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Supplementary Materials: Enzymatic Synthesis of
Thioesters from Thiols and Vinyl Esters in a
Continuous-Flow Microreactor

Nani Zhou !, Le Shen !, Zhen Dong !, Jiahong Shen ?, Lihua Du ** and Xiping Luo 2*
3. Materials and Methods
3.2. Thioester Synthesis Operating Conditions

3.2.1. General Procedure for Thioesters Synthesis under Shaker Conditions

Method A: Benzyl mercaptan (1 mmol) and vinyl laurate (3 mmol) were added to 5 mL DMSO.
The biocatalyst lipozyme TL IM (0.22 g, 44 mg mL-') was then added and the suspension maintained
at 50 °C for 24 h under Shaker Conditions. The mixture was cooled and filtered. Then evaporated
under reduced pressure and the residue was submitted to column chromatography on silica gel (200-
300 mesh). The products were eluted with a gradient of normal petroleum ether: ethyl acetate (20: 1,
by vol). The purification was monitored by TLC. The fractions containing the main products were
pooled, the solvent evaporated, and the residue analyzed by '"H NMR, 3C NMR and ESI-MS.

3.2.2. General Procedure for Thioester Synthesis in Continuous Flow Microreactors

Method B: 4 mmol of the benzyl mercaptan was dissolved in 10 mL DMSO (feed 1) and 8 mmol
vinyl laurate were dissolved in 10 mL DMSO (feed 2). Lipozyme TL IM (0.87 g, 44 mg mL) was
weighed, then filled the MVQ reactor coil (inner diameter ID: 2.0 mm, length: 1 m). Feeds 1 and 2
were mixed together at a flow rate of 10.4 pL min? in a Y-mixer at 50 °C and the resulting stream
(20.8 L min') was connected to a sample vial which was used to collect the final mixture. The final
mixture was then evaporated, and the residue was submitted to column chromatography on silica
gel (200-300 mesh). The products were eluted with a gradient of normal petroleum ether: ethyl acetate
(20: 1, by vol). The purification was monitored by TLC. The fractions containing the main products
were pooled, the solvent evaporated, and the residue analyzed by 'H NMR, *C NMR and ESI-MS.

In order to examine the reproducibility of the method, we repeated the reaction five times, the
result are illustrate in Figure S1.
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Figure S1. The reproducibility of the reaction on the conversion of S-Benzyl thiododecanoate
catalysed by Lipozyme TL IM in a continuous flow microreactor.
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Nuclear magnetic resonance (NMR) analysis
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S-benzyl thioacetate (3a): Light yellow oil; '"H NMR (500 MHz, CDCls): 0 7.32 - 7.26 (m, 5H), 4.15 (s,

2H), 2.37 (s, 3H). 3C NMR (125 MHz, CDCls): d 195.0, 137.6, 128.8, 128.6, 127.2, 33.4, 30.2. ESI-MS:
m/z =189.1 [M+Na]*.
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S-benzyl thiododecanoate (3b): White crystals; 'TH NMR (500 MHz, CDCls): 8 7.36 - 7.27 (m, 5H),
4.17 (s, 2H), 2.61 (t, ] = 7.5 Hz, 2H), 1.73 (m, 2H), 1.35 (m, 16H), 0.98 (t, ] = 6.0 Hz, 3H). 3C NMR (125
MHz, CDCls): 0 198.2, 137.7, 128.6, 128.4, 127.0, 43.6, 32.9, 31.8, 29.5, 29.4 - 29.1, 28.8, 25.5, 22.6, 14.0.
ESI-MS: m/z = 329.2 [M+Na]*.
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S-benzyl thiohexadecanoate (3c): White solid; "H NMR (500 MHz, CDCls): 0 7.34 - 7.25 (m, 5H), 4.14
(s, 2H), 2.58 (t, ] = 7.5 Hz, 2H), 1.66 (m, 2H), 1.47 - 1.23 (m, 24H), 0.91 (t, ] = 7.0 Hz, 3H). 3C NMR
(125 MHz, CDCls):  198.9, 137.8, 129.3, 129.0, 128.8, 128.6, 127.2, 43.9, 33.1, 31.9, 29.7, 29.6 — 29.1,
29.0, 25.6, 22.7, 14.1. ESI-MS: m/z = 385.2 [M+Nal]*.

6-0x0.-6-((benzyl)thio)-hexanoate vinyl ester (3d): Yellow oil; "H NMR (500 MHz, CDCls): 0 7.35 -
7.24 (m, 6H), 4.89 (ddd, ] = 14.0, 3.4, 1.6 Hz, 1H), 4.59 (ddd, ] = 6.3, 2.4, 1.7 Hz, 1H), 4.14 (s, 2H), 2.59
(m, 2H), 2.43 (m, 2H), 1.72 (m, 4H). 3C NMR (125 MHz, CDCls): d 198.1, 170.1, 141.1, 137.5, 128.7,
128.6,127.2,97.6, 43.2, 33.4, 33.1, 24.7, 23.8. ESI-MS: m/z = 301.1 [M+Na]*.
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S-(4-methylbenzyl) ethanethioate (3e): Light yellow oil; TH NMR (500 MHz, CDCls): 7.19 (d, J=7.6

Hz, 2H), 7.12 (d, ] = 7.6 Hz, 2H), 4.10 (s, 2H), 2.35 (s, 3H), 2.33 (s, 3H). 13C NMR (125 MHz, CDCls): d
195.0, 137.9, 134.2, 129.8, 129.7, 33.4, 30.2, 21.1. ESI-MS: m/z = 203.1 [M+Na]*.

0O

JoRanaans



Catalysts 2018, 8, 249

S-(4-methylbenzyl) thiododecanoate (3f): Yellow liquid oil; 'H NMR (500 MHz, CDCls): $ 7.18 (d, ] =
7.6 Hz, 2H), 7.12 (d, ] = 7.6 Hz, 2H), 4.10 (s, 2H), 2.57 (t, ] = 7.5 Hz, 2H), 2.33 (s, 3H), 1.64 (m, 2H),

1.31 (m, 16H), 0.89 (t, ] = 7.1 Hz, 3H). 3C NMR (125 MHz, CDCls):  199.1, 137.0, 134.7, 129.4, 128.8,
43.9,32.9,32.0,29.7,29.6 - 29.3, 29.0, 25.7, 22.8, 21.1, 14.2. ESI-MS: m/z = 343.2 [M+Na]*.
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S-(4-methylbenzyl) thiohexadecanoate (3g): Light yellow oil; '"H NMR (500 MHz, CDCls): 6 7.19 (d, |
=8.0 Hz, 2H), 7.12 (d, ] = 7.9 Hz, 2H), 4.10 (s, 2H), 2.56 (t, ] = 7.5 Hz, 2H), 2.34 (s, 3H), 1.68 (m, 2H),
1.32 - 1.27 (m, 24H), 0.90 (t, ] = 7.0 Hz, 3H). 3C NMR (125 MHz, CDCls): & 199.0, 136.9, 134.7, 129.3,
128.7,43.9, 32.9, 32.0, 29.7, 29.6 - 29.3, 29.0, 25.6, 22.7, 21.1, 14.1. ESI-MS: m/z = 399.3 [M+Na]*.

6-0x0.-6-((4-methylbenzyl)thio)-hexanoate vinyl ester (3h): Light yellow oil; 'TH NMR (500 MHz,
CDCls): 6 7.31 - 7.20 (m, 5H), 4.87 (ddd, ] = 14.0, 3.3, 1.7 Hz, 1H), 4.56 (ddd, ] = 6.2, 2.0, 1.7 Hz, 1H),
4.11 (s, 2H), 2.59 (m, 2H), 2.41 (m, 2H), 2.39 (s, 3H), 1.71 (m, 4H).3C NMR (125 MHz, CDCl:): o
198.0,170.1, 141.0, 137.5, 128.7, 128.5, 127.2, 97.6, 43.1, 33.4, 33.1, 24.7, 23.8, 23.7. ESI-MS: m/z = 315.1

[M+Na]*.
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S-(4-chlorobenzyl) ethanethioate (3i): Light yellow oil; 'TH NMR (500 MHz, CDCls): 8 7.27 (dd, | =
8.6, 6.6 Hz, 2H), 7.23 (dd, ] = 8.5, 6.1 Hz, 2H), 4.08 (s, 2H), 2.36 (s, 3H). 3C NMR (125 MHz, CDCls): d
195.0, 135.7, 132.7, 130.8, 128.8, 33.1, 30.5. ESI-MS: m/z = 223.0 [M+Na]*.
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S-(4-chlorobenzyl) thiododecanoate (3j): Yellow liquid oil; "H NMR (500 MHz, CDCls): 8 7.27 (dd, |
= 8.5, 6.5 Hz, 2H), 7.23 (dd, ] = 8.5, 6.0 Hz, 2H), 4.08 (s, 2H), 2.57 (t, ] = 7.2 Hz, 2H), 1.66 (m, 2H), 1.29

(m, 16H), 0.90 (t, ] = 6.0 Hz, 3H). 3C NMR (125 MHz, CDCls): d 198.7, 141.2, 136.5, 133.0, 130.2, 128.7,
43.8,34.0, 32.4, 31.9, 29.6 - 29.0, 28.9, 25.6, 24.6, 22.7, 14.1. ESI-MS: m/z = 363.2 [M+Na]*.
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S-(4-chlorobenzyl) thiohexadecanoate (3k): Yellow oil; "H NMR (500 MHz, CDCls): 6 7.27 (dd, ] =

8.4, 6.3 Hz, 2H), 7.23 (dd, ] = 8.3, 6.0 Hz, 2H), 4.23 (s, 2H), 2.58 (t, ] = 7.5 Hz, 2H), 1.78 (d, ] = 7.1 Hz,
2H), 1.58 - 1.32 (m, 24H), 0.89 (t, ] = 6.8 Hz, 3H). 13C NMR (125 MHz, CDCl3):  199.0, 135.9, 132.8,
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131.9,131.7,129.2, 128.8, 44.2, 33.6, 32.9, 30.1, 29.8 - 29.2, 28.0, 26.5, 23.4, 14.9. ESI-MS: m/z = 419.2
[M+Na]*.

6-0x0.-6-((4-chlorobenzyl)thio)-hexanoate vinyl ester(31): Yellow oil; 'TH NMR (500 MHz, CDCls): d
7.32 - 7.20 (m, 5H), 4.89 (ddd, | =14.0, 3.4, 1.6 Hz, 1H), 4.59 (ddd, ] = 6.3, 2.4, 1.6 Hz, 1H), 4.08 (s, 2H),
2.61 (m, 2H), 2.41 (m, 2H), 1.72 (m, 4H). 3C NMR (125 MHz, CDCls):  198.0, 170.2, 141.1, 136.3,
133.1, 130.2, 128.8, 97.7, 43.2, 33.4, 32.5, 24.8, 23.8. ESI-MS: m/z = 335.1 [M+Na]*.
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“C-NMR of compound 3a

is07T28

n W om s e
EJL+YE¥T) CIC13 0738 o w oromon -
= ™~ o d0 < o™
o e T | L=
- - - T - Fe ]
| — ] LA
'
[
|
i
T T T T T T T T T T T T T T
50 230 210 180 170 150 130 110 @ & T0 60 50 40 320 20 10 O =20 10

1 (ppm)



Catalysts 2018, 8, 249

'H-NMR of compound 3b
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“C-NMR of compound 3b
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'H-NMR of compound 3c
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“C-NMR of compound 3¢
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'H-NMR of compound 3d
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“C-NMR of compound 3d

\

9LEE,
(3 mlg
89 vz-7
g vg)

L mmkm
BEEE-|
gLEw

BE" hwv
LB LB

BLLEL,
)

G5RE b
eeagld
ZELEL)

w_u._..w_.___

[N YA,
shoels

[i3: (-1
arass

ETL+T25 CICl3 0508

17

=20 -40

L]

90 &0 70 &0 50 40 30 20 10

150 130 110

170

210

250

1 {ppm)



Catalysts 2018, 8, 249

'H-NMR of compound 3f

68 0
060

8%,

0E" |
2> _.UN
a9 _..Lv.

ag'l

£ Z-
55z,
15T
a5z’

Ob¥—

(S
zhad
mvww
0zl
az

1T

4JETLHGE  CIC13 0502

70 8.5 a0 55 50 4.5 4.0 35 3.0 25 20 1.5 10 0.5 0aQ
1 {ppm)

a5 9.0 85 80 75

0.0



Catalysts 2018, 8, 249

“C-NMR of compound 3f
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'H-NMR of compound 3g
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“C-NMR of compound 3g
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'H-NMR of compound 3h
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“C-NMR of compound 3h
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!H-NMR of compound 3j
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“C-NMR of compound 3j
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!H-NMR of compound 3l

)

Cl

A%
ZLb
zLk
ELL
N
OFEs
Lt'E)
m_w.wu,.
BSE
_.m.m.ww
z9z!

a0r-—
851

851
BEt
BEY

Bt~
mwﬁ&m
06|
L&t

[t 8]
[
ETL
EZ'LA
gl
gzl
gL
BZL
BT°L
oE"L!

18008
4LEECHTZE  CIC13 Q03

3.0 25 20 15 10 0.5 0.0

35

a5 a0 25 20 75 7.0 8.5 [i11] 55 50 45 4.0
1 {ppmi

10.0



Catalysts 2018, 8, 249

“C-NMR of compound 3l
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The Mass spectrum of compound
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compound 3d
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