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 30 

S1. Materials and methods 31 

All substrates including ketones, alcohols and lignin model compounds were obtained commercially 32 

from various chemical companies. Cobalt (II) acetate tetrahydrate (cat no. 208396-50G), aniline (cat 33 

no. 242284-100mL) and silica suspension (Silica LUDOX® AS-40 colloidal silica, cat no. 420840-34 

1L) were purchased from Sigma Aldrich. p-Phenylenediamine (cat no. A15680-250G), was 35 

purchased from Alfa Aesar. The pyrolysis experiments were carried out in Dekema Austromat 624 36 

oven. All catalytic experiments were carried out in ACS pressure tubes. Unless otherwise stated all 37 

reagents were used directly without purification.  38 

XRD powder patterns were recorded on a Panalytical X'Pert diffractometer equipped with a 39 

Xcelerator detector using automatic divergence slits and Cu kα1/α2 radiation (40 kV, 40 mA; λ= 40 

0.15406 nm, 0.154443 nm). Cu beta-radiation was excluded using a nickel filter foil. The 41 

measurements were performed in 0.0167° steps and 100 s of data collecting time per step. The 42 

samples were mounted on silicon zero background holders. The obtained intensities were converted 43 

from automatic to fixed divergence slits (0.25°) for further analysis. Peak positions and profile were 44 

fitted with Pseudo-Voigt function using the High Score Plus software package (Panalytical). Phase 45 

identification was done by using the PDF-2 database of the International Center of Diffraction Data 46 

(ICDD). 47 

Transmission Electron Microscopy (TEM) were performed FEI (tecnai F20) microscope 48 

operated at 200 kV, equipped with an Oxford X-MAX 80T. High-angle annular dark-field scanning 49 

transmission electron microscopy (HAADF-STEM) were performed Thermo Scientific themis Z. 50 

Before microscopy examination, the sample was ultrasonically dispersed in ethanol for 5-10 min and 51 

dropped onto copper grids for observation. 52 

BET surface area and pore size measurements were performed with N2 adsorption/desorption 53 

isotherms at 77 K on a Quantachrome instrument. 54 

The X-ray Photoelectron Spectroscopy (XPS) measurements were recorded by Thermo Scientific 55 

ESCALAB 250Xi instrument using Al Ka radiation anode (hv = 1486.6 eV) and the C1s peak (284.6 56 

eV) was used as the internal standard to correct the binding energies (BE). It is noted that C1s peak 57 

at 284.6 eV is due to the NC material itself rather than adventitious carbon. 58 

The X-ray absorption spectra (XAS) including X-ray absorption near-edge structure (XANES) 59 
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and extended X-ray absorption fine structure (EXAFS) of the samples at Co K-edge (7709 eV) was 60 

collected at the the BL14W Beam line at the Shanghai Synchrotron Radiation Facility (SSRF) 61 

(Shanghai, China). Co foil, Co3O4, CoO and CoPC were used as references. Data reduction, data 62 

analysis, and EXAFS fitting is applied through Athena and Artemis software1. The energy calibration 63 

of the sample was conducted through a standard foil, which as a reference was simultaneously 64 

measured. For EXAFS modeling, The global amplitude EXAFS (CN, R, σ2 and ΔE0) were obtained 65 

by nonlinear fitting, with least-squares refinement, of the EXAFS equation to the Fourier-transformed 66 

data in R-space, using Artemis software, EXAFS of the foil is fitted and the obtained amplitude 67 

reduction factor S0
2 value was set in the EXAFS analysis to determine the coordination numbers (CNs) 68 

in the scattering path in sample. The Debye-Waller factors and delta Rs are obtained based on the 69 

guessing parameters and constrained for paths. Wavelet transformation (WT) is also employed using 70 

the software package developed by Funke and Chukalina using Morlet wavelet with κ = 10, σ = 12, 3. 71 

GC and GC-MS analysis were recorded on Agilent 6890N instrument. GC conversion and yields 72 

were determined by GC, HP6890 chromatograph with FID detector, column HP 530 m x 250 mm x 73 

0.25 μm. NMR spectra are recorded using Bruker 300 Fourier, Bruker AV 300, and Bruker AV 400 74 

spectrometers. Chemical shifts are reported in ppm relative to the deuterated solvent. Coupling 75 

constants are expressed in Hertz (Hz). The following abbreviations are used: s = singlet, bs = broad 76 

singlet d = doublet, t = triplet and m = multiple. The residual solvent signals were used as references 77 

for 1H and 13C NMR spectra (CDCl3: δH = 7.26 ppm, δC = 77.12 ppm; DMSO-d6: δH = 2.50 ppm, 78 

δC = 39.52 ppm). 79 

 80 

S2 Procedure for the preparation of catalytic materials  81 

In a 100 mL dried round bottomed flask, 1.0 g p-phenylenediamine (PDA) and 2.5 g colloidal silica 82 

aqueous suspension (Ludox HS-40, 40 wt.%) were dissolved in 100 mL HCl solution (0.5 M). After 83 

stirring this mixture for 1 hour at room temperature, 4 mL deionized water and 1.0 g ammonium 84 

persulfate (APS) was added slowly into the above solution and stirred vigorously. Then, 0.5 mmol 85 

Co(OAc)2
.4H2O (125 mg) was added to the above suspension to generate Co-PPDA-SiO2 complex. 86 

The polymerization of PDA and assembly of silicon particles were conducted at room temperature 87 

for another 24 h. After reaction, the obtained solid material was freeze-dried and then transferred to 88 

crucible. The crucible was closed with a lid and placed in a pyrosis oven and then heated to the defined 89 
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temperature (400-1000 oC) for 2 h at the heating rate of 5 oC/min under argon atmosphere. After the 90 

completion of pyrolysis, the oven was cooled down to room temperature and the material was 91 

removed from the oven (Co@NC-SiO2-800-PPDA). Next, this pyrolyzed material was etched in 4 M 92 

NH4HF2 aqueous solution at room temperature for 24 h to remove the SiO2 template and larger 93 

particles. Then the resulting catalytic material was filtered and washed subsequently with deionized 94 

water and ethanol three times and finally dried under vacuum (Co@NC-800-PPDA). The resulting 95 

catalyst was named as Co@NC-T-PPDA, where T represents the pyrolysis temperature.  96 

Elemental analysis of the optimal catalyst, Co@NC-800-PPDA: C = 64 wt.%, N = 8.5 wt.%, H = 97 

0.72 wt.%, Si = 0.30 wt.%. The cobalt content was measured by ICP-OES to be approximately 1.24 98 

wt.%. Furthermore, the cobalt contents for Co@NC-800-PANI, Co@NC-400-PPDA, Co@NC-600-99 

PPDA, Co@NC-1000-PPDA, Co-NPs-800, Co@NC-SiO2-800-PPDA are 1.22, 1.45, 1.34, 1.17, 2.12, 100 

1.86 wt%, respectively.  101 

The same procedure was applied for the preparation of other Co-based catalysts using aniline 102 

(phenylamine: PA) as ligand and the corresponding catalytic material was noted as Co@NC-800-PA. 103 

 104 

S3 Characterization of catalytic materials   105 

XRD patterns  106 

 107 

Supplementary Fig. 1. XRD patterns of different cobalt materials. 108 
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 110 

BET analysis 111 

Supplementary Table 1. BET surface area of Co-based materials. 112 

           Catalyst     SBET (m2/g) Pore volume (cm-3*g-1) 

Co@NC-SiO2-800-PPDA      11.3          0.007193 

Co@NC-800-PPDA      563.1          0.113791 

Co@NC-800-PPDA-R      552.3          0.113427 

 113 

 114 

Supplementary Fig. 2. Adsorption-desorption isotherms (a) and pore width (b) of Co@NC-800-115 

PPDA. 116 
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 126 

Raman spectra 127 

 128 

Supplementary Fig. 3. Raman spectra of Co@NC-800-PPDA. 129 
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 151 

STEM images 152 

 153 

Supplementary Fig. 4. HAADF-STEM images of Co@NC-SiO2-800-PPDA. 154 

 155 

 156 

Supplementary Fig. 5. HAADF-STEM image of Co@NC-SiO2-800-PPDA and corresponding EDX 157 
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spectra of marked regions.  158 

 159 

Supplementary Fig. 6. HAADF-STEM images Co@NC-800-PPDA. Cobalt single atoms were 160 

marked by red arrows.  161 

 162 

 163 

Supplementary Fig. 7. HAADF-STEM image of Co@NC-800-PPDA and corresponding EDX 164 

spectra of marked regions. 165 
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 166 

Supplementary Fig. 8. HAADF-STEM images of Co@NC-800-PPDA-R (after one run). Cobalt 167 

single atoms were marked by red arrows. 168 

 169 

 170 

Supplementary Fig. 9. HAADF-STEM image of Co@NC-800-PPDA-R (after one run) and 171 

corresponding EDX spectra of marked regions. 172 
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XPS spectra 173 

Supplementary Table 2. Surface composition of different cobalt materials obtained by XPS. (All 174 

values are given in at.%.) 175 

Catalyst C O N Co Si F 

Co@NC-SiO2-800-PPDA 43.5 30.8 6.1 0.4 17.3 0.7 

Co@NC-800-PPDA 80.0 7.5 11.6 0.3 0.7 - 

Co@NC-800-PPDA-R 80.8 7.6 10.7 0.3 0.5 0.1 

 176 

 177 

 178 

Supplementary Fig. 10. XPS survey spectrum of cobalt materials.  179 
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 181 

Supplementary Fig. 11. XPS of C 1s (a), O 1s (b), N 1s (c) and Co 2p (d) region of Co@NC-SiO2-182 

800-PPDA. 183 

 184 

 185 

Supplementary Fig. 12. XPS of C 1s (a) and O 1s (b) region of Co@NC-800-PPDA. 186 
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 188 

Supplementary Fig. 13. XPS of C 1s (a), O 1s (b), N 1s (c) and Co 2p (d) region of Co@NC-800-189 

PPDA-R (recycled). 190 
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XAS analysis 203 

 204 

Supplementary Fig. 14. Wavelet transform (WT) of Co foil, CoO, CoPc and Co@NC-800-PPDA. 205 

 206 

 207 

Supplementary Fig. 15. Co K-edge EXAFS (points) and fit (line) for Co@NC-800-PPDA (a) R 208 

space and (b) K space. 209 
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Supplementary Table 3. The fitting parameters for Co K-edge EXAFS for the sample. 210 

Sample Shell CNa R(Å)b σ2(Å2)c ∆E0 (eV)d R factor  

Co foil Co-Co 12 2.49 0.009 7.1 ± 0.6 0.015 

Co@NC-800-PPDA Co-N 4.2 ± 0.2 1.97 0.009 -2.8 ± 0.4 0.006 

aCN, coordination number; bR, the distance to the neighboring atom; cσ2, the Mean Square Relative 211 

Displacement (MSRD); dΔE0, inner potential correction; R factor indicates the goodness of the fit. S0
2 was 212 

fixed to 0.8951, according to the experimental EXAFS fit of the sample foil by fixing CN as the known 213 

crystallographic value. This value was fixed during EXAFS fitting, based on the known structure of Co foil. 214 

Data range 2.0 ≤ k ≤ 10.0 Å-1, 1.0 ≤ R ≤ 2.0 Å.  215 

 216 

S4. General procedure for the C-alkylation reactions   217 

S4.1 C-Alkylation of lignin models, ketones, and secondary alcohols with primary alcohols 218 

The magnetic stirring bar, 0.3 mmol lignin model compound or 0.5 mmol ketone or 0.5 mmol 219 

secondary alcohol and 2.0 equiv. primary alcohol, 40 mg catalyst (Co@NC-800-PPDA, 2.8 mol% 220 

Co) and 0.18 mmol potassium phosphate (K3PO4) were transferred to 20 mL pressure tube. Then, 2 221 

mL t-BuOH (in case of ketones. Toluene in case secondary alcohols) was added, and the pressure 222 

tube was flushed with argon and fitted with screw cap. The pressure tube containing reaction mixture 223 

was placed in aluminum block and the reaction was allowed to progress under stirred condition at 224 

120-140 °C for required time. After the completion of the reaction, the pressure tube was cooled to 225 

room temperature and the cap was slowly removed. Then, the reaction products were removed from 226 

the pressure tube, and the solid catalyst was filtered off and washed thoroughly with ethyl acetate. 227 

The reaction products were analyzed by GC-MS. The corresponding products were purified by 228 

column chromatography (silica; pentene-ethyl acetate mixture) and characterized by NMR and GC-229 

MS spectral analysis. The following procedure is applied for determining the conversion and yield 230 

by GC: After completion of the reaction, n-hexadecane (0.3 mmol) as standard was added to the 231 

reaction pressure tube and the reaction products were diluted with ethyl acetate followed by filtration 232 

using plug of silica. Then the filtrate containing products were analyzed by GC. 233 

 234 

 235 

 236 

 237 

 238 

 239 
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Supplementary Table 4. C-Alkylation of 2-phenoxy-1-phenylethanol with furfuryl alcohol: Testing 240 

of different cobalt catalysts.a 241 

 242 

Entry Catalysts Conv.1 (%) Yield of 3 (%) Yield of 4 (%) Yield of 5 (%) 

1 
Co@NC-SiO2-

800-PPDA 

(unremoved silica) 

 

24 

 

11 

 

9 

 

 

20 

2 
Co-PDA-SiO2 

(un-pyrolyzed 

material)  

 

<20 

 

 

<10 

 

<10 

 

 

11 

3 
Co(OAC)2 + PDA 

(homogeneous 

condition) 

13 

 

 

5 

 

7 

 

10 

4 
Co(OAC)2

.4H2O 

homogeneous 

condition 

<10 

 

 

<5 

 

<5 

 

<10 

5 
Co@NC-800-

PPDA 
>99 85 8  94 

6b 
Co@NC-800-

PPDA + KSCN 
<10 <5 <5 <10 

Reaction conditionsa: 0.3 mmol 2-phenoxy-1-phenylethanol, 0.6 mmol furfuryl alcohol, 40 mg 243 

catalyst, 0.18 mmol K3PO4 (0.6 equiv. based on 1), 2 mL t-BuOH, 120 °C, 24 h, Ar. For homogeneous 244 

catalysis conditions: 10 mol% of Co(OAC)2
.4H2O and 10 mol% PDA were used. b: Poisoning 245 

experiment same as “a” with 40 mg Co@NC-800-PPDA and 0.3 mmol KSCN (30 mg). Conversions 246 

and yields were determined by GC using n-hexadecane standard based on 1. 247 

 248 

 249 

 250 

 251 

 252 

 253 

 254 

 255 

 256 

 257 

 258 
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Supplementary Table 5. C-Alkylation of 2-phenoxy-1-phenylethanol with furfuryl alcohol: Testing 259 

of different solvents. 260 

 261 

Entry Solvent Conv.1 (%) Yield of 3 (%) Yield of 4 (%) Yield of 5 (%) 

1 THF 70 51 12  66 

2 Toluene 97 77 10 91 

3 1.4-dioxane 66 59 6  62 

4 t-BuOH >99 85 8  94 

5 p-xylene 87 72 8  80 

6 o-xylene 86 69 7 80 

7 n-Bu2O 58 40 10 50 

Reaction conditions: 0.3 mmol 2-phenoxy-1-phenylethanol, 0.6 mmol furfuryl alcohol, 40 mg 262 

Co@NC-800-PPDA (2.8 mol% Co), 0.18 mmol K3PO4 (0.6 equiv. based on 1), 2 mL solvent, 120 °C, 263 

24 h, Ar. Conversions and yields were determined by GC using n-hexadecane standard based on 1. 264 

 265 

Supplementary Table 6. C-Alkylation of 2-penoxy-1-phenylethanol with furfuryl alcohol: Testing 266 

of different bases. 267 

 268 

Entry Base Conv.1 (%) Yield of 3 (%) Yield of 4 (%) Yield of 5 (%) 

1 KOH 90 80 6 87 

2 K3PO4 >99 85 8  94 

3 K2CO3 63 55  7 60 

4 CS2CO3 70 61  8 64 

5 NaOH 91 76 9  79 
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6 KOMe >99 90 4 95 

7b K3PO4 89 73 10 82 

Reaction conditions: a0.3 mmol 2-penoxy-1-phenylethanol, 0.6 mmol furfuryl alcohol, 40 mg 269 

Co@NC-800-PPDA (2.8 mol% Co), 0.18 mmol base (0.6 equiv. based on 1), 2 mL t-BuOH, 120 °C, 270 

24 h, Ar. Conversions and yields were determined by GC using n-hexadecane standard based on 1. 271 

bSame as “a” with 30 mg catalyst. 272 

 273 

Supplementary Table 7. C-Alkylation of 2-penoxy-1-phenylethanol with furfuryl alcohol: Testing 274 

of different amounts of K3PO4. 275 

 276 

Entry K3PO4 amount Conv.1 (%) Yield of 3 (%) Yield of 4 (%) Yield of 5 (%) 

1 None 61 35 20 54 

2 0.06 mol  

(0.2 equiv) 
70 55 10  64 

3 0.12 mmol  

(0.4 equiv) 
88 71 9  83 

4 0.18 mmol 

(0.6 equiv) 
>99 85 8  94 

Reaction conditions: 0.3 mmol 2-penoxy-1-phenylethanol, 0.6 mmol furfuryl alcohol, 40 mg 277 

Co@NC-800-PPDA (2.8 mol% Co), 2 mL t-BuOH, 120 °C, 24 h, Ar. Conversions and yields were 278 

determined by GC using n-hexadecane standard based on 1. 279 

 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 

 291 



S18 
 

Supplementary Table 8. C-Alkylation of 2-penoxy-1-phenylethanol with furfuryl alcohol: Testing 292 

of different furfuryl alcohol amount. 293 

 294 

Entry Alcohol amount Conv.1 (%) Yield of 3 (%) Yield of 4 (%) Yield of 5 (%) 

1 0.5 mmol (1.0 eq) 61 50 6  58 

2 0.7 mmol (1.4 eq) 85 71 10 80 

3 1 mmol (2.0 eq) >99 85 8  94 

4b 1 mmol (2.0 eq) 78 62 8 72 

Reaction conditions: a0.3 mmol 2-penoxy-1-phenylethanol, 40 mg Co@NC-800-PPDA (2.8 mol% 295 

Co), 0.18 mmol K3PO4 (0.6 equiv. based on 1), 2 mL t-BuOH, 120 °C, 24 h, Ar. Conversions and 296 

yields were determined by GC using n-hexadecane standard based on 1. bSame as “a” at 120 C. 297 

 298 

 299 

Supplementary Table 9. C-Alkylation of acetophenone with furfuryl alcohol: Testing of different 300 

solvent. 301 

 302 

Entry Solvent Conv.1 (%) Yield of 3 (%) Yield of 4 (%) 

1 THF 68 46 11  

2 Toluene 99 87 8 

3 1.4-dioxane 62 51 9  

4 t-BuOH 91 78 11  

5 p-xylene 85 69 10  

Reaction conditions: 0.5 mmol acetophenone, 1.0 mmol furfuryl alcohol, 40 mg Co@NC-800-303 

PPDA (1.69 mol% Co), 0.15 mmol K3PO4 (0.3 equiv. based on 1), 2 mL solvent, 120 °C, 24 h, Ar. 304 

Conversions and yields were determined by GC using n-hexadecane standard based on 1h. 305 

 306 

 307 
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 308 

 309 

Supplementary Fig. 16. Hot filtration and recycling experiments with Co@NC-800-PPDA. (a) 310 

Reaction conditions for hot filtration experiment: 0.3 mmol 2-Phenoxy-1-phenylethanol, 0.6 mmol benzyl 311 

alcohol, 40 mg catalyst (2.8 mol% Co), 0.18 mmol K3PO4, 2 mL t-BuOH, 120 °C. (b) Reaction conditions for 312 

recycling experiment: 0.9 mmol 2-Phenoxy-1-phenylethanol, 1.8 mmol benzyl alcohol, 120 mg catalyst (2.8 313 

mol% Co), 0.54 mmol K3PO4, 5 mL t-BuOH, 120 °C, 24 h and 10 h (details in SI). Conversions and yields 314 

were determined by GC using n-hexadecane standard based on 1. 315 

 316 
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 333 

 334 

Supplementary Fig. 17. C-alkylation of 2-phenoxy-1-phenylethanol and furfuryl alcohol: 335 

Reaction progress with time. Reaction conditions: 0.3 mmol 2-phenoxy-1-phenylethanol, 0.6 mmol 336 

furfuryl alcohol, 40 mg Co@NC-800-PPDA (2.8 mol% Co), 0.18 mmol K3PO4 (0.6 equiv. based on 337 

1), 2 mL t-BuOH, 120 °C, Ar. Conversions and yields were determined by GC using n-hexadecane 338 

standard based on 1. 339 

 340 
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341 

 342 

Supplementary Fig. 18. GC-MS spectra of control experiment. Reaction conditions: 0.3 mmol 2-343 

Phenoxy-1-phenylethanol, 40 mg Co@NC-800-PPDA (2.8 mol% Co), 0.18 mmol K3PO4 (0.6 equiv. 344 

based on 1), 2 mL t-BuOH, 120 °C, 8 h, Ar. 345 

 346 
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 347 

Supplementary Fig. 19. Possible reaction pathway for the C-alkylation of secondary alcohols with 348 

primary alcohols (a) to obtain C-alkylated alcohols and (b) to obtain C-alkylated ketones. 349 

 350 

S4.2 Alkylation of secondary alcohols with primary alcohols to produce C-alkylated alcohols 351 

The magnetic stirring bar, 0.5 mmol secondary alcohol, 1.5 mmol primary alcohol (3.0 equiv.) and 352 

80 mg Co@NC-800-PPDA (3.37 mol% Co) as well as 0.5 mmol potassium methoxide (KOMe) were 353 

transferred to 20 mL pressure tube. Then, 2 mL dry toluene was added, and the pressure tube was 354 

flushed with argon and fitted with screw cap. The pressure tube containing reaction mixture was 355 

placed into aluminum block and allowed to progress at 150 C for 24 h. After completion of the 356 

reaction, the pressure tube was cooled to room temperature. Then, the samples were removed from 357 

the pressure tube, and the solid catalyst was filtered off and washed thoroughly with ethyl acetate. 358 

The reaction products were analyzed by GC-MS. The corresponding products were purified by 359 

column chromatography (silica; pentene-ethyl acetate mixture) and characterized by NMR, GC-MS, 360 

and HR-MS spectral analysis. 361 

 362 

 363 
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Supplementary Table 10. C-Alkylation of 1-phenylethanol with benzyl alcohol to alkylated alcohol: 364 

Testing of different bases. 365 

 366 

Entry Base Conv.1’ (%) Yield. 69 (%) Yield. 6 (%) Yield. 6a (%) 

1 KOH >99 50 42 - 

2 K3PO4 >99 23 68 7 

3 NaOH >99 41 51 4 

4 KOMe >99 85 10 - 

Reaction conditions: 0.5 mmol 1-phenylethanol, 1.5 mmol benzyl alcohol, 80 mg Co@NC-800-367 

PPDA (3.37 mol% Co), 0.5 mmol base (1.0 equiv. based on 1’), 2 mL toluene, 150 °C, 24 h, Ar. 368 

Conversions and yields were determined by GC using n-hexadecane standard based on 1’.  369 

 370 

S4.3 Methylation of ketones or secondary alcohols with methanol 371 

The magnetic stirring bar, 0.5 mmol ketone or secondary alcohol, 3 mmol methanol, 100 mg 372 

Co@NC-800-PPDA (4.22 mol% Co) and 1 mmol potassium methoxide (KOMe) were transferred to 373 

20 mL pressure tube. Then, 2 mL dry toluene was added, and the pressure tube was flushed with 374 

argon and fitted with screw cap. The pressure tube containing reaction mixture was placed into 375 

aluminum block and allowed to progress at 140-150 C for 24 h under stirred conditions. After 376 

completion of the reaction, the pressure tube was cooled to room temperature. Then, the samples were 377 

removed from the pressure tube, and the solid catalyst was filtered off and washed thoroughly with 378 

ethyl acetate. The reaction products were analyzed by GC-MS. The corresponding products were 379 

purified by column chromatography (silica; pentene-ethyl acetate mixture) and characterized by 380 

NMR, GC-MS, and HR-MS spectral analysis. 381 

 382 

S4.4 Hydrogenation of phenol to KA oil and C-alkylation of KA oil with benzyl alcohol 383 

The magnetic stirring bar, filtrate of the reaction mixture obtained after the alkylation reaction, 200 384 

mg Co@NC-800-PPDA (3.3 mol% Co) and 5 mL t-BuOH were transferred to 25 mL parr autoclave. 385 

After that, the autoclave was sealed and flushed with 20 bar H2 three times and then it was pressurized 386 
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with 50 bar H2. Subsequently, the autoclave was placed into an aluminum block preheated at 140 °C 387 

and the reactions were stirred for the required time. After the completion of the reactions, the 388 

autoclave was cooled to room temperature, the remaining hydrogen was discharged, and the 100uL 389 

n-hexadecane was added as internal standard. Then, the sample was filtered off with EtOH and the 390 

filtrate containing the product was analyzed by GC. Next, the filtrate was dried via rotary evaporation 391 

and redissolved in 5 mL t-BuOH solution, after which the filtrate and desired amount of benzyl 392 

alcohol were transferred to a pressure tube for the subsequent hydrogen borrowing reaction, the 393 

procedure same as section 4.1. 394 

 395 

Supplementary Table 11. State-of-the-art for the C-alkylation via BH-strategy with heterogeneous 396 

materials. 397 

 398 

Entry Catalyst T (°C)/ t (h) Substrates 

 

Yield Recycle 

times 

Ref 

1 SAC-Co 

(1.69 mol% Co) 

120/6, 

0.3 equiv. K3PO4 

 

Ketones, alcohols 

and lignin derivates 

(>100 examples) 

94% 6 This 

work 

2 Pd/C 

(1.0 mol% Pd) 

80/24, 

1.5 equiv. K3PO4 

Ketones  

(17 examples) 

100% 4 4 

3 Co-CIA 90/16, 1.0 equiv. 

AgNTf2 and KF 

Ketones, alcohols 

(32 examples) 

93% 5 5 

3 Pd/CeO2-C 

(0.37 mol% Pd) 

130/12, 0.25 

equiv. K3PO4 

Ketones  

(23 examples) 

97% 3 6 

4 MnO2@PDCS  

(1.4mol% Mn) 

120/12, 1.0 

equiv. NaOH 

Ketones, alcohols 

(57 examples) 

89% 5 7 

5 Mn@CeO2 

(3.64 mol%Mn) 

130/12, 0.5 

equiv. NaOH 

Ketones  

(24 examples) 

98% 6 8 

6 Mn-MgO/Al2O3 

(9.1 mol% Mn) 

160/6 Ketones  

(16 examples) 

95% 3 9 

7 Cu/CuOx-250 

(> 60 mol% Cu) 

170/6 h, 

0.5 equiv. K3PO4 

Ketones  

(24 examples) 

92% 3 10 

8 Cu-HT 

(3.0 wt% Cu) 

180/15 Ketones (9 

examples) 

80% - 11 

9 LCN@Zn-SAC 110/4, Ketones  92% 8 12 
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(1.5 mol% Zn) 0.3 equiv. KOH (26 examples) 

10 Nano-Fe2O3 

(30 mol% Fe) 

135/24, 0.3 

equiv. tBuOK 

Ketones  

(12 examples) 

97% 5 13 

11 Ni/SiO2-Al2O3 

(20 mol% Ni) 

175/24, 

0.1 equiv. K3PO4 

Ketones  

(26 examples) 

93 4 14 

 399 

S5. Catalyst recycling 400 

The magnetic stirring bar, 0.9 mmol 2-phenoxy-1-phenylethanol and 1.8 mmol furfuryl alcohol, 120 401 

mg Co@NC-800-PPDA (2.8 mol% Co) and 0.9 mmol K3PO4 were transferred to 20 mL pressure 402 

tube. Then, 6 mL t-BuOH was added, and the pressure tube was flushed with argon and fitted with 403 

screw cap. Then, it was placed into an aluminum block and heated to 120 C for desired time (10 h 404 

and 24 h). After the completion of the reaction, the pressure tube was cooled to room temperature. To 405 

the reaction products, 0.9 mmol n-hexadecane as standard was added. The catalyst was separated by 406 

high-speed centrifugation and the centrifugate containing reaction products was subjected to GC 407 

analysis. The separated catalyst was washed with water, ethanol, and ethyl acetate and then dried 408 

under vacuum. The dried catalyst was used for the next run without further purification or reactivation. 409 

 410 

Supplementary Table 12. ICP-OES analysis of both the reaction solution and recovered cobalt 411 

catalyst after each recycling experiment. 412 

Recycle time 
Co content in 

recovered material 

Co content in 

reaction solution 

fresh 1.24 wt% - 

1 1.22 wt% - 

2 1.21 wt% - 

3 1.20 wt% - 

4 1.18 wt% - 

5 1.16 wt% - 

 413 

 414 

 415 
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S6. NMR data  416 

 417 

1,3-diphenylpropan-1-one4: 1H NMR (300 MHz, CDCl3) δ 8.03 – 7.91 (m, 2H), 7.61 – 7.53 (m, 418 

1H), 7.51 – 7.42 (m, 2H), 7.36 – 7.16 (m, 5H), 3.37 – 3.26 (m, 2H), 3.09 (dd, J = 8.6, 6.8 Hz, 2H).  419 

13C NMR (75 MHz, CDCl3) δ 199.23, 141.32, 136.90, 133.07, 128.63, 128.55, 128.45, 128.06, 420 

126.16, 40.46, 30.16. 421 

 422 

 423 

1-phenyl-3-(o-tolyl)propan-1-one4: 1H NMR (300 MHz, CDCl3) δ 7.71 (d, J = 1.5 Hz, 2H), 7.36 – 424 

7.32 (m, 1H), 7.24 – 7.20 (m, 2H), 7.05 (d, J = 2.2 Hz, 1H), 6.95 – 6.82 (m, 3H), 3.26 (dd, J = 16.8, 425 

7.0 Hz, 2H), 3.12 (dd, J = 16.7, 7.1 Hz, 2H), 2.15 (s, 3H).  426 

13C NMR (75 MHz, CDCl3) δ 198.71, 142.09, 141.34, 136.93, 133.07, 130.70, 128.59, 128.12, 427 

126.34, 126.25, 125.68, 44.69, 32.01, 19.74. 428 

 429 

 430 

1-phenyl-3-(m-tolyl)propan-1-one5: 1H NMR (300 MHz, CDCl3) δ 7.97 – 7.94 (m, 2H), 7.94 (d, J 431 

= 1.6 Hz, 1H), 7.55 – 7.52 (m, 2H), 7.49 – 7.36 (m, 4H), 3.48 (dd, J = 16.6, 7.0 Hz, 2H), 3.34 (dd, J 432 

= 16.6, 7.0 Hz, 2H), 2.31 (s, 3H).  433 

13C NMR (75 MHz, CDCl3) δ 198.61, 143.77, 138.11, 136.93, 133.01, 130.88, 128.80, 128.54, 434 

128.12, 127.44, 124.34, 44.92, 37.06, 21.45. 435 

 436 

 437 

3-(3-fluorophenyl)-1-phenylpropan-1-one: 1H NMR (300 MHz, CDCl3) δ 8.01 – 7.92 (m, 2H), 438 
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7.61 – 7.53 (m, 1H), 7.50 – 7.42 (m, 2H), 7.29 – 7.22 (m, 1H), 7.07 – 6.86 (m, 3H), 3.38 – 3.25 (m, 439 

2H), 3.08 (dd, J = 8.3, 6.8 Hz, 2H).  440 

13C NMR (75 MHz, CDCl3) δ 198.79, 164.58, 161.33, 143.93, 143.84, 136.76, 133.20, 130.01, 441 

129.90, 128.67, 128.04, 124.15, 124.12, 115.48, 115.20, 113.18, 112.90, 39.99, 29.76, 29.74.  442 

19F NMR (282 MHz, CDCl3) δ -113.4.  443 

HRMS (EI): Calculated for C15H13FO = 228.0950; found = 228.0957. 444 

 445 

 446 

3-(4-fluorophenyl)-1-phenylpropan-1-one4: 1H NMR (300 MHz, CDCl3) δ 8.00 – 7.92 (m, 2H), 447 

7.60 – 7.51 (m, 1H), 7.50 – 7.41 (m, 2H), 7.35 – 7.25 (m, 4H), 3.36 – 3.24 (m, 2H), 3.08 (dd, J = 8.7, 448 

6.9 Hz, 2H).  449 

13C NMR (75 MHz, CDCl3) δ 216.1, 194.4, 180.7, 174.0, 159.9, 155.6, 149.4, 141.3, 136.9, 133.1, 450 

128.6, 128.5, 128.4, 128.1, 126.2, 107.6, 77.4, 77.0, 76.6, 40.5, 30.1. 451 

 452 

 453 

3-(4-chlorophenyl)-1-phenylpropan-1-one6: 1H NMR (300 MHz, CDCl3) δ 7.98 – 7.96 (m, 2H), 454 

7.95 (d, J = 1.4 Hz, 1H), 7.60 – 7.54 (m, 2H), 7.52 – 7.45 (m, 4H), 3.51 (dd, J = 16.8, 6.8 Hz, 2H), 455 

3.35 (dd, J = 16.8, 7.3 Hz, 2H).  456 

13C NMR (75 MHz, CDCl3) δ 198.24, 142.33, 136.78, 133.23, 132.28, 128.91, 128.75, 128.66, 457 

128.12, 44.74, 36.51. 458 

 459 

 460 

1-phenyl-3-(4-(trifluoromethyl)phenyl)propan-1-one4: 1H NMR (400 MHz, CDCl3) δ 8.01 – 7.91 461 

(m, 2H), 7.62 – 7.52 (m, 3H), 7.50 – 7.43 (m, 2H), 7.40 – 7.35 (m, 2H), 3.36 – 3.29 (m, 2H), 3.14 (t, 462 

J = 7.5 Hz, 2H).  463 
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13C NMR (101 MHz, CDCl3) δ 258.2, 128.8, 128.7, 128.0, 125.5, 100.0, 87.0, 77.3, 77.0, 76.7, 39.8, 464 

29.8. 465 

19F NMR (282 MHz, CDCl3) δ -62.4. 466 

 467 

 468 

1-phenyl-3-(4-(trifluoromethoxy)phenyl)propan-1-one: 1H NMR (300 MHz, CDCl3) δ 8.00 – 469 

7.89 (m, 2H), 7.60 – 7.53 (m, 1H), 7.51 – 7.42 (m, 2H), 7.31 – 7.24 (m, 2H), 7.14 (ddt, J = 7.5, 2.0, 470 

1.0 Hz, 2H), 3.31 (ddd, J = 8.0, 7.1, 0.8 Hz, 2H), 3.14 – 3.04 (m, 2H).  471 

13C NMR (75 MHz, CDCl3) δ 198.81, 147.62, 147.59, 140.08, 136.74, 133.21, 129.77, 128.66, 472 

128.02, 121.10, 40.15, 29.32.  473 

19F NMR (282 MHz, CDCl3) δ -58.0.  474 

HRMS (EI): Calculated for C16H13F3O2 = 294.0868; found = 294.0871. 475 

 476 

 477 

3-(3-methoxyphenyl)-1-phenylpropan-1-one7: 1H NMR (300 MHz, CDCl3) δ 8.01 – 7.91 (m, 2H), 478 

7.62 – 7.52 (m, 1H), 7.51 – 7.41 (m, 2H), 7.22 (ddd, J = 8.1, 7.5, 0.5 Hz, 1H), 6.89 – 6.72 (m, 3H), 479 

3.80 (s, 3H), 3.35 – 3.26 (m, 2H), 3.05 (dd, J = 8.6, 6.8 Hz, 2H).  480 

13C NMR (75 MHz, CDCl3) δ 199.22, 159.75, 142.95, 136.85, 133.10, 129.54, 128.63, 128.06, 481 

120.78, 114.25, 111.43, 55.18, 40.39, 30.19. 482 

 483 

 484 

3-(3,4-dimethoxyphenyl)-1-phenylpropan-1-one8: 1H NMR (300 MHz, CDCl3) δ 8.02 – 7.88 (m, 485 

2H), 7.60 – 7.51 (m, 1H), 7.50 – 7.41 (m, 2H), 6.85 – 6.73 (m, 3H), 3.86 (d, J = 3.5 Hz, 6H), 3.33 – 486 

3.25 (m, 2H), 3.02 (dd, J = 8.4, 6.9 Hz, 2H).  487 

13C NMR (75 MHz, CDCl3) δ 199.42, 148.92, 147.42, 136.92, 133.92, 133.08, 128.62, 128.05, 488 
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120.19, 111.86, 111.36, 55.95, 55.85, 40.71, 29.83. 489 

 490 

 491 

3-(benzo[d][1,3]dioxol-5-yl)-1-phenylpropan-1-one: 1H NMR (300 MHz, CDCl3) δ 7.99 – 7.93 492 

(m, 2H), 7.59 – 7.52 (m, 1H), 7.49 – 7.42 (m, 2H), 6.83 – 6.65 (m, 3H), 5.92 (s, 2H), 3.34 – 3.20 (m, 493 

2H), 3.09 – 2.93 (m, 2H).  494 

13C NMR (75 MHz, CDCl3) δ 199.22, 147.66, 145.85, 136.85, 135.09, 133.10, 128.63, 128.05, 495 

121.19, 108.95, 108.30, 100.85, 40.69, 29.89.  496 

HRMS (EI): Calculated for C16H14O3 = 254.0943; found = 254.0949. 497 

 498 

 499 

3-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-1-phenylpropan-1-one: 1H NMR (300 MHz, CDCl3) δ 500 

7.98 – 7.93 (m, 2H), 7.59 – 7.52 (m, 1H), 7.49 – 7.42 (m, 2H), 6.86 – 6.70 (m, 3H), 3.86 (s, 3H), 3.30 501 

– 3.23 (m, 2H), 3.02 – 2.94 (m, 2H).  502 

13C NMR (75 MHz, CDCl3) δ 199.39, 145.62, 145.01, 136.91, 134.60, 133.04, 128.61, 128.07, 503 

125.40, 119.80, 114.60, 110.81, 56.04, 40.58, 29.57.  504 

HRMS (EI): Calculated for C17H16O3 = 268.1099; found = 268.1104. 505 

 506 

 507 

1-phenyl-3-(thiophen-2-yl)propan-1-one9: 1H NMR (300 MHz, CDCl3) δ 7.95 (d, J = 1.6 Hz, 2H), 508 

7.60 – 7.50 (m, 3H), 7.11 (dd, J = 4.7, 1.6 Hz, 1H), 6.93 – 6.85 (m, 2H), 3.53 (dd, J = 16.9, 6.7 Hz, 509 

2H), 3.43 (dd, J = 16.9, 6.9 Hz, 2H).  510 

13C NMR (75 MHz, CDCl3) δ 198.12, 147.53, 136.82, 133.20, 128.64, 128.16, 126.74, 124.30, 511 

123.35, 45.62, 32.44. 512 

 513 
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 514 

1-phenyl-3-(pyridin-3-yl)propan-1-one9: 1H NMR (300 MHz, CDCl3) δ 8.57 – 8.32 (m, 2H), 7.99 515 

– 7.81 (m, 2H), 7.65 – 7.50 (m, 2H), 7.49 – 7.35 (m, 2H), 7.20 (ddd, J = 7.8, 4.8, 0.8 Hz, 1H), 3.34 – 516 

3.26 (m, 2H), 3.06 (t, J = 7.4 Hz, 2H).  517 

13C NMR (75 MHz, CDCl3) δ 198.46, 149.93, 147.64, 136.67, 136.62, 136.11, 133.28, 128.68, 518 

128.00, 123.42, 39.75, 27.11. 519 

 520 

 521 

3-(6-(hydroxymethyl)pyridin-2-yl)-1-phenylpropan-1-one: 1H NMR (300 MHz, CDCl3) δ 8.04 – 522 

7.91 (m, 2H), 7.63 – 7.50 (m, 2H), 7.49 – 7.41 (m, 2H), 7.15 (ddt, J = 7.7, 1.2, 0.6 Hz, 1H), 7.03 (ddt, 523 

J = 7.8, 1.1, 0.6 Hz, 1H), 4.68 (t, J = 0.7 Hz, 2H), 3.48 (td, J = 7.1, 0.7 Hz, 2H), 3.30 – 3.21 (m, 2H).  524 

13C NMR (75 MHz, CDCl3) δ 199.31, 159.49, 158.10, 137.12, 136.85, 133.13, 128.64, 128.07, 525 

121.87, 117.93, 63.77, 37.45, 31.77.  526 

HRMS (EI): Calculated for C15H15NO2 = 241.1103; found = 241.1107. 527 

 528 

 529 

3-cyclobutyl-1-phenylpropan-1-one: 1H NMR (400 MHz, CDCl3) δ 8.01 – 7.91 (m, 2H), 7.62 – 530 

7.52 (m, 1H), 7.51 – 7.43 (m, 2H), 2.87 (dd, J = 8.1, 7.1 Hz, 2H), 2.34 (pent, J = 7.9 Hz, 1H), 2.11 – 531 

2.00 (m, 2H), 1.89 – 1.77 (m, 4H), 1.66 – 1.58 (m, 2H).  532 

13C NMR (101 MHz, CDCl3) δ 200.67, 137.07, 132.88, 128.56, 128.09, 36.34, 35.64, 31.53, 28.08, 533 

18.31.  534 

HRMS (EI): Calculated for C13H16O = 188.1201; found = 188.1205. 535 

 536 

 537 
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 538 

3-cyclohexyl-1-phenylpropan-1-one9: 1H NMR (400 MHz, CDCl3) δ 8.00 – 7.96 (m, 2H), 7.57 – 539 

7.52 (m, 1H), 7.47 – 7.43 (m, 2H), 3.11 – 2.98 (m, 2H), 1.86 – 0.78 (m, 10H).  540 

13C NMR (101 MHz, CDCl3) δ 200.19, 137.11, 132.98, 128.59, 128.20, 40.53, 40.33, 36.13, 29.91, 541 

26.63, 26.61. 542 

 543 

 544 

1-phenylheptan-1-one6: 1H NMR (300 MHz, CDCl3) δ 7.98 – 7.90 (m, 2H), 7.58 – 7.50 (m, 1H), 545 

7.49 – 7.40 (m, 2H), 3.02 – 2.90 (m, 2H), 1.73 (tt, J = 8.1, 6.9 Hz, 2H), 1.46 – 1.23 (m, 6H), 0.95 – 546 

0.81 (m, 3H). 13C NMR (75 MHz, CDCl3) δ 200.56, 137.10, 132.85, 128.54, 128.05, 38.62, 31.69, 547 

29.06, 24.34, 22.55, 14.06. 548 

 549 

 550 

1-phenyloctan-1-one10: 1H NMR (300 MHz, CDCl3) δ 7.99 – 7.93 (m, 2H), 7.58 – 7.51 (m, 1H), 551 

7.49 – 7.41 (m, 2H), 2.99 – 2.92 (m, 2H), 1.78 – 1.66 (m, 2H), 1.39 – 1.24 (m, 8H), 0.93 – 0.84 (m, 552 

3H).  553 

13C NMR (75 MHz, Chloroform-d) δ 200.59, 137.11, 132.85, 128.55, 128.06, 38.63, 31.73, 29.36, 554 

29.17, 24.40, 22.64, 14.10. 555 

 556 

 557 

1-phenylundecan-1-one10: 1H NMR (300 MHz, CDCl3) δ 8.00 – 7.92 (m, 2H), 7.59 – 7.50 (m, 1H), 558 

7.50 – 7.40 (m, 2H), 3.01 – 2.91 (m, 2H), 1.78 – 1.65 (m, 2H), 1.46 – 1.19 (m, 14H), 0.92 – 0.84 (m, 559 

3H).  560 

13C NMR (75 MHz, CDCl3) δ 200.63, 137.12, 132.86, 128.55, 128.07, 38.65, 31.91, 29.60, 29.53, 561 
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29.50, 29.40, 29.33, 24.40, 22.69, 14.13. 562 

 563 

 564 

1-(4-fluorophenyl)-3-(3-hydroxy-4-methoxyphenyl)propan-1-one: 1H NMR (300 MHz, CDCl3) 565 

δ 8.05 – 7.95 (m, 2H), 7.19 – 7.09 (m, 2H), 6.86 – 6.71 (m, 3H), 3.88 (s, 3H), 3.29 – 3.21 (m, 2H), 566 

3.03 – 2.95 (m, 2H).  567 

13C NMR (75 MHz, CDCl3) δ 197.78, 167.41, 164.03, 145.63, 145.04, 134.42, 133.36, 133.32, 568 

130.74, 130.61, 119.79, 115.82, 115.53, 114.57, 110.80, 56.03, 40.48, 29.53.  569 

19F NMR (282 MHz, CDCl3) δ -105.4.  570 

HRMS (EI): Calculated for C16H15FO3 = 274.1005; found = 274.1009. 571 

 572 

 573 

2-benzylcyclohexan-1-one8: 1H NMR (300 MHz, CDCl3) δ 7.35 – 7.11 (m, 5H), 3.24 (dd, J = 13.7, 574 

4.6 Hz, 1H), 2.62 – 2.27 (m, 4H), 2.04 (tddd, J = 13.0, 5.9, 3.4, 2.6 Hz, 2H), 1.83 (dddd, J = 12.9, 575 

6.9, 3.6, 1.4 Hz, 1H), 1.75 – 1.50 (m, 2H), 1.36 (dtd, J = 13.2, 11.9, 3.5 Hz, 1H).  576 

13C NMR (75 MHz, CDCl3) δ 212.59, 140.39, 129.15, 128.31, 125.97, 52.49, 42.18, 35.48, 33.43, 577 

28.07, 25.08. 578 

 579 

 580 

2-benzylcycloheptan-1-one: 1H NMR (300 MHz, CDCl3) δ 7.33 – 7.15 (m, 5H), 3.16 – 2.78 (m, 581 

2H), 2.58 (dd, J = 13.7, 8.4 Hz, 1H), 2.54 – 2.39 (m, 2H), 1.89 – 1.33 (m, 8H).  582 

13C NMR (75 MHz, CDCl3) δ 215.59, 140.02, 129.16, 128.34, 126.09, 53.63, 43.23, 37.90, 30.38, 583 

29.32, 28.66, 24.27.  584 

HRMS (EI): Calculated for C14H18O = 202.1358; found = 202.1360. 585 

 586 
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 587 

2-benzyl-3,4-dihydronaphthalen-1(2H)-one6: 1H NMR (300 MHz, CDCl3) δ 8.08 (ddd, J = 7.8, 588 

1.5, 0.5 Hz, 1H), 7.50 – 7.43 (m, 1H), 7.35 – 7.21 (m, 7H), 3.51 (dd, J = 13.4, 3.7 Hz, 1H), 3.00 – 589 

2.88 (m, 2H), 2.81 – 2.60 (m, 2H), 2.12 (dq, J = 13.4, 4.4 Hz, 1H), 1.93 – 1.68 (m, 1H).  590 

13C NMR (75 MHz, CDCl3) δ 199.40, 144.05, 140.08, 133.29, 132.51, 129.29, 128.73, 128.43, 591 

127.58, 126.65, 126.16, 49.48, 35.70, 28.66, 27.69. 592 

 593 

 594 

3-benzyl-1,7,7-trimethylbicyclo[2.2.1]heptan-2-one: 1H NMR (300 MHz, CDCl3) δ 7.23 – 6.97 595 

(m, 5H), 3.10 (ddd, J = 22.6, 14.2, 4.0 Hz, 1H), 2.70 – 2.53 (m, 1H), 2.46 – 2.34 (m, 1H), 1.91 – 1.78 596 

(m, 1H), 1.65 (dddd, J = 5.6, 4.3, 2.6, 1.3 Hz, 2H), 1.32 – 1.09 (m, 3H), 0.87 – 0.74 (m, 9H).  597 

13C NMR (75 MHz, CDCl3) δ 220.48, 140.35, 128.66, 128.55, 128.50, 126.09, 126.05, 58.80, 51.89, 598 

45.75, 32.74, 31.00, 20.32, 19.58, 19.32, 9.63.  599 

HRMS (EI): Calculated for C17H22O = 242.1671; found = 242.1675. 600 

 601 

 602 

2-benzyl-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one: 1H NMR (300 MHz, CDCl3) δ 7.33 – 7.19 603 

(m, 6H), 6.80 (d, J = 0.8 Hz, 1H), 3.93 (s, 3H), 3.91 (s, 3H), 3.45 – 3.32 (m, 1H), 3.11 – 2.94 (m, 2H), 604 

2.81 – 2.58 (m, 2H).  605 

13C NMR (75 MHz, CDCl3) δ 206.54, 155.61, 149.49, 148.99, 139.82, 129.25, 128.93, 128.50, 606 

126.31, 107.42, 104.42, 56.21, 56.12, 49.15, 37.32, 31.90.  607 

HRMS (EI): Calculated for C18H18O3 = 282.1256; found = 282.1261. 608 

 609 
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 610 

1-cyclohexyl-4-phenylbutan-2-one: 1H NMR (300 MHz, CDCl3) δ 7.21 – 7.04 (m, 5H), 2.78 (dd, 611 

J = 8.1, 6.6 Hz, 2H), 2.64 – 2.55 (m, 2H), 2.15 (d, J = 6.8 Hz, 2H), 1.59 – 1.48 (m, 5H), 1.29 – 1.00 612 

(m, 4H), 0.85 – 0.73 (m, 2H).  613 

13C NMR (75 MHz, CDCl3) δ 209.99, 141.22, 128.47, 28.36, 126.06, 50.82, 44.94, 33.95, 33.25, 614 

29.74, 26.21, 26.11.  615 

HRMS (EI): Calculated for C16H22O = 230.1671; found = 230.1676. 616 

 617 

 618 

1,5-diphenylpentan-3-one4: 1H NMR (400 MHz, CDCl3) δ 7.44 – 7.23 (m, 10H), 3.00 (t, J = 7.6 619 

Hz, 4H), 2.88 – 2.77 (m, 4H).  620 

13C NMR (101 MHz, CDCl3) δ 29.77, 44.54, 126.16, 128.36, 128.55, 141.06, 209.14. 621 

 622 

 623 

1-(thiophen-2-yl)octan-3-one: 1H NMR (300 MHz, CDCl3) δ 7.11 (dd, J = 5.1, 1.2 Hz, 1H), 6.90 624 

(dd, J = 5.1, 3.5 Hz, 1H), 6.79 (dq, J = 3.3, 1.0 Hz, 1H), 3.11 (tt, J = 6.8, 0.7 Hz, 2H), 2.82 – 2.75 (m, 625 

2H), 2.39 (t, J = 7.4 Hz, 2H), 1.62 – 1.54 (m, 2H), 1.31 – 1.24 (m, 4H), 0.90 – 0.86 (m, 3H).  626 

13C NMR (75 MHz, CDCl3) δ 209.75, 143.84, 134.74, 126.81, 124.56, 123.31, 44.33, 43.03, 31.38, 627 

23.91, 23.48, 22.45, 13.92.  628 

HRMS (EI): Calculated for C12H18OS = 210.1078; found = 210.1080. 629 

 630 

 631 

1-phenylnonan-3-one: 1H NMR (300 MHz, CDCl3) δ 7.34 – 7.18 (m, 5H), 2.97 – 2.61 (m, 4H), 632 

2.48 – 2.29 (m, 2H), 1.56 (d, J = 6.6 Hz, 2H), 1.32 – 1.26 (m, 6H), 0.93 – 0.89 (m, 3H).  633 
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13C NMR (75 MHz, CDCl3) δ 210.42, 141.21, 128.48, 128.33, 126.07, 44.26, 43.09, 31.59, 29.81, 634 

28.89, 23.78, 22.49, 14.03.  635 

HRMS (EI): Calculated for C15H22O = 218.1671; found = 218.1675. 636 

 637 

 638 

Donepezil: 1H NMR (300 MHz, DMSO-d6) δ 7.35 – 7.22 (m, 5H), 7.07 (d, J = 7.9 Hz, 2H), 3.87 (s, 639 

3H), 3.79 (s, 3H), 3.32 (s, 2H), 3.22 (dd, J = 17.7, 8.1 Hz, 1H), 2.86 – 2.58 (m, 4H), 1.91 (td, J = 11.6, 640 

2.5 Hz, 2H), 1.78 – 1.37 (m, 4H), 1.20 (dddd, J = 20.0, 15.5, 11.0, 4.4 Hz, 3H).  641 

13C NMR (75 MHz, DMSO-d6) δ 207.05, 155.69, 149.57, 149.16, 139.16, 129.21, 128.90, 128.56, 642 

127.23, 108.64, 104.42, 62.98, 56.39, 56.06, 53.76, 45.25, 38.72, 34.37, 33.15, 31.91.  643 

HRMS (EI): Calculated for C24H29NO3 = 379.2174; found = 379.2177. 644 

 645 

 646 

Azaperone: 1H NMR (300 MHz, CDCl3) δ 8.17 (ddd, J = 4.9, 2.0, 0.9 Hz, 1H), 8.05 – 7.95 (m, 2H), 647 

7.46 (ddd, J = 8.6, 7.1, 2.0 Hz, 1H), 7.18 – 7.06 (m, 2H), 6.67 – 6.55 (m, 2H), 3.56 – 3.44 (m, 4H), 648 

3.01 (t, J = 7.1 Hz, 2H), 2.62 – 2.42 (m, 6H), 1.98 (q, J = 7.1 Hz, 2H).  649 

13C NMR (75 MHz, CDCl3) δ 198.42, 159.51, 147.96, 137.44, 133.59, 130.74, 130.61, 115.78, 650 

115.49, 113.29, 107.06, 57.71, 52.91, 45.08, 36.14, 21.46.  651 

19F NMR (376 MHz, CDCl3) δ -105.6.  652 

HRMS (EI): Calculated for C19H22FN3O = 327.1747; found = 327.1749. 653 

 654 

 655 

 656 

 

 



S36 
 

 657 

Loureirin A: 1H NMR (500 MHz, DMSO-d6) δ 10.30 (s, 1H), 7.89 – 7.81 (m, 2H), 7.07 (d, J = 8.2 658 

Hz, 1H), 6.87 – 6.81 (m, 2H), 6.52 (d, J = 2.4 Hz, 1H), 6.43 (dd, J = 8.2, 2.4 Hz, 1H), 3.78 (s, 3H), 659 

3.73 (s, 3H), 3.10 (dd, J = 8.4, 6.8 Hz, 2H), 2.79 (dd, J = 8.4, 6.9 Hz, 2H).  660 

13C NMR (126 MHz, DMSO-d6) δ 198.1, 162.4, 159.5, 158.4, 130.9, 130.4, 128.7, 121.6, 115.7, 661 

104.8, 98.8, 55.8, 55.6, 38.4, 24.9.  662 

HRMS (EI): Calculated for C17H18O4 = 286.1205; found = 286.1209. 663 

 664 

 665 

3-phenyl-1-(p-tolyl)propan-1-one4: 1H NMR (300 MHz, CDCl3) δ 7.92 – 7.82 (m, 2H), 7.29 – 7.23 666 

(m, 5H), 7.21 – 7.12 (m, 2H), 3.33 – 3.24 (m, 2H), 3.07 (dd, J = 8.9, 6.9 Hz, 2H), 2.41 (d, J = 0.8 Hz, 667 

3H).  668 

13C NMR (75 MHz, CDCl3) δ 198.94, 143.86, 141.42, 139.64, 134.40, 129.30, 129.17, 129.03, 669 

128.53, 128.44, 128.39, 128.29, 128.19, 126.23, 126.11, 40.37, 30.23, 21.65. 670 

 671 

 672 

3-phenyl-1-(m-tolyl)propan-1-one9: 1H NMR (300 MHz, CDCl3) δ 7.69 – 7.61 (m, 2H), 7.29 – 673 

7.09 (m, 7H), 3.21 – 3.14 (m, 2H), 2.95 (dd, J = 8.8, 6.9 Hz, 2H), 2.28 (d, J = 0.6 Hz, 3H).  674 

13C NMR (75 MHz, CDCl3) δ 199.48, 141.39, 138.41, 136.91, 133.84, 128.61, 128.54, 128.49, 675 

128.45, 126.14, 125.27, 40.55, 30.19, 21.38. 676 

 677 

 678 

1-([1,1'-biphenyl]-4-yl)-3-phenylpropan-1-one8: 1H NMR (300 MHz, DMSO-d6) δ 8.10 – 8.03 (m, 679 
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2H), 7.84 – 7.77 (m, 2H), 7.77 – 7.70 (m, 2H), 7.54 – 7.47 (m, 2H), 7.46 – 7.41 (m, 1H), 7.34 – 7.25 680 

(m, 4H), 7.21 – 7.19 (m, 1H), 3.40 (dd, J = 8.0, 7.0 Hz, 2H), 2.97 (dd, J = 7.9, 7.0 Hz, 2H).  681 

13C NMR (75 MHz, DMSO-d6) δ 199.15, 144.94, 141.72, 139.38, 135.88, 129.55, 129.14, 128.86, 682 

128.83, 128.74, 127.44, 127.35, 126.33, 39.97, 29.99. 683 

 684 

 685 

1-(4-fluorophenyl)-3-phenylpropan-1-one4: 1H NMR (300 MHz, CDCl3) δ 7.97 – 7.88 (m, 2H), 686 

7.28 – 7.13 (m, 5H), 7.10 – 7.02 (m, 2H), 3.26 – 3.18 (m, 2H), 3.05 – 2.97 (m, 2H).  687 

13C NMR (75 MHz, CDCl3) δ 197.61, 167.43, 164.05, 141.16, 133.34, 133.30, 130.74, 130.61, 688 

128.58, 128.44, 126.22, 115.85, 115.56, 40.38, 30.12.  689 

19F NMR (282 MHz, CDCl3) δ -105.3. 690 

 691 

 692 

1-(4-chlorophenyl)-3-phenylpropan-1-one6: 1H NMR (300 MHz, CDCl3) δ 7.95 – 7.85 (m, 2H), 693 

7.45 – 7.42 (m, 2H), 7.32 – 7.19 (m, 5H), 3.37 – 3.22 (m, 2H), 3.15 – 3.00 (m, 2H).  694 

13C NMR (75 MHz, CDCl3) δ 197.99, 145.38, 141.08, 135.17, 133.09, 130.78, 129.95, 129.48, 695 

128.94, 128.59, 128.55, 128.43, 128.06, 126.25, 121.52, 40.44, 30.06. 696 

 697 

 698 

3-phenyl-1-(4-(trifluoromethyl)phenyl)propan-1-one6: 1H NMR (300 MHz, CDCl3) δ 8.06 – 7.91 699 

(m, 2H), 7.70 – 7.59 (m, 2H), 7.26 – 7.12 (m, 5H), 3.30 – 3.15 (m, 2H), 3.00 (dd, J = 8.3, 6.8 Hz, 700 

2H).  701 

13C NMR (75 MHz, CDCl3) δ 198.22, 140.88, 139.50, 134.61, 134.17, 128.63, 128.43, 128.38, 702 

126.32, 125.79, 125.74, 125.69, 125.64, 121.81, 40.76, 29.94.  703 

19F NMR (282 MHz, CDCl3) δ -63.2. 704 
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 705 

1-(3-methoxyphenyl)-3-phenylpropan-1-one10: 1H NMR (300 MHz, CDCl3) δ 7.58 – 7.47 (m, 2H), 706 

7.37 – 7.33 (m, 1H), 7.30 – 7.09 (m, 6H), 3.85 (s, 3H), 3.34 – 3.26 (m, 2H), 3.12 – 3.04 (m, 2H).  707 

13C NMR (75 MHz, CDCl3) δ 199.06, 159.87, 141.30, 138.25, 129.61, 128.56, 128.46, 126.17, 708 

120.69, 120.67, 119.60, 112.38, 112.27, 55.46, 40.58, 30.21. 709 

 710 

 711 

1-(2-methoxyphenyl)-3-phenylpropan-1-one8: 1H NMR (300 MHz, CDCl3) δ 7.61 (ddd, J = 7.7, 712 

1.8, 0.4 Hz, 1H), 7.37 (ddd, J = 8.3, 7.3, 1.9 Hz, 1H), 7.22 – 7.01 (m, 11H), 6.81 – 6.72 (m, 1H), 3.79 713 

(s, 3H), 3.26 – 3.19 (m, 2H), 2.94 (dd, J = 8.7, 6.9 Hz, 2H).  714 

13C NMR (75 MHz, CDCl3) δ 201.75, 158.56, 141.75, 140.06, 133.44, 130.39, 129.13, 128.49, 715 

128.42, 128.23, 126.00, 125.92, 120.70, 120.62, 111.51, 111.32, 55.51, 45.46, 37.66, 30.51. 716 

 717 

 718 

1-(4-(methylthio)phenyl)-3-phenylpropan-1-one: 1H NMR (300 MHz, CDCl3) δ 7.85 – 7.78 (m, 719 

2H), 7.28 – 7.11 (m, 7H), 3.28 – 3.16 (m, 2H), 3.00 (dd, J = 8.5, 6.6 Hz, 2H), 2.45 (s, 3H).  720 

13C NMR (75 MHz, CDCl3) δ 198.26, 145.84, 141.34, 133.17, 128.55, 128.48, 128.44, 126.15, 721 

125.02, 40.26, 30.23, 14.79.  722 

HRMS (EI): Calculated for C16H16OS = 256.0922; found = 256.0927. 723 

 724 

 725 

1-(2-hydroxyphenyl)-3-phenylpropan-1-one: 1H NMR (300 MHz, DMSO-d6) δ 11.89 (q, J = 0.9 726 

Hz, 1H), 7.92 (dd, J = 8.0, 1.7 Hz, 1H), 7.51 (ddd, J = 8.6, 7.1, 1.7 Hz, 1H), 7.28 (d, J = 4.4 Hz, 4H), 727 

7.23 – 7.15 (m, 1H), 7.00 – 6.90 (m, 2H), 3.42 (dd, J = 8.1, 7.0 Hz, 2H), 2.96 (dd, J = 8.1, 7.0 Hz, 728 
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2H).  729 

13C NMR (75 MHz, DMSO-d6) δ 205.64, 161.07, 141.45, 136.45, 131.18, 128.85, 128.76, 126.39, 730 

120.78, 119.65, 118.10, 40.77, 29.87. 731 

 732 

 733 

3-phenyl-1-(3,4,5-trifluorophenyl)propan-1-one: 1H NMR (300 MHz, CDCl3) δ 7.86 (dd, J = 15.6, 734 

2.2 Hz, 1H), 7.72 – 7.55 (m, 4H), 7.46 – 7.43 (m, 2H), 7.25 – 7.23 (m, 1H), 3.23 (ddd, J = 7.9, 6.9, 735 

1.0 Hz, 2H), 3.06 (dd, J = 8.0, 6.4 Hz, 2H).  736 

13C NMR (75 MHz, CDCl3) δ 146.62, 131.19, 129.12, 128.69, 128.66, 128.39, 126.41, 112.72, 737 

112.43, 40.26, 29.88.  738 

HRMS (EI): Calculated for C15H11F3O = 264.0762; found = 264.0766. 739 

 740 

 741 

3-phenyl-1-(3,4,5-trimethoxyphenyl)propan-1-one8: 1H NMR (300 MHz, CDCl3) δ 7.37 – 7.27 742 

(m, 5H), 7.20 (s, 2H), 3.91 (s, 3H), 3.89 (s, 6H), 3.30 – 3.24 (m, 2H), 3.07 (dd, J = 8.4, 6.6 Hz, 2H).  743 

13C NMR (75 MHz, CDCl3) δ 198.05, 153.08, 142.55, 141.35, 132.16, 128.59, 128.57, 128.50, 744 

127.66, 126.99, 126.22, 105.51, 60.96, 56.31, 40.39, 30.39. 745 

 746 

 747 

1-(naphthalen-2-yl)-3-phenylpropan-1-one6: 1H NMR (300 MHz, CDCl3) δ 8.47 (dt, J = 1.7, 0.7 748 

Hz, 1H), 8.05 (dd, J = 8.6, 1.8 Hz, 1H), 7.96 – 7.86 (m, 3H), 7.62 – 7.52 (m, 2H), 7.35 – 7.28 (m, 749 

4H), 7.25 – 7.19 (m, 1H), 3.52 – 3.41 (m, 2H), 3.14 (dd, J = 8.6, 6.9 Hz, 2H).  750 

13C NMR (75 MHz, CDCl3) δ 199.20, 141.38, 135.60, 134.20, 132.54, 129.72, 129.57, 128.59, 751 

128.49, 128.46, 127.80, 126.81, 126.80, 126.80, 126.19, 123.87, 40.60, 30.30. 752 
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 753 

1-(4-(benzyloxy)phenyl)-3-phenylpropan-1-one: 1H NMR (300 MHz, CDCl3) δ 7.97 – 7.91 (m, 754 

2H), 7.45 – 7.15 (m, 10H), 7.02 – 6.95 (m, 2H), 5.11 (s, 2H), 3.27 – 3.20 (m, 2H), 3.08 – 3.01 (m, 755 

2H).  756 

13C NMR (75 MHz, CDCl3) δ 197.84, 162.63, 141.50, 136.22, 130.36, 130.19, 128.74, 128.55, 757 

128.47, 128.29, 127.52, 126.13, 114.62, 70.16, 40.16, 30.35.  758 

HRMS (EI): Calculated for C22H20O2 = 316.1463; found = 316.1468. 759 

 760 

 761 

3-phenyl-1-(pyridin-3-yl)propan-1-one9: 1H NMR (300 MHz, CDCl3) δ 9.09 (dd, J = 2.2, 0.9 Hz, 762 

1H), 8.70 (dd, J = 4.9, 1.7 Hz, 1H), 8.15 (ddd, J = 8.0, 2.3, 1.7 Hz, 1H), 7.34 (ddd, J = 8.0, 4.8, 0.9 763 

Hz, 1H), 7.29 – 7.08 (m, 5H), 3.33 – 3.17 (m, 2H), 3.02 (dd, J = 8.3, 6.9 Hz, 2H).  764 

13C NMR (75 MHz, CDCl3) δ 198.05, 153.50, 149.60, 140.77, 135.36, 132.07, 128.63, 128.43, 765 

126.33, 123.67, 40.70, 29.81. 766 

 767 

 768 

1-(furan-2-yl)-3-phenylpropan-1-one9: 1H NMR (300 MHz, CDCl3) δ 7.59 (dd, J = 1.7, 0.8 Hz, 769 

1H), 7.33 – 7.19 (m, 6H), 6.54 (dd, J = 3.6, 1.7 Hz, 1H), 3.18 (ddd, J = 8.5, 6.8, 1.8 Hz, 2H), 3.07 770 

(ddd, J = 8.7, 6.7, 1.8 Hz, 2H).  771 

13C NMR (75 MHz, CDCl3) δ = 188.59, 128.53, 128.42, 126.19, 117.01, 112.21, 40.19, 29.97. 772 

 773 

 774 

 775 
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 776 

3-phenyl-1-(thiophen-2-yl)propan-1-one9: 1H NMR (300 MHz, CDCl3) δ 7.69 (dd, J = 3.8, 1.1 Hz, 777 

1H), 7.62 (dd, J = 5.0, 1.1 Hz, 1H), 7.32 – 7.19 (m, 5H), 7.12 (dd, J = 5.0, 3.8 Hz, 1H), 3.28 – 3.20 778 

(m, 2H), 3.12 – 3.03 (m, 2H).  779 

13C NMR (75 MHz, CDCl3) δ 192.18, 144.20, 141.02, 133.58, 131.83, 128.58, 128.45, 128.11, 780 

126.24, 41.17, 30.41. 781 

 782 

 783 

1-(1-methyl-1H-pyrrol-2-yl)-3-phenylpropan-1-one9: 1H NMR (300 MHz, CDCl3) δ 7.33 – 7.02 784 

(m, 5H), 6.85 (dd, J = 4.1, 1.7 Hz, 1H), 6.69 (ddd, J = 2.4, 1.7, 0.5 Hz, 1H), 6.01 (dd, J = 4.1, 2.5 Hz, 785 

1H), 3.85 (d, J = 0.5 Hz, 3H), 3.05 – 2.98 (m, 2H), 2.93 (ddd, J = 9.0, 6.2, 2.1 Hz, 2H).  786 

13C NMR (75 MHz, CDCl3) δ 190.20, 141.56, 131.01, 130.61, 128.51, 128.44, 126.07, 119.05, 787 

107.95, 40.76, 37.73, 30.89. 788 

 789 

 790 

1-(benzo[d][1,3]dioxol-5-yl)-3-phenylpropan-1-one: 1H NMR (300 MHz, CDCl3) δ 7.51 (dd, J = 791 

8.2, 1.8 Hz, 1H), 7.40 (dd, J = 1.8, 0.4 Hz, 1H), 7.29 – 7.12 (m, 5H), 6.79 (dd, J = 8.2, 0.4 Hz, 1H), 792 

5.99 (s, 2H), 3.22 – 3.13 (m, 2H), 3.04 – 2.95 (m, 2H). 793 

 13C NMR (75 MHz, CDCl3) δ 197.31, 151.73, 148.21, 141.35, 131.77, 128.53, 128.43, 126.14, 794 

124.26, 107.90, 107.88, 101.84, 40.23, 30.36.  795 

HRMS (EI): Calculated for C16H14O3 = 254.0943; found = 254.0946. 796 

 797 

 798 

1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-3-phenylpropan-1-one: 1H NMR (300 MHz, DMSO-d6) 799 
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δ 7.54 – 7.45 (m, 2H), 7.31 – 7.23 (m, 4H), 7.20 – 7.14 (m, 1H), 6.95 (d, J = 8.4 Hz, 1H), 4.35 – 4.24 800 

(m, 4H), 3.32 – 3.22 (m, 2H), 2.91 (dd, J = 8.0, 7.0 Hz, 2H).  801 

13C NMR (75 MHz, DMSO-d6) δ 197.85, 148.25, 143.63, 141.76, 130.73, 128.83, 128.69, 126.28, 802 

122.38, 117.51, 117.38, 64.97, 64.38, 39.48, 30.09.  803 

HRMS (EI): Calculated for C17H16O3 = 268.1099; found = 268.1102. 804 

 805 

 806 

1-(4-morpholinophenyl)-3-phenylpropan-1-one: 1H NMR (300 MHz, CDCl3) δ 7.96 – 7.86 (m, 807 

2H), 7.33 – 7.17 (m, 5H), 6.91 – 6.81 (m, 2H), 3.88 – 3.83 (m, 4H), 3.35 – 3.27 (m, 4H), 3.06 (dd, J 808 

= 9.1, 6.9 Hz, 2H).  809 

13C NMR (75 MHz, CDCl3) δ 197.59, 154.23, 141.66, 130.10, 128.51, 128.45, 127.74, 126.06, 810 

113.35, 66.59, 47.54, 39.95, 30.50.  811 

HRMS (EI): Calculated for C19H21NO2 = 295.1572; found = 295.1576. 812 

 813 

 814 

1,3-diphenylpropan-1-ol11: 1H NMR (300 MHz, CDCl3) δ 7.32 – 7.08 (m, 10H), 4.58 (dd, J = 7.7, 815 

5.5 Hz, 1H), 2.63 (qdd, J = 13.9, 9.4, 6.4 Hz, 2H), 2.20 – 1.87 (m, 3H).  816 

13C NMR (75 MHz, CDCl3) δ 144.66, 141.88, 128.57, 128.52, 128.46, 127.68, 126.02, 125.92, 73.90, 817 

40.52, 32.12. 818 

 819 

 820 

3-phenyl-1-(pyridin-3-yl)propan-1-ol: 1H NMR (400 MHz, CDCl3) δ 8.52 (dd, J = 11.3, 5.2 Hz, 821 

2H), 7.44 – 7.27 (m, 7H), 5.19 (s, 1H), 4.85 – 4.77 (m, 1H), 2.99 – 2.69 (m, 2H), 2.27 – 2.00 (m, 2H).  822 

13C NMR (101 MHz, CDCl3) δ 155.01, 149.02, 141.38, 129.10, 129.07, 128.51, 128.49, 128.45, 823 
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128.39, 126.06, 126.03, 121.19, 71.74, 40.42, 31.77.  824 

HRMS (EI): Calculated for C14H15NO = 213.1154; found = 213.1159. 825 

 826 

 827 

Product 79: 3-(benzo[d][1,3]dioxol-5-yl)-1-(pyridin-3-yl)propan-1-ol: 1H NMR (400 MHz, 828 

CDCl3) δ 8.36 – 8.28 (m, 2H), 7.26 – 7.21 (m, 2H), 6.70 – 6.56 (m, 3H), 5.86 (s, 2H), 4.64 (dd, J = 829 

8.0, 4.8 Hz, 1H), 2.72 – 2.55 (m, 2H), 2.04 – 1.80 (m, 2H).  830 

13C NMR (101 MHz, CDCl3) δ 155.09, 149.06, 147.61, 145.70, 135.25, 121.16, 108.87, 108.21, 831 

100.78, 71.40, 40.69, 31.49.  832 

HRMS (EI): Calculated for C15H15NO3 = 257.1052; found = 257.1056. 833 

 834 

 835 

3-(3-fluorophenyl)-1-(pyridin-3-yl)propan-1-ol: 1H NMR (300 MHz, CDCl3) δ 8.41 (d, J = 5.2 836 

Hz, 2H), 7.36 – 7.20 (m, 3H), 7.08 – 6.76 (m, 3H), 4.73 (dd, J = 7.6, 5.1 Hz, 2H), 2.91 – 2.69 (m, 837 

2H), 2.16 – 1.93 (m, 2H).  838 

13C NMR (75 MHz, CDCl3) δ 164.54, 161.29, 154.86, 149.13, 144.09, 143.99, 129.94, 129.83, 839 

124.11, 124.07, 121.14, 115.42, 115.14, 113.02, 112.75, 71.42, 40.10, 31.50, 31.47.  840 

19F NMR (282 MHz, CDCl3) δ -113.5.  841 

HRMS (EI): Calculated for C14H14FNO = 231.1059; found = 231.1062. 842 

 843 

 844 

3-(4-morpholinophenyl)-1-(pyridin-3-yl)propan-1-ol: 1H NMR (300 MHz, CDCl3) δ 8.39 (d, J = 845 

5.1 Hz, 2H), 7.24 (d, J = 4.7 Hz, 2H), 7.15 – 7.04 (m, 2H), 6.88 – 6.77 (m, 2H), 4.79 – 4.53 (m, 1H), 846 

4.18 (s, 1H), 3.88 – 3.76 (m, 4H), 3.16 – 3.01 (m, 4H), 2.75 – 2.57 (m, 2H), 2.09 – 1.86 (m, 2H).  847 
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13C NMR (75 MHz, CDCl3) δ 154.86, 149.54, 149.21, 133.00, 129.13, 121.12, 116.01, 71.73, 66.91, 848 

49.66, 40.56, 30.81.  849 

HRMS (EI): Calculated for C18H22N2O2 = 298.1681; found = 298.1685. 850 

 851 

 852 

1-phenyloctan-1-ol: 1H NMR (300 MHz, CDCl3) δ 7.31 – 7.16 (m, 5H), 4.55 (dd, J = 7.4, 5.9 Hz, 853 

1H), 2.28 – 2.13 (m, 1H), 1.81 – 1.57 (m, 2H), 1.35 – 1.10 (m, 10H), 0.89 – 0.80 (m, 3H).  854 

13C NMR (75 MHz, CDCl3) δ 145.05, 128.41, 127.43, 125.96, 74.67, 39.15, 31.87, 29.56, 29.28, 855 

25.88, 22.69, 14.13.  856 

HRMS (EI): Calculated for C14H22O = 206.1671; found = 206.1676. 857 

 858 

 859 

2-phenylpropan-1-ol11: 1H NMR (400 MHz, CDCl3) δ 7.40 – 7.32 (m, 2H), 7.28 (s, 3H), 3.71 (d, J 860 

= 6.8 Hz, 2H), 2.97 (h, J = 6.9 Hz, 1H), 1.30 (d, J = 7.0 Hz, 3H).  861 

13C NMR (101 MHz, CDCl3) δ 143.7, 128.6, 127.5, 126.7, 77.4, 77.1, 76.8, 68.7, 42.5, 17.6. 862 

 863 

 864 

2-(naphthalen-2-yl)propan-1-ol11: 1H NMR (300 MHz, CDCl3) δ 7.86 – 7.77 (m, 4H), 7.52 – 7.45 865 

(m, 3H), 4.78 (t, J = 6.6 Hz, 1H), 1.96 – 1.84 (m, 2H), 1.84 – 1.78 (m, 1H), 0.95 (t, J = 7.4 Hz, 3H).  866 

13C NMR (75 MHz, CDCl3) δ 141.94, 133.28, 133.00, 128.26, 127.94, 127.70, 126.13, 125.80, 867 

124.74, 124.15, 76.16, 31.80, 10.17. 868 

 869 

 870 

2-(4-isobutylphenyl)propan-1-ol11: 1H NMR (400 MHz, CDCl3) δ 7.13 (q, J = 7.9 Hz, 4H), 3.68 (t, 871 
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J = 6.0 Hz, 2H), 2.92 (h, J = 7.0 Hz, 1H), 2.46 (d, J = 7.2 Hz, 2H), 1.86 (dp, J = 13.6, 6.8 Hz, 1H), 872 

1.52 (d, J = 5.8 Hz, 1H), 1.27 (d, J = 7.0 Hz, 3H), 0.91 (d, J = 6.7 Hz, 6H). 873 

13C NMR (101 MHz, CDCl3) δ 140.76, 140.07, 129.39, 127.19, 68.79, 45.06, 42.04, 30.24, 22.44, 874 

17.64. 875 

 876 

 877 

2-(4-fluorophenyl)propan-1-ol11: 1H NMR (300 MHz, CDCl3) δ 7.23 – 7.16 (m, 2H), 7.06 – 6.97 878 

(m, 2H), 3.73 – 3.62 (m, 2H), 2.93 (h, J = 6.9 Hz, 1H), 1.26 (d, J = 7.0 Hz, 3H).  879 

13C NMR (75 MHz, CDCl3) δ 163.29, 160.05, 139.40, 139.35, 128.91, 128.80, 115.51, 115.23, 68.67, 880 

41.71, 17.72. 881 

 882 

 883 

2-methyl-3-phenylpropan-1-ol12: 1H NMR (400 MHz, CDCl3) δ 7.26 (t, J = 7.3 Hz, 2H), 7.21 – 884 

7.12 (m, 3H), 3.47 (qd, J = 10.6, 5.9 Hz, 2H), 2.73 (dd, J = 13.5, 6.3 Hz, 1H), 2.39 (dd, J = 13.5, 8.1 885 

Hz, 1H), 1.92 (tq, J = 12.6, 6.6 Hz, 1H), 0.89 (dd, J = 6.7, 1.5 Hz, 3H). 886 

13C NMR (101 MHz, CDCl3) δ 140.67, 129.18, 128.29, 125.90, 67.66, 39.73, 37.82, 16.49. 887 

 888 

 889 

2-methyl-4-phenylbutan-1-ol11: 1H NMR (300 MHz, CDCl3) δ 7.34 – 7.27 (m, 2H), 7.24 – 7.14 890 

(m, 3H), 3.68 – 3.37 (m, 2H), 2.64 (ddd, J = 11.1, 6.3, 2.9 Hz, 2H), 1.82 – 1.47 (m, 4H), 1.38 – 1.10 891 

(m, 2H), 0.95 (d, J = 6.7 Hz, 3H).  892 

13C NMR (75 MHz, CDCl3) δ 142.63, 128.40, 128.30, 125.70, 68.30, 36.24, 35.70, 32.80, 28.93, 893 

16.54. 894 

 895 
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 896 

1-([1,1'-biphenyl]-4-yl)-2-methylpropan-1-ol: 1H NMR (300 MHz, CDCl3) δ 7.65 – 7.56 (m, 4H), 897 

7.49 – 7.33 (m, 5H), 4.42 (d, J = 6.8 Hz, 1H), 2.08 – 1.97 (m, 1H), 1.05 (d, J = 6.6 Hz, 3H), 0.86 (d, 898 

J = 6.8 Hz, 3H).  899 

13C NMR (75 MHz, CDCl3) δ 142.73, 140.91, 140.32, 128.80, 127.27, 127.09, 127.05, 126.95, 79.81, 900 

35.30, 19.08, 18.30.  901 

HRMS (EI): Calculated for C16H18O = 226.1358; found = 226.1361. 902 

 903 

 904 

2-methyl-1-(p-tolyl)propan-1-ol11: 1H NMR (300 MHz, CDCl3) δ 7.84 – 7.76 (m, 2H), 7.23 – 7.15 905 

(m, 2H), 3.47 (dt, J = 13.7, 6.9 Hz, 1H), 2.34 (s, 3H), 2.30 – 2.22 (m, 1H), 1.14 (d, J = 6.9 Hz, 6H).  906 

13C NMR (75 MHz, CDCl3) δ 143.52, 133.69, 129.30, 128.47, 35.21, 21.61, 19.23. 907 

 908 

 909 

2-methyl-1-(4-(trifluoromethyl)phenyl)propan-1-ol12: 1H NMR (300 MHz, CDCl3) δ 7.90 – 7.82 910 

(m, 2H), 7.29 – 7.23 (m, 2H), 3.61 – 3.46 (m, 1H), 2.41 – 2.41 (m, 2H), 1.21 (d, J = 6.8 Hz, 6H).  911 

13C NMR (75 MHz, CDCl3) δ 204.18, 143.52, 133.69, 129.30, 128.46, 35.21, 21.60, 19.23. 912 

 913 

 914 

2-methyl-1-(pyridin-3-yl)propan-1-ol12: 1H NMR (300 MHz, CDCl3) δ 8.33 (d, J = 6.4 Hz, 2H), 915 

7.65 (dddd, J = 7.9, 2.2, 1.6, 0.6 Hz, 1H), 7.21 (ddd, J = 7.9, 4.8, 0.8 Hz, 1H), 4.36 (d, J = 6.6 Hz, 916 

1H), 3.98 (s, 1H), 2.10 – 1.77 (m, J = 6.7 Hz, 1H), 0.94 (d, J = 6.7 Hz, 3H), 0.77 (d, J = 6.8 Hz, 3H).  917 
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13C NMR (75 MHz, CDCl3) δ 148.01, 147.99, 139.57, 134.61, 123.33, 77.05, 35.25, 18.72, 18.01. 918 

 919 

 920 

2-methyl-2,3-dihydro-1H-inden-1-one: 1H NMR (300 MHz, CDCl3) δ 7.76 – 7.68 (m, 1H), 7.56 921 

(td, J = 7.4, 1.2 Hz, 1H), 7.42 (dp, J = 7.7, 0.9 Hz, 1H), 7.37 – 7.28 (m, 1H), 3.44 – 3.31 (m, 1H), 922 

2.77 – 2.62 (m, 2H), 1.29 (dd, J = 7.3, 0.8 Hz, 3H).  923 

13C NMR (75 MHz, CDCl3) δ 209.53, 153.51, 136.34, 134.71, 127.36, 126.56, 123.96, 41.99, 34.96, 924 

16.29. 925 

 926 

 927 

2-methyl-3,4-dihydronaphthalen-1(2H)-one: 1H NMR (300 MHz, CDCl3) δ 8.10 – 8.00 (m, 1H), 928 

7.47 (td, J = 7.5, 1.5 Hz, 1H), 7.36 – 7.22 (m, 2H), 3.14 – 2.92 (m, 2H), 2.61 (dqd, J = 12.0, 6.8, 4.5 929 

Hz, 1H), 2.22 (dq, J = 13.3, 4.5 Hz, 1H), 1.90 (dddd, J = 13.2, 12.0, 10.7, 5.2 Hz, 1H), 1.29 (d, J = 930 

6.8 Hz, 3H).  931 

13C NMR (75 MHz, CDCl3) δ 200.82, 144.22, 133.09, 132.39, 128.73, 127.39, 126.55, 42.65, 31.38, 932 

28.85, 15.46. 933 

 934 

 935 

 936 

 937 

 938 

 939 

 940 

 941 

 942 

 943 

 944 
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S7. NMR spectra 945 
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