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General Information 
All reactions were carried out under a nitrogen atmosphere in flame-dried glassware with 
magnetic stirring.  THF and CH2Cl2 were purified by passage through a bed of activated 
alumina.1 Reagents were purified prior to use unless otherwise stated following the 
guidelines of Perrin and Armarego.2  Purification of reaction products was carried out by 
flash chromatography using EM Reagent silica gel 60 (230-400 mesh).  Analytical thin 
layer chromatography was performed on EM Reagent 0.25 mm silica gel 60-F plates.  
Visualization was accomplished with UV light and ceric ammonium nitrate stain or 
potassium permangenate stain followed by heating. Infrared spectra were recorded on a 
Perkin Elmer 1600 series FT-IR spectrometer.  1H-NMR spectra were recorded on a 
Varian Inova 500 (500 MHz) spectrometer and are reported in ppm using solvent as an 
internal standard (CDCl3 at 7.26 ppm).  Data are reported as (ap = apparent, s = singlet, d 
= doublet, t = triplet, q = quartet, m = multiplet, b = broad; coupling constant(s) in Hz; 
integration.  Proton-decoupled 13C-NMR spectra were recorded on a Varian Inova 500 
(125 MHz) spectrometer and are reported in ppm using solvent as an internal standard 
(CDCl3 at 77.0 ppm).  Mass spectra data were obtained on a Varian 1200 Quadrupole 
Mass Spectrometer and Micromass Quadro II Spectrometer.   
 

Acylsilanes were prepared using the procedure developed in our laboratory.3 The 
(salen)Cr(III)-SbF6 2 was prepared according to the procedure by Rawal.4  
 

 General Procedure A for Synthesis of α-Hydroxypropargylsilanes  
 
To a flame-dried round bottom flask containing a magnetic stirring bar was added alkyne  
(2 equiv) and CH2Cl2 followed by ZnMe2 (2M solution in toluene, 2 equiv).  After 
stirring for 30 minutes, diimine ligand 21 (0.05 equiv) was added.  The suspension was 
stirred vigorously for 30 minutes and acylsilane (1 equiv, dissolved in CH2Cl2) was 
added. Upon consumption of the acylsilane as determined by thin layer chromatography 
(20% ethyl acetate/hexanes), the mixture was quenched with saturated aqueous NH4Cl, 
diluted with ethyl acetate, and filtered through Celite.  The solution was then poured into 
a separatory funnel, and the layers were separated.  The organic layer was washed with 
water (20 mL) and brine (20 mL), dried over anhydrous Na2SO4, filtered and 
concentrated to provide the unpurified propargylsilanes.  Purification by flash 
chromatography on silica gel (5% EtOAc/Hex) provided the desired product. 

                                                   
1.  A. B. Pangborn, M. A. Giardello, R. H. Grubbs, R. K. Rosen, F. J. Timmers, Organometal. 1996, 15, 

1518-1520. 
2.   D. D. Perrin and W. L. Armarego, Purification of Laboratory Chemicals, 3rd Ed., Pergamon Press, 

Oxford. 1988. 
3.   (a) C. T. Clark, B. C. Milgram, K. A. Scheidt, Org. Lett. 2004, 6, 3977-3980.  (b) R. B. Lettan II, B. C. 

Milgram, C. T. Clark, K. A. Scheidt, Org. Synth. 2007. 84, 22.  
4.    Y. Huang, T. Iwama, V. H. Rawal, J. Am. Chem. Soc. 2000, 122, 7843. 
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General Procedure B for Synthesis of α-Hydroxypropargylsilanes 
 
To a flame-dried round bottom flask containing a magnetic stirring bar was added  
EtMgBr (3M solution in ether) and THF.  The alkyne was added slowly via syringe to the  
Grignard solution.  After stirring at room temperature for 1 h, the resulting solution was  
cooled to –78 °C and acylsilane in THF was added slowly over 5 minutes. Upon 
consumption of the acylsilane as determined by thin layer chromatography (10% ethyl 
acetate/hexanes), the mixture was quenched with saturated aqueous NH4Cl.  The mixture 
was diluted with diethyl ether and the resulting layers were separated. The aqueous layer 
was extracted with diethyl ether (3 X 30 mL).  The combined organic layers were dried 
over anhydrous Na2SO4, filtered and concentrated to provide the unpurified 
propargylsilane.  Purification by flash chromatography on silica gel (5% EtOAc/Hex) 
provided the title compounds. 
 
 

4-phenyl-2-(trimethylsilyl)but-3-yn-2-ol: Prepared according to general 
procedure A using phenylacetylene (5.7 mL, 51.6 mmol), diethylzinc (2M 
in toluene, 25.8 mL, 51.6 mmol), diimine ligand 21 (350 mg, 1.3 mmol), 

and acetyltrimethylsilane (3.0 g, 25.8 mmol) to afford 5.0 g (88%) as a yellow liquid.  
Analytical data:  IR (film) 3426, 3058, 2960, 1489, 1443, 1249, 1038, 842, 752, 687 cm-1; 
1H NMR (500 MHz, CDCl3) δ 7.39 (d, J = 4.0 Hz, 2H), 7.29 (m, 3H), 1.55 (s, 4H), 0.19 
(s, 6H); 13C NMR (125 MHz, CDCl3) δ 131.7, 128.4, 128.1, 123.6, 93.4, 86.5, 61.6, 25.7, 
–4.3. 

 
2-(dimethyl(phenyl)silyl)oct-3-yn-2-ol: Prepared according to 
general procedure B using 1-hexyne (0.65 mL, 5.6 mmol), ethyl 
Grignard (2M in THF, 2.8 mL, 5.6 mmol), and 1-

(dimethyl(phenyl)silyl)ethanone (500 mg, 2.8 mmol) to afford 550 mg (75%) as a yellow 
liquid.  Analytical data:  IR (film) 3436, 3050, 2951, 2869, 1428, 1250, 1107, 1057, 822, 
780, 694 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.65 (d, J = 6.6 Hz, 2H), 7.40  - 7.35 (m, 
3H), 2.23 (t, J = 7.0 Hz, 2H), 1.45 (m, 2H), 1.40 (m, 6H), 0.91 (t, J = 7.2 Hz, 3H), 0.43 
(s, 6H); 13C NMR (125 MHz, CDCl3) δ 135.6, 134.9, 129.7, 127.9, 87.6, 84.1, 61.3, 31.2, 
26.2, 22.1, 18.8, 13.8, –5.7, –5.9. 

 
2-(dimethyl(phenyl)silyl)-4-(trimethylsilyl)but-3-yn-2-ol: 

Prepared according to general procedure B using 
ethynyltrimethylsilane (0.79 mL, 5.6 mmol), ethyl Grignard (2M in 

THF, 2.8 mL, 5.6  mmol), and 1-(dimethyl(phenyl)silyl)ethanone (500 mg, 2.8 mmol) to 
afford 350 mg (45%) as a yellow liquid.  Analytical data:  IR (film) 3439, 3051, 2961, 
2150, 1409, 1250, 1111, 1046, 941, 837, 771, 698 cm-1; 1H NMR (500 MHz, CDCl3) 
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δ 7.65 (d, J = 6.8 Hz, 2H), 7.40 – 7.37 (m, 3H), 1.42 (m, 4H), 0.45 (s, 6H), 0.16 (s, 9H); 
13C NMR (125 MHz, CDCl3) δ 135.2, 135.0, 129.9, 127.9, 110.3, 91.3, 61.8, 25.6, 0.3, –
5.9, –6.0; 

 
 2-(dimethyl(phenyl)silyl)-5,5-dimethylhex-3-yn-2-ol: Prepared 
according to general procedure B using 3,3-dimethyl-1-butyne (460 
mg, 5.6 mmol), ethyl Grignard (2M in THF, 2.8 mL, 5.6 mmol), and 

1-(dimethyl(phenyl)silyl)ethanone (500 mg, 2.8 mmol) to afford 450 mg (62%) as a 
yellow liquid.  Analytical data:  IR (film) 3436, 3050, 2963, 1708, 1428, 1358, 1252, 
1100, 1045, 825, 779, 700 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.67 (d, J = 6.4 Hz, 2H), 
7.41 – 7.36 (m, 3H), 1.39 (s, 3H), 1.37 (s, 1H), 1.21 (s, 9H), 0.44 (s, 6H); 13C NMR (125 
MHz, CDCl3) δ 135.7, 134.9, 129.8, 127.9, 95.9, 82.6, 61.1, 31.4, 27.8, 26.1, –5.7, –5.9. 
 

7-(tert-butyldimethylsilyloxy)-2-
(dimethyl(phenyl)silyl)hept-3-yn-2-ol: Prepared according 
to general procedure B using TBS-protected 4-pentyn-1-ol 

(555 mg, 2.8 mmol), ethyl Grignard (2M in THF, 1.4 mL, 2.8 mmol),  and 1-
(dimethyl(phenyl)silyl)ethanone (250 mg, 1.4 mmol) to afford 360 mg (68%) as a yellow 
liquid.  Analytical data:  IR (film) 3443, 3050, 2943, 2858, 1439, 1252, 1103, 960, 829, 
778, 701 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.65 (d, J = 6.4 Hz, 2H), 7.39 – 7.37 (m, 
3H), 3.66 (t, J = 6.1 Hz, 2H), 2.32 (t, J = 7.1 Hz, 2H), 1.70 (triplet of triplets, J = 7.1, 6.1 
Hz, 2H), 1.41 (s, 4H), 0.91 (s, 9H), 0.44 (s, 6H), 0.06 (s, 6H); 13C NMR (125 MHz, 
CDCl3) δ 135.6, 134.9, 129.8, 127.9, 87.1, 84.3, 61.9, 61.3, 32.2, 26.3, 26.2, 18.6, 15.6, –
5.1, –5.7, –5.8. 
 
General Procedure for the Synthesis of Silyloxyallenes 
 
To a flame-dried round bottom flask containing α-hydroxypropargylsilane in THF at 0 ºC 
was added n-BuLi (1.6 M in hexanes, 0.05 equiv) dropwise via syringe.  Upon 
consumption of the propargylsilane and rearrangement to the allene as determined by thin 
layer chromatography (10% ethyl acetate/hexanes), the solution was concentrated in 
vacuo to provide the desired silyloxyallene which was used immediately in the addition 
to aldehydes.  No purification of the silyloxyallene was performed. 
 
General Procedure for Addition of Silyloxyallenes to Aldehydes 
 
To a 2-dram vial equipped with a magnetic stir bar and (salen)Cr(III)-SbF6 2  (0.1 equiv) 
was added aldehyde (1 equiv.).   The vial was cooled to 20 ºC and silyloxyallene (1.5 
equiv) dissolved in CH2Cl2 (250 µL) was added via syringe in one portion.  Upon 
consumption of aldehyde (24 – 40h) as determined by thin layer chromatography, the 
solution was concentrated in vacuo.  The resulting residue was dissolved in THF (5 mL) 
and treated with 1N HCl (1 mL).  After 5-30 minutes, the solution was diluted with water 
(10 mL) and ether (20 mL) and transferred to a separatory funnel. The aqueous layer was 
discarded and the ether layer was washed with saturated NaHCO3 (10 mL) and brine (10 
mL).  The resulting ether layer was dried over anhydrous Na2SO4, filtered, and 

Me

OH

PhMe2Si
tBu

Me

OH

PhMe2Si OTBS



Angew. Chem. Int. Ed. Supporting Information  page S5 

concentrated to provide the unpurified carbinol.  The product was purified by flash 
chromatography to afford the desired product. 

 
 (Z)-3-(hydroxy(phenyl)methyl)-4-phenylbut-3-en-2-one (3):  
Prepared according to general procedure using silyloxyallene 1 (75 
mg, 0.34 mmol), benzaldehyde (23 µL, 0.23 mmol) and 
(salen)Cr(III)-SbF6 2 (19 mg, 0.023 mmol) to afford 51 mg (88%) of 

3 after flash chromatography (15% EtOAc/hexanes) as a yellow oil.  Analytical data for 
3:  IR (film) 3426, 3028, 1678, 1485, 1438, 1359, 1189, 1070, 1026, 742, 694 cm-1; 1H 
NMR (500 MHz, CDCl3) δ 7.43 – 7.28 (m, 8H), 7.23 (m, 2H), 6.94 (s, 1H), 5.58 (d, J = 
5.3 Hz, 1H), 3.18 (d, J = 5.3 Hz, 1H), 1.80 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 208.2, 
145.1, 141.2, 135.7, 132.5, 128.9, 128.8, 128.7, 128.2, 126.7, 76.5, 31.8; LRMS 
(electrospray): Exact mass calcd for C17H16O2 [M-H]+, 251.11.  Found, 251.6. [a]D: +2.7 
(CH2Cl2, c = 1.0, ee = 85%).  Enantiomeric ratio was measured by chiral HPLC 
(Chiralcel OD-H, 5% IPA/Hexanes, Rt1 = 14.72, Rt2 = 16.78).  

 
 (Z)-3-(hydroxy(naphthalen-1-yl)methyl)-4-phenylbut-3-en-2-

one (4):  Prepared according to general procedure using 
silyloxyallene 1 (75 mg, 0.34 mmol), 1-naphthaldehyde (31 µL, 
0.23 mmol) and (salen)Cr(III)-SbF6 2 (19 mg, 0.023 mmol) to 
afford 58 mg (84%) of 4 after flash chromatography (15% 

EtOAc/hexanes) as a yellow oil.  Analytical data for 4:  IR (film) 3414, 3055, 2922, 
1678, 1492, 1355, 1197, 1066, 989, 861, 774, 694 cm-1; 1H NMR (500 MHz, CDCl3) 
δ 8.11 (d, J = 8.2 Hz, 1H), 7.88 (d, J = 7.9 Hz, 1H), 7.83 (d, J = 8.2 Hz, 1H), 7.75 (d, J = 
7.1 Hz, 1H), 7.54 – 7.49 (m, 3H), 7.29 (m, 3H), 7.16 (m, 2H), 6.73 (s, 1H), 6.39 (d, J = 
4.6 Hz, 1H), 3.05 (d, J = 4.9 Hz, 1H), 1.90 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 208.3, 
145.2, 136.5, 135.7, 134.0, 133.3, 130.9, 129.1, 129.0, 128.8, 128.7, 126.6, 126.0, 125.7, 
125.1, 123.9, 73.1, 31.6; LRMS (electrospray): Exact mass calcd for C21H18O2 
[2M+Na]+, 627.26.  Found, 627.1. [a]D: +45.3 (CH2Cl2, c = 1.0, ee = 91%).  
Enantiomeric ratio was measured by chiral HPLC (Chiralcel OD-H, 15% IPA/Hexanes, 
Rt1 = 8.42, Rt2 = 13.07).  
 

(Z)-3-((2-chlorophenyl)(hydroxy)methyl)-4-phenylbut-3-en-2-one 
(5):  Prepared according to general procedure using silyloxyallene 1 
(75 mg, 0.34 mmol), 2-chlorobenzaldehyde (26 µL, 0.23 mmol) and 
(salen)Cr(III)-SbF6 2 (19 mg, 0.023 mmol) to afford 65 mg (99%) of 5 
after flash chromatography (15% EtOAc/hexanes) as a yellow oil.  

Analytical data for 5:  IR (film) 3423, 3061, 2920, 1681, 1431, 1354, 1196, 1028, 755, 
700 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.64 (d, J = 7.7 Hz, 1H), 7.39 – 7.27 (m, 6H), 
7.20 (m, 2H), 6.79 (s, 1H), 5.88 (d, J = 5.1 Hz, 1H), 3.54 (d, J = 5.3 Hz, 1H), 1.89 (s, 
3H); 13C NMR (125 MHz, CDCl3) δ 208.4, 142.9, 138.3, 135.6, 134.5, 132.7, 129.8, 
129.3, 129.0, 128.9, 128.8, 127.4, 72.9, 31.4; LRMS (electrospray): Exact mass calcd for 
C17H15O2Cl [M-H]+, 285.07.  Found, 285.4. [a]D: +22.2 (CH2Cl2, c = 1.0, ee = 94%).  
Enantiomeric ratio was measured by chiral HPLC (Chiralcel OD-H, 5% IPA/Hexanes, 
Rt1 = 11.86, Rt2 = 12.41).  
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 (Z)-3-((2-bromophenyl)(hydroxy)methyl)-4-phenylbut-3-en-2-
one (6):  Prepared according to general procedure using 
silyloxyallene 1 (75 mg, 0.34 mmol), 2-bromobenzaldehyde (27 µL, 
0.23 mmol) and (salen)Cr(III)-SbF6 2 (19 mg, 0.023 mmol) to afford 

74 mg (98%) of 6 after flash chromatography (15% EtOAc/hexanes) as a yellow oil.  
Analytical data for 6:  IR (film) 3417, 3059, 1682, 1431, 1353, 1195, 1020, 752, 694 cm-

1; 1H NMR (500 MHz, CDCl3) δ 7.65 (d, J = 6.3 Hz, 1H), 7.57 (d, J = 6.8 Hz, 1H), 7.40 
(t, J = 7.0 Hz, 1H), 7.32 (m, 3H), 7.19 (m, 3H), 6.76 (s, 1H), 5.82 (bs, 1H), 3.49 (bs, 1H), 
1.91 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 208.7, 143.0, 139.8, 135.6, 134.8, 133.1, 
129.6, 129.1, 128.9, 128.8, 128.0, 122.9, 74.9, 31.3; LRMS (electrospray): Exact mass 
calcd for C17H15O2Br [2M+Na]+, 685.40.  Found, 684.9. [a]D: +32.1 (CH2Cl2, c = 1.0, ee 
= 91%).  Enantiomeric ratio was measured by chiral HPLC (Chiralcel OD-H, 5% 
IPA/Hexanes, Rt1 = 10.80, Rt2 = 12.52).  

 
 (Z)-3-((2-(tert-butyldimethylsilyloxy)phenyl)(hydroxy) methyl)-
4-phenylbut-3-en-2-one (7):  Prepared according to general 
procedure using silyloxyallene 1 (50 mg, 0.22 mmol), TBS-
protected salicylaldehyde (36 mg, 0.15 mmol) and (salen)Cr(III)-

SbF6 2 (12 mg, 0.015 mmol) to afford 46 mg (79%) of 7 after flash chromatography 
(15% EtOAc/hexanes) as a yellow oil.  Analytical data for 7:  IR (film) 3444, 3028, 2930, 
2858, 1681, 1582, 1477, 1361, 1257, 1195, 1099, 1024, 919, 833, 759, 700 cm-1; 1H 
NMR (500 MHz, CDCl3) δ 7.55 (m, 1H), 7.45-7.41 (m, 2H), 7.33-7.28 (m, 3H), 7.22-
7.20 (m, 3H), 7.10 (m, 1H), 6.69 (s, 1H), 5.92 (d, J = 5.5 Hz, 1H), 3.29 (d, J = 5.8 Hz, 
1H), 1.94 (s, 3H), 1.04 (s, 9H), 0.32 (s, 3H), 0.30 (s, 3H); 13C NMR (125 MHz, CDCl3) 
δ 207.9, 153.3, 145.0, 136.0, 134.7, 132.0, 131.0, 130.8, 129.2, 129.1, 128.3, 128.8, 
128.6, 127.4, 121.6, 118.5, 71.4, 26.1, 18.6; LRMS (electrospray): Exact mass calcd for 
C23H30O3Si [2M+Na]+, 787.40.  Found 787.7. [a]D: +35.0 (CH2Cl2, c = 1.0, ee = 86%).  
Enantiomeric ratio was measured by chiral HPLC (Chiralcel OD-H, 5% IPA/Hexanes, 
Rt1 = 4.81, Rt2 = 5.22).  

 
 (Z)-3-((4-chlorophenyl)(hydroxy)methyl)-4-phenylbut-3-en-2-
one (8):  Prepared according to general procedure using 
silyloxyallene 1 (75 mg, 0.34 mmol), 4-chlorobenzaldehyde (32 
mg, 0.23 mmol) and (salen)Cr(III)-SbF6 2 (19 mg, 0.023 mmol) 

to afford 64 mg (94%) of 8 after flash chromatography (15% EtOAc/hexanes) as a yellow 
oil.  Analytical data for 8:  IR (film) 3422, 3041, 2922, 1678, 1485, 1359, 1187, 1084, 
1026, 825, 754, 694 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.35 (m, 7H), 7.22 (m, 2H), 
6.93 (s, 1H), 5.53 (d, J = 5.3 Hz, 1H), 3.34 (d, J = 5.3 Hz, 1H), 1.82 (s, 3H); 13C NMR 
(125 MHz, CDCl3) δ 208.0, 144.6, 139.9, 135.5, 133.9, 133.4, 129.1, 129.0, 128.9, 128.1, 
75.9, 31.8; LRMS (electrospray): Exact mass calcd for C17H15O2Cl [M-H]+, 285.07.  
Found [M–H], 285.2. [a ]D: –6.5 (CH2Cl2, c = 1.0, ee = 88%).  Enantiomeric ratio was 
measured by chiral HPLC (Chiralcel OD-H, 5% IPA/Hexanes, Rt1 = 54.11, Rt2 = 58.15).  
 

Me

O

Ph

OH

Br

Me

O

Ph

OH OTBS

Me

O

Ph

OH

Cl



Angew. Chem. Int. Ed. Supporting Information  page S7 

 
 
(Z)-3-(hydroxy(p-tolyl)methyl)-4-phenylbut-3-en-2-one (9):  
Prepared according to general procedure using silyloxyallene 1 
(75 mg, 0.34 mmol), 4-methylbenzaldehyde (27 µL, 0.23 mmol) 
and (salen)Cr(III)-SbF6 2 (19 mg, 0.023 mmol) to afford 45 mg 

(74%) of 9 after flash chromatography (15% EtOAc/hexanes) as a yellow oil.  Analytical 
data for 9:  IR (film) 3426, 3021, 2921, 1678, 1493, 1408, 1359, 1187, 1030, 821, 760, 
694 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.34 – 7.29 (m, 5H), 7.23 (d, J = 7.1 Hz, 2H), 
7.17 (d, J = 7.7 Hz, 2H), 6.93 (s, 1H), 5.55 (d, J = 5.3 Hz, 1H), 3.01 (d, J = 5.5 Hz, 1H), 
2.34 (s, 3H), 1.81 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 208.2, 145.3, 138.2, 137.9, 
135.8, 132.2, 129.5, 128.9, 128.8, 126.6, 76.3, 31.8, 21.4; LRMS (electrospray): Exact 
mass calcd for C18H18O2 [M-OH]+, 249.13.  Found, 249.3. [a ]D: +18.7 (CH2Cl2, c = 1.0, 
ee = 84%).  Enantiomeric ratio was measured by chiral HPLC (Chiralcel OD-H, 5% 
IPA/Hexanes, Rt1 = 45.99, Rt2 = 50.19).  
 

 
 (Z)-3-benzylidene-4-hydroxy-6-phenylhexan-2-one (10):  
Prepared according to general procedure using silyloxyallene 1 (75 
mg, 0.34 mmol), hydrocinnamaldehyde (30 µL, 0.23 mmol) and 
(salen)Cr(III)-SbF6 2 (19 mg, 0.023 mmol) to afford 65 mg (95%) 

of 10 after flash chromatography (15% EtOAc/hexanes) as a yellow oil.  Analytical data 
for 10:  IR (film) 3426, 3026, 2923, 1680, 1489, 1354, 1198, 1062, 750, 694 cm-1; 1H 
NMR (500 MHz, CDCl3) δ 7.35 – 7.28 (m, 5H), 7.23 – 7.19 (m, 5H), 6.91 (s, 1H), 4.40 
(q, J = 6.4 Hz, 1H), 2.84 (m, 1H), 2.73 (m, 1H), 2.59 (d, J = 6.2 Hz, 1H), 2.02 (m, 5H); 
13C NMR (125 MHz, CDCl3) δ 208.2, 145.3, 141.7, 135.7, 132.5, 128.9, 128.8, 128.7, 
128.6, 126.2, 74.7, 38.0, 32.4, 31.8; LRMS (electrospray): Exact mass calcd for C19H20O2 
[M-H]+, 279.15.  Found, 279.1. [a]D: +13.1 (CH2Cl2, c = 1.0, ee = 61%).  Enantiomeric 
ratio was measured by chiral HPLC (Chiralcel OD-H, 10% IPA/Hexanes, Rt1 = 9.52, Rt2 
= 12.55).  
 

 
 (Z)-3-(cyclohexyl(hydroxy)methyl)-4-phenylbut-3-en-2-one (11):  
Prepared according to general procedure using silyloxyallene 1 (75 
mg, 0.34 mmol), cyclohexanecarboxaldehyde (28 µL, 0.23 mmol) and 
(salen)Cr(III)-SbF6 2 (19 mg, 0.023 mmol) to afford 33 mg (57%) of 

11 after flash chromatography (15% EtOAc/hexanes) as a yellow oil.  Analytical data for 
11:  IR (film) 3438, 2925, 2851, 1678, 1439, 1352, 1195, 1099, 1018, 754, 694 cm-1; 1H 
NMR (500 MHz, CDCl3) δ 7.34 (m, 3H), 7.22 (m, 2H), 6.85 (s, 1H), 4.01 (t, J = 7.3 Hz, 
1H), 2.58 (d, J = 6.8 Hz, 1H), 2.02 (m, 4H), 1.80 – 1.63 (m, 4H), 1.53 (m, 1H), 1.25 (m, 
3H), 1.02 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 208.4, 144.4, 135.8, 133.6, 128.8, 
128.7, 128.6, 81.1, 42.5, 31.9, 30.4, 28.9, 26.6, 26.2, 26.1; LRMS (electrospray): Exact 
mass calcd for C17H22O2 [M-H]+, 257.16.  Found, 257.0. [a]D: +8.5 (CH2Cl2, c = 1.0, ee = 
34%).  Enantiomeric ratio was measured by chiral HPLC (Chiralcel OD-H, 5% 
IPA/Hexanes, Rt1 = 7.68, Rt2 = 8.19).  
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 (Z)-3-((2-chlorophenyl)(hydroxy)methyl)oct-3-en-2-one (12):  
Prepared according to general procedure using silyloxyallene 
prepared from 2-(dimethyl(phenyl)silyl)oct-3-yn-2-ol (75 mg, 0.29 
mmol), 2-chlorobenzaldeyde (22 µL, 0.19 mmol) and (salen)Cr(III)-

SbF6 2 (16 mg, 0.02 mmol) to afford 50 mg (98%) of 12 after flash chromatography 
(15% EtOAc/hexanes) as a yellow oil.  Analytical data for 12:  IR (film) 3407, 2942, 
2927, 2865, 1681, 1450, 1370, 1195, 1022, 751 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.55 
(d, J = 7.7 Hz, 1H), 7.36 – 7.30 (m, 2H), 7.25 (d, J = 7.8 Hz, 1H), 5.81 (d, J = 5.1 Hz, 
1H), 5.72 (t, J = 7.7 Hz, 1H), 3.09 (d, J = 5.3 Hz, 1H), 2.31 – 2.24 (m, 5H), 1.39 – 1.28 
(m, 4H), 0.88 (t, J = 7.1 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 204.7, 141.4, 139.5, 
139.0, 132.7, 129.7, 129.1, 128.3, 127.2, 72.2, 31.6, 31.5, 29.5, 22.5, 14.0; LRMS 
(electrospray): Exact mass calcd for C15H19O2Cl [M–H]+, 265.11.  Found, 265.5. [a ]D: –
8.2 (CH2Cl2, c = 1.0, ee = 80%).  Enantiomeric ratio was measured by chiral HPLC 
(Chiralcel OD-H, 5% IPA/Hexanes, Rt1 = 7.92, Rt2 = 10.98).  
 

 
 (Z)-3-((2-chlorophenyl)(hydroxy)methyl)-4-(trimethylsilyl)but-3-
en-2-one (13):  Prepared according to general procedure using 
silyloxyallene prepared from 2-(dimethyl(phenyl)silyl)-4-
(trimethylsilyl)but-3-yn-2-ol (75 mg, 0.27 mmol), 2-

chlorobenzaldeyde (18 µL, 0.18 mmol) and (salen)Cr(III)-SbF6 1 (15 mg, 0.018 mmol) to 
afford 46 mg (90%) of 13 after flash chromatography (15% EtOAc/hexanes) as a yellow 
oil.  Analytical data for 13:  IR (film) 3400, 2953, 1686, 1585, 1425, 1358, 1245, 1180, 
1024, 840, 752 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.39 (m, 2H), 7.30 – 7.27 (m, 2H), 
6.05 (s, 1H), 5.98 (d, J = 4.8 Hz, 1H), 2.46 (d, J = 5.1 Hz, 1H), 2.23 (s, 3H), 0.12 (s, 9H); 
13C NMR (125 MHz, CDCl3) δ 202.3, 155.2, 139.9, 138.6, 133.4, 130.0, 129.7, 128.7, 
127.6, 72.1, 29.4, –0.3; LRMS (electrospray): Exact mass calcd for C14H19O2SiCl [M–
OH]+, 265.08.  Found, 265.3. [a]D: +37.2 (CH2Cl2, c = 1.0, ee = 90%).  Enantiomeric 
ratio was measured by chiral HPLC (Chiralcel OD-H, 5% IPA/Hexanes, Rt1 = 7.66, Rt2 = 
12.35). 
 

 (Z)-3-((2-chlorophenyl)(hydroxy)methyl)-5,5-dimethylhex-3-en-
2-one (14):  Prepared according to general procedure using 
silyloxyallene prepared from 2-(dimethyl(phenyl)silyl)-5,5-
dimethylhex-3-yn-2-ol (75 mg, 0.27 mmol), 2-chlorobenzaldeyde (22 

µL, 0.19 mmol) and (salen)Cr(III)-SbF6 2 (16 mg, 0.019 mmol) to afford 51 mg (99%) of 
14 after flash chromatography (15% EtOAc/hexanes) as a yellow oil.  Analytical data for 
14:  IR (film) 3417, 2955, 1690, 1456, 1362, 1258, 1180, 1031, 822, 748 cm-1; 1H NMR 
(500 MHz, CDCl3) δ 7.53 (d, J = 7.7 Hz, 1H), 7.36 (d, J= 7.8 Hz, 1H), 7.31 (t, J = 7.4 H, 
1H), 7.26 (m, 1H), 5.62 (d, J = 4.8 Hz, 1H), 5.41 (s, 1H), 2.66 (d, J = 4.8 Hz, 1H), 2.15 
(s, 3H), 1.06 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 208.3, 141.9, 139.4, 138.4, 132.7, 
129.8, 129.3, 128.1, 127.3, 73.4, 33.6, 33.1, 30.3; LRMS (electrospray): Exact mass calcd 
for C15H19O2Cl [M–OH]+, 249.11.  Found, 249.4. [a]D: –14.0 (CH2Cl2, c = 1.0, ee = 
90%).  Enantiomeric ratio was measured by chiral HPLC (Chiralcel OD-H, 5% 
IPA/Hexanes, Rt1 = 7.66, Rt2 = 8.54). 

Me

O

nBu

OH

Cl

Me

O

TMS

OH

Cl

Me

O

tBu

OH

Cl



Angew. Chem. Int. Ed. Supporting Information  page S9 

 
 
 

 
 (Z)-3-((2-chlorophenyl)(hydroxy)methyl)-7-hydroxyhept-3-en-2-

one (15):  Prepared according to general procedure using 
silyloxyallene prepared from 7-(tert-butyldimethylsilyloxy)-2-
(dimethyl(phenyl)silyl)hept-3-yn-2-ol (75 mg, 0.199 mmol), 2-
chlorobenzaldeyde (15 µL, 0.133 mmol) and (salen)Cr(III)-SbF6 2 
(11 mg, 0.013 mmol) to afford 33 mg (92%) of 15 after flash 
chromatography (50% EtOAc/hexanes) as a yellow oil.  Analytical 

data for 15:  IR (film) 3363, 2926, 2870, 1683, 1431, 1370, 1192, 1023, 753 cm-1; 1H 
NMR (500 MHz, CDCl3) δ 7.53 (d, J = 7.7 Hz, 1H), 7.37–7.31 (m, 2H), 7.28 (m, 1H), 
5.88 (d, J = 4.8 Hz, 1H), 5.63 (t, J = 8.1 Hz, 1H), 3.60 (m, 2H), 2.86 (d, J = 5.3, 1H), 2.36 
– 2.33 (m, 6H), 1.66 – 1.61 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 205.0, 142.9, 138.9, 
138.2, 132.7, 129.8, 129.4, 128.4, 127.4, 71.5, 61.4, 31.4, 30.7, 25.8; LRMS 
(electrospray): Exact mass calcd for C14H17O3Cl [M–H]+, 267.09.  Found, 267.3. [a ]D: –
15.6 (CH2Cl2, c = 1.0, ee = 87%).  Enantiomeric ratio was measured by chiral HPLC 
(Chiralcel OD-H, 10% IPA/Hexanes, Rt1 = 11.37, Rt2 = 15.67). 
 
For analytical data for 16, see reference.5 
 
Synthesis of Indanone 196 

 
2-ethanoyl-2-methyl-3-phenyl-2,3-dihydro-1H-inden-1-one (19). 
To a 2-5 mL microwave vial equipped with a magnetic stir bar was 
dissolved 6 (200 mg, 0.6 mmol), (PPh3)2PdCl2 (2 mg, 0.003 mmol), 
and Cy2MeN (0.26 mL, 1.2 mmoL) in DMF (3 mL).  The solution was 
heated in a microwave at 160 ºC for 10 minutes.  The solvent was 

removed and the residue was dissolved in EtOAc (10 mL).  This solution was washed 
with 1N HCl (10 mL) and brine (10 mL), dried over anhydrous Na2SO4, filtered, and 
concentrated in vacuo.  The resulting residue was dissolved in DMF (2 mL) and treated 
with MeI (41 µL, 0.66 mmol) and K2CO3 (91 mg, 0.66 mmol).  After 1 h, the reaction 
was quenched with aqueous NH4Cl, diluted with ether (10 mL), and transferred to a 
separatory funnel.  The layers were separated and the aqueous layer was extracted with 
ether (2 X 5mL).  The combined organic layers were dried over anhydrous Na2SO4, 
filtered, and concentrated in vacuo.  The indanone was purified by flash chromatography 
(10% EtOAc/Hex) to afford 80 mg (56%) of 19.  Analytical data for 19: IR (film) 3030, 
2973, 2929, 1712, 1597, 1455, 1354, 1219, 1153, 1087, 959, 759, 702 cm-1; 1H NMR 
(500 MHz, CDCl3) δ 7.92 (d, J = 7.8 Hz, 1H), 7.69 (t, J = 7.4 Hz, 1H), 7.54 (t, J = 7.3 
Hz, 1H), 7.41 (d, J = 7.8 Hz, 1H), 7.33-7.28 (m, 3H), 7.10 (m, 2H), 4.55 (s, 1H), 1.68 (s, 
3H), 1.55 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 206.7, 205.9, 154.2, 138.4, 136.7, 
135.7, 129.5, 129.0, 128.9, 128.1, 127.3, 124.6, 68.8, 58.0, 29.5, 21.6; LRMS 

                                                   
5 T. E. Reynolds, A. R. Bharadwaj, K. A. Scheidt, J. Am. Chem. Soc. 2006, 128, 15382-15383. 
6 A. Puschl, H. C. Rudbeck, A. Faldt, A. Confante, J. Kehler, Synthesis 2005, 291-295. 
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(electrospray): Exact mass calcd for C18H16O2 [2M+Na]+, 551.24.  Found, 551.5. ee = 
70%; Enantiomeric ratio was measured by chiral HPLC (Chiralcel AD-H, 1% 
IPA/Hexanes, Rt1 = 28.45, Rt2 = 32.43).  The relative stereochemistry was determined by 
NOE observed between the benzylic hydrogen and methyl group. 
 

OMeOC

Me
H

Ph

NOE  
 
Synthesis of Chromene 20 
 
 

1-(2-phenyl-2H-chromen-3-yl)ethanone (20). To a 2-dram vial 
equipped with a magnetic stir bar and 7  (25 mg, 0.065 mmol) in 
THF at 0 ºC was added TBAF (1M in THF, 0.065 mmol). Upon 
consumption of deprotected 7 (24h) as determined by thin layer 
chromatography, aqueous NH4Cl was added to the reaction.  The 

mixture was diluted with ether and transferred to a separatory funnel. The layers were 
separated and the aqueous layer was extracted with ether (3 X 10 mL). The combined 
ether layers were dried over anhydrous Na2SO4, filtered, and concentrated to provide the 
unpurified chromene.  The product was purified by flash chromatography (10% 
EtOAc/Hex) to afford 10 mg (61%) of 20.  Analytical data for 20: IR (film) 3047, 1651, 
1616, 1445, 1373, 1253, 1207, 1058, 753, 686 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.54 
(s, 1H), 7.35 (m, 2H), 7.28- 7.22 (m, 5H), 6.94 (t, J = 7.3 Hz, 1H), 6.86 (d, J = 7.8 Hz, 
1H), 6.44 (s, 1H), 2.46 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 196.1, 154.4, 139.6, 
133.9, 133.1, 132.9, 129.4, 127.2, 121.8, 120.5, 99.9, 74.8, 25.6; LRMS (electrospray): 
Exact mass calcd for C17H14O2 [M-C2H3O+Na]+, 230.30.  Found [M–H], 230.3. ee = 
68%; Enantiomeric ratio was measured by chiral HPLC (Chiralcel OD-H, 1.2% 
IPA/Hexanes, Rt1 = 17.56, Rt2 = 19.11). 
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Selected NMR Spectra 
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HPLC Traces 
 
Racemic 3 
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Enantioenriched 3 
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Racemic 4 
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Enantioenriched 4 
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Racemic 5 
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Enantioenriched 5 
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Racemic 6 
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Enatioenriched 6 
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Racemic 7 
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Enantioenriched 7 
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Racemic 8 

 
 
 



Angew. Chem. Int. Ed. Supporting Information  page S42 

Enantioenriched 8 
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Racemic 9 
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Enantioenriched 9 
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Racemic 10 
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Enantioenriched 10 
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Racemic 11 
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Enantioenriched 11 
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Racemic 12 
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Enantioenriched 12 
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Racemic 13 
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Enantioenriched 13 
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Racemic 14 
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Enantioenriched 14 
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Racemic 15 
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Enantioenriched 15 
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Racemic 16 
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Enantioenriched 16 
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Racemic 19 
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Enantioenriched 19 
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Racemic 20 
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Enantioenriched 20 
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Racemic 1 
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Kinetic Resolution Study 
Experiment 1 
Followed the general procedure using silyloxyallene 1 (100 mg, 0.46 mmol), 2-
chlorobenzaldehyde (26 µL, 0.23 mmol) and (salen)Cr(III)-SbF6 2 (19 mg, 0.023 mmol).  
After consumption of the aldehyde as monitored by TLC (40 h), the mixture was filtered 
through a plug of silica gel and washed with pentane.  The solution was concentrated in 
vacuo.  The resulting residue was then analyzed by HPLC with a Chiralcel-OD column.  
The remaining silyloxyallene 1 was racemic. 
 

 



Angew. Chem. Int. Ed. Supporting Information  page S65 

 
Experiment 2 
Followed the general procedure using silyloxyallene 1 (50 mg, 0.23 mmol), 2-
chlorobenzaldehyde (26 µL, 0.23 mmol) and (salen)Cr(III)-SbF6 2 (19 mg, 0.023 mmol).  
After approximately half of the aldehyde was consumed as monitored by TLC (18 h), the 
mixture was filtered through a plug of silica gel and washed with pentane.  The solution 
was concentrated in vacuo.  The resulting residue was then analyzed by HPLC with a 
Chiralcel-OD column.  The remaining silyloxyallene 1 was racemic. 
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Cr(III)-Catalyzed Competition Experiment  
 
To a 2-dram vial equipped with a magnetic stir bar and (salen)Cr(III)- SbF6 2  (19 mg, 
0.023 mmol) was added benzaldehyde (23 µL, 0.23 mmol).   The vial was cooled to –20 
ºC and silyloxyallene 1 (50 mg, 0.23 mmol) and silyl enol ether 17 (30 mg, 0.23 mmol) 
dissolved in CH2Cl2 (250 µL) were added via syringe in one portion. The resulting 
solution was stirred at –20 °C until the aldehyde was completely consumed (12 h) as 
determined by thin layer chromatography (20% ethyl acetate/hexanes).  The solution was 
concentrated and the resulting residue was analyzed by 500 MHz 1H NMR spectroscopy.  
Only product from the addition of silyloxyallene 1 to benzaldehyde was observed.  No 
product derived from the enol silane 17 was witnessed.  The residue was then dissolved 
in THF (5 mL) and treated briefly with 1N HCl (1 mL).  After 5 minutes, the solution 
was diluted with water (10 mL) and ether (20 mL) and transferred to a separatory funnel. 
The aqueous layer was discarded and the ether layer was washed with saturated NaHCO3 
(10 mL) and brine (10 mL), dried over anhydrous Na2SO4, filtered, and concentrated to 
provide the unpurified reaction mixture.  Analysis by 500 MHz 1H NMR spectroscopy 
revealed 3 as the lone product.  Purification by flash chromatography (15% 
EtOAc/hexanes) afforded 46 mg of 3 (79%) as a yellow oil. 
 
Sc(OTf)3-Catalyzed Competition Experiment  
 
To a flame-dried 10 mL round bottom flask equipped with a magnetic stir bar was 
dissolved silyloxyallene 1 (50 mg, 0.23 mmol) and silyl enol ether 17 (30 mg, 0.23 
mmol) in CH2Cl2 (2 mL).  Benzaldehyde (23 µL, 0.23 mmol) was added and the flask 
was cooled to –78 ºC.  After stirring for 10 minutes, Sc(OTf)3 (11 mg, 0.023 mmol) was 
added. The resulting solution was stirred at –78 °C until the aldehyde was completely 
consumed (15 min) as determined by thin layer chromatography (20% ethyl 
acetate/hexanes).  After consumption of the aldehyde, the reaction mixture was then 
filtered through a plug of silica gel with ether (40 mL).  The ether solution was 
concentrated giving the unpurified silyl protected products, which were dissolved in THF 
(5 mL) and treated with briefly (5 min) with 1N HCl (1mL).  This solution was diluted 
with ether (20 mL) and water (10 mL) and poured into a separatory funnel.  The aqueous 
layer was discarded and the ether layer was washed with saturated NaHCO3 (10 mL) and 
brine (10 mL).  The resulting ether layer was dried over anhydrous Na2SO4, filtered, and 
concentrated in vacuo to provide the unpurified carbinols.  The NMR spectrum of the 
unpurified residue revealed a ratio of 1.5 to 1 favoring the aldol product derived from 
enol silane 17. 
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Procedure for Synthesis and Isolation of Hetero-ene Product 

 
(Z)-2-benzylidene-1-(2-chlorophenyl)-3-(trimethylsilyloxy)but-3-

en-1-ol:  To a 2-dram vial equipped with a magnetic stir bar and 
(salen)Cr(III)-SbF6 2  (19 mg, 0.023 mmol) was added 2-
chlorobenzaldehyde (26 µL, 0.23 mmol).   The vial was cooled to –20 

ºC and silyloxyallene (75 mg, 0.34 mmol) dissolved in CH2Cl2 (250 µL) was added via 
syringe in one portion.  Upon consumption of 2-chlorobenzaldehyde (12h) as determined 
by thin layer chromatography, the solution was concentrated in vacuo.  The resulting 
residue was purified by flash chromatography on deactivated silica (15% 
EtOAc/hexanes) to afford a mixture of the hetero-ene-product (15 mg, 18% yield) and 
hydrolyzed product 5 (45 mg, 69% yield).  Analytical data for hetero-ene-product: 1H 
NMR (500 MHz, CDCl3) δ  7.40 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 7.8 Hz, 1H), 7.30-7.22 
(m, 7H), 6.54 (s, 1H), 5.81 (d, J = 4.6 Hz, 1H), 4.19 (s, 1H), 4.11 (s, 1H), 2.80 (d, J = 4.8 
Hz, 1H), 0.16 (s, 9H); 13C NMR (125 MHz, CDCl3) δ  153.7, 139.4, 139.3, 137.0, 133.3, 
130.3, 129.6, 129.2, 129.0, 128.7, 128.1, 127.5, 127.0, 95.3, 73.8, 0.1. The relative 
stereochemistry was determined by NOE observed between the vinylic hydrogen and 
benzylic hydrogen. 
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ORTEP and Determination of Absolute Configuration 
 
For the absolute configuration determination, see the X-ray analysis of 4-bromobenzoyl-
protected 8. 
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X-ray diffraction was performed at –120 °C and raw frame data were processed using 
SAINT.  Molecular structure was solved using direct methods and refined by F2 by full- 
matrix least-squares techniques.  The GOF = 1.04 for 334 variables refined to R1 = 
0.0574 for 19743 reflections with I>2α(I).  Further information is contained in the CCDC 
file 631929. 
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QuickTime™ and a
None decompressor

are needed to see this picture.

  
 
  


