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1. General remarks

NMR spectra were obtained on a Bruker AV-600 MHz spectrometer. The *H NMR
(600 MHz) chemical shifts were measured relative to CDCl; as the internal reference
(CDClg: & = 7.26 ppm). The *C NMR (150 MHz) chemical shifts were given using
CDCI; as the internal standard (CDCls: 6 = 77.16 ppm). High-resolution mass spectra
(HRMS) were obtained with a LC-TOF MS-MS (ESI).

Unless otherwise noted, all reagents were obtained from commercial suppliers and
used without further purification. All solvents were dried by refluxing, and freshly

distilled prior to use.



2. General Procedure for the reaction
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2-Methylquinoline I a(1.4 mmol) and N-phenylmaleimide IIa(1 mmol) were
dissolved in 2 mL of DMSO with 20 mg pepsin from pig gastric mucosa as catalyst.
The mixture was stirred at 60 °C for 60 h, and then 10 mL water was added to the
reaction mixture. The resulting mixture was extracted by ethyl acetate (10 mL) for 3
times. The combined organic phase was concentrated under reduced pressure and the
residue was purified by silica gel column chromatography to give the coupling

products Ia.



3. Supplementary experiment details

3.1 Effect of water content on the yield of reaction

After exploring the effect of different reaction media on the catalytic effect of the
enzyme, no doubt that both DMSO and H,O have a good promoting effect. Bisides,
enzyme can be well dissolved in water, so the influence of the water content of the
solvent on the reaction is also explored (Fig. S1). With the water content increased,
the yield decreased continuously. Obviously, the addition of water does not promote
the progress of the reaction but rather has a great inhibitory effect. Therefore, no

water was added in DMSO.
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Fig. S1 Effect of water content on the yield of reaction

All reactions were carried out using N-phenylmaleimide (0.75 mmol), 2-methy quinoline (0.5
mmol), pepsin (20 mg) and DMSO (2 mL) at specified water content at 50 °C for 48 h. The
yield refers to the isolated product after chromatography on silica gel.



3.2 Effect of enzyme loading on the yield of reaction

The effect of enzyme loading was also investigated (Fig. S2). The results showed
that 10 mg/mL was the optimal quantity for the model reaction between 0.75 mmol
N-phenylmaleimide and 0.5 mmol 2-methy quinoline under employed conditions.
Higher enzyme loading did not result in the incease of yield, so 20 mg was choosen as

the optimal enzyme loading.
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Fig. S2 Effect of enzyme loading on the yield of reaction

All reactions were carried out using N-phenylmaleimide (0.75 mmol), 2-methy quinoline (0.5
mmol), DMSO (2 mL) and specified amount of pepsin at 50 °C for 48 h. The yield refers to
the isolated product after chromatography on silica gel.

3.3 Effect of temperature on the yield of reaction

Temperature is another important factor for the asymmetric enzyme-catalyzed
reactions, due to their effects on the enzyme stability and reactivity. Thus, a
temperature screen was performed using N-phenylmaleimide and 2-methy quinoline
(Fig. S3). It was found that the activity of the enzymatic reaction could be enhanced
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by increasing temperature, and reached the maximum yield of 73 % at 60 °C.
However, the yield has no increase when the temperature surpassed 60 °C. Therefore,

60 °C was chosen as the optimal temperature for the reaction.
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Fig. S3 Effect of temperature on the yield of reaction

All reactions were carried out using N-phenylmaleimide (0.75 mmol), 2-methy quinoline (0.5
mmol), pepsin (20 mg) and DMSO (2 mL) at specified temperature for 48 h. The yield refers
to the isolated product after chromatography on silica gel.

3.4 Effect of molar ratio of substrates on the yield of reaction

To optimize experimental conditions, we examined the effect of molar ratio of
substrates on the vyield of the reaction using 2-methyl quinoline and
N-phenylmaleimide (Table S1). It was found that the yield was evidently affected by
the molar ratio of substrates. When the excessive N-phenylmaleimide was used as the
acceptor, the yield could be increased and reached a maximum. Thus, the molar ratio
of 1.4 © 1 (acceptor/donor) was chosen as the optimal molar ratio of substrates (Table

S1, entry 8).



Table. S1 Effect of molar ratio of substrates on the yield of reaction®

Entry la(mmol) I1a(mmol) Yield®/%
1 0.5 0.5 59
2 0.75 0.75 64
3 1 1 67
4 1.25 1.25 66
5 1.2 1.2 71
6 1 1.2 74
7 1 1.3 76
8 1 14 79
9 1 15 77

2All reactions were carried out using pepsin (20 mg), DMSO (2 mL) and specified amounts of
N-phenylmaleimide and 2-methyl quinoline at 60 °C for 48 h. "Yield of the isolated product
after chromatography on silica gel.

3.5 Effect of reaction time on the yield of reaction

Since it was not determined whether the reaction reached equilibrium at 48 h, the
reaction time was also investigated. When the reaction proceeded to 12 h, the yield
was only 27%, and when the reaction reached 60 h, the equilibrium reached and the

yield reached 84%. Therefore, we have chosen 60 h as the optimal reaction time.
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Fig. S4 Effect of reaction time on the yield of reaction

All reactions were carried out using N-phenylmaleimide (1.4 mmol), 2-methy quinoline (1
mmol), pepsin (20 mg) and DMSO (2 mL) at 60 °C for specified time. The yield refers to the
isolated product after chromatography on silica gel.



4. Characterization of compounds

'H NMR spectra of compound I11a

€LOPE~.
6T1°LE~
9LT'8E

CILL
wcm.hhv
€LY°LL

PE9ITI
181921
6657971
818971
L09°LT1
SLE'STIAE

698°8T1
em_.ON_N
069°621 \
8L9TEI \
661°9¢1
L8E'LYI—

PI9°LS1—

TESILI~
S8T6LI—

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

180

B¥C NMR spectra of compound Illa

000°0-—

567
1967
€867
1667
650°€
SS0°€
690°€
s80e/
LISE
e
L
LS
9IL'E
€eL'E
phLE

6LT'Ly
€67°L |
Iv€°Lq
£5€°L1
OLELA
£8€°L
S6¢°L
SSP'L
89°LA
18%°L
68%°L|
10S°LA
129°L
9L
Pro'L
€9L°L
9LL'L
098°L
PLY'L
L8
980°8

—l

2001
2101

=10T
=00'1

M\mc.v

——=di 7 1

=00
=001
660
001

0.0 -0.

0.5

2.0 1.5 1.0

25

4.0

5.0 4.5

5.5

6.5

7.0

7.5

8.0

8.5

f1 (ppm)



'H NMR spectra of compound 111b
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'H NMR spectra of compound I11c
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'H NMR spectra of compound 111d
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'H NMR spectra of compound I11e
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'H NMR spectra of compound 111f
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'H NMR spectra of compound I11g
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'H NMR spectra of compound I11h
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'H NMR spectra of compound I11i
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'H NMR spectra of compound I11j
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'H NMR spectra of compound 111k
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'H NMR spectra of compound 1111
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'H NMR spectra of compound 111m
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'H NMR spectra of compound I11n
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'H NMR spectra of compound I110
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13C NMR spectra of compound 110
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'H NMR spectra of compound I11p
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13C NMR spectra of compound 111p
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'H NMR spectra of compound I11q
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13C NMR spectra of compound 111q
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'H NMR spectra of compound I11r

000°0-—

0S€°€~
99¢°¢~

6LI'Y
o'y
eIy

:3
wer/
80L'p
by
£SLF
wLy
978y
LE8'Y
S8
RET
SEI'L]
97T
0PTL
1ST'L
wUTLy
987'L
SOS°L
07SLy
POL'L
.E.LW
€Ll
69L'L
800’8
70’8
850’8
$90'8

—

NO,

=0T

E10°1

w101
e (]

001
Apos
=101
=00°1
o0
#00'T

25 2.0 1.5 1.0 0.5 0.0

3.0

55 5.0 4.5 4.0 3.5
1 (ppm)

6.0

6.5

7.0

7.5

8.0

85

3C NMR spectra of compound I11r
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'H NMR spectra of compound I11s
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13C NMR spectra of compound 111s
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Mass spectra of compound Illg
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Mass spectra of compound 111j
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Mass spectra of compound I11k
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Mass spectra of compound I111
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Mass spectra of compound I1Im

7-POSITIVE, +TOF MS (200 - 550)
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Mass spectra of compound I1In
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Mass spectra of compound I1lo

5-POSTIVE, +TOF MS (200 - 550)

400
380
360
340
320
300
280
260
240

220

Intensity

200
180
160
140
120
100
s
60
40

20

465.1870

466.1903

ot d o o 00 b bty v o i Lovw il o o

Ly wimmn sl

430

440

450

460 470
Mass/Charge, Da

480

490 500 510

30




