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I. General Methods. All reactions were carried out under a nitrogémasphere with oven-
dried glassware. The progress of all reactions mvasitored by thin-layer chromatography to
ensure the reactions had reached completion. AfHipulations involving dialkylzinc reagents
were carried out using an inert atmosphere in auMiacAtmosphere drybox with an attached
MO-40 Dritrain or by using standard Schlenk or waouine techniques. Dichloromethane and
hexanes were dried through alumina columns. Alelaydes were distilled prior to use and
stored under NN Unless otherwise specified, all chemicals wedsaioed from Acros, Aldrich,
or GFS Chemicals, and all solvents were purchased Fischer Scientific. Th&#H NMR and
13c{*H} NMR spectra were obtained on a Bruker AM-500 feutransform NMR spectrometer
at 500 and 125 MHz, respectively. Chemical shafts reported in units of parts per million
downfield from tetramethylsilane, and all couplicmnstants are reported in Hertz. The infrared
spectra were obtained using a Perkin-Elmer 1600essespectrometer. Thin-layer
chromatography was performed on Whatman precodtea gel 60 F-254 plates and visualized

by ultra-violet light or by staining with ceric anemium molybdate stain. Silica gel (230-400
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mesh, Silicycle) was used for air-flashed chromiaplgy. Silica gel treated with triethylamine
(deactivated silica gel) was prepared by mixing 0 of triethyl amine with 800 mL of silica.
Analysis of enantiomeric excess was performed uairtdewlett-Packard 1050 or 1100 Series
HPLC and a Chiralcel OD-H column or by chiral ckgly gas chromatography on a Hewlett-
Packard 6890 GC with a Beta-DEX column. High re8oh mass spectra were measured using
a Waters 2695 Separations Module. Absolute cordigan was determined by comparison of
optical rotation to literature data for known corapds. Zn[(CH)4sOTBS} was prepared by the
method of Knochél(see page S13). Cautionary note: care shouldsed in the handling of

pyrophoric dialkylzinc reagents.

Il. Synthesis and Characterization of Enantioenricted Furyl Alcohols

o ©H General Procedure A. (1a) $)-1-Furan-2-yl-ethan-1-ol. A 10 mL Schlenk flask
| / was charged with—)-MIB (4 mg, 0.016 mmol) and purged with dinitrogen
Hexanes (1 mL) was added followed by ZnM@.4 mL, 2M solution in hexanes, 0.8 mmol).
The reaction mixture was cooled td© and 2-furfural (33iL, 0.4 mmol) was added dropwise.
The reaction mixture was stirred at’O for 8 h and quenched with saturated ag;GlHThe
organic and aqueous layers were separated, arafjtlemus layer was extracted with@&{(3 X
10 mL). The combined organic layers were driedrdMgSQ, and filtered. The filtrate was
concentratedn vacuo and the residue was chromatographed on silictettesith triethylamine
(10% ethyl acetate in hexanes) to afford the tdenpound as a colorless oil in 80% yield (36

mg, 0.32 mmol). ]p*°= -18.8 € = 0.021 M, CHG, 94% ee)H NMR (CDCk, 500 MHz) 3

7.37 (m, 1H), 6.33 (m, 1H), 6.23 (m, 1H), 4.89 Js 6.6 Hz, 1H), 1.94 (br, 1H), and 1.55 (d,

S2



3H, J = 6.5 Hz); *C{*H} NMR (CDCl;, 125 MHz): & 157.6, 141.9, 110.1, 105.1, 63.7, and
21.3; IR (neat) 3384, 2930, 1505, 1371, 1230, 115Md 1068 cit. HRMS-ESI negnz

111.0444 [M-H; calcd for GHgO,: 111.0446]. *H NMR and **C{*H} NMR spectra for this

compound match with previously reported literatiaéa®

M (2a) (§)-1-Furan-2-yl-propan-1-ol. The product was prepared by General
/ Procedure A using ZngE{0.4 mL, 2M solution in hexanes, 0.8 mmot)-MIB (4
mg, 0.016 mmol), 2-furfural (33iL, 0.4 mmol), and 1.0 mL hexanes. The filtrate was
concentratedn vacuo and the residue was chromatographed on silictettesith triethylamine
(10% ethyl acetate in hexanes) to afford the tdenpound as a colorless oil in 98% vyield (49
mg, 0.39 mmol). d]p*°= -19.0 € = 0.033 M, CHQ, 97% ee)H NMR (CDCk, 500 MHz) &
7.37 (m, 1H), 6.33 (m, 1H), 6.23 (d, 1Bi= 3.2 Hz), 4.61 (t, 1H) = 6.6 Hz), 1.98 (s, 1H), 1.88
(m, 2H), and 0.96 (t, 3H = 7.4 Hz);**C{*H} NMR (CDCls, 125 MHz):d 156.7, 141.9, 110.1,
105.8, 69.2, 28.6, and 9.9; IR (neat) 3376, 29®852 2878, 1504, 1455, 1402, 1288, 1224,
1150, 1112, and 1068 MHRMS-ESI negn/z 125.0601 [M-H; calcd for GH100,: 125.0603].

'H NMR and**c{*H} NMR spectra for this compound match with prevébureported literature

data®

|O OH (3a) (5)-5-(tert-Butyldimethylsilyloxy)-1-(furan-2-yl)-pentan-1-ol.
/

E)_<_\_\ The product was prepared by General Procedure Angusi

OTBS Zn[(CH,)4,OTBSL (1.6 mL, 1M solution in hexanes, 1.6 mmol,
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prepared by the method of Knochel(-)-MIB (8 mg, 0.032 mmol), 2-furfural (3L, 0.35
mmol), and 1.0 mL hexanes. The filtrate was cotreéed in vacuo and the residue was
chromatographed on silica treated with triethylaan({h0% ethyl acetate in hexanes) to afford the
titte compound as a colorless oil in 91% yield (&g, 0.73 mmol). ¢]p°= -6.9 € = 0.066 M,
CHCl, 95% ee)*H NMR (CDCk, 500 MHz)& 7.37 (m, 1H), 6.32 (m, 1H), 6.23 (d, 18z 3.3
Hz), 4.68 (t, 1H,) = 6.9 Hz), 3.61 (t, 2HJ = 7.4 Hz), 1.87 (m, 2H), 1.56 (m, 2H), 1.48 (m,)1H
1.38 (m, 1H), 0.88 (s, 9H), and 0.04 (s, 6HE{*H} NMR (CDCl3, 125 MHz): 5 156.8, 141.9,
110.1, 105.8, 67.8, 63.0, 35.3, 32.5, 26.0, 218%,1and -5.3; IR (neat) 3361, 2930, 2858, 1597,
1505, 1472, 1463, 1388, 1361, 1255, 1148, and X989. HRMS-ESI posm/z 307.1696

[M+Na™; calcd for GsH,g05Si: 307.1705].

| O OH  (4a) (9-1-(5-Methyl-furan-2-yl)-propyn-1-ol. The product was prepared by

/ General Procedure A using ZaE0.7 mL, 1M solution in hexanes, 0.7 mmol),

(-)-MIB (3 mg, 0.014 mmol), 5-methyl-2-furfural (3%L, 0.35 mmol), and 1.0 mL hexanes.

The filtrate was concentratad vacuo and the residue was chromatographed on silicdetiea

with triethylamine (10% ethyl acetate in hexanesafford the title compound as a colorless oil
in 85% yield (42 mg, 0.30 mmol)a]p®® = -12.8 € = 0.041 M, CHCJ, 91% ee);'H NMR
(CDCls, 500 MHz) 3 6.10 (d, 1H,J = 3.0 Hz), 5.90 (d, 1H] = 3.0 Hz), 4.53 (t, 1HJ = 6.6 Hz),
2.3 (s, 3H), 1.85 (m, 2H), and 0.96 (t, 3H= 7.5 Hz);**C{*H} NMR (CDCls, 125 MHz): &

154.9, 151.6, 106.7, 105.9, 69.3, 28.5, 13.5, dhd;1IR (neat) 3364, 2965, 2936, 2878, 1563,

1455, 1382, 1220, 1096, and 1020 tnHRMS-ESI negm/z 139.0749 [M-H; calcd for
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CsH1,0,: 139.0759]. *H NMR spectra for this compound matches with presip reported

literature dat&.

TBSO | O OH (5a) (9)-1-[5-(tert-Butyl-dimethylsilanyloxy)-furan-2-yl]-propan-1-
/ ol. The product was prepared by General Procedurany #nEb (0.33
mL, 1M solution in hexanes, 0.33 mmol);){MIB (2 mg, 0.006 mmol), Zert-butyl-
dimethylsilanyloxy-methyl-2-furfural (39 mg, 0.16mol), and 1.0 mL hexanes. The filtrate was
concentratedn vacuo and the residue was chromatographed on silictettesith triethylamine
(10% ethyl acetate in hexanes) to afford the tdenpound as a colorless oil in 87% vyield (38
mg, 0.14 mmol). d]p*°= -12.7 € = 0.024 M, CHGJ, 99% ee)H NMR (CDCk, 500 MHz) &
6.16 (s, 2H), 4.62 (s, 2H), 4.57 (t, 18= 6.2 Hz), 1.86 (m, 2H), 0.96 (t, 38l= 7.4 Hz), 0.90
(s, 9H), and 0.08 (s, 6HI*C{*H} NMR (CDClg, 125 MHz):3 156.2, 153.7, 107.7, 106.5, 69.3,
58.2, 28.5, 25.8, 18.3, 9.9, and -5.2; IR (nea®632958, 2931, 2883, 2858, 1727, 1560, 1463,
1371, 1255, 1191, and 1080 CmHRMS-ESI poswz 293.1540 [M+N&; calcd for G4H2¢0sSi:

293.1549].

/\EO)_<OH (6a) (S)-1-(5-Ethyl-furan-2-yl)-ethan-1-ol. The product was prepared by
/ General Procedure A using ZnM@.35 mL, 2M solution in hexanes, 0.7
mmol), )-MIB (3 mg, 0.014 mmol), 5-ethyl-2-furfural (4L, 0.35 mmol), and 1.0 mL
hexanes. The filtrate was concentratedacuo and the residue was chromatographed on silica
treated with triethylamine (10% ethyl acetate irxdrees) to afford the title compound as a

colorless oil in 83% vield (41 mg, 0.29 mmolx]§*°=-7.9 € = 0.041 M, CHCJ, 97% ee)H
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NMR (CDCk, 500 MHz) 5 6.11 (d, 1H,J = 2.9 Hz), 5.90 (d, 1H] = 2.9 Hz), 4.83 (q, 1H) =
6.6 Hz), 2.63 (q, 2H) = 7.6 Hz), 1.52 (d, 3H = 6.6 Hz), and 1.22 (t, 3H,= 7.6 Hz);"*C{‘H}
NMR (CDCk, 125 MHz): 5 157.4, 155.7, 105.7, 104.3, 63.7, 21.3, 21.2, &#d; IR (neat)
3354, 2975, 2936, 1562, 1452, 1369, 1325, 12882,118nd 1078 cim. HRMS-ESI negn/z
139.0754 [M-H; calcd for GH1,0,: 139.0759]. This product has previously been rigbin

the literature but was not fully characterized.

| O OH  (7a) (S)-1-(5-Ethyl-furan-2-yl)-propan-1-ol. The product was prepared by
/ General Procedure A using ZpHD.35 mL, 2M solution in hexanes, 0.7

mmol), ()-MIB (3 mg, 0.014 mmol), 5-ethyl 2-furfural (4AL, 0.35 mmol), and 1.0 mL
hexanes. The filtrate was concentratedacuo and the residue was chromatographed on silica
treated with triethylamine (10% ethyl acetate irxdrees) to afford the title compound as a
colorless oil in 83% yield (45 mg, 0.29 mmoln]§?°= -13.0 € = 0.040 M, CHGJ, 97% ee)’H
NMR (CDCk, 500 MHz)3 6.11 (d, 1H,J = 3.1 Hz), 5.90 (d, 1H] = 3.1 Hz), 4.54 (t, 1H) = 6.6
Hz), 2.63 (g, 2H,J = 7.6 Hz), 1.85 (m, 2H), 1.22 (t, 38= 7.6 Hz), and 0.96 (t, 3H,= 7.5 Hz);
13c{*H} NMR (CDCls, 125 MHz):5 157.3, 154.7, 106.4, 104.3, 69.3, 28.5, 21.4,,1hd 10.0;
IR (neat) 3359, 2971, 2937, 2878, 1562, 1462, 13326, 1186, 1096, and 1053 ¢nHRMS-

ESI negm/z 153.0923 [M-H; calcd for GH140,: 153.0916]*H NMR spectra for this compound

matches with previously reported literature data.

)T\O)_<OH (8a) (5)-1-(4,5-Dimethyl-furan-2-yl)-ethan-1-ol. The product was prepared by
J

General Procedure A using ZnpMé€.35 mL, 2M solution in hexanes, 0.7

S6



mmol), -)-MIB (3 mg, 0.014 mmol), 4,5-dimethyl-2-furfurad3 pL, 0.35 mmol), and 1.0 mL
hexanes. The filtrate was concentrategtacuo and the residue was chromatographed on silica
treated with triethylamine (10% ethyl acetate irxdrees) to afford the title compound as a
colorless oil in 89% vyield (44 mg, 0.31 mmoln]§?°= -12.2 € = 0.048 M, CHGJ, 92% ee)H
NMR (CDClk, 500 MHz)3 5.99 (s, 1H), 4.78 (q, 1H,= 6.8 Hz), 2.18 (s, 3H), 1.91 (s, 3H), and
1.50 (d, 3HJ = 6.5 Hz);**C{*H} NMR (CDCls, 125 MHz): 5 154.5, 146.8, 114.3, 108.4, 63.6,
21.2, 11.3, and 9.8; IR (neat) 3364, 2977, 2924028639, 1573, 1451, 1388, 1370, 1287,
1223, 1167, 1108, 1075, and 1020 tnHRMS-ESI negm/z 139.0765 [M-H; calcd for
CgH120,: 139.0759]. This compound has previously beenntedan the literature but was not

fully characterized.

| 0 OH  (9a) (5-1-(4,5-Dimethyl-furan-2-yl)-propan-1-ol. The product was prepared
/ by General Procedure A using ZpH0.35 mL, 2M solution in hexanes, 0.7

mmol), -)-MIB (3 mg, 0.014 mmol), 4,5-dimethyl-2-furfurad3 pL, 0.35 mmol), and 1.0 mL
hexanes. The filtrate was concentratedacuo and the residue was chromatographed on silica
treated with triethylamine (10% ethyl acetate irxdrees) to afford the title compound as a
colorless oil in 82% yield (44 mg, 0.29 mmoln]§?°= -13.7 € = 0.043 M, CHGJ, 95% ee)’H
NMR (CDCk, 500 MHz)3 5.99 (s, 1H), 4.48 (t, 1H,= 6.6 Hz), 2.18 (s, 3H), 1.91 (s, 3H), 1.83
(m, 2H), and 0.95 (t, 3Hl = 7.5 Hz);**C{*H} NMR (CDCls, 125 MHz):d 153.6, 146.8, 114.3,
109.2, 69.3, 28.5, 11.3, 10.1, and 9.8; IR (ned603 2965, 2925, 2877, 1640, 1572, 1455, 1387,
1223, 1165, 1114, and 1094 ¢mHRMS-ESI negn/z 153.0916 [M-H; calcd for GH140::

153.0916].
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[ll. One-pot Synthesis and Characterization of Pyraones
© General Procedure B. (1b) $)-6-Hydroxy-2-methyl-2H-pyran-3(6H)-one. A 10
mL Schlenk flask was charged with){MIB (8 mg, 0.032 mmol) and purged with
OH dinitrogen. Hexanes (1 mL) was added followed I8, (0.8mL, 2M solution in
hexanes, 1.6 mmol). The reaction mixture was cbtde0°C and then 2-furfural (66iL, 0.8
mmol) was added dropwise. The reaction was stiate@’C for 12 h, after which 0.3 mL 40,
1.2 mL THF, and NBS (157 mg, 0.88 mmol) were adaeRT. The reaction was stirred at RT
for 4 h and quenched with saturated agu8H The organic and aqueous layers were separated,
and the aqueous layer was extracted witlOE8 X 10 mL). The combined organic layers were
dried over MgS@® and filtered. The filtrate was concentratdd vacuo and the residue was
chromatographed on silica treated with triethylaan{p0% ethyl acetate in hexanes) to afford the
titte compound as a colorless oil in 70% vyield 8Ing, 0.56 mmol) as a mixture of two
diastereomers. af p*° = -23.4 € = 0.070 M, CHGJ); *H NMR (CDCk, 500 MHz) 5 6.89 (dd,
1H,J = 3.4, 10.1 Hz), 6.10 (d, 1H,= 10.2 Hz), 5.63 (d, 1H] = 3.3 Hz), 4.71 (g, 1H] = 6.8
Hz), and 1.38 (d, 3H] = 6.9 Hz);"*C{*H} NMR (CDCls, 125 MHz):5196.8, 144.3, 127.3, 87.7,
70.4, and 15.3; IR (neat) 3420, 2987, 2940, 1780711447, 1373, 1234, 1159, and 1074"cm
HRMS-ESI negn/z 127.0401 [M-H calcd for GHgOs: 127.0395].*H NMR and™*C{*H} NMR

spectra for this mixture of diastereomers matcin wieviously reported literature ddta.

0o (2b) (9)-2-Ethyl-6-hydroxy-2H-pyran-3(6H)-one. The product was prepared by
\\\\\

General Procedure B using Zaf0.8 mL, 2.0 M solution in hexanes, 1.6 mmol),

OH
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(-)-MIB (8 mg, 0.032 mmol), 2-furfural (6@aL, 0.8 mmol), 1.0 mL hexanes, NBS (157 mg, 0.88
mmol), 0.3 mL HO, and 1.2 mL THF. The crude product was purifieg column
chromatography on silica treated with triethylam{#6% ethyl acetate in hexanes) to afford the
titte compound as a colorless oil in 73% vyield (8§, 0.58 mmol) as a mixture of diastereomers.
[a]p® = 5.8 € = 0.040 M, CHGJ)); *H NMR (CDCk, 500 MHz) 5 6.89 (dd, 1HJ = 3.5, 10.3
Hz), 6.10 (d, 1H,) = 10.2 Hz), 5.66 (d, 1H] = 3.1 Hz), 4.51 (dd, 1H = 4.1, 7.4 Hz), 1.95 (m,
1H), 1.77 (m, 1H), and 0.98 (t, 3d,= 7.4 Hz);*C{*H} NMR (CDCl;, 125 MHz): 5 196.5,
144.3, 127.7, 87.7, 75.2, 23.0 and 9.3; IR (ned063 2971, 2934, 1693, 1458, 1436, 1377,
1268, 1227, 1159 and 1082 ¢mHRMS-ESI negm/z 141.0557 [M-H calcd for GH1oOs:
141.0552]'H NMR spectra for this mixture of diastereomerschas with previously reported

literature data.

© (3b) (S)-2-(4-(tert-Butyldimethylsilyloxy)butyl)-6-hydroxy-2 H-
wSs_~_-0TBS
| o pyran-3(6H)-one. The product was prepared by General Procedure B
OH using Zn[(CH)sOTBSL (1.6 mL, 1.0 M solution in hexanes, 1.6

mmol), ()-MIB (8 mg, 0.032 mmol), 2-furfural (6AL, 0.8 mmol), 1.0 mL hexanes, NBS (157

mg, 0.88 mmol), 0.3 mL $D, and 1.2 mL THF.The crude product was purified by column
chromatography on silica treated with triethylam{86% ethyl acetate in hexanes) to afford the
titte compound as a colorless oil in 61% yield (14g, 0.49 mmol) as a mixture of two

diastereomersafp?® = 1.5 (c = 0.045 M, CHCJ); *H NMR (CDCk, 500 MHz)3 6.79 (dd, 1H,

= 3.4, 10.3 Hz), 6.10 (d, 1H,= 10.3 Hz), 5.64 (d, 1H] = 3.6 Hz), 4.56 (m, 1H), 3.62 (t, 2H,

= 6.4 Hz), 1.71 (m, 2H), 1.52 (m, 4H), 0.89 (s, 9&Nd 0.05 (s, 6H}*C{*H} NMR (CDCl3, 125
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MHz): 6196.5, 144.3, 127.6, 87.6, 74.1, 63.1, 32.5, 22640, 21.4, 18.4, and -5.3; IR (neat)
3395, 2954, 2930, 2858, 1694, 1632, 1471, 14635,14387, 1256, 1188, and 1096 ¢m

HRMS-ESI pos/z 323.1652 [M+Na calcd for GsH2504Si: 323.1655]

o (4b) (S)-2-Ethyl-6-hydroxy-6-methyl-2H-pyran-3(6H)-one. The product was
N
| o prepared by General Procedure B using Zf&8 mL, 2.0 M solution in hexanes,
OH 1.6 mmol), €)-MIB (8 mg, 0.032 mmol), 5-methyl-2-furfural (§0L, 0.8 mmol),

1.0 mL hexanes, NBS (157 mg, 0.88 mmol), 0.3 mDHand 1.2 mL THF. The crude product
was purified by column chromatography on silicatee with triethylamine (20% ethyl acetate
in hexanes) to afford the title compound as a ¢e$sroil in 71% yield (89 mg, 0.57 mmol) as a
mixture of two diastereomers]p?® = 6.7 (c = 0.085 M, CHG)); *H NMR (CDCk, 500 MHz)d
6.81 (d, 1HJ = 10.2 Hz), 6.00 (d, 1H] = 10.3 Hz), 4.45 (dd, 1H,= 4.1, 7.2 Hz), 1.94 (m, 1H),
1.73 (m, 1H), 1.63 (s, 3H), and 0.96 (t, 3H= 7.5 Hz);**C{*H} NMR (CDCls;, 125 MHz):
0196.9, 147.9, 126.6, 92.7, 75.3, 28.9, 22.9 and IR3neat) 3418, 2982, 2938, 2880, 1694,
1682, 1456, 1403, 1379, 1235, 1127, and 1088".cHRMS-ESI posm/z 176.0676 [M+N&
calcd for GH1,03: 179.0684]. This diastereomeric mixture has previously beemnted in the

literature but was not fully characterizéd.

O (5b)  (S)-6-((tert-Butyldimethylsilyloxy)methyl)-2-ethyl-6-hydroxy-2H-
| o pyran-3(6H)-one. The product was prepared by General Procedurerig) usi
TBSO
OH ZnEt (0.62 mL, 1.0 M solution in hexanes, 0.62 mmot);IB (0.12 mL,

0.1 M solution in hexanes, 0.012 mmol)tebt-butyl-dimethylsilanyloxy-methyl-2-furfural (74.8

mg, 0.31 mmol), 1.0 mL hexanes, NBS (61 mg, 0.34%0iy0.3 mL HO, and 1.2 mL THF. The
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crude product was purified by column chromatographysilica treated with triethylamine (20%
ethyl acetate in hexanes) to afford the title coumbas a colorless oil in 72% yield (64 mg, 0.22
mmol) as a mixture of two diastereomersi]pf° = —20.8 € = 0.021 M, CHCJ, 95% ee):'H
NMR (CDCk, 500 MHz) 8 6.74 (d, 1H,J = 10.3 Hz), 6.09 (d, 1H] = 10.3 Hz), 4.48 (dd, 1H),

= 3.9, 7.3 Hz), 3.76 (d, 1H,= 10.2 Hz), 3.67 (d, 1H] = 10.2 Hz), 1.95 (m, 1H), 1.73 (m, 1H),
0.96 (t, 3H,J = 7.5 Hz), 0.93 (s, 9H) and 0.12 (d, 6Hs 4.1 Hz);™*C{*H} NMR (CDCls, 125
MHz): §197.1, 145.0, 128.6, 92.5, 75.4, 68.4, 25.7, 2P8%4, 9.2, and -5.2; IR (neat) 3429,
2955, 2931, 2858, 1694, 1463, 1255, 1121, and 1083. HRMS-ESI posm/z 309.1491

[M+Na" calcd for G4H2604Si: 309.1498].

0 (6b) (S)-6-Ethyl-6-hydroxy-2-methyl-2H-pyran-3(6H)-one. The product was
prepared by General Procedure B using Znke8 mL, 2.0 M solution in hexanes,
OH 1.6 mmol), €)-MIB (8 mg, 0.032 mmol), 5-ethyl-2-furfural (9%L, 0.8 mmol), 1.0
mL hexanes, NBS (157 mg, 0.88 mmol), 0.3 miOHand 1.2 mL THFThe crude product was
purified by column chromatography on silica treawth triethylamine (20% ethyl acetate in
hexanes) to afford the title compound as a colsrt@kin 76% vyield (95 mg, 0.61 mmol) as a

mixture of two diastereomersa]p®° = 24.4 (c = 0.081 M, CHG); *H NMR (CDCk, 500 MHz)

5 6.78 (d, 1H,) = 10.3 Hz), 6.06 (d, 1H] = 10.2 Hz), 4.65 (g, 1H] = 13.3, 6.6 Hz), 1.85 (m,
2H), 1.36 (d, 3HJ = 6.7) and 0.99 (t, 3H] = 7.6 Hz);*C{*H} NMR (CDCls, 125 MHz):
0197.3, 147.2, 127.1, 94.7, 70.7, 34.6, 15.3 and IR {neat) 3413, 2983, 2940, 1693, 1448,

1405, 1372, 1234, 1117 and 1094 tnlRMS-ESI negn/z 155.0712 [M-H calcd for GH1,0s:
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155.0708]*H NMR and **C{*H} NMR spectra for this mixture of diastereomerstohawith

previously reported literature data.

0 (7b) (S)-2,6-Diethyl-6-hydroxy-2H-pyran-3(6H)-one. The product was prepared
SN
| 5 by General Procedure B using ZpEfi.6 mL, 1.0 M solution in hexanes, 1.6
OH mmol), )-MIB (8 mg, 0.032 mmol), 5-ethyl-2-furfural (98, 0.8 mmol), 1.0 mL

hexanes, NBS (157 mg, 0.88 mmol), 0.3 miOHand 1.2 mL THF. The crude product was
purified by column chromatography on silica treateith triethylamine (20% ethyl acetate in
hexanes) to afford the title compound as a colsrtgkin 77% yield (105 mg, 0.62 mmol) as a
mixture of two diastereomersa]p?°= 0.4 € = 0.030 M), *H NMR (CDCk, 500 MHz)3 6.78
(d, 1H,J = 10.3 Hz), 6.07 (d, 1HJ = 10.3 Hz), 4.47 (dd, 1H] = 4.1, 6.9 Hz), 1.94 (m, 1H),
1.86 (m, 2H), 1.78 (m, 1H), 1.01 (t, 3Bi= 7.6 Hz), and 0.96 (t, 3H,= 7.4 Hz);**C{*H} NMR
(CDCls, 125 MHz): 0 196.9, 147.1, 127.7, 94.4, 75.1, 34.7, 23.0, 98, 47; IR (neat) 3417,
2972, 2938, 2881, 1693, 1682, 1463, 1404, 13808,12223, 1123, 1089, and 1060 ¢m

HRMS-ESI posn/z 193.0838 [M+N&calcd for GH1403: 193.0841].

0 (8b) (S)-6-Hydroxy-2,5,6-trimethyl-2H-pyran-3(6H)-one. The product was

\\\\\ prepared by General Procedure B using Zn@8 mL, 2.0 M solution in hexanes,
OH 1.6 mmol), €)-MIB (8 mg, 0.032 mmol), 4,5-dimethyl-2-furfuraB§ pL, 0.8

mmol), 1.0 mL hexanes, NBS (157 mg, 0.88 mmol),l3H,0, and 1.2 mL THF. The crude

product was purified by column chromatography dicasitreated with triethylamine (20% ethyl

acetate in hexanes) to afford the title compouna @&slorless oil in 46% vyield (57 mg, 0.37
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mmol) as a mixture of two diastereomers]f° = 89.4 ¢ = 0.062 M),"H NMR (CDClk, 500
MHz) 5 5.85 (s, 1H), 4.57 (dd, 1H,= 6.8, 13.4 Hz), 2.02 (s, 3H), 1.61 (s, 3H), and X&BH,
J= 6.9 Hz):®)C{*H} NMR (CDCls, 125 MHz):5 197.3, 159.0, 124.0, 95.2, 70.5, 27.1, 19.4, and
15.3: IR (neat) 3349, 2987, 1667, 1435, 1372, 12485, 1128, and 11051 ~. HRMS-ESI pos

m/z 179.0685 [M+Na calcd for GH1,03: 179.0684].

0o (9b) (9)-2-Ethyl-6-hydroxy-5,6-dimethyl-2H-pyran-3(6H)-one. The product
| o was prepared by General Procedure B using Z(EE6 mL, 1.0 M solution in
OH hexanes, 1.6 mmol);-}-MIB (8 mg, 0.032 mmol), 4,5-dimethyl-2-furfura®§

pL, 0.8 mmol), 1.0 mL hexanes, NBS (157 mg, 0.88 mn@3 mL HO, and 1.2 mL THF. The
crude product was purified by column chromatographygilica treated with triethylamine (20%
ethyl acetate in hexanes) to afford the title coumabas a colorless oil in 63% vyield (86 mg, 0.50
mmol) as a mixture of two diastereomers]of°= 37.7 € = 0.105);*"H NMR (CDCk, 500 MHz)
55.84 (s, 1H), 4.38 (dd, 1H,= 7.2, 3.95 Hz), 2.97 (br, 1H), 2.01 (s, 3H), 1.92 {H), 1.71 (m,
1H), 1.61 (s, 3H) and 0.94 (t, 3H = 7.5 Hz); *C{*H} NMR (CDCl;, 125 MHz):
0197.1, 159.1, 124.4, 95.0, 75.0, 26.9, 22.9, 19.5, and9.3; IR (neat) 3407, 2980, 2939, 1682,
1435, 1379, 1318, 1297, 1230, 1186, 1135, and kif9. HRMS-ESI posm/z 193.0837

[M+Na" calcd for GH1405: 193.0841].

Zn(CH,CH,CH,CH,OTBS), Bis(4-tert-butyldimethylsilyloxy)butyl)zinc. The product was

prepared by the method of KnocfielA Schlenk flask was charged with (but-3-enylossr)t

S13



butyl)dimethylsilane (1.84 g, 6.35 mmol) and purgéth dinitrogen. The reaction mixture was
cooled to (°C before the slow addition of diethylborane (6.35, 1M solution in hexanes, 6.35
mmol). The reaction was warmed to room temperaacestirred for 3 h before pumping off all
volatiles for 30 min. After cooling to € , ZnEp (1.29 mL, 12.70 mmol) was slowly added and
the reaction was allowed to stir at this temperatior 30 min. All the volatiles were then

removed under vacuum for 3 h to give the produdt7/ie yield (1.07g, 2.44 mmaol).
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IV. Spectral Data
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V. Additional details for Table 1

O
O /O hexane © oH [O] R
(—)M|B + | / + ZnR2 | / - = | o
R
4 mol% 1.0 equiv 1.5 equiv OH
mixture of anomers
Entry Oxidation Conditions Temp Conversion (%)? Yield (%)

1 5 equiv TBHP, 20 mol% Ti(Oi-Pr), 0°cC 55 50
2 3 equiv TBHP, 40 mol% VO (acac), 0°c 70 50

in 10 mL benzene added over 6 h
3 2 equiv TBHP, 10 mol% VO(acac), 0°cC 0 0

in 10 mL benzene added over 6 h
4 3 equiv TBHP, 30 mol% VO(acac), 0°cC 70 50

added neat over 24 h
5 3 equiv TBHP, 30 mol% VO(acac); 0°c 100 70

in 10 mL toluene added over 6 h
6 3 equiv TBHP, 15 mol% VO(acac), 0°cC 100 70

in 1 mL CH,Cl, added over 6 h
7 1.1 equiv NBS in 3 portions RT 100 73

4 mL THF, 1 mL H,O

aConversion based on NMR analysis of reaction mixture after workup.
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