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1. General Information 

Solvents: All anhydrous solvents were dried using standard techniques and freshly 

distilled prior to use. Diethyl ether and tetrahydrofuran (THF) were distilled from 

sodium; dichloromethane (DCM) from calcium hydride. N,N-dimethylformamide 

(DMF) was purchased in anhydrous form. 

Reagents: All reagents obtained from commercial sources were of analytical grade and 

were used as received without further purification, unless otherwise noted. 

Chromatography: Thin layer chromatography (TLC) was carried out on silica gel 60 

F254 precoated glass plates. Visualization was detected by irradiation with UV light 

(254 nm), or by treatment with a solution of phosphomolybdic acid in ethanol followed 

by heating. Flash chromatography was carried out on 200‒300 mesh silica gel, eluting 

with a mixture of petroleum ether (b.p. 60‒90 °C) and ethyl acetate. 

Reactions: All reactions were performed in oven-dried glassware under an atmosphere 

of argon unless otherwise stated. All reactions under standard conditions were 

monitored by TLC. All yields reported were averages of at least two experimental runs. 

NMR Spectroscope: 1H NMR and 13C NMR spectra were recorded on a Bruker 

Avance III 400 spectrometer or a Varian Mercury Plus 300BB spectrometer. Chemical 

shifts (δ) were given in parts per million (ppm), and referenced relative to residual 

solvent CHCl3 (7.26 ppm) in CDCl3, or tetramethylsilane (0.00 ppm) as internal 

standard for 1H NMR spectra and deuterated solvent CDCl3 (77.16 ppm) for 13C NMR 

spectra. Coupling constants (J) were reported in hertz (Hz). The following 

abbreviations are used to indicate the multiplicity of the signals: s = singlet; d = doublet; 

t = triplet; q = quartet; m = multiplet; brs = broad singlet. 

Mass Spectrometry: Electron ionization mass spectra (EI-MS) were measured on a 

Shimadzu GCMS-QP2010SE spectrometer by direct inlet at 70 eV and signals were 

given in m/z with relative intensity (%) in brackets. High-resolution mass spectra 

(HRMS) were recorded on a Bruker Daltonics APEX II 47e FTMS or a Thermo 

Scientfic Orbitrap Elite Mass Spectrometer by means of the ESI (electrospray ionisation) 

technique. 

X-Ray Crystallography: The X-ray crystal structure determination was performed on 
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an Agilent SuperNova Eos diffractometer. 

Melting Points: Melting points (m.p.) of compounds were measured on a melting point 

apparatus and are uncorrected. 

 

2. Preparation of Diaryliodonium Salts 

Commercially available diphenyliodonium bromide was purchased. Other 

diaryliodonium salts used in this investigation were prepared according to the reported 

procedures: diphenyliodonium triflate,[1] diphenyliodonium tetrafluoroborate,[2] 

diphenyliodonium hexafluorophosphate,[3] diphenyliodonium trifluoroacetate,[4] bis(4-

fluorophenyl)iodonium triflate,[5] bis(4-chlorophenyl)iodonium triflate,[5] bis(4-

bromophenyl)iodonium triflate,[5] di-p-tolyliodonium triflate,[5] bis(4-

isopropylphenyl)iodonium triflate,[5] bis(4-(tert-butyl)phenyl)iodonium triflate,[5] 

bis(4-(trifluoromethyl)phenyl)iodonium triflate,[2] bis(4-methoxyphenyl)iodonium 

triflate,[6] di-o-tolyliodonium triflate,[2] di-m-tolyliodonium triflate,[2] bis(3-

bromophenyl)iodonium triflate,[2]  bis(2,4-dimethylphenyl)iodonium triflate,[5] (4-

nitrophenyl)(phenyl)iodonium triflate,[5] (4-(ethoxycarbonyl)phenyl)(2,4,6-

triisopropylphenyl)iodonium triflate,[7] (6-chloropyridin-3-yl)(4-

methoxyphenyl)iodonium triflate.[5] 

 

3. Preparation of Enones 

Commercially available 2-cyclohexen-1-one and 4,4-dimethyl-2-cyclohexen-1-on 

were purified by reduced pressure distillation prior to use. Other enones used in this 

investigation were prepared according to the reported procedures: 6-methylcyclohex-

2-en-1-one,[8] 5-methylcyclohex-2-en-1-one,[9] 5-phenylcyclohex-2-en-1-one,[9] 

cyclohept-2-en-1-one,[10] and 4-(((tert-butyldimethylsilyl)oxy)methyl)-4-

methylcyclohex-2-en-1-one.[11] 
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4. Experimental Details and Characterization Data 

4.1 General Procedure A and General Procedure B 

General Procedure A: 

 

Under an argon atmosphere, to a stirred suspension of CuCN (18.0 mg, 0.20 mmol, 1.0 

eq) in Et2O (1.5 mL) was slowly added via syringe a solution of organolithium reagent  

(0.40 mmol, 2.0 eq) at –78 °C. The mixture was stirred for approximate 30 to 60 min 

at –78 °C until a homogeneous solution was observed, and enone 1 was then added at 

this temperature. After the starting material disappeared, the reaction mixture was 

allowed to warm to –20 °C, diluted with dry DMF (1.0 mL), and Cu(OAc)2 (3.4 mg, 

0.04 mmol, 20 mol%) and the appropriate diaryliodonium triflate  (0.24 mmol, 1.2 eq) 

was sequentially added. The reaction mixture was stirred for another 30 min to 2 h at –

20°C, and quenched with a saturated aqueous solution of NH4Cl. The mixture was 

extracted with EtOAc (30 mL × 3) and the combined organic layers were washed 

successively with water and brine, dried over Na2SO4, filtered, and concentrated under 

vacuum. The crude product was purified by flash column chromatography to give the 

desired product 3. 

 

General Procedure B: 

 

To a stirred suspension of CuI (38.1 mg, 0.2 mmol, 1.0 eq) in Et2O (1.0 mL) was added 

n-Bu3P (0.11 mL, 0.44 mmol, 2.2 eq) under an argon atmosphere, and stirring for 

approximate 5 min at room temperature resulted a colorless homogeneous solution. The 

resulting solution was cooled to –78 °C, and organolithium reagent (0.2 mmol, 1.0 eq) 

was rapidly transferred via syringe. After 30 to 60 min, 2-cyclohexen-1-one (19.4 μL, 
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0.2 mmol, 1.0 eq) was added dropwise at –78 °C. When the starting material 

disappeared, the reaction mixture was allowed to warm to –20 °C, diluted with dry 

DMF (1.0 mL), and Cu(OAc)2 (3.4 mg, 0.04 mmol, 20 mol%) and diphenyliodonium 

triflate (103.2 mg, 0.24 mmol, 1.2 eq) 1.2 eq) was sequentially added. The reaction 

mixture was stirred for another 30 min to 2 h at –20 °C, and quenched with a saturated 

aqueous solution of NH4Cl. The mixture was extracted with EtOAc (30 mL × 3) and 

the combined organic layers were washed successively with water and brine, dried over 

Na2SO4, filtered, and concentrated under vacuum. The crude product was purified by 

flash column chromatography to give the desired product 3. 

 

4.2 The details for the reaction conditions screen 

Unless otherwise shown, the reaction was performed according to the general 

procedure A, and the details were listed in Table S1. 

Table S1 The optimization of the reaction conditionsa 
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entry reagent equiv. additive solventb Temp. c yieldd 

1 PhI 1.0 − Et2O/DMF −78 / 

2 PhOTf 1.0 − Et2O/DMF −78 / 

3 Ph2IOTf 1.0 − Et2O/DMF −78 21 

4 Ph2IOTf 1.0 − Et2O/DMF −40 41 

5 Ph2IOTf 1.0 − Et2O/DMF −30 43 

6 Ph2IOTf 1.0 − Et2O/DMF −20 46 

7 Ph2IOTf 1.0 − Et2O/DMF −10 35 

8 Ph2IOTf 1.0 − Et2O/DMF 0 33 

9 Ph2IOTf 1.0 − Et2O/DMF 25 28 

10 Ph2IOTf 1.0 Li2CO3 Et2O/DMF −20 19 

11 Ph2IOTf 1.0 Na2CO3 Et2O/DMF −20 18 

12 Ph2IOTf 1.0 K2CO3 Et2O/DMF −20 23 

13 Ph2IOTf 1.0 Cs2CO3 Et2O/DMF −20 23 

14 Ph2IOTf 1.0 NaH Et2O/DMF −20 18 

15 Ph2IOTf 1.0 t-BuOK Et2O/DMF −20 15 

16 Ph2IOTf 1.0 Et3N Et2O/DMF −20 18 

17 Ph2IOTf 1.0 DIPEA Et2O/DMF −20 16 

18 Ph2IOTf 1.0 DBU Et2O/DMF −20 16 

19 Ph2IOTf 1.0 DMAP Et2O/DMF −20 17 

20 Ph2IOTf 1.0 2,6-lutidine Et2O/DMF −20 16 

21 Ph2IOTf 1.0 BDMEP Et2O/DMF −20 16 

22 Ph2IOTf 1.0 Imidazole Et2O/DMF −20 17 

23 Ph2IOTf 1.0 DABCO Et2O/DMF −20 19 

24 Ph2IOTf 1.0 LDA Et2O/DMF −20 15 

25 Ph2IOTf 1.0 4Å MS Et2O/DMF −20 / 

26 Ph2IOTf 0.8 − Et2O/DMF −20 40 

27 Ph2IOTf 1.2 − Et2O/DMF −20 48 

28 Ph2IOTf 1.5 − Et2O/DMF −20 48 

29 Ph2IOTf 2.0 − Et2O/DMF −20 48 

30 Ph2IOTf 1.2 CuCl Et2O/DMF −20 51 

31 Ph2IOTf 1.2 CuBr Et2O/DMF −20 38 

32 Ph2IOTf 1.2 CuBr·SMe2 Et2O/DMF −20 50 

33 Ph2IOTf 1.2 CuI Et2O/DMF −20 59 

34 Ph2IOTf 1.2 CuTc Et2O/DMF −20 49 

35 Ph2IOTf 1.2 CuOAc Et2O/DMF −20 61 

36 Ph2IOTf 1.2 Cu(MeCN)4BF4 Et2O/DMF −20 40 

37 Ph2IOTf 1.2 Cu(MeCN)4PF6 Et2O/DMF −20 50 

38 Ph2IOTf 1.2 CuF2 Et2O/DMF −20 42 

39 Ph2IOTf 1.2 CuCl2 Et2O/DMF −20 44 

40 Ph2IOTf 1.2 CuBr2 Et2O/DMF −20 38 

41 Ph2IOTf 1.2 Cu(acac)2 Et2O/DMF −20 49 

42 Ph2IOTf 1.2 Cu(tf-acac)2 Et2O/DMF −20 48 
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43 Ph2IOTf 1.2 Cu(OTf)2 Et2O/DMF −20 54 

44 Ph2IOTf 1.2 Cu(OAc)2 Et2O/DMF −20 68 

45 Ph2IOTf 1.2 Pd(OAc)2 Et2O/DMF −20 31 

46 Ph2IOTf 1.2 Cu(OAc)2 Et2O/Et2O −20 6 

47 Ph2IOTf 1.2 Cu(OAc)2 Et2O/DCM −20 23 

48 Ph2IOTf 1.2 Cu(OAc)2 Et2O/DME −20 26 

49 Ph2IOTf 1.2 Cu(OAc)2 Et2O/PhMe −20 24 

50 Ph2IOTf 1.2 Cu(OAc)2 Et2O/NMP −20 47 

51 Ph2IOTf 1.2 Cu(OAc)2 THF/DMF −20 34 

52 Ph2IBF4 1.2 Cu(OAc)2 Et2O/DMF −20 66 

53 Ph2IPF6 1.2 Cu(OAc)2 Et2O/DMF −20 63 

54 Ph2ITFA 1.2 Cu(OAc)2 Et2O/DMF −20 59 

55 Ph2IBr 1.2 Cu(OAc)2 Et2O/DMF −20 21 

a) Reaction was performed using enone (0.2 mmol) and Gilman reagent (0.2 mmol) in 1.5 mL 

solvent at -78°C, then electrophile was added to reaction mixture at the noted temperature; b) The 

Michael addition was performed in the former, and the arylation in the latter; c) The arylation 

reaction temperature; d) isolated yield of product 3a. 

 

4.3 Scope of Diaryliodonium Salts 

trans-3-Butyl-2-phenylcyclohexanone (3a) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and diphenyliodonium 

triflate (103.2 mg, 0.24 mmol), providing the title compound as a white solid (31.3 mg, 

0.136 mmol, 68%). Slow evaporation of an ether solution gave crystals of 3a suitable 

for X-ray analysis. 

m.p. = 49-51 oC. 1H NMR (400 MHz, CDCl3) δ 7.34-7.31 (m, 2 H), 7.27-7.23 (m, 1 

H), 7.07-7.05 (m, 2 H), 3.28 (d, J = 11.6 Hz, 1 H), 2.55-2.50 (m, 1 H), 2.47-2.42 (m, 1 

H), 2.18-2.11 (m, 2 H), 2.04-1.99 (m, 1 H), 1.80-1.76 (m, 1 H), 1.53-1.50 (m, 1 H), 

1.30-1.27 (m, 1 H), 1.26-1.04 (m, 5 H), 0.77 (t, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, 

CDCl3) δ 210.5, 137.6, 129.5, 128.4, 126.9, 63.8, 45.0, 42.1, 34.3, 30.9, 28.6, 26.0, 22.7, 

14.1; EI-MS m/z 57 (40), 69 (39), 91 (100), 97 (40), 105 (35), 117 (71), 129 (67), 173 

(21), 230 (42); HRMS (ESI) m/z calculated for C16H23O [M+H+] 231.1743, found 

231.1746.  
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trans-3-Butyl-2-(4-fluorophenyl)cyclohexan-1-one (3b) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and bis(4-

fluorophenyl)iodonium triflate (111.9 mg, 0.24 mmol), providing the title compound as 

an amorphous solid (29.3 mg, 0.118 mmol, 59%). 

1H NMR (400 MHz, CDCl3) δ 7.02 (s, 2 H), 7.01 (s, 2 H), 3.28 (d, J = 12 Hz, 1 H), 

2.55-2.50 (m, 1 H), 2.43 (td, J = 13.2, 5.6 Hz, 1 H), 2.20-2.10 (m, 2 H), 1.98-1.91 (m, 

1 H), 1.80-1.72 (m, 1 H), 1.60-1.47 (m, 1 H), 1.31-1.25 (m, 1 H), 1.20-1.05 (m, 5 H), 

0.77 (t, J = 7.2 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 210.2, 161.9 (d, J = 243 Hz), 

133.3 (d, J = 3.0 Hz), 130.9 (d, J = 8.0 Hz), 115.2 (d, J = 21.0 Hz), 63.1, 45.4, 42.1, 

34.3, 30.9, 28.5, 26.1, 22.7, 14.0; EI-MS m/z 57 (80), 71 (61), 97 (100), 123 (59), 153 

(90), 169 (8), 191 (10), 248 (11); HRMS (ESI) m/z calculated for C16H22OF [M+H+] 

249.1649, found 249.1653. 

 

trans-3-Butyl-2-(4-chlorophenyl)cyclohexan-1-one (3c) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and bis(4-

chlorophenyl)iodonium triflate (119.8 mg, 0.24 mmol), providing the title compound 

as an amorphous solid (26.0 mg, 0.098 mmol, 49%). 

1H NMR (400 MHz, CDCl3) δ 7.32-7.28 (m, 2 H), 7.01-6.97 (m, 2 H), 3.27 (d, J = 11.6 

Hz, 1 H), 2.54-2.50 (m, 1 H), 2.47-2.42 (m, 1 H), 2.20-2.11 (m, 2 H), 1.98-1.94 (m, 1 

H), 1.79-1.74 (m, 1 H), 1.56-1.49 (m, 1 H), 1.29-1.26 (m, 2 H), 1.18-1.03 (m, 4 H), 0.78 

(t, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 210.0, 136.1, 132.7, 130.8, 128.6, 

63.2, 45.2, 42.1, 34.3, 30.9, 28.5, 26.1, 22.8, 14.1. EI-MS m/z 57 (89), 111 (44), 125 

(36), 139 (100), 155 (22), 167 (16), 207 (17), 264 (16); HRMS (ESI) m/z calculated for 

C16H21OClNa [M+Na+] 287.1173, found 287.1174. 
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trans-2-(4-Bromophenyl)-3-butylcyclohexan-1-one (3d) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and bis(4-

bromophenyl)iodonium triflate (141.1 mg, 0.24 mmol), providing the title compound 

as an amorphous solid (39.6 mg, 0.128 mmol, 64%). 

1H NMR (400 MHz, CDCl3) δ 7.47-7.43 (m, 2 H), 6.95-6.92 (m, 2 H), 3.26 (d, J = 11.6 

Hz, 1 H), 2.55-2.50 (m, 1 H), 2.49-2.38 (m, 1 H), 2.19-2.10 (m, 2 H), 1.98-1.92 (m,1 

H), 1.81-1.71 (m, 1 H), 1.59-1.49 (m, 1 H), 1.31-1.20 (m, 1 H), 1.18-1.02 (m, 5 H), 0.78 

(t, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 209.9, 136.7, 131.5, 131.2, 120.9, 

63.3, 45.2, 42.1, 34.3, 30.9, 28.5, 26.1, 22.7, 14.1. EI-MS m/z 57 (15), 116 (100), 129 

(47), 139 (27), 169 (39), 171 (34), 182 (59), 184 (57), 211 (28), 251 (12), 253 (12), 308 

(54), 310 (52); HRMS (ESI) m/z calculated for C16H22BrO [M+H+] 309.0849, found 

309.0847. 

 

trans-3-Butyl-2-(p-tolyl)cyclohexan-1-one (3e) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and di-p-

tolyliodonium triflate (110.0 mg, 0.24 mmol), providing the title compound as an 

amorphous solid (29.5 mg, 0.121 mmol, 60%). 

1H NMR (400 MHz, CDCl3) δ 7.13 (d, J = 8.0 Hz, 2 H), 6.94 (d, J = 8.0 Hz, 2 H), 3.25 

(d, J = 11.6 Hz, 1 H), 2.54-2.49 (m, 1 H), 2.45-2.37 (m, 1 H), 2.33 (s, 3 H), 2.17-2.10 

(m, 2 H), 2.02-1.98 (m, 1 H), 1.79-1.74 (m, 1 H), 1.54-1.48 (m, 1 H), 1.31-1.26 (m, 1 

H), 1.24-1.04 (m, 5 H), 0.78 (t, J = 6.9 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 210.7, 

136.3, 134.5, 129.2, 129.1, 63.4, 44.9, 42.1, 34.3, 30.8, 28.6, 26.0, 22.7, 21.3, 14.1; EI-

MS m/z 57 (14), 77 (16), 91 (36), 105 (70), 118 (100), 131 (78), 143 (23), 187 (8), 244 

(35); HRMS (ESI) m/z calculated for C17H25O [M+H+] 245.1900, found 245.1890. 
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trans-3-Butyl-2-(4-isopropylphenyl)cyclohexan-1-one (3f) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and bis(4-

isopropylphenyl)iodonium triflate (123.4 mg, 0.24 mmol), providing the title 

compound as an amorphous solid (29.5 mg, 0.108 mmol, 54%). 

1H NMR (400 MHz, CDCl3) δ 7.17 (d, J = 7.6 Hz, 2 H), 6.97 (d, J = 7.6 Hz, 2 H), 3.25 

(d, J = 11.6 Hz, 1 H), 2.94-2.84 (m, 1 H), 2.54-2.49 (m, 1 H), 2.45-2.37 (m, 1 H), 2.17-

2.10 (m, 2 H), 2.04-1.96 (m, 1 H), 1.83-1.71 (m, 1 H), 1.57-1.45 (m, 2 H), 1.25 (d, J = 

7.2 Hz, 6 H), 1.19-1.03 (m, 5 H), 0.77 (t, J = 6.5 Hz, 3 H); 13C NMR (100 MHz, CDCl3) 

δ 210.7, 147.1, 134.8, 129.2, 126.4, 63.4, 45.0, 42.1, 34.3, 33.8, 30.8, 29.8, 28.7, 26.0, 

24.10, 24.07, 22.7, 14.1; EI-MS m/z 55 (86), 57 (100), 69 (73), 97 (56), 109 (62), 137 

(38), 159 (9), 191 (12), 211 (7), 272 (12); HRMS (ESI) m/z calculated for C19H28ONa 

[M+Na+] 295.2032, found 295.2019. 

 

trans-3-Butyl-2-(4-(tert-butyl)phenyl)cyclohexan-1-one (3g) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and bis(4-(tert-

butyl)phenyl)iodonium triflate (130.2 mg, 0.24 mmol), providing the title compound as 

an amorphous solid (26.9 mg, 0.094 mmol, 47%). 

1H NMR (400 MHz, CDCl3) δ 7.32 (d, J = 8.4 Hz, 2 H), 6.97 (d, J = 8.0 Hz, 2 H), 3.26 

(d, J = 11.6 Hz, 1 H), 2.54-2.50 (m, 1 H), 2.46-2.38 (m, 1 H), 2.17-2.10 (m, 2 H), 2.04-

1.96 (m, 1 H), 1.83-1.71 (m, 1 H), 1.55-1.45 (m, 1 H), 1.31 (s, 9 H), 1.27-1.02 (m, 6 H), 

0.75 (t, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 210.9, 149.4, 134.4, 128.9, 

125.3, 63.3, 44.9, 42.1, 34.5, 34.3, 31.5, 30.8, 28.7, 26.0, 22.7, 14.1; EI-MS m/z 57 
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(100), 91 (51), 109 (42), 129 (31), 137 (32), 169(10), 185 (11), 211 (9), 243(23), 257(5), 

271 (27), 286 (14); HRMS (ESI) m/z calculated for C20H31O [M+H+] 287.2369, found 

287.2360. 

 

trans-3-Butyl-2-(4-(trifluoromethyl)phenyl)cyclohexan-1-one (3h) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and bis(4-

(trifluoromethyl)phenyl)iodonium triflate (135.9 mg, 0.24 mmol), providing the title 

compound as an amorphous solid (24.5 mg, 0.082 mmol, 41%). 

1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.4 Hz, 2 H), 7.18 (d, J = 8.0 Hz, 2 H), 3.37 

(d, J = 11.6 Hz, 1 H), 2.57-2.52 (m, 1 H), 2.49-2.41 (m, 1 H), 2.22-2.12 (m, 2 H), 2.05-

1.98 (m, 1 H), 1.82-1.74 (m, 1 H), 1.58-1.51 (m, 1 H), 1.31-1.26 (m, 1 H), 1.20-1.04 

(m, 5 H), 0.77 (t, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 209.6, 141.8, 129.9, 

129.2 (q, J = 32.0 Hz), 125.3 (q, J = 4.0 Hz), 124.4 (q, J = 270 Hz), 63.7, 45.2, 42.1, 

34.3, 30.9, 28.5, 26.1, 22.7, 14.0; EI-MS m/z 55 (100), 57 (78), 69 (61), 97 (78), 109 

(73), 115 (48), 129 (38), 137 (45), 159 (49), 185 (34), 197 (54), 211 (15), 241 (17), 298 

(22); HRMS (ESI) m/z calculated for C17H21F3ONa [M+Na+] 321.1437, found 

321.1424. 

 

trans-3-Butyl-2-(4-methoxyphenyl)cyclohexan-1-one (3i) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and bis(4-

methoxyphenyl)iodonium triflate (117.7 mg, 0.24 mmol), providing the title compound 

as a white solid (18.3 mg, 0.070 mmol, 35%).  

m.p. = 58-61 oC. 1H NMR (400 MHz, CDCl3) δ 6.99-6.95 (m, 2 H), 6.89-6.86 (m, 2 

H), 3.80 (s, 3 H), 3.24 (d, J = 11.6 Hz, 1 H), 2.54-2.50 (m, 1 H), 2.46-2.38 (m, 1 H), 
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2.18-2.10 (m, 2 H), 1.99-1.94 (m, 1 H), 1.79-1.74 (m, 1 H), 1.56-1.48 (m, 1 H), 1.30-

1.26 (m, 1 H), 1.22-1.03 (m, 5 H), 0.78 (t, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, 

CDCl3) δ 210.9, 158.5, 130.4, 129.7, 113.9, 63.0, 55.3, 45.2, 42.2, 34.3, 30.9, 28.6, 26.1, 

22.8, 14.1; EI-MS m/z 57 (100), 91 (39), 109 (67), 121 (70), 137 (48), 147 (56), 203 

(4), 260 (20); HRMS (ESI) m/z calculated for C17H24O2Na [M+Na+] 283.1669, found 

283.1658. 

 

trans-3-Butyl-2-(o-tolyl)cyclohexan-1-one (3j) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and di-o-

tolyliodonium triflate (110.0 mg, 0.24 mmol), providing the title compound as an 

amorphous solid (25.4 mg, 0.104 mmol, 52%). 

1H NMR (400 MHz, CDCl3) δ 7.21-7.12 (m, 3 H), 7.02 (d, J = 7.2 Hz, 1 H), 3.51 (d, J 

= 11.6 Hz, 1 H), 2.58-2.53 (m, 1 H), 2.48-2.40 (m, 1 H), 2.20 (s, 3 H), 2.17-2.04(m, 3 

H), 1.84-1.72 (m, 1 H), 1.56-1.45 (m, 1 H), 1.30-1.04 (m, 6 H), 0.77 (t, J = 6.8 Hz, 3 

H); 13C NMR (100 MHz, CDCl3) δ 210.1, 136.8, 136.3, 130.4, 128.8, 126.7, 126.0, 

59.8, 44.6, 42.3, 34.3, 31.2, 28.9, 25.9, 22.7, 20.3, 14.1; EI-MS m/z 55 (42), 57 (25), 

91 (46), 105 (63), 119 (100), 131 (33), 169 (12), 187 (35), 244 (23); HRMS (ESI) m/z 

calculated for C17H25O [M+H+] 245.1900, found 245.1891. 

 

trans-3-Butyl-2-(m-tolyl)cyclohexan-1-one (3k) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and di-m-

tolyliodonium triflate (110.0 mg, 0.24 mmol), providing the title compound as an 

amorphous solid (29.5 mg, 0.121 mmol, 60%). 
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1H NMR (400 MHz, CDCl3) δ 7.21-7.19 (m, 1 H), 7.05 (d, J = 7.6 Hz, 1 H), 6.86 (s, 1 

H), 6.84 (s, 1 H), 3.24 (d, J = 11.6 Hz, 1 H), 2.54-2.49 (m, 1 H), 2.45-2.37 (m, 1 H), 

2.33 (s, 3 H), 2.17-2.10 (m, 2 H), 2.07-1.98 (m, 1 H), 1.82-1.72 (m, 1 H), 1.55-1.44 (m, 

1 H), 1.32-1.23 (m, 1 H), 1.23-1.02 (m, 5 H), 0.77 (t, J = 7.2 Hz, 3 H); 13C NMR (100 

MHz, CDCl3) δ 210.5, 137.7, 137.5, 130.2, 128.2, 127.7, 126.4, 63.7, 44.7, 42.1, 34.3, 

30.7, 28.5, 25.9, 22.7, 21.6, 14.0; EI-MS m/z 55 (44), 57 (30), 91 (57), 105 (100), 131 

(73), 143 (57), 187 (44), 244 (57); HRMS (ESI) m/z calculated for C17H25O [M+H+] 

245.1900, found 245.1897. 

 

trans-2-(3-Bromophenyl)-3-butylcyclohexan-1-one (3l) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and bis(3-

bromophenyl)iodonium triflate (141.1 mg, 0.24 mmol), providing the title compound 

as an amorphous solid (44.6 mg, 0.144 mmol, 72%). 

1H NMR (400 MHz, CDCl3) δ 7.40-7.37 (m, 1 H), 7.21-7.18 (m, 2 H), 7.00-6.98 (m, 1 

H), 3.25 (d, J = 12.0 Hz, 1 H), 2.54-2.49 (m, 1 H), 2.46-2.37 (m, 1 H), 2.19-2.10 (m, 2 

H), 2.00-1.96 (m, 1 H), 1.79-1.75 (m, 1 H), 1.54-1.48 (m, 1 H), 1.29-1.26 (m, 1 H), 

1.21-1.04 (m, 5 H), 0.78 (t, J = 6.8 Hz, 3 H); 13C NMR (75 MHz, CDCl3) δ 209.6, 

140.0, 132.6, 130.1, 129.9, 128.2, 122.5, 63.5, 45.1, 42.1, 34.3, 30.8, 28.5, 26.0, 22.7, 

14.0; EI-MS m/z 57 (23), 91 (51), 115 (61), 129 (85), 139 (45), 169 (32), 171 (27), 211 

(31), 251 (20), 253 (19), 308 (43), 310 (41); HRMS (ESI) m/z calculated for C16H22BrO 

[M+H+] 309.0849, found 309.0851. 

 

trans-3-Butyl-2-(2,4-dimethylphenyl)cyclohexan-1-one (3m) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 
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hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and bis(2,4-

dimethylphenyl)iodonium triflate (116.7 mg, 0.24 mmol), providing the title compound 

as an amorphous solid (26.5 mg, 0.103 mmol, 51%). 

1H NMR (400 MHz, CDCl3) δ 7.00-6.89 (m, 2 H), 6.90 (d, J = 7.6 Hz, 1 H), 3.47 (d, J 

= 11.6 Hz, 1 H), 2.57-2.52 (m, 1 H), 2.47-2.38 (m, 1 H), 2.29 (s, 3 H), 2.19-2.12 (m, 2 

H), 2.15 (s, 3 H), 2.09-2.04 (m, 1 H), 1.81-1.70 (m, 1 H), 1.54-1.44 (m, 1 H), 1.28-1.02 

(m, 6 H), 0.78 (t, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 210.3, 136.5, 136.0, 

133.1, 131.3, 128.7, 126.8, 59.5, 44.5, 42.3, 34.3, 31.2, 28.9, 25.8, 22.7, 21.2, 20.2, 14.1; 

EI-MS m/z 57 (68), 91 (100), 105 (87), 119 (100), 131 (77), 145 (74), 201 (30), 258 

(31); HRMS (ESI) m/z calculated for C18H27O [M+H+] 259.2056, found 259.2049. 

 

trans-3-Butyl-2-(4-nitrophenyl)cyclohexan-1-one (3n) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and (4-

nitrophenyl)(phenyl)iodonium triflate (114.0 mg, 0.24 mmol), providing the title 

compound as a yellow oil (26.6 mg, 0.097 mmol, 48%). 

1H NMR (400 MHz, CDCl3) δ 8.22-8.18 (m, 2 H), 7.25-7.22 (m, 2 H), 3.44 (d, J = 12.0 

Hz, 1 H), 2.57-2.53 (m, 1 H), 2.50-2.42 (m, 1 H), 2.24-2.14 (m, 2 H), 2.09-2.00 (m, 1 

H), 1.82-1.77 (m, 1 H), 1.59-1.52 (m, 1 H), 1.30-1.26 (m, 1 H), 1.18-1.05 (m, 5 H), 0.77 

(t, J = 7.2 Hz, 3 H); 13C NMR (75 MHz, CDCl3) δ 209.0, 147.0, 145.6, 130.5, 123.6, 

63.7, 45.4, 42.0, 34.4, 30.8, 28.4, 26.1, 22.7, 14.0; EI-MS m/z 55 (81), 69 (32), 97 (100), 

115 (98), 128 (75), 174 (30), 202 (11), 214 (35), 240 (27), 257 (46), 275 (41); HRMS 

(ESI) m/z calculated for C16H25N2O3 [M+NH4
+] 293.1860, found 293.1857. 

 

trans-Ethyl 4-(2-butyl-6-oxocyclohexyl)benzoate (3o) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 
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hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and ethyl 4-(4-

(ethoxycarbonyl)phenyl)(2,4,6-triisopropylphenyl)iodonium triflate (150.8 mg, 0.24 

mmol), providing the title compound as an amorphous solid (24.4 mg, 0.081 mmol, 

40%). 

1H NMR (400 MHz, CDCl3) δ 8.03-8.00 (m, 2 H), 7.15-7.12 (m, 2 H), 4.37 (q, J = 7.2 

Hz, 2 H), 3.36 (d, J = 11.6 Hz, 1 H), 2.55-2.51 (m, 1 H), 2.48-2.43 (m, 1 H), 2.21-2.12 

(m, 2 H), 2.06-2.02 (m, 1 H), 1.81-1.77 (m, 1 H), 1.57-1.40 (m, 1 H), 1.39 (t, J = 7.2 

Hz, 3 H), 1.31-1.24 (m, 1 H), 1.18-1.02 (m, 5 H), 0.76 (t, J = 6.8 Hz, 3 H); 13C NMR 

(100 MHz, CDCl3) δ 209.7, 166.7, 143.0, 129.63, 129.57, 129.2, 63.8, 60.9, 45.1, 42.1, 

34.3, 30.8, 28.5, 26.1, 22.7, 14.5, 14.0; EI-MS m/z 57 (24), 91 (64), 115 (100), 131 (93), 

185 (33), 201 (28), 211 (45),  245 (25), 257 (40), 302 (56); HRMS (ESI) m/z 

calculated for C19H26O3Na [M+Na+] 325.1774, found 325.1761. 

 

trans-3-Butyl-2-(6-chloropyridin-3-yl)cyclohexan-1-one (3p3) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol) and (6-chloropyridin-

3-yl)(4-methoxyphenyl)iodonium triflate (119.0 mg, 0.24 mmol), providing the title 

compound as a colorless oil (20.3 mg, 0.076 mmol, 38%). 

1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 2.0 Hz, 1 H), 7.39 (dd, J = 8.2, 2.4 Hz, 1 

H), 7.32 (d, J = 8.2 Hz, 1 H), 3.33 (d, J = 12.0 Hz, 1 H), 2.58-2.52 (m, 1 H), 2.52-2.41 

(m, 1 H), 2.23-2.13 (m, 2 H), 1.97-1.89 (m, 1 H), 1.84-1.73 (m, 1 H), 1.59-1.48 (m, 1 

H), 1.32-1.26 (m, 1 H), 1.21-1.05 (m, 5 H), 0.78 (t, J = 6.8 Hz, 3 H); 13C NMR (100 

MHz, CDCl3) δ 208.9, 150.6, 150.2, 139.7, 132.1, 124.1, 60.4, 45.5, 42.0, 34.4, 30.9, 

28.4, 26.2, 22.7, 14.0; EI-MS m/z 55 (63), 69 (25), 97 (43), 117 (58), 127 (100), 139 

(85), 152 (42), 164 (47), 208 (32), 222 (38), 265 (85), 267 (29); HRMS (ESI) m/z 

calculated for C15H21ClNO [M+H+] 266.1306, found 266.1302. 
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4.4 Scope of Michael acceptors 

trans-3-butyl-6-methyl-2-phenylcyclohexan-1-one (3q, dr =78:22) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), 6-methylcyclohex-2-en-1-one (22.0 mg, 0.20 mmol) and 

diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as a 

colorless oil (30.8 mg, 0.126 mmol, 63%). 

1H NMR (400 MHz, CDCl3) (major) δ 7.34-7.29 (m, 2 H), 7.25-7.21 (m, 1 H), 7.06-

7.03 (m, 2 H), 3.29 (d, J = 12.0 Hz, 1 H), 2.58-2.49 (m, 1 H), 2.20-2.15 (m, 1 H), 2.13-

2.08 (m, 1 H), 2.04-1.92 (m, 1 H), 1.64-1.43 (m, 2 H), 1.34-1.12 (m, 5 H), 1.09-1.07 

(m, 1 H), 1.04 (d, J = 6.4 Hz, 3 H), 0.76 (t, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, 

CDCl3) (major) δ 211.3, 137.6, 129.7, 128.2, 126.8, 64.0, 46.1, 45.5, 35.6, 34.5, 31.3, 

28.5, 22.7, 14.8, 14.0; 1H NMR (400 MHz, CDCl3) (minor) 7.34-7.29 (m, 0.6 H), 7.25-

7.21 (m, 0.6 H), 7.15-7.13 (m, 0.3 H), 3.49 (d, J = 8.0 Hz, 0.3 H), 2.68-2.56 (m, 0.3 H), 

2.32-2.20 (m, 0.3 H), 1.78-1.65 (m, 0.6 H), 1.60-1.43 (m, 0.6 H), 1.15-1.03 (m, 1.8 H), 

1.05 (d, J = 8.0 Hz, 1 H) , 0.82 (d, J = 7.2 Hz, 1 H) ; 13C NMR (100 MHz, CDCl3) 

(minor) δ 214.2, 138.2, 128.6, 128.5, 126.8, 60.0, 43.2, 42.1, 33.7, 31.5, 29.1, 25.5, 

22.8, 16.1, 14.1;EI-MS m/z 55 (42), 69 (32), 91 (100), 117 (96), 129 (79), 153 (25), 

167 (31), 187 (15), 217 (9), 244 (24); HRMS (ESI) m/z calculated for C17H25O [M+H+] 

245.1900, found 245.1890.  

 

trans-3-butyl-5-methyl-2-phenylcyclohexan-1-one (3r, dr = 87:13) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), 5-methylcyclohex-2-en-1-one (22.0 mg, 0.20 mmol) and 

diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as a 

colorless oil (22.5 mg, 0.092 mmol, 46%). 

1H NMR (400 MHz, CDCl3) (major) δ 7.33 (t, J = 7.6 Hz, 2 H), 7.26-7.23 (m, 1 H), 
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7.10 (d, J = 7.2 Hz, 2 H), 3.30 (d, J = 9.6 Hz, 1 H), 2.59-2.54 (m, 1 H), 2.45-2.38 (m, 1 

H), 2.34-2.23 (m, 2 H), 1.90-1.84 (m, 1 H), 1.76-1.69 (m, 1 H), 1.20-1.14 (m, 4 H), 1.09 

(d, J = 6.4 Hz, 1 H), 1.04 (d, J = 7.2 Hz, 3 H), 0.90-0.40 (m, 1 H), 0.80 (t, J = 6.8 Hz, 

3 H); 13C NMR (100 MHz, CDCl3) (major) δ 210.9, 137.9, 129.0, 128.5, 126.9, 62.6, 

48.1, 39.3, 36.2, 34.2, 30.2, 28.9, 22.7, 20.2, 14.1; EI-MS m/z 55 (67), 69 (56), 91 (100), 

117 (85), 129 (61), 153 (45), 159 (46), 197 (24), 215 (31), 244 (15); HRMS (ESI) m/z 

calculated for C17H25O [M+H+] 245.1900, found 245.1891. 

 

trans-3-butyl-2,5-diphenylcyclohexan-1-one (3s, dr = 89:11) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M, 0.40 

mmol), 5-phenylcyclohex-2-en-1-one (34.4 mg, 0.20 mmol), and diphenyliodonium 

triflate (103.2 mg, 0.24 mmol), providing the title compound as a colorless oil (28.2 mg, 

0.092 mmol, 46%). 

1H NMR (400 MHz, CDCl3) (major) δ 7.37-7.30 (m, 4 H), 7.24-7.20 (m, 4 H), 7.11-

7.09 (m, 2 H), 3.51-3.47 (m, 1 H), 3.42 (d, J = 8.0 Hz, 1 H), 2.87-2.82 (m, 1 H), 2.71-

2.66 (m, 1 H), 2.32-2.20 (m, 2 H), 2.02-1.96 (m, 1 H), 1.29-1.22 (m, 3 H), 1.21-1.12 

(m, 3 H), 0.78 (t, J = 7.2 Hz, 3 H); 13C NMR (100 MHz, CDCl3) (major) δ 211.3, 144.3, 

137.9, 128.72, 128.67, 128.6, 127.1, 127.0, 126.6, 61.9, 45.7, 39.5, 38.2, 35.7, 33.6, 

28.8, 22.7, 14.1; EI-MS m/z 55 (9), 77 (14), 91 (77), 117 (100), 131 (72), 173 (40), 249 

(10), 306 (21); HRMS (ESI) m/z calculated for C22H26ONa [M+Na+] 329.1876, found 

329.1861. 

 

trans-3-butyl-4,4-dimethyl-2-phenylcyclohexan-1-one (3t) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M, 0.40 

mmol), 4,4-dimethylcyclohex-2-en-1-one (24.8 mg, 0.20 mmol), and 

diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as a 
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colorless oil (23.8 mg, 0.092 mmol, 46%). 

1H NMR (400 MHz, CDCl3) δ 7.33-7.28 (m, 2 H), 7.26-7.22 (m, 1 H), 7.09-7.07 (m, 2 

H), 3.33 (d, J = 12.4 Hz, 1 H), 2.62-2.56 (m, 1 H), 2.45-2.40 (m, 1 H), 1.80-1.77 (m, 1 

H), 1.71-1.60 (m, 1 H), 1.35-1.26 (m, 1 H), 1.15 (s, 3 H), 1.05 (s, 3 H), 1.03-0.94 (m, 2 

H), 0.90-0.79 (m, 3 H), 0.58 (t, J = 7.2 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 210.7, 

138.0, 130.2, 128.1, 126.9, 60.8, 53.4, 41.2, 38.4, 34.6, 32.4, 30.9, 29.7, 22.9, 19.6, 13.7; 

EI-MS m/z 55 (98), 57 (99), 69 (93), 91 (100), 117 (58), 145 (19), 167 (22), 201 (8), 

258 (36); HRMS (ESI) m/z calculated for C18H26ONa [M+Na+] 281.1876, found 

281.1865. 

 

(2R*,3S*,4S*)-3-butyl-4-(((tert-butyldimethylsilyl)oxy)methyl)-4-methyl-2-

phenylcyclohexan-1-one (3u) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), 4-(((tert-butyldimethylsilyl)oxy)methyl)-4-methylcyclohex-2-en-

1-one (50.9 mg, 0.20 mmol), and diphenyliodonium triflate (103.2 mg, 0.24 mmol), 

providing the title compound as a colorless oil (35.0 mg, 0.090 mmol, 45%). 

1H NMR (400 MHz, CDCl3) δ 7.32-7.21 (m, 3 H), 7.08-7.06 (m, 2 H), 3.94 (d, J = 10.4 

Hz, 1 H), 3.67 (d, J = 11.6 Hz, 1 H), 3.59 (d, J = 10.0 Hz, 1 H), 2.79-2.45 (m, 1 H), 

2.45-2.43 (m, 1 H), 2.22-2.16 (m, 1 H), 1.88-1.83 (m, 1 H), 1.67-1.59 (m, 1 H), 1.51-

1.42 (m, 1 H), 1.15-1.06 (m, 2 H), 0.99 (s, 3 H), 0.93 (s, 9 H), 0.90-0.88 (m, 1 H), 0.84-

0.76 (m, 1 H), 0.60 (t, J = 7.2 Hz, 3 H), 0.56-0.48 (m, 1 H), 0.11 (s, 3H), 0.105 (s, 3 H); 

13C NMR (100 MHz, CDCl3) δ 211.5, 138.9, 130.0, 128.2, 126.9, 66.6, 60.6, 52.2, 38.8, 

38.4, 36.2, 32.2, 30.3, 26.0, 25.2, 23.0, 18.4, 13.8, -5.4, -5.5; EI-MS m/z 55 (23), 75 

(86), 91 (65), 117(100), 157 (20), 169 (18), 183 (14), 227 (21), 239 (30), 331 (67), 388 

(1); HRMS (ESI) m/z calculated for C24H41O2Si [M+H+] 389.2870, found 389.2878. 
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trans-3-butyl-2-phenylcycloheptan-1-one (3v) 

 

Prepared according to general procedure A using n-butyllithium (0.16 mL, 2.5 M in 

hexane, 0.40 mmol), cyclohept-2-en-1-one (22.0 mg, 0.20 mmol), and 

diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as an 

amorphous solid (16.7 mg, 0.068 mmol, 34%). 

1H NMR (400 MHz, CDCl3) δ 7.35-7.29 (m, 3 H), 7.28-7.23 (m, 2 H), 3.38 (d, J = 10.8 

Hz, 1 H), 2.81-2.74 (m, 1 H), 2.31-2.26 (m, 1 H), 2.11-2.03 (m, 1 H), 2.00-1.92 (m, 3 

H), 1.63-1.50 (m, 2 H), 1.36-1.01 (m, 7 H), 0.80 (t, J = 6.8 Hz, 3 H); 13C NMR (100 

MHz, CDCl3) δ 212.8, 138.2, 128.9, 128.4, 127.3, 66.6, 41.3, 40.2, 33.8, 32.9, 29.7, 

29.0, 27.4, 22.9, 14.1; EI-MS m/z 55 (38), 69 (39), 91 (100), 117 (72), 129 (32), 143 

(18), 153 (16), 187 (13), 217 (9), 244 (34); HRMS (ESI) m/z calculated for C17H24ONa 

[M+Na+] 267.1719, found 267.1707. 

 

4.5 Scope of Michael donors 

trans-3-Methyl-2-phenylcyclohexan-1-one (3w)[12] 

 

Prepared according to general procedure A using methyllithium (0.31 mL, 1.3 M in 

Et2O, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol), and diphenyliodonium 

triflate (103.2 mg, 0.24 mmol), providing the title compound as an amorphous solid 

(18.1 mg, 0.096 mmol, 48%). 

1H NMR (400 MHz, CDCl3) δ 7.34-7.31 (m, 2 H), 7.25-7.23 (m, 1 H), 7.08-7.05 (m, 2 

H), 3.18 (d, J = 11.6 Hz, 1 H), 2.55-2.50 (m, 1 H), 2.48-2.39 (m, 1 H), 2.15-2.07 (m, 2 

H), 2.06-1.99 (m, 1 H), 1.88-1.76 (m, 1 H), 1.64-1.53 (m, 1 H), 0.82 (d, J = 6.4 Hz, 3 

H); 13C NMR (100 MHz, CDCl3) δ 210.1, 137.6, 129.4, 128.3, 126.9, 65.3, 41.9, 40.8, 

34.4, 26.1, 21.3; EI-MS m/z 55 (77), 57 (100), 69 (62), 71 (69), 91 (62), 97 (51), 117 

(58), 129 (40), 169 (12), 175 (10), 188(36); HRMS (ESI) m/z calculated for C13H17O 

[M+H+] 189.1274, found 189.1276. 
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trans-2-Phenyl-3-propylcyclohexan-1-one (3x) 

 

Prepared according to general procedure A using n-propyllithium (0.40 mL, 1.0 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol), and 

diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as a 

white solid (22.5 mg, 0.104 mmol, 52%). 

m.p. = 57-59 oC.1H NMR (400 MHz, CDCl3) δ 7.34-7.31 (m, 2 H), 7.26-7.23 (m, 1 H), 

7.07-7.05 (m, 2 H), 3.28 (d, J = 11.6 Hz, 1 H), 2.55-2.50 (m, 1 H), 2.47-2.39 (m, 1 H), 

2.18-2.11 (m, 2 H), 2.07-2.00 (m, 1 H), 1.83-1.73 (m, 1 H), 1.56-1.46 (m, 1 H), 1.39-

1.32 (m, 1 H), 1.18-1.03 (m, 3 H), 0.74 (t, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, 

CDCl3) δ 210.4, 137.6, 129.5, 128.4, 126.9, 63.9, 44.8, 42.1, 36.9, 30.8, 26.0, 19.5, 14.2; 

EI-MS m/z 55 (42), 91 (100), 117 (68), 129 (64), 145 (23), 173 (10), 216 (37); HRMS 

(ESI) m/z calculated for C15H21O [M+H+] 217.1587, found 217.1578. 

 

trans-3-Hexyl-2-phenylcyclohexan-1-one (3y) 

 

Prepared according to general procedure A using n-hexyllithium (0.20 mL, 2.0 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol), and 

diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as an 

amorphous solid (26.4 mg, 0.102 mmol, 51%). 

1H NMR (400 MHz, CDCl3) δ 7.34-7.30 (m, 2 H), 7.26-7.22 (m, 1 H), 7.07-7.05 (m, 2 

H), 3.28 (d, J = 11.2 Hz, 1 H), 2.54-2.50 (m, 1 H), 2.46-2.38 (m, 1 H), 2.18-2.10 (m, 2 

H), 2.04-2.00 (m, 1 H), 1.80-1.75 (m, 1 H), 1.55-1.49 (m, 1 H), 1.30-1.25 (m, 1 H), 

1.24-1.04 (m, 9 H), 0.82 (t, J = 7.2 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 210.4, 

137.6, 129.5, 128.4, 126.9, 63.8, 45.0, 42.1, 34.6, 31.8, 30.9, 29.3, 26.3, 26.0, 22.7, 14.1; 

EI-MS m/z 55 (27), 91 (100), 117 (71), 129 (71), 149 (16), 173 (32), 258 (34); HRMS 

(ESI) m/z calculated for C18H27O [M+H+] 259.2056, found 259.2046. 
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trans-3-Isopropyl-2-phenylcyclohexan-1-one (3z) 

 

Prepared according to general procedure A using isopropyllithium (0.40 mL, 1.0 M in 

hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol), and 

diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as a 

white solid (19.5 mg, 0.091 mmol, 45%). 

m.p. = 62-64 oC. 1H NMR (400 MHz, CDCl3) δ 7.35-7.31 (m, 2 H), 7.27-7.23 (m, 1 

H), 7.07-7.05 (m, 2 H), 3.44 (d, J = 12.4 Hz, 1 H), 2.56-2.51 (m, 1 H), 2.46-2.38 (m, 1 

H), 2.22-2.16 (m, 1 H), 2.02-1.92 (m, 2 H), 1.78-1.72 (m, 1 H), 1.61-1.53 (m, 1 H), 

1.39-1.35 (m, 1 H), 0.85 (d, J = 6.8 Hz, 3 H), 0.77 (d, J = 6.8 Hz, 3 H); 13C NMR (100 

MHz, CDCl3) δ 210.7, 137.4, 129.5, 128.4, 126.9, 62.0, 50.5, 42.3, 28.2, 26.0, 24.2, 

21.6, 14.9; EI-MS m/z 55 (36), 91 (100), 117 (75), 129 (37), 145 (28), 173 (25), 216 

(19); HRMS (ESI) m/z calculated for C15H21O [M+H+] 217.1587, found 217.1579. 

 

trans-3-(sec-Butyl)-2-phenylcyclohexan-1-one (3aa, 50:50) 

 

Prepared according to general procedure A using sec-butyllithium (0.31 mL, 1.3 M in 

cyclohexane/hexane (92/8), 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol), 

and diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as 

a colorless oil (21.7 mg, 0.094 mmol, 47%). 

1H NMR (400 MHz, CDCl3) δ 7.34-7.30 (m, 2 H), 7.26-7.23 (m, 1 H), 7.06-7.04 (m, 2 

H), 3.52 (d J = 12.0 Hz, 0.5 H), 3.48 (d, J = 12.0 Hz, 0.5 H), 2.55-2.51 (m, 1 H), 2.45-

2.41(m, 1 H), 2.21-2.15 (m, 1 H), 1.98-1.94 (m, 1 H), 1.86-1.72 (m, 1 H), 1.58-1.48 (m, 

2 H), 1.23-1.18 (m, 1 H), 1.06-1.02 (m, 1 H), 0.95-0.82 (m, 1 H), 0.77-0.69 (m, 6 H); 

13C NMR (100 MHz, CDCl3) δ 210.83, 210.80, 137.6, 137.3, 129.50, 129.49, 128.4, 

126.9, 61.7, 61.6, 51.4, 48.0, 42.4, 42.3, 35.5, 35.1, 28.2, 26.21, 26.19, 25.2, 24.4, 22.5, 

18.1, 12.9, 12.6, 12.2; EI-MS m/z 55 (32), 69 (22), 91 (100), 117 (53), 129 (40), 139 

(23), 159 (14), 183 (13), 230 (45); HRMS (ESI) m/z calculated for C16H23O [M+H+] 
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231.1743, found 231.1735. 

 

trans-3-(tert-Butyl)-2-phenylcyclohexan-1-one (3ab) 

 

Prepared according to general procedure A using tert-butyllithium (0.25 mL, 1.6 M in 

pentane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol), and 

diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as a 

colorless oil (19.8 mg, 0.086 mmol, 43%). 

1H NMR (400 MHz, CDCl3) δ 7.32-7.20 (m, 5 H), 3.54 (d, J = 7.6 Hz, 1 H), 2.60-2.53 

(m, 1 H), 2.31-2.21 (m, 2 H), 2.10-2.02 (m, 2 H), 1.95-1.84 (m, 1 H), 1.50-1.39 (m, 1 

H), 0.80 (s, 9 H); 13C NMR (100 MHz, CDCl3) δ 212.5, 140.5, 128.9, 128.6, 126.8, 

59.7, 51.7, 38.4, 34.7, 28.4, 25.3, 22.9; EI-MS m/z 57 (74), 91 (100), 117 (39), 129 (22), 

145 (22), 173 (32), 230 (35); HRMS (ESI) m/z calculated for C16H22ONa [M+Na+] 

253.1563, found 253.1551. 

 

trans-2,3-Diphenylcyclohexan-1-one (3ac)[13] 

 

Prepared according to general procedure A using phenyllithium (0.21 mL, 1.9 M in di-

n-butyl ether, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol), and 

diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as a 

white solid (16.0 mg, 0.064 mmol, 32%). 

m.p. = 68-71 oC. 1H NMR (400 MHz, CDCl3) δ 7.15-7.12 (m, 4 H), 7.09-7.02 (m, 4 

H), 6.92-6.91 (m, 2 H), 3.80 (d, J = 12.0 Hz, 1 H), 3.26-3.19 (m, 1 H), 2.68-2.57 (m, 2 

H), 2.28-2.21(m, 1 H), 2.20-2.05 (m, 2 H), 2.01-1.90 (m, 1 H); 13C NMR (100 MHz, 

CDCl3) δ 209.4, 143.2, 136.8, 129.6, 128.4, 128.0, 127.4, 126.7, 126.5, 63.7, 52.5, 42.2, 

34.7, 26.3; EI-MS m/z 55 (12), 91 (33), 117 (100), 133 (53), 159 (19), 250 (63); HRMS 

(ESI) m/z calculated for C18H19O [M+H+] 251.1430, found 251.1422. 
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trans-2-Phenyl-3-(3-phenylpropyl)cyclohexan-1-one (3ad) 

 

Prepared according to general procedure B using (3-phenylpropyl)lithium (0.5 mL, 0.4 

M in Et2O/pentane, 0.20 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol), and 

diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as a 

white solid (33.4 mg, 0.114 mmol, 57%). 

(3-phenylpropyl)lithium was prepared in the following manner: to a precooled (–78 °C) 

solution of 3-phenyl-1-iodopropane[13] (492.2 mg, 2.0 mmol, 1.0 eq) in Et2O (2.3 mL) 

was added t-BuLi (2.63 mL, 1.6 M in pentane, 4.2 mmol, 2.1 eq) via syringe. The 

resulting solution was stirred at –78 °C for 30 min, and then used immediately. 

m.p. = 58-62 oC. 1H NMR (400 MHz, CDCl3) δ 7.34-7.30 (m, 2 H), 7.26-7.20 (m, 3 

H), 7.15-7.12 (m, 1 H), 7.05-7.03 (m, 4 H), 3.27 (d, J = 11.2 Hz, 1 H), 2.53-2.33 (m, 4 

H), 2.17-2.00 (m, 3 H), 1.79-1.75 (m, 1 H), 1.66-1.61 (m, 1 H), 1.56-1.44 (m, 2 H), 

1.27-1.23 (m, 1 H), 1.15-1.11 (m, 1 H); 13C NMR (100 MHz, CDCl3) δ 210.2, 142.4, 

137.5, 129.5, 128.4, 128.35, 127.0, 125.8, 63.7, 44.9, 42.0, 35.9, 34.4, 30.8, 28.2, 26.0; 

EI-MS m/z 55 (12), 91 (100), 117 (36), 129 (16), 173 (96), 292 (24); HRMS (ESI) m/z 

calculated for C21H25O [M+H+] 293.1900, found 293.1902. 

 

trans-3-(3-((tert-Butyldimethylsilyl)oxy)propyl)-2-phenylcyclohexan-1-one (3ae) 

 

Prepared according to general procedure A using (3-((tert-

butyldimethylsilyl)oxy)propyl)lithium (1.0 mL, 0.4 M in Et2O/pentane, 0.40 mmol), 

cyclohex-2-en-1-one (19.4 μL, 0.20 mmol), and diphenyliodonium triflate (103.2 mg, 

0.24 mmol), providing the title compound as a colorless oil (25.8 mg, 0.074 mmol, 

37%). 

(3-((tert-butyldimethylsilyl)oxy)propyl)lithium was prepared in the following manner: 

To a precooled (–78 °C) solution of tert-butyl(3-iodopropoxy)dimethylsilane [14] (360.3 

mg, 1.2 mmol, 1.0 eq) in Et2O (1.4 mL) was added t-BuLi (1.58 mL, 1.6 M in pentane, 
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2.52 mmol, 2.1 eq) via syringe. The resulting solution was stirred at –78 °C for 30 min, 

and then used immediately. 

1H NMR (400 MHz, CDCl3) δ 7.33-7.30 (m, 2 H), 7.26-7.22 (m, 1 H), 7.06-7.04 (m, 2 

H), 3.42 (t, J = 6.4 Hz, 2 H), 3.28 (d, J = 11.6 Hz, 1 H), 2.55-2.50 (m, 1 H), 2.47-2.42 

(m, 1 H), 2.19-2.11 (m, 2 H), 2.06-2.02 (m, 1 H), 1.80-1.77 (m, 1 H), 1.60-1.51 (m, 2 

H), 1.36-1.24 (m, 2 H), 1.08-1.04 (m, 1 H), 0.81 (s, 9 H), -0.05 (s, 3 H), -0.06 (s, 3 H); 

13C NMR (100 MHz, CDCl3) δ 210.2, 137.5, 129.5, 128.4, 127.0, 63.9, 63.3, 45.1, 42.1, 

31.0, 30.9, 29.8, 26.0, 26.0, 18.4, -5.2; EI-MS m/z 75 (100), 91 (80), 117 (51), 145 (98), 

173 (31), 183 (35), 197 (31), 289 (88); HRMS (ESI) m/z calculated for C21H35O2Si 

[M+H+] 347.2401, found 347.2404. 

 

trans-2-Phenyl-3-(prop-1-en-2-yl)cyclohexan-1-one (3af)[15] 

 

Prepared according to general procedure B using isopropenyllithium (0.5 mL, 0.4 M in 

Et2O/pentane, 0.20 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol), and 

diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as a 

white solid (16.4 mg, 0.077 mmol, 38%).  

Isopropenyllithium[16] was prepared in the following manner: to a precooled (–78 °C) 

solution of 2-bromopropene (139.3 μL, 1.6 mmol) in Et2O (1.9 mL) was added tert-

butyllithium (2.0 mL, 1.6 M in pentane, 3.2 mmol). The resulting solution was stirred 

at –78 °C for 30 min, and then used immediately. 

m.p. = 123-125 oC. 1H NMR (400 MHz, CDCl3) δ 7.31-7.26 (m, 2 H), 7.25-7.20 (m, 1 

H), 7.05-7.02 (m, 2 H), 4.59-4.57 (m, 2 H), 3.59 (d, J = 12.0 Hz, 1 H), 2.82-2.75 (m, 1 

H), 2.58-2.53 (m, 1 H), 2.51-2.45 (m, 1 H), 2.21-2.15 (m, 1 H), 1.99-1.94 (m, 1 H), 

1.94-1.90 (m, 1 H), 1.89-1.82 (m, 1 H), 1.57 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 

209.8, 145.7, 137.0, 129.5, 128.1, 126.9, 112.9, 61.4, 53.4, 42.1, 31.9, 26.2, 19.0; EI-

MS m/z 55 (87), 57 (92), 91 (50), 105 (65), 129 (35), 149 (100), 167 (37), 187 (11), 214 

(18); HRMS (ESI) m/z calculated for C15H19O [M+H+] 215.1436, found 215.1431. 
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trans-2-Phenyl-3-((E)-3-(trimethylsilyl)allyl)cyclohexan-1-one (3ag) 

 

Prepared according to general procedure B using (3-(trimethylsilyl)allyl)lithium (1.0 

mL, 0.4 M in THF/hexane, 0.40 mmol), cyclohex-2-en-1-one (19.4 μL, 0.20 mmol), 

and diphenyliodonium triflate (103.2 mg, 0.24 mmol), providing the title compound as 

an amorphous solid (24.1 mg, 0.084 mmol, 42%). 

(3-(trimethylsilyl)allyl)lithium[17] was prepared in the following manner: to a precooled 

(–40 °C) solution of allytrimethylsilane (190.2 μL, 1.2 mmol) in THF (1.6 mL) was 

added sec-butyllithium (1.2 mL, 1.0 M in hexane, 1.2 mmol). The resulting yellow 

colored solution was stirred at –40 °C for 30 min, and then was used immediately. 

1H NMR (400 MHz, CDCl3) δ 7.35-7.32 (m, 2 H), 7.28-7.24 (m, 1 H), 7.07-7.05 (m, 2 

H), 5.88-5.80 (m, 1 H), 5.53 (d, J = 18.4 Hz, 1 H), 3.29 (d, J = 11.6 Hz, 1 H), 2.56-2.51 

(m, 1 H), 2.48-2.34 (m, 1 H), 2.19-2.11 (m, 2 H), 2.09-2.03 (m, 2 H), 1.87-1.76 (m, 2 

H), 1.59-1.49 (m, 1 H), 0.02 (s, 9 H); 13C NMR (100 MHz, CDCl3) δ 210.2, 143.6, 

137.3, 133.5, 129.6, 128.5, 127.1, 63.4, 44.9, 42.2, 42.1, 30.9, 25.9, -1.1; EI-MS m/z 

59 (39), 73 (100), 75 (63), 91 (74), 75 (33), 129 (26), 145 (14), 173 (18), 195 (12), 245 

(83), 271 (9), 286 (6); HRMS (ESI) m/z calculated for C18H26OSiNa [M+Na+] 

309.1645, found 309.1651. 

 

4.6. Further Transformations of 3a 

(1R*,2R*,3R*)-3-Butyl-2-phenylcyclohexan-1-ol (4a)[18, 19] 

 

To a precooled solution of 3a (46.1 mg, 0.20 mmol, 1.0 eq) in THF (2.0 mL) was added 

lithium tri-sec-butylborohydride (0.24 mL, 1.0 M in THF, 0.24 mmol, 1.2 eq) via 

syringe at –78 °C. After stirring for 15 min at –78 °C, the reaction was quenched with 

a saturated aqueous solution of NH4Cl. The mixture was extracted with ethyl acetate 

(30 mL × 3) and the combined organic layers were washed successively with water and 

brine, dried over Na2SO4, filtered, and concentrated under vacuum. The crude product 
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was purified by flash column chromatography to give 4a as an amorphous solid (40.7 

mg, 0.175 mmol, 88%). 

1H NMR (400 MHz, CDCl3) δ 7.35-7.32 (m, 2 H), 7.26-7.20 (m, 3 H), 3.83 (s, 1 H), 

2.43 (dd, J = 11.6, 2.0 Hz, 1 H), 2.10-2.07 (m, 1 H), 2.03-1.94 (m, 2 H), 1.80-1.72 (m, 

1 H), 1.62-1.55 (m, 2 H), 1.43 (s, 1 H), 1.29-1.00 (m, 6 H), 0.89-0.85 (m, 1 H), 0.78 (t, 

J = 6.8 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 143.1, 128.8, 126.5, 71.2, 55.0, 34.0, 

33.3, 33.1, 31.8, 28.7, 22.9, 20.0, 14.2; EI-MS m/z 55 (46), 57 (51), 67 (39), 81 (69), 

91 (100), 123 (43), 129 (31), 141 (15), 157 (6), 232 (31); HRMS (ESI) m/z calculated 

for C16H28NO [M+NH4
+] 250.2165, found 250.2167. 

 

trans-6-butyl-7-phenyloxepan-2-one (4b)[19] 

 

To a solution of 3a (46.1 mg, 0.20 mmol, 1.0 eq) in CH2Cl2 (2.0 mL) was added m-

CPBA (60.9 mg, 0.30 mmol, 80%, 1.5 eq). After stirring for 24 h, the mixture was 

concentrated under vacuum. The resulting residues were purified by flash column 

chromatography to give 4b as a white solid (43.4 mg, 0.176 mmol, 88%). 

m.p. = 67-69 oC. 1H NMR (400 MHz, CDCl3) δ 7.38-7.29 (m, 5 H), 4.99 (d, J = 8.8 

Hz, 1 H), 2.84-2.76 (m, 1 H), 2.70-2.64 (m, 1 H), 2.10-2.03 (m, 2 H), 1.98-1.93 (m, 1 

H), 1.79-1.75 (m, 1 H), 1.64-1.58 (m, 1 H), 1.22-1.19 (m, 1 H), 1.17-1.11 (m, 1 H), 

1.10-1.00 (m, 4 H), 0.74 (t, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 174.7, 

139.0, 128.6, 128.4, 127.5, 86.5, 43.0, 34.0, 31.3, 31.2, 28.9, 22.6, 20.1, 13.9; EI-MS 

m/z 55 (11), 84 (100), 97 (9), 190 (16); HRMS (ESI) m/z calculated for C16H23O2 

[M+H+] 247.1698, found 247.1695. 

 

 (±)-trans-3-Butyl-2-phenylcyclohexan-1-one oxime (4c)[15, 19] 

 

To a solution of 3a (230.4 mg, 1.0 mmol, 1.0 eq) in MeOH (5.0 mL) was added 

hydroxylamine hydrochloride (208.5 mg, 3.0 mmol, 3.0 eq) and anhydrous sodium 
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acetate (820.3 mg, 10.0 mmol, 10.0 eq). The reaction was refluxed for 1 hour, and 

cooled to room temperature. The mixture was concentrated under vacuum, and purified 

by flash column chromatography to give 4c as a white solid (240.2 mg, 0.979 mmol, 

98%). 

m.p. = 151-154 oC. 1H NMR (400 MHz, CDCl3) δ 8.10 (brs, 1 H), 7.31-7.25 (m, 2 H), 

7.22-7.19 (m, 1 H), 7.12-7.10 (m, 2 H), 3.17-3.11 (m, 1 H), 3.05 (d, J = 10.4 Hz, 1 H), 

2.01-1.96 (m, 1 H), 1.93-1.83 (m, 3 H), 1.54-1.42 (m, 1 H), 1.34-1.25 (m, 2 H), 1.22-

1.06 (m, 4 H), 1.04-0.95 (m, 1 H), 0.76 (t, J = 6.9 Hz, 3 H); 13C NMR (100 MHz, 

CDCl3) δ 162.2, 139.6, 129.1, 128.3, 126.6, 54.5, 42.2, 33.6, 30.4, 28.7, 24.3, 24.1, 22.8, 

14.1; EI-MS m/z 55 (100), 57 (75), 91 (98), 105 (85), 129 (71), 143 (53), 149 (31), 188 

(62), 244 (35), 245 (41); HRMS (ESI) m/z calculated for C16H24NO [M+H+] 246.1852, 

found 246.1854. 

 

 (±)-trans-6-butyl-7-phenylazepan-2-one (4d)[15, 19] 

 

To a solution of 4c (49.1 mg, 0.20 mmol, 1.0 eq) in pyridine (0.5 mL) was added p-

tosyl chloride (95.4 mg, 0.50 mmol, 2.5 eq) at room temperature. After 6 hours, the 

reaction was quenched with a solution of 10% HCl (3 mL) at 0 °C. The mixture was 

extracted with CH2Cl2 (20 mL × 3), and the combined organic layers were washed 

successively with water and brine, dried over Na2SO4, filtered, and concentrated under 

vacuum. The crude product was purified by flash column chromatography to give 4d 

as a white solid (32.8 mg, 0.134 mmol, 67%). 

m.p. = 79-82 oC. 1H NMR (400 MHz, CDCl3) δ 7.39-7.35 (m, 2 H), 7.32-7.25 (m, 3 

H), 5.79 (d, J = 4.8 Hz, 1 H), 4.22-4.18 (m, 1 H), 2.56-2.50 (m, 1 H), 2.48-2.46 (m, 1 

H), 2.11-2.05 (m, 1 H), 2.00-1.96 (m, 1 H), 1.90-1.85 (m, 1 H), 1.69-1.65 (m, 1 H), 

1.55-1.49 (m, 1 H), 1.26-1.02 (m, 6 H), 0.76 (t, J = 7.2 Hz, 3 H); 13C NMR (100 MHz, 

CDCl3) δ 177.4, 141.2, 129.1, 128.0, 127.1, 62.7, 42.7, 36.5, 33.3, 32.4, 28.8, 22.7, 21.1, 

14.0; EI-MS m/z 106 (100), 149 (22), 160 (84), 245 (14); HRMS (ESI) m/z calculated 
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for C16H24NO [M+H+] 246.1852, found 246.1854. 

 

(1S*, 2R*, 3R*)-3-Butyl-2-phenylcyclohexan-1-amine (4e)[15] 

 

To a suspension of LiAlH4 (19.0 mg, 0.50 mmol, 2.5 eq) in THF (3.0 mL) was added 

4c (49.1 mg, 0.20 mmol, 1.0 eq). The reaction was refluxed for 6 hours, and cooled to 

room temperature. The mixture was diluted with EtOAc (3 mL) and quenched with a 

solution of NaOH (3 mL, 1.0 M) at 0 °C. The mixture was extracted with ethyl acetate 

(15 mL × 3) and the combined organic layers were washed successively with water and 

brine, dried over Na2SO4, filtered, and concentrated under vacuum. The crude product 

was purified by flash column chromatography to give 4e as a white solid (27.8 mg, 0.12 

mmol, 60%). 

m.p. = 57-60 oC.  1H NMR (300 MHz, CDCl3) δ 7.34-7.29 (m, 2 H), 7.27-7.18 (m, 3 

H), 2.56 (d, J = 13.6 Hz, 1 H), 2.38 (brs, 1 H), 2.18-2.12 (m, 2 H), 1.87-1.76 (m, 1 H), 

1.56-1.50 (m, 1 H), 1.32-0.85 (m, 9 H), 0.74 (t, J = 7.0 Hz, 3 H); 13C NMR (100 MHz, 

CDCl3) δ 146.4, 128.53, 128.48, 126.2, 49.2, 41.1, 36.0, 33.5, 31.1, 28.6, 25.5, 22.89, 

22.88, 14.1; EI-MS m/z 55 (33), 91 (100), 115 (49), 129 (49), 146 (86), 158 (44), 172 

(47), 230 (48); HRMS (ESI) m/z calculated for C16H24N [M+H+] 230.1909, found 

230.1905. 

 

N-((1R*, 2R*, 3R*)-3-butyl-2-phenylcyclohexyl)-4-methoxyaniline (4f)[20] 

 

To a solution of 3a (230.4 mg, 1.00 mmol, 1.0 eq) in 1,2-dichloroethane (5.0 mL) was 

added p-anisidine (135.5 mg, 1.10 mmol, 1.1 eq) and acetic acid (57.2 μL, 1.00 mmol, 

1.0 eq) and the mixture was stirred for 1 hour at room temperature. Then sodium 

triacetoxyborohydride (317.9 mg, 1.50 mmol, 1.5 eq) was added to the solution and the 
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suspension was allowed to stir for 20 hours at room temperature. The reaction was 

quenched with a saturated aqueous solution of NaHCO3 (3 mL), extracted with EtOAc 

(40 mL × 3). The combined organic layers were washed successively with water and 

brine, dried with Na2SO4, concentrated under vacuum. The crude product was purified 

by flash column chromatography to give 4f as a brown oil (185.8 mg, 0.55 mmol, 55%). 

1H NMR (300 MHz, CDCl3) δ 7.26-7.19 (m, 4 H), 7.17-7.10 (m, 1 H), 6.59 (d, J = 8.7 

Hz, 2 H), 6.24 (d, J = 9.0 Hz, 2 H), 3.65 (s, 3 H), 3.52-3.50 (m, 2 H), 2.61 (dd, J = 11.4, 

3.0 Hz, 1 H), 2.07-1.91 (m, 3 H), 1.67-1.49 (m, 3 H), 1.32-1.26 (m, 3 H), 1.23-1.00 (m, 

3 H), 0.94-0.86 (m, 1 H), 0.80 (t, J = 6.8 Hz, 3 H); 13C NMR (75 MHz, CDCl3) δ 151.7, 

143.0, 142.6, 128.9, 128.2, 126.1, 115.0, 114.7, 56.2, 55.8, 53.7, 34.2, 34.1, 31.7, 30.8, 

28.7, 22.9, 20.4, 14.2; EI-MS m/z 91 (24), 123 (22), 136 (29), 149 (47), 162 (74), 280 

(5), 337 (100); HRMS (ESI) m/z calculated for C23H32NO [M+H+] 338.2478, found 

338.2473. 

 

(4R*,4aR*,9aR*)-4-butyl-9-(4-methoxyphenyl)-2,3,4,4a,9,9a-hexahydro-1H-

carbazole (4g)[20] 

 

 

 

To a solution of 4f (67.5 mg, 0.20 mmol, 1.0 eq) in 1,2-dichloroethane (5.0 mL) were 

added palladium acetate (4.5 mg, 0.02 mmol, 10 mol%), sodium bicarbonate (42.4 mg, 

0.40 mmol, 2.0 eq), pivalic acid (20.4 mg, 0.20 mmol, 1.0 eq) and copper acetate (145.3 

mg, 0.8 mmol, 4.0 eq). The solution was bubbled for 5 min with argon, and then the 

tube was sealed and heated at 110 °C for 24 h. The reaction was cooled to room 

temperature, and the solvent was evaporated under vacuum. The residue was purified 

by flash column chromatography to give 4g as a brown oil (41.7 mg, 0.124 mmol, 62%). 

1H NMR (400 MHz, CDCl3) δ 7.21 (d, J =7.2 Hz, 1 H), 7.15-7.13 (m, 2 H), 7.01-6.97 

(m, 1 H), 6.95-6.93 (m, 2 H), 6.72-6.68 (m, 1 H), 6.41 (d, J = 8.0 Hz, 1 H), 3.91-3.87 
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(m, 1 H), 3.82 (s, 3 H), 2.61 (dd, J = 10.0, 6.4 Hz, 1 H), 1.88-1.87 (m, 1 H), 1.84-1.79 

(m, 1 H), 1.74-1.66 (m, 1 H), 1.55-1.48 (m, 3 H), 1.45-1.32 (m, 3 H), 1.30-1.21 (m, 2 

H), 1.19-1.07 (m, 1 H), 1.00-0.92 (m, 1 H), 0.87 (t, J = 7.2 Hz, 3 H); 13C NMR (75 

MHz, CDCl3) δ 157.2, 152.2, 137.0, 134.6, 127.4, 127.2, 124.7, 118.1, 114.7, 108.9, 

66.5, 55.6, 46.4, 38.6, 33.5, 29.4, 28.8, 25.8, 23.2, 20.8, 14.3; EI-MS m/z 208 (10), 234 

(15), 236 (48), 237 (32), 250 (14), 277 (38), 278 (40), 292 (33), 334 (8), 335 (100); 

HRMS (ESI) m/z calculated for C23H30NO [M+H+] 336.2322, found 336.2318. 

 

(E)-ethyl- 2-((2S*,3R*)-3-butyl-2-phenylcyclohexylidene)acetate ( 4h) 

 

 

To a suspension solution of NaH (9.3 mg, 60% ) in dry THF (2.0 mL) was added triethyl 

phosphonoacetate (47.5 mg), and the mixture was stirred for 1 h, and compound 3a was 

then added (46.1 mg). The reaction was refluxed until the starting material 3a 

disappeared completely, and quenched by addition a solution of NH4Cl at 0 °C. The 

reaction mixture was extracted with ethyl acetate (3×20 mL) and then washed with H2O 

and brine, dried over Na2SO4 and concentrated in vacuum. The crude product was 

purified by flash column chromatography on silica gel yielding the pure ester 4h (48.2 

mg, 80%).  

1H NMR (400 MHz, CDCl3) δ 7.35-7.32 (m, 2 H), 7.26-7.22 (m, 1 H), 7.12-7.10 (m, 2 

H), 5.05 (s, 1H), 4.06 (q, J = 7.2 Hz, 2 H), 3.82-3.79 (m, 1 H), 3.07 (d, J = 10.4 Hz, 1 

H), 2.10-2.03 (m, 2 H), 2.01-1.87 (m, 2 H), 1.56-1.45 (m, 1 H), 1.36-1.23 (m, 2 H), 

1.21-1.07 (m, 7 H), 1.03-0.95 (m, 1 H), 0.77 (t, J = 7.2 Hz, 3 H). 13C NMR (100 MHz, 

CDCl3) δ 167.4, 165.0, 140.5, 129.4, 128.6, 126.7, 115.2, 59.7, 57.8, 43.1, 34.5, 31.4, 

30.3, 28.6, 26.7, 22.8, 14.4, 14.1. EI-MS m/z 55 (26), 77 (34), 91 (62), 105 (100), 115 

(28), 129 (52), 169 (38), 243 (10), 300 (51); HRMS (ESI) m/z calculated for C20H29O2 

[M+H+] 301.2168, found 301.2165.  
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(3R*, 4R*, 5R*)-5-butyl-4-phenyl-1-oxaspiro[2.5]octane (4i) 

 

 

To a suspension solution of t-BuOK（33.7 mg. 0.30 mmol) in THF (2.0 mL) was added 

Me3SOI (66 mg, 0.30 mmol) at room temperature under an argon atmosphere, and the 

reaction mixture was warmed to 90 °C for 2 h. The mixture was cooled to room 

temperature, and then added compound 3a. The reaction was refluxed for 3h and then 

quenched with a solution of NaHCO3 (10 mL). The aqueous layer was extracted with 

EtOAC (330 mL), and the combined organic layers were washed with brine, dried over 

Na2SO4 and concentrated under reduced pressure. The crude product was purified by 

flash column chromatography on silica gel yielding compound 4i (41.7 mg, 85%). 

1H NMR (400 MHz, CDCl3) δ 7.25-7.17 (m, 3 H), 7.16-7.13 (m, 2 H), 2.70 (d, J = 11.6 

Hz, 1 H), 2.25 (d, J = 5.2 Hz, 1 H), 2.09-2.03 (m, 1 H), 2.01-1.92 (m, 2 H), 1.85-1.76 

(m, 3 H), 1.41-1.36 (m, 1 H), 1.27-1.19 (m, 1 H), 1.18-1.02 (m, 5 H), 0.92-0.83 (m, 1 

H), 0.74 (t, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 138.8, 129.6, 127.8, 126.5, 

59.7, 52.7, 51.4, 39.7, 34.8, 34.1, 31.6, 28.6, 23.6, 22.8, 14.1. EI-MS m/z 55 (10), 69 

(8), 91 (100), 115 (14), 129 (18), 157 (8), 187 (15), 244 (12); HRMS (ESI) calculated 

for C17H28NO [M+NH4]
+ 262.2165, found 262.2166. 

 

5. X-Ray Crystallography of 3a 

 

Figure S1. X-Ray Crystal Structure of 3a (CCDC number 1429348) 
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