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The preparation of genipin (G)

Genipin (G) was obtained by the enzymatic hydrolysis (emulsin) of geniposide that
was isolated from Gardenia jasminoides Ellis. G was unsteady in aqueous solution
and could be isomerized to form a couple of epimerst that can be observed by the

NMR. These two epimers were unable to be separated by conventional methods.

'H-NMR (CDCl;, 400 MHz) for G ¢ (ppm): 7.53 (d, J = 0.8 Hz, 1H), 5.88 (d, J =
0.8 Hz, 1H), 4.80 (d, J = 7.2 Hz, 1H), 4.33 (d, J = 13.2 Hz, 1H), 4.28 (d, J = 13.2 Hz,
1H), 3.74 (s, 3H), 3.21 (m, 1H), 2.88 (m, 1H), 2.53 (ddd, J = 8.2, 8.2, 1.6 Hz, 1H),
2.06 (m, 1H); *C-NMR (CDCl3, 100 MHz) for G J (ppm): 168.0, 152.6, 142.0, 130.9,

110.7, 96.3, 61.2, 51.3, 48.1, 39.0, 36.7. ESI-MS m/z: 249.1 [M + Na]".

The preparation of G;

According to the reported procedure!?; several drops of HCI were added to the
solution of G (500 mg) in methanol (or ethanol), and stirred at 60°C for 6 h. The
solution was treated with NaHCO3, then extracted three times with EtOAc, the
combined organic phases were evaporated at reduced pressure. The residue was
purified by silica gel column chromatography eluting with a gradient of petroleum
ether and EtOAc (1:1) to afford G;. When R' was CHj, Gi.; was obtained (the
ESI-MS m/z: 263.0 [M + Na]*), when R* was CHsCH,, G-, was obtained (ESI-MS
m/z: 277.1 [M + Na]").

The preparation of Gg; and Ggp

Dess-Martin periodinane (DMP, 883 mg, 2.08 mmol) was added to the solution of

Gi-1 (500 mg, 2.08 mmol) in the dry dichloromethane, stirred at room temperature for

1h. The saturated solutions of NaHCO3 and Na,S,03 were added progressively to the
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mixture, then extracted three times with dichloromethane, after distillation of the
dichloromethane, the residue was purified by silica gel column chromatography
(petroleum ether:EtOAc = 8:1) to give Gga1 and Gep.1. Geaz and Gepp Can be
prepared in the same way. Intermediates Gg, and Gep, Were a pair of epimer that were
able to be separated by silica gel column chromatography.

'H-NMR (CDCls, 400 MHz) for Gga.1 6 (ppm): 9.77 (s, 1H), 7.47 (d, J = 1.0 Hz,
1H), 6.98 (d, J = 1.7 Hz, 1H), 5.29 (d, J = 4.1 Hz, 1H), 3.73 (s, 3H), 3.48 (s, 3H), 3.34
(ddd, J = 7.8, 4.1, 1.0 Hz, 1H), 3.29 (dt, J = 3.9, 2.0 Hz, 1H), 3.01 (m, 1H), 2.57
(dddd, J = 19.5, 4.4, 2.8, 1.8 Hz, 1H). When R* was CH3, Gga.1 was obtained (ESI-MS
m/z: 261.1 [M + Na]*; Gep.1 was obtained (ESI-MS m/z: 261.1 [M + Na]*). When R*
was CH3CH,, Gga.2 Was obtained (ESI-MS m/z: 275.0 [M + Na]"); Gep.» was obtained
(ESI-MS m/z: 275.0 [M + Na]").

The preparation of Gi; and Gy,

Gea2 (546 mg, 2.16 mmol) was dissolved in MeOH, then NaBH,4 (90 mg, 2.38
mmol) was added to the solution and stirred at room temperature for 30 minutes, then
extracted three times with EtOAc, the combined organic phases were evaporated at
reduced pressure. The residue was purified by silica gel column chromatography
(petroleum ether: EtOAC = 4:1) to give Gia.2. And other intermediates Gia.1, Gip-1 and

Gip-2 €an be got in the same way.
'H-NMR (CDCls, 400 MHz) for Gia.2d (ppm): 7.52 (s, 1H), 5.84 (s, 1H), 4.55 (d, J

= 8.4 Hz, 1H), 4.26 (s, 2H), 4.14 (m, 1H), 3.73 (s, 3H), 3.64 (m, 1H), 3.22 (d, J = 8.6
Hz, 1H), 3.18 (d, J = 8.6 Hz, 1H), 2.88 (m, 1H), 2.68 (br s, 1H), 2.59 (t, J = 8.2 Hz,
1H), 2.07 (m, 1H), 1.80 (t, J = 6.8 Hz, 3H). ESI-MS m/z: 277.1 [M + Na]".
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'H-NMR (CDCl3, 400 MHz) for Gip.,d (ppm): 7.46 (s, 1H), 5.76 (s, 1H), 5.11 (d, J
= 2.8 Hz, 1H), 4.26 (d, J = 13.2 Hz, 1H), 4.18 (d, J = 13.2 Hz, 1H), 3.88 (m, 1H),
3.72(s, 1H), 3.57 (s, 1H), 3.15 (m, 2H), 2.75 (m, 1H), 2.36 (br s, 1H), 2.25 (M, 1H),

1.21 (t, J = 7.0 Hz, 3H); ESI-MS m/z: 277.1 [M + Na]".

The preparation of G,
G (501 mg, 2.21 mmol), imidazole (301 mg, 4.43 mmol) were added into a flask in

dry THF under the condition of ice-bath, the solution of TBS-CI in dry THF was
injected slowly into the mixture, then stirred at room temperature, monitored by TLC.
The residue was obtained after distillation under reduced pressure, then purified by
silica gel column chromatography (petroleum ether:EtOAc = 10:1) to give Gy
(ESI-MS m/z: 363.2 [M + Na]+). Dess-Martin periodinane (451 mg, 1.06 mmol) was
added to the solution of G, (181 mg, 0.532 mmol) in dry dichloromethane, stirred at
room temperature, monitored by TLC!®. The saturated solution of Na,S,05 was added
progressively to the mixture, then extracted three times with diethyl ether, the
combined organic phases were evaporated at reduced pressure. The residue was
purified by silica gel column chromatography (petroleum ether:EtOAc = 10:1) to

offer G, (ESI-MS m/z: 361.1 [M + Na]").

The preparation of G3

Gia1 (200 mg, 0.832 mmol) and PhsP (251 mg, 0.957 mmol) were added into a
flask in dry dichloromethane, the solution of CBr, (317 mg, 0.957 mmol) in dry
dichloromethane!® was injected into the flask and stirred at room temperature under
N, atmosphere, monitored by TLC. The residue was obtained after distillation under
reduced pressure, then purified by silica gel column chromatography (petroleum

ether:EtOAc = 10:1) to give Gs.



The preparation of G,

G1a-1 (50 mg, 0.222 mmol) and triethylamine (37 xL, 0.266 mmol) were added into
a flask in dry THF, and acrylylchloride (18 L, 0.224 mmol) was added and stirred at
room temperature for 4h*. Then extracted three times with EtOAc, the combined
organic phases were evaporated at reduced pressure. The residue was purified by
silica gel column chromatography (petroleum ether:EtOAc = 4:1) to offer G,.

G,: ESI-MS m/z: 317.0 [M +Na]".
The preparation of Gs

Gia1 (140 mg, 0.588 mmol), phthalimide (111 mg, 0.756 mmol), PhsP (196 mg,
0.756 mmol) were added into a flask in dry THF. Diisopropyl azodiformate (153uL,
1.164 mmol) was injected into the solution and stirred at room temperature for 1h®),
then extracted three times with EtOAc, the combined organic phases were evaporated
at reduced pressure. The residue was purified by silica gel column chromatography
(petroleum ether:EtOAc = 8:1) to give Gsny. 80% hydrazinehydrate (127 ul) was
added to the solution of Gsm, (130 mg, 0.548 mmol) in EtOH and stirred overnight.
After filtration and distillation under reduced pressure, the residue was purified with
preparative TLC (EtOAc:MeOH:Et,NH = 60:5:1) to provide Gs.; (ESI-MS m/z: 240.1
[M + H]"). Gs., can be obtained in the same way by using Gia..
The preparation of Gz,

The aqueous solution of NaOH (1.5 mL, 1M) was added to the solution of Gy, (30
mg) in THF, stirred at room temperature for 24 h. The pH of the solution was adjusted

to around 5 by progressively adding 10% HCI, then extracted three times with ethyl



acetate. The combined organic phases were evaporated at reduced pressure. The
residue was purified with silica gel column chromatography (petroleum ether:EtOAc
AcOH = 100:50:3) to give Gra.

The preparation of My,

Thionyl chloride (180 uxL, 0.297 mmol) was added dropwisely to the solution of
tryptophan (200 mg, 0.979 mmol) in dry MeOH under the condition of ice-bath, then
heated to reflux, monitored by TLC. M4 was obtained after distillation under reduced
pressure (Mys: ESI-MS m/z: 219.1 [M + H]").

The preparation of M5

NaBH, (600 mg, 15.9 mmol) was added gradually to the solution of My4 (300 mg,
1.18 mmol) in EtOH/H,O (V/V = 1:1), stirred at room temperature for 11h, then
extracted three times with CHCI3;. The combined organic phases were evaporated at

reduced pressure to give Mis (ESI-MS m/z: 189.1 [M - H])
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'H and ®*C-NMR, and HR-MS spectra for compounds 1-34.
'H-NMR of compound 1
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HR-EI-MS of compound 1
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'H-NMR of compound 2
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HR-EI-MS of compound 2
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3C-NMR of compound 3
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'H-NMR of compound 4
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HR-EI-MS of compound 4
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NMR of compound 5
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'H-NMR of compound 6
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Measured region for 598.2376 m/z
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3C-NMR of compound 7
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'H-NMR of compound 9
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HR-EI-MS of compound 9
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3C-NMR of compound 10
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'H-NMR of compound 11
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HR-EI-MS of compound 11
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'H-NMR of compound 12
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HR-EI-MS of compound 12
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-10.0, max = 120.0
Selected filters: None
Monoisotopic Mass, Odd and Even Electron lons
22 formula(e) evaluated with 1 results within limits (up to 51 closest results for each mass)
Elements Used:
C:0-200 H:0-400 N:2-2 0:4-7
PMF7 KIB Autospec Premier
13:44:57 08-Jul-2016 M160711EA-0SAFAMM 9 (0.826) P776
Voltage El+ 410.1860 261
%
0 T T T T T T T T T miz
409.800 409.900 410.000 410.100 410.200 410.300 410,400 410,500
Minimum: =10.0
Maximum: 200.0 10.0 120.0
Mass Calc. Mass mDa PPM DBE i=FIT Formula
410.1860 410.1842 1.8 4.4 12.0 5546145.5 C23 H26 N2 05
1
H-NMR of compound 13
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ES 0l W Am SESE SE ol 6N N e ot ie e e e ietliet el et B RO 001100 R e ey G L O Gl O 100100 1 BB sl
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oMY -0 <0 oW o
WOOOOO oo OCOm-O -
; . —Soidddd . . —sdel oididiel o , . . ; . .
0 8.0 0 4.0 3.0 2.0 1.0 0.0 -1.0 <4
f1 (ppm)



3C-NMR of compound 13
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HR-EI-MS of compound 13
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-10.0, max = 120.0
Selected filters: None
Monoisotopic Mass, Odd and Even Electron lons
22 formula(e) evaluated with 1 results within limits (up to 51 closest results for each mass)
Elements Used:
C:0-200 H:0-400 N:2-2 O:3-6
PMT381 KiB Autospec Premier
14:08:31 08-Jul-2016 M160711EA-10AFAMM 19 (1.745) P776
Voltage El+ 380.1737 435
%
T T T T T T T T T T miz
379.800 379.900 380.000 380.100 380.200 380.300 380.400 380.500
Minimum: -10.0
Maximum: 200.0 10.0 120.0
Mass Calc. Mass mDa PPM DBE 1-FIT Formula
380.1737 380.1736 0.1 0.3 12.0 5546231.5 C22 H24 N2 04
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'H-NMR of compound 14
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HR-EI-MS of compound 14

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-10.0, max = 120.0
Selected filters: None
Monoisotopic Mass, Odd and Even Electron lons
23 formula(e) evaluated with 1 results within limits (up to 51 closest results for each mass)
Elements Used:
C:0-200 H:0-400 N:2-2 0:4-7
PMF8 KiB Autospec Premier
13:40:43 08-Jul-2016 M160711EA-04AFAMM 8 (0.734) P776
Voltage El+ 438.1801 124
%
T T T T T T T e T T T T T T T T miz
437.800 437.900 438.000 438.100 438.200 438.300 438.400 438.500 438.600
Minimum: -10.0
Maximum: 200.0 10.0 120.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
438.1801  438.1791 1.0 2.3 13.0 5546078.5 C24 H26 N2 06
1
H-NMR of compound 15
MO ANLDORODNANDSDSDVASTLDNDE TN OOV NI VMOAN——QO 0O
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B3C-NMR of compound 15
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HR-EI-MS of compound 15

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-10.0, max = 120.0
Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons

23 formula(e) evaluated with 1 results within limits (up to 51 closest results for each mass)
Elements Used:

C:0-200 H:0-400 N:2-2 O:3-6

F2 KIB Autospec Premier
14:03:50 08-Jul-2016 M180711EA-09AFAMM 10 (0.918) P776
Vlglla e El+ 410.1834 14.6

%-
T T T T T T T T T T T T T T m/z
409.800 409.900 410.000 410.100 410.200 410.300 410.400 410.500
Minimum: -10.0
Maximum: 200.0 10.0 120.0
Mass Calc. Mass mDa PPM DBE i=FIT Formula
410.1834 410.1842 -0.8 -2.0 12.0 5546027.0 C23 H26 N2 05

31



'H-NMR of compound 16
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HR-EI-MS of compound 16

Measured region for 415.1417 m/z
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H-NMR of compound 17
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'H-NMR of compound 18
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HR-EI-MS of compound 18

Measured region for 601.3023 m/z
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'H-NMR of compound 19
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3C-NMR of compound 19
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HR-EI-MS of compound 19

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -10.0, max = 120.0
Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons

17 formula(e) evaluated with 1 results within limits (up to 51 closest results for each mass)
Elements Used:

C:0-200 H:0-400 N:2-2 0:3-5

F4 KIB Autospec Premier
13:58:58 08-Jul-2016 M160711EA-0BAFAMM 14 (1.285) P776
v‘ona e El+ 382.1892 24

%
o T T T T T T T oy T T T T T T T miz
381.900 382,000 382.100 382.200 382.300 382.400 382.500
Minimum: -10.0
Maximum: 200.0 10.0 120.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
382.1892 382.1893 -0.1 -0.3 11.0 5546030.5 C22 H26 N2 04
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'H-NMR of compound 20

10T
€0'C
0T
(A4
14 &4
9T
LLT
6L'T
18°C
€8T
96'C
L6'T
60°€
60'¢
11°¢€y

g
8€'€
€€
1t
9p¢
e
98'€
It
€'y
89'g—
€89
89
<89
989
z0'L]
€0°L]
oL
90°L}
€TL
STL
9L
8t'L
91'8

F%o-

315

<

g9

Fao-

=10

0.0

1.0

6.0

10.0

B3C-NMR of compound 20

LESE
78'8¢
859
0’6t
1T6tv
LI'IS—
88'SST
069§
wc.o)

mm.mm/

50 40 30 20

70 60

66'9%
_m.hh\

8.8;,
0L'TO1
6011y
98°111

Al
SEEN
98'ZC1
0L'LT
$6'LTI
0S'1€1
9 1%l
6151
€8°€51
891

STt S ]

00—

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80

-10

0

10

fl (ppm)

38



HR-EI-MS of compound 20

39

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -10.0, max = 120.0
Selected filters: None
Monoisotopic Mass, Odd and Even Electron lons
18 formula(e) evaluated with 1 results within limits (up to 51 closest results for each mass)
Elements Used:
C:0-200 H:0-400 N:2-2 0O:4-6
F9 KIB Autospec Premier
13:35:45 08-Jul-2016 M160711EA-03AFAMM 16 (1.469) P776
Voltage El+ 412.1992 106
%-
0 T T T T T T T T T T T T miz
411.800 411.900 412.000 412.100 412.200 412.300 412.400 412.600
Minimum: -10.0
Maximum: 200.0 10.0 120.0
Mass Calc. Mass mDa PEPM DBE i-FIT Formula
412.1992 412.1998 -0.6 -1.5 11.0 5546068.5 (€23 H28 N2 05
1
H-NMR of compound 21
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BC-NMR of compound 21
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-10.0, max = 120.0
Selected filters: None
Monoisotopic Mass, Odd and Even Electron lons
18 formula(e) evaluated with 1 results within limits (up to 51 closest results for each mass)
Elements Used:
C:0-200 H:0-400 N:2-2 0:3-5
PMF5 KIB Autospec Premier
13:53:53 08-Jul-2016 M160711EA-OTAFAMM 13 (1.193) P776
Voltage El+ 134

Y

o T T T T T T T T T miz

383.900 384.000 384.100 384.200 384.300 384.400 384.500

Minimum: -10.0
Masximum: 200.0 10.0 120.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
384.2043  384.2049 -0.6 -1.6 10.0 5546027.0 C22 H28 N2 04
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'H-NMR of compound 22
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HR-EI-MS of compound 22

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-10.0, max = 120.0
Selected filters: None
Monoisotopic Mass, Odd and Even Electron lons
23 formula(e) evaluated with 1 results within limits (up to 51 closest results for each mass)
Elements Used:
C:0-200 H:0-400 N:2-2 0:4-7
PMF6 KiB Autospec Premier
13:49:20 08-Jul-2016 M160711EA-0BAFAMM 11 (1.010) P776
v El+ 414.2151 136
%
T T T T T T T T T T T T T T T
413.900 414.000 414.100 414.200 414.300 414.400 414.500 414.600
Minimum: -10.0
Maximum: 200.0 10.0 120.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
414.2151  414.2155 -0.4 -1.0 10.0 5546027.0 C23 H30 N2 05

'H-NMR of compound 23
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3C-NMR of compound 23
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C30 H24 N4 04 [M+Na]+ : Predicted region for 527.1690 m/z e o
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| 1000 . .
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i { a i i
! | P ll - 529.1749
o # S
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Rank _Score Formula (M) . _lon = Meas. m/z__ Pred. miz_Df. (mDa), _Df. (ppm) Iso_ DBE
1 88.04 C30H24 N4 O4 {M+Na]+ 527.1696  527.1690 0.6 1.14 8835 21.0
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'H-NMR of compound 24
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HR-EI-MS of compound 24

Measured region for 567.1481 m/z
L
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28 H24 N4 08 [M+Na]+ : Predicted region for 567.1486 m/z -
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Rank Score Formula (M) lon o Meas.miz__Pred. m/z Df. (mDa) Df. (ppm) lso__ DBE
1 89.10 C28 H24 N4 O8 [M+Naj+ 567.1481 567.1486 -0.5 -0.88 89.10  19.0
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H-NMR of compound 25
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B3C-NMR of compound 25
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Rank Score Formula (M) lon Meas. miz. Pred. mfz_Df. {mDa) DF, (ppm) Iso DBE
1 94.39 C28 H26 N2 04 M+Naj+ 477.1786  477.1785 0 021 9439 17.0
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'H-NMR of compound 26
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Measured region for 513.1591 m/z

HR-EI-MS of compound 26
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3 89.71 C28 H24 N2 04 F2 [M+Na]+ 513.1591  513.1596 05 097 89717 170
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3C-NMR of compound 27
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1 100.00 C28 H24 N2 O4 CI2 [M+Naj+ 545.1006  545.1005 0.1 0.18 10000 17.0
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'H-NMR of compound 28
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HR-EI-MS of compound 28

Measured region for 632.9998 m/z
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_Rank_ Score Formula(M) =~ lon_ Meas.m/iz _Pred. m/z_Df. (mDa) Df. (ppm) Iso DBE

5 79.14 C28H24 N2 04 8r2 [M+Na]+ 632.0998  632.9995 0.3 0.47 7914 170

'H-NMR of compound 29
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17 100.00 C28 H24 N2 04 Br2 [M+Na]+ 632.9994  632.9995 0.1 20.16 100.00  17.0
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'"H-NMR of compound 30
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'H-NMR of compound 31
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Measured region for 537.2002 m/z

HR-EI-MS of compound 31
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H-NMR of compound 32
e o v v
G888 R RNmMMMARgIiIlaleanaadwtig@mdnnnddq
O\l\l\l\;l\l\l_l\‘_lj_ltlTl\l\_ll\l\l\l\h\O\D\O\O##Lﬁrﬁﬂﬁlrﬁ'rﬁ.(\i(\i(\i(\i(\i—;—;—;
Oy O.
H CH,
S
HN—/ o
> H o\/CHB
(o]
J il i ___lLﬂ _—
T TN R
2 5 83838k 3'5 S;géé 8);% 5 %
i = == S S P P N N D S = = S i 08 S ] o
)5 9.5 8.5 7.5 6.5 5:.5 4.5 3.5 2.5 1.5 0.5 l -OI. 5
f1 (ppm)

56



[N
w

C-NMR of compound 32
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HMBC of compound 32
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ROESY of compound 32
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HR-ESI-MS of compound 32

User Spectra
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Peak List
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101.0211 1 |361176.84
116.9073 106036.91
118.9044 101976.38
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Formula Calculator Element Limits
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Formula Calculator Results
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'H-NMR of compound 33
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HR-EI-MS of compound 33

Measured region for 392.1137 m/z
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B3C-NMR of compound 34
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