to room temperature and
n-BuOH was evaporated under the reduced pressure. The
residue was dissolved in ethyl acetate and washed with the
mixture of 1 mL of saturated Na>S203(aq), | mL of saturated
NaHCOs(aq) and 10 mL of distilled water. The water phase was
extracted with ethyl acetate (3 x 10 mL). The organic layers
were combined, dried with Na;SOs4 and the solvent was
evaporated under the reduced pressure.

Purification: Not necessary.

Yield: 97 mg, 90% yield; white solid;

'H NMR (300 MHz, CDCl3) 8 4.06 (t, J = 6.7 Hz, 2H), 3.72 —
3.53 (m, 1H), 2.41 —2.15 (m, 2H), 2.06 (s, 1H), 2.02 — 0.86 (m,
39H), 0.64 (s, 3H); ¥C NMR (76 MHz, CDCls) & 174.6, 72.0,
64.2, 56.6, 56.1, 42.8, 42.2, 40.5, 40.3, 36.5, 36.0, 35.5, 35.5,
34.7,31.4, 31.1, 30.8, 30.6, 28.3, 27.3, 26.5, 24.3, 23.5, 20.9,
19.3, 18.4, 13.8, 12.1; HRMS (ESI) for C28H4303: calculated
m/z = 415.3576 (M-H2O+H"); found m/z = 415.3577 (M-
H,O+H").

Dehydrocholic acid #-butyl ester (33d)[30]

The mixture of dehydrocholic acid (0.25 mmol, 101.6 mg),
n-BuOH (0.5 mL) and DBDMH (0.018 mmol, 5.1 mg) was
stirred in a 25 mL reactor tube at 70 °C for 20 h. After the
completion of the reaction, the mixture was cooled to room
temperature and n-BuOH was evaporated under reduced
pressure. The residue was dissolved in ethyl acetate and first
washed with the mixture of 1 mL of saturated Na>S>03q), 2
mL of saturated NaHCO3(aq) and 10 mL of distilled water and
then with 10 mL of 10% HCl.q). The water phase was extracted
with ethyl acetate (3 x 10 mL). The organic layers were
combined, dried with Na;SO4 and the solvent was evaporated
under the reduced pressure.

Purification: Not necessary.

Yield: 50 mg, 44% yield; white solid;

'TH NMR (300 MHz, CDCl3) 6 4.07 (t, J = 6.6 Hz, 2H), 3.03 —
2.76 (m, 3H), 2.53 — 1.18 (m, 28H), 1.07 (s, 3H), 0.93 (t, J =
7.3 Hz, 3H), 0.85 (d, J = 6.5 Hz, 3H). 3C NMR (76 MHz,
CDCl) 6 212.0, 209.1, 208.8, 174.3, 64.2, 57.0, 51.9, 49.1,
46.9, 45.8, 45.6, 45.1, 42.9, 38.7, 36.6, 36.1, 35.6, 35.4, 31.6,
30.8, 30.6, 27.7, 25.2, 22.0, 19.2, 18.7, 13.8, 11.9; HRMS
(ESI) for C2sH420s: calculated m/z=459.3110 (MH"); requires
m/z =459.3109 (MH").
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n-Octyl benzoate (11)[2]

Reaction conditions: According to the general procedure;
benzoic acid (1 mmol, 122.1 mg), n-octanol (1 mmol, 158 pL),
DBDMH (0.07 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Preparative TLC (CH2Clo/Hexane =1 : 1)
Yield: 152 mg, 65% yield; white solid;

'"H NMR (300 MHz, CDCI3) & 8.10 — 8.00 (m, 2H), 7.59 —
7.51 (m, 1H), 7.47—7.39 (m, 2H), 4.31 (t, J= 6.7 Hz, 2H), 1.83
—1.70 (m, 2H), 1.51 — 1.21 (m, 10H), 0.88 (t, /= 6.6 Hz, 3H);
13C NMR (76 MHz, CDCl3) & 166.8, 132.9, 130.7, 129.7,
128.4, 65.3, 31.9, 29.4, 29.3, 28.9, 26.2, 22.8, 14.2; HRMS
(ESI) for Ci5H2,02: calculated m/z = 235.1698 (MH™); found
m/z =235.1697 (MH").

n-Octyl octanoate (21)[31]

Reaction conditions: According to the general procedure;
octanoic acid (1 mmol, 158.5 pL), n-octanol (1 mmol, 158 pL),
DBDMH (0.07 mmol, 20.0 mg), 70 °C, 20 h.

Purification: Preparative TLC (CH2Cl2/MeOH =200 : 1)
Yield: 226 mg, 88% yield; colourless oil;

'TH NMR (300 MHz, CDCl3) 6 4.06 (t, J = 6.7 Hz, 2H), 2.28 (t,
J =7.5 Hz, 2H), 1.68 — 1.54 (m, 4H), 1.39 — 1.19 (m, 18H),
0.88 (t, J = 6.3 Hz, 6H); 3C NMR (76 MHz, CDCl3) § 173.9,
64.4,34.4,31.9, 31.8, 29.3, 29.3, 29.2, 29.0, 28.8, 26.0, 25.1,
22.7,22.7,14.1, 14.1; HRMS (ESI) for C16H3202: calculated
m/z =257.2481 (MH"); found m/z =257.2486 (MH").

Cyclopentyl benzoate (1g)[32]

Reaction conditions: According to the general procedure;
benzoic acid (1 mmol, 122.1 mg), cyclopentanol (1.1 mmol,
100 uL), DBDMH (0.07 mmol, 20.0 mg), 70 °C, 20 h.
Purification: Column chromatography (EtOAc/Hexane =
1:10)

Yield: 36 mg, 19% yield; colourless oil;

'TH NMR (300 MHz, CDCI3) § 8.02 (dt, J = 7.1, 1.4 Hz, 2H),
7.57 - 17.49 (m, 1H), 7.46 — 7.37 (m, 2H), 5.41 (tt, J=6.1, 2.8
Hz, 1H), 2.12 — 1.51 (m, 8H); 3C NMR (76 MHz, CDCl;) &
166.4, 132.7, 131.0, 129.6, 128.3, 77.7, 32.9, 23.9; HRMS
(ESI) for C12H1402: calculated m/z =213.0891 (MNa*); found
m/z =213.0894 (MNa").

Cyclopentyl octanoate (2g)[33]

Reaction conditions: According to the general procedure;
octanoic acid (1 mmol, 158.5 pL), cyclopentanol (1 mmol, 91
uL), DBDMH (0.07 mmol, 20.0 mg), 70 °C, 15 h.
Purification: Not necessary.

Yield: 200 mg, 94% yield; colourless oil;

'"H NMR (300 MHz, CDCl3) § 5.16 (tt, J = 5.9, 2.6 Hz, 1H),
2.25(t,J=17.5 Hz, 2H), 1.95 — 1.47 (m, 10H), 1.41 — 1.20 (m,
8H), 0.88 (d, J = 7.0 Hz, 3H); 3C NMR (76 MHz, CDCl3) §
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173.8, 76.8, 34.8, 32.8, 31.8, 29.2, 29.0, 25.2, 23.8, 22.7, 14.1;
HRMS (ESI) for C13H2402: calculated m/z =213.1855 (MH");
found m/z =213.1860 (MH").

Adamantan-1-ylmethyl benzoate (1j)[34]

Reaction conditions: According to the general procedure;
benzoic acid (1 mmol, 122.1 mg), 1-adamantanemethanol (2.0
mmol, 332.5 mg), DBDMH (0.07 mmol, 20.0 mg), 70 °C, 20
h.

Purification: Column chromatography (EtOAc/Hexane =
1:10)

Yield: 203 mg, 75% yield; white solid;

'H NMR (300 MHz, CDCI3) 8 8.06 (dt, J = 7.1, 1.4 Hz, 2H),
7.60 —7.51 (m, 1H), 7.49 — 7.40 (m, 2H), 3.92 (s, 2H), 2.32 —
1.28 (m, 15H); 3C NMR (76 MHz, CDCl3) & 166.8, 132.9,
130.7, 129.6, 128.4, 74.5, 39.5, 37.1, 33.6, 28.2; HRMS (ESI)
for Ci1sH220:: calculated m/z = 271.1698 (MH"); found m/z =
271.1704 (MH").

Adamantan-1-ylmethyl octanoate (2j)[35]

Reaction conditions: According to the general procedure;
octanoic acid (1 mmol, 158.5 pL), 1-adamantanemethanol (2.0
mmol, 332.5 mg), DBDMH (0.07 mmol, 20.0 mg), 70 °C, 20
h.

Purification: Not necessary.

Yield: 275 mg, 94% yield; colourless oil;

"H NMR (300 MHz, CDCl3) 8 3.67 (s, 2H), 2.31 (t,J = 7.5 Hz,
2H), 2.07 - 1.87 (m, 3H), 1.84 — 1.21 (m, 22H), 0.94 — 0.80 (m,
3H); 3C NMR (76 MHz, CDCl3) & 174.2, 73.9, 39.4, 37.1,
34.5, 33.3, 31.8, 29.3, 29.1, 28.2, 25.2, 22.7, 14.2; HRMS
(ESI) for Ci9H3,02: calculated m/z = 293.2481 (MH™); found
m/z =293.2486 (MH").

3B-0O-Acetyl-cholesterol (34k)[36]

The mixture of cholesterol (0.25 mmol, 96.6 mg), EtOAc (1
mL) and DBDMH (0.018 mmol, 5.1 mg) was stirred in a 25
mL reactor tube at 70 °C for 20 h. After the completion of the
reaction, the mixture was cooled to room temperature and
additional 10 mL of ethyl acetate was added. The solution was
washed with the mixture of 1 mL of saturated Na>S>03aq), 2
mL of saturated NaHCO3(aq) and 10 mL of distilled water. The
water phase was extracted with ethyl acetate (3 x 10 mL). The
organic layers were combined, dried with Na>xSO4 and the
solvent was evaporated under the reduced pressure.
Purification: Column chromatography (EtOAc/Hexane = 1:5)
Yield: 84 mg, 78% yield; white solid;

'H NMR (300 MHz, CDCl3) 8 5.37 (d, J= 4.6 Hz, 1H), 4.73 -
4.48 (m, 1H), 2.32 (d, J=7.6 Hz, 2H), 2.03 (s, 3H), 2.01 - 0.79
(m, 38H), 0.68 (s, 3H); 3C NMR (76 MHz, CDCl3) & 170.6,
139.8,122.8,74.1, 56.8, 56.3,50.2,42.4, 39.9,39.7, 38.3, 37.1,
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36.7, 36.3, 35.9, 32.0, 32.0, 28.4, 28.1, 27.9, 24.4, 24.0, 23.0,
22.7,21.6,21.2,19.4, 18.9, 12.0.

3p-Acetyloxy-5a-androstan-17-on (341)[37]

The mixture of epi-androsterone (0.5 mmol, 145.2 mg), EtOAc
(1 mL) and DBDMH (0.018 mmol, 5.1 mg) was stirred in a 25
mL reactor tube at 70 °C for 20 h. After the completion of the
reaction, the mixture was cooled to room temperature and
additional 10 mL of ethyl acetate was added. The solution was
washed with the mixture of 1 mL of saturated Na>S203aq), 2
mL of saturated NaHCO3(aq) and 10 mL of distilled water. The
water phase was extracted with ethyl acetate (3 x 10 mL). The
organic layers were combined, dried with Na>xSO4 and the
solvent was evaporated under the reduced pressure.
Purification: Column chromatography (EtOAc/Hexane = 1:3)
Yield: 116 mg, 70% yield; white solid;

'H NMR (300 MHz, CDCl3) 8 4.69 (ddd, J = 16.3, 11.2, 4.9
Hz, 1H), 2.43 (dd, J = 18.7, 8.7 Hz, 1H), 2.10 (t, J/ = 9.0 Hz,
1H), 2.02 (s, 3H), 1.98 — 0.92 (m, 19H), 0.86 (s, 3H), 0.85 (s,
3H), 0.71 (tt, J = 12.1, 6.0 Hz, 1H); 3C NMR (76 MHz,
CDClL) 6 170.7, 73.6, 54.4, 51.5, 47.9, 44.8, 36.8, 35.9, 35.7,
35.1, 34.0, 31.6, 30.9, 28.4, 27.5, 21.9, 21.5, 20.6, 13.9, 12.3;
HRMS (ESI) for C21H3203: calculated m/z = 333.2430 (MH");
found m/z = 333.2417 (MH").

(E)-2-ethylhex-2-enal (35m)[38]

The mixture of butanal (2.0 mmol, 180.2 pL) and DBDMH
(0.14 mmol, 40 mg) was stirred in a 25 mL reactor tube at 80
°C for 45 min. After the completion of the reaction, the mixture
was cooled to room temperature and dissolved in 10 mL of
EtOAc. The solution was washed with the mixture of 1 mL of
saturated Na2S203(aq), | mL of saturated NaHCO3(aq) and 10 mL
of distilled water. The water phase was extracted with ethyl
acetate (3 x 10 mL). The organic layers were combined, dried
with Na;SO4 and the solvent was evaporated under the reduced
pressure.

Purification: Not necessary.

Yield: 114 mg, 90% yield; dark oil;

'H NMR (300 MHz, CDCl3) 8 9.37 (s, 1H), 6.43 (t,J=7.5 Hz,
1H), 2.40 — 2.22 (m, 4H), 1.55 (m, 2H), 0.98 (t, J = 7.4 Hz,
3H), 0.97 (t, J = 7.6 Hz, 3H); ¥3C NMR (76 MHz, CCl3) &
195.2, 154.7, 145.5, 30.8, 22.1, 17.4, 14.0, 13.4.

(E)-2-butyloct-2-enal (36m)[39]

The mixture of hexanal (2.0 mmol, 244.2 pL) and DBDMH
(0.14 mmol, 40 mg) was stirred in a 25 mL reactor tube at 80
°C for 45 min. After the completion of the reaction, the mixture
was cooled to room temperature and dissolved in 10 mL of
EtOAc. The solution was washed with the mixture of 1 mL of
saturated Na2S203(q), | mL of saturated NaHCO3(aq) and 10 mL
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of distilled water. The water phase was extracted with ethyl
acetate (3 x 10 mL). The organic layers were combined, dried
with Na;SOj4 and the solvent was evaporated under the reduced
pressure.

Purification: Not necessary.

Yield: 171 mg, 94% yield; dark oil;

'"H NMR (300 MHz, CDCl3) 8 9.36 (s, 1H), 6.45 (t,J=7.4 Hz,
1H), 2.35 (q, J = 7.4 Hz, 2H), 2.24 (t, J = 7.3 Hz, 2H), 1.60 —
1.15 (m, 10H), 0.91 (td, J = 6.9, 4.4 Hz, 6H); 3C NMR (76
MHz, CCls) 6 195.4, 155.4, 143.9, 31.6, 31.0, 28.9, 28.4, 23.8,
22.8,22.5, 14.0, 13.9.

(E)-2-pentylnon-2-enal (37m)[40]

The mixture of heptanal (2.0 mmol, 279.6 pL) and DBDMH
(0.14 mmol, 40 mg) was stirred in a 25 mL reactor tube at 80
°C for 1.5 h. After the completion of the reaction, the mixture
was cooled to room temperature and dissolved in 10 mL of
EtOAc. The solution was washed with the mixture of 1 mL of
saturated Na2S203(aq), 1 mL of saturated NaHCO3(aq) and 10 mL
of distilled water. The water phase was extracted with ethyl
acetate (3 x 10 mL). The organic layers were combined, dried
with Na>SO4 and the solvent was evaporated under the reduced
pressure.

Purification: Not necessary.

Yield: 200 mg, 95% yield; dark oil;

'TH NMR (300 MHz, CDCl3) & 9.36 (s, 1H), 6.54 — 6.27 (m,
1H), 2.35(q, J=7.4 Hz, 2H), 2.28 —2.17 (m, 2H), 1.75 - 1.12
(m, 14H), 0.99 — 0.74 (m, 6H); 3C NMR (76 MHz, CCls) §
195.3, 155.3, 143.9, 31.9, 31.6, 29.1, 28.9, 28.7, 28.5, 24.0,
22.6,22.5, 14.0, 13.9.

(E)-2-octyldodec-2-enal (38m)[41]

The mixture of decanal (2.0 mmol, 376.6 pL) and DBDMH
(0.14 mmol, 40 mg) was stirred in a 25 mL reactor tube at 80
°C for 1.5 h. After the completion of the reaction, the mixture
was cooled to room temperature and dissolved in 10 mL of
EtOAc. The solution was washed with the mixture of 1 mL of
saturated Na2S203(aq), | mL of saturated NaHCO3(aq) and 10 mL
of distilled water. The water phase was extracted with ethyl
acetate (3 x 10 mL). The organic layers were combined, dried
with Na>SO4 and the solvent was evaporated under the reduced
pressure.

Purification: Not necessary.

Yield: 265 mg, 90% yield; dark oil;

'"H NMR (300 MHz, CDCl3) § 9.36 (s, 1H), 6.50 — 6.37 (m,
1H), 2.35(q, /= 7.4 Hz, 2H), 2.26 — 2.20 (m, 2H), 1.68 — 1.12
(m, 26H), 0.88 (q, J = 4.5 Hz, 6H); 13C NMR (76 MHz, CCls)
6 195.3, 155.3, 143.9, 31.9, 30.3, 29.8, 29.6, 29.5, 29.5, 29.5,
29.4,29.3,29.2,29.0, 28.8, 28.8, 24.1, 22.7, 14.1, 14.1.
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(E)-2-decyltetradec-2-enal (39m)[42]

The mixture of dodecanal (2.0 mmol, 443.6 uL) and DBDMH
(0.14 mmol, 40 mg) was stirred in a 25 mL reactor tube at 80
°C for 1.5 h. After the completion of the reaction, the mixture
was cooled to room temperature and dissolved in 10 mL of
EtOAc. The solution was washed with the mixture of 1 mL of
saturated Na2S203(aq), | mL of saturated NaHCO3(aq) and 10 mL
of distilled water. The water phase was extracted with ethyl
acetate (3 x 10 mL). The organic layers were combined, dried
with Na;SOj4 and the solvent was evaporated under the reduced
pressure.

Purification: Not necessary.

Yield: 340 mg, 92% yield; dark oil;

"H NMR (300 MHz, CDCl3) 6 9.35 (s, 1H), 6.43 (t,J=7.4 Hz,
1H), 2.42 —2.27 (m, 2H), 2.27 — 2.15 (m, 2H), 1.70 — 1.01 (m,
34H), 0.88 (t, J = 6.4 Hz, 6H); 1*C NMR (76 MHz, CCl3) &
195.3, 155.3, 144.0, 32.0, 29.8, 29.7, 29.6, 29.6, 29.6, 29.5,
29.5,29.5, 29.4, 29.4, 29.2, 29.0, 28.9, 28.9, 28.8, 28.7, 24.1,
22.8,14.2, 14.2.

(E)-2-benzylideneheptanal (40m)[40]

Heptanal (1.0 mmol, 140.0 pL) was added dropwise to the
mixture of benzaldehyde (3.0 mmol, 306.1 pL) and DBDMH
(0.07 mmol, 20 mg), stirring in a 25 mL reactor tube at 80 °C
over a time period of 20 min and the reaction mixture was
heated for additional 45 min. After the completion of the
reaction, the mixture was cooled to room temperature and
dissolved in 10 mL of EtOAc. The solution was washed with
the mixture of 1 mL of saturated Na>S>0O3(aq), | mL of saturated
NaHCO3(.q) and 10 mL of distilled water. The water phase was
extracted with ethyl acetate (3 x 10 mL). The organic layers
were combined, dried with Na;SOs4 and the solvent was
evaporated under the reduced pressure.

Purification: Preparative TLC (Hexane/EtOAc =9 : 1)
Yield: 10 mg, 5% yield; yellow oil;

'H NMR (300 MHz, CDCl3) 8 9.55 (s, 1H), 7.55 — 7.35 (m,
5H), 7.21 (s, 1H), 2.59 — 2.46 (m, 2H), 1.55 — 1.43 (m, 2H),
1.43 — 1.29 (m, 4H), 0.89 (t, J = 7.0 Hz, 3H); 3C NMR (76
MHz, CCl3) 6 195.9, 149.9, 143.6, 135.2, 129.8, 129.7, 128.9,
32.2,28.1, 24.9,22.6, 14.2.

D. Scale-up procedure for preparation of methyl benzoate (1a) and isolation
of 5,5-dimethylhydantoin

The mixture of benzoic acid (30 mmol, 3.66 g), MeOH (15 mL) and 1,3-dibromo-5,5-
dimethylhydantoin (2.10 mmol, 0.60 g) was stirred in a 25 mL reactor tube at 70 °C for 20 h.
After the completion of the reaction, the mixture was cooled to room temperature and alcohol
was evaporated under reduced pressure. The residue was dissolved in 100 mL of ethyl acetate
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and washed with water (3 x 30 mL). The water layers were combined, concentrated to the
volume of 8 mL by rotary evaporation and again extracted with ethyl acetate (3 x 30 mL). The
organic layers were combined, dried over Na>SO4and the solvent was evaporated under reduced
pressure to yield 5,5-dimethylhydantoin. The organic layer from the first washing of the crude
reaction mixture was washed with the mixture of 20 mL of saturated NaHCOj3 (aq), 20 mL of
10% NaxS203 aq) and 100 mL of distilled water. The water layer was extracted with ethyl acetate
(2 x 100 mL). The organic layers were combined, dried over Na>SO4 and the solvent was
evaporated under reduced pressure to furnish methyl benzoate as colourless oil.

Yield (methyl benzoate): 3.88 g, 95%.

Yield (5,5-dimethylhydantoin)[43]: 227 mg, 85%.

'"H NMR (300 MHz, CDCl3) 6 9.77 (s, 1H), 7.07 (s, 1H), 1.42 (s, 6H).
BC NMR (76 MHz, CDCl3) & 179.0, 157.0, 60.0, 24.8.

HRMS (ESI) for CsHgN2Oa: calculated m/z = 129.0664 (MH™); found m/z = 129.0666 (MH™).

E. Scale-up procedure for preparation of methyl citrate (29a)

The mixture of citric acid (30 mmol, 5.76 g), MeOH (60 mL) and DBDMH (0.70 mmol, 0.600
g) was stirred in a 25 mL reactor tube at 70 °C for 20 h. After the completion of the reaction,
the mixture was cooled to room temperature and alcohol was evaporated under reduced
pressure. The residue was dissolved in 100 mL of ethyl acetate, washed with the mixture of 10
mL of saturated NaHCO3 (aq), 10 mL of saturated Na>S>03 (aq) and 50 mL of distilled water and
the water phase was extracted with ethyl acetate (2 x 100 mL). The organic layers were
combined, dried with Na>SO4 and the solvent was evaporated under reduced pressure to furnish
methyl citrate as a white solid. Yield: 6.53 g, 93%.

F. Scale-up procedure for preparation of methyl stearate (21a)

The mixture of stearic acid (30 mmol, 8.53 g), MeOH (15 mL) and DBDMH (0.70 mmol, 0.600
g) was stirred in a 25 mL reactor tube at 70 °C for 2 h. After the completion of the reaction, the
mixture was cooled to room temperature and alcohol was evaporated under reduced pressure.
The residue was dissolved in 100 mL of ethyl acetate, washed with the mixture of 20 mL of
saturated NaHCO3 (ag), 20 mL of 10% Na2S203 (aq) and 100 mL of distilled water and the water
phase was extracted with ethyl acetate (2 x 100 mL). The organic layers were combined, washed
with distilled water (2 x 20 mL), dried with Na>SO4 and the solvent was evaporated under
reduced pressure to furnish methyl stearate as a white solid. Yield: 8.96 g, 100%.

21



G. Scale-up procedure for preparation of cholic acid methyl ester (30a)

The mixture of cholic acid (2.0 mmol, 0.814 g), MeOH (8 mL) and DBDMH (0.14 mmol, 40
mg) was stirred in a 25 mL reactor tube at 70 °C for 5 h. After the completion of the reaction,
the mixture was cooled to room temperature and alcohol was evaporated under reduced
pressure. The residue was dissolved in 50 mL of ethyl acetate, washed with the mixture of 5
mL of saturated NaHCO3 (aq), 5 mL of 10% NaxS>03 aq) and 20 mL of distilled water and the
water phase was extracted with ethyl acetate (2 x 50 mL). The organic layers were combined,
washed with distilled water (2 x 20 mL), dried with Na>SO4 and the solvent was evaporated
under reduced pressure to furnish cholic acid methyl ester as white solid. Yield: 0.845 g, 100%.
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H. Copies of 'H, °C and 'F NMR spectra
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Methyl octanoate (2a)
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Methyl 4-nitrobenzoate (3a)
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Methyl 4-fluorobenzoate (4a)
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Methyl 4-methylbenzoate (Sa)
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Methyl 4-methoxybenzoate (6a)
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Methyl 3-nitrobenzoate (7a)
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Methyl 3-fluorobenzoate (8a)
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Methyl 3-methylbenzoate (9a)
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Methyl 3-methoxybenzoate (10a)
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trobenzoate (11a)
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Methyl 2-fluorobenzoate (12a)
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Methyl 2-methylbenzoate (13a)
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Methyl 2-iodobenzoate (15a)
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Methyl 3,4-dimethoxybenzoate (18a)
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Methyl myristate (20a)
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Methyl stearate (21a)
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Methyl oleate (22a)
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Methyl 4-(4-chlorophenyl)-4-oxobutanoate (23a)
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(S)-Methyl 2-acetamido-3-phenylpropanoate (24a)
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Methyl 2-(1H-indol-3-yl)acetate (25a)
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Methyl 2-cyanoacetate (26a)

CH,

i
|

—3.76
—346

L
C

2000

r1800

~1800

r1700

~1600

1500

r1400

1300

r1200

1100

r1000

00

800

=700

=500

400

300

200

r100

3.00=1
1981

100

T T T T T
125 12.0 115 11.0 105 100 95 9.0 85

=163 61

CHy

i
L

70 65 60 55 50 45 40 35 3.0
f1 {ppm)

113.24
53.46

— 2444

0.1

T T T T T T 1T T
220 210 200 190 180 170 160 150

T T T T T
130 120 110 100 80 80 70 60

1 (ppm)

T T T

50 40 30

47



Adamantane-1-carboxylic acid methyl ester (27a)
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Dimethyl oxalate (28a)
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Trimethyl citrate (29a)
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Cholic acid methyl ester (30a)
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d methyl ester (31a)
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d methyl ester (32a)
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d methyl ester (33a)
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2-Fluoroethyl octanoate (2b)
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Isopropyl benzoate (1¢)
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Isopropyl octanoate (2¢)
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n-Butyl benzoate (1d)
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n-Butyl octanoate (2d)
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d n-butyl ester (30d)
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d n-butyl ester (32d)
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d n-butyl ester (33d)
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n-Octyl benzoate (1f)
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n-Octyl octanoate (2f)
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Cyclopentyl benzoate (1g)
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Cyclopentyl octanoate (2g)
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Adamantan-1-ylmethyl benzoate (1j)
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Adamantan-1-ylmethyl octanoate (2j)
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r0.35

3B-O-Acetyl-cholesterol (34k)
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3p-Acetyloxy-S5a-androstan-17-on (341)
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(E)-2-ethylhex-2-enal (35m)
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(E)-2-butyloct-2-enal (36m)
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(E)-2-pentylnon-2-enal (37m)
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(E)-2-octyldodec-2-enal (38m)
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(E)-2-decyltetradec-2-enal (39m)
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(E)-2-benzylideneheptanal (40m)
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5,5-Dimethylhydantoin
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