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General Information: All reactions were performed in single-neck oven- or flame-dried round-bottom
flasks fitted with rubber septa under a positive pressure of argon, unless otherwise noted. Air- and
moisture-sensitive liquids were transferred via syringe or stainless steel cannula. Organic solutions were
concentrated by rotary evaporation below 35 °C at 10 Torr (diaphragm vacuum pump) unless otherwise
noted. Analytical thin-layer chromatography (TLC) was performed using glass plates pre-coated with silica
gel (0.25 mm, 60-A pore size, 230-400 mesh, Sorbent Technologies) impregnated with a fluorescent
indicator (254 nm). TLC plates were visualized by exposure to ultraviolet light (UV), then were stained by
submersion in aqueous acidic dinitrophenylhydrazine solution (DNP), Ceric Ammonium Molybdate (CAM),
or aqueous basic potassium permanganate solution (KMnQ,), followed by brief heating on a hot plate (215
°C, 10-30's). Flash chromatography was performed as described by Still et al.”, employing silica gel (60-A
pore size, 40-63 um, standard grade, Sorbent Technologies).

' still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923-2925.
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Materials: Commercial reagents and solvents were used as received with the following exceptions.
Triethylamine, dichloromethane, ethyl ether, dimethylsulfoxide, tetrahydrofuran, hexane, toluene, and
benzene were purified by the method of Pangborn, et. al®* 2-Chloropropanoate, 3-methyl-2-butanone,
hexamethyldisilazane, and N,N-diisopropylamine were distilled from calcium hydride under an atmosphere
of argon at 760 Torr. Hexamethylphosphoramide (HMPA) was distilled from calcium hydride under
reduced pressure (0.1 Torr) and stored under argon. 1,2-Diiodoethane was recrystallized from ethyl ether
and stored under an atmosphere of argon. Lithium chloride was flame dried under vacuum (0.1 Torr, 10
min), cooled under an atmosphere of argon, and the dried solid was stored at 150 *C (drying oven, 760 Torr);
the dried solid was also flame dried under vacuum (0.1 Torr, 10 min) immediately prior to use. The molarity
of solutions of n-butyllithium was determined by titration against diphenylacetic acid as an indicator (average
of three determinations).>  Where noted, solvents were deoxygenated before use by bubbling with argon for
20 minutes.

Instrumentation: Proton nuclear magnetic resonance ('"H NMR) spectra and carbon nuclear magnetic
resonance ("°C NMR) spectra were recorded on Varian Mercury 300 MHz/75 MHz or Varian INOVA 500
MHz/125 MHz NMR spectrometers at 23 °C. Proton chemical shifts are expressed in parts per million
(ppm, & scale) downfield from tetramethylsilane and are referenced to residual protium in the NMR solvent
(CHCl3: & 7.26, CD,HOD: § 3.31, CD3SOCD2H: 8 2.50). Carbon chemical shifts are expressed in parts per
million (ppm, & scale) downfield from tetramethylsilane and are referenced to the carbon resonance of the
NMR solvent (CDCls: 6 77.00, CD3;OD: 6 49.00, CD3SOCD3: & 39.52). Data are represented as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet, br = broad, app =
apparent), integration, and coupling constant (J) in Hertz (Hz). Infrared (IR) spectra were obtained using a
Perkin Elmer 1600 FT-IR spectrophotometer referenced to a polystyrene standard and data are represented
as frequency of absorption (cm™). Optical rotations were determined using a JASCO-DIP-370 polarimeter
equipped with a sodium lamp source (589 nm). Reported readings are the average of three determinations
for each sample. High-resolution mass spectra were obtained using an Agilent 1100 quaternary LC system
coupled to an Agilent 6210 LC/MSD-TOF fitted with an ESI source.

(For clarity, intermediates that have not been assigned numbers in the text are numbered sequentially in the
supporting information beginning with 14).

2 Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmers, F. J. Organometallics 1996, 15, 1518-1520.
3 Kofron, W. G.; Baclawski, L. M. J. Org. Chem. 1976, 41, 1879-1880.
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Experimental Procedures:
The following procedure for the preparation of the known 3-furanone 4* was adapted from a literature report
for the synthesis of 3-silyloxyfurans.®

o} LDA, THF OH

o)
H,C LC, H,C N CH,
CHs3 o
CH; CHs3 cl
CH,
EtO
14

Cl
89%

A solution of n-butyllithium (2.50 M, 14.4 mL, 36.0 mmol, 1.20 equiv) was added to a stirred solution of
N,N-diisopropylamine (5.34 mL, 38.0 mmol, 1.26 equiv) in THF (250 mL) at =78 °C. The resultant solution
was warmed briefly to 0 °C, then was cooled to —78 °C whereupon a solution of 3-methyl-2-butanone (3.20
mL, 30.0 mmol) in THF (15 mL) was added dropwise. The resultant mixture was stirred at —78 °C for 30
min, whereupon ethyl 2-chloropropanoate (4.20 mL, 33.0 mmol, 1.10 equiv) was added. The resultant
mixture was allowed to warm to 23 °C and stirred at that temperature for 8 h. The resultant yellow solution
was cooled to 0 °C and was quenched with saturated aqueous ammonium chloride solution (30 mL). The
layers were separated and the aqueous layer was extracted with dichloromethane (3 x 30 mL). The
combined organic layers were dried over anhydrous sodium sulfate and the dried solution was concentrated.
Purification of the residue by flash column chromatography (4% ethyl acetate-hexanes), afforded 14 (4.60 g,
89%) as a colorless oil.

Chlorodiketone 14: TLC: 4% ethyl acetate—hexanes, R; = 0.50 (UV, KMnO,). 'H NMR: (300 MHz,
CDCls), 8: 5.84 (s, 1H), 4.38 (q, J = 6.9 Hz, 1H), 2.58-2.49 (m, 1H), 1.68 (d, J = 7.2 Hz, 3H), 1.18 (d, J =
7.0 Hz, 6H). *C NMR: (75 MHz, CDCl5), 8: 198.6, 192.1, 94.8, 56.6, 36.7, 21.9, 19.5. FTIR (NaCl, thin
film), cm-1: 2974, 1604. HRMS: ESI[M + H]" Calcd. for CgH14CIO,:  177.0677. Found: 177.0675.

(o]
OH O DBU
H3C NS CH3 —_— | CH3
THF  HC o
CH; Cl
79%, CH;
14 4

1,8-Diazabicyclo[5.4.0Jundec-7-ene (6.00 mL, 40.0 mmol, 1.40 equiv) was added dropwise to a stirred
solution of 14 (3.50 g, 28.5 mmol, 1 equiv) in THF (100 mL) at 23 °C. A pale yellow precipitate formed
immediately. The resultant suspension was stirred at 23 °C for 12 h, then was partitioned between water
(100 mL) and ethyl acetate (100 mL). The layers were separated and the aqueous phase was extracted
with ethyl acetate (6 x 50 mL). The combined organic layers were dried over anhydrous sodium sulfate
and the dried solution was concentrated. Purification of the residue flash column chromatography (20%
ethyl acetate—hexanes) gave 4 (2.80 g, 72%) as a pale yellow liquid.

3-furanone 4: TLC: 20% ethyl acetate—hexanes, R; = 0.35 (UV, KMnO4). 'H NMR (300 MHz, CDCl3), &:
5.38 (s, 1H), 4.49 (q, J = 6.9 Hz, 1H), 2.76-2.66 (m, 1H), 1.43 (d, J = 7.0 Hz, 3H), 1.24 (s, 3H), 1.22 (s, 3H).
*C NMR (75 MHz, CDCl3), 8: 206.1, 198.7, 100.7, 82.6, 30.5, 19.7, 19.7, 16.6. FTIR (NaCl, thin film),
cm™: 2975, 1742, 1707, 1586. HRMS: ESI [M + H]" Calcd for CgH:30,: 141.0910. Found:

4 Mukeriji, S. K.; Sharma, K. K.; Torssell, K. B. G. Tetrahedron 1983, 39, 2231-2235.
> Winkler, J. D.; Oh, K.; Asselin, S. M. Org. Lett. 2005, 7, 387—-389.
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141.0911.

The following literature procedure for the synthesis of 5 is provided for reader convenience:®

[\
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The second generation Grubbs catalyst (933 mg, 1.10 mmol, 0.05 equiv) was added in portions to a solution
of 15" (3.60 g, 22.0 mmol) in dichloromethane (200 mL) heated at reflux. The resultant brown solution was
heated at reflux for 48 h, then was cooled and concentrated. Purification of the residue by flash column
chromatography (4% ethyl acetate—hexanes) gave 5 (2.40 g, 99%) as a pale yellow oil.

Aldehyde 5: TLC: 4% ethyl acetate—hexanes, R;= 0.30 (UV, KMnO,). [a]p® = —6.2° (c = 0.58, CH,Cl,).
'H NMR (300 MHz, CDCl3), 8: 9.76 (s, 1H), 6.80 (m, 1H), 3.06—2.98 (m, 1H), 2.68-2.55 (m, 1H), 2.27-2.14
(m, 1H), 1.63-1.53 (m, 2H), 1.13 (d, J = 7.0 Hz, 3H). "*C NMR (75 MHz, CDCl3), §: 190.0, 153.2, 151.8,
36.8, 32.6, 32.1, 19.4. FTIR (NaCl, thin film), cm™: 2957, 1716, 1683, 1458. HRMS: ESI [M — H]"
Calcd for C;HgO: 111.0804. Found: 111.0810. Assay of enantiomeric excess: Chiral HPLC analysis
(Regis (S, S)-Whelk-O #1 25 cm x 4.6 mm, 1 mL/min flow rate, 5% isopropanol-hexanes, tg (major) = 7.30
min, tr (minor) = 6.92 min) 79% ee, average of three determinations.?

Li o
(o] * ;
‘0 K Michael ;
LDA, THF H” Addition :
| CH; Key nOe observations
. 0o then 5 \‘ : | made on the major

H
75% \i o] diastereoisomer are
4 2:1 dr desired:X others ipr noted with blue arrows.

A solution of n-butyllithium (2.50 M, 2.20 mL, 5.50 mmol, 1.28 equiv) was added to a stirred solution of
N,N-diisopropylamine (0.85 mL, 6.00 mmol, 1.40 equiv) in THF (50 mL) at =78 °C. The resultant solution
was warmed briefly to 0 °C, then was cooled to —78 °C whereupon a solution of the 3-furanone 4 (600 mg,
4.30 mmol, 1 equiv) in THF (5 mL) was added dropwise. The resultant mixture was stirred at —78 °C for 30
min, whereupon a solution of 5 (550 mg, 5.00 mmol, 1.16 equiv) in THF (5 mL) was added. The reaction
mixture was stirred at =78 °C for 30 min, then was warmed to 23 °C and stirred at that temperature for 1 h.
The reaction mixture was then cooled to 0 °C whereupon saturated agueous ammonium chloride solution
(30 mL) was added carefully. The layers were separated and the aqueous layer was extracted with
dichloromethane (3 x 30 mL). The combined organic layers were dried over anhydrous sodium sulfate and
the dried solution was concentrated. Purification of the residue by flash column chromatography (20%

6 Chavez, D. E.; Jacobsen, E. N. Org. Lett. 2003, 5 (14), 2563-2565.

7 Takano, S.; Inomata, K.; Samizu, K.; Tomita, S.; Yanase, M.; Suzuki, M.; Iwabuchi, Y.; Sugihara, T.; Ogasawara, K. Chem. Lett.
1989, 1283-1284.

® The aldehyde 5 is produced in 79% ee as a consequence of the quality of commercially available (Sigma Aldrich) technical grade
(90+%) (R)-(+)-citronellal (~77% ee as determined experimentally by the observed optical activity).
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ethyl acetate—hexanes) afforded the Michael adduct 7 (807 mg, 75%, 2:1 dr desired:X others) as a yellow oil.

Michael adduct 7: TLC: 20% ethyl acetate—hexanes, Ry = 0.35 (UV, DNP). Major isomer: "H NMR (300
MHz, CDCls;), 6: 9.62 (d, J = 3.2 Hz, 1H), 5.32 (s, 1H), 2.90 (dd, J; = 8.8 Hz, J, = 15.6 Hz, 1H), 2.69-2.62
(m, 2H), 2.38-2.27 (m, 1H), 1.99-1.90 (m, 1H), 1.83-1.73 (m, 2H), 1.59-1.48 (m, 1H), 1.29 (s, 3H), 1.19 (d,
J=7.0 Hz, 6H), 0.98 (d, J = 7.0 Hz, 3H). Major isomer: *C NMR: (75 MHz, CDCl3), 8: 206.9, 204.4, 197.7,
101.2, 91.2, 54.5, 43.9, 39.0, 34.6, 30.5, 26.7, 21.0, 19.8, 19.5, 16.0. FTIR (NaCl, thin film), cm™: 2964,
1717, 1588. HRMS: ESI [M + H]" Calcd for C1sH2303:  251.1642. Found: 251.1649.

OH (0]

| o H Sml,, HMPA OH H
i-Pr » -Pr
O 1 1 0 1 1
H,C HH CH, THF H,C H CH,
43% H
7 8

A solution of samarium(ll) iodide in THF [0.1 M, 8.64 mL, 864 pmol, 4.00 equiv, freshly prepared from
samarium powder (195 mg, 1.30 mmol, 6.00 equiv) and 1,2-diiodoethane (244 mg, 864 pmol, 4.00 equiv)]®
was added dropwise to a solution of the Michael adduct 7 (54.0 mg, 216 umol, 1 equiv) and HMPA (700 pL,
4.00 mmol, 18.5 equiv) in deoxygenated THF (10 mL). The resultant deep purple mixture was stirred at 23
°C for 3 h, then was cooled to 0 °C and quenched by the addition aqueous hydrochloric acid solution (1 N,
10 mL). The layers were separated and the aqueous layer was extracted with dichloromethane (3 x 10 mL).
The combined organic layers were washed with saturated aqueous sodium bicarbonate solution (10 mL),
dried over anhydrous sodium sulfate, and the dried solution was concentrated. Purification of the residue
by flash column chromatography (10% ethyl acetate—hexanes) gave the ketoalcohol 8 (16.0 mg, 43%) as a
pale yellow oil.

Ketoalcohol 8: TLC: 20% ethyl acetate—hexanes, R¢= 0.30 (CAM). [a]p*®=—-47.4° (c=1.0, CHCl3). 'H
NMR (300 MHz, CDCls), &: 3.90 (dd, J; = 10.3 Hz, J, = 4.3 Hz, 1H), 2.46 (d, J = 18.5 Hz, 1H), 2.31 (d, J =
18.5 Hz, 1H), 2.33-2.24 (m, 1H), 2.10 (sept, J = 7.0 Hz, 1H), 1.98-1.94 (m, 1H), 1.67-1.58 (m, 2H), 1.39 (d,
J=4.3Hz, 1H), 1.22 (s, 3H), 1.18-1.12 (m, 2H), 1.09 (d, J = 7.0 Hz, 3H), 1.08 (d, J = 7.0 Hz, 3H), 0.901 (d, J
=7.0 Hz, 3H). "C NMR (125 MHz, CDCls), 8: 215.7, 83.5, 82.8, 70.4, 49.3, 46.4, 41.5, 32.3, 31.0, 30.4,
24.2,17.9,17.5,17.0, 16.7. FTIR (NaCl, thin film), cm™: 3470, 2958, 1749. HRMS: ESI [M + H]* Calcd
for C1sH25035:  253.1798. Found: 253.1792.

Ph
_— o I
cinnamic acid
0 2,4 6-trichlorobenzoylchloride o

OH
i-Pr

0]
H DMAP, Et;N ipr H
0 1 1 > 0 1 1
HC HL  CHy HC Hl  CHy

toluene, 23 °C
8 86% 10

Cinnamic acid (18.0 mg, 120 pmol, 2.00 equiv), triethylamine (25.0 pL, 180 pmol, 3.00 equiv),
2,4 ,6-trichlorobenzoyl chloride (25.0 pL, 155 ymol, 2.58 equiv) and 4-dimethylaminopyridine (1.0 mg, 8.2
pumol, 0.14 equiv) were added sequentially to a solution of 8 (16.0 mg, 60.0 ymol, 1 equiv) in toluene (2 mL).
The resultant mixture was stirred at 23 °C for 2 d, then was quenched with aqueous hydrochloric acid
solution (1 N, 5 mL). The layers were separated and the aqueous layer was extracted with
dichloromethane (3 x 5 mL). The combined organic layers were washed with saturated aqueous sodium
bicarbonate (10 mL), then was dried over anhydrous sodium sulfate and the dried solution was concentrated.

o Reisman, S. E.; Ready, J. M.; Weiss, M. M.; Hasuoka, A.; Hirata, M.; Tamaki, K.; Ovaska, T. V.; Smith, C. J.; Wood, J. L., J. Am.
Chem. Soc. 2008, 130, 2087—-2100.
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Purification of the residue by flash column chromatography (4% ethyl acetate-hexanes) afforded 10 (20.0
mg, 86%) as a colorless oil.

Ketoester 10: TLC: 4% ethyl acetate—hexanes, R;= 0.30 (UV, CAM). [a]p® = -52.2° (¢ = 0.32, CHCls).
'H NMR (300 MHz, CDCls), &: 7.67 (d, J = 16.1 Hz, 1H), 7.54-7.50 (m, 2H), 7.49-7.37 (m, 3H), 6.39 (d, J =
16.1 Hz, 1H), 5.37 (d, J = 10.6 Hz, 1H), 2.52 (ab, 1H), 2.14-2.06 (m, 1H), 2.01-1.92 (m, 1H), 1.91-1.75 (m,
2H), 1.68-1.47 (m, 2H), 1.256 (s, 3H), 1.23-1.18 (m, 2H), 1.03 (t, J = 7.4 Hz, 6H), 0.94 (d, J = 7.2 Hz, 3H).
3C NMR (75 MHz, CDCls), &: 215.5,165.7, 145.7, 134.4, 130.7, 129.2, 128.4, 117.9, 83.7, 82.6, 71.0, 48.6,
46.3, 42.9, 33.3, 31.3, 30.9, 23.5, 18.2, 17.7, 17.1, 17.0. FTIR (NaCl, thin film), cm™: 2960, 1754, 1713,
1636. HRMS: ESI[M + H]" Calcd. for C24H3104:  383.2217. Found: 383.2213.

Ph
(0} / (0]
o ol ~pp
o H NaBH, H/ 0" "H
i-PrO e i-Pr07L
! ! CHsoH ! !
HC HI  CHy 059 HC HL  CHy
10 11

Sodium borohydride (2.50 mg, 65.0 pmol, 1.00 equiv) was added to a solution of 10 (25 mg, 65 pymol, 1
equiv) in methanol (2 mL) at 0 °C. The resultant mixture was stirred at 0 °C for 30 min, and excess
borohydride was quenched by the addition of saturated aqueous ammonium chloride solution (5 mL). The
resultant mixture was extracted with dichloromethane (3 x 5 mL), the combined organic layers were dried
over anhydrous sodium sulfate, and the dried solution was concentrated. Purification of the residue by flash
column chromatography (20% ethyl acetate—hexanes) afforded 11 (25 mg, quantitative) as a colorless oil.

Ketoalcohol 11: TLC: 20% ethyl acetate—hexanes, R; = 0.40 (UV, CAM). [a]p®® = —32.6° (¢ = 0.30,
CHCI3). '"H NMR (300 MHz, CDCls), 8: 7.66 (d, J = 16.2 Hz, 1H), 7.54—7.50 (m, 2H), 7.39-7.36 (m, 3H),
6.40 (d, J = 16.2 Hz, 1H), 5.22 (d, J = 10.3 Hz, 1H), 4.19 (dd, J; = 10.7 Hz, J, = 4.8 Hz, 1H), 2.39-2.29 (m,
2H), 2.16-2.04 (m, 2H), 1.98-1.67 (m, 6H), 1.32 (s, 3H), 1.29—-1.21 (m, 1H), 0.98-0.93 (m, 9H). "*C NMR
(75 MHz, CDCl3), 8: 166.1, 145.1, 134.6, 130.5, 129.1, 128.3, 118.6, 84.8, 81.6, 81.2, 72.7, 49.4, 46.4,
39.6, 33.1, 31.7, 31.4, 24.6, 23.5, 17.9, 17.3, 17.1. FTIR (NaCl, thin film), cm™: 2923, 1710, 1636.
HRMS: ESI[M + H]* Calcd. for C4H3304 385.2373. Found: 385.2389.

N_—:\ (I)I o
ol ~pn _ )
H 0 H LiHMDS, THF; H o H
i-Prgk e i-Prj
HoC Hl  CH, (imid),SO, HC Hl  CH,
H ~10 > 23 °C H
11 99% 16

A solution of n-butyllithium (2.50 M, 72.8 uL, 182 pymol, 7.00 equiv) was added to a stirred solution of
hexamethyldisilazane (42 pL, 200 ymol, 7.70 equiv) in THF (2 mL) at 0 °C. The resultant solution was
warmed briefly to 23 °C, then was cooled to 0 °C whereupon a solution of 11 (10 mg, 26 ymol, 1 equiv) in
THF (1 mL) was added. The resultant mixture was stirred at 0 °C for 30 min, then was cooled to —10 °C
whereupon N,N’-sulfuryldiimidazole (40 mg, 200 umol, 7.70 equiv) was added. The reaction mixture was
warmed to 23 °C, stirred at that temperature for 12 h. Excess N,N’-sulfuryldiimidazole was quenched by
the addition of methanol (0.2 mL), and the resultant mixture was concentrated. The residue was partitioned
between saturated aqueous sodium bicarbonate solution (5 mL) and dichloromethane (5 mL). The layers
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were separated and the aqueous phase was extracted with dichloromethane (3 x 5 mL). The combined
organic layers were dried over anhydrous sodium sulfate and the dried solution was concentrated.
Purification of the residue by flash column chromatography (20% ethyl acetate-hexanes) gave 16 (13 mg,
quantitative) as a colorless oil.

Imidazole 16: TLC: 20% ethyl acetate—hexanes, R;= 0.35 (UV, CAM). [a]p®® = —14.0° (c = 0.71, CHCls).
'H NMR (300 MHz, CDCls), &: 8.03 (s, 1H), 7.65 (d, J = 16.1 Hz, 1H), 7.56-7.53 (m, 2H), 7.41-7.38 (m,
4H), 7.24 (s, 1H), 6.38 (d, J = 16.4 Hz, 1H), 5.20 (d, J = 10.1 Hz, 1H), 4.59 (dd, J; = 10.7 Hz, J, = 4.8 Hz, 1H),
2.31-2.22 (m, 1H), 2.18-2.13 (m, 2H), 2.06-1.99 (m, 2H), 1.92-1.88 (m, 1H), 1.83-1.67 (m, 3H), 1.23-1.21
(m, 1H), 1.19 (s, 3H), 0.95-0.89 (m, 9H). "*C NMR (75 MHz, CDCl3), 5: 165.8, 145.7, 137.4, 134.4, 131.8,
130.7, 129.2, 128.4, 118.2, 117.9, 90.7, 85.4, 81.3, 71.3, 49.0, 46.5, 35.9, 32.8, 31.4, 31.3, 241, 22.7, 17 .7,
17.0, 17.0. FTIR (NaCl, thin film), cm™ 2960, 1713, 1636. HRMS: ESI [M + H]" Calcd. for
Ca7H3sN206S:  515.2210. Found: 515.2215.

N=\ o Ph
N n_0
g/ \S\/ (o] \
o /“\/\Ph HO

H [0) H . (0]
cesium hydroxyacetate H
i-Prgk yaroxy o 0;——0 O H
HC Hl  CHy 18-cr-6, toluene HPr X .
H 110 °C HC Hl  cH,
16 74% H

(=)-Englerin A, 1

Cesium hydroxyacetate'™ (9.1 mg, 44 pmol, 5.0 equiv) was added in one portion to a stirred solution of 16
(4.5 mg, 8.8 ymol, 1 equiv) and 18-crown-6 (11.6 mg, 44 uymol, 5.0 equiv) in toluene (1 mL). The resultant
mixture was heated at reflux for 36 h, then was cooled and diluted with dichloromethane (5 mL) and water (5
mL). The layers were separated and the aqueous phase was extracted with dichloromethane (3 x 5 mL).
The combined organic layers were dried over anhydrous sodium sulfate and the dried solution was
concentrated. Purification of the residue by flash column chromatography (20% ethyl acetate-hexanes)
afforded (—)-englerin A (1, 2.9 mg, 74%) as a white solid.

(-)-Englerin A, 1: TLC: 20% ethyl acetate—hexanes, R; = 0.25 (UV, CAM). [a]b® = —42.9° (c = 0.27,
MeOH)." "H NMR (500 MHz, DMSO-dg), &: 7.74-7.71 (m, 2H), 7.70 (d, J = 16.0 Hz, 1H), 7.43-7.42 (m,
3H), 6.61 (d, J = 16.0 Hz, 1H), 5.16 (dd, J; = 7.5 Hz, J, = 1.5 Hz, 1H), 4.97 (d, J = 9.5 Hz, 1H), 4.05 (s, 2H),
3.35 (brs, 1H), 2.64 (dd, J; = 14.5 Hz, J, = 8.5 Hz, 1H), 2.06—2.03 (m, 1H), 1.96—1.92 (m, 1H), 1.83-1.78 (m,
1H), 1.73 (dd, J; = 14.5 Hz, J, = 3.0 Hz, 1H), 1.68-1.60 (m, 3H), 1.26—1.23 (m, 1H), 1.18-1.15 (m, 1H), 1.10
(s, 3H), 0.94 (d, J = 6.5 Hz, 3H), 0.88 (d, J = 7.5 Hz, 3H), 0.86 (d, J = 7.0 Hz, 3H). "*C NMR (125 MHz,
DMSO-dg), 8: 172.4, 165.2, 145.3, 133.9, 130.7, 129.0, 128.5, 117.8, 84.7, 84.3, 74.4, 70.5, 59.6, 47.1,
45.9, 39.5, 32.7, 30.6, 30.5, 24.1, 18.8, 18.1, 17.3, 16.7. FTIR (NaCl, thin fim), cm™: 3393, 2926, 1715,
1636. HRMS: ESI[M + H]" Calcd. for CosH3s0s:  443.2428. Found: 443.2422.

1% Cesium hydroxyacetate is conveniently prepared as follows: An aqueous solution of glycolic acid (2 equiv, 0.1 M) is treated with
solid cesium carbonate (1 equiv) and stirred at 23 °C for 18 h at which point the resultant mixture is concentrated and dried under
reduced pressure (0.1 Torr).

' Our measured optical rotation is slightly lower than that reported for the natural product ([a]p = —63 (c = 0.13, MeOH)) as a
consequence of our starting material 5 being 79% ee.



S8

Ph Ph
\ \
HO
o o
0;——0 o] 4 KaCO, HoA of 4
i-l:’rc7L f I CH3OH, 23 °C l'-Pr'c?L f ;
H,C Hl CH, 89% H;C Hl  CH,
H H
(=)-Englerin A, 1 (-=)-Englerin B, 2

Potassium carbonate (2 mg, 14 pymol, 7 equiv) was added to a stirred solution of (—)-englerin A (1, 0.9 mg,
2.0 ymol, 1 equiv) in methanol (2 mL) at 23 °C. The reaction mixture was stirred for 1 h and then was
quenched by the addition of saturated aqueous ammonium chloride solution (5 mL). The resultant mixture
was extracted with dichloromethane (3 x 5 mL), the combined organic layers were dried over anhydrous
sodium sulfate, and the dried solution was concentrated. Purification of the residue by preparative thin
layer chromatography (20% ethyl acetate—hexanes) afforded (-)-englerin B (2, 0.7 mg, 89%) as a colorless
oil.

Englerin B, 2: TLC: 20% ethyl acetate—hexanes, R; = 0.25 (UV, CAM). [a]p®® = —23.3° (c = 0.23,
MeOH).”?  'H NMR (500 MHz, DMSO-de), 8: 7.73 (m, 2H), 7.66 (d, J = 16.1 Hz, 1H), 7.42 (m, 3H), 6.59 (d,
J =16.2 Hz, 1H), 4.92 (d, J = 10.2 Hz, 1H), 3.93 (brd, J = 5.7 Hz, 1H), 2.49 (m, 1H) 1.99 (m, 1H), 1.87 (m,
1H), 1.76 (m, 1H), 1.59 (m, 3H), 1.51 (m, 1H), 1.13 (m, 2H), 1.11 (s, 3H), 0.93 (d, J = 6.9 Hz, 3H), 0.87 (d, J
= 7.2 Hz, 3H), 0.84 (d, J= 7.2 Hz, 3H). 3C NMR (125 MHz, DMSO-ds), : 165.29, 144.99, 133.95, 130.60,
128.96, 128.49, 118.00, 84.99, 84.06, 71.06, 70.76, 47.24, 45.77, 42.50, 32.84, 30.66, 30.55, 24.38, 19.37,
18.25, 17.43, 16.80. FTIR (NaCl, thin film), cm™: 3429, 2957, 1708, 1636. HRMS: ESI[M + H]" Calcd.
for Co4H3204:  385.2373. Found: 385.2379.

2 Our measured optical rotation is slightly lower than that reported for the natural product ([a]p = =32 (¢ = 0.17, MeOH)) as a
consequence of our starting material 5 being 79% ee.
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Table S1. '"H NMR and "C NMR (methanol-d;, 500 MHz) datum comparison of synthetic with natural

(—)-englerin A

# du (natural) 84 (synthetic) A ¢ (natural) dc (synthetic) A
1 1.66 (M) 1.67 (M) 0.01 47.1 47 1 0.0
2a  1.62(m) 1.62 (m) 0.00 24.2 24.1 -0.1
2b  1.23 (m) 1.23 (m) 0.00
3a  1.93(m) 1.94 (m) 0.01 30.6 30.5 -0.1
3b  1.16 (m) 1.16 (m) 0.00
4 2.04(m) 2.05 (m) 0.01 30.7 30.6 -0.1
5 1.62 (m) 1.62 (m) 0.00 46.0 45.9 -0.1
6 4.97 (d, 10.0) 4.97 (d, 9.5) 0.00 70.6 70.5 -0.1
7 84.8 84.7 -01
8a 2.64(dd, 14.5,8.0) 2.64 (dd, 14.5,8.5) 0.00 39.5 39.5° 0.0
8b  1.73(dd, 14.5,2.5) 1.73 (dd, 14.5,3.0) 0.00
9 5.15(dd, 8.0,2.5) 5.16 (dd, 7.5,1.5) 0.01 74.4 74.4 0.0
10 84.4 84.3 -01
11 0.85(d, 7.5) 0.86 (d, 7.0) 0.01 16.7 16.7 0.0
12 1.79 (m) 1.80 (m) 0.01 327 32.7 0.0
13 0.94 (d, 7.0) 0.94 (d, 6.5) 0.00 17.3 17.3 0.0
14  0.88(d, 7.0) 0.88 (d, 7.5) 0.00 18.1 18.1 0.0
15 1.10 (s) 1.10 (s) 0.00 18.8 18.8 0.0
1 165.2 165.2 0.0
2" 6.59(d, 16.0) 6.61 (d, 16.0) 0.02 117.8 117.8 0.0
3 7.68(d, 16.0) 7.70 (d, 16.0) 0.02 1452 145.3 0.1
4 133.9 133.9 0.0
5/9° 7.72 (brd, 7.5) 7.72 (m) 0.00 128.5 128.5 0.0
6'/8' 7.43 (m) 7.43 (m) 0.00 129.0 129.0 0.0
7 7.43(m) 7.43 (m) 0.00 130.7 130.7 0.0
1”7 172.4 172.4 0.0
2" 4.04 (brs) 4.05 (s) 0.01 59.8 59.6 -0.2
OH 5.36 (brs) 3.35 (brs) -2.01

“overlapping with solvent signals.
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Table S2. '"H NMR and ®C NMR (DMSO-ds, 500 MHz) datum comparison of synthetic with natural

(—)-englerin B

# Oy (natural) Ou (synthetic) A 3¢ (natural) d¢ (synthetic) A
1 1.60 (m) 1.59 (m) -0.01 47.27 47.24 -0.03
2a  1.60 (m) 1.59 (m) -0.01 24.40 24.38 -0.02
2b  1.12(m) 1.11 (m) -0.01
3a  1.87 (m) 1.87 (m) 0.00 30.69 30.66 -0.03
3b  1.12(m) 1.11 (m) -0.01
4 1.99 (m) 1.99 (m) 0.00 30.57 30.55 -0.02
5 1.50 (m) 1.51 (m) 0.01 45.80 45.77 -0.03
6 4.91 (d, 10.0) 492 (d,10.2) 0.01 71.10 71.06 -0.04
7 84.10 84.06 -0.04
8a 249 (dd, 13.5,7.5) 2.48° -0.01 42.50 42.50 0.00
8b  1.57 (m) 1.59 (m) 0.02
9 3.92 (brs) 3.93 (brd, 5.7) 0.01 70.81 70.76 -0.05
10 85.01 84.99 -0.02
11 0.82(d, 7.0) 0.84 (d, 7.2) 0.02 16.81 16.80 -0.01
12 1.75(m) 1.76 (m) 0.01 32.86 32.84 -0.02
13 0.92(d, 7.0) 0.93 (d, 6.9) 0.01 17.45 17.43 -0.04
14  0.86 (d, 7.0) 0.86 (d, 7.2) 0.00 18.26 18.25 -0.01
15 1.11(s) 1.11 (s) 0.00 19.38 19.37 -0.01
1 165.30 165.29 -0.01
2 6.57 (d, 16.0) 6.59 (d, 16.2) 0.02 118.02 118.00 -0.02
3 7.66 (d, 16.0) 7.66 (d, 16.1) 0.00 144.98 144.99 0.01
4 133.95 133.95 0.00
519" 7.71 (m) 7.72 (m) 0.01 12847 128.49 0.02
6’/8" 7.42 (brdd, 3.5,3.0) 7.42 (m) 0.01 128.98 128.96 -0.02
7 7.42 (brdd, 3.5, 3.0) 7.42 (m) 0.01 130.62 130.60 -0.02

“overlapping with solvent signals.
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