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General Experimental 

General methods: All air- and moisture-sensitive reactions were performed under an 

argon (Ar) atmosphere in dried glassware. Analytical thin layer chromatography was 

performed using 0.25 mm silica gel plate (Merck TLC Silica gel 60 F254). Column 

chromatography was performed on silica gel (Cica silica gel 60N) with solvents 

specified below. Melting points were recorded on SRS OptiMelt MPA100. NMR 

spectra were recorded on JEOL ESC-400 spectrometer (1H/400 MHz, 13C/100 MHz, and 

19F/376MHz) for samples in CDCl solutions at 25 °C. 1H NMR chemical shifts are 

reported in terms of chemical shift (, ppm) relative to the singlet at  7.26 ppm for 

chloroform. 13C NMR spectra were fully decoupled and are reported in terms of 

chemical shift (, ppm) relative to the triplet at  77.0 ppm for CDCl3.   F NMR  spectra 

are reported in terms of chemical shift (, ppm) relative to the singlet at  –63.7 ppm for 

,,-trifluorobenzene as an external standard. Splitting patterns are designated as 

follows: s, singlet; d, doublet; t, triplet; q, quartet; quint, quintet; sext, sextet; sept, 

septet; m, multiplet. Coupling constants are reported in Hz. Infrared spectra were 

recorded on JASCO FT/IR-230 spectrometer. High-resolution mass spectra were 

recorded on JEOL JMS-T100LP mass spectrometer. 

 
Reagents and Solvents: CF3SiMe3 (Fluorochem), CuI (Kanto Chemical), and Cu(OAc)2 

(Wako), were purchased and used as received. Other orgnoboron reagents were also 

purchased from Aldrich, TCI, or Wako and used as received. Other solvents and 

reagents were purchased from chemical suppliers (Aldrich, Kanto Chemical, TCI, and 

Wako) and used as received. 

 
Experimental Procedures 

The required substrates 1 were prepared from terminal alkynes according to the 

previous report with a slight modification of the reaction conditions.
1
 

MeO 

 

MeO CF3 

 

MeO 1a 

General procedure for preparation of trifluoromethylalkynes. Synthesis   of 1a: CuI 
 

1 C. Tresse, C. Guissart, S. Schweizer, Y. Bouhoute, A.-C. Chany, M.-L. Goddard, N. 

Blanchard and G. Evano, Adv. Synth. Catal., 2014, 356, 2051. 
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(857 mg, 4.5 mmol), TMEDA (671 L, 4.5 mmol), and K2CO3 (1.24 g, 9.0 mmol) was 

stirred in dry DMF (13.8 mL) for 15 min at room temperature under an O2 atmosphere. 

After the addition of CF3SiMe3 (936 L, 6.0 mmol), the mixture was stirred for 20 min 

and was cooled to 0 °C. To this mixture was added a solution of 5-ethynyl-1,2,3-

trimethoxybenzene (577 mg, 3.0 mmol) and CF3SiMe3 (936 L, 6.0 mmol) in dry DMF 

(13.8 mL) via a cannula, and the resultant mixture was stirred for 30 

min at 0 °C and then for 24 h at room temperature. The reaction was quenched by  

adding H2O (30 mL) at 0 °C. The reaction mixture was extracted with Et2O (3 × 40 mL). 

The combined organic layer was washed with H2O (3 × 40 mL) and brine (40 mL) and 

was dried over MgSO4. The solvents were evaporated in vacuo, and the obtained crude 

product was purified by silica gel column chromatography (hexane:AcOEt = 

100:0~100:2) to afford 1a (689 mg, 88% yield) as a colorless solid (mp 65.5–66.3   ˚C); 

1H NMR (400 MHz, CDCl , 25 °C):  3.87 (s, 6 H), 3.88 (s, 3 H), 6.78 (s, 2 H);         13C 

NMR (100 MHz, CDCl3, 25 °C):  56.1, 60.9, 74.7 (q, J = 52 Hz), 86.7 (q, J = 6 Hz), 

109.6,  113.0,  114.8  (q,  J  =  256  Hz),  140.9,  153.2;    19F  NMR  (376  MHz,  CDCl , 

25 °C):  –49.5; HRMS (DART) m/z calcd for C12H11F3O3•H 261.0739,  found  

261.0752 [M+H]+. 

 
Other trifluoromethylalkynes 1b–f were also obtained according to the above 

general procedure. 

 
 

 
EtO2C 

 
1b 

 

 
CF3 

Analytical  data for 1b: 71%, colorless oil; 1H NMR (400 

MHz, CDCl3, 25 °C):  1.41 (t, J = 7.0 Hz, 3 H), 4.40 (q, J = 7.0 

Hz, 2 H), 7.63 (d, J = 8.4 Hz, 2 H), 8.07 (d, J = 8.4 Hz, 2 H); 

13C NMR (100 MHz, CDCl , 25 °C):  13.9, 61.3, 77.4 (q, J = 52 Hz), 85.2 (q, J = 6 Hz), 

114.6 (q, J = 256 Hz), 122.5, 129.5, 132.2, 132.4, 165.2; 19F NMR (376 MHz, CDCl , 

25 °C):  –50.3; IR (neat) 2257 (C≡C), 1725   (C=O) cm–1; HRMS (ESI) m/z calcd 

for C12H9F3O2•Na 265.0452, found 265.0462 [M+Na]+. 

 
 

 

 

CF3 

1c 

Analytical  data  for  1c: 73%, orange oil; 1H  NMR (400 MHz, 

CDCl3, 25 °C):  7.45 (t, J = 7.8 Hz, 1 H), 7.58 (t, J = 7.6 Hz, 1 H), 

7.65 (t, J = 7.2 Hz, 1 H), 7.83 (d, J = 6.8 Hz, 1 H), 7.90 (d, J = 8.4  Hz, 

1 H), 7.98 (d, J = 8.4 Hz, 1 H), 8.23 (d, J = 8.4 Hz, 1 H); 13C NMR (100 MHz, CDCl3, 
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25 °C):  80.1 (q, J = 52 Hz), 85.2 (q, J = 6 Hz), 115.1 (q, J = 256 Hz), 115.9, 124.9, 

125.3, 127.0, 127.8, 128.6, 131.5, 132.5,   132.9, 133.1; 19F NMR (376 MHz, CDCl  , 

25  °C):  –49.5; HRMS (ESI) m/z calcd for C13H7F3•Na 243.0398,    found 243.0416 

[M+Na]+. 

 

 

 
       

CF3 

 

1d 

Analytical   data  for  1d: 77%,   pale-yellow   solid (mp  87.9– 

88.6 °C); 1H NMR (400 MHz, CDCl , 25 °C):  1.71 (s, 9 H), 7.35 

(t, J = 7.2 Hz, 1 H), 7.42 (t, J = 7.0 Hz, 1 H), 7.67 (d, J = 7.2 Hz, 1 

H), 7.98 (s, 1 H), 8.18 (d, J = 8.4 Hz,   1 H); 13C NMR (100 MHz, 

CDCl3, 25 °C):  28.0, 79.2 (q, J = 52 Hz), 80.2 (q, J = 6 Hz), 85.2, 98.7, 115.0 (q, J = 

255 Hz), 115.5, 119.8, 123.8, 125.8, 129.4, 132.2,  134.5, 148.5; 19F NMR (376 MHz, 

CDCl3, 25 °C):   –49.3; IR (neat) 2245 (C≡C), 1743 (C=O)   cm  ; HRMS (DART) 

m/z calcd for C16H14F3NO2•H 310.1055, found 310.1057 [M+H]+. 
 
 

 

 
Fe 

          CF3 

1e 

Analytical data for 1e: 91%, red oil; 1H NMR (400 MHz, CDCl , 

25 °C):  4.27 (s, 5 H), 4.33 (t, J = 1.8 Hz, 2 H), 4.56 (t, J = 1.8 Hz,   2 

H); 13C NMR (100 MHz, CDCl , 25 °C):  59.1, 70.1, 70.4, 72.2, 

72.3 (q, J = 52 Hz), 87.9 (q, J = 6 Hz), 114.9 (q, J = 253 Hz); 19F NMR (376 MHz, 

CDCl3, 25 °C):  –48.8; HRMS (DART) m/z calcd for C13H9F3Fe•H  279.0084, found 

279.0086 [M+H]+. 

 
 

 

 

BzO 
1f 

 

 
CF3 

Analytical  data for 1f: 40%, colorless oil; 1H NMR (400 MHz, 

CDCl3, 25 °C):  2.77–2.84 (tq, J = 6.4, 3.2 Hz, 2 H), 4.47 (t, J =   6.4 

Hz, 2 H), 7.46 (t, J = 7.8 Hz, 2 H), 7.59 (tt, J = 7.8, 1.2 Hz, 1 H), 8.06 (dd, J = 7.8, 1.2 

Hz, 2 H); 13C NMR (100 MHz, CDCl3, 25 °C):  18.9, 61.0, 69.7 (q, J = 52 Hz),   84.8 

(q, J = 6 Hz), 113.9 (q, J = 256 Hz), 128.4, 129.5, 129.6,  133.3, 166.1; 19F NMR (376 

MHz,  CDCl3,  25  °C):  –50.9; IR  (neat)  2275  (C≡C),  1725 (C=O) cm–1; HRMS 

(ESI) m/z calcd for C12H9F3O2•H 243.0633, found 243.0647 [M+H]+. 
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3ad 

 
 
 
 
 
 
 
 
 
 
 
 

OMe 

 
 
 
 

H 

CF3 

 

General procedure for hydroarylation. Synthesis of 3ad: A 

degassed solution of 1a (130 mg, 0.5 mmol), 2d (136 mg, 1.0 mmol), 

and Cu(OAc)2 (0.93 mg, 0.005 mmol) in dry MeOH (1 mL) was 

stirred at 28 °C under an argon atmosphere for 3 h. The reaction 

mixture was diluted with AcOEt (3 mL) and filtered through a pad of 

alumina.  The  filtrate  was  concentrated  in  vacuo  and  the obtained 

crude product was purified by silica gel column chromatography (hexane:AcOEt = 

10:1) to afford 3ad (153 mg, 87% yield) as a colorless solid (mp 97.6–98.7 °C); 1H 

NMR (400 MHz, CDCl3, 25 °C):  2.36 (s, 3 H), 3.80 (s, 6 H), 3.90 (s, 3 H), 6.06 (q, J = 

8.4 Hz, 1 H), 6.47 (s, 2 H), 7.14 (d, J = 8.4 Hz, 2 H), 7.19 (d, J = 8.4 Hz, 2 H);          13C 

NMR (100 MHz, CDCl3, 25 °C):  21.1, 56.0, 60.8, 106.6, 114.2 (q, J = 33 Hz), 123.2 

(q, J = 269 Hz), 127.8, 129.1, 132.6, 136.9, 138.1, 139.7, 152.3, 152.7; 19F NMR (376 

MHz, CDCl3, 25 °C):  –56.2; HRMS (DART) m/z calcd for  C19H19F3O3•NH4  

370.1630, found 370.1610 [M+NH4]+. 

 
Other hydroarylation, hydroalkenylation, and hydroallylation were also 

performed according to the above general procedure. 

 
 

 

 

 

 

 

 

MeO 

 

MeO 

   

 

 

 

 

OMe 

3aa 

 
 

 
H 

CF3 

Analytical  data  for  3aa: colorless  oil; 1H  NMR  (400  MHz, 

CDCl3, 25 °C):  3.81 (s, 6 H), 3.91 (s, 3 H), 6.08 (q, J = 8.4 Hz, 1 

H),  6.46  (s,  2  H),  7.27–7.40  (m,  5  H); 13C  NMR (100  MHz, 

CDCl3, 25 °C):  56.1, 60.9, 106.7, 115.2 (q, J = 34 Hz), 123.1 (q,   J 

= 269 Hz), 128.0, 128.5, 129.5, 132.5, 138.2, 139.9, 152.5 (q, J = 6 

Hz), 152.8; 19F NMR (376 MHz, CDCl , 25 °C):   –55.5; HRMS 

(DART) m/z calcd for C18H17F3O3•H 339.1208, found 339.1209 [M+H]+. 
 
 
 

 

 

 

 
             

MeO 

   
    H 

 
CF3 

Analytical  data for 3ab: colorless solid (mp  68.8–69.4 °C); 1H 

NMR (400 MHz, CDCl3, 25 °C):  2.10 (s, 3 H), 3.77 (s, 6 H),   3.86 

(s, 3 H), 5.75 (q, J = 8.7 Hz, 1 H), 6.49 (s, 2 H), 7.15 (d, J = 7.2   Hz, 
 

MeO 

 
 

 
3ab 

 

OMe 
1 H), 7.19–7.28 (m, 3 H); 13C NMR (100 MHz, CDCl , 25 °C): 

20.1, 56.0, 60.8, 106.5, 117.5 (q, J = 34 Hz), 122.9 (q, J = 270 Hz), 

125.8, 128.6, 129.3, 130.7, 132.7, 135.9, 138.5, 140.8, 152.6, 153.3 (q, J =   6 Hz); 19F 

NMR (376 MHz, CDCl3, 25 °C):  –55.5; HRMS (DART) m/z calcd for C19H19F3O3•H 
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353.1365, found 353.1367 [M+H]+. 
 
 
 

 

 

 

 

 

 

   

MeO 

 
 
 
 

 
    H 

 
CF3 

Analytical  data  for  3ac: colorless  oil; 1H  NMR  (400  MHz, 

CDCl3, 25 °C):  2.35 (s, 3 H), 3.81 (s, 6 H), 3.91 (s, 3 H), 6.06 (q,  J 

= 8.4 Hz, 1 H), 6.46 (s, 2 H), 7.07 (d, J = 7.2 Hz, 1 H), 7.11 (s, 1  H), 

7.19 (d, J = 7.6 Hz, 1 H), 7.22 (dd, J = 7.6, 7.2 Hz,  1 H); 13C NMR 
 

MeO 

 
 

 
3ac 

 

OMe 
(100 MHz, CDCl3, 25 °C):  21.3, 56.1, 60.9, 106.6, 115.0 (q, J = 34 

Hz), 123.1 (q, J = 269 Hz), 125.2, 128.3, 128.5, 130.3, 132.6,  138.1, 

139.8,  152.6  (q,  J  =  6 Hz), 152.7; 19F NMR (376 MHz, CDCl , 25 °C):  –56.4; 

HRMS (DART) m/z calcd for C19H19F3O3•H 353.1365, found 353.1386 [M+H]+. 

 
 

 
Ph 

 
 
 
 
 
 
 

MeO 

 
 
 
 
 

 
    H 

 
CF3 

Analytical  data  for  3ae: colorless  solid  (mp  112.2–113.3  °C); 

1H NMR (400 MHz, CDCl , 25 °C):  3.84 (s, 6 H), 3.94 (s, 3 H), 

6.16 (q, J = 8.4 Hz, 1 H), 6.52 (s, 2 H), 7.35–7.41 (m, 3 H), 7.44– 

7.49 (m, 2 H), 7.57–7.63 (m,  4 H); 13C NMR (100 MHz, CDCl , 

25 °C):  56.1, 60.9, 106.6, 114.9 (q, J = 34 Hz), 123.1 (q, J = 269 
MeO  

3ae 

OMe 

Hz), 127.0, 127.1, 127.8, 128.4, 128.8, 132.4, 138.2, 138.6, 140.0, 

142.3,  152.0  (q,  J  =  6 Hz), 152.8; 19F NMR (376 MHz, CDCl , 25 °C):  –55.2; 

HRMS (DART) m/z calcd for C24H21F3O3•H 415.1521, found 415.1505 [M+H]+. 

 
 

F 
 
 
 
 
 
 
 

MeO 

 
 
 
 

 
    H 

 
CF3 

Analytical data for 3af: colorless solid (mp 102.8–105.0 °C); 1H 

NMR (400 MHz, CDCl3, 25 °C):  3.82 (s, 6 H), 3.91 (s, 3 H),   6.04 

(q, J = 8.3 Hz, 1 H), 6.46 (s, 2 H), 7.03 (t, J = 8.6 Hz, 2 H), 7.15 (dd, 

J = 8.8, 5.2 Hz, 2 H); 13C NMR (100 MHz, CDCl , 25 °C):   56.0, 

60.8, 106.5, 114.9 (q, J = 34 Hz), 115.4 (d, J = 22 Hz), 122.9 (q, J  = 
MeO  

3af 

OMe 

269 Hz), 129.8 (d, J = 9 Hz), 132.2, 135.9 (d, J = 3 Hz), 138.3, 151.4 

(q, J = 5 Hz), 152.8, 163.5 (d, J = 249 Hz); 19F NMR (376 MHz, CDCl3, 25 °C):  – 

111.4, –55.3; HRMS (DART) m/z calcd for C18H16F4O3•H 357.1114, found 357.1109 

[M+H]+. 
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Cl 

 
 
 
 
 
 
 

MeO 

 
 
 
 
 

 
    H 

 
CF3 

 

Analytical  data  for  3ag: colorless  solid  (mp  106.7–109.3  °C); 

1H NMR (400 MHz, CDCl , 25 °C):  3.81 (s, 6 H), 3.90 (s, 3 H), 

6.05 (q, J = 8.3 Hz, 1 H), 6.43 (s, 2 H), 7.22 (d, J = 8.6 Hz, 2 H), 

7.32 (d, J = 8.6 Hz,   2 H); 13C NMR (100 MHz, CDCl , 25 °C):   

55.9, 60.7, 106.5, 115.3 (q, J = 34 Hz), 122.8 (q, J = 269 Hz),  128.6, 
MeO  

3ag 

OMe 

129.2, 131.9, 135.5, 138.2, 138.3, 151.3 (q, J = 5 Hz), 152.8; 19F 

NMR   (376   MHz,   CDCl3,   25   °C):    –55.5; HRMS   (DART)   m/z  calcd  for 

C18H16ClF3O3•H 373.0818, found 373.0816 [M+H]+. 

 
 

 
Br 

 
 
 
 
 
 
 

MeO 

 
 
 
 
 

 
    H 

 
CF3 

Analytical  data for 3ah: colorless solid (mp  88.4–89.2 °C); 1H 

NMR (400 MHz, CDCl3, 25 °C):  3.78 (s, 6 H), 3.88 (s, 3 H),   6.04 

(q, J = 8.1 Hz, 1 H), 6.42 (s, 2 H), 7.14 (d, J = 8.4 Hz, 2 H), 7.44  (d, 

J = 8.4 Hz, 2 H); 13C NMR (100 MHz, CDCl , 25 °C):  56.0, 60.8, 

106.5, 115.4 (q, J = 34 Hz), 122.8 (q, J = 269 Hz), 123.8, 129.5, 
MeO  

3ah 

OMe 

131.6, 131.9, 138.3, 138.7, 151.4 (q, J = 5 Hz), 152.8; 19F NMR 

(376 MHz, CDCl3, 25 °C):    –56.5; HRMS (DART) m/z calcd   for C18H16BrF3O3•H 

417.0313, found 417.0323 [M+H]+. 

 
 

 
I 

 
 
 
 
 
 
 

MeO 

 
 
 
 
 

 
    H 

 
CF3 

 

Analytical  data  for  3ai: pale-yellow  solid  (mp  73.9–76.9  °C); 

1H NMR (400 MHz, CDCl , 25 °C):  3.80 (s, 6 H), 3.90 (s, 3 H), 

6.06 (q, J = 8.3 Hz, 1 H), 6.42 (s, 2 H), 7.02 (d, J = 8.0 Hz, 2 H), 

7.68 (d, J = 8.0 Hz,   2 H); 13C NMR (100 MHz, CDCl , 25 °C):   

56.0, 60.8, 95.8, 106.5, 115.4 (q, J = 34 Hz), 122.8 (q, J = 269 Hz), 
MeO  

3ai 

OMe 

129.6, 131.8, 137.5, 138.3, 139.3, 151.5 (q, J = 5 Hz), 152.8; 19F 

NMR   (376   MHz,   CDCl3,   25   °C):    –56.6; HRMS   (DART)   m/z  calcd  for 

C18H16F3IO3•NH4 482.0440, found 482.0429 [M+NH4] . 

 
 

MeO 
 
 
 
 
 
 
 

MeO 
 

MeO 

 
 
 
 
 
 
 
 
 
 
 
 

3aj 

 
 
 
 
 
 
 
 
 
 

 
OMe 

 
 
 

 
H 

CF3 

Analytical  data for 3aj: colorless  solid  (mp 68.7–70.1 °C); 1H 

NMR (400 MHz, CDCl3, 25 °C):  3.79 (s, 9 H), 3.89 (s, 3 H),   6.00 

(q, J = 8.4 Hz, 1 H), 6.46 (s, 2 H), 6.84 (d, J = 8.6 Hz, 2 H), 7.21  (d, 

J = 8.6 Hz, 2 H); 13C NMR (100 MHz, CDCl , 25 °C):  55.1, 55.9, 

60.8, 113.0 (q, J = 34 Hz), 113.7, 123.2 (q, J = 269 Hz), 129.3, 132.0, 
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132.7, 138.0, 151.8 (q, J = 6 Hz), 152.7, 160.7; 19F NMR (376 MHz, CDCl , 25 °C): 

–56.0; HRMS  (DART)  m/z  calcd  for  C19H19F3O4•H  369.1314,     found  369.1311 

[M+H]+. 

 
 

OHC 
 
 
 
 
 
 
 

MeO 
 

MeO 

 
 
 
 
 
 
 

 
   

 

 

 

 
3ak 

 
 
 
 
 

    H 

 
CF3 

 

 
OMe 

Analytical data for 3ak: colorless solid (mp  115.1–115.8 °C); 1H 

NMR (400 MHz, CDCl3, 25 °C):  3.80 (s, 6 H), 3.90 (s, 3 H),   6.16 

(q, J = 8.1 Hz, 1 H), 6.43 (s, 2 H), 7.46 (d, J = 8.0 Hz, 2 H), 7.86  (d, 

J  =  8.0  Hz,  2  H),  10.0  (s, 1 H); 13C  NMR  (100  MHz,  CDCl , 

25 °C):  56.1, 60.9, 106.6, 117.4 (q, J = 34 Hz), 122.7 (q, J = 270 

Hz), 128.7, 129.7, 131.6, 136.8, 138.5, 145.6, 151.4 (q, J = 5 Hz), 

153.0 191.5; 19F NMR (376 MHz, CDCl , 25 °C):     –55.5; IR (neat) 1704 (C=O) 

cm-1; HRMS (DART) m/z calcd for C19H17F3O4•H 367.1157, found 367.1152 [M+H]+. 

 
 

Ac 
 
 
 
 
 
 
 

MeO 

 
 
 

 
H 

CF3 

Analytical data for 3al: colorless solid (mp 126.3–127.4 °C); 1H 

NMR (400 MHz, CDCl3, 25 °C):  2.61 (s, 3 H), 3.80 (s, 6 H),   3.90 

(s, 3 H), 6.14 (q, J = 8.1 Hz, 1 H), 6.43 (s, 2 H), 7.38 (d, J = 8.4   Hz, 

2  H),  7.92  (d,  J  =  8.4  Hz, 2 H); 13C  NMR  (100  MHz,  CDCl , 
 

MeO 
 

 
3al 

 

OMe 25 °C):  26.7, 56.1, 60.9, 106.6, 116.9 (q, J = 34 Hz), 122.8 (q, J   = 

269 Hz), 128.2, 128.4, 131.8, 137.6, 138.5, 144.3, 151.5 (q, J = 5 

Hz), 153.0 197.4;  19F NMR (376 MHz, CDCl , 25 °C):  –55.5;   IR (neat) 1682   

(C=O) cm-1; HRMS (DART) m/z calcd for C20H19F3O4•NH 398.1579, found 398.1577 

[M+NH4] . 

 

O2N 

 
 
 
 
 
 

MeO 
 

MeO 

 
 
 
 
 
 
 
 
 
 
 

 
3am 

 
 
 
 
 
 
 
 
 
 
 

OMe 

 
 
 
 
H 

CF3 

Analytical data for 3am: pale-yellow solid (mp 126.4–127.3 °C); 

1H NMR (400 MHz, CDCl , 25 °C):  3.81 (s, 6 H), 3.91 (s, 3 H), 

6.17 (q, J = 7.9 Hz, 1 H), 6.42 (s, 2 H), 7.47 (d, J = 8.8 Hz, 2 H), 

8.21 (d, J = 8.8 Hz,   2 H); 13C NMR (100 MHz, CDCl , 25 °C):   

56.0, 60.8, 106.4, 118.0 (q, J = 34 Hz), 122.4 (q, J = 270 Hz),  128.9, 

131.1, 138.6, 146.0, 148.2, 150.5 (q, J = 5 Hz), 153.0; 19F NMR 

(376 MHz, CDCl3, 25 °C):   –57.0; HRMS (DART) m/z calcd  for C18H16F3NO5•NH4 

401.1324, found 401.1322 [M+NH4]
+. 
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Br 
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Analytical  data  for  3an: colorless  solid  (mp  117.9–118.3 °C); 

1H NMR (400 MHz, CDCl , 25 °C):  3.80 (s, 6 H), 3.90 (s, 3 H), 

6.03 (q, J = 8.1 Hz, 1 H), 6.40 (s, 2 H), 7.34 (d, J = 1.6 Hz, 2 H), 

7.65 (t, J = 1.6 Hz,   1 H); 13C NMR (100 MHz, CDCl , 25 °C):    

56.1, 60.8, 106.4, 117.3 (q, J = 34 Hz), 122.4 (q, J = 270 Hz),  123.1, 

129.7, 130.9, 134.8, 138.6, 143.5, 150.0 (q, J = 5 Hz), 153.0; 19F 

NMR   (376   MHz,   CDCl3,   25   °C):    –55.9; HRMS   (DART)   m/z  calcd  for 

C18H15Br2F3O5•H 494.9418, found 494.9411 [M+H]+. 
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Analytical  data for 3ao: colorless solid (mp  90.5–91.4 °C); 1H 

NMR (400 MHz, CDCl3, 25 °C):  3.81 (s, 6 H), 3.90 (s, 6 H),   6.00 

(q, J = 8.3 Hz, 1 H), 6.43 (s, 2 H), 6.91 (t, J = 8.8 Hz, 1 H), 7.00– 

7.05 (m, 2 H); 13C NMR (100 MHz, CDCl , 25 °C):  56.1,    56.2, 

60.9, 106.5, 112.8, 114.3 (q, J = 34 Hz), 115.6 (d, J = 19 Hz),   123.1 

(q, J = 269 Hz), 124.2 (d, J = 4 Hz), 132.1, 132.7 (d, J = 6 Hz), 138.3, 

148.8 (d, J = 11 Hz), 150.9 (q, J = 5 Hz), 152.0 (d, J = 246 Hz), 152.8; 19F NMR (376 

MHz, CDCl3, 25 °C):  –135.5, –56.3; HRMS (DART) m/z calcd for C19H18F4O4•H 

387.1219, found 387.1208 [M+H]+. 
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Analytical  data  for  3ap: colorless  oil; 1H  NMR  (400  MHz, 

CDCl3, 25 °C):  2.28 (s, 3 H), 3.81 (s, 6 H), 3.90 (s, 3 H), 6.06 (q,  J 

= 8.4 Hz, 1 H), 6.47 (s, 2 H), 6.90 (dd, J = 7.6, 1.6 Hz, 1 H), 6.96 (dd, 

J = 10.6, 8.2 Hz, 1 H), 7.11 (ddd, J = 7.6, 4.4, 2.0 Hz,1 H); 13C 

NMR (100 MHz, CDCl3, 25 °C):  20.5, 56.1, 60.9, 106.2, 115.9  (d, 

J = 21 Hz), 119.0 (dq, J = 34, 6 Hz), 122.8 (q, J = 270 Hz), 127.6 (d, 

J = 12 Hz), 131.2 (d, J = 9 Hz), 131.3, 132.5, 133.6 (d, J = 4 Hz), 138.3, 147.2 (q, J =  6 

Hz), 152.8, 158.1 (d, J = 247 Hz); 19F NMR (376 MHz, CDCl3, 25 °C):  –119.0, –  

55.7; HRMS (DART) m/z calcd for C19H18F4O3•NH4 388.1536, found 388.1514 

[M+NH4]
+. 
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Analytical  data for 3aq: colorless solid (mp  93.4–94.2 °C); 1H 

NMR (400 MHz, CDCl3, 25 ˚C):  3.82 (s, 6 H), 3.90 (s, 3 H), 5.98 

(q, J = 8.4 Hz, 1 H), 5.99 (s, 2 H), 6.44 (s, 2 H), 6.75–6.80 (m, 3  H); 

13C NMR (100 MHz, CDCl , 25 °C):  56.1, 60.9, 101.5, 106.6, 

108.01, 108.04, 113.8 (q, J = 33 Hz), 122.6, 123.1 (q, J = 269 Hz), 

132.6, 134.0, 138.2, 147.9, 148.8, 151.9 (q, J = 5 Hz), 152.8; 19F 

NMR (376 MHz, CDCl3, 25 °C):  –54.9; HRMS (DART) m/z calcd for C19H17F3O5•H 

383.1106, found 383.1101 [M+H]+. 
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Analytical  data for 3ar: colorless solid (mp  83.0–84.7 °C); 1H 

NMR (400 MHz, CDCl3, 25 °C):  3.82 (s, 6 H), 3.97 (s, 3 H),   6.25 

(q, J = 8.3 Hz, 1 H), 6.57 (s, 2 H), 7.45 (dd, J = 8.8, 2.0 Hz, 1 H), 

7.48–7.55 (m, 2 H), 7.75 (s, 1 H), 7.79–7.86 (m, 3 H); 13C NMR 

(100 MHz, CDCl3, 25 °C):  55.9, 60.8, 106.6, 115.4 (q, J = 34   Hz), 

123.1 (q, J = 269 Hz), 124.8, 126.5, 126.9, 127.5, 128.06,   128.10, 

128.5, 132.4, 132.8, 133.5, 137.0, 138.1, 152.4 (q, J = 5 Hz), 152.8; 19F NMR (376  

MHz, CDCl3, 25 °C):  –56.1; HRMS (DART) m/z calcd for C22H19F3O3•H 389.1365, 

found 389.1359 [M+H]+. 

 
 

 

 

 

 

 
EtN 

 
 
 

 
MeO 

 

MeO 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3as 

 
 
 
 

 
   

 

 
OMe 

 
 
 
 
 
 
 
H 

CF3 

Analytical  data  for  3as: colorless  solid  (mp  124.8–126.4  °C); 

1H NMR (400 MHz, CDCl , 25 °C):  1.46 (t, J = 7.4 Hz, 3 H),   3.84 

(s, 6 H), 3.98 (s, 3 H), 4.37 (q, J = 7.4 Hz, 2 H), 6.19 (q, J = 8.4   Hz, 

1 H), 6.59 (s, 2 H), 7.24–7.29 (m, 1 H), 7.36 (d, J = 8.8 Hz, 1 H), 

7.40–7.45 (m, 2 H), 7.48–7.53 (m, 1 H), 8.05 (d, J = 1.2 Hz, 1 H), 

8.09 (d, J = 7.6 Hz,   1 H); 13C NMR (100 MHz, CDCl , 25 °C):   

13.7, 37.6, 56.1, 60.9, 106.8, 108.2, 108.7, 113.1 (q, J = 33 Hz), 

119.4, 120.4, 120.5, 122.7, 122.9, 123.5 (q, J = 269 Hz), 125.9, 126.2, 130.7, 133.4, 

138.1, 140.4, 140.5, 152.7, 153.3 (q, J = 6 Hz); 19F NMR (376 MHz, CDCl3, 25 °C): 

–54.5; HRMS  (DART)  m/z  calcd  for  C26H24F3NO3•H  456.1787,   found  456.1760 

[M+H]+. 
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Analytical data for 3bg: colorless oil; 1H NMR (400 MHz, CDCl , 

25 °C):  1.41 (t, J = 7.0 Hz, 3 H), 4.41 (q, J = 7.0 Hz, 2 H), 6.17 (q,  J 

= 8.0 Hz, 1 H), 7.13–7.18 (m, 2 H), 7.28–7.33 (m, 4 H), 8.06–8.10  (m, 

2 H); 13C NMR (100 MHz, CDCl , 25 °C):  14.3, 61.2, 116.4 (q, J = 

34 Hz), 122.7 (q, J = 270 Hz), 128.9, 129.04, 129.09, 129.4, 130.8, 

3bg 135.9, 137.7, 141.2, 150.3 (q, J = 6  Hz), 166.1; 19F NMR (376 MHz, 

CDCl3, 25 °C):  –55.7; IR (neat) 1717 (C=O)  cm ; HRMS (DART) m/z  calcd for 

C18H14ClF3O2•NH4 372.0978, found 372.0973 [M+NH4] . 
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Analytical data for 3cg:  colorless oil;   1H NMR (400 MHz, CDCl , 

25 °C):  6.49 (q, J = 8.0 Hz, 1 H), 7.22–7.29 (m, 4 H), 7.37–7.45  (m, 

2 H), 7.45–7.51 (m, 1 H), 7.53–7.62 (m, 2 H), 7.90 (d, J = 8.2 Hz, 1 

H), 7.93 (d, J = 8.2 Hz, 1 H); 13C NMR (100 MHz, CDCl , 25 °C):  

117.5 (q, J = 34 Hz), 122.9 (q, J = 269 Hz), 125.0, 125.5, 126.1, 126.5, 

126.91, 126.93, 128.3, 128.4, 129.0, 129.1, 131.1, 133.5, 133.6, 135.6, 

137.4, 149.7 (q, J =   5 Hz); 19F NMR (376 MHz, CDCl , 25 °C):     –56.9; HRMS 

(DART) m/z calcd for C19H12ClF3•NH4 350.0923, found 350.0916 [M+NH4]+. 
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Analytical data for 3dg: colorless oil; 1H NMR (400 MHz, CDCl , 

25 °C):  1.73 (s, 9 H), 6.22 (q, J = 7.9 Hz, 1 H), 6.92 (d, J = 8.0 Hz, 1 

H), 7.10 (d, J = 7.2 Hz, 1 H), 7.28–7.35 (m, 5 H), 7.81 (s, 1 H), 8.19 (d, 

J = 8.4 Hz, 1 H); 13C NMR (100 MHz, CDCl , 25 °C):  28.1,  84.4, 

115.3, 115.7, 117.5 (q, J = 34 Hz), 120.4, 122.93 (q, J = 269 Hz), 
3dg 

122.94, 124.7, 126.1 (q, J = 1 Hz), 128.8, 129.0, 129.3, 135.2, 135.7, 

137.3, 143.6 (q, J = 5 Hz), 149.4; 19F NMR (376 MHz, CDCl , 25 °C):  –55.5; IR 

(neat) 1739 (C=O) cm-1; HRMS (DART) m/z calcd for C22H19ClF3NO2•NH4 439.1400, 

found 439.1410 [M+NH4]+. 

 
 

Cl 
 
 
 

H 

+ 

CF3 

 

Fe Fe 

Cl   Analytical data for 3ag: red solid (mp 88.2–92.8 °C); 

1H NMR (400 MHz, CDCl , 25 °C): (major)  4.14 (s, 5 

H), 4.42 (t, J = 1.8 Hz, 2 H), 4.45 (t, J = 1.8 Hz, 2 H), 

5.56 (q, J = 9.9 Hz, 1 H), 7.35 (d, J = 8.6 Hz, 2 H),  7.40 

3eg 10:1 
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(d, J = 8.6 Hz, 2 H); (minor)  3.87 (t, J = 1.8 Hz, 2 H), 4.13 (s, 5 H), 4.22 (t, J = 1.8 Hz, 

2 H), 7.04 (s, 1 H), 7.28 (d, J = 8.4 Hz, 2 H), 7.45 (d, J = 8.4 Hz, 2 H); 13C NMR (100 

MHz, CDCl3, 25 °C): (major)  69.9, 70.6 (q, J = 3 Hz), 70.7, 113.8 (q, J = 36 Hz), 

123.2 (q, J = 269 Hz), 128.2, 129.5, 133.9, 140.6, 151.8 (q, J =   6 Hz); 19F NMR (376 

MHz, CDCl3, 25 °C): (major)  –56.6; (minor)  –65.1; HRMS (DART) m/z calcd for 

C19H14ClF3Fe•H 391.0164, found 391.0159 [M+H]+. 
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Analytical data for 3fc: colorless oil; 1H NMR (400 MHz,  CDCl , 

25 °C):  2.35 (s, 3 H), 3.20 (t, J = 6.8 Hz, 2 H), 4.33 (t, J = 6.8 Hz, 2 

H), 5.90 (q, J = 8.5 Hz, 1 H), 7.18 (d, J = 8.6 Hz, 2 H), 7.30 (d, J = 8.6 

Hz, 2 H), 7.38 (t, J = 7.6 Hz, 2 H), 7.53 (t, J = 7.6 Hz, 1 H), 7.86 (d, J  = 

7.6 Hz, 2 H); 13C NMR (100 MHz, CDCl , 25 °C):  21.1, 30.3,  62.8, 

117.7 (q, J = 34 Hz), 123.4 (q, J = 270 Hz), 126.5, 128.2, 129.5, 129.9, 132.9, 136.2, 

139.3, 150.0 (q, J = 5  Hz), 166.3; 19F NMR (376 MHz, CDCl , 25 °C):   –56.2; IR 

(neat) 1722 (C=O) cm–1; HRMS (DART) m/z calcd for C19H17F3O2•H 335.1259, found 

335.1285 [M+H]+. 
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Analytical  data for 5aa: pale-yellow oil; 1H  NMR (400 MHz, 

CDCl3, 25 °C):  3.84 (s, 6 H), 3.88 (s, 3 H), 5.25 (s, 1 H), 5.49 (s,  1 

H), 5.71 (q, J = 8.4 Hz, 1 H), 6.52 (s, 2 H), 7.30–7.39 (m, 5 H); 13C 

NMR (100 MHz, CDCl3, 25 °C):  56.1, 60.9, 106.4, 118.3 (q, J = 

34 Hz), 121.9, 123.1 (q, J = 269 Hz), 128.0, 128.3, 128.4, 131.3, 

138.0, 139.4, 149.9, 152.2 (q, J = 5 Hz), 152.7; 19F NMR (376 MHz, CDCl , 25 °C): 

–55.6; HRMS  (DART)  m/z  calcd  for  C20H19F3O3•NH4  382.1630,  found  382.1626 

[M+NH4]+. 
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Analytical  data for 5ab: colorless solid (mp  92.1–93.4 °C); 1H 

NMR (400 MHz, CDCl3, 25 °C):  2.34 (s, 3 H), 3.85 (s, 6 H),   3.93 

(s, 3 H), 5.84 (q, J = 8.4 Hz, 1 H), 6.40 (d, J = 16.0 Hz, 1 H), 6.47 (s, 

2 H), 6.90 (d, J = 16.0 Hz, 1 H), 7.14 (d, J = 8.2 Hz, 2 H), 7.29 (d,   J 

= 8.2 Hz, 2 H); 13C NMR (100 MHz, CDCl , 25 °C):  21.2,   56.1, 

60.9, 106.1, 117.0 (q, J = 33 Hz), 123.1 (q, J = 269 Hz), 127.0, 

128.39, 129.4, 130.4, 133.1, 137.5, 137.8, 138.9, 150.4 (q, J = 6 Hz), 



S13  

   
   

3 

3 

3 

3 

3 

3 

3 

3 

 

152.8; 19F NMR (376 MHz, CDCl , 25 ˚C):    –55.3; HRMS (DART) m/z calcd for 

C21H21F3O3•NH4 396.1787, found 396.1760 [M+NH4]+. 
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Analytical   data  for  6: pale-yellow  solid  (mp  177.4– 

178.5 °C); 1H NMR (400 MHz, CDCl , 25 (C):  3.88   (s, 

12 H), 3.92 (s, 6 H), 5.67 (q, J = 7.7 Hz, 1 H), 6.43 (s, 4  H); 

13C NMR (100 MHz, CDCl , 25 °C):  56.2, 60.9, 106.3, 

122.5 (q, J = 270 Hz), 123.2 (q, J = 34 Hz), 129.2, 138.3, 

151.3(q, J = 5   Hz), 153.1; 19F NMR (376 MHz, CDCl , 25 °C):  –57.5; HRMS 

(ESI) m/z calcd for C24H24F6O6•Na 545.1375, found 545.1377 [M+Na]+. 
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         H 

Analytical  data  for  5ac: colorless  solid  (mp  110.2–111.5 °C); 
1H NMR (400 MHz, CDCl , 25 °C):  3.84 (s, 6 H), 3.91 (s, 3 H), 

5.86 (q, J = 8.1 Hz, 1 H), 6.35 (d, J = 15.8 Hz, 1 H), 6.44 (s, 2 H), 

6.89 (d, J = 15.8 Hz, 1 H), 7.26–7.33 (m, 4 H); 13C  NMR (100 
 

MeO 
 

MeO 
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CF3 

MHz, CDCl3, 25 °C):  56.1, 60.9, 106.0, 118.0 (q, J = 23 Hz), 122.9 

(q, J = 269 Hz), 128.2, 128.9, 130.0, 130.5, 134.4, 134.5, 136.1, 

137.9, 150.0 (q, J = 6  Hz), 152.9; 19F NMR (376 MHz, CDCl ,  25 

˚C):    –55.6; HRMS  (DART)  m/z  calcd  for  C20H18ClF3O3•NH4 

416.1240, found 416.1227 [M+NH4]+. 
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Analytical data for 9: colorless oil; 1H NMR (400 MHz, CDCl , 

25 °C):  3.12 (d, J = 6.8 Hz, 2 H), 3.83 (s, 6 H), 3.85 (s, 3 H), 5.13 

(dq, J = 16.8, 1.6 Hz, 1 H), 5.15 (dq, J = 10.0, 1.0 Hz, 2 H), 5.62  (tq, 

J = 8.0, 1.6 Hz, 1 H), 5.77 (ddt, J = 16.8, 10.0, 6.8 Hz, 2 H), 6.41  (s, 

2 H); 13C NMR (100 MHz, CDCl , 25 °C):  43.7, 56.0, 60.8, 104.5, 

115.7 (q, J = 33 Hz), 118.6, 122.9 (q, J = 269 Hz), 133.3, 133.7, 137.8, 152.4 (q, J = 5 

Hz), 152.8;  19F NMR (376 MHz, CDCl3, 25 °C):  –56.3;  HRMS (DART) m/z calcd 

for C15H17F3O3•H 303.1208, found 303.1198 [M+H]+. 
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