Supplementary Information (SI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2026

Supporting Information

Hydrogen Isotope Exchange of Multisubstituted
Alkenes Catalyzed by Zeolites

Yuan Gao, Feiyu Qiu, Yi Chen, Huize Li, Zhanhong Zheng, Xinhao Tang, Andi Zou,
Aiwen Lei*, Wu Li*

College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072,
Hubei, China.

*Corresponding author. E-mail: aiwenlei@whu.edu.cn, wu.li@whu.edu.cn

Contents
1. General iInformation..............oocooiiiiiiiiiiiii e 2
2. General procedure for reaction ................cccccoeeviiieiiiieniiie e 3
3. Reaction development and optimization..................c..ccoeoiiiiiiiiiiiie e, 3
4. Characterization of catalyst .................occoviiiiiiiiiii e 4
5. Characterization of Products ...............ccccoeeviiiiiieiiiee e 5

6. NMR spectra of products ..............coooiiiiiiiiiiiieiieeeeceecee e 17



1. General information

All glassware were oven dried at 110 °C for hours and cooled down under vacuum.
Unless otherwise noted, materials were obtained from commercial suppliers and used
without further purification. Deuterium oxide (D,O) was purchased from Energy
Chemical®. 1,4-Dioxane was purchased from Leyan (Shanghai, China). HY and
HZSM-5 zeolite were purchased from Nankai Catalyst Factory (Tianjin, China).

'H, 3C NMR data were recorded with ADVANCE III 400 MHz with
tetramethylsilane as internal standard. All chemical shifts (8) are reported in ppm and
coupling constants (J) in Hz. All chemical shifts were reported relative to
tetramethylsilane: 6H = 0 ppm (CDCls: 6H = 7.26 ppm, 6C = 77.16 ppm; DMSO-dg:
O0H =2.50 ppm, 6C = 39.52 ppm; D,0: 6H =4.79 ppm).

High resolution mass spectra (HRMS) were measured with Waters Micromass
GCT instrument and accurate masses were reported for the molecular hydrogen ion
(M+H)" or (M+Na)*.

The transmission electron microscopy (TEM) measurements were performed by
JEM-2010 (HT) electron microscope (JEOL, Japan) with an accelerating voltage of 200
kV.

The scanning electron microscope (SEM) measurements were performed by
SIGMA electron microscope (Carl Zeiss, German).

The location and percentage of deuterium incorporation were determined by 'H
NMR. The following formula was used to determine the degree of deuterium
incorporation. Calibrate peaks based on signals corresponding to unmarked locations.
The label location was determined by 'H NMR based on chemical shift and peak
multiplicity. In addition, deuterium incorporation was confirmed using high-resolution
MS by comparing labeled and unlabeled compounds.

oo residual integral
% deuteration = 100 - [(number of labelling sites X 100)]




2. General procedure for reaction

In a 10 mL sealed tube, magnetic stirring bar (10 x 6 mm) and HY zeolite catalyst
(80 mg) was fitted. The sealed tube was evacuated and inflated with N, three times.
Then D,O (1.5 mL) and alkene (0.20 mmol) were filled under N,. The sealed tube was
placed into heating module and heated to desired temperature (140 °C). At the end of
reaction, the sealed tube was quickly cooled down at room temperature. The crude
mixture was extracted with DCM (or EA) and collected organic phase for three times.
After removal of all volatiles in vacuo, the desired product was obtained.

For gram scale reaction, alkene (10 mmol), HY zeolite (2.0 g), D,O (25 mL) under
N, at 140 °C for 48 h. At the end of reaction, the crude mixture was extracted with
DCM (or EA) and collected organic phase for three times. After removal of all volatiles
in vacuo, the desired product was obtained. And aqueous phase was centrifuged to
remove zeolite catalyst for recovery of D,0.

3. Reaction development and optimization

Table S1. Optimization of aryl alkenes.

HY zeolite (80 mg) b b
D,O (1.5 mL) |
e wmoan UL
8a 0.2 mmol 8b
Entry Variations? Yield® D-inc.©
1 D,0 13% 97%
2 D,0/1,4-dioxane 76% 88%
3 D,O/THF 79% 83%
4 D,0/MeCN 74% 70%
D,O/DMF 95% 5%
6 D,0/DMSO 99% 0

2 D,0/organic solvent (1.0/0.5 mL). ® Yield was detected by GC-MS using mesitylene
as internal standard. ¢ D-incorporation was detected by GC-MS or '"H NMR.



4. Characterization of catalyst

Table S2. Textural properties of the HY zeolite catalyst.

SBET (m2/ g) Smicro (m2/ g) Vtotal (Cm3/ g) Vmicro (Cm3/ g) Dave (nm)

610 403 0.35 0.20 2.28

Table S3. Chemical composition of the HY zeolite catalyst.

catalyst Si/Al
fresh HY zeolite 18.59
used HY zeolite 18.62

EHT = 5.00 kv Signal A = InLens. Date :1 Dec 2025
WD = 54 mm Mag= 500KX Time :16:19:10

Figure S1. SEM of the HY zeolite catalyst.

500 nm 500 nm’

Figure S3. HAADF-STEM and EDS of the HY zeolite catalyst
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5. Characterization of products

)\( \)\/\OH

D [99]

Citronellol-d (1b). According to the general procedure, the title product was obtained
(30.4 mg, 96%).

'H NMR (400 MHz, CDCl3) 6 5.15 - 5.02 (m, 0.01H), 3.85 — 3.54 (m, 2H), 2.06 — 1.87
(m, 1.62H), 1.72 — 1.49 (m, 3.23H), 1.46 — 1.24 (m, 2H), 1.22 — 1.09 (m, 1H), 0.89 (d,
J=6.4 Hz, 3H).

BCNMR (101 MHz, CDCl3) 6 131.11, 124.73 (m, labeled), 61.25, 39.98, 37.31, 29.26,
25.42 (m, labeled), 24.80 (m, labeled), 19.62, 18.31 (m, labeled).

Deuterium incorporation: 6.2 D/molecule (‘H-NMR)

)\( \)\///N
D [98]

Agrunitrile-d (2b). According to the general procedure, the title product was obtained
(28.7 mg, 94%).

'H NMR (400 MHz, CDCl5) 6 5.14 — 4.98 (m, 0.02H), 2.27 (qd, J = 16.6, 6.4 Hz, 2H),
2.04 — 1.94 (m, 1.52H), 1.91 — 1.80 (m, 1H), 1.72 — 1.61 (m, 0.92H), 1.61 — 1.52 (m,
0.70H), 1.51 — 1.29 (m, 2H), 1.06 (d, J = 6.8 Hz, 3H).

BCNMR (101 MHz, CDCl3) 6 132.34, 122.93 (m, labeled), 119.02, 35.94, 30.02, 25.72
(m, labeled), 25.22, 24.52 (m, labeled), 19.46, 17.19 (m, labeled).

Deuterium incorporation: 5.8 D/molecule (‘H-NMR)

0]
)\( MOH
D [98]

Citronellic acid-d (3b). According to the general procedure, the title product was
obtained (33.7 mg, 98%).

'H NMR (400 MHz, CDCl3) 6 5.15 - 5.06 (m, 0.02H), 2.41 —2.30 (m, 1H), 2.21 —2.09
(m, 1H), 2.08 — 1.89 (m, 2.48H), 1.76 — 1.53 (m, 0.27H), 1.49 — 1.21 (m, 2H), 0.98 (d,
J=6.6 Hz, 3H).

3C NMR (101 MHz, CDCl;) 6 179.71, 131.20, 123.96 (m, labeled), 41.66, 36.83,
29.96, 25.85 (m, labeled), 25.40 (m, labeled), 19.71, 18.18 (m, labeled).

Deuterium incorporation: 7.3 D/molecule (‘H-NMR)



[ | HCI

D [96]

2-(Cyclohex-1-en-1-yl-2-d)ethan-1-amine hydrochloride (4b). According to the
general procedure, the title product was obtained (30.7 mg, 94%).

'H NMR (400 MHz, DMSO-dg) 6 5.45 — 5.41 (m, 0.04H), 2.90 — 2.79 (m, 2H), 2.17 —
2.07 (m, 0.88H), 1.89 — 1.82 (m, 1.40H), 1.50 — 1.35 (m, 4H).

3C NMR (101 MHz, DMSO-dq) 6 133.52, 125.63 (m, labeled), 38.26 (m, labeled),
35.87, 26.10 (m, labeled), 25.61, 23.06, 22.67 (m, labeled).

Deuterium incorporation: 4.7 D/molecule ('"H-NMR), 4.2 D/molecule [HRMS (ESI)].

HRMS (ESI) of 4b [M+H]":

Gy-7-152-1#22-67 RT: 0.09-0.28 AV: 46 NL: 1.37E6
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100
955
903
857
80
753

130.1529

703 129.1467
657
60
557]

131.1590

FNEFN
o o,

Relative Abundance
(4]
o
Il

= NN Wow
c‘n ? a o O
TN

128.1435 132.1653

o
T
Il

133,15509

o
i

1211012 1230917 4345457 1257458 1271341 136.0217 137.3140
OO XL OO SN v s R Y AU FOVRONS FRUOH WO SO L 61

T T T T T T T
122 124 126 128 130 132 134 136



I

D [97]
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Osthol-d (5b). According to the general procedure, the title product was obtained (38.9
mg, 79%).

'H NMR (400 MHz, CDCl3) 6 7.65 — 7.57 (m, 1H), 7.33 — 7.25 (m, 1H), 6.83 (d, J =
8.6 Hz, 1H), 6.23 (d, /=9.4 Hz, 1H), 5.25 - 5.19 (m, 0.03H), 3.92 (s, 3H), 3.58 — 3.50
(m, 1.68H), 1.88 — 1.77 (m, 0.11H), 1.73 — 1.63 (m, 0.12H).

BCNMR (101 MHz, CDCl3) 6 161.55, 160.34, 152.95, 143.90, 132.60, 126.32, 121.05
(m, labeled), 118.12, 113.13, 113.08, 107.46, 56.18, 25.97 (m, labeled), 21.93, 18.10
(m, labeled).

Deuterium incorporation: 7.1 D/molecule (‘"H-NMR), 7.0 D/molecule [HRMS (ESI)].

HRMS (ESI) of 5b [M+H]*:

Gy-7-136-2#22-60 RT: 0.09-0.24 AV: 39 NL: 5.74E7

T FTMS + p ESI Full ms [100.00-1000.00]
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[91]

2,2,4-Trimethyl-1,2-dihydroquinoline-3-d (6b). According to the general procedure,
the title product was obtained (33.6 mg, 96%).

'HNMR (400 MHz, CDCl3) 6 7.08 — 7.04 (m, 1H), 6.98 (s, 1H), 6.66 — 6.59 (m, 0.07H),
6.50 — 6.41 (m, 0.07H), 5.32 — 5.29 (m, 0.09H), 3.67 (s, 1H), 2.07 — 1.93 (m, 0.25H),
1.28 (s, 6H).

B3BC NMR (101 MHz, CDCls) & 143.32, 129.49 (m, labeled), 128.22, 123.60, 121.77,
116.99 (m, labeled), 112.42 (m, labeled), 51.84, 31.14, 18.94 (m, labeled).

Deuterium incorporation: 5.5 D/molecule ('"H-NMR), 5.9 D/molecule [HRMS (ESI)].

HRMS (ESI) of 6b [M+H]*:

Gy-7-153-4 #22-70 RT: 0.09-0.28 AV: 49 NL: 1.10E8

T FTMS + p ESI Full ms [100.00-1000.00]
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HO D [93]

4-(Prop-1-en-2-yl-1,1-d,)phenol (7b). According to the general procedure, the title
product was obtained (14.3 mg, 52%).

'H NMR (400 MHz, CDCl3) 6 7.41 — 7.33 (m, 2H), 6.82 — 6.76 (m, 2H), 5.27 — 5.25
(m, 0.07H), 4.99 — 4.96 (m, 0.07H), 4.83 (s, 1H), 2.12 — 2.08 (m, 0.21H).

3C NMR (101 MHz, CDCl;) 8 155.78, 142.79, 134.36, 127.34, 115.04, 110.27 (m,
labeled), 23.04 (m, labeled).

Deuterium incorporation: 4.7 D/molecule ('"H-NMR), 4.8 D/molecule [HRMS (ESI)].

HRMS (ESI) of 7b [M+H]*:
Gy-7-150-1#4-89 RT: 0.01-0.37 AV: 86 NL: 1.66E5
T FTMS + p ESI Full ms [100.00-1000.00]
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D[83]

2-(Prop-1-en-2-yl-1,1-d;)naphthalene (8b). According to the general procedure, the
title product was obtained (24.3 mg, 71%).

'"H NMR (400 MHz, Chloroform-d) 6 7.89 — 7.77 (m, 4H), 7.69 (dd, J = 8.8, 2.0 Hz,
1H), 7.54 — 7.42 (m, 2H), 5.59 — 5.53 (m, 0.17H), 5.24 — 5.18 (m, 0.17H), 2.32 — 2.22
(m, 0.52H).

BCNMR (101 MHz, CDCl3) 6 142.86, 138.43, 133.52, 132.93, 128.37, 127.83, 127.64,
126.25, 125.95, 124.37, 124.01, 112.48 (m, labeled), 22.03 (m, labeled).

Deuterium incorporation: 4.2 D/molecule (‘H-NMR)

[99] D

2,3,4,5-Tetrahydro-1,1'-biphenyl-6-d (9b). According to the general procedure, the
title product was obtained (30.4 mg, 95%).

'H NMR (400 MHz, CDCls) 6 7.40 (d, J = 7.6 Hz, 2H), 7.32 (t, J= 7.6 Hz, 2H), 7.22
(t,J=7.2Hz, 1H), 6.17—6.13 (m, 0.01H), 2.47 — 2.39 (m, 0.04H), 2.22 (t,J = 6.2 Hz,
2H), 1.82 - 1.76 (m, 2H), 1.73 — 1.64 (m, 2H).

3C NMR (101 MHz, CDCl;) 8 142.78, 136.50, 128.32, 126.62, 125.04, 124.63 (m,
labeled), 27.43 (m, labeled), 25.88, 22.99, 22.23.

Deuterium incorporation: 4.9 D/molecule (‘H-NMR)

D
[64]
a-Cedrene-d (10b). According to the general procedure, the title product was obtained
(39.2 mg, 95%).
'H NMR (400 MHz, CDCl;) 8 5.25 — 5.19 (m, 0.36H), 2.16 (d, J = 16.8 Hz, 1H), 1.95
—1.72 (m, 4H), 1.72 — 1.63 (m, 4H), 1.63 — 1.47 (m, 2H), 1.45 — 1.30 (m, 3H), 1.02 (s,
3H), 0.95 (s, 3H), 0.84 (d, /= 7.2 Hz, 3H).
BCNMR (101 MHz, CDCl3) 6 140.71, 119.34 (m, labeled), 59.08, 54.95, 53.98, 48.29,
41.59, 40.79, 38.94, 38.81, 36.20, 27.79, 25.73, 24.93, 15.57.
Deuterium incorporation: 0.6 D/molecule (‘H-NMR)



Lsophorone-d (11b). According to the general procedure, the title product was
obtained (24.3 mg, 87%).

'H NMR (400 MHz, CDCls) 6 5.89 — 5.83 (m, 0.65H), 2.20 — 2.11 (m, 0.61H), 1.95 —
1.82 (m, 0.81H), 1.01 (s, 6H).

BCNMR (101 MHz, CDCl;) 6 200.27, 160.47, 125.67 (m, labeled), 50.68 (m, labeled),
44.43 (m, labeled), 33.32, 28.31, 23.99 (m, labeled).

Deuterium incorporation: 7.6 D/molecule (‘H-NMR)

O [96]
904
0

Menadione-d (12b). According to the general procedure, the title product was obtained
(21.6 mg, 62%).

'H NMR (400 MHz, CDCl;) 6 8.19 — 7.99 (m, 2H), 7.73 (dd, /= 5.8, 3.2 Hz, 2H), 6.84
(d, J=1.6 Hz, 0.04H), 2.20 (s, 3H).

3C NMR (101 MHz, CDCls) 6 185.82, 185.18, 148.24, 135.52 (m, labeled), 133.81,
133.76, 132.39, 132.31, 126.67, 126.23, 16.58.

Deuterium incorporation: 1.0 D/molecule (‘H-NMR)
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Progesterone-d (13b). According to the general procedure, the title product was
obtained (57.6 mg, 91%),).

'H NMR (400 MHz, CDCl3) 6 5.76 — 5.72 (m, 0.10H), 2.57 — 2.48 (m, 0.06H), 2.45 —
2.26 (m, 0.33H),2.22 -2.12 (m, 1H), 2.12 -2.09 (m, 0.13H), 2.09 — 1.98 (m, 2H), 1.84
(dd, J=12.8, 3.6 Hz, 1H), 1.76 — 1.65 (m, 3H), 1.65 — 1.58 (m, 2H), 1.58 — 1.51 (m,
1H), 1.51 -1.42 (m, 2H), 1.28 — 1.24 (m, 1H), 1.20 - 1.16 (s, 3H), 1.07 — 0.95 (m, 2H),
0.66 (s, 3H).

BC NMR (101 MHz, CDCls) 6 209.73, 199.75, 171.09, 123.97 (m, labeled), 63.06 (m,
labeled), 56.07, 53.71, 43.95, 38.66, 38.18, 35.58, 35.54, 34.78 (m, labeled), 33.58 (m,
labeled), 32.40 (m, labeled), 31.77, 24.44, 22.74, 21.07, 17.42, 13.40.

Deuterium incorporation: 8.4 D/molecule ('H-NMR), 8.8 D/molecule [HRMS (ESI)].

HRMS (ESI) of 13b [M+H]*:
Gy-7-114-1#22-59 RT: 0.09-0.24 AV: 38 NL: 3.35E7
T FTMS + p ESI Full ms [100.00-1000.00]
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Testosterone-d (14b). According to the general procedure, the title product was
obtained (55.7 mg, 96%).

'H NMR (400 MHz, Chloroform-d) 8 5.78 — 5.72 (m, 0.12H), 3.67 (t, J = 8.4 Hz, 1H),
248 —2.21 (m, 0.29H), 2.16 — 2.00 (m, 2H), 1.91 — 1.82 (m, 2H), 1.71 — 1.51 (m, 5H),
1.50 — 1.37 (m, 2H), 1.33 — 1.25 (m, 1H), 1.21 (s, 3H), 1.17 — 0.89 (m, 4H), 0.81 (s,
3H).

3C NMR (101 MHz, CDCl;) 6 199.94, 171.49, 123.91 (m, labeled), 81.65, 54.00,
50.56, 42.89, 38.66, 36.50, 35.69, 35.60, 33.34 (m, labeled), 32.06 (m, labeled), 31.44,
30.47,23.42,20.72, 17.48, 11.16.

Deuterium incorporation: 4.6 D/molecule ('H-NMR), 4.9 D/molecule [HRMS (ESI)].

HRMS (ESI) of 14b [M+H]™:
Gy-7-114-2#24-60 RT: 0.10-0.25 AV: 37 NL: 5.32E7
T FTMS + p ESI Full ms [100.00-1000.00]
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v-Oryzanol-d (15b). According to the general procedure, the title product was obtained
(113.5 mg, 94%).
'H NMR (400 MHz, CDCl;) 6 7.59 (d, /= 16.0 Hz, 1H), 7.14 — 6.99 (m, 2H), 6.90 (d,
J=28.0 Hz, 1H), 6.29 (d, J=16.0 Hz, 1H), 6.09 (s, 1H), 4.75 — 4.63 (m, 1.29H), 3.91
(s, 3H), 2.31 - 1.78 (m, 6H) , 1.73 — 1.48 (m, 9H) , 1.47 — 1.24 (m, 8H) , 1.18 — 1.06
(m, 3H), 1.05-1.00 (m, 3H), 0.99 - 0.95 (m, 4H), 0.93 - 0.73 (m, 11H) , 0.73 — 0.54
(m, 2H), 0.42 — 0.30 (m, 1H).
BCNMR (101 MHz, CDCl3) 6 167.26, 156.93, 148.00, 146.93, 144.50, 130.94, 127.18,
125.36 (m, labeled), 123.11, 116.29, 114.87, 109.46, 106.06, 80.66, 56.03, 52.33,
48.90, 47.95, 47.29, 45.36, 39.79, 36.43, 36.21, 35.98, 35.63, 35.07, 33.88, 32.95,
31.72, 31.40, 29.88, 28.23, 27.04, 26.59, 26.07, 25.92, 25.83, 25.58, 25.03, 22.10,
21.96, 21.04, 20.23, 19.40, 18.40, 18.33, 18.08, 17.74, 15.44.
Deuterium incorporation: 0.7 D/molecule (‘H-NMR)

N\

D [62] OH
Lanosterol-d (16b). According to the general procedure, the title product was obtained
(83.0 mg, 97%).

'H NMR (400 MHz, CDCl3) 6 5.13 —5.01 (m, 0.38H), 3.26 — 3.16 (m, 1H), 2.08 — 1.98
(m, 4H), 1.95 - 1.84 (m, 2H), 1.76 — 1.65 (m, 6H), 1.65 — 1.51 (m, 6H), 1.50 — 1.40 (m,
3H), 1.38 — 1.28 (m, 3H), 1.19 — 1.10 (m, 3H), 1.05 — 1.02 (m, 1H), 1.00 — 0.94 (m,
6H), 0.91 — 0.85 (m, 8H), 0.80 (s, 3H), 0.68 (s, 3H).

3C NMR (101 MHz, CDCl;) 6 134.52, 130.99, 125.37 (m, labeled), 79.07, 50.62,
50.53, 49.92, 44.60, 39.64, 38.99, 37.13, 36.59, 36.47, 36.38, 35.72, 31.12, 30.97,
28.32, 28.09, 27.94, 26.62, 25.84, 25.04, 24.37, 24.22, 22.95, 22.67, 21.12, 19.26,
18.84, 18.76, 18.38, 17.75, 15.86, 15.55.

Deuterium incorporation: 0.6 D/molecule (‘H-NMR)

AN o~
D [60] O

Ethyl chrysanthemate-d (17b). According to the general procedure, the title product



was obtained (36.0 mg, 91%, d.r. 1.5:1).

'H NMR (400 MHz, CDCl3) 6 5.37 — 5.29 (m, 0.08H), 4.91 — 4.82 (m, 0.32H), 4.21 —
4.02 (m, 2H), 2.06 — 2.00 (m, 0.8H), 1.87 — 1.81 (m, 0.2H), 1.76 — 1.60 (m, 4.29H),
1.53 (d, J = 7.8 Hz, 0.4H), 1.36 (d, J = 5.4 Hz, 0.6H), 1.29 — 1.22 (m, 6H), 1.20 (s,
1.2H), 1.12 (s, 1.8H).

3C NMR (101 MHz, CDCl3) & 172.69, 171.24, 135.52, 121.35 (m, labeled), 60.31,
59.75, 34.98, 32.68, 32.15, 31.39, 28.98, 28.59, 27.51, 26.22, 25.70, 22.33, 20.53,
18.60, 18.12, 14.90, 14.52, 14.48.

Deuterium incorporation: 2.3 D/molecule (‘H-NMR)

O  OH

(E)-6-(4-hydroxy-6-methoxy-7-methyl-3-0x0-1,3-dihydroisobenzofuran-5-yl)-4-
methylhex-3-enoic-3-d acid (18b). According to the general procedure, the title
product was obtained (59.8 mg, 93%).

'H NMR (400 MHz, CDCl;) 8 7.68 (s, 1H), 5.30 — 5.27 (m, 0.02H), 5.20 (s, 2H), 3.78
(s, 3H), 2.82 — 2.70 (m, 2H), 2.69 — 2.59 (m, 2H), 2.28 — 2.16 (m, 1H), 2.14 (s, 3H),
2.09 - 1.98 (m, 1H), 1.51 — 1.43 (m, 2.71H).

3C NMR (101 MHz, CDCl;) 8 176.92, 172.98, 163.75, 153.60, 144.39, 123.27 (m,
labeled), 122.09, 117.02, 106.50, 86.63, 70.21, 61.31, 32.85, 29.24, 25.53, 18.22, 11.70.
Deuterium incorporation: 1.3 D/molecule (‘"H-NMR), 1.6 D/molecule [HRMS (ESI)].

HRMS (ESI) of 18b [M+H]*:
Gy-7-133-3#21-69 RT: 0.09-0.28 AV: 49 NL: 3.87E7
T FTMS + p ESI Full ms [100.00-1000.00]
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903
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D [97]
%(OH
[/ o

2-Cyclohexylideneacetic-2-d acid (19b). According to the general procedure, the title
product was obtained (26.3 mg, 93%).

'H NMR (400 MHz, CDCl3) 6 5.67 — 5.61 (m, 0.03H), 2.05 — 1.90 (m, 2.30H), 1.65 —
1.49 (m, 6H).

BC NMR (101 MHz, CDCls) 6 134.01, 120.96 (m, labeled), 29.79 (m, labeled), 25.28,
23.73 (m, labeled), 22.92, 22.46.

Deuterium incorporation: 3.6 D/molecule (‘H-NMR)

X o)
D[86] o>

5-(3-Methylbut-2-en-1-yl-2-d)benzo[d][1,3]dioxole (20b). According to the general
procedure, the title product was obtained (31.1 mg, 81%).

'H NMR (400 MHz, CDCls) 6 6.77 — 6.65 (m, 2H), 6.68 — 6.59 (m, 1H), 5.91 (s, 2H),
5.31-5.24 (m, 0.14H), 3.30 — 3.23 (m, 1.76H), 1.79 — 1.66 (m, 2.45H).

BBC NMR (101 MHz, CDCls) & 147.69, 145.63, 135.84, 132.59, 123.48 (m, labeled),
121.00, 108.97, 108.24, 100.86, 34.02, 29.85 (m, labeled).

Deuterium incorporation: 4.6 D/molecule (‘H-NMR)



6. NMR spectra of products
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I3C NMR spectra of 1a
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13C NMR spectra of 2a:
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I3C NMR spectra of 3a
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'H NMR spectra of 4a
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I3C NMR spectra of 4a

S

6

gy-7-152-1-y1. 2. fid

6222~
ewee
vzsz
8622
BEGE~,
B89 2E~C
68°9¢
0L'6E
LE6E
568
168
v66E
s1op

creL—

PEeL—

NHz

«HCI

=10

Fo

T T
200 190

T
210

f1 (ppm)

13C NMR spectra of 4b

€

4

GY-7-152-1. 2. fid

1922
90°€2
19527
orez’
1858
wm.um#
68'8¢
or'ee
LE6E
Z56E
EL'6E
v6'6¢
sioy

9GZL—

geel—

D [96]

Fo

f1 (ppm)



'H NMR spectra of 5a
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13C NMR spectra of 5a:
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TH NMR spectra of 6a
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I3C NMR spectra of 6a
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TH NMR spectra of 7a
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13C NMR spectra of 7a:
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TH NMR spectra of 8a
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I3C NMR spectra of 8a
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TH NMR spectra of 9a
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I3C NMR spectra of 9a
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TH NMR spectra of 10a
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I3C NMR spectra of 10a
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TH NMR spectra of 11a
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13C NMR spectra of 11a:
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TH NMR spectra of 12a
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I3C NMR spectra of 12a
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TH NMR spectra of 13a
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I3C NMR spectra of 13a

LrEL
om‘\.—./
143 _‘N/
$6'22
6v'¥2
yo'Le
20ze
L6'2E

80¥E~
196E

ww.mm
o.ﬁmm
6.8¢
SObY
LIES~
S1'9s—
£9'¢9—
v8'9L
OV'LL W
8¥ il

02—

0L —

f1 (ppm)

13C NMR spectra of 13b

ovEl
A4

012 /.
vize /
{4424
LULE /.
ov'ee
85°€E ./.

BLVE~E
PS'Se
85'GE
81'8¢
99'8¢
S6EY
LLES—~
20095—

90'€9—

89/
9VLL W
v il

L€l —

60°LLL—

'

f1 (ppm)



TH NMR spectra of 14a
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I3C NMR spectra of 14a
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TH NMR spectra of 15a
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I3C NMR spectra of 15a
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TH NMR spectra of 16a
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I3C NMR spectra of 16a
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TH NMR spectra of 17a
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13C NMR spectra of 17a:
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13C NMR spectra of 17b:
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I3C NMR spectra of 18a

¥ :\
8291
RN

L2~
LEYE

SL19—
6L0L—

ww.mn
w:.h W
8Ll

16'90L—

S8'oLL—
Leeet
mcmNFV

LoveEL—
LLvvL—
08'€51L—
08'€9l-

80°€LL-
S6'8.L1-

-133-3-y1. 70. fid

=7

GY-

4

T
200

T
210

f1 (ppm)

13C NMR spectra of 18b

0Lk —
[44:] Sl
€56¢—

ve6e—
S8ZE—~

LEle—
b20L—
89/
w:.hv
8V LL
£9'98—

05'90L—

20—
60221
1z —

6E PPl —
09¢e5L—
SLE9L—

862LL—
2691 —

L

T T T
200 190 180

T
210

f1 (ppm)



uy v
oSl
951
151
851
85t
651
091
29k
oL
€91
ol
So'l
SOl
91
89—

£02—

86¢—

19'6—

9L

gy-7-169-2-y1. 30. fid

TH NMR spectra of 19a

OH

Feor
Feor

FseL

oot

w
o3

1 (ppm)

05t
5L
€51
€51
s
ss1L
5L
651
09k
103
Lok

6L
mm._.w
161

£9'6—

9L

GY-7-169-2. 1. fid

'H NMR spectra of 19b

D [87]

3)

[4

OH

9

]

Foog
Foez

€00

3.5

1 (ppm)



13C NMR spectra of 19a:
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TH NMR spectra of 20a

6L —

877
087
w7/

892
ore
ore
e

£LY~
wy”

€6'G
599 /
599
199
199
2.9
L9

9.9

9L

gy-T-147-1-y1. 1. fid

|

1 (ppm)

oot

Fooz

Fooe

Fooz

661

00k
66'L

'H NMR spectra of 20b

891
0L
L1
vl

Gee—

426
8CS W
0E'S
L6'S
299
299
99
199
699
L9
[4 wa.
vL9

A

GY-7-147-1-1. 10. fid

]

Fsrz

Fost

Evio

00T

160
96'L

1 (ppm)



I3C NMR spectra of 20a
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