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General Aspect: 

Unless otherwise indicated, all reactions were performed under an oxygen−free atmosphere 

of nitrogen or argon with strict exclusion of moisture from reagents and glassware. 

Bis(cyclooctadienyl)nickel(0) (Ni(cod)2) and IPr were purchased from IL, stored under nitrogen 

atmosphere and used without further purification. 1M Et2AlCN in toluene purchased from 

Aldrich was used as received without further purification. Toluene was distilled over sodium 

before use. 

Analytical thin layer chromatography (TLC) was performed using EM Science silica gel 60 

F254 plates. The developed chromatogram was analyzed by UV lamp (254 nm), ethanolic 

phosphomolybdic acid (PMA) or potassium permanganate (KMnO4). Liquid chromatography 

was performed using a forced flow (flash chromatography) of the indicated solvent system on 

Silica Gel (230–400 mesh). 1H and 13C NMR spectra were recorded on Bruker 400 MHz or 300 

MHz spectrometers in CDCl3. Chemical shifts in 1H NMR spectra are reported in ppm on the δ 

scale from an internal standard of residual chloroform (7.27 ppm). Data are reported as follows: 

chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = 

broad), coupling constant in hertz (Hz), and integration. Chemical shifts of 13C NMR spectra are 

reported in ppm from the central peak of CDCl3 (77.16 ppm) on the δ scale.  
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Preparation of the Cyclization Precursors: 
The cyclization precursors are synthesized according to literature procedures or with some modifications: 
 
1/ Salicylaldehyde derivatives: Madu, C. E.; Lovely, C. J. Synlett 2007, 2011. 

  
 
5-chloromethyl salicylaldehdye was used as a common intermediate to build the 5-substituted salicylaldehydes.  
Preparation of the 5-chloromethyl salicylaldehdye: Naik, P. U.; McManus, G. J.; Zaworotko, M. J.; Singer, R. 
D. Dalton Trans. 2008, 36, 4834. 
 

 
 

The 5-chloromethyl salicylaldehdye was dissolved in the corresponding alcohol (MeOH/iPrOH/Nopol/ 

N-methylaniline, 10 equiv., ratio unoptimized) and NEt3 (3 equiv). 10 mol% of PPh3 was added finally and the 

reaction mixture was heated to 60 oC overnight. The mixture was concentrated and dissolved in EA/K2CO3 aq, 

stirred for 2 hrs at rt. Extract the aqueous layer with EA, dried, concentrated and purified by flash 

chromatography (10% EA/Hex) to yield the 5-alkylether substituted salicylaldehydes.  

 

R = Me: (quantitative)  

1H NMR (400 MHz, CDCl3) δ: 10.5 (s, 1H), 7.76 (d, 1H, J = 2.3 Hz), 7.50 (dd, 1H, J = 8.5, 2.3 Hz), 6.95 (d, 

1H, J = 8.5 Hz), 6.09-5.99 (m, 1H), 5.45-5.28 (m, 2H), 4.64-4.62 (m, 2H), 4.37 (s, 2H), 3.34 (s, 3H).  

13C NMR (100 MHz, CDCl3) δ: 189.6, 160.5, 135.4, 132.3, 130.8, 127.8, 124.7, 118.1, 113.1, 73.7, 69.3, 58.1. 

 

R = iPr: (quantitative)  

1H NMR (400 MHz, CDCl3) δ: 10.5 (s, 1H), 7.78 (d, 1H, J = 2.3 Hz), 7.54 (dd, 1H, J = 8.5, 2.3 Hz), 6.95 (d, 

1H, J = 8.5 Hz), 6.10-6.01 (m, 1H), 5.46-5.30 (m, 2H), 4.65-4.63 (m, 2H), 4.43 (s, 2H), 3.66 (hept, 1H, J = 6.1 

Hz), 1.19 (d, 6H, J = 6.1 Hz).  

13C NMR (100 MHz, CDCl3) δ: 189.8, 160.4, 135.4, 132.4, 131.7, 127.7, 124.8, 118.1, 113.1, 71.2, 69.3, 69.2, 

22.2. 
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R = Nopol: (40% yield)  
1H NMR (400 MHz, CDCl3) δ: 10.5 (s, 1H), 7.78 (d, 1H, J = 2.2 Hz), 7.54 (dd, 1H, J = 8.5, 2.2 Hz), 6.95 (d, 

1H, J = 8.5 Hz), 6.10-6.03 (m, 1H), 5.48-5.32 (m, 2H), 5.27 (s, 1H), 4.68-4.66 (m, 2H), 4.44 (s, 2H), 3.48 (t, 

2H, J = 7.2 Hz), 2.38-2.02 (m, 7H), 1.26 (s, 3H), 1.15 (d, 1H, J = 8.5 Hz), 0.82 (s, 3H).  

13C NMR (100 MHz, CDCl3) δ: 189.8, 160.5, 145.1, 135.5, 132.5, 131.3, 127.9, 124.8, 118.2, 118.1, 113.1, 

72.0, 69.4, 69.0, 45.9, 40.9, 38.1, 37.2, 31.8, 31.4, 26.4, 21.3. 

 

R = NMePh: (64% yield)  
1H NMR (400 MHz, CDCl3) δ:10.5 (s, 1H), 7.76 (d, 1H, J = 2.3 Hz), 7.42 (dd, 1H, J = 8.5, 2.3 Hz), 7.27-7.22 

(m, 2H), 6.93 (d, 1H, J = 8.5 Hz), 6.77-6.73 (m, 2H), 6.12-6.04 (m, 1H), 5.49-5.33 (m, 2H), 4.70-4.49 (m, 2H), 

3.01 (s, 2H). 
13C NMR (100 MHz, CDCl3) δ: 189.8, 160.1, 149.6, 134.4, 132.5, 131.7, 129.3, 126.8, 125.0, 118.2, 117.0, 

113.3, 112.7, 69.4, 56.0, 38.7. 

 

2/ 2-(Tosylallylamino)benzaldehyde: Neuschl, M.; Bogdal, D.; Potacek, M. Molecules 2007, 12, 49. 

  

 

3/ 2-(Tosylallylamino)acetophenone:  

Theeraladanon, C.; Arisawa, M.; Nishida, A.; Nakagawa, M. Tetrahedron 2004, 60, 3017. 

 
 

4/ 2-(homoallyl)benzaldehyde: (a) Comins, D. L.; Brown, J. D. J. Org. Chem. 1984, 49, 1078. (b) Bailey, W. F.; 

Wachter-Jurcsak, N. M.; Pineau, M. R.; Ovaska, T. V.; Warren, R. R.; Lewis, C. E. J. Org. Chem. 1996, 61, 

8216. 
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5/ de Koning, C. B.; Giles, R. G. F.; Green, I. R.; Jahed, N. M. Tetrahedron 2003, 59, 3175. 

 
 

6/ Jana, S.; Roy, S. C. Tetrahedron Lett. 2006, 47, 5949 

  
 

7/ General procedure for the preparation of the cyclization precursors with α-branched monoene: 

  
 

Preparation of S2:  

83% yield. 

 

At 0oC, to a solution of ethyl salicylate (2 mmol), 3-buten-2-ol (3 mmol), PPh3 (3 mmol) in THF (20 mL) was 

added DIAD (3 mmol) over 1 mins. After stirring at the same temperature for 5 mins, it was allowed to reach 

room temperature for 2 hrs. The reaction was then heat to 50oC for 3 hrs to reach completion. The reaction was 

concentrated and subjected to column purification. 
1H NMR (400 MHz, CDCl3) δ: 7.75 (dd, 1H, J = 7.6, 1.6 Hz), 7.40-7.35 (m, 1H), 6.97-6.87 (m, 2H), 5.93 

(ddd, 1H, J = 17.1, 10.5, 5.9 Hz); 5.30 (d, 1H, J = 17.1 Hz); 5.15 (d, 1H, J = 10.5 Hz), 4.84 (m, 1H), 4.36 (q, 2H, 

J = 7.1 Hz), 1.47 (d, 3H, J = 6.4 Hz), 1.38 (t, 3H, J = 7.1 Hz). 13C NMR (100 MHz, CDCl3) δ: 166.8, 157.4, 

139.0, 132.8, 131.4, 122.1, 120.4, 115.9, 115.9, 76.2, 60.8, 21.3, 14.4. 

LRMS-ESI (m/z): [M]+ calcd for C13H16O3, 220.1; found, 220.1. 
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S2a: 70% yield over 2 steps. 

At 0oC, to the purified ester in THF (10 ml) was added LAH (2 equiv), and allowed to reach room temperature 

after the addition. After stirring for 2 hr, it was quenched with water, extracted with EA. The combined organic 

layer was dried, concentrated and purified by column. To the solution of the alcohol product in DCM was 

added celite (200 mg) and PCC (1.3 equiv). The mixture was stirred at rt for overnight. The crude mixture was 

concentrated and subjected to column purification.  

1H NMR (300 MHz, CDCl3) δ: 10.5 (s, 1H), 7.83 (dd, 1H, J = 8.0, 1.8 Hz), 7.52-7.47 (m, 1H), 7.27-6.98 (m, 

1H), 5.94 (ddd, 1H, J = 16.6, 10.6, 5.9 Hz); 5.34-5.28 (m, 1H); 5.25-5.20 (m, 1H), 4.93 (m, 1H), 1.50 (d, 3H, J = 

6.4 Hz). 
13C NMR (75 MHz, CDCl3) δ: 190.2, 160.7, 138.4, 135.8, 128.3, 125.6, 120.8, 116.4, 114.7, 75.8, 21.4. 

HRMS−ESI (m/z): [M+Na]+ calcd for C11H12O2Na, 199.0735; found, 199.0733.  

 

 S2b: 63% yield over 2 steps. 
1H NMR (400 MHz, CDCl3) δ: 10.6 (s, 1H), 7.83-7.81 (m, 1H), 7.50-7.45 (m, 1H), 7.00-6.96 (m, 2H), 

5.91-5.82 (m, 1H), 5.30-5.23 (m, 2H), 4.73 (dt, 1H, J = 6.7, 6.1 Hz), 1.91-1.69 (m, 2H), 1.53-1.25 (m, 6H), 0.89 

(t, 3H, J = 7.0 Hz). 
13C NMR (100 MHz, CDCl3) δ: 190.1, 161.1, 137.3, 135.8, 128.2, 125.5, 120.7, 117.2, 114.7, 80.0, 35.6, 31.8, 

25.0, 22.7, 14.1. 

HRMS−ESI (m/z): [M+Na]+ calcd for C15H20O2Na, 255.1361; found, 255.1373.  
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Screening of Ligands for Cyanative Alkene-Aldehyde Coupling: 

A 10 mL test tube and a stir bar were oven−dried and brought into a glove box, Ni(cod)2 

(0.1 mmol) and ligand (both 0.1 mmol and 0.2 mmol) were added to the tube. The tube was 

sealed with a septum, and was brought out of the glove box and connected to a N2 line. The 

mixture was dissolved in degassed toluene (2.0 mL) under N2 and stirred at room temperature. 

The 2-allyloxybenzaldehyde (0.1 mmol) was added to the reaction mixture by syringe and 

allowed to stir for additional 5-10 mins. 1M Et2AlCN toluene solution (200 uL, 200 mol%) was 

added finally to the reaction mixture over 1 mins, and the mixture was allowed to reach room 

temperature overnight (18 hrs).  

The mixture was quenched with NH4Cl(aq) (4 mL) and diluted with CHCl3 (2 mL), and this 

reaction mixture was allowed to stir for at least 1 hr. The aqueous layer was extracted with 

CHCl3 (3x 50 mL), the combined organic layers was dried, concentrated and purified via flash 

chromatography on silica gel.  

Without adding IPr or replace the IPr with phosphorus ligands (EtOPPh2, PPh3, CyPPh2, 

P(Octyl)3, Cy3P) resulted mainly α-cyanohydrin and deallylation product. In case of using 0.1 

mmol of Cy3P, 5-10% cyclization product was obtained by adding the 1M Et2AlCN at 0 oC over 

1 mins, and the mixture was stirred at 0 oC for further 2 hrs and allowed to reach room 

temperature overnight (12 hrs). 
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General Procedure for the Ni(0)IPr−Mediated Cyanative Alkene-Aldehyde Coupling: 

Caution! This coupling reaction should be conducted in a well-ventilated hood. 

A 10 mL test tube and a stir bar were oven−dried and brought into a glove box, Ni(cod)2 

(0.1 mmol) and IPr ligand (0.1 mmol) were added to the tube. The tube was sealed with a septum, 

and was brought out of the glove box and connected to a N2 line. The mixture was dissolved in 

degassed toluene (2.0 mL) under N2 and stirred at room temperature for 1 hr. The cyclization 

precursor (0.1 mmol) was added to the reaction mixture and allowed to stir for additional 5-10 

mins (red wine color-like solution in most cases). The reaction mixture was then cooled to 0 oC, 

1M Et2AlCN toluene solution (200 uL, 200 mol%) was added finally to the reaction mixture over 

1 mins, and the mixture was stirred at 0 oC for further 2 hrs and allowed to reach room 

temperature overnight (18 hrs).  

The mixture was quenched with NH4Cl(aq) (4 mL) and diluted with CHCl3 (2 mL), and this 

reaction mixture was allowed to stir for at least 1 hr. The aqueous layer was extracted with 

CHCl3 (3x 50 mL), the combined organic layers was dried, concentrated and purified via flash 

chromatography on silica gel (33% ethyl acetate in hexane, unless otherwise indicated) afforded 

the coupling product. All are isolated yield in Table 1 and is the average of at least 2 runs, the 

relative configuration of the coupling product was determined by NMR, both coupling constant 

and NOESY. 

Important 

Although the moisture in the reaction mixture can be quenched readily by reacting with Et2AlCN, 

both the solvent and substrates must be dried thoroughly before the reaction. Reaction carried out 

in the presence of 1 equivalent of water resulted the corresponding α-cyanohydrins in large 

amount even using excess Et2AlCN under otherwise the same reaction condition.  

For a positive effect of iPrOH on cyanation of sulfinimimines using Et2AlCN (a) Davis, F. A.; 
Portonovo, P. S.; Reddy, R. E.; Chiu, Y. J. Org. Chem. 1996, 61, 440. (b) Davis, F. A.; Fanelli, D. 
L. J. Org. Chem. 1998, 63, 1981. 
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Compound Characterization Data of Cyclization Products: 
 

Table 1, entry 1a:  

The standard procedure was followed, Yield: 92%.  

1H NMR (400 MHz, CDCl3) δ: 7.31-7.24 (m, 2H), 6.97 (dd, 1H, J = 6.4, 6.4 

Hz), 6.89 (d, 1H J = 8.2 Hz), 4.82 (s, 1H), 4.21 (dd, 1H, J = 11.4, 3.2 Hz), 4.10 (dd, 1H, J = 

10.7, 10.3 Hz), 2.72-2.64 (m, 1H), 2.52-2.45 (m, 2H), 1.89 (d, 1H, J = 4.3 Hz). 
13C NMR (100 MHz, CDCl3) δ: 153.9, 130.6, 129.9, 123.0, 121.4, 118.3, 117.3, 64.6, 64.0, 35.7, 

15.6. 

HRMS−ESI (m/z): [M+Na]+ calcd for C11H11O2NNa, 212.0682; found, 212.0703. 

 

The relative configuration was determined by NOESY, coupling constant values and also by 

converting the cyclization product to a known compound (butyrolactone): 

Bentley, J.; Nilsson, P. A.; Parsons, A. F. J. Chem. Soc., Perkin Trans. 1 2002, 1461.  
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Table 1, entry 1b:  

The standard procedure was followed. Yield: 20%.  

1H NMR (400 MHz, CDCl3) δ: 7.23-7.19 (m, 1H), 6.99-6.96 (m, 1H), 6.83 

(d, 1H J = 8.8 Hz), 4.80 (m, 1H), 4.22 (dd, 1H, J = 11.0, 3.2 Hz), 4.12 (dd, 1H, J = 11.0, 9.6 Hz), 

2.69-2.44 (m, 3H), 2.14 (d, 1H, J = 4.4 Hz). 

HRMS−EI (m/z): [M+]+ calcd for C11H10O2NCl, 223.0395; found, 223.0391. 
 

 

 

Table 1, entry 1d:  

The standard procedure was followed, except that 250 uL of 1M Et2AlCN in toluene was 

added. Yield: 87%.  

1H NMR (400 MHz, CDCl3) δ: 6.77 (d, 1H, J = 8.3 Hz), 4.75 (s, 1H), 4.16 

(dd, 1H, J = 10.9, 3.4 Hz), 4.05 (dd, 1H, J = 10.9, 10.0 Hz), 2.66-2.61 (m, 1H), 2.47-2.41 (m, 

2H), 2.28 (s, 3H), 2.20 (d, 1H, J = 4.3 Hz).  
13C NMR (100 MHz, CDCl3) δ: 151.6, 131.2, 130.7, 130.0, 122.6, 118.4, 116.9, 64.6, 64.1, 35.9, 

20.6, 15.5. 

HRMS−ESI (m/z): [M+Na]+ calcd for C12H13O2N1Na, 226.0844; found, 226.0848. 
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Table 1, entry 1e:  

The standard procedure was followed, except that 250 uL of 1M Et2AlCN in toluene was 

added. Yield: 84%. (purified by silica gel using CHCl3 as eluent) 

1H NMR (400 MHz, CDCl3) δ: 7.26-7.11 (m, 4H), 6.83-6.70 (m, 4H), 

4.75 (s, 1H), 4.45 (s, 2H), 4.18 (dd, 1H, J = 10.3, 2.1 Hz), 4.07 (dd, 1H, J = 10.4, 10.3 Hz), 2.99 

(s, 3H), 2.66-2.61 (m, 1H), 2.49-2.43 (m, 2H), 1.97 (d, 1H, J = 4.3 Hz). 
13C NMR (100 MHz, CDCl3) δ: 152.8, 149.8, 132.0, 129.4, 129.1, 128.0, 123.0, 118.3, 117.4, 

116.9, 112.6, 64.6, 64.1, 56.2, 38.7, 35.7, 15.6. 

HRMS−ESI (m/z): [M+Na]+ calcd for C19H20N2O2Na, 331.1422; found, 331.1421. 

 

Product 1e was found unstable to store, and it will turn into the corresponding butyrolactone 

gradually overnight at room temperature (less polar than 1e) after purification, this observation 

probably related to the amino group assisted lactonization.  

O

N

O
O

 
1H NMR (400 MHz, CDCl3) δ: 7.26-7.14 (m, 4H), 6.88-6.70 (m, 4H), 5.44 (d, 1H, J = 6.3 Hz), 

4.46 (s, 2H), 4.19 (dd, 1H, J = 11.5, 4.3 Hz), 3.81 (dd, 1H, J = 11.5, 9.3 Hz), 2.99 (s, 3H), 

2.99-2.97 (m, 1H), 2.85 (dd, 1H, J = 17.7, 8.4 Hz), 2.45 (dd, 1H, J = 17.7 4.3 Hz). 
13C NMR (100 MHz, CDCl3) δ: 175.5, 154.2, 149.8, 132.8, 129.6, 129.4, 129.4, 118.6, 117.8, 

116.9, 112.6, 74.4, 65.0, 56.2, 38.7, 33.7, 31.3. 

HRMS−ESI (m/z): [M+Na]+ calcd for C19H19NO3Na, 332.1263; found, 332.1263. 
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Table 1, entry 1f:  

The standard procedure was followed, except that 250 uL of 1M Et2AlCN in toluene was 

added. Yield: 88%.  

O

OH

N
MeO

1H NMR (400 MHz, CDCl3) δ: 7.27 (s, 1H), 7.22 (d, 1H, J = 8.4 Hz), 

6.86 (d, 1H, J = 8.4 Hz), 4.78 (dd, 1H, J = 3.4, 3.1 Hz), 4.37 (s, 2H), 4.19 (dd, 1H, J = 10.7, 3.2 

Hz), 4.08 (dd, 1H, J = 10.7, 10.0 Hz), 3.38 (s, 3H), 2.69-2.62 (m, 1H), 2.48-2.40 (m, 3H). 
13C NMR (100 MHz, CDCl3) δ: 153.4, 131.0, 130.3, 129.6, 122.9, 118.3, 117.2, 74.3, 64.4, 64.1, 

58.2, 35.7, 15.5. 

HRMS−ESI (m/z): [M+Na]+ calcd for C13H15N1O3Na, 256.0950; found, 256.0997. 

 

 

Table 1, entry 1g:  

The standard procedure was followed, except that 250 uL of 1M Et2AlCN in toluene was 

added. Yield: 90%.  

1H NMR (400 MHz, CDCl3) δ: 7.29 (s, 1H), 7.23 (d, 1H, J = 8.4 Hz), 

6.85 (d, 1H, J = 8.4 Hz), 4.78 (dd, 1H, J = 3.2, 3.1 Hz), 4.37 (s, 2H), 4.19 (dd, 1H, J = 10.7, 3.2 

Hz), 4.08 (dd, 1H, J = 10.7, 10.0 Hz), 3.70 (hept, 1H, J = 6.1 Hz), 2.69-2.62 (m, 1H), 2.48-2.40 

(m, 2H), 2.19 (d, 1H, J = 3.2 Hz), 1.23 (d, 6H, J = 6.1 Hz).  
13C NMR (100 MHz, CDCl3) δ: 153.3, 132.0, 130.2, 129.3, 122.8, 118.3, 117.2, 71.3, 69.7, 64.6, 

64.1, 35.7, 22.3, 15.5. 

HRMS−ESI (m/z): [M+Na]+ calcd for C15H19N1O3Na, 284.1263; found, 284.1263. 
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Table 1, entry 1h:  

The standard procedure was followed, except that 250 uL of 1M Et2AlCN in toluene was 

added. Yield: 88%.  

O

OH

N
O

1H NMR (400 MHz, CDCl3) δ: 7.26 (s, 1H), 7.20 (dd, 1H, J = 

8.4, 2.1 Hz), 6.84 (d, 1H, J = 8.4 Hz), 5.27 (m, 1H), 4.77 (s, 1H), 4.40 (s, 2H), 4.18 (dd, 1H, J = 

10.0, 3.2 Hz), 4.08 (dd, 1H, J = 10.0, 9.6 Hz), 3.48 (t, 2H, J = 6.8 Hz), 2.66-2.61 (m, 1H), 

2.47-2.02 (m, 10H), 1.27 (s, 3H), 1.15 (d, 1H, J = 8.4 Hz), 0.83 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ: 153.3, 145.1, 131.4, 130.2, 129.5, 122.8, 118.4, 118.1, 117.1, 

72.4, 69.0, 64.5, 64.1, 45.9, 40.9, 38.1, 37.2, 35.7, 31.8, 31.5, 26.4, 21.3, 15.5. 

HRMS−ESI (m/z): [M+Na]+ calcd for C23H29NO3Na, 390.2045; found, 390.2055. 

 

Table 1, entry 1i:  

5-OMe 

The standard procedure was followed, except that 250 uL of 1M Et2AlCN in toluene was 

added. Yield: 83%.  

1H NMR (400 MHz, CDCl3) δ: 6.86-6.80 (m, 3H), 4.79 (s, 1H), 4.16 (dd, 

1H, J = 10.9, 3.3 Hz), 4.05 (dd, 1H, J = 10.9, 9.8 Hz), 3.77 (s, 3H), 2.70-2.63 (m 1H), 2.50-2.43 

(m, 2H), 2.01 (d, 1H, J = 4.8 Hz).  
13C NMR (100 MHz, CDCl3) δ: 154.1, 147.8, 123.2, 118.3, 118.1, 117.1, 113.6, 64.9, 64.1, 55.9, 

35.9, 15.5. 

HRMS−ESI (m/z): [M+Na]+ calcd for C12H17O3N1Na, 242.0788; found, 242.0776. 
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Table 1, entry 1i:  

4-OMe 

The standard procedure was followed, except that 250 uL of 1M Et2AlCN in toluene was 

added. Yield: 70%. (83% yield, 1.2 equiv. Ni-IPr) 

1H NMR (400 MHz, CDCl3) δ: 7.18 (d, 1H, J = 8.5 Hz), 6.55 (dd, 1H, J = 

8.5, 2.5 Hz), 6.40 (d, 1H, 2.5 Hz), 4.75 (dd, 1H, J = 3.3, 3.1 Hz), 4.19 (dd, 1H, J = 10.7, 3.1 Hz), 

4.07 (dd, 1H, J = 10.8, 10.7 Hz), 3.78 (s, 3H), 2.69-2.62 (m, 1H), 2.50-2.41 (m, 2H), 1.84 (d, 1H, 

J = 4.4 Hz). 
13C NMR (100 MHz, CDCl3) δ: 161.6, 155.1, 130.9, 118.4, 115.6, 108.8, 101.6, 64.3, 64.1, 55.6, 

36.0, 15.8. 

HRMS−ESI (m/z): [M+Na]+ calcd for C12H13O3NNa, 242.0788; found, 242.0793. 
 

 

Table 1, entry 1i:  

3-OMe 

The standard procedure was followed, except that 250 uL of 1M Et2AlCN in toluene was 

added. Yield: 60%. (77% yield, 1.2 equiv. Ni-IPr) 

1H NMR (400 MHz, CDCl3) δ: 6.96-6.86 (m, 3H), 4.83 (s, 1H), 4.32-4.30 (m, 

1H), 4.16-4.11 (m, 1H), 3.89 (s, 3H), 2.72-2.65 (m, 1H), 2.51-2.47 (m, 2H), 2.00 (brs, 1H). 
13C NMR (100 MHz, CDCl3) δ: 148.5, 143.4, 123.7, 121.4, 121.2, 118.2, 111.9, 64.4, 64.3, 56.2, 

35.6, 29.8, 15.6. 

HRMS−ESI (m/z): [M+Na]+ calcd for C12H13O3NNa, 242.0788; found, 242.0787. 
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Table 1, entry 1j:  

The standard procedure was followed. Yield: 56%. (71% yield, 1.2 equiv. Ni-IPr) 

1H NMR (400 MHz, CDCl3) δ: 7.94 (d, 1H, J = 8.4 Hz), 7.54 (d, 2H, J = 8.3 

Hz), 7.37-7.33 (m, 1H), 7.23 (d, 2H, J = 8.3 Hz), 7.19-7.15 (m, 2H), 4.53 (dd, 1H, J = 3.3, 3.3 

Hz), 4.21 (dd, 1H, J = 3.7, 0.8 Hz), 3.46 (dd, 1H, J = 13.2, 12.1 Hz), 2.54 (dd, 1H, J = 16.8, 8.1 

Hz), 2.39 (dd, 1H, J = 16.8, 7.2 Hz), 2.34 (s, 3H), 1.92-1.85 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ: 144.5, 135.9, 135.8, 130.1, 130.0, 129.9, 129.4, 127.2, 125.4, 

123.6, 118.0, 66.2, 44.7, 34.9, 21.7, 17.2. 

HRMS−ESI (m/z): [M+Na]+ calcd for C18H18O3N2SNa, 365.0930; found, 365.0944. 
 

 

 

Table 1, entry 1k:  

The standard procedure was followed. Yield: 34%. Others are α-cyanohydrin. 

1H NMR (400 MHz, CDCl3) δ: 7.35-7.15 (m, 4H), 4.75 (dd, 1H, J = 5.2, 3.3 

Hz), 2.97-2.81 (m, 2H), 2.69 (dd, 1H, J = 16.8, 7.8 Hz), 2.53 (dd, 1H, J = 16.8, 7.8 Hz), 

2.20-2.16 (m, 1H), 1.91-1.85 (m, 2H), 1.60 (brs, 1H).  
13C NMR (100 MHz, CDCl3) δ: 136.1, 130.0, 129.4, 128.8, 126.8, 119.4, 68.8, 37.4, 28.7, 23.8, 

22.6, 20.3. 

HRMS−ESI (m/z): [M+Na]+ calcd for C12H13ONNa, 210.0889; found, 210.0879. 
 

Using excess amount of Ni-IPr did not improve the yield further.  

The starting material can be recovered by treating the α-cyanohydrin with aqueous Na2CO3. 
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Table 1, entry 2a:     

The standard procedure was followed. Yield: 59% (77:23).  

Reaction carried out at – 5 ºC for the first 2 h: Yield: 62% (90:10). 

Using excess amount of Ni-IPr did not improve the yield.  
1H NMR (400 MHz, CDCl3) δ: 7.39-7.22 (m, 2H), 6.96 (dd, 1H, J = 7.3, 7.2 Hz), 6.87 (d, 1H, J 

= 8.1 Hz), 4.85 (dd, 1H, J = 3.6, 4.2 Hz), 4.24 (dq, 1H, J = 10.3, 6.4 Hz), 2.65 (dd, 1H, J = 16.5, 

9.6 Hz), 2.51 (dd, 1 H, J = 16.5, 5.6 Hz), 2.15-2.07 (m, 1H), 2.02, (d, 1H, J = 4.2 Hz), 1.45 (d, 

3H, J = 6.4 Hz). 13C NMR (100 MHz, CDCl3) δ: 154.0, 130.5, 129.9, 123.1, 121.2, 118.5, 117.2, 

69.8, 65.0, 41.1, 18.9, 16.2. 

HRMS−ESI (m/z): [M+Na]+ calcd for C12H13NO2Na, 226.0838; found, 226.0848. 

 

Relative configuration assignment of product 2a was determined by NOESY, coupling constant 

values and by compared with Calanolides A, B and C:  

Trost, B. M.; Toste, F. D. J. Am. Chem. Soc. 1998, 120, 9074. 

Kashman, Y.; Gustafson, K. R.; Fuller, R. W.; Cardellina, J. H. 2nd; McMahon, J. B.; Currens, M. 

J.; Buckheit, R. W. Jr; Hughes, S. H.; Cragg, G. M.; Boyd, M. R. J. med. Chem. 1992, 35, 2735.   

 

O

OHO

O

O

Calanolide A

O

OHO

O

O

B

O

OHO

O

O

C

1H NMR
data

4.95 (d, 1H, J = 3.3 Hz),
4.24 (dq, 1H, J = 10.5, 6.5 Hz)

4.70 (d, 1H, J = 8.0 Hz),
3.92 (dq, 1H, J = 9.0, 6.5 Hz).

5.06 (dd, 1H, J = 6.0, 1.5 Hz),
4.32 (dq, 1H, J = 2.5, 7.0 Hz).

trans, trans cis, trans cis, cis

Mitsunobu reaction

dq dq dq

d d d

500 MHz
CDCl3

Thermodynamically
Less stable  
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Table 1, entry 2b:     

The standard procedure was followed. Yield: 55% (77:23). 

Reaction carried out at – 5 ºC for the first 2 h: Yield: 55% (90:10). 

1H NMR (400 MHz, CDCl3) δ: 7.39-7.22 (m, 2H), 6.95 (dd, 1H, J = 7.4, 7.3 

Hz), 6.87 (d, 1H, J = 8.3 Hz), 4.87 (dd, 1H, J = 3.9, 3.8 Hz), 4.16 (dt, 1H, J = 10.9, 6.3 Hz), 

2.65 (dd, 1H, J = 16.6, 9.4 Hz), 2.49 (dd, 1 H, J = 16.6, 5.8 Hz), 2.23-2.16 (m, 1H), 2.03, (d, 1H, 

J = 4.6 Hz), 1.70-1.63 (m, 2H), 1.59-1.29 (m, 6H), 0.92 (t, 3H, J = 6.8 Hz). 
13C NMR (100 MHz, CDCl3) δ: 154.0, 130.4, 129.7, 123.0, 121.1, 118.6, 117.2, 73.3, 65.0, 39.1, 

32.1, 31.8, 24.4, 22.7, 16.1, 14.2. 

HRMS−ESI (m/z): [M+Na]+ calcd for C16H21NO2Na, 282.1470; found, 282.1475. 

 

Cyanative cis-cyclization of 5-membered monoenal precursor: 

The standard procedure was followed, except that 250 uL of 1M Et2AlCN in toluene was added. 

Yield: 40%.  

1H NMR (400 MHz, CDCl3) δ: 7.10 (d, 1H, J = 8.2 Hz), 6.83 (d, 1H, J = 

8.2 Hz), 5.08 (d, 1H, J = 5.0 Hz), 3.87 (s, 3H), 3.86 (s, 3H), 3.19 (dd, 1H, J = 15.8, 6.9 Hz), 

2.89-2.71 (m, 3H), 2.61-2.54 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ:153.3, 145.4, 137.3, 135.0, 120.2, 119.7, 112.1, 75.5, 60.5, 56.3, 

42.0, 32.9, 17.5. 

HRMS−ESI (m/z): [M+Na]+ calcd for C13H15O3N1Na, 256.0944; found, 256.0950. 
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Cyanative cis-cyclization of 6-membered monoenone precursor: 

The standard procedure was followed. Yield: 32%.  

1H NMR (400 MHz, CDCl3) δ: 7.45 (dd, 1H, J = 7.8, 1.6 Hz), 7.25-7.21 (m, 

1H), 7.00 (dd, 1H, J = 7.8, 7.3 Hz), 6.87 (dd, 1H, J = 8.2, 1.1 Hz); 4.36 (dd, 1H, J = 11.6, 2.8 

Hz), 4.21 (dd, 1H, J = 11.6, 6.9 Hz), 2.84 (dd, 1H, J = 16.9, 4.3 Hz), 2.45 (dd, 1H, J =16.9, 10.2 

Hz), 2.38-2.28 (m, 1H), 1.93 (brs, 1H), 1.69 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ: 153.2, 129.7, 126.9, 126.6, 121.8, 119.2, 117.4, 68.4, 65.7, 41.4, 

29.9, 14.9. 

HRMS−ESI (m/z): [M+Na]+ calcd for C12H13O2NNa, 226.0838; found, 226.8482. 
 

 

The standard procedure was followed. Yield: 14%.  

N

O

Ts

O

1H NMR (400 MHz, CDCl3) δ: 7.69 (dd, 1H, J = 8.2, 1.0 Hz), 7.54 (d, 2H, 8.3 Hz), 

7.49 (dd, 1H, J = 7.8, 1.5 Hz), 7.37-7.27 (m, 2H), 7.25 (d, 2H, J = 8.3 Hz), 4.26 (dd, 1H, J = 

14.2, 5.3 Hz), 3.13 (dd, 1H, J = 14.2, 12.6 Hz), 2.88 (dd, 1H, J = 18.4, 9.0 Hz), 2.54-2.47(m, 

1H), 2.40 (s, 3H), 2.25 (dd, 1H, J = 18.4, 2.2 Hz). 
13C NMR (100 MHz, CDCl3) δ: 174.2, 144. 5, 137.2, 135.7, 131.1, 130.1, 129.3, 128.8, 127.3, 

126.6, 125.1, 82.1, 47.9, 39.3, 32.4, 31.1, 28.6, 21.7. 

HRMS−ESI (m/z): [M+Na]+ calcd for C19H19NO4SNa, 380.0932; found, 380.0955. 
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Examples of nitrile functionalization: 
 

LiAlH
4

 
Hydrolysis: 

The coupling product (0.1 mmol) was dissolved in EtOH/H2O (3:1, 4 mL) 

with 0.2 g NaOH. The solution was heated to 80 oC for overnight. The EtOH was then removed 

under vacuum, the aqueous layer was washed with hexane (5 mL). The aqueous layer was then 

treated with NH4Cl aq, extracted with EA (3 times). The EA layer was combined and 

concentrated to yield the hydrolyzed product in 73% yield.  
1H NMR (400 MHz, CD3OD) δ 7.25 (dd, 1H, J = 7.6, 1.6 Hz), 7.14 (dd, 1H, J = 8.2, 7.6 Hz), 

6.85 (dd, 1H, J = 8.2, 7.6 Hz), 6.75 (d, 1H, J = 8.2 Hz), 4.66 (d, 1H, J = 3.1 Hz), 4.19 (dq, 1H, J 

= 10.2, 6.3 Hz), 2.40-2.32 (m, 2H), 2.19-2.10 (m, 1H), 1.94 (brs, 1H), 1.39 (d, 3H, J = 6.3 Hz). 

 

Reduction: 

The coupling product (0.1 mmol) was dissolved in dried THF (5 mL) and 

cooled to 0 oC. LiAlH4 (2.0 equiv.) was added at this point, and the ice-water bath was then 

removed after the addition. The reaction mixture was stirred at rt for overnight, quenched with 

NH4Cl aq (1 mL), washed with hexane (5 mL). The reaction aqueous layer was then basicified 

with NaOH (s) to pH 9, extracted with EA (3 times). The EA layer was combined and 

concentrated to yield the reduction product in 88% yield.  
1H NMR (400 MHz, CDCl3) δ 7.36 (dd, 1H, J = 7.5, 1.5 Hz), 7.18 (m, 1H), 6.91 (m, 1H), 6.82 (d, 

1H, J = 8.2Hz), 5.34 (brs, 2H), 4.71 (d, 1H, J = 2.9 Hz), 4.22 (dq, 1H, J = 9.2, 6.4 Hz), 3.11-3.03 

(m, 1H), 2.84-2.76 (m, 1H), 1.84-1.51 (m, 2H), 1.39 (d, 3H, J = 6.4 Hz). 
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Reactions support the reaction sequence (Scheme 3): 

Isolation of the hydroxylated and hydrogenated cyclization product by interfering with oxygen or 

MeOH: 

 
Procedure: 

At first, the standard reaction condition was followed except the Et2AlCN was added at -15 ºC. 

After stirring for an additional 1 hr, the nitrogen atmosphere was removed and replaced by an 

oxygen balloon (bubbling) or added 1 mL of MeOH. The reaction mixture was allowed to stir for 

60 mins and allowed to reach room temperature. The reaction mixture was then work up as usual 

standard procedure. Column purified to yield hydroxylated product (70% EA/Hex) or 

hydrogenated product (25% EA/Hex).  

Note that the cyanation product was still observed under this reaction condition, with a ratio 

similar to 35:8:4% 

 
 

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009



 S 21

O

OH

H

1H NMR (300 MHz, CDCl3) δ 7.29-7.20 (m, 2H), 6.92 (dd, 1H, J = 8.3, 7.3 Hz), 

6.88 (d, 1H, J = 8.3 Hz), 4.52 (dd, 1H, J = 4.2, 3.6 Hz), 4.14 (dq, 1H, J = 10.4, 6.3 Hz), 1.83 (m, 

1H), 1.60 (d, 1H, J = 4.2 Hz), 1.41 (d, 3H, J = 6.3 Hz), 1.13 (d, 3H, J = 7.0 Hz). 

 

O

OH

H

1H NMR (300 MHz, CDCl3) δ 7.47 (d, 1H, J = 7.6 Hz), 7.17 (dd, 1H, J = 8.2, 7.6 

Hz), 6.94 (dd, 1H, J = 7.6, 7.6 Hz), 6.77 (d, 1H, J = 8.2 Hz), 5.04 (dd, 1H, J = 8.3, 6.0 Hz), 4.34 

(dq, 1H, J = 1.7, 6.6 Hz), 2.18-2.08 (m, 1H), 1.76 (d, 1H, J = 8.3 Hz), 1.40 (d, 3H, J = 6.6 Hz), 

0.92 (d, 3H, J = 6.9 Hz). 

 

were isolated as an inseparable mixture of two isomers in a 

ratio 1:0.47 (by 1H NMR), representative 1H NMR (300 MHz, CDCl3) for each isomer:  

δ 4.91 (s, 1H, CHOH), 4.42 (dq, 1H, J = 10.5, 6.2 Hz), 4.13-3.90 (m, 2H). 

δ 5.16 (s, 1H, CHOH), 4.35 (dq, 1H, J = 1.8, 6.7 Hz), 4.13-3.90 (m, 2H). 
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