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I. General Experimental Considerations 

1H NMR and 13C NMR spectra were recorded at ambient temperature at 400 or 

500 MHz and 100 or 125 MHz, respectively, using a Bruker DRX 400 or DRX 500 

spectrometer.  Chemical shift data are reported in ppm downfield from tetramethylsilane 

and are referenced to the proton or carbon peaks for this standard.  NMR resonance 

multiplicities are reported with the following abbreviations: br = broad, s = singlet, d = 

doublet, t = triplet, q = quartet, and m = multiplet, and coupling constants are reported in 

Hz.  Infrared (IR) spectra were obtained using a MIDAC Prospect FT-IR spectrometer, a 

Perkin-Elmer Paragon 1000PC FT-IR, or a React-IR AS-1000 spectrometer.  High 

resolution mass spectra were acquired on a VG Analytical 7070E, Fisons Autospec, or 

Waters LCT Premier spectrometer, and were obtained by peak matching.  Microanalyses 

were performed by Atlantic Microlab Inc, Norcross, GA.  Analytical gas-liquid 
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chromatography (GC) analyses were performed on an Agilent 6850 series 

chromatograph, equipped with an Agilent 6850 auto-sampler and a flame-ionization 

detector.  A fused silica capillary column (30 m x 0.32 mm x 0.25 µm) wall-coated with 

DB-1 (J & W Scientific) was used with helium as the carrier gas (25 psi column head 

pressure).  Method of chromatography is as follows: Start temperature = 50 °C; ramp = 

10 °C/min; final temperature = 250 °C.  Reported melting points are uncorrected.  Liquid 

chromatography was performed using forced flow (flash chromatography) of the 

indicated solvent system on silica gel (SiO2) 60 (230–400 mesh).  All reactions were 

performed under nitrogen atmosphere in dry glassware.  Glassware was dried in one of 

the following methods: oven-dried for at least eight hours at 150 °C, or flame-dried under 

dynamic vacuum, or flame-dried under a stream of nitrogen.  Unless otherwise noted, all 

reagents were obtained from commercial suppliers and, where appropriate, purified prior 

to use.  Acetal 1,1 lactone S1,2 lactol S2,1 enoxy silane 8,3,4 and silyl-ketene acetals 9,4,5 

10,4,6 and 114,7 were prepared by reported methods.  THF, Et2O, and CH2Cl2 were dried by 

filtration through alumina according to the procedure of Grubbs.8 

 

II. Substrate Preparation 
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 C3 t-Bu Acetal 12.  To a cooled (–78 °C) solution of lactone S12 (1.00 g, 6.40) in 

CH2Cl2 (90 mL) was added diisobutylaluminum hydride (4.48 mL of a 1.5 M solution in 

toluene, 6.72 mmol) over 40 minutes.  After stirring at –78 °C for 3 h, acetic anhydride 
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(2.66 mL, 28.2 mmol) and pyridine (1.81 mL, 22.4 mmol) were added to the reaction 

mixture dropwise followed by dimethylaminopyridine (0.820 g, 6.72 mmol) in one 

portion.  The reaction mixture was allowed to slowly warm to room temperature and stir 

overnight.  After this time, saturated aqueous ammonium chloride (50 mL) and methyl 

tert-butyl ether (300 mL) were added to the reaction mixture.  The resulting emulsion 

was filtered through Celite and the layers were separated.  The organic layer was washed 

with saturated aqueous Na2HPO4 (2 x 40 mL), saturated aqueous NaH2PO4 (2 x 40 mL) 

and saturated aqueous CuSO4 (2 x 40 mL).  The organic layer was dried over Na2SO4, 

filtered, and concentrated by rotary evaporation to yield a clear yellow oil (3.40 g).  The 

residue was purified by flash chromatography (80:20 hexane/EtOAc) to afford 12 as a 

clear colorless oil (0.857 g, 67%): 1H NMR (400 MHz, CDCl3) δ 5.59 (dd, J = 9.5, 2.5, 

1.0H), 4.09 (ddd, J = 11.6, 4.4, 1.7, 1.0H), 3.55 (dt, J = 11.6, 2.5, 1.1H), 2.11 (s, 3.1H), 

1.85 (m, 1.0H), 1.54 (m, 1.1H), 1.40–1.23 (m, 3.4H), 0.87 (s, 9.5H); 13C NMR (125 MHz, 

CDCl3) δ 169.6, 121.5, 95.3, 66.6, 44.4, 32.2, 31.8, 27.2, 26.2, 21.3; IR (thin film) 1754, 

1232, 1060 cm-1; HRMS (TOF MS ES+) m / z calcd for C11H20O3Na (M + Na)+ 223.1310, 

found 223.1304. Anal. Calcd for C11H20O3: C, 65.97; H, 10.07.  Found: C, 65.69; H, 

10.23. 
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Pivaloate Acetal 17.  To a cooled (0 °C) solution of dimethylaminopyridine 

(DMAP, 0.368 g, 3.01 mmol), triethylamine (4.2 mL, 30 mmol), 4-

benzyloxytetrahydropyran-1-ol1 (S2, 1.57 g, 7.53 mmol) in CH2Cl2 (35 mL) was added 
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pivaloyl chloride (1.5 mL, 11 mmol) dropwise by syringe.  The reaction mixture was then 

warmed to room temperature and stirred for 2 h.  After this time, the reaction mixture was 

poured onto 160 mL of a saturated aqueous ammonium chloride solution.  The layers 

were separated, and the aqueous phase was extracted with CH2Cl2 (4 x 200 mL).  The 

combined organic extracts were dried (MgSO4), filtered, and concentrated by rotary 

evaporation to yield a colorless oil, which formed white crystals of 17 (4.2 g) upon 

standing.  The crystals were washed with pentane (2 x 10 mL), then further purified by 

flash chromatography (95:5  90:10 hexane/EtOAc) to afford 17 (as a 1: 1.5 mixture of 

anomers) as a white solid (1.6 g, 74%): mp 51–58 °C  1H NMR (500 MHz, CDCl3) δ 

7.39–7.29 (m, 13.2H), 6.05 (t, J = 2.9, 1H), 6.00 (br, 1.5H), 4.60 (m, 5.2H), 3.93 (dd, J = 

12.4, 2.4, 1H), 3.87–3.78 (m, 2.6H), 3.68–3.56 (m, 4.2H), 2.22 (m, 1H), 2.06–1.97 (m, 

2.7H), 1.94–1.89 (m, 5.7H), 1.64–1.59 (m, 2.3H), 1.25 (s, 22.6H); 13C NMR (125 MHz, 

CDCl3) δ 138.4, 138.3, 128.6, 128.5, 127.9, 127.74, 127.71, 127.66, 92.0, 90.6, 72.0, 

70.9, 70.5, 70.4, 64.5, 64.1, 39.15, 39.13, 27.7, 27.1, 24.9, 24.4, 22.7; IR (thin film) 1736, 

1155, 1128, 1097, 1027 cm-1; HRMS (TOF MS ES+) m / z calcd for C15H20O2Na (M + 

Na)+ 315.1572, found 315.1566. Anal. Calcd for C17H24O4: C, 69.84; H, 8.27.  Found: C, 

69.50; H, 8.24. 

 

III. Nucleophilic Substitution 

General Procedure for Nucleophilic Substitution Reactions of Acetal 1 and 

12:  To a cooled (–78 °C) 0.1 M solution of acetal 1 (0.40–0.61 mmol, 1.0 equiv) and 

nucleophile (2.0–4.0 equiv) in CH2Cl2 was added the Lewis acid (1.4–1.6 equiv) 

dropwise.  After stirring at –78 °C for 1–5 min, the reaction mixture was maintained at –
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45 °C for 1–2 h.  A saturated aqueous solution of NaHCO3 (4.0 mL) was added and the 

solution was warmed to 22 °C.  The resulting biphasic mixture was diluted with CH2Cl2 

(2 mL) and H2O (2 mL) and the layers were separated.  The aqueous layer was extracted 

with CH2Cl2 (3 x 2 mL) and the combined organic layers were dried over Na2SO4, 

filtered, and concentrated in vacuo.  Diastereomeric ratios were determined by GC and 

confirmed by GC/MS and 1H NMR spectroscopy.  Reported yields refer to purified 

material, and examples with each nucleophile are described in the text; those tables are 

reproduced here (Table 1 and Table 2). 

 

Table 1. Nucleophile Screen with Me3SiOTf. 
O

BnO

OAc Nu—SiMe3
Me3SiOTf

CH2Cl2
–78 °C to –45 °C

O

BnO

Nu O

BnO

Nu
+

trans-(2–6)

4 1 4 1 4 1

OSiMe3

OPh

OSiMe3

OMe

9 10

1 cis-(2–6)

OSiMe3

Ph

OSiMe3

On-Bu

7 8 11

Nu—SiMe3 =

Me

Me
SiMe3

 
entry Nu–SiMe3 Na product cis:transb,c yield (%)d 

1 7 1.8 2 6:94 96 
2 8 6.2 3 10:90 95 
3 9 8.2 4 71:29 83 
4 10 9.0 5 85:15 93 
5 11 10.2 6 89:11 96 

a N = nucleophilicity parameter; see ref 9. b Determined by GC and 1H 
NMR spectra the unpurified reaction mixtures. c Diastereoselectivities 
were independent of starting anomer ratio. d Isolated yield. 

 

Table 2. Nucleophile screen with BF3•OEt2. 
O

BnO

OAc Nu—SiMe3
BF3•OEt2

CH2Cl2
–78 °C to –45 °C

O

BnO

Nu O

BnO

Nu
+

trans-(2–6)

4 1 4 1 4 1

1 cis-(2–6)  
entry Nu–SiMe3 Na product cis:transb,c yield (%)d 

1 7 1.8 2 8:92 82 
2 8 6.2 3 8:92 87 
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3 9 8.2 4 50:50 88 
4 10 9.0 5 58:42 80 
5 11 10.2 6 60:40 86 

a N = nucleophilicity parameter; see ref 9. b Determined by GC and 1H 
NMR spectra of the unpurified reaction mixtures. c Diastereoselectivities 
were independent of starting anomer ratio. d Isolated yield. 
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Allyl tetrahydropyran 2: (Table 1, Entry 1 and Table 2, Entry 1).1  The 

standard procedure for nucleophilic substitution was followed with acetal 1 (1.0 equiv), 

allyltrimethylsilane (4.0 equiv), and Lewis acid (BF3•OEt2 or Me3SiOTf; 1.6 equiv in 

each case).  Purification by flash chromatography (97.5:2.5 hexanes/EtOAc) afforded the 

product as a colorless, clear oil.  Product yields and diastereoselectivities are reported in 

Table 1 and Table 2.  The major isomer trans-2 was isolated as a pure sample.  

Characterization data (1H NMR, 13C NMR) matches reported values.1 

trans-2.  1H NMR (500 MHz, CDCl3) δ 7.35–7.24 (m, 5H), 5.80 (ddt, J = 17.2, 

10.2, 7.0, 1H), 5.10–5.01 (m, 2H), 4.58 (d, J = 11.9, 1H), 4.52 (d, J = 11.9, 1H), 4.09 

(ddd, J = 10.8, 4.7, 2.3, 1H), 3.43 (tt, J = 10.3, 4.6, 1H), 3.33–3.25 (m, 1H), 3.18 (t, J = 

10.5, 1H), 2.30–2.22 (m, 1H), 2.22–2.12 (m, 2H), 1.78–1.70 (m, 1H), 1.49–1.38 (m, 1H), 

1.36–1.25 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 138.7, 135.0, 128.6, 127.82, 127.78, 

117.0, 77.1, 73.2, 70.94, 70.92, 40.4, 30.3, 30.2; HRMS (TOF MS ES+) m / z calcd for 

C15H20O2Na (M + Na)+ 255.1361, found 255.1369.   
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Ketone 3 (Table 1, Entry 2 and Table 2, Entry 2).10-12  The standard procedure 

for nucleophilic substitution was followed with acetal 1 (1.0 equiv), enoxy silane 8 (4.0–

4.1 equiv), and BF3•OEt2 (1.6 equiv) or Me3SiOTf (1.4 equiv).  Purification by flash 

chromatography (90:10 hexanes/EtOAc) afforded the product as an oily white solid. 

Product yields and diastereoselectivities are reported in Table 1 and Table 2.   The major 

isomer trans-3 was isolated as a pure sample. 

trans-3.  mp 59–60.5 °C; 1H NMR (500 MHz, CDCl3) δ 7.95 (d, J = 7.9, 2H), 7.57 (t, J = 

7.3, 1H), 7.46 (t, J = 7.7, 2H), 7.37–7.27 (m, 5H), 4.59 (d, J = 11.9, 1H), 4.53 (d, J = 

11.9, 1H), 4.06 (ddd, J = 10.8, 4.6, 2.2, 1H), 3.98–3.88 (m, 1H), 3.48 (tt, J = 10.0, 4.5, 

1H), 3.29 (dd, J = 16.3, 6.7, 1H), 3.24 (t, J = 10.6, 1H), 2.93 (dd, J = 16.3, 5.8, 1H), 

2.27–2.18 (m, 1H), 1.97–1.87 (m, 1H), 1.60–1.48 (m, 1H), 1.46–1.35 (m, 1H); 13C NMR 

(125 MHz, CDCl3) δ 198.2, 138.7, 137.3, 133.4, 128.8, 128.6, 128.4, 127.9, 127.8, 74.2, 

73.0, 71.0, 70.9, 44.7, 30.8, 30.2; IR (thin film) 3061, 2860, 2352, 1681, 1596 cm–1; 

HRMS (TOF MS ES+) m / z calcd for C20H22O3Na (M + Na)+ 333.1467, found 333.1460.  

Anal. Calcd for C20H22O3: C, 77.39; H, 7.14.  Found: C, 77.14; H, 7.07. 
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Ester 4 (Table 1, Entry 3 and Table 2, Entry 3). The standard procedure for 

nucleophilic substitution was followed with acetal 1, silyl ketene acetal 9 (2.0 equiv for 

the BF3•OEt2-mediated reaction, 4.0 equiv for the Me3SiOTf-mediated reaction), and 

Lewis acid (BF3•OEt2 or Me3SiOTf; 1.6 equiv in each case).  Purification by flash 

chromatography (80:20 hexanes/EtOAc) afforded the product as a colorless, clear oil. 

Product yields and diastereoselectivities are reported in Table 1 and Table 2.  Isomers cis-

4 and trans-4 were isolated as pure samples for analytical purposes. 

cis-4.  1H NMR (500 MHz, CDCl3) δ 7.40–7.17 (m, 8H), 7.07 (d, J = 7.9, 2H), 4.62–4.54 

(m, 2H),  4.11 (d, J = 12.5, 1H), 3.92 (dddd, J = 10.4, 7.5, 5.3, 2.0, 1H), 3.54 (dd, J = 

12.5, 1.2, 1H), 3.42 (br s, 1H), 2.86 (dd, J = 15.5, 7.9, 1H), 2.67 (dd, J = 15.5, 5.2, 1H), 

2.12–2.06 (m, 1H), 1.86 (m, 1H), 1.71–1.63 (m, 1H), 1.62–1.55 (m, 1H); 13C NMR (125 

MHz, CDCl3) δ 170.0, 150.8, 138.8, 129.5, 128.5, 127.8, 127.7, 125.9, 121.8, 74.1, 70.4, 

70.2, 69.7, 41.4, 27.0, 26.4; IR (thin film) 3066, 3031, 2944, 2858, 1756, 1594 cm –1. 

trans-4. 1H NMR (500 MHz, CDCl3) δ 7.40–7.19 (m, 8H), 7.08 (d, J = 7.7, 2H), 4.60 (d, 

J = 11.9, 1H), 4.54 (d, J = 11.9, 1H), 4.12 (ddd, J = 10.8, 4.7, 2.2, 1H), 3.84 (dddd, J = 

10.6, 7.6, 5.2, 2.1, 1H), 3.49 (tt, J = 10.1, 4.5, 1H), 3.26 (t, J = 10.5, 1H), 2.74 (dd, J = 

15.2, 7.9, 1H), 2.65 (dd, J = 15.2, 5.2, 1H), 2.27–2.19 (m, 1H), 1.92–1.84 (m, 1H), 1.57–

1.40 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 169.9, 150.8, 138.6, 129.6, 128.7, 127.9, 

127.8, 126.1, 121.8, 74.2, 72.8, 71.0, 70.9, 41.1, 30.5, 30.1; IR (thin film) 3064, 3033, 

2939, 2863, 1756, 1594 cm–1; HRMS (TOF MS ES+) m / z calcd for C20H22O4Na (M + 

Na)+ 349.1416, found 349.1420.  Anal. Calcd for C20H22O4: C, 73.60; H, 6.79.  Found: C, 

73.22; H, 6.80. 
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Ester 5 (Table 1, Entry 4 and Table 2, Entry 4). The standard procedure for 

nucleophilic substitution was followed with acetal 1, silyl ketene acetal 10 (5.0 equiv for 

the BF3•OEt2-mediated reaction, 4.3 equiv for the Me3SiOTf-mediated reaction), and 

Lewis acid (BF3•OEt2 or Me3SiOTf; 1.6 equiv in each case).  Purification by flash 

chromatography (90:10 hexanes/EtOAc) afforded the product as a colorless, clear oil. 

Product yields and diastereoselectivities are reported in Table 1 and Table 2.  Isomers cis-

5 and trans-5 were isolated as pure samples for analytical purposes. 

cis-5.  1H NMR (500 MHz, CDCl3) δ 7.38–7.24 (m, 5H), 4.59 (d, J = 12.3, 1H), 4.51 (d, J 

= 12.3, 1H), 4.12 (d, J = 12.5, 1H), 3.68 (s, 3H), 3.55 (dd, J = 11.4, 1.7, 1H), 3.45 (dd, J 

= 12.5, 1.3, 1H), 3.38 (br s, 1H), 2.10 (dt, J = 13.9, 3.1, 1H), 1.81 (qd, J = 13.1, 3.7, 1H), 

1.67–1.57 (m, 1H), 1.31 (br d, J = 12.8, 1H), 1.23 (s, 3H), 1.14 (s, 3H); 13C NMR (125 

MHz, CDCl3) δ 177.7, 139.1, 128.5, 127.64, 127.58, 82.4, 70.8, 69.9, 69.8, 52.0, 46.9, 

27.8, 21.3, 20.64, 20.56; IR (neat) 2950, 2858, 1730, 1454, 1143, 1115 cm–1; HRMS 

(TOF MS ES+) m / z calcd for C17H24O4Na (M + Na)+ 315.1572, found 315.1569.  Anal. 

Calcd for C17H24O4: C, 69.84; H, 8.27.  Found: C, 70.06; H, 8.32. 

trans-5.  1H NMR (500 MHz, CDCl3) δ 7.38–7.24 (m, 5H), 4.57 (d, J = 12.0, 1H), 4.52 

(d, J = 12.0, 1H), 4.09 (ddd, J = 10.7, 4.7, 2.3, 1H), 3.67 (s, 3H), 3.46–3.37 (m, 2H), 3.16 

(t, J = 10.5, 1H), 2.26–2.18 (m, 1H), 1.66–1.60 (m, 1H), 1.50–1.34 (m, 2H), 1.16 (s, 3H), 

1.11 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 177.4, 138.8, 128.6, 127.9, 127.8, 82.3, 73.2, 

71.3, 71.0, 52.1, 46.4, 30.3, 24.7, 21.7, 20.7; IR (neat) 2948, 2864, 1734, 1454, 1275, 
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1093 cm–1; HRMS (TOF MS ES+) m / z calcd for C17H24O4Na (M + Na)+ 315.1572, found 

315.1577.  Anal. Calcd for C17H24O4: C, 69.84; H, 8.27.  Found: C, 70.00; H, 8.31. 
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Ester 6 (Table 1, Entry 5 and Table 2, Entry 5).  The standard procedure for 

nucleophilic substitution was followed with acetal 1, silyl ketene acetal 11 (2.0 equiv for 

the BF3•OEt2-mediated reaction, 3.8 equiv for the Me3SiOTf-mediated reaction), and 

BF3•OEt2 (1.5 equiv) or Me3SiOTf (1.6 equiv).  Purification by flash chromatography 

(95:5 hexanes/EtOAc) afforded the product as a colorless, clear oil.  Product yields and 

diastereoselectivities are reported in Table 1.  Isomers cis-6 and trans-6 were isolated as 

pure samples for analytical purposes. 

cis-6.  1H NMR (500 MHz, CDCl3) δ 7.38–7.24 (m, 5H), 4.60–4.53 (m, 2H), 4.12–4.03 

(m, 3H), 3.85–3.77 (m, 1H), 3.51 (dd, J = 12.5, 1.1, 1H), 3.40 (br s, 1H), 2.62 (dd, J = 

15.5, 7.7, 1H), 2.41 (dd, J = 15.5, 5.4, 1H), 2.10–2.01 (m, 1H), 1.77 (qd, J = 13.2, 3.6, 

1H), 1.69–1.57 (m, 3H), 1.51 (d, J = 12.0, 1H), 1.36 (sextet, J = 7.6, 2H), 0.92 (t, J = 7.5, 

3H); 13C NMR (125 MHz, CDCl3) δ 171.6, 138.8, 128.5, 127.7, 127.6, 74.2, 70.4, 70.1, 

69.6, 64.5, 41.4, 30.8, 27.0, 26.4, 19.2, 13.9; IR (thin film) 2958, 2871, 1733, 1455, 1115 

cm–1; HRMS (TOF MS ES+) m / z calcd for C18H26O4Na (M + Na)+ 329.1729, found 

329.1718.  Anal. Calcd for C18H26O4: C, 70.56; H, 8.55.  Found: C, 70.39; H, 8.48. 

trans-6.  1H NMR (500 MHz, CDCl3) δ 7.35–7.25 (m, 5H), 4.58 (d, J = 11.9, 1H), 4.52 

(d, J = 11.8, 1H), 4.14–4.04 (m, 3H), 3.75–3.68 (m, 1H), 3.45 (tt, J = 10.0, 4.6, 1H), 3.21 
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(t, J = 10.5, 1H), 2.49 (dd, J = 15.1, 7.8, 1H), 2.39 (dd, J = 15.1, 5.2, 1H), 2.19 (br d, J = 

12.4, 1H), 1.79 (br d, J = 12.9, 1H), 1.61 (quintet, J = 6.8, 2H), 1.54–1.44 (m, 1H), 1.42–

1.32 (m, 3H), 0.92 (t, J = 7.5, 3H); 13C NMR (125 MHz, CDCl3) δ 171.4, 138.6, 128.6, 

127.9, 127.8, 74.2, 72.8, 71.0, 70.9, 64.6, 41.2, 30.8, 30.4, 30.1, 19.3, 13.9; IR (thin film) 

2960, 2867, 1733, 1455, 1090 cm–1; HRMS (TOF MS ES+) m / z calcd for C18H26O4Na 

(M + Na)+ 329.1729, found 329.1720.  Anal. Calcd for C18H26O4: C, 70.56; H, 8.55.  

Found: C, 70.49; H, 8.70. 

 

SiMe3

7O OAc

BF3•OEt2
CH2Cl2

–78 °C to –45 °C

O O
+

trans-13

3

1

3

1

3

1

12 cis-13
t-Bu t-Bu t-Bu

 

Allyl tetrahydropyran 13:  The standard procedure for nucleophilic substitution 

was followed with acetal 12 (0.041 g, 0.21 mmol), allyltrimethylsilane (0.130 mL, 0.82 

mmol), and BF3•OEt2 (0.040 mL, 0.32 mmol).  Analysis of the crude mixture by GC 

revealed a 99:1 trans-13 to cis-13 ratio.  Purification by flash chromatography (98:2 

pentane/Et2O) afforded trans-13 as a colorless, clear oil (0.024 g, 67%):  1H NMR (500 

MHz, CDCl3) δ 5.80 (ddt, J = 17.1, 10.1, 7.0, 1H), 5.12–5.04 (m, 2H), 4.04–3.98 (m, 

1H), 3.73 (ddd, J = 11.7, 4.9, 2.0, 1H), 3.63 (td, J = 11.9, 2.7, 1H), 2.60–2.52 (m, 1H), 

2.29 (dt, J = 14.3, 7.2, 1H), 1.58–1.46 (m, 3H), 1.45–1.33 (m, 2H), 0.84 (s, 9H); 13C 

NMR (125 MHz, CDCl3) δ 135.8, 116.7, 72.9, 61.4, 39.5, 35.2, 32.3, 29.2, 27.6, 27.2; IR 

(thin film) 3078, 2944, 2860, 1642, 1364, 1125 cm–1; HRMS (TOF MS APCI) m / z calcd 

for C12H23O (M + H)+ 183.1749, found 183.1741.  Anal. Calcd for C12H22O: C, 79.06; H, 

12.16.  Found: C, 79.02; H, 12.09. 
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Ph
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Ketone 14:  The standard procedure for nucleophilic substitution was followed 

with acetal 12 (0.040 g, 0.20 mmol), enoxy silane 8 (0.160 g, 0.83 mmol), and BF3•OEt2 

(0.040 mL, 0.32 mmol).  Analysis of the crude mixture by GC revealed a 98:2 trans-14 to 

cis-14 ratio.  Purification by flash chromatography (95:5 hexane/EtOAc) afforded trans-

14 as a white solid (0.043 g, 83%):  mp 74.5–75.0 °C;  1H NMR (500 MHz, CDCl3) δ 

7.99–7.96 (m, 2H), 7.59–7.54 (m, 1H), 7.49–7.45 (m, 2H), 4.70–4.64 (m, 1H), 3.79 (ddd, 

J = 11.7, 4.9, 2.1, 1H), 3.68 (td, J = 11.9, 2.7, 1H), 3.44 (dd, J = 15.3, 6.5, 1H), 3.22 (dd, 

J = 15.4, 7.4, 1H), 1.67–1.56 (m, 3H), 1.49–1.33 (m, 2H), 0.84 (s, 9H); 13C NMR (125 

MHz, CDCl3) δ 198.8, 137.2, 133.3, 128.8, 128.4, 70.1, 62.2, 40.2, 39.8, 32.3, 30.0, 27.4, 

27.2; IR (thin film) 2956, 2865, 1683 cm–1; HRMS (TOF MS ES+) m / z calcd for 

C17H24O2Na (M + Na)+ 283.1674, found 283.1680.  Anal. Calcd for C17H24O2: C, 78.42; 

H, 9.29.  Found: C, 78.24; H, 9.31. 
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Ester 15:  The standard procedure for nucleophilic substitution was followed with 

acetal 12 (0.042 g, 0.21 mmol), silyl ketene acetal 9 (0.160 g, 0.77 mmol), and BF3•OEt2 

(0.040 mL, 0.32 mmol).  Analysis of the crude mixture by GC revealed a 83:17 trans-15 

to cis-15 ratio.  Purification by flash chromatography (95:5 hexane/EtOAc) afforded a 

mixture of trans-15 and cis-15 as a colorless, clear oil (0.051 g, 93%). The trans-15 

isomer was isolated as a pure sample for analytical purposes:  1H NMR (500 MHz, 

CDCl3) δ 7.37 (t, J = 7.6, 2H), 7.22 (t, J = 7.5, 1H), 7.09 (d, J = 7.6, 2H), 4.67–4.60 (m, 

1H), 3.86–3.80 (m, 1H), 3.73 (td, J = 11.9, 2.4, 1H), 3.11 (dd, J = 14.3, 8.8, 1H), 2.73 

(dd, J = 14.3, 6.4, 1H), 1.70–1.58 (m, 3H), 1.49–1.34 (m, 2H), 0.87 (s, 9H); 13C NMR 

(125 MHz, CDCl3) δ 170.3, 150.9, 129.6, 126.0, 121.8, 70.5, 62.0, 39.8, 36.7, 32.3, 29.9, 

27.4, 27.2; IR (thin film) 2954, 2867, 1756, 1594, 1493, 1196 cm–1; HRMS (TOF MS 

ES+) m / z calcd for C17H24O3Na (M + Na)+ 299.1623, found 299.1621.  Anal. Calcd for 

C17H24O3: C, 73.88; H, 8.75.  Found: C, 74.14; H, 8.87. 

 

OSiMe3

On-Bu
11O OAc

BF3•OEt2
CH2Cl2

–78 °C to –45 °C

O O
+

trans-16

3

1

3

1

3

1
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t-Bu t-Bu t-Bu
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O O

 

Ester 16:  The standard procedure for nucleophilic substitution was followed with 

acetal 12 (0.040 g, 0.20 mmol), silyl ketene acetal 11 (0.154 g, 0.818 mmol), and 

BF3•OEt2 (0.040 mL, 0.32 mmol).  Analysis of the crude mixture by GC revealed a 66:34 

trans-16 to cis-16 ratio.  Purification by flash chromatography (97.5:2.5 hexane/EtOAc) 
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afforded a mixture of trans-16 and cis-16 as a colorless, clear oil (0.035 g, 69%). Isomers 

cis-16 and trans-16 were isolated as pure samples for analytical purposes. 

cis-16.  1H NMR (500 MHz, CDCl3) δ 4.10 (t, J = 6.7, 2H), 4.05–4.01 (m, 1H), 3.71 

(dddd, J = 10.3, 7.4, 5.2, 1.9, 1H), 3.41 (td, J = 11.5, 2.0, 1H), 2.53 (dd, J = 15.0, 7.9, 

1H), 2.40 (dd, J = 15.0, 5.2, 1H), 1.67–1.58 (m, 3H), 1.53 (dd, J = 9.3, 2.0, 1H), 1.43–

1.35 (m, 2H), 1.33–1.24 (m, 2H), 1.08–0.99 (m, 1H), 0.93 (t, J = 7.4, 3H), 0.85 (s, 9H); 

13C NMR (125 MHz, CDCl3) δ 171.7, 74.8, 68.7, 64.5, 45.8, 42.2, 33.0, 32.3, 30.8, 27.3, 

27.1, 19.3, 13.9; IR (thin film) 2958, 2869, 1737, 1468, 1364 cm–1; HRMS (TOF MS 

ES+) m / z calcd for C15H29O3 (M + H)+ 257.2117, found 257.2116.  Anal. Calcd for 

C15H28O3: C, 70.27; H, 11.01.  Found: C, 70.44; H, 11.25. 

trans-16.  1H NMR (500 MHz, CDCl3) δ 4.52–4.45 (m, 1H), 4.14–4.04 (m, 2H), 3.78–

3.73 (m, 1H), 3.63 (td, J = 11.7, 2.4, 1H), 2.85 (dd, J = 14.4, 8.5, 1H), 2.49 (dd, J = 14.4, 

6.5, 1H), 1.64–1.50 (m, 5H), 1.42–1.31 (m, 4H), 0.93 (t, J = 7.4, 3H), 0.84 (s, 9H); 13C 

NMR (125 MHz, CDCl3) δ 171.9, 70.4, 64.6, 61.8, 39.7, 36.6, 32.2, 30.9, 29.9, 27.4, 

27.1, 19.3, 13.9; IR (thin film) 2958, 2869, 1737, 1468, 1366 cm–1; HRMS (TOF MS 

ES+) m / z calcd for C15H29O3 (M + H)+ 257.2117, found 257.2125.  Anal. Calcd for 

C15H28O3: C, 70.27; H, 11.01.  Found: C, 70.08; H, 11.21. 

 

O OPiv O Nu O Nu
+

cis-(2–6) trans-(2–6)

1

4

1 1

4 4

Nu—SiMe3,
BF3•OEt2,

CH2Cl2,
–78 °C to –45 °C

BnO BnO BnO
17  

General Procedure for Nucleophilic Substitution Reactions of Pivaloate 

Acetal 17:  To a cooled (–78 °C) 0.1 M solution of 17 (0.40–0.69 mmol, 1.0 equiv) and 
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nucleophile (3.5 – 4.0 equiv) in CH2Cl2 was added BF3•OEt2 (1.6–3.5 equiv) dropwise.  

After stirring at –78 °C for 1–5 min, the reaction mixture was maintained at –45 °C for 

1–2 h.  Upon warming to 22 °C, a saturated aqueous solution of NaHCO3 (4.0 mL) was 

added.  The resulting biphasic mixture was diluted with CH2Cl2 (5 mL) and H2O (2 mL), 

and the layers were separated.  The aqueous layer was extracted with CH2Cl2 (3 x 8 mL) 

and the combined organic layers were dried over MgSO4, filtered, and concentrated in 

vacuo.  Diastereomeric ratios  (Table S1) were determined by GC and confirmed by 1H 

NMR spectroscopy.  Reported yields (Table S1) refer to purified material.  

entry

1

2

3

4

Nu—SiMe3 cis : transa yield (%)b

12 : 88

10: 90

49 : 51

52 : 48

67

47

18

SiMe3

Ph

OSiMe3

OSiMe3

OPh

OSiMe3

On-Bu

aMeasured by GC analysis of unpurified reaction mixture.  
bBased on purified products.

O OPiv O Nu O Nu
+

cis-(2–6) trans-(2–6)

1

4

1 1

4 4

78

Nu—SiMe3,
BF3•OEt2,

CH2Cl2,
–78 °C to –45 °C

BnO BnO BnO

Table S1.  Nucleophilic Substitution Reactions with Acetal 17.

17

product

2

3

4

6
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IV. Stereochemical Proofs of Nucleophilic Substitution Products 

Figure S1.  Diagnostic 1H–1H  coupling constants for trans-3. 
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Figure S2.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for trans-3. 
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Figure S3. Diagnostic 1H–1H  coupling constants for cis-4. 
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Figure S4.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for cis-4. 
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Figure S5. Diagnostic 1H–1H  coupling constants for trans-4. 
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Figure S6.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for trans-4. 
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Figure S7. Diagnostic 1H–1H  coupling constants for cis-5. 
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Figure S8.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for cis-5. 

 

HA irradiated: HC (7.7%), HE (2.9%), HH (12.1%)
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Figure S9. Diagnostic 1H–1H  coupling constants for trans-5. 
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Figure S10.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for trans-5. 
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Figure S11. Diagnostic 1H–1H  coupling constants for cis-6. 
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Figure S12.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for cis-6. 
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Figure S13. Diagnostic 1H–1H  coupling constants for trans-6. 
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Figure S14.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for trans-6. 
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Figure S15.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for trans-13 (analysis 

assumes an equatorial tert-butyl group). 
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Figure S16.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for trans-14 (analysis 

assumes an equatorial tert-butyl group). 
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Figure S17.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for trans-15 (analysis 

assumes an equatorial tert-butyl group). 
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Figure S18.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for trans-16 (analysis 

assumes an equatorial tert-butyl group). 
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Figure S19. Diagnostic 1H–1H  coupling constants for cis-16 (analysis assumes an 

equatorial tert-butyl group). 
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Figure S20.  Relevant DPFGSE-NOE data (mixing time 2.0 s) for cis-16 (analysis 

assumes an equatorial tert-butyl group). 
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V. Competition Experiments 

Standard Competition Experiment Conditions.  A solution of acetal (0.20 

mmol, 1.0 equiv.) and nucleophiles (1.0 mmol each, 5.0 equiv. each) in anhydrous 

CH2Cl2 (2.0 mL) was prepared.  An aliquot (0.050 mL) was removed, diluted with CDCl3 

and analyzed by 1H NMR spectroscopy to confirm the molar ratio of the acetal and 

nucleophiles prior to addition of Lewis acid.  Additional quantities of nucleophiles or 
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acetal were added to adjust the stoichiometry as needed.  The reaction mixture was then 

cooled to –78 °C , and Lewis acid (0.32 mmol, 1.6 equiv) was added dropwise. After 

stirring at –78 °C for 5 min, the reaction mixture was warmed to –45 °C for 1–2 h before 

quenching.  A saturated aqueous solution of NaHCO3 (4.0 mL) was added, and the 

solution was warmed to 22 °C, diluted with CH2Cl2 (2 mL) and H2O (2 mL), and the 

layers were separated.  The aqueous layer was extracted with CH2Cl2 (3 x 2 mL) and the 

combined organic layers were dried over Na2SO4, filtered, and concentrated in vacuo.  

Chemoselectivity values were determined by GC after addition of dodecane standard.  

Chemoselectivity data reported are based on response factor calibration curves generated 

from authentic samples of pure products with dodecane as internal standards.  

Diastereoselctivities are reported as uncorrected values. 
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