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1. Materials and Methods 
General Remarks: All reactions were carried out under argon atmosphere and monitored 

by thin-layer chromatography using Merck 60 F254 precoated silica gel plates (0.25 mm 

thickness). Specific optical rotations were measured using a JASCO P-1020 polarimeter 

and a JASCO DIP-370 polarimeter. FT-IR spectra were recorded on a JASCO FT/IR-410 

spectrometer and a Perkin Elmer spectrum BX FT-IP spectrometer. 1H and 13C NMR 

spectra were recorded on an Agilent-400 MR (400 MHz for 1H NMR, 100 M Hz for 13C 

NMR) instrument. Data for 1H NMR are reported as chemical shift (δ ppm), integration 

multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, dd = doubledoublet, ddd = 

doubledoubledoublet, dt = doubletriplet, m = multiplet), coupling constant (Hz), Data for 
13C NMR are reported as chemical shift. High resolution ESI-TOF mass spectra were 

measured by Themo Orbi-trap instrument. HPLC analysis was performed on a HITACHI 

Elite LaChrom Series HPLC, UV detection monitored at appropriate wavelength 

respectively, using CHIRALPACK® ID (0.46 cm × 25 cm). 

 

 

2. Experimental Procedures 
2.1. Typical procedure of Michael reaction 

 
 To a solution of cinnamaldehyde S1 (66 mg, 0.5 mmol) and cyclohexanone S2 (150 µl, 

1.5 mmol) in EtOH/toluene=4:1 (500 µl), H2O (27 µl, 1.5 mmol), catalyst S3 (32 mg, 
0.075 mmol), p-nitrophenol (21 mg, 0.15 mmol), hydroxyproline S4 (4.9 mg, 0.0375 

mmol) were added at room tempreture. After stirring the reaction mixture at this 

temperature for 40 h, Wittig reagent S5 (266 mg, 0.75 mmol) was added. After stirring 

the reaction mixture at room temperature for 2 h, the reaction mixture was directly 

purified by column chromatography on silica gel (hexane:EtOAc = 12:1~10:1) to give 

the product S1) S6 (111 mg, 0.37 mmol) in 74% yield (syn:anti=15:1). The enantiomeric 

ratio was determined by HPLC using CHIRALPACK® ID (hexane/ iPrOH = 50:1; flow 

rate 1.0 ml/min, minor isomer tR = 27.4 min, major isomer tR = 29.6 min) (97% ee). 
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2.2. The reaction between iminium ion and enamine  

 
 To a solution of enamineS2) 7 (117 mg, 0.60 mmol) and 2,6-luthidine (104 µl, 0.90 mmol) 

in CH2Cl2 (2.0 ml), MS4A (162 mg, 100 wt.%), iminium salt S3) 8 (162 mg, 0.30 mmol) 

were added at -30 ºC. After completion of reaction, the reaction mixture was quenched 

by the addition of phosphate buffer (2 mL) at room tempreture. The aqueous layer was 

extracted with EtOAc (5 mL) three times. The separated organic layers were dried over 

Na2SO4 and concentrated in vacuo. The crude material was purified by flash column 

chromatography on silica gel (EtOAc:hexane = 15:1) to afford the desired amine 11 in 

57% yield (92.0 mg) as a yellow liquid. 

 To determine the structure of compound 11, desilylation of compound 11 was peformed. 

 
 To a solution of bicyclic compound 11 (80 mg, 0.15 mmol) in MeOH/H2O=4:1 (2.0 ml), 

TFA (11.5 µl, 0.15 mmol) were added at room tempreture. After completion of reaction, 
the reaction mixture was quenched by the addition of aq. NaHCO3 (2 mL) at room 

tempreture. The aqueous layer was extracted with EtOAc (5 mL) three times. The 

separated organic layers were dried over Na2SO4 and concentrated in vacuo. The crude 

material was purified by flash column chromatography on silica gel (EtOAc:hexane = 

10:1) to afford the desired amine S7 in 72% yield (50.3 mg) as a white solid. The structure 

of compound S7 was determined by Xray crystal structure analysis. 

 

2.3. The reaction between iminium ion and enol  
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4:1 (2.0 ml), iminium salt S3) 8 (162 mg, 0.30 mmol) were added at room tempreture. The 

reaction was monitored by TLC and NMR. No reaction was observed. 

 

 To a solution of (cyclohex-1-en-1-yloxy)trimethylsilane S5) S9 (39 mg, 0.30 mmol) in 

EtOH/toluene = 4:1 (2.0 ml), iminium salt S2) 8 (162 mg, 0.30 mmol) were added at room 

tempreture. The reaction was monitored by TLC and NMR. No reaction was observed. 

 

2.4. The reaction between iminium ion and enolate  

 

 To a solution of (cyclohex-1-en-1-yloxy)trimethylsilane S5) S9 (39 mg, 0.30 mmol) and 

iminium salt S4) S8 (162 mg, 0.30 mmol) in CH2Cl2 (1.0 ml), TAFS (82.5 mg, 0.3 mmol) 

in CH2Cl2 (1.0 ml) was slowly added in 1 h by the use of syringe pump at -30 ºC. After 

completion of reaction, the reaction mixture was quenched by the addition of 

Ph3P=CHCO2Et (160 mg, 0.45 mmol) at room tempreture. After stirring the reaction 

mixture at room temperature for 2 h, the reaction mixture was diluted by water (5 ml) and 

EtOAc (5 ml). The aqueous layer was extracted with EtOAc (5 mL) three times. The 

separated organic layers were dried over Na2SO4 and concentrated in vacuo. The crude 

material was purified by flash column chromatography on silica gel (EtOAc:hexane = 

10:1) to afford the desired product S6S1) in 65% yield (58.5 mg). The enantiomeric ratio 

was determined by HPLC using CHIRALPACK® ID (hexane/ iPrOH = 50:1; flow rate 

1.0 ml/min, minor isomer tR = 27.4 min, major isomer tR = 29.6 min) (95% ee). 
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2.5. Study of generating speed of enamine and enol using H2
18O or D2O 

 
 To a solution of ketone S6) S10 (72 mg, 0.33 mmol) in toluene (3.3 ml), pyrrolidine (1.36 

µl, 0.0165 mmol), p-nitrophenol (4.59 mg, 0.033 mmol), H2
18O (26.4 µl, 1.32 mmol) 

were added at room temperature. The 16/18O ratio of ketone S12 was checked by MS 

spectroscopy at 10 min, 30 min, 45 min, 60 min, 90 min, and 120 min, respectively. The 

corresponding graph was illustrated as a purple line in Figure S1. These spectrums are 

shown in pages S18 ~ S23. The 16O incorporation was determined by following 

calculation: 100- (Corrected 18O ion insity) / (Corrected 18O ion insity + Corrected 16O 

ion insity) x 100 = XX% (18O incorporation) 

Typical procedure of study of generating speed of enamine and enol using D2O 

 
 To a solution of ketone S2) S10 (72 mg, 0.33 mmol) in toluene (3.3 ml), pyrrolidine (1.36 

µl, 0.0165 mmol)) and D2O (26.4 µl, 1.32 mmol) were added at room temperature. After 
reduction of a part of ketone S10 by NaBH4 in MeOH, the amount of ketone S13 was 

checked by MS spectroscopy at 1 min, 3 min, 5 min, 10 min, 15 min, 20 min, and 30 min 

respectively. The corresponding graph was illustrated as a red line in Figure S1. The 

incorporation of S13 was determined by following calculation: 100-(Corrected ion insity 

of reduced S13) / (Corrected ion insity of reduced S10) x 100 = XX% (incorporation of 
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Green: iPr2NEt and p-nitrophenol, Red: pyrrolidine and p-nitrophenol, Purple: Generation 

of 18O labelled substrate, Blue: p-nitrophenol, Yellow: i-Pr2NEt.   

 

 

2.6. Acid screening of Michael reaction 
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2.7. Compound information 
 
(1S,2S,4R,5R)-2-((S)-2-(diphenyl((trimethylsilyl)oxy)methyl)pyrrolidin-1-yl)-4-

phenylbicyclo[3.3.1]nonan-9-one (11) 

 
Physical state: yellow oil 
1H NMR (CDCl3) δ -0.20 (s, 9H), 0.82 (m, 1H), 1.42 (m, 1H), 1.71 (m, 1H), 1.91 (m, 1H), 

2.36 (m, 2H), 1.93 (m, 1H), 2.36 (m, 2H), 2.50 (m, 1H), 2.68 (dd, J = 3.6 Hz, 9.2 Hz, 1H), 

2.90 (m, 2H), 3.07 (dd, J = 7.2 Hz, J = 19.2 Hz, 1H), 3.20 (d, J = 7.2 Hz, 1H), 4.22 (dd, 

J = 2.8 Hz, 9.8 Hz, 1H), 7.24 (m, 11H), 7.42 (m, 2H), 7.49 (m, 2H); 13C NMR (CDCl3) δ 

21.1, 23.7, 28.4, 28.9, 29.4, 32.2, 44.8, 49.1, 49.6, 52.7, 61.7, 67.3, 85.2, 126.6, 121.7, 

126.9 (2C), 127.0 (2C), 127.5 (2C), 127.8 (2C), 128.4 (2C), 129.4 (2C), 129.5 (2C), 129.6 

(2C), 141.5, 1440, 144.2, 217.9; HRMS (ESI): [M+H]+ calcd for C35H44NO2Si: 538.3136, 

found: 538.3129; IR(neat)ν [cm-1] 3450, 2937, 1709, 1644, 1494, 1447, 1249, 1206, 1157, 

1067, 837, 701, 461, 448, 432.94 cm-1, 408.83;[α]D
 27 -57.2 (c 6.4, CHCl3).  

 

 

 

(1S,2S,4R,5R)-2-((S)-2-(hydroxydiphenylmethyl)pyrrolidin-1-yl)-4-phenylbicyclo 
[3.3.1]nonan-9-one (S7) 

 
Physical state: white solid (m.p. 148~151 ºC) 
1H NMR (d-benzene) δ 1.01 (m, 1H), 1.24 (m, 1H), 1.36 (m, 2H), 1.56 (m, 3H), 1.63 (m,  

1H), 1.71 (m, 1H), 2.06 (m, 2H), 2.39 (m, 2H), 2.56 (dt, J = 9.2 Hz, J = 5.2 Hz, 1H), 2.66 

(dd, J = 4.0 Hz, J = 8.8 Hz, 1H), 2.80 (m, 2H), 3.99 (dd, J = 4.2 Hz, J = 7.8 Hz, 1H), 6.77 

(m, 3H), 7.05 (m, 8H), 7.65 (m, 4H); 13C NMR (CDCl3) δ21.1, 25.2, 28.2, 29.2, 30.2, 

32.5, 44.5, 49.2, 51.5, 52.4, 62.1, 67.0, 78.0, 126.0, 126.3(2C), 126.7(2C), 127.8(2C), 

O N

Ph
TMSO

Ph

11

O N

Ph
HO

Ph

S7



� � �
	�

128.0(2C), 128.1(2C), 128.2(2C), 128.5(2C), 141.4, 147.0, 149.0, 213.8; HRMS (ESI): 

[M+H]+ calcd for C32H36NO2: 466.6445, found: 466.6447; IR(neat)ν [cm-1] 3452, 2930, 

1713, 1644, 1494, 1449, 1273, 700, 414; [α]D
 22 +18.2 (c 0.2, CHCl3). 
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* Detection result 
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7 574.683 53.0504 8 539.971 53.4262 9 526.471 53.9844
10 514.901 54.5606 11 497.544 56.654 12 481.153 59.127
13 463.796 67.4505 14 456.082 69.7629 15 447.404 69.3148

[ ピーク検出結果 ]
No. 位置 強度 No. 位置 強度 No. 位置 強度

30

190

50

100

150

4000 400100020003000

%T

Wavenumber [cm-1]

1

2

3

4

56
789101112

131415

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                       
                      * 
                **       ***                **        ***                **       *** 
 
 
 
 
 

 

* Detection result 
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10 mol%
p-nitrophenol

H2
18O+

1.0 equiv 4.0 equiv

toluene, rt, 30 min

5 mol%
16O

NO2

16/18O

NO2

N
H

16O

NO2

18O

NO2

Na Na

Exact Mass: 242.07876 Exact Mass: 244.08301



 S17 

C:\Thermo\...\data\umekubo\008109-45min 2017/11/15 9:44:10

008109-45min#1-39 RT: 0.01-0.30 AV: 39
T: FTMS + p ESI Full ms [150.00-2000.00]
m/z= 242.0013-244.1022

m/z Intensity Relativem/z Intensity Relative

  242.0788   737983.2    36.32
  242.0895    26184.7     1.29
  242.4145    35363.4     1.74
  242.9701    33182.8     1.63
  243.0139    28467.1     1.40
  243.1071    98379.0     4.84
  243.1611    35975.9     1.77
  243.2868    31483.3     1.55
  243.8755    22617.8     1.11
  243.9828    26521.3     1.31
  244.0830  2032041.6   100.00

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 mol%
p-nitrophenol

H2
18O+

1.0 equiv 4.0 equiv

toluene, rt, 45 min

5 mol%
16O

NO2

16/18O

NO2

N
H

16O

NO2

18O

NO2

Na Na

Exact Mass: 242.07876 Exact Mass: 244.08301
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C:\Thermo\...\data\umekubo\008109-60min 2017/11/15 9:59:21

008109-60min#1-39 RT: 0.01-0.30 AV: 39
T: FTMS + p ESI Full ms [150.00-2000.00]
m/z= 242.0444-244.1726

m/z Intensity Relativem/z Intensity Relative

  242.0788  2150500.5    41.38
  242.2843   708039.9    13.63
  242.2988    33839.0     0.65
  242.9543    27625.2     0.53
  243.1069   157037.8     3.02
  243.1608    88893.4     1.71
  243.6730    31046.1     0.60
  244.0216    29816.3     0.57
  244.0831  5196597.0   100.00
  244.1087    24154.3     0.46

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 mol%
p-nitrophenol

H2
18O+

1.0 equiv 4.0 equiv

toluene, rt, 60 min

5 mol%
16O

NO2

16/18O

NO2

N
H

16O

NO2

18O

NO2

Na Na

Exact Mass: 242.07876 Exact Mass: 244.08301
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C:\Thermo\...\data\umekubo\008109-90min 2017/11/15 11:11:16

008109-90min#1-39 RT: 0.00-0.30 AV: 39
T: FTMS + p ESI Full ms [150.00-2000.00]
m/z= 242.0249-244.1554

m/z Intensity Relativem/z Intensity Relative

  242.0285    29379.5     0.84
  242.0790  1183342.9    33.89
  242.2520    33758.7     0.97
  242.2862    36732.7     1.05
  243.0142    32225.2     0.92
  243.0967    34327.1     0.98
  243.1076   116538.9     3.34
  243.1623    93557.0     2.68
  243.4371    35419.1     1.01
  243.8712    33566.5     0.96
  243.8812    29816.8     0.85
  243.9293    33199.1     0.95
  244.0831  3492131.3   100.00
  244.1283    33279.7     0.95
  244.1390    28915.4     0.83

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 mol%
p-nitrophenol

H2
18O+

1.0 equiv 4.0 equiv

toluene, rt, 90 min

5 mol%
16O

NO2

16/18O

NO2

N
H

16O

NO2

18O

NO2

Na Na

Exact Mass: 242.07876 Exact Mass: 244.08301
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C:\Thermo\...\data\umekubo\008109-120min 2017/11/15 11:11:16

008109-120min#1-39 RT: 0.00-0.30 AV: 39
T: FTMS + p ESI Full ms [150.00-2000.00]
m/z= 242.0030-244.1560

m/z Intensity Relativem/z Intensity Relative

  242.0285    29379.5     0.84
  242.0790  1183342.9    33.89
  242.2520    33758.7     0.97
  242.2862    36732.7     1.05
  243.0142    32225.2     0.92
  243.0967    34327.1     0.98
  243.1076   116538.9     3.34
  243.1623    93557.0     2.68
  243.4371    35419.1     1.01
  243.8712    33566.5     0.96
  243.8812    29816.8     0.85
  243.9293    33199.1     0.95
  244.0831  3492131.3   100.00
  244.1283    33279.7     0.95
  244.1390    28915.4     0.83

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 mol%
p-nitrophenol

H2
18O+

1.0 equiv 4.0 equiv

toluene, rt, 120 min

5 mol%
16O

NO2

16/18O

NO2

N
H

16O

NO2

18O

NO2

Na Na

Exact Mass: 242.07876 Exact Mass: 244.08301
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C:\Thermo\...\009042-1min_180304154252 2018/03/04 15:42:52

009042-1min_180304154252#18 RT: 0.14
T: FTMS + p ESI sid=25.00  Full ms [150.00-2000.00]
m/z= 243.4946-247.6496

m/z Intensity Relativem/z Intensity Relative

  244.0940   79360.9    45.74
  244.1045  173505.9   100.00
  245.0962   30332.8    17.48
  246.4555   23804.3    13.72
  246.9221   38118.1    21.97

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 1 min

O

NO2

5 mol%

N
H

NaBH4

MeOH

OH

NO2

X
X

X
X

X = H, D

OH

NO2

Na OH

NO2

Na
D

OH

NO2

Na
D D

OH

NO2

Na
D D
D

OH

NO2

Na
D D
D D

Exact Mass: 244.09441 Exact Mass: 245.10069 Exact Mass: 246.10697 Exact Mass: 247.11324 Exact Mass: 248.11952
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C:\Thermo\...\009042-3min_180304155107 2018/03/04 15:51:08

009042-3min_180304155107#1-38 RT: 0.00-0.30 AV: 38
T: FTMS + p ESI sid=25.00  Full ms [150.00-2000.00]
m/z= 243.4996-249.6443

m/z Intensity Relativem/z Intensity Relative

  243.5004     909.4     0.55
  244.0584     988.2     0.60
  244.0941  164472.7   100.00
  244.1044  157532.9    95.78
  244.2284     780.4     0.47
  245.0783    3793.0     2.31
  245.1012   35330.5    21.48
  245.3181    1378.2     0.84
  245.4601     730.4     0.44
  246.1069   21004.1    12.77
  246.9226    7426.3     4.52
  246.9707     838.4     0.51
  247.0695    1503.0     0.91
  247.0928     746.8     0.45
  247.1130    2319.6     1.41
  247.8159     777.6     0.47
  248.9197    1899.8     1.16
  249.1229   13078.0     7.95
  249.1453    1986.1     1.21
  249.1818    1300.3     0.79

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 3 min

O

NO2

5 mol%

N
H

NaBH4

MeOH

OH

NO2

X
X

X
X

X = H, D

OH

NO2

Na OH

NO2

Na
D

OH

NO2

Na
D D

OH

NO2

Na
D D
D

OH

NO2

Na
D D
D D

Exact Mass: 244.09441 Exact Mass: 245.10069 Exact Mass: 246.10697 Exact Mass: 247.11324 Exact Mass: 248.11952



 S23 

C:\Thermo\...\data\umekubo\009042-5min 2018/03/04 15:59:34

009042-5min#1-37 RT: 0.00-0.30 AV: 37
T: FTMS + p ESI sid=25.00  Full ms [150.00-2000.00]
m/z= 243.5377-249.7054

m/z Intensity Relativem/z Intensity Relative

  243.9733     432.9     0.41
  244.0943   86414.8    82.49
  244.1045  104762.4   100.00
  244.7808     427.2     0.41
  245.0781    7664.4     7.32
  245.1012   45857.7    43.77
  245.5139     430.7     0.41
  246.1070   45448.0    43.38
  246.9224    6990.3     6.67
  246.9329    1344.7     1.28
  247.0315     509.1     0.49
  247.0573    1047.3     1.00
  247.0707     615.7     0.59
  247.1131   19580.9    18.69
  248.9196    1836.7     1.75
  249.1096     452.7     0.43
  249.1230    9872.9     9.42
  249.1455    3021.9     2.88
  249.1821   10419.8     9.95
  249.2058    1706.1     1.63

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 5 min

O

NO2

5 mol%

N
H

NaBH4

MeOH

OH

NO2

X
X

X
X

X = H, D

OH

NO2

Na OH

NO2

Na
D

OH

NO2

Na
D D

OH

NO2

Na
D D
D

OH

NO2

Na
D D
D D

Exact Mass: 244.09441 Exact Mass: 245.10069 Exact Mass: 246.10697 Exact Mass: 247.11324 Exact Mass: 248.11952
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C:\Thermo\...\data\umekubo\009042-10min 2018/03/04 16:09:12

009042-10min#1-38 RT: 0.00-0.30 AV: 38
T: FTMS + p ESI sid=25.00  Full ms [150.00-2000.00]
m/z= 243.6055-248.2561

m/z Intensity Relativem/z Intensity Relative

  244.0826     544.2     0.26
  244.0942   26639.0    12.50
  244.1044  213176.0   100.00
  244.1269    2222.6     1.04
  244.9709     526.0     0.25
  244.9815     622.3     0.29
  245.0776    1137.4     0.53
  245.1007   21112.3     9.90
  245.1983     676.1     0.32
  246.1067   40947.0    19.21
  246.1328    1623.3     0.76
  246.9225    2925.8     1.37
  246.9331    2599.3     1.22
  247.0568     563.6     0.26
  247.1130   24268.3    11.38
  247.1222     927.8     0.44
  247.1432    1553.4     0.73
  247.3512     564.0     0.26
  247.7398     557.5     0.26
  248.1197    1213.1     0.57
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C:\Thermo\...\data\umekubo\009042-15min 2018/03/04 16:15:18

009042-15min#19 RT: 0.15
T: FTMS + p ESI sid=25.00  Full ms [150.00-2000.00]
m/z= 243.7036-248.3289

m/z Intensity Relativem/z Intensity Relative

  244.0941   17927.9    12.56
  244.1043  142792.4   100.00
  245.0964   13178.5     9.23
  245.1012   29235.5    20.47
  246.1066   33536.6    23.49
  247.1129   44035.6    30.84

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 15 min

O

NO2

5 mol%

N
H

NaBH4

MeOH

OH

NO2

X
X

X
X

X = H, D

OH

NO2

Na OH

NO2

Na
D

OH

NO2

Na
D D

OH

NO2

Na
D D
D

OH

NO2

Na
D D
D D

Exact Mass: 244.09441 Exact Mass: 245.10069 Exact Mass: 246.10697 Exact Mass: 247.11324 Exact Mass: 248.11952



 S26 

C:\Thermo\...\data\umekubo\009042-20min 2018/03/04 16:23:46

009042-20min#7 RT: 0.05
T: FTMS + p ESI sid=25.00  Full ms [150.00-2000.00]
m/z= 243.7245-248.3861

m/z Intensity Relativem/z Intensity Relative

  244.0943   62193.9    23.04
  244.1044  269903.8   100.00
  244.1159   39770.8    14.74
  245.0998   53684.5    19.89
  246.1065   54357.9    20.14
  247.1132   76399.5    28.31
  247.2128   85825.2    31.80

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 S27 

C:\Thermo\...\data\umekubo\009042-30min 2018/03/04 16:30:34

009042-30min#1-37 RT: 0.01-0.29 AV: 37
T: FTMS + p ESI sid=25.00  Full ms [150.00-2000.00]
m/z= 243.8602-247.5363

m/z Intensity Relativem/z Intensity Relative

  244.0587     654.4     0.30
  244.0946    5207.2     2.36
  244.1043  220344.2   100.00
  244.1502     720.0     0.33
  244.7518     599.2     0.27
  244.8202     658.0     0.30
  244.9858     683.7     0.31
  245.0778    4581.4     2.08
  245.1007   12205.9     5.54
  245.3354     711.8     0.32
  245.6229     664.1     0.30
  245.6363     680.4     0.31
  246.1066   54968.3    24.95
  246.1323     792.2     0.36
  246.1683    1406.8     0.64
  246.4820     652.7     0.30
  246.9222    2028.2     0.92
  247.1130   70764.8    32.12
  247.1650     776.3     0.35
  247.2408     762.6     0.35

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 30 min

O

NO2

5 mol%

N
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NaBH4

MeOH

OH
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X = H, D

OH
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Na OH

NO2

Na
D

OH
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Na
D D

OH
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OH
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Na
D D
D D

Exact Mass: 244.09441 Exact Mass: 245.10069 Exact Mass: 246.10697 Exact Mass: 247.11324 Exact Mass: 248.11952
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O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 1 min

O

NO2

NaBH4

MeOH

OH

NO2

X
X

X
X

X = H, D

OH

NO2

Na OH

NO2

Na
D

OH

NO2

Na
D D

OH

NO2

Na
D D
D

OH

NO2

Na
D D
D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 3 min

O

NO2

NaBH4

MeOH

OH

NO2

X
X

X
X

X = H, D

OH

NO2

Na OH

NO2

Na
D

OH

NO2

Na
D D

OH

NO2

Na
D D
D

OH

NO2

Na
D D
D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 5 min

O

NO2

NaBH4

MeOH

OH

NO2

X
X

X
X

X = H, D

OH

NO2

Na OH

NO2

Na
D

OH

NO2

Na
D D

OH

NO2

Na
D D
D

OH

NO2

Na
D D
D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 15 min

O

NO2

NaBH4

MeOH

OH

NO2

X
X

X
X

X = H, D

OH

NO2

Na OH

NO2

Na
D

OH

NO2

Na
D D

OH

NO2

Na
D D
D

OH

NO2

Na
D D
D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 20 min
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NO2

NaBH4

MeOH
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NO2
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Na OH
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D D
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Na
D D
D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 30 min

O

NO2

NaBH4

MeOH
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X
X
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X
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Na OH
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D

OH
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D D

OH
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Na
D D
D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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O

NO2

X
X

X
X

X = H, D

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 3 min

O

NO2

iPr2NEt (5 mol%) NaBH4

MeOH
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NO2

X
X

X
X

X = H, D
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Na OH
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D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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O

NO2

X
X

X
X

X = H, D

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 5 min
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NO2

iPr2NEt (5 mol%) NaBH4

MeOH
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X = H, D

OH

NO2

Na OH
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D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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O

NO2

X
X

X
X

X = H, D

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 10 min

O

NO2

iPr2NEt (5 mol%) NaBH4

MeOH
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X = H, D
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NO2

Na OH
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D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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O

NO2

X
X

X
X

X = H, D

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 15 min
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iPr2NEt (5 mol%) NaBH4

MeOH
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Na OH
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Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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O

NO2

X
X

X
X

X = H, D

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 20 min

O

NO2

iPr2NEt (5 mol%) NaBH4

MeOH
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X

X = H, D

OH

NO2

Na OH
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D

OH

NO2
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D D

OH
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NO2

Na
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D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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NO2

X
X

X
X

X = H, D

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 30 min
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MeOH
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X = H, D
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Na OH
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D
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D D

OH
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D D
D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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iPr2NEt (5 mol%)

O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 1 min
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NO2
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D D
D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 S41 

iPr2NEt (5 mol%)

O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 10 min

O

NO2

NaBH4

MeOH

OH
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X = H, D

OH

NO2

Na OH

NO2

Na
D

OH

NO2
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D D

OH

NO2
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D

OH

NO2

Na
D D
D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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iPr2NEt (5 mol%)

O

NO2

X
X

X
X

X = H, D

10 mol%
p-nitrophenol

D2O+

1.0 equiv 4.0 equiv

toluene, rt, 30 min
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NaBH4

MeOH

OH

NO2
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X
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X = H, D

OH

NO2

Na OH

NO2

Na
D

OH

NO2

Na
D D

OH

NO2

Na
D D
D

OH

NO2

Na
D D
D D

Exact Mass: 244.09 Exact Mass: 245.10 Exact Mass: 246.11 Exact Mass: 247.11 Exact Mass: 248.12
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