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I. General remarks 

Products were purified by column chromatography on silica gel (Kanto Chemical Co., Inc., Silica 

Gel 60N (spherical, neutral), 63-210 mm) or Florisil
®
 (Sigma-Aldrich Japan, Florisil, 100-200 mesh). 

1
H NMR spectra were recorded with a JEOL-ECP-500 (500 MHz) and a JEOL-ECS-400 (400 MHz) 

spectrometer in CDCl3. Chemical shifts were reported in parts per million (δ) referenced to the 

solvent peak at 7.26 ppm (CDCl3). 
13

C NMR spectra were recorded with a JEOL-ECP-500 (126 

MHz) and a JEOL-ECS-400 (100 MHz) spectrometer in CDCl3 and referenced to the solvent peak at 

77.16 ppm (CDCl3). 
19

F NMR spectrum was recorded with a JEOL-ECS-400 (378 MHz) 

spectrometer in CDCl3 and referenced to PhCF3 at -62.6 ppm. Coupling constants, J, were reported 

in Hertz (Hz), and splitting patterns were designated as s (singlet), d (doublet), t (triplet), q (quartet), 

quint (quintet) and m (multiplet). IR spectra were obtained on a JASCO FT/IR-4100 spectrometer; 

absorptions were reported in reciprocal centimeters. Conventional mass spectra were recorded with a 

SHIMADZU GCMS-QP2010Plus spectrometer and high-resolution mass spectra were recorded with 

a JEOL MS-700 spectrometer. 

 

II. Materials 

All matelials were purchased from commercially available sources and used without further 

purification. Calcium carbide was crushed to smaller than 5 mm before using. 

 

III. Typical procedure for the vinylation reaction (Table 2, entry 1) 

 

To a Pyrex reaction tube (20 x 125 mm, with a screw cap) was added a mixture of benzyl alcohol 

(162 mg, 1.5 mmol), KOH (55 mg, 1.0 mmol), and water (106 mg, 5.9 mmol) in DMSO (2 mL). 

After stirring at room temperature for 30 min, calcium carbide (262 mg, 4.1 mmol) was added. Then, 

the tube was sealed, and the mixture was heated to 120 °C with vigorous stirring for 15 h. The 

mixture was then filtered through a pad of silica gel (20 g) and washed with hexane/ethyl acetate 

(4/1 v/v, 250 mL). The filtrate was evaporated under vacuum and the residue was purified by column 

chromatography on Florisil
®

 with pentane to give desired product 2a (183 mg, 91%) as a pale yellow 

oil. 
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IV. Typical procedure for the vinylation reaction on gram scale  

 

In a 200 mL two-necked round-bottom flask with a reflux condenser, a mixture of benzyl alcohol 

(2.8 g, 26 mmol), KOH (1.1 g, 20 mmol), and water (2.2 g, 120 mmol) in DMSO (40 mL) was 

prepared. After stirring at room temperature for 30 min, calcium carbide (5.2 g, 81.4 mmol) was 

added, the flask was then sealed with a rubber septum and attached to a balloon to avoid excess 

pressure due to generated acetylene. The mixture was heated to 120 °C with vigorous stirring for 15 

h. Then, the mixture was filtered through a pad of silica gel (100 g) and washed with hexane/ethyl 

acetate (4/1 v/v, 2.5 L). The filtrate was evaporated under vacuum and the residue was purified by 

column chromatography on silica gel with pentane to give desired product 2a (2.5 g, 72%) as a pale 

yellow oil. 
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V. Spectroscopic data of vinylation products 

 

Benzyl vinyl ether (2a)
S1

: 

１H NMR (400 MHz, CDCl3) δ 7.40-7.31 (5H, m, ArH), 6.58 (1H, dd, J = 14.3, 

6.7 Hz, OCH), 4.77 (2H, s, OCH2), 4.32 (1H, dd, J = 14.1, 2.6 Hz, =CH2), 

4.10-4.09 (1H, m, =CH2); 
13

C NMR (100 MHz, CDCl3) δ 151.55, 136.88, 

128.34, 127.73, 127.39, 87.18, 69.81. 

 

4-Methoxybenzyl vinyl ether (2b)
S2 

１H NMR (400 MHz, CDCl3) δ 7.29 (2H, d, J = 8.3 Hz, ArH), 6.90 

(2H, d, J = 8.3 Hz, ArH), 6.55 (1H, dd, J = 14.3, 6.4 Hz, OCH), 4.69 

(2H, s, OCH2), 4.30 (1H, dd, J = 14.5, 2.3 Hz, =CH2), 4.07 (1H, dd, J 

= 6.8, 2.3 Hz, =CH2), 3.81 (3H, s, OMe); 
13

C NMR (100 MHz, CDCl3) δ 159.47, 151.72, 129.34, 128.97, 

113.95, 87.22, 69.90. 

 

2-Methoxybenzyl vinyl ether (2c) 

１H NMR (400 MHz, CDCl3) δ 7.37 (1H, dd, J = 7.6, 1.8 Hz, ArH), 7.29 (1H, 

dt, J = 8.0, 1.8 Hz, ArH), 6.97 (1H, t, J = 6.9 Hz, ArH), 6.89 (1H, d, J =8.3 

Hz, ArH), 6.58 (1H, dd, J = 14.3, 6.4 Hz, OCH), 4.82 (2H, s, OCH2), 4.33 

(1H, dd, J = 14.3, 2.3 Hz, =CH2), 4.07 (1H, dd, J ＝6.9, 1.8 Hz, =CH2), 3.85 

(3H, s, OCH3); 
13

C NMR (100 MHz, CDCl3) δ 156.96, 151.91, 129.06, 128.90, 125.26, 120.52, 110.25, 

87.11, 65.34, 55.34; νmax/cm
-1

 (neat) 1636, 1617, 1246, 1030; GC-MS (EI) m/z (relative intensity) 164 

(M
+
, 5%), 127 (33), 126 (8), 125 (100), 99 (5), 90 (5), 89 (19), 63 (7); HRMS (EI) Found: [M

+
]: 164.0834. 

C10H12O2 requires 164.0837. 

 

4-Chlorobenzyl vinyl ether (2d)
S2

: 

１H NMR (400 MHz, CDCl3) δ 7.34 (2H, d, J = 8.7 Hz, ArH), 7.29 (2H, 

d, J = 8.3 Hz, ArH), 6.55 (1H, dd, J = 14.5, 6.9 Hz, OCH), 4.73 (2H, s, 

OCH2), 4.29 (1H, dd, J = 14.5, 2.3 Hz, =CH2), 4.10 (1H, dd, J = 6.9, 2.3 

Hz, =CH2); 
13

C NMR (100 MHz, CDCl3) δ 151.51, 135.48, 133.77, 128.90, 128.76, 87.71, 69.27. 

 

3-Trifluoromethylbenzyl vinyl ether (2e) 

１H NMR (400 MHz, CDCl3) δ 7.63 (1H, s, ArH), 7.58-7.47 (3H, m, 

ArH), 6.58 (1H, dd, J = 14.5, 6.4 Hz, OCH), 4.81 (2H, s, OCH2), 

4.31(1H, dd, J = 14.3, 2.3 Hz, =CH2), 4.13 (1H, dd, J = 6.4, 2.3 Hz, 

=CH2); 
13

C NMR (100 MHz, CDCl3) δ 151.45, 138.14, 131.01 (q, JC-F 
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= 31.8 Hz), 130.70, 129.08, 124.76 (d, JC-F = 3.9 Hz), 124.27 (q, JC-F = 271.7 Hz), 124.19 (d, JC-F = 3.9 

Hz), 87.82, 69.10; 
19

F NMR (378 MHz, CDCl3) δ -62.58; νmax/cm
-1

 (neat) 1639, 1619; GC-MS (EI) m/z 

(relative intensity) 202 (M
+
, 2%), 184 (12), 160 (9), 159 (100), 119 (8), 109 (25); HRMS (EI) Found: 

[M
+
]: 202.0601. C10H9F3O requires 202.0605. 

 

4-tert-Butylbenzyl vinyl ether (2g)
S3

: 

１H NMR (400 MHz, CDCl3) δ 7.40 (2H, d, J = 8.2 Hz, ArH), 7.30 (2H, 

d, J = 8.2 Hz, ArH), 6.57 (1H, dd, J = 17.4, 6.7 Hz, OCH), 4.73 (2H, s, 

OCH2), 4.31 (1H, dd, J = 14.3, 2.1 Hz, =CH2), 4.08 (1H, dd, J = 6.7, 

2.1 Hz, =CH2), 1.32 (9H, s, 
t
Bu); 

13
C NMR (100 MHz, CDCl3) δ 151.85, 151.02, 133.94, 127.61, 125.54, 

87.24, 70.02, 34.66, 31.44. 

 

1-Naphthylmethyl vinyl ether (2h)
S4

: 

１H NMR (400 MHz, CDCl3) δ 8.00 (1H, d, J = 8.3 Hz, ArH), 7.87 (2H, dd, J = 

15.4, 8.3 Hz, ArH), 7.44-7.58 (4H, m, ArH), 6.66 (1H, dd, J = 14.3, 6.43 Hz, 

OCH), 5.20 (2H, s, OCH2), 4.44 (1H, dd, J = 14.5, 2.3Hz, =CH2), 4.16 (1H, dd, 

J = 7.1, 1.8 Hz, =CH2); 
13

C NMR (100 MHz, CDCl3) δ 151.72, 133.83, 132.32, 

131.64, 129.10, 128.73, 126.74, 126.52, 125.98, 125.33, 123.75, 87.48, 68.62. 

 

1-Phenylpropyl vinyl ether (2i): 

１H NMR (400 MHz, CDCl3) δ 7.34-7.31 (2H, m, ArH), 7.26-7.23 (3H, m,  ArH), 

6.30 (1H, dd, J = 13.8, 6.7 Hz, OCH), 4.60 (1H, t, J = 6.7 Hz, benzyl-H), 4.21 

(1H, dd, J = 14.3, 1.5 Hz, =CH2), 3.93 (1H, dd, J ＝6.7, 1.5 Hz, =CH2), 1.88 (1H, 

dq , J = 13.8, 7.2 Hz, CH2CH3), 1.75 (1H, dq, J = 13.8, 7.2 Hz, CH2CH3), 0.90 

(3H, t, J = 7.2 Hz, CH3); 
13

C NMR (100 MHz, CDCl3) δ 150.98, 141.74, 128.48, 

127.63, 126.41, 89.17, 82.94, 30.87, 10.06; νmax/cm
-1

 (neat) 1635, 1615; GC-MS (EI) m/z (relative 

intensity) 162 (M
+
, 2%), 120 (6), 119 (53), 117 (7), 92 (9), 91 (100), 77 (10), 41 (18); HRMS (EI) Found: 

[M
+
] 162.1050. C11H14O requires 162.1044.  

 

Cyclopropylphenylmethyl vinyl ether (2k)
S5

: 

１H NMR (400 MHz, CDCl3) δ 7.38-7.26 (5H, m, ArH), 6.33 (1H, dd, J = 14.0, 

6.4 Hz, OCH), 4.24 (1H, dd, J = 14.3, 1.4 Hz, =CH2), 4.17 (1H, d, J = 7.8 Hz, 

OCHPh), 3.96 (1H, dd, J = 6.7, 1.4 Hz, =CH2), 1.30-1.22 (1H, m, c-propyl), 

0.69-0.63 (1H, m, c-propyl), 0.57-0.46 (2H, m, c-propyl), 0.40-0.35 (1H, m, 

c-propyl); 
13

C NMR (100 MHz, CDCl3) δ 150.90, 141.22, 128.54, 127.81, 

126.53, 89.50, 85.43, 17.74, 4.09, 2.54. 
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3-Phenylpropyl vinyl ether (2l)
S6

: 

１H NMR (400 MHz, CDCl3) δ 7.28-7.32 (2H, m, ArH), 7.21-7.19 (3H, 

m, ArH), 6.49 (1H, dd, J = 14.3, 6.9 Hz, OCH), 4.17 (1H, dd, J = 14.3, 

1.8 Hz, =CH2), 3.99 (1H, dd, J = 5.8, 1.8 Hz, =CH2), 3.70 (2H, t, J = 

6.4 Hz, OCH2), 2.73 (2H, t, J = 7.4 Hz, CH2Ph), 1.99 (2H, quint, J = 6.4 Hz, CH2CH2CH2); 
13

C NMR 

(100 MHz, CDCl3) δ 151.94, 141.63, 128.58, 128.49, 126.00, 86.49, 67.05, 32.23, 30.78. 

 

 

n-Dodecyl vinyl ether (2m)
S7 

１H NMR (400 MHz, CDCl3) δ 6.47 (1H, dd, J = 14.3, 7.2 Hz, OCH), 4.17 

(1H, dd, J = 14.3, 2.1 Hz, =CH2), 3.97 (1H, dd, J = 6.7, 2.1 Hz, =CH2), 3.67 

(2H, t, J = 6.7 Hz, OCH2), 1.65 (2H, q, J = 6.7 Hz, OCH2CH2), 1.31-1.26 (18H, m, alkyl), 0.88 (3H, t, J = 

7.2 Hz, CH3); 
13

C NMR (100 MHz, CDCl3) δ 152.07, 86.11, 68.08, 32.09, 29.84, 29.82, 29.77, 29.75, 

29.57, 29.53, 29.23, 26.19, 22.84, 14.21. 

 

3-(2-Pyridyl)propyl vinyl ether (2n)
S8

: 

１H NMR (400 MHz, CDCl3) δ 8.53 (1H, d, J = 4.1 Hz, ArH), 7.59 (1H, 

td, J = 7.8, 1.8 Hz, ArH), 7.16 (1H, d, J = 7.8 Hz, ArH), 7.11 (1H, dd, 

J = 7.4, 5.1 Hz, ArH), 6.48 (1H, dd, J = 14.3, 6.9 Hz, OCH), 4.16 (1H, 

dd, J = 14.3, 1.8 Hz, =CH2), 3.98 (1H, dd, J = 6.9, 1.8 Hz, =CH2), 3.72 (2H, t, J = 6.4 Hz, OCH2), 2.90 

(2H, t, J = 7.4 Hz, CH2Ph), 2.15-2.08 (2H, m, CH2CH2CH2); 
13

C NMR (100 MHz, CDCl3) δ 161.15, 

151.74, 149.23, 136.25, 122.84, 121.03, 86.31, 66.99, 34.49, 28.86. 

 

 

References 

S1. F. de Nanteuil, E. Serrano, D. Perrotta and J. Waser, J. Am. Chem. Soc., 2014, 136, 6239. 

S2. P. Hu, S. Huang, J. Xu, Z. J. Shi and W. Su, Angew. Chem., Int. Ed., 2011, 50, 9926. 

S3. K. Hatada, K. Nagata, T. Hasegawa and H. Yuki, Makromol. Chem., 1977, 178, 2413. 

S4. J. M. Dickinson, J. A. Murphy, C. W. Patterson and N. F. Wooster, J. Chem. Soc. PerkinTrans. 1, 1990, 

1179. 

S5. P. Wipf, D. L. Waller and J. T. Reeves, J. Org. Chem., 2005, 70, 8096. 

S6. C. Lu, X. Su and P. E. Floreancig, J. Org. Chem., 2013, 78, 9366. 

S7. L. A. Oparina, S. I. Shaikhudinova, L. N. Parshina, O. V. Vysotskaya, Th. Preiss, J. Henkelmann and B. A. 

Trofimov, Russ. J. Org. Chem., 2005, 41, 656. 

S8. US Pat., 3 651 071, 1969.  



S7 

 

VI. NMR spectra of vinylation products 

Benzyl vinyl ether (2a) 
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4-Methoxybenzyl vinyl ether (2b) 
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2-Methoxybenzyl vinyl ether (2c) 
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4-Chlorobenzyl vinyl ether (2d) 
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3-Trifluoromethylbenzyl vinyl ether (2e) 
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   4.119

   1.551
   1.548

   0.002
  -0.000

3.15

2.02

1.04

1.03

1.01

1.00



S16 

 

 

abundance

00.10.20.30.40.50.60.70.80.91.01.11.2

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 C

ar
b
o

n
1

3

2
2

0
.0

2
1

0
.0

2
0

0
.0

1
9

0
.0

1
8

0
.0

1
7

0
.0

1
6

0
.0

1
5

0
.0

1
4

0
.0

1
3

0
.0

1
2

0
.0

1
1

0
.0

1
0

0
.0

9
0

.0
8

0
.0

7
0

.0
6

0
.0

5
0

.0
4

0
.0

3
0

.0
2

0
.0

1
0

.0
0

-1
0

.0
-2

0
.0

 151.445

 138.136
 131.176
 130.852
 130.699
 129.076
 125.620
 124.780
 124.742
 124.207
 124.169
 122.918

  87.824

  77.475
  77.160
  76.845
  69.102



S17 

 

 

  

abundance

010.020.030.0

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 F

lu
o

ri
n

e1
9

2
0

0
.0

1
8

0
.0

1
6

0
.0

1
4

0
.0

1
2

0
.0

1
0

0
.0

8
0

.0
6

0
.0

4
0

.0
2

0
.0

0
-2

0
.0

-4
0

.0
-6

0
.0

-8
0

.0
-1

0
0

.0
-1

2
0

.0
-1

4
0

.0
-1

6
0

.0
-1

8
0

.0
-2

0
0

.0

 -62.577



S18 

 

4-tert-Butylbenzyl vinyl ether (2g)  

 

abundance

020.040.060.080.0100.0120.0140.0160.0180.0200.0220.0240.0

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 1

H

1
2

.0
1

1
.0

1
0

.0
9

.0
8

.0
7

.0
6

.0
5

.0
4

.0
3

.0
2

.0
1

.0
0

-1
.0

-2
.0

   7.404
   7.388
   7.305
   7.289
   7.260
   6.589
   6.575
   6.561
   6.547

   4.729
   4.324
   4.320
   4.295
   4.291
   4.083
   4.079
   4.070
   4.066

   1.320

   0.002

9.14

2.00
2.00

2.00

1.01

1.00

1.00



S19 

 

 

  

abundance

00.10.20.30.40.50.60.70.80.91.01.11.21.31.41.51.61.71.81.92.02.12.22.32.42.52.6

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 C

ar
b

o
n

1
3

2
2

0
.0

2
1

0
.0

2
0

0
.0

1
9

0
.0

1
8

0
.0

1
7

0
.0

1
6

0
.0

1
5

0
.0

1
4

0
.0

1
3

0
.0

1
2

0
.0

1
1

0
.0

1
0

0
.0

9
0

.0
8

0
.0

7
0

.0
6

0
.0

5
0

.0
4

0
.0

3
0

.0
2

0
.0

1
0

.0
0

-1
0

.0
-2

0
.0

 151.846
 151.024

 133.936

 127.606
 125.544

  87.242

  77.485
  77.160
  76.845
  70.019

  34.657
  31.440



S20 

 

1-Naphthylmethyl vinyl ether (2h) 

 

abundance

01.02.03.04.05.06.0

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 P

ro
to

n

1
2

.0
1

1
.0

1
0

.0
9

.0
8

.0
7

.0
6

.0
5

.0
4

.0
3

.0
2

.0
1

.0
0

-1
.0

-2
.0

   8.010
   7.990
   7.878
   7.860
   7.840
   7.543
   7.536
   7.531
   7.480
   7.460
   7.260

   6.683
   6.667
   6.647
   6.631

   5.202

   4.460
   4.455
   4.424
   4.418
   4.172
   4.168
   4.154
   4.150

   1.540

   0.008
   0.005

4.00

1.99

2.00

1.01

1.01

1.00

1.00



S21 

 

 

  

abundance

00.10.20.30.40.5

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 C

ar
b

o
n

1
3

2
2

0
.0

2
1

0
.0

2
0

0
.0

1
9

0
.0

1
8

0
.0

1
7

0
.0

1
6

0
.0

1
5

0
.0

1
4

0
.0

1
3

0
.0

1
2

0
.0

1
1

0
.0

1
0

0
.0

9
0

.0
8

0
.0

7
0

.0
6

0
.0

5
0

.0
4

0
.0

3
0

.0
2

0
.0

1
0

.0
0

-1
0

.0
-2

0
.0

 151.721

 133.830
 132.322
 131.635
 129.095
 128.732
 126.737
 126.518
 125.983
 125.334
 123.749

  87.480

  77.475
  77.160
  76.845
  68.616



S22 

 

1-Phenylpropyl vinyl ether (2i) 

 

abundance

010.020.030.040.050.060.070.080.090.0100.0110.0120.0130.0140.0

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 1

H

1
2

.0
1

1
.0

1
0

.0
9

.0
8

.0
7

.0
6

.0
5

.0
4

.0
3

.0
2

.0
1

.0
0

-1
.0

-2
.0

   7.338
   7.321
   7.314
   7.308
   7.260
   7.247
   7.237
   7.233

   6.323
   6.310
   6.296
   6.282

   4.621
   4.607
   4.594
   4.220
   4.192
   3.940
   3.937
   3.927
   3.924

   1.896
   1.882
   1.868
   1.854
   1.764
   1.750
   1.520
   0.913
   0.898
   0.884

  -0.019

3.02

3.00

1.92

1.07
1.05

1.01

1.00

1.00

1.00



S23 

 

 

  

abundance

00.10.20.30.40.50.60.70.80.91.01.11.21.31.41.5

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 C

ar
b
o

n
1

3

2
2

0
.0

2
1

0
.0

2
0

0
.0

1
9

0
.0

1
8

0
.0

1
7

0
.0

1
6

0
.0

1
5

0
.0

1
4

0
.0

1
3

0
.0

1
2

0
.0

1
1

0
.0

1
0

0
.0

9
0

.0
8

0
.0

7
0

.0
6

0
.0

5
0

.0
4

0
.0

3
0

.0
2

0
.0

1
0

.0
0

-1
0

.0
-2

0
.0

 150.977

 141.735

 128.484
 127.625
 126.413

  89.170
  82.936
  77.485
  77.160
  76.845

  30.867

  10.064



S24 

 

Cyclopropylphenylmethyl vinyl ether (2k) 

 

 

abundance

01.02.03.0

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 P

ro
to

n

1
2

.0
1

1
.0

1
0

.0
9

.0
8

.0
7

.0
6

.0
5

.0
4

.0
3

.0
2

.0
1

.0
0

-1
.0

-2
.0

   7.358
   7.355
   7.340
   7.331
   7.326
   7.310
   7.306
   7.285
   7.260

   6.354
   6.338
   6.320
   6.303

   4.259
   4.256
   4.220
   4.184
   4.164
   3.971
   3.966
   3.953
   3.950

   1.541

   1.269
   1.248

   0.522
   0.520
   0.499

   0.001

4.53

2.14

1.10

1.02
1.02

1.02

1.00

1.01

0.99



S25 

 

 

  

abundance

00.10.20.3

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 C

ar
b
o

n
1

3

2
2

0
.0

2
1

0
.0

2
0

0
.0

1
9

0
.0

1
8

0
.0

1
7

0
.0

1
6

0
.0

1
5

0
.0

1
4

0
.0

1
3

0
.0

1
2

0
.0

1
1

0
.0

1
0

0
.0

9
0

.0
8

0
.0

7
0

.0
6

0
.0

5
0

.0
4

0
.0

3
0

.0
2

0
.0

1
0

.0
0

-1
0

.0
-2

0
.0

 150.900

 141.220

 128.542
 127.806
 126.527

  89.495
  85.428
  77.475
  77.160
  76.835

  17.740

   4.088
   2.541



S26 

 

3-Phenylpropyl vinyl ether (2l)  

 

abundance

01.02.03.0

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 P

ro
to

n

1
2

.0
1

1
.0

1
0

.0
9

.0
8

.0
7

.0
6

.0
5

.0
4

.0
3

.0
2

.0
1

.0
0

-1
.0

-2
.0

   7.315
   7.294
   7.276
   7.260
   7.210
   7.198
   7.190

   6.519
   6.502
   6.483
   6.466

   4.191
   4.155
   4.000
   3.998
   3.996
   3.984
   3.712
   3.696
   3.680

   2.750
   2.731
   2.711

   1.989
   1.985

   1.546
   1.544

   0.007
   0.004

3.08

2.22

2.11

2.06

1.76

1.09
1.02

1.00



S27 

 

 

  

abundance

00.10.20.30.40.50.60.70.80.91.01.11.21.3

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 C

ar
b

o
n

1
3

2
2

0
.0

2
1

0
.0

2
0

0
.0

1
9

0
.0

1
8

0
.0

1
7

0
.0

1
6

0
.0

1
5

0
.0

1
4

0
.0

1
3

0
.0

1
2

0
.0

1
1

0
.0

1
0

0
.0

9
0

.0
8

0
.0

7
0

.0
6

0
.0

5
0

.0
4

0
.0

3
0

.0
2

0
.0

1
0

.0
0

-1
0

.0
-2

0
.0

 151.941

 141.630

 128.580
 128.494
 126.002

  86.487

  77.475
  77.160
  76.845
  67.050

  32.232
  30.781



S28 

 

n-Dodecyl vinyl ether (2m) 

 

 (Thousands)

00.10.20.30.40.50.60.70.80.91.01.11.21.31.4

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 1

H

1
2

.0
1

1
.0

1
0

.0
9

.0
8

.0
7

.0
6

.0
5

.0
4

.0
3

.0
2

.0
1

.0
0

-1
.0

-2
.0

   7.260

   6.489
   6.475
   6.460
   6.446

   4.185
   4.181
   4.156
   4.152
   3.976
   3.972
   3.962
   3.958
   3.683
   3.670
   3.656

   1.665
   1.651
   1.635
   1.311
   1.298
   1.284
   1.260
   0.894
   0.880
   0.866

  -0.000

18.45

3.44

2.02

2.00

1.10

1.00

1.00



S29 

 

 

 

 

 

  

abundance

00.10.20.30.40.50.60.70.80.91.01.11.21.31.41.51.6

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 C

ar
b
o

n
1

3

2
2

0
.0

2
1

0
.0

2
0

0
.0

1
9

0
.0

1
8

0
.0

1
7

0
.0

1
6

0
.0

1
5

0
.0

1
4

0
.0

1
3

0
.0

1
2

0
.0

1
1

0
.0

1
0

0
.0

9
0

.0
8

0
.0

7
0

.0
6

0
.0

5
0

.0
4

0
.0

3
0

.0
2

0
.0

1
0

.0
0

-1
0

.0
-2

0
.0

 152.065

  86.105

  77.485
  77.160
  76.845
  68.081

  32.089
  29.836
  29.817
  29.769
  29.750
  29.569
  29.530
  29.234
  26.189
  22.838
  14.208



S30 

 

3-(2-Pyridyl)propyl vinyl ether (2n) 

 

 

abundance

01.02.03.04.05.0

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 P

ro
to

n

1
2

.0
1

1
.0

1
0

.0
9

.0
8

.0
7

.0
6

.0
5

.0
4

.0
3

.0
2

.0
1

.0
0

-1
.0

-2
.0

   8.536
   8.526

   7.591
   7.586
   7.260
   7.167
   7.148

   6.502
   6.485
   6.466
   6.449

   4.184
   4.179
   3.987
   3.982
   3.969
   3.965
   3.739
   3.723
   3.707

   2.913
   2.895
   2.876

   2.129
   2.125
   2.113
   2.109
   2.107
   2.091

  -0.006

2.22

2.08

2.07

1.10

1.08

1.06
1.03

1.01

1.00

1.00



S31 

 

 

 

 

 

abundance

00.10.20.30.40.50.60.70.80.91.0

X
 :

 p
ar

ts
 p

er
 M

il
li

o
n

 :
 C

ar
b
o

n
1

3

2
2

0
.0

2
1

0
.0

2
0

0
.0

1
9

0
.0

1
8

0
.0

1
7

0
.0

1
6

0
.0

1
5

0
.0

1
4

0
.0

1
3

0
.0

1
2

0
.0

1
1

0
.0

1
0

0
.0

9
0

.0
8

0
.0

7
0

.0
6

0
.0

5
0

.0
4

0
.0

3
0

.0
2

0
.0

1
0

.0
0

-1
0

.0
-2

0
.0

 161.154

 151.740
 149.230

 136.246

 122.842
 121.028

  86.306

  77.485
  77.160
  76.845
  66.993

  34.485

  28.862


