© 2000 American Chemical Society, J. Am. Chem. Soc., Evans ja000913t Supporting Info Page 1

Supporting Information ' _ : : S—1:

C>-Symmetric Copper(II)l Complexes as Chiral Lewis Acids. Ca'tAaly‘tic- -
Enantioselective Carbonyl-Ene Reactions with Glyoxylate and Pyruvate Esters

David A. Evans,* Steven W. Trégay, Christopher S. B'ul_'gey, Nick A. Paras, énd Tomas Vojkovsky
Departrﬁent of Chemistry and Chemical Biology, Harvard University, Cambfidge, Massachusetts 02138.
Supporting Information

General Information. All reactions were carried out under an atmosphere of nitrogen in oven-dried glassware
with magm;,tic stirring. Solvents and reagents were purified prior to use following the guidelines of Perrin and -
Armarego.” CuCly and AgSbFg; from Cerac Chemical, and Cu(OTf),, from Aldrich, were stored in an inert at-
mosphere dry box and used without further purification. 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 aqueous ceric ammonium molybdate solution followed by heating. Melting points were measured with a
Biichi SMP-20 melting point apparatus equipped with an Omega Model 450 AET thermocouple and are uncor-
rected. Optical rotations were measured on a Jasco DIP-0181 digital polarimeter with a sodium lamp and are
reported as follows: [o]f (c g/100 mL, solvent). Infrared spectra were recorded on a Perkin Elmer 1600 series
FT-IR spectrometer. 1H NMR spectra were recorded on a Bruker AM-400 (400 MHz) and AM-500 (500 MHz)
spectrometers and are reported in ppm from internal tetramethylsilane. Data are reported as: (br = broad, s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet; coupling constant(s) in Hz; integration; proton as- -
signments). Ambiguous assignments were resolved on the basis of standard one dimensional proton decoupling
experiments. Proton-decoupled 13C NMR spectra were recorded on a Bruker AM-400 (100 MHz) and AM-500
(125 MHz) spectrometers and are reported in ppm using solvent as the internal standard (CDCl3 at 77.0 ppm).’
High resolution mass spectra were obtained on Jeol AX-505 or SX-102 spectrometers in the Harvard University
Mass Spectrometry Laboratory. Gas chromatography was performed on a Hewlett-Packard 5890 Series II gas
chromatograph equipped with a split-mode capillary injection system and flame ionization detector using the
following chiral columns: J&W Scientific CYCLODEX-B (30 m x 0.25 mm) and J&W Scientific DB-1701 (30
m x 0.25 mm). Medium pressure liquid chromatography (MPLC) was performed using a high capacity pump -
(Fluid Metering, Inc. Model RPD-OSSY) and Merck LiChroprep Si 60 (column size B) silca gel columns. -
Preparative HPLC was performed on a Ramin Dynamax system equiped with a SD-200 Solvent Delivery
System and -a variable wavelength detector (Model UV-C) using a Zorbax Sil (21.2 mm x 25 cm) column.
Analytical high performance liquid chromatography (HPLC) was performed on a Hewlett-Packard 1050 Series
HPLC equipped with a variable wavelength detector using a Chiralcel OD-H column (0.46 cm x 25 cm) from
Daicel or a Zorbax Sil column (0.46 x 25 cm).  X-ray crystallographic data was collected using a Siemens

SMART CCD (charge coupled device) based diffractometer equipped with an LT-2 low-temperature apparatus
operating at 213 K. : _ ' S

Mg Mo Me_ Me [Cu((S,S)-tert-Bu-box)]Cla*CH2Cly. A round-bottom flask with a

O\IV}STO cucl o\%ro magnetic stirrer was charged with (§,S)-fert-butyl-bis(oxazoline)?
S,N 10 e (RN e#2: (1.472 g, 5.0 mmol, 1.0 equiv) and CuCly (0.672 g, 5.0 mmol, 1.0

Mey the, 99% wMed o/ %o ove,  ©€quiv). Methylene chloride (20 mL) was added via syringe and the

. ' reaction stirred 3.5 h, until the insoluble CuCl, had solubilized. The
green solution was transfered via cannula under nitrogen to a syringe fitted with a 0.45 p filter, and into a
Schlenk flask. The solvent was removed in vacuo to deliver 2.52 g (99%) of a light green Powder: mp > 180
°C; [a]p -251° (c 1.06, CH,Cly); IR (CHClp) 2968, 1655, 1484, 1371, 1239, 1135, 947 cm- L. :

Anal. Calcd for C1gH32Cl4CuN20;: C, 42.08; H, 6.28; N, 5.45. Found: C, 42.21; H, 6.24; N, 5.51.
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vos) e vod " e box)Cla*CHyCly (51.2 mg, 0.10 mmol) and AgSbFe (68.7 mg,

0.20 mmol). The flask was fitted with a serum cap, removed

[CU((SSHter Burbox)(SbF o (22 from the inert atmosphere box and charged with CH,Cl, (2.0
mL). The mixture was stirred 2-3 h in the absence of light to produce a green solution with a white AgCl
precipitate. The mixture was filtered through a plug of oven-dried Celite to provide a solution of 2a as a clear
dark green solution. The development of a blue color in room temperature solutions of this catalyst is indicative
of the formation of the bis(aquo) complex 4a.

Supporting Information ‘ ' : _ S5=2
Ma_ Mo Mg Me 1 [Cu(S,S)-(tert-butyl-box)](SbF) (2a). To an oven-dried
| O CuClz, 2 AgSbFe \“X@ 2 5o round bottom flask containing a magnetic stirring bar was

S/N N/ CHCl, 14-16h §/& " added, in an inert atmosphere box, Cu(tert-Bu-

o [C_lu,(tjs,s)-(;e;t-bu]t:’yl-_bo:é)(rflzo)zg(ngf_)z (4a). The CHCh
% GG, 2 AgStF, om . solution of 2a obtained after the Celite filtration step in the
._‘ N.

preceding experiment was washed through with 4 x 15 mL

. C”ZC'Z 1416 h e Y , CH,Cl; (sat. with HyO) into a flask. The blue solution
2 SbFg” Ml oG omy OV containing the aquated complex was concentrated slowly in
(2a) (@a) vacuo to afford 344 mg (99% yield) of 4a as an air-stable light

blue solid. 2

Method A : General Procedure for the Addition of Olefins to Ethyl Glyoxylate Catalyzed by 1 and 2. To
an oven-dried, 10-mL round-bottom flask containing a magnetic stirring bar was added, the olefin (0.50 mmol),
and ethyl glyoxylate (3-10.equiv). To this mixture was added the catalyst solution 1 or 2 (0.05-0.005 mmol in
1.5 mL CHCly) in one portion. After the reaction was complete (1-48 h) the mixture was directed loaded onto
a2 x 6 cm silica gel flash column and eluted with the indicated solvent to provide the title compounds. -

Method B: General Procedure for the Addition of Olefins to Ethyl Glyoxylate Catalyzed by 4. To an
oven-dried, 10-mL round-bottom flask containing a magnetic stirring bar was added, the olefin (0.50 mmol),
ethyl glyoxylate (3-10 equrv) and CHpCly (1.5 mL). To this solution was added solid 4 (0.05-0.005 mmol) in
one portion. After the reaction was complete (1-48 h) the mixture was directed loaded onto a2 x 6 cm srhca gel
flash column and eluted with the indicated solvent to provide the title compounds. :

Preparatlon of (R)-Ethyl 3- (l' Cyclohexenyl) 2- hydroxyproplonate (6). Prepared ac-
cording to Method A (0 °C, 12 h) using methylene cyclohexane (60 pL, 0.50 mmol), ethyl

OEt  glyoxylate (200 uL, 1.5 mmol) and catalyst Ic (0.05 mmol, 1.5 mL CH,Cly) to provide the
pure product as a clear oil in 99% yield (98 mg, 0.49 mmol, 87% ee) after flash chro-
matography with 30% Etp;O/hexanes.

Preparation of (S)-Ethyl 3-(1'-Cyclohexenyl) 2- hydroxyproplonate (6). Prepared ac-
cording to Method B (1.5 mL CHCly, 0 °C, 1 h) using methylene cyclohexane (60 puL,

OBt 0.50 mmol), ethyl glyoxylate (200 pL, 1.5 mmol) and catalyst 4 (0.005 mmol) to provide

OH the pure product as a clear oil in 96% yleld (95 mg, 0.48 mmol, 97% ee) after flash chro-
matography with 30% EtyO/hexanes. [l -5.8° (¢ 5.3, CgHg); IR (film) 3476, 3046,

2930, 2856, 1736, 1666, 1439, 1270, 1207, 1098, 1031 cm-!; IH NMR (400 MHz, CDCl3) § 5.48 (br s, 1H, -
C=CH), 4.32 (dd, J =8.0, 4.6 Hz, 1H, CH(OH)) 4, 19 (q, J =7.1 Hz, 2H, OCH,CH3), 2.85 (br s, 1H, OH), 2.39

(dd, J =14.6, 4.6 Hz, 1H, CH,CH(OH)), 2.24 (dd, J = 140 8.2 Hz, 1H, CH,CH(OH)), 1.98-1.88 (m, 4H, -CH3>-
), 1.51-1.48 (m, 4H, -CH3-), 1.25 (t, J = 7.2 Hz, CH,CH3); 13¢ NMR (100 MHz, CDCl3) 6 174.9, 132.9,.

125.2,69.1, 61.3, 43.1, 28.3, 25.1, 22.7, 22.0, 14.1; LRMS (CI/NH3) m/z 199 (MH)*, 216 (M+NH4)*; HRMS

(CI/NH3) exact mass calcd for (C11H1303NH4)+ requires m/z- 216.1600, found m/z 216.1600 Enantiomeric
excess was determined by GC with a CYCLODEX-B column (14.0 psi, 120 °C, at t = 26.8 min, rate 5 °C/min,

final T = 130 °C); (R) enantiomer ty = 25.0 min; (S) enantiomer tr = 26.8 min; 97% ee.

General Procedure for preparation of Mosher MTPA Esters: To a solution of substrate (O 1 mmol) in 2 mL
CH,Cl5, trrethylamme (28 pL, 0.2 mmol), MTPA-C1 (28 pL, 0.14 mmol), and DMAP (catalytic) were added.

After stirring overnight at RT, the resultrng suspensron was filtered through a plug of 8102 and concetrated in
vacuo to afford the product.
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H (R) MTPA 52.56,2.53 Determination of Absolute Configuration by Mosher MTPA.
(S) MTPA §2.50, 2.47 analysis: (R) MTPA Ester :1H NMR (500 MHz, CDCl3) 0 7.58-
OEt , 7.38 (m, 5H, ArH), 5.52 (br s, 1H, C=CH), 5.29 (dd, J=4.6, 4.5

- OMTPA ' Hz, 1H, CH(OMTPA)), 4.21 (q, J =7.2 Hz, 2H, OCH2CH3), 3.56

(s, 3H, OCH3), 2.56 (m, 1H, CH,CH(OMTPA), 2.53 (m, 1H,

CH,CH(OMTPA)), 1.96 (m, 4H, -CHj-), 1.62-1.51 (m, 4H, -CH3-), 1.25 (t, J= 7.2 Hz, CH,CH3); LRMS
(CI/NH3) m/z 415 (MH)*, 432 (M+NHy)*; HRMS (CINH3) exact mass calcd for (C21H605F3)* requires m/z
415.1732 found m/z 415.1728. (S) MTPA Ester : !H NMR (500 MHz, CDCl3) 8 7.64-7.34 (m, 5H, ArH),
5.38 (br s, 1H, C=CH), 5.25 (dd, J =4.6, 4.1 Hz, 1H, CH(OMTPA)), 4.24 (m, 2H, OCH;CH3), 3.64 (s, 3H,
OCH3z), 2.50 (m, 1H, CH,CH(OMTPA), 2.47 (m, 1H, CH,CH(OMTPA)), 1.89 (m, 4H, -CH>-), 1.52-1.33 (m,
2H, -CH,-), 1.25 (t, J = 7.2 Hz, CH,CH3); LRMS (FAB, Nal) m/z 415 (MH)*, 437 (M+Na)*; HRMS (FAB,

Nal) exact mass caled for (C21H260sF3Na)* requires m/z 437.1552., found m/z 437.1541. :

Preparation of (R)-Ethyl 2-Hydroiy-5-methyl-S-pentenoate (7): Prepared accdrding to-
M Method A (0 °C, 12 h) using a 1-M solution of isobutylene in dichloroethane (500 pL, 0.50
Y OBt mmol), ethyl glyoxylate (200 pL, 1.5 mmol) and catalyst 1c (0.05 mmol, 1.5 mL CH3Cly) to

0

provide the pure product as a clear oil in 92% yield (73 mg, 0.46 mmol, 92% ee) after flash
chromatography with 30% Et;O/hexanes. ) o :

' Preparation of (S)-Ethyl 2-Hydroxy-5-methyl-5-pentenoate (7). Prepared according to .
M ‘ Method B (1.5 mL CH,Cly, 0 °C, 1 h) using a 1-M solution of isobutylene in
E’T‘/\(ﬁ\oa dichloroethane (500 pL, 0.50 mmol), ethyl glyoxylate (200 pL,1.5 mmol) and catalyst 4
OH (0.005 mmol) to provide the pure product as a clear oil in 97% yield (77 mg, 0.48 mmol,
96% ee) after flash chromatography with 30% Et;O/hexanes. [al -9.5° (c 5.3, Etz0); IR (film) 3473, 3077,
2082, 1731, 1649, 1446, 1347, 1202, 1100 cm-!; IH NMR (400 MHz, CDCl3) 6 4.84 (d, J = 1.4 Hz, 1H,
C=CHH), 4.78 (d, ] = 0.8 Hz, 1H, C=CHH), 4.29 (dd, J = 8.2, 4.3 Hz, 1H, CH(OH)), 4.21 (q, J = 7.1 Hz, 2H,
OCH,CH3), 2.80 (br s, 1H, OH), 2.49 (dd, J =14.1, 4.2 Hz, 1H, CH,CH(OH)), 2.33 (dd, J =14.1, 8.3 Hz, 1H,
CH,CH(OH)), 1.76 (s, 3H, C=CCH3), 1.27 (t, J = 7.1 Hz, CH;CH3); 13C NMR (100 MHz, CDCL) 6 174.7,
141.0, 113.9, 69.1, 61.6, 42.7, 22.4, 14.2; LRMS (CI/NH3) m/z 159 (MH)*, 176 (M+NH4)*; HRMS (CIUNH3)
exact mass calcd for (CgH403+NHg)*t requires m/z 176.1287, found m/z 176.1291. Enantiomeric excess was
determined by GC with a CYCLODEX-B column (13.5 psi, 100 °C); (R) enantiomer ty = 21.3 min; (S ) enan-
tiomer tr = 21.5 min; 96% ee. ‘ » '

H 'Determination of Absolute Configuration by Mosher MTPA analysis:
M (R) MTPA §2.64 (R) MTPA Ester : IH NMR (500 MHz, CDCl3) 8 7.58 (m, 2H, ArH),
OEt" (5) MTPA $2.58 7.40 (m, 3H, ArH), 5.35 (dd, J = 5.0, 3.4 Hz, 1H, CH(OMTPA)), 4.87 (s,
'OMTPA ‘1H, C=CHH), 4.80 (s, 1H, C=CHH), 4.21 (q, J = 7.1 Hz, 2H,
OCH,CH3), 3.55 (s, 3H, OCH3), 2.64 (m, 2H, CH,CH(OMTPA)), 1.76 (s, 3H, C=CCH3), 1.26 (t, /= 7.1 Hz,
CH,CH3); LRMS (CUNH3) 392 (M+NHy4)+; HRMS (CI/NH3) exact mass calcd for (C23H2305F34NH4)* re-
quires m/z 392.1685, found m/z 392.1697. (R) MTPA Ester : 1H NMR (500 MHz, CDCl3) 6 7.62 (m, 2H,
ArH), 7.40 (m, 3H, ArH), 5.33 (dd, J = 5.5, 2.8 Hz; 1H, CH(OMTPA)), 4.73 (s, 1H, C=CHH), 4.66 (s, 1H,
C=CHH), 4.25 (m, 2H, OCH,CH3), 3.64 (s, 3H, OCH3), 2.58 (m, 2H, CH,CH(OMTPA)), 1.64 (s, 3H,
C=CCHz), 1.29 (t, J = 7.1 Hz, CH,CH3); LRMS (CI/NH3) 392 (M+NH4)*; HRMS (CI/NH3) exact mass calcd
for (Co3H305F3+NHg)* requires m/z  392.1685, found m/z 392.1697. :

' : Determination of Absolute Configuration (S)-Ethyl 2-
M PtO2 M " Hydroxy-4-methyl-4-pentenoate (6) by Correlation
OEt O ot with (S)- Leucinic Acid Ethyl Ester: To a solution of
OH ;%gstm) Me OH (8)-ethyl 2-hydroxy-4-methyl-4-pentenoate (150 mg, 0.95

: - mmol, 97% ee) in 4 mL EtOH at RT, Adam's catalyst
(PtO3) (22 mg, 0.095 mmol) was added. The flask was purged with H and allowed stir under 1 atm H» for 16
h. The reaction was then diluted with Et;O and eluted through a short plug of SiOp. The eluent was
concentrated in vacuo and purified by flash chromatography with 30% EtyO/hexanes to afford (S)- leucinic acid
ethyl ester as a volatile liquid (115 mg, 72% yield). The spectral data for this material was identical to that in
the literature and the material exhibited the identical optical rotation of the reported (S) enantiomer. 1o 5
-17.5° (¢ 1.2, Et,0); [of (Lit.) -18.1° (c 1.2, Et;0); IR (film) 3480, 2958, 2871, 1733, 1470, 1369, 1268,
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1210, 1143 cm-l; 1H NMR (400 MHz CDCl3)5 4.84 (d, J= 1.4 Hz, 1H, C=CHH), 4.78 (d,J = 0.8 Hz, 1H, .
C=CHH), 4.29 (dd J=8.2,4.3 Hz, 1H, CH(OH)), 4.21 (q, J = 7.1 Hz, 2H, OCH,CH3), 2.80 (brs, 1H, OH),
2.49 (dd, J =14.1, 4.2 Hz, 1H, CHZCH(OH)) 2.33 (dd, J =14.1, 8.3 Hz, 1H, CH2CH(OH)), ' 1.76 (s, 3H,
C=CCHj), 1.27 (t,J=7.1 Hz CH,CH3); 13C NMR (100 MHz, CDC13) 01747, 141.0, 113.9, 69.1,61.6, 42.7,
122.4, 14.2; LRMS (CUNH3) m/z 178 (M+NHg)*; HRMS (CUNH3) exact mass caled for (C3H16O3+NH4)+
requires m/z 178.1443, found m/z 178 1448 :

P Method A (0 °C, 12 h) using o-methyl styrene (65 pL, 0.50 mmol), ethyl glyoxylate (200

: » Preparation of (S)- Ethyl 2-Hydroxy-5-phenyl- 5-pentenoate (8) Prepared accordmg to.
' T OBt ul15 mmol) and catalyst 1¢ (0.05 mmol, 1.5 mL. CH»Cly) to provide the pure product as a
OH clear oil in 99% y1eld (109 mg, 0.49 mmol, 89% ee) after flash chromatography with 30%

Et,O/hexanes.

' Preparatlon of (S)-Ethyl 2-Hydroxy-5-phenyl- 5-pentenoate (8) Prepared accordmg to
P Method B (1.5 mL CH3Cl», 0 °C, 1 h) using o-methyl styrene (65 pL, 0.50 mmol), ethyl
Y\KH\OE‘ glyoxylate (200 pL, 1.5 mmol) and catalyst 4 (0.05 mmol) to provide the pure product as a
OH clear oil in 97% yield (107 mg, 0.48 mmol, 93% ee) after flash chromatography with 30%
Et,O/hexanes. [0} -1.8° (c 7.5, CgHe); IR (film) 3476, 3083, 2982, 2906, 1736, 1445, 1210, 1094, 1029, 905
cm-l; 1H NMR (400 MHz, CDCl3) & 7.43-7.31 (m, 5H, ArH) 5.40 (s, 1H, C=CHH), 5.22 (s, 1H, C=CHH),
4.28 (dd J=17.6,4.7 Hz, 1H; CH(OH)), 4.06 (m, 2H, OCH2CH3); 3.07 (dd, J =14.5, 4.5 Hz, 1H, -CHj-), 3.01
(br s, 1H, OH), 2.86 (dd, J =14.5, 7.6 Hz, 1H, -CH>-), 1.22 (t, /= 7.1 Hz, CHZCH3) 13C NMR (100 MHz,
CDCl3) 8 174. 3, 143.5, 140.2, 128.1, 127. 6 126.3, 116.02, 69.1, 61.4, 40.4, 13.96; LRMS (CI/NH3) m/z 221
(MH)*, 238 (M+NH4)+ HRMS (CI/NH3) exact mass calcd for (C13H1603NH4)+ requires m/z 238.1443,
found m/z 238.1443. Enantiomeric excess was determined by GC with a CYCLODEX-B column (12. 0 psi, at.
t=80 min rate = 4.0 psi/min, final 22 p51 120 °C) (R) enantiomer tr = 84.7 min; (S) enant1omer tr = 85.2 min;

93% ee. .
H H ' | Determmatlon of Absolute Configuratlon by Mosher MTPA
P (R) MTPA §3.25,3.01 analysis: (R) MTPA Ester : lH NMR (500 MHz, CDCl3) 8 7.43~
OEt (S) MTPA §3.20, 2.96 7.25 (I'Il 10 H, AI'H) 5.40 (S 1H, C= CHH), , 5.23 (dd J=17.1, 3.7
OMTPA Hz, 1H, CH(OMTPA)), 5:22 (s, 1H, C=CHH), 4.16 (m, 2H

OCHZCH3) 3.49 (s, 3H, OCH3), 3.25 (dd, J =11.4, 3.5 Hz, le
-CH3-), 3.01 (dd, J=9.8, 5.2 Hz, 1H, -CH3-), 1.22 (t, J= 7.1 Hz, CH2CH3) LRMS (CI/NH3) 436 (M+NHg)*;
HRMS (CI/NH3) exact mass calcd for (Co3H2305F3 NHy)* requires m/z 436.1498, found m/z 436.1511 (S)’
MTPA Ester : |H NMR (500 MHz, CDCl3) 8 7.43-7.25 (m, 10 H, ArH) 5.23 (s, 1H, C=CHH), 5.20 (dd, J =
5.4, 3.9 Hz, 1H, CH(OMTPA)), 5.02 (s, 1H, C=CHH), 4.16 (q, J =7.1 Hz, 2H, OCH,CH3); 3.59 (s, 3H,
OCH3), 3.20 (dd, J =11.0, 3.8 Hz, 1H, CH2) 2.96 (dd, J =9.4, 5.6.Hz, 1H, -CHj-), 1.26 (t, J = 7.1 Hz,-
CH,CH3); LRMS (FAB, Nal) 437 (MH)*, 459 (M+Na)*; HRMS (FAB, Nal) exact mass calcd for
(Co3H2305F3Na)*t requrres m/z 459.1395, found m/z 459 1413

Preparatlon of (R)- Ethyl 3-1 Cyclopentenyl) 2- hydroxyproplonate ). Prepared ac-
cording to Method A (0 °C, 12 h) using methylene cyclopentane (52 puL, 0.50 mmol), ethyl

OFt " glyoxylate (200 pL, 1.5 mmol) and catalyst 1c (0.05 mmol, 1.5 mL CH,Cl) to provide the .
pure product as a clear oil in 97% yield (89 mg, 0.48 mmol, 76% ee)-after flash chromatog-
raphy with 30% Et20/hexanes ' v

Preparation of (S) -Ethyl 3- (1' Cyclopentenyl)-2- hydroxyproplonate 9. Prepared ac-
cording to Method B (1.5 mL CH,Cl,, 0 °C, 1 h) using methylenecyclopentane (52 uL,
Ot 0.50 mmol), ethyl glyoxylate (200 pL,1.5 mmol) and catalyst 4 (0.05 mmol) to provide the
OH pure product as a clear oil in 95% yleld (87 mg, 0.47 mmol, 96% ee) after flash chromatog-
raphy with 30% EtyO/hexanes. [a]f -6.9° (c 6.1, CgHg); IR (film) 3470, 3044, 29.49,
2847, 1732. 1444, 1209, 1096, 1030 cm-!; IH NMR (400 MHz, CDC13)5548 (brt, J=1.1, 1H, C=CH), 4.28
(dd, J =75, 4.4 Hz, 1H, CH(OH)), 4.21 (q, J = 5.2 Hz, 2H, OCH,CH3), 2.70 (br s, 1H, OH) 2.58 (dd, J.=15.7,
3.1 Hz, 1H, CH,CH(OH)), 2.47 (dd, J=15.4, 7.5 Hz, 1H, CH,CH(OH)), 2.31-2.21 (br m, 4H, -CH3-), 1.85 (m,
2H, -CHz ), 1.27 (t, J = 7.2 Hz, CH,CH3); 13C NMR (lOO MHz, CDCl3) § 174.8, 139.3, 127.8, 69.4, 36.2,
35.2, 23.5, 14.2; LRMS (CI/NH3) m/z 185 (MH)+ 202 (M+NH4)+ HRMS (CI/NH3) exact mass calcd for .




© 2000 American Chemical Society, J. Am. Chem. So'c.,‘ Evans ja000913t Supporting Info Page 5
Supporting Information . ‘ : ' S-5

(C1o0H1603NHy)* retluires m/z 202.1443, found m/z 202.1438. Enantiomeric excess was determined by GC
with a CYCLODEX-B column (13.5 psi, 110 °C) (R) enantiomer t; = 21.3 min; (S ) enantiomer t; = 21.5 min;
96% ee. ‘ ' _ _ S .

H o ‘ Determination of Absolute Configuration by Mosher MTPA analy-
(RYMTPA 8273 sis: (R) MTPA Ester: !H NMR (500 MHz, CDCl3) § 7.57 (m, 2H,
OFt (3)) MTPA 5266 ArH), 7.41 (m, 2H, ArH), 5.48 (br s, 1H, C=CH), 5.35 (dd, J =4.7, 4.2
OMTPA " Hz, 1H, CH(OMTPA)), 4.20 (q, J = 7.1 Hz, 2H, OCH,CH3), 3.54 (s, 3H,
4 - OCHS3), 2.73 (m, 2H, -CHj-), 2.29-2.22 (br m, 4H, -CH>-), 1.86 (m, 2H,
-CH3-), 1.27 (t, J = 7.2 Hz, CH3CH3); LRMS (CI/NH3) m/z 418 (M+NHy)*; HRMS (CI/NH%) exact mass
calced for (CooH2305F3 NHy)* requires m/z 418.1841, found m/z 418.1838. (R) MTPA Ester: 'H NMR (500
MHz, CDCl3) 6 7.63 (m, 2H, ArH), 7.39 (m, 2H, ArH), 5.32 (br s, 1H, C=CH), 5.29 (dd, J=4.4, 4.2 Hz, 1H,
CH(OMTPA)), 4.23 (m, 2H, OCH,CH3), 3.65 (s, 3H, OCH3), 2.66 (m, 2H, -CHj-), 2.17-2.09 (br m, 4H,
-CHz-), 1.77-1.72 (m, 2H, -CH3-), 1.28 (t, J = 7.2 Hz, CHpCH3); LRMS (FAB, Nal) m/z 401 (MH)*, 423 (M+"
Na)*; HRMS (FAB, Nal) exact mass calcd for (CyoH2305F3 Na)t requires m/z 423.1395, found m/z
423.1400. , ' ' : )

Method B (1.5 mL CH,Cl», 25 °C, 12 h) using 2-methyl-2-butene (87 uL, 0.50 mmol),
ethyl glyoxylate (200 UL, 1.5 mmol) and catalyst 4 (0.005 mmol) to provide the product as
o a clear oil in 78% yield (67 mg, 0.39 mmol, 84% ee, 55:45 regioselectivity, 15:85 E/Z ra-
tio.) after flash chromatography with 10-20% EtOAc/hexanes. :

\/U\/i( Preparation of (25)-Ethyl 5-ethyl-z-hydroxy-S-pentenoate (10). Prepared according to
A _OEt

methyl-2-hydroxy-5-pentenoate: - Prepared according to Method A (25 °C, 12 h) using .-

\/”\/:C_%/ Preparatidn of (25)-Ethyl 5-ethyl-2-hydroxy-5;pentenoate (10) and (E) / (Z) Ethyl 5?
2 _OEt

2-methyl-2-butene (87 UL, 0.50 mmol), ethyl glyoxylate (200 uL, 1.5 mmol) and catalyst
: o ent- 1¢ (0.05 mmol, 1.5 mL CH,Cly) to provide the pure product as a clear oil in 91%
yield (77 mg, 0.45 mmol, 90% ee, 67:33 regioselectivity) after flash chromatography with 10-20%
EtOAc/hexanes. [a]f -12.1° (c 1.7, CH,Cly); IR (film) 3482, 2968, 1734, 1647, 1204, 1100 cm-1; ITH NMR
(500 MHz, CDCl3) 3 4.89 (s, 1H, C=CHH), 4.85 (s, 1H, C=CHH), 4.30 (m, 1H, CHOH), 4.23 (q, J= 7.2 Hz, -
2H, OCH,CH3), 2.70 (d, J= 5.8, 1H, CHOH), 2.57 (dd, J= 4.0, 14.3 Hz, 1H, CHH(CHOH)), 2.37 (dd, J= 8.3,
14.3 Hz, 1H, CHH(CHOH), 2.08 (m, 2H, CH>CH3), 1.30 (t, J= 7.1 Hz, 3H, OCH,CH3), 1.05 (t, J= 7.4 Hz,
3H, CH;CH3); Additional resonances for (E) / (Z) ethyl 4-methyl-2-hydroxy-4-pentenoate: 5.34 (m, 1H,
C=CH), 1.66 (s, 3H, CH3), 1.60 (d, J= 6.6 Hz, CHCH3); 13C NMR (125 MHz, CDCl3) §,174.8, 146.5, 111.6,
69.3, 61.7, 41.4, 28.7, 14.3, 12.2; Additional resonances for (E) / (Z) ethyl 4-methyl-2-hydroxy-4-pentenoate:
170.7, 175.2, 130.8, 123.2, 52.4, 46.5,44.7, 25.1, 15.7, 13.6; LRMS (CI/NH3) 173 (M+H)*, 190 (M+NHy)*;
HRMS (CI/NH3) exact mass calcd for (CoH;603+NHy)*t requires m/z 190.1443 found m/z 190.1438.
Regioisomers can be separated by Preprative HPLC using a Zorbax Sil (21.2 mm x 25 c¢m) column (1%
'PrOH:Hexanes, 10 ml/min) : Tr (Z) ethyl 4-methyl-2-hydroxy-4-pentenoate) = 19.0 min (shoulder), Ty (Ethyl
4-ethyl-2-hydroxy-4-pentenoate = 20.0 min), Tr (E) Ethyl 4-methyl-2-hydroxy-4-pentenoate) = 23.0 min .
Regiomeric and diastereomeric excess was determined by GC with a DB-1701 column (10 psi, 100 °C); Tr
(Ethyl 4-ethyl-2-hydroxy-4-pentenoate = 10.9 min), Tr (Z) Ethyl 4-methyl-2-hydroxy-4-pentenoate) = 11.6
min, Ty (E) Ethyl 4-methyl-2-hydroxy-4-pentenoate) = 12.1 min; 67 : 33 regioselectivity, 18 : 82 E/Z ratio.
Enantiomeric excess of pure ethyl 4-ethyl-2-hydroxy-4-pentenoate was determined by GC with a CYCLODEX-
B column (10 psi, 80 °C, at t= 25 min, rate 2.5 °C, final T= 100 °C) ; (R) enantiomer t; = 34.2 min; (S) enan-
tiomer t; = 34.5 min; 90% ee. - ~

OH . OH | Determination of _Oleﬁh.Isomers by Conversion to the
. OEt K2COs3 i _ome Methyl Ester: = To a solution of (25)-Ethyl 4-ethyl-2-
MeOH hydroxy-4-pentenoate and (E) / (Z) ethyl 4-methyl-2-hy-.

0 .

o} droxy-4-pentenoate (50 mg, 0.29 mmol) in MeOH (4
mL) at RT, KpCO3 (59 mg, 0.44 mmol) was added.

After 2 h the reaction was diluted with EtOAc and poured into pH 7 buffer and extracted. The orgaincs were
washed with brined and dried with Na;CO3.. Concentration in vacuo followed by purification by flash
chromatography with 30% EtyO/hexanes afforded 30 mg (65% yield) of (25)}-methyl 4-ethyl-2-hydroxy-4-pen-
tenoate and (E) / (Z) methyl 4-methyl-2-hygiroxy-4-pentenoate as a colorless oil. The spectral data for this ma-
terial were identical to that in the literature.
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OMTPA Determination of Absolute Conﬁguratlon by Mosher MTPA -
i _oet (R)MTPA 82.69,2.60 apalysis: (R) MTPA Ester : 1H NMR (500 MHz, CDCI3)8758
‘ <S)MTPA 82.62,2.54 (1, 2H, PhH), 7.39 (m, 3H, PhH), 5.33 (dd, J= 4.0, 9.5 Hz, 1H,-
H Ho CHOMTPA) , 4.88 (s, 1H, C=CHH), 4.84 (s, 1H, C=CHH), 4.21
(g, J=7.2 Hz, 2H, OCHZCH3) 3.54 (s, 3H, OCH3), 2.69 (dd, J= 3.7, 14.8 Hz, 1H, CHz(CHOMTPA)) 2.60
(dd, J= 9.6, 14.9 Hz, 1H, CHo(CHOMTPA)), 2.05 (m, 2H, CH,CHz), 1.25 (t, J= 7.1 Hz, 3H, OCH,CH3), 1.02
(t, J= 7.4 Hz, 3H, CH,CH3); LRMS (CI) 406 (M+NH3)* (S) MTPA Ester : 'H NMR (500 MHz, CDCl3) §
7.61 (m, 2H, PhH), 7.39 (m, 3H, PhH), 5.31 (dd, /= 4.2, 9.1 Hz, 1H, CHOMTPA), 4.71 (s, 1H, C= CHH) 4.67
(s, 1H, C=CHH), 4.23 (m, 2H, OCH,CHj3), 3.64 (s, 3H, OCH3), 2.62 (dd, J= 4.1, 14.8 Hz, 1H,
CH,(CHOMTPA)), 2.54 (dd, J= 9.1, 14.7 Hz, 1H, CH(CHOMTPA)), 1.94 (m, 2H, CHQCH3) 1.29 @, J= 7 1
Hz, 3H, OCH,CH3), 0.93 (t, J= 7.4 Hz, 3H, CH,CHs); LRMS (CI) 406 (M+NH3)+ :

to Method B (1.5 mL CHClp 25 °C, 12 h) using 2-methyl-1-heptene (78 UL, 0.50 mmol),
ethyl glyoxylate (250 pL, 1. 9 mmol) and catalyst 4 (0.005 mmol) to provide the pure.
o product as a clear oil in 89% yield (95 mg, 0. 45 mmol, 96% ee, 74:26 regroselectrvrty)
after flash chromatography with 10-20% EtOAc/hexanes. '

M Preparation of (25)-Ethyl 5-pentyl-2- hydroxy 5- penteneoate 11). Prepared according
A OEt
4

to Method A (25 °C, 12 h) using 2-methyl-1-heptene (78 puL, 0.50 mmol), ethyl glyoxylate
_ (250 pL, 1.9 mmol) and catalyst 1c (0.05 mmol, 1.5 mL CH,Cl3) to provide the pure
o product as a clear oil in 81% yield (87 me, 0.40 mmol, 91% ee, 90:10 regioselectivity) af-
ter flash chromatography with 10-20% EtOAc/hexanes. [af5 +7.1° (¢ 0.7, CHCl3); IR (film) 3474, 3080,
2935, 2873, 1731, 1648, 1447, 1378, 1201, 1106, 1033, 895, 728 cm'!; IH NMR (400 MHz, CDCl3) 54 88 (s,
1H, C=CHH), 4.85 (s, 1H, C=CHH), 430 (dd, J= 4.2, 8.4 Hz, IH CHOH), 4.24 (q, J= 7.1 Hz, 2H,
OCH,CH3), 2.72 (br s, 1H, CHOH), 2.54 (dd, J= 4.1, 14.3 Hz, 1H, CH>(CHOH)), 2.34 (dd, J= 8.4, 14.3 Hz,
1H, CHo(CHOH)), 2.05 (t, J= 7.7 Hz, 2H, CHC= CHz) 1.48-1.25 (m, 9H, CH3CH,CH,CH;, OCH,CH3),
0.89 (t, J= 6.9 Hz, 3H, CH,CH3); 13C NMR (100 MHz, CDCl3) § 174.8, 145.1, 112.7, 69.3, 61.7, 41.1, 35.9, -
31.6,27.4,22.6, 14.3, 14.1 ; LRMS (CI/NH3) 215 (MH)*, 232 (M+NHyg)*; HRMS (CI/NH3) exact mass calcd
for (C12H2203+NH4)+ requires m/z 232.1913, found m/z 232.1915. Enantiomeric excess and regioisomer ra-
tios were determined by GC analysrs of the (S) MTPA esters with a DB- 1701 column (170 °C, 20 p51) (R)
enantiomer t; = 34.4 min; (S) enantromer t; = 38.8 min; other regioisomers : ty = 30.5, 35.0, 37.4, 41. 9 min.

OMTPA Determmatlon of Absolute Configuration by Mosher MTPA
Moa (F) MTPA 5260, 2.52 analysis: (R) MTPA Ester : !H NMR (400 MHz, CDCl3) & 7.63-
(8) MTPA 82.67,2.58 7 37 (m, 5H, ArH), 5.30 (dd, J= 4.3, 9.0 Hz, 1H, CHOMTPA), 4.72
HH o (s, 1H, C=CHH), 4.68 (s, IH, C=CHH), 4.24 (q, J= 7.1 Hz, 2H,
OCH;,CHz), 3.64 (s, 3H, OCH3), 2.60 (dd, J= 4.0, 14.9 Hz, 1H, CHo(CHOMTPA)), 2.52 (dd. J= 9.0, 14.8 Hz,
1H, CH,(CHOMTPA)), 1.91 (t, J= 7.8 Hz, 2H, CH,C=CH,), 1.44-1.15 (m, 9H, CH;CH,CH,CHj,
OCH,CH3), 0.87 (t, J= 7.2 Hz, 3H, CH,CHz); LRMS (FAB) 431 (MH)*, 453 (M+Na)*. (S) MTPA Ester :
TH NMR (400 MHz, CDCl3) 8 7.59-7.34 (m, 5H, ArH), 5.33 (dd, J= 4.0, 9.5 Hz, 1H, CHOMTPA), 4.88 (s, 1H,
C=CHH), 4.83 (s, 1H, C=CHH), 4.20 (q, J= 7.1 Hz, 2H, OCH,CH3), 3.55 (s, 1H, OCH3), 2.67 (dd, J= 3.9, -
15.0 Hz, 1H, CH,(CHOMTPA)), 2.58 (dd, J= 9.4, 14.9 Hz, 1H, CH;(CHOMTPA)), 2.02 (t, J= 7.6 Hz, 2H,
CH2C=CH,), 1.44-1.21 (m, 9H, CH3CH2CH2CH2, OCH,CH3), 0.89 (t, J= 7.2 Hz, 3H, CHZCH3) LRMS
(FAB) 431 (MH)*, 453 (M+Na)*.

M Preparation of (2R)-Ethyl 5-pentyl 2- hydroxy S- penteneoate 11). Prepared accordmg
OEt
4

OH Preparation of (2R)-Ethyl 5-t-butyldiphe_nylsiloxymethyl-2-hydroxy-5-pen-
TBDPSO\/U\/l\n/OEt tenoate (12). Prepared according to Method A (25 °C, 12 h) using 2-t-
butyldiphenylsiloxymethyl-1-propene (157 pL, 0.50 mmol), ethyl glyoxylate (250

o pL, 1.9 mmol) and catalyst 1c¢ (0.05 mmol, 1.5 mL CH»Cly, ) to provide the pure

product as a clear oil in 85% yield (175 mg, 0.42 mmol 91% ee) after flash chromatography with 10 20%
EtOAc/hexanes. _
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. OH Preparation of (2§ )-Ethyl 5-t4bufyldiphenylsiloxymethyl-2-hydroxy-5-pen-
TBDPS! Oet tenoate (12). Prepared according to Method B (1.5 mL CH;Cl;, 25 °C, 12 h) using

2-t-butyldiphenylsiloxymethyl-1-propene (157 pL, 0.50 mmol), ethyl glyoxylate
0 (250 pL, 1.9 mmol) and catalyst 4 (0.005 mmol) to provide the pure product as a -
clear oil in 72% yield (148 mg, 0.36 mmol, 96% ee) after flash chromatography with 10-20% EtOAc/hexanes.
[0]f +1.4° (c 4.6, CHCl3); IR (film) 3501, 3060, 2925, 2862, 1731, 1477, 1431, 1270, 1202, 1104, 1031, 905,
823, 741, 702, 615 cm-l; 1H NMR (400 MHz, CDCl3) §7.72-7.26 (m, 10H, ArH), 5.26 (s, 1H, C=CHH), 5.03
(s, 1H, C=CHH), 4.32 (br ddd, J= 3.8, 5.8, 7.9 Hz, 1H, CHOH), 4.22 (q, J= 7.1 Hz, 2H, OCH,CH3), 4.18 (s,
2H, TBDPSOCHy), 3.09 (br d, /= 5.9, IH, CHOH), 2.63 (dd, J= 3.7, 14.4 Hz, 1H, CH,(CHOH)), 2.42 (dd, J=
7.9, 14.4 Hz, 1H, CH2(CHOH)), 1.28 (t, J= 7.1 Hz, 3H, OCH,CH3), 1.09 (s, 9H, (CH3)3C); 13C NMR (100
MHz, CDCl3) d 174.4, 143.4, 135.6, 133.3, 129.8, 127.7, 113.5, 69.8, 66.8, 61.6, 38.3, 26.8, 19.2, 14.2; LRMS"
(FAB) 413 (MH)*, 435 (M+Na)t; HRMS (FAB) exact mass calcd for (Cp4H3304Si+Na)* requires m/z
435.1968, found m/z 435.1978. Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column
(1.5% 'PrOH:Hexanes, 1.0 ml/min); (S) enantiomer t; = 7.38 min; (R) enantiomer t, = 9.12 min; 94% ee. :

OMTPA Determination of Absolute Configuration by Mosher

TBPDS A OEt (R)'M_IT'EA'S 2.76,2.60 MTPA analysis: (R) MTPA Ester : 1H NMR (400 MHz,
< (SMTPA82.70,2.57 .cDCl3) § 7.69-7.35 (m, 15H, ArH), 5.36 (dd, J= 3.8, 9.7 Hz,

o . 1H, CHOMTPA), 5.23 (s, 1H, C=CH,), 4.97 (s, 1H, C=CH»),

4.20 (q, J= 7.1 Hz, 2H, OCH,CH3), 4.12 (s, 2H, TBDPSOCH>), 3.50 (s, 3H, OCH3), 2.76 (dd, J= 3.5, 14.9 Hz.
1H, CH,CHOMTPA), 2.60 (dd, J= 9.7, 5.2 Hz, 1H, CHCHOMTPA), 1.24 (t, J= 7.2 Hz, 3H, OCH,CHjs),
1.05 (s, 9H, (CH3)3C); LRMS (FAB) 629 (MH)*, 651 (M+Na)*. (S) MTPA Ester : |H NMR (400 MHz,
CDCl3) 8 7.65-7.26 (m, 15H, ArH), 5.35 (dd, J= 4.0, 9.2 Hz, 1H, CHOMTPA), 5.04 (s, 1H, C=CH>), 4.79 (s,
1H, C=CH3), 4.23 (q, J= 7.1 Hz, 2H, OCH,CH3), 4.02 (q, J= 13.8, 2H, TBDPSOCH,), 3.61 (s, 3H, OCH3), -
2.70 (dd, J= 3.8, 14.8 Hz, 1H, CH,CHOMTPA), 2.57 (dd, J= 9.2, 14.8 Hz, 1H, CH,CHOMTPA), 1.27 (t, J=
7.2 Hz, 3H, OCH,CHj3), 1.07 (s, 9H, (CH3)3C); LRMS (FAB) 629, (MH)*, 651 (M+Na)*. | -

A OH Preparation of (2R)-Ethyl S5-t-butyldiphenylsiloxyethyl-2-hydroxy-5-
Oet pentenoate (13). Prepared according to Method A (25 °C, 12 h) using 3-z-

TBOP So/\)j\/kﬂ/ butyldiphenylsiloxymethyl-1-butene (157 pL, 0.50 mmol), ethyl glyoxylate (200
o ML, 1.5 mmol) and catalyst 1c (0.05 mmol, 1.5 mL CH;Cly) to provide the pure

product as a clear oil in 75% yield (145 mg, 0.37 mmol, 48% ee) after flash chromatography with 10-20%
EtOAc/hexanes. ' , - o ‘ _

OH Preparation of (25)-Ethyl 5-t-butyldiphenylsiloxyethyl-2-hydroxy-5-pen-
A OEt tenoate (13). Prepared according to Method B (25 °C, 12 h) using 4-t-
TBDP so/\)‘\/\( butyldiphenylsiloxy-2-methyl-1-butene (157 pL, 0.50 mmol), ethyl glyoxylate
o (200 pL, 1.5 mmol) and catalyst 2 (0.005 mmol) to provide the pure product as a
clear oil in 71% yield (138 mg, 0.35 mmol, 55% ee) after flash chromatography with 10-20% EtOAc/hexanes.
[a]B - 1.6 ° (c 2.1, CHaCly); IR (film) 3475, 3071, 3050, 2958, 2932, 2857, 1732, 1646, 1428, 1263, 1208,
1111 cm-!; 1H NMR (400 MHz, CDCl3) § 7.69-7.37 (m, 10H, ArH), 4.92 (s, 1H, C=CHH), 4.90 (s, 1H,
C=CHH), 4.23 (m, 3H, OCH,;CH3, CHOH), 3.78 (t, J= 6.7 Hz, 2H, TBDPSOCH3), 2.75 (br s, 1H, CHOH),
2.63 (dd, J= 3.9, 14.4 Hz, 1H, CH2(CHOH)), 2.34 (m, 2H, CH(CHOH),CHOH), 1.29 (t, J= 7.1 Hz, 3H,
OCH,CH3), 1.05 (s, 9H, (CH3)3C); 13C NMR (100 MHz, CDCl3) § 174.6, 148.7, 142.1, 138.9, 135.6, 133.8,
129.7, 127.7, 69.4, 61.6, 41.3, 38.9, 26.9, 19.2, 14.2; LRMS (FAB) 427 (MH)*, 444 (M+Na)*; HRMS (FAB)
exact mass calcd for (CpsH3404Si+Na)* requires m/z 444.2552 found m/z 444.2570 Enantiomeric excess was
determined by HPLC with a Chiralcel OD-H column (1.5% {PrOH:Hexanes, 1 ml/min); (R) enantiomer t; = 8.0

’ b

min; (S) enantiomer t; = 9.7 min; 55% ee). Absolute stereochemistry determined by analogy.

OH Preparation of (2S)-Ethyl 54benzyloxymet>hyl-2-hydroxy-S-pentenoate (14).
8n . _ogt Prepared according to Method B (1.5 mL CH,Clj, 25 °C, 12 h) using 2-benzy-
_ - loxymethyl-1-propene (87 uL, 0.50 mmol), ethyl glyoxylate (250 pL, 1.9 mmol) and A

o) catalyst 4 (0.01 mmol) to provide the pure product as a clear oil in 62% yield (82 mg,
0.31 mmol, 98% ee) after flash chromatography with 10-20% EtOAc/hexanes. .
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OH - Preparation of (2R)-Ethyl 4_5-benzyloxymethyl-2-hydroxy-5-penténoate (14).
Bno\/lk/l\ﬂ/oa Prepared according to Method A (25 °C, 12 h) using 2-benzyloxymethyl-1-propene (87
puL, 0.50 mmol), ethyl glyoxylate (250 pL, 1.9 mmol) and catalyst 1c (0.0l mmol, 1.5

o mL CHCly) to provide the pure product as a clear oil in 88% yield (116 mg, 0.44 mmol,

92% ee) after flash chromatography with 10-20% EtOAc/hexanes. [oc]f) -3.4° (c'3.9,

CHCl3); IR (film) 3448, 3000-2857, 1734, 1204, 1098, 1028, 908, 738, 698 cm-1; IH NMR (400 MHz, CDCl3)
0 7.36-7.26 (m, 5H, ArH), 5.19 (s, 1H, C=CHH), 5.09 (s, 1H, C—CHH) 4.53 (m, 2H, ArCH3), 4.35 (br-ddd, J=

3.7, 5.3,7.9 Hz, 1H, CHOH), 4.23 (q, J= 7.1 Hz, 2H, OCH,;CH3), 4.01 (s, 2H, BnOCHz), 3.34 (br d, J= 5.3,

1H, CHOH) 2.66 (dd, J= 3.7, 14.3 Hz, 1H, CH»(CHOH)), 2.49 (dd, J= 7.9, 14.3 Hz, 1H, CH»(CHOH), 1.29 (t,

J= 7.1 Hz, 3H, OCH,;CH3); 13C NMR (100 MHz, CDCl3) & 174.3, 141.4, 137.9, 128.4, 128.0, 127.7, 93.3,
72.2, 69.9, 61.5, 38.9, 14.2; LRMS (CI/NH3) 282 (M+NHy)*; HRMS (CI/NH3) exact mass calcd for
(C15H2004+NH4)+ requires m/z 282.1705, found m/z 282.1716. Enantiomeric excess was determined by
HPLC with a Chiralcel OD-H column (5% iPrOH:Hexanes, 1 mL/min); (S) enantiomer t; = 11.32 min; (R)
enantiomer t, = 12.72 min; 92% ee. - , - v ,

(S)MTPA §2.79,2.67 7.62-7.26 (m, 10H, ArH), 5.36 (dd, J = 4.1, 9.1 Hz, 1H,
H o , - CHOMTPA), 5.03 (s, 1H, C=CH3), 4.89 (s, 1H, C=CH}y), 4.38
. (m, 2H, ArCHj), 4.24 (q, J= 7.1 Hz, 2H, OCH,CH3), 3.84 (s,
2H, BnOCH)), 3.64 (s, 3H, OCH3) 2.72 (dd, J= 3.9, 15.1 Hz, 1H, CH,CHOMTPA), 2. 62 (dd, J=9.1; 15.1 Hz,
1H, CH,CHOMTPA), 1.29 (t, J= 7.1 Hz, 3H, OCH,CH3); LRMS (FAB) 481 (MH)*, 503 (M+Na)*; HRMS
(FAB) exact mass calcd for (CosHp7F306+Na)* requires m/z 503.1657, found m/z 503.1656. (S) MTPA Ester
: IH NMR (400 MHz, CDCl3) 6 7.59-7.26 (m, 10H, ArH), 5.39 (dd, J = 4.0, 9.2 Hz, 1H, CHOMTPA), 5.19 (s, -
lH C=CH)), 5.04 (s, 1H, C=CHjy), 4.45 (m, 2H, ArCHj3), 4.21 (q, J= 6.1 Hz, 2H, OCHCH3), 3.96 (s, 2H,
BnOCH3), 3.53 (s, 3H, OCHz), 2.79 (dd, J= 4.0, 15.0 Hz, 1H, CH,CHOMTPA), 2.67 (dd, J= 9.3, 15.0 Hz, 1H,
CH,CHOMTPA), 1.26 (t, J= 7.1 Hz, 3H, OCH,CH3); LRMS (FAB) 481 (MH)*, 503 (M+Na)+; HRMS (FAB)
exact mass calcd for (Co5H27F30¢+Na)* requires m/z 503.1657, found m/z 503.1659. '

OH Preparation of (2R)-Ethyl 5-benzyloxy-2;hydroky-5-pentenoate‘(15). Prepared
/\)J\/k“/oa according to Method A-(25 °C, 12 h) using 3-benzyloxy-2-methyl-1-butene (102 pL,
BnO 0.50 mmol), ethyl glyoxylate (200 pL, 1.5 mmol) and catalyst 1c¢ (0.05 mmol, 1.5 mL

o CH,Cl,) to provide the pure product as a clear oil in 98% yield (137 mg, 0.49 mmol, -
89% ee) after flash chromatography with 10-20% EtOAc/hexanes _

OMTPA ' Determmatlon of Absolute Configuratlon by Mosher MTPA
Bno\/n}(H(OEt (R)MTPA §2.72,2.62 analysis: (R) MTPA Ester : 1H NMR (400 MHz, CDCl3) 6

" OH Preparation of (2S5)-Ethyl 5-benzyloxy-2-hydroxy-5-pentenoate (15). Prepared ac-
A : __OEt cording to Method B (25 °C, 12 h) using 3-benzyloxy-2-methyl-1-butene (102 pL,.
BnO - 0.50 mmol), ethyl glyoxylate (200 puL, 1.5 mmol) and catalyst 4 (0.005 mmol, 1.5 mL
0 CH,Cly) to provide the pure product as a clear oil in'98% yield (137 mg, 0.49 mmol,

82% ee) after flash chromatography with 10-20% EtOAc/hexanes. [aF - 2.4° (¢ 0.5, CH,Cly); IR (film)
3442, 3066, 3025, 2956, 2925, 1750, 1734, 1646, 1456, 1100, 1070 cm-!; IH NMR (400 MHz, CDCl3) 6 7.35-
7.27 (m, 5H, ArH), 4.95 (s, 2H, C=CHH), 4.32 (m, 1H, CHOH), 4.23 (q, J=7.2 Hz, 2H, OCH,CH3), 3.62 (t,
J= 6.6 Hz, 2H, BnOCH}>), 2.94 (br s, 1H, CHOH), 2.58 (dd, J= 3.9, 14.4 Hz, 1H, CH2(CHOH)), 2.41 (m, 3H,
CH,(CHOH), BnOCH,;CH3) , 1.27 (t, J= 7.2 Hz, 3H, OCH,CH3); 13C NMR (100 MHz, CDCIl3) § 174.6,
142.2, 138.3, 128.4, 127.7, 127.6, 114.7, 73.0, 69.5, 68.9, 61.6, 41.4, 36.0, 14.2; LRMS (CI) 279 (MH)*, 296
(M+NH4)+ HRMS (CI) exact mass calcd for (C16H2204+NH4)+ requires m/z 296.1862 found m/z 296.1869.

Regioisomers ratios were determined by HPLC with a Zobax column (5% iPrOH:Hexanes, 0.5 ml/min): tr

(major) 15.0 min, tr (minor) 17.4 min. Regioisomers must be separated by Preprative HPLC usmg a Zorbax
Sil (21.2 mm x 25 c¢cm) column (5% {PrOH:Hexanes, 10 ml/min) before determination of enantiomeric excess.
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (5% iPrOH:Hexanes, 0.5

ml/min); (R) enantiomer t; = 22.1 min; (§) enantiomer t; = 25 6 min; 82% ee) Absolute stereochermstry de-
termined by analogy.
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" (I'R, 2R)-Ethyl 2-(2'-cyclohexenyl)-2-hydroxyacetate (16). Prepared according to
Method A (0 °C, 12 h) using cyclohexene (52 pL, 0.50 mmol), ethyl glyoxylate (667 uL, 5.0

oet mmol) and catalyst 1c (0.05 mmol, 1.5 mL CH,Cly) to provide the pure product as a clear oil
in 70% yield (64 mg, 0.35 mmol, 94% ee, (1'S,25):(1'R, 25) = 95:5) after flash chromatogra-
phy with 30% EtpO/hexanes. ' _ ' .

A (0 °C, 12 h) using cyclohexene (52 UL, 0.50 mmol), ethyl glyoxylate (667 uL, 5.0 mmol)

oet and catalyst 2a (0.05 mmol, 1.5 mL CH;Cly) to provide the pure product as a clear oil in 95%

OH yield (87 mg, 0.47 mmol, 98% ee, (I'S, 25) :(I'R, 25) = 86:14) after flash chromatography

- with 30% EtyO/hexanes. Diastereoisomers can be separated using Merck LiChroprep Si 60

(column size B) using 15% Et;O/hexanes as eluent (150-200 mg sample size). Enantiomeric excess of major

(1'S, 2§) was determined by GC with a CYCLODEX-B column (12.5 psi, 90 °C, at t= 20.min, rate 0.2 °C/min ,

final T= 110 °C) (2R) enantiomer t; = 60.6 min; (2S) enantiomer t; = 60.9 min; 98% ee. Enantiomeric excess

of minor (1'R, 2§5) was determined by GC with a CYCLODEX-B column (20.0 psi, 90 °C, at t= 20 min, rate

0.2 °C, final T= 110 °C) (2R) enantiomer ty = 35.7 min; (2S ) enantiomer tr = 36.3 min; 98% ee.

(I'S,28):(1'R2S) = 86: 14. [of -38.7° (c 1.37, CH,Cly); IR (film) 3489, 3021, 2981, 2934, 1731, 1448,

1205, 1111, 1024 cm-!; 1H NMR (400 MHz, CDCI3) 4 5.87 (m, 1 H, CH=CH), 5.42 (d, J =10.2, CH=CH), -
4.26 (m, 2H, OCH2CH3), 4.06 (brs, 1 H, CHOH), 2.60 (3br s, 1H, OH), 1.99 (br s, 2H, -CH3-), 1.81 (m, 2H,

-CHj-), 1.57 (m, 2H, -CH3-), 1.29 (m, 3H, OCH,CH3); 13C NMR (100 MHz, CDCL) & 174.6, 131.2, 125.1,

73.8, 61.6, 40.1, 25.8, 24.9, 21.7, 14.3; .LRMS (CI/NH3) m/z 185 (MH)*, 202 (M+NHy)*; HRMS (CI/NH3)

\:
OH
w (1'S, 25)-Ethyl 2-(2'-cycloheXenyl)-Z-‘hydroxyacetate (16). Prepared according to Method

exact mass calcd for (C10H1603NHg)* requires m/z 202.1443, found m/z  202.1440.

IR (film) 3494, 3021, 2981, 2932, 2862, 1729, 1447, 1368, 1205, 1116, 1025 cm'f; IH NMR
(400 MHz, CDCl3) 6 5.87 (m, 1 H, CH=CH), 5.60 (dd J =8.0, 2.1, CH=CH), 4.26 (m, 2H, .
OH OCH2CH3), 4.20 (br d, 2.1 Hz, 1 H, CHOH), 2.60 (br m, 1H, OH), 1.99 (br s, 2H, -CH3-),
1.81 (m, 2H, -CHj-), 1.54 (m, 2H, -CHj-), 1.31 (m, 3H, OCH,CH3); 13C NMR (100 MHz,
CDCl3) 6 174.4, 130.2, 127.2, 73.4,61.8, 40.0, 24.8, 22.6, 21.5, 14.3; LRMS (CI/NH3) m/z 185 (MH)*, 202
(M+NH4)*; HRMS (CI/NH3) exact mass calcd for (C1gH1603NHg)* requires m/z 202.1443, found m/z
202.1440. ' 4 o :

C’\‘/ﬁ\ (I'R,2S)-Ethyl 2-(2'-cyclohexenyl)-2-hydroxyacetate (16): [a] +15.5° (c1.5, CH,Cly);
OEt

Me o 1'S,28 )-[(S)-oc-Methylbenzyl]-2-(2'-cyé10hexenyl)-2; '

/'\ ' ' Mo hydroxyacetamide. To a solution of (S)-oi-methylben-

HN" “Ph ' - zyl amine (612 pL, 4.75 mmol) in 10 ml of THF at 0 °C

OEt MeAl N/'\ph was added dropwise 2.4 mL (4.75 mmol, 2.0 M in
3 H

OH THE. refl oH toluene) of trimethylaluminium solution with the-con-
ofetx * comitant evolution of gas. The solution was stirred for
30 min at 25 °C. A solution of 175 mg (0.95 mmol) of (1',2S)-ethyl 2-(2-cyclohexenyl)-2-hydroxyacetate in 5 -
mL THF was added dropwise. The resulting solution was refluxed for 2 h. Upon cooling, the solution was
cannulated rapidly into an ice cooled beaker containing 100 mL of aqueous 2% HCI (CAUTION: Gas
evolution). The aqueous layer was then basified to pH 8 with NaHCO3. The layers were separated and the
aqueous layer was extracted with two 50 mL portions of EtOAc. The combined organics where washed with 50
mL brine, dried (Na;SQy), filtered and concentrated in vacuo. - Purification by flash chromatography with 40%
EtOAc/hexanes afforded 208 mg (85% yield) of the title compound as a white solid. m.p. 88-89 °C [ot]}}
+15.5° (¢ 1.5, CH,Cly); IR (film) 3413, 3013, 2933, 2864, 2838, 1665, 1515, 1218, cm™l; 1H NMR (500 MHz,
CDCl3) 8 7.35-7.25 (m, 5 H, ArH), 6.69 (d, 1H, 6.7 Hz, NH), 5.95 (m, 1 H, CH=CH), 5.48 (d, J=10.0 Hz, 1
H, CH=CH), 5.16 (m, 1H, -CHPh), 4.00 (m, 1 H, CHOH), 2.85 (m, 1H, -CH-), 2.60 (d, J=6.1 Hz, 1H, OH),
2.01-1.53 (m, 4H, -CH3-), 1.51 (d, 6.9 Hz, 3 H, -CH3), 1.47-1.40 (m, 2H, -CH3-),; 13C NMR (125 MHz,
CDCl3) 8 171.9, 142.9, 132.9, 128.7, 127.5,126.3, 125.0, 74.7, 48.8, 39.7, 25.6, 25.0, 22.0, 21.5; .LRMS
(CUNH3) m/z 260 (MH)*, 277 (M+NH4)*; HRMS (CI/NH3) exact mass calcd for (CjgH1 03N NH4)*
requires m/z 277.1916, found m/z 277.1906. : '
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ACoO , Mo Determination of Absolute Configuration by X-Ray

€L of  (1'S, 25)-[(S)-o.-Methylbenzyl}-2-(2'-cyclohex-
Ph DMAP , N)\ph enyl)-2-acetoxyacetamide. To a solution of (1,
' : H - 28)-[(S)-o.-methylbenzyl amide]-2-(2- cyclohexenyl) -2-

Pyr hydroxyacetate (50 mg, 0.19 mmol) in 2 mL pyndme‘
was added 20 pL acetic anhydride (0. 21 mmol) followed by DMAP (catalytic). After 12 h the reaction was
diluted with 50 mL EtOAc and poured into pH 7 buffer. The layers were separated and the aqueous layer was
extracted with two 50 ml portions of EtOAc. The combined organics where washed with 50 mL brine, dried
(Na2S04y), filtered and concentrated in vacuo. Purification by flash chromatography with 40% EtOAc/hexanes
afforded 53 mg (92% yield) of the title. compound as a white solid. m.p. 114-115 °C [OL]'? -74.4° (¢ 1.0, -
CHCl3); IR (film) 3420, 3030, 3020, 2932, 2865, 2840, 1743, 1674, 1514, 1230, 1211 cm-!; IH NMR (500
MHz, CDCl3) 8 7.35-7.25 (m, 5 H, ArH), 6.16 (d 1H, 7.6 Hz NH), 5.83 (m, 1 H, CH=CH), '5.48 (d, J=10.2
Hz, 1 H, CH=CH), 5.16 (m, 1H, -CHPh), 5.00 (d, J/=5.4 Hz, 1 H, CHOACc), 2.80 (m, 1H, -CH-), 2.12 (s, 3H,
C-OCH3) 2.01-1.53 (m, 4H, -CH3»-), 1.52 (d, 6.9 Hz, 3 H, -CH3), 1.47-1.40 (m, 2H, -CH3-); 13C NMR (125
MHz, CDCl3) 8 170.2, 168.0, 142.6, 130.3, 128.8, 1276 126.2, 76.9, 48.6, 37.8, 254 24.9,21.6,21.4,20.1;
LRMS (CI/NH3) m/z 302 (MH)+ 319 (M+NH4)+ HRMS (CI/NH3) exact mass calcd for (C13H23O3N1NH4)+
requires m/z 277.2022, found m/z 319.2017. ‘

X-Ray Crystal Structure of (1'S,25)-[(S)- a-Methylbenzyl amlde] 2- (2‘-cyclohexenyl) -2- acetoxyacetamlde

= , (I'R, 2R)-Ethyl 2- (2'-cyclopentenyl) 2- hydroxyacetate (17).-  Prepared accordmg to

C\/ﬁ\ Method A (0°C, 12 h) using cyclopentene (44 puL, 0.50 mmol), ethyl glyoxylate (667 uL, 5.0

{ OEt mmol) and catalyst 2¢ (0.05 mmol, 1.5 ml. CH»Cl)) to provide the pure product as a clear oil

OH _in 72% yield (60 mg, 0.36 mmol, 78% ee, (I'R, 2R) : (I'S, 2R )=1T73 : 27 after flash chro-
matography with 30% EtpO/hexanes.

(1'S, 25)-Ethyl 2- (2'-cyclopentenyl) 2- hydroxyacetate (17). Prepared according to Method g
A (0 °C, 12 h) using cyclohexene (44 pL, 0.50 mmol), ethyl glyoxylate (667 uL, 5.0 mmol)
‘OBl and catalyst 1 ¢0.05 mmol, 1.5 mL CH,Cly) to provide the pure product as a clear oil in 83% - -

OH yield (70 mg, 0.42 mmol, 96% ee, (1'S,25) :(1'R,2S) = 66:33) after flash chromatography with
30% EtO/hexanes. Diastereoisomers can be separated using Merck LiChroprep Si 60 (column size B) using
15% Etz0/hexanes as eluent (150-200 mg sample size). Enantiomeric excess of major (1'S, 25) was determined
by GC with a CYCLODEX-B column (12.5 psi, 90 °C, at t= 15 min, rate 0.5 °C, final T= 110 °C) major (175,
2§) : (2R) enantiomer tr = 26.4 min; (2S) enantiomer ty = 26.7 min, 96% ee; minor (1'R, 2S5) : (2R) enantiomer
tr = 28.8 min; (2S) enantiomer tr = 29.5 min; 96% ee. (1'S, 25) :(I'R, 2S) = 66 : 33. [oc]rt +63.4° (c 1.1,
CHCl3); IR (ﬁlm) 3490, 3052, 2979, 2939, 2852 1732, 1462, 1368, 1196 cm" 1 IH NMR (500 MHz, CDCl3) 8
5.93 (m, 1 H, CH=CH), 5.51 (m, 1H, CH=CH), 4.26 (m, 2H, OCH2CH3), 4. 11 (m, 1 H, CHOH), 3.13 (br s,
1H, -CH), 2.51 (d, 8.0 Hz, 1H, -OH), 2.44 (m, 1H, -CH3-), 2.39 (m, 1H, -CH3-), 2.08 (m, 1H, -CH3-), 1.86 (m,
1H, -CHZ-), 1.30 (m, 3H, OCH,CH3); 13C'NMR (125 MHz, CDCl3) & 174.5, 135.1, 128.2, 73.2, 61.5, 50.0,
32.6, 25.9, 14.3; LRMS (CI/NH3) m/z 171 (MH)*, 188 (M+NH4)*; HRMS (CI/NH3) exact mass calcd for
(C9H14O3NH4)‘r requires m/z 188.1287, found m/z 188.1282.
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IR (film) 3491, 3052, 2979, 2939, 2852, 1728, 1202, 1096 cm™1; IH NMR (500 MHz, CDCl3)
9 5.89 (m, 1 H, CH=CH), 5.66 (m, 1H, CH=CH), 4.26 (m, 2H, OCH,CH3), 4.22 (m, 1 H,

=~ (I'R, 25)-Ethyl 2-(2'-cyclopentenyl)-2-hydroxyacetate (17). Ea]B -110° (c 0.8, CHCl3);
OH CHOH), 3.16 (br s, 1H, -CH), 2.72 (br s, 1H, -OH), 2.39 (m, 1H, -CH,-), 2.29 (m, 1H, -CH,- _

), 1.88 (m, 1H, -CH2-), 1.75 (m, 1H, -CH3-), 1.31 (m, 3H, OCH,CHj3); 13C NMR (125 MHz, -

CDCl3) 6 174.6, 133.7, 130.3, 72.5, 61.7, 50.0, 32.4, 23.5, 14.3; LRMS (CI/NH3) m/z 171. (MH)*, 188
(M+NH4)*; HRMS (CI/NH3) exact mass caled for (CoH1403NHg)*+ requires m/z 188.1287, found m/z
188.1290. ' - .

‘ Me . (1'S, 25)-[(S)-a-Methiylbenzyl]-2-(2'-cyclopentenyl)-2-

/'\ me  hydroxyacetamide. To a solution of (S)-a-methylbenzyl

HN" - “Ph | amine (306 uL, 2.38 mmol) in 10 ml of THF at 0 °C was

OEt N/'\ph added dropwise 1.2 mL (2.38 mmol, 2.0 M in toluene) of

MegAl oy P . trimethylaluminium solution with the concomitant evolu-

OH THF, reflux : - tion of gas. The solution was stirred for 30 min at 25 °C.

A solution of 175 mg (0.47 mmol) of (1'S, 25)-ethyl 2-(2'-cyclopentenyl)-2-hydroxyacetate (17) in 5 mL THF

was added dropwise. The resulting solution was heated at reflux for 2 h. Upon cooling, the solution was

cannulated rapidly into an ice cooled beaker containing 100 mL of aqueous 2% HCI (CAUTION: -Gas

evolution). The aqueous layer was thén basified to pH 8 with NaHCO3. The layers were separated and the

aqueous layer was extracted with two 50 mL portions of EtOAc. The combined organics where washed with 50

mL brine, dried (Na;SOy), filtered and concentrated in vacuo. Purification by flash chromatography with 40%
EtOAc/hexanes afforded 84 mg (73% yield) of the title compound as a white solid. m.p.79-81 °C [0} +196° -

(c 1.0, CHCI3); IR (cell, CHCI3) 3412, 3057, 3028, 3019, 3011, 2959, 2929, 2360, 1662, 1517, 1456 cm-!; 1H

NMR (500 MHz, CDCl3) 6 7.35-7.25 (m, 5 H, ArH), 6.69 (br s, 1H, NH), 5.98 (m, 1 H, CH=CH), 5.53 (m,

1H, CH=CH), 5.16 (m, 1H, -CHPh), 4.04 (m, 1 H, CHOH), 3.43 (br s, 1H, -CH), 2.39 (d, 6.7 Hz, 1H, -OH),

2.35 (m, 2H, -CH3-), 2.12 (m, 1H, -CH3-), 1.74 (m, 1H, -CHj-), 1.51 (d, 6.8 Hz, 3 H, -CH3); 13C NMR (125

MHz, CDCl3) 6 172.0, 142.9, 136.1, 128.7, 128.1, 127.5, 126.2, 74.2, 57.5, 49.6, 48.6, 46.4, 32.5, 25.8, 21.9;
LRMS (CI/NH3) m/z 246 (MH)*, 263 (M+NHy4)*; HRMS (CI/NH3) exact mass caled for (C15H190aNNHy)*t

" requires m/z  263.1760 found m/z 263.1750. : B

X-ray Crystal Structure of (I ’S,ZS)-[(S)-a-Methylbeﬁzyl]Q2-(2'-cyclopentenyl)-2-hydr6xyacetamide.
(Note structure shown is the enantiomer, absolute asignment based on (S)-c-methylbenzyl amine starting
material) : ' :

| OH Preparation of (2S, 35)-Ethyl 3-methyl-2-hydroxy-5-pentenoate (19). To an oven-dried,
A_-OEt round-bottom flask containing a magnetic stirring bar was added, in an inert atmosphere box,
Cu((R,R)-Ph-box)Cl3 (23.4 mg, 0.05 mmol) and AgSbFg (34.3 mg, 0.10 mmol). The flask was

CH; O fitted with a serum cap, removed from the inert atmosphere box and charged with CH,Cl, (1.0
mL). The mixture was stirred 2-3 h in the absence of light to produce a green solution with a white AgCl pre-
cipitate. The mixture was transfered via cannula under nitrogen to a syringe fitted with a 0.45 p filter, and into
an oven dried sealed tube with 14/20 side arm joint attached containing ethyl glyoxylate (67 pL, 0.5 mmol) and
0.5 mL CHzClp. The flask was cooled to -78 °C and cis-butene was condensed into the flask using a dry-ice
condenser (large excess). The flask was then sealed and allowed to warm to 25 °C for 48 h to provide the prod-
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uct as a clear oil in 60% yield (48 mg, 0.30 mmol, 90% ee, 88:12 diastereoselectivity) after flash chromatogra-

phy with 20% Et;O/hexanes. Major diastereoisomer can be purified to > 95:5 using Merck LiChroprep Si 60
(column size B) using 15% Et;O/hexanes as eluent (150-200 mg sample size). [a]5 3.3° (c 0.8, Et,0): IR
(film) 3525, 2981, 2935, 1734, 1214, 1132 cm-!; IH NMR (500 MHz, CDCl3) 6 5.74 (m, 1H, HC=CHH), 5.08

(s, 1H, HC=CHH), 5.04 (d, 3.7 Hz, 1H, HC=CHH), 4.23 (m, 2H, OCH,CH3), 4.10 (br s, 1H, CHOH), 2.71(d,
J= 5.2, 1H, CHOH), 2.65 (m, 1H, CHCH3), 1.29 (t, J= 7.1 Hz, 3H, OCH;CH3), 1.15 (d, J= 7.0 Hz, 3H,

CHCH3); 13C NMR (125 MHz, CDCl3) § 174.3, 137.7, 116.5, 74.4, 61.7, 42.0, 16 .4, 14.3; LRMS (CI/NH3)"
176 (M+NH4)*; HRMS (CI/NH3) exact mass calcd for (CgH403+NHy)* requires m/z 176.1293, found m/z
176.1287. Diastereomer ratios were determined by GC with a DB-1701 column (10 psi, 70 °C) ; (28, 35) dias-
teromer tr = 6.7 min; (25, 3R,) diastereomer t; = 7.1 min; 88:12 ratio. Enantiomeric excess was determined by
GC with a CYCLODEX-B column (8 psi, 60 °C, at t= 30 miin, rate 2.5 °C, final T= 110 °C) ; (R) enantiomer t;
= 40.3 min; (S) enantiomer t; = 40.4 min; 90% ee. The spectral data for this diastereomer was identical to that -

in the literature.” Absolute stereochemistry based on analogy.

round-bottom flask containing a magnetic stirring bar was added, in an inert atmosphere box,
Cu((S,S)---Bu-box)Clz (21.4 mg, 0.05 mmol) and AgSbFg (34.3 mg, 0.10 mmol). The flask
CH; O was fitted with a serum cap, removed from the inert atmosphere box and charged with CH,Cl,
(1.0 mL). The mixture was stirred 2-3 h in the absence of light to produce a green solution with a white AgCl
precipitate. The mixture was transfered via cannula under nitrogen to a syringe fitted with a 0.45 p filter, and
into an oven dried sealed tube with 14/20 side arm joint attached containing ethyl glyoxylate (67 pL, 0.5 mmol)
and 0.5 mL CHClp. The flask was cooled to -78 °C and cis-butene was condensed into the flask using a dry-
ice condenser (large excess). The flask was then sealed and allowed to warm to 25 °C for 48 h to provide the
product as a clear oil in 54% yield (43 mg, 0.27 mmol, 98% ee (28, 3§ diastereomer) , (% ee for 25 ,3R di-
astereomer not determined), 40:60 (2S,3S5):(2S,3R) after flash chromatography with 20% EtyO/hexanes.

L‘/Q\HH/ Pfeparation of (25, 3S)-Ethyl 3-méthyl-2-hydroxy-5-pentenoate (19). To an ‘oven—df@ed,
A _OEt

SN (I'R,2R)-Ethyl 2-(2'-methyl-2’-cyclohexenyl)-2-hydroxyacetate (20). Prepared according -

to Method A (0 °C, 18 h) using 1-methyl cyclohexene (59 pL, 0.50 mmol), ethyl glyoxylate

' oet (200 pL, 1.5 mmol) and catalyst 1¢ (0.05 mmol, 1.5 mL CH;Cly) to provide the pure product .

&H as a clear oil in 86% yield (85 mg, 0.43 mmol, 92% ee, (I'R ,2R):(1'S, 2R) = 89:11) after .
flash chromatography with 30% Et,O/hexanes. ‘ o

: (1'S,2S)-Ethyl 2-(2'-methyl-2’-cyclohexenyl)-2-hydroxyacetate (20). Prepared according
to Method B (0 °C, 18 h) using 1-methyl cyclohexene (59 uL, 0.50 mmol), ethyl glyoxylate

oet (200 uL, 1.5 mmol) and catalyst 4 (0.005 mmol, 1.5 mL CH,Clp) to provide the pure product

OH as a clear oil in 86% yield (85 mg, 0.43 mmol, >98% ee, (1S, 25) :(I'R, 28) =78 :22) after

flash chromatography with 30% EtpO/hexanes. -Diastereomers cannot be separated.  [o]f

+18.7° (¢ 0.7, CHCl3); IR (film) 3512, 2933, 2861, 1729, 1446, 1378, 1219, 1095 cm-1; 1H NMR (400 MHz,
CDCl3) 6 5.65 (br s, 1 H, CH=C, minor), 5.55 (m, 1 H, CH=C, major), 4.51 (d, 2.5 Hz, 1 H, CHOH, minor),
4.20 (d, 1.2 Hz, 1 H, CHOH, major), 4.26 (m, 2H, OCH,CH3), 2.86 (br s, 1H, OH, major), 2.75 (br s, 1H, OH,
minor), 2.61 (br m, 1 H, -CH-, major), 2.51 (br m, 1 H, -CH-, minor), 1.94 (br m, 2H, -CH3-), 1.78 (m, 2H, -
-CH3z-), 1.67 (s, 3H, -CH3), 1.52 (m, 2H, -CH>-), 1.28 (t, J=7.1 Hz, 3H, OCH,CH3); 13C NMR (100 MHz,
CDCl3) 4 175.0, 132.1, 126.5, 126.3, 77.2, 72.6, 70.6, 61.8,61.6,43.3,42.4,26.3,253,252,22.7,22.4,215, -
21.3, 20.7, 14.3, 14.2; LRMS (CUNH3) m/z 199 (MH)*, 216 (M+NHg4)*; HRMS (CI/NH3) exact mass calcd
for (C11H1803NHy)* requires m/z 216.1600, found m/z 216.1605. Enantiomeric excess of major (1'S, 25)
was determined by GC with a CYCLODEX-B column (15.0 psi, 80 °C, at t= 20 min, rate 0.5 °C, final T=120
°C) major (1'S, 25) : (25 ) enantiomer t; = 69.8 min, (2R) enantiomer t; = 71.2 min; >98% ee; minor (1'R, 25) :
(28 ) enantiomer tr = 75.8 min, (2R) enantiomer t; = 79.0 min; 69% ee. (I'S, 28) :(I'R, 25) = 78 :22.

Me (1'S,25)-[(S)-0-Methylbenzyl]-2-(2'-methyl-2'-cyclo-
: N/'\ Me hexenyl)-2-hydroxyacetamide. To a solution of (S)-a-
- Ha PR 'methylbenzyl amine (612 pL, 4.75 mmol) in 10 ml of
OEt : . N/'\ph THF at 0 °C was added dropwise 2.4 mL (4.75 mmol,
OH : 'IMI-?EA:'eflux oy H 2.0 M in toluene) of trimethylaluminium solution with

the concomitant evolution of gas. The solution was
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stirred for 30 min at 25 °C. A solution of 190 mg (0.95 mmol) of (IS, 2S)-ethyl 2-(2'-methyl-2’-cyclohexenyl)-
2-hydroxyacetate in 5 mL. THF -was added dropwise. - The resulting solution was refluxed for 2 h. Upon
cooling, the solution was cannulated rapidly into an ice cooled beaker containing 100 mL of aqueous 2% HCI
(CAUTION: Gas evolution). The aqueous layer was then basified to pH 8 with NaHCOs. . The layers were
separated and the aqueous layer was extracted with two 50 mL portions of EtOAc. The combined organics
where washed with 50 mL brine, dried (NapSQy), filtered and concentrated in vacuo. Purification by flash
chromatography with 40% EtOAc/hexanes afforded 220 mg (85% yield) of the title compound as a white solid.
Diastereomers can be separated by Preprative HPLC using a Zorbax Sil (21.2 mm x 25 cm) column (2% -
'PrOH:Hexanes, 15 ml/min) : Ty (major) = 24.3 min, Ty (minor) = 29.0 min. '

/L m.p. 97-98 °C [a]} -106° (¢ 1.6, CHCl3); IR (cell, CHCI3): 3413, 3155, 2978, 2936,

N~ “pn 2864, 2254, 1664, 1514, 1451, 1382, 1095 cm-1; TH NMR (500 MHz, CDCl3) § 7.35-

on M 7.25 (m, 5 H, ArH), 6.71 (d, 1H, 7.3 Hz, NH), 5.71 (m, 1 H, CH=CH), 5.13 (m, 1H,

-CHPh), 4.12 (m, 1 H, CHOH), 2.86 (m, 1H, -CH-), 2.78 (d, 6.1 Hz, 1H, OH), 1.81-1.74

(m, 4H, -CHj-), 1.72 (d, 0.5 Hz, 3 H, -CH3), 1.48 (d, 6.9 Hz, 3 H, -CHCH3), 1.47-1.40 (m, 2H, -CH>-); 13C

NMR (125 MHz, CDCl3) & 172.5, 142.8, 131.4, 129.7, 128.7, 127.5, 126.3, 73.5, 48.8, 42.1, 27.1, 25.15, 22.7,

21.7, 19.9; LRMS (CI/NH3) m/z 274 (MH)*, 291 (M+NHy)*; HRMS (CI/NH3) exact mass calcd for
(C17H2402N1NHy)* requires m/z  291.2073 found m/z 291.2063. , : .

@i‘/ﬂ\ Me 04 'S,‘ 28)-[(S -)-(x-Methylbenzyl]-2-(2'-methyl-2'-cyclohexenyl)-2-hydroxy_acetarhidé..

N/'\ m.p. 130-131 °C [af} -72.7° (c 0.6, CHCI3, 69% ee); IR (cell, CHCI3): 3414, 3155,
pn 2972, 2936, 2863, 2254, 1663, 1521, 1456, 1381, 1090 cm-1; 1TH NMR (500 MHz,

X Me (I'R, ZS)-[(S-)-oc-Methylbenzyl]-2-(2'-methyl-2'-cycloheXényl)-2-hydr0kyaéetamide. :
oy o CDCl3) & 7.35-7.25 (m, 5 H, ArH), 6.95 (d, 1H, 7.2 Hz, NH), 5.78 (m, 1 H, CH=CH),

5.20 (m, 1H, -CHPh), 4.42 (m, 1 H, CHOH), 2.86 (m, 1H, -CH-), 2.73 (br s, 1H, OH).

1.81-1.74 (m, 4H, -CH;,-), 1.73 (s, 3 H, -CH3), 1.52 (d, 6.9 Hz, 3 H, -CHCH3), 1.47-1.40 (m, 2H, -CH,-); 13C
NMR (125 MHz, CDCl3) § 177.8, 131.9, 129.1, 128.7, 126.3, 77.3, 71.9, 48.3, 42.3, 27.1, 25.3, 22.5, 21.9,
21.5; LRMS (CI/NH3) m/z 274 (MH)+, 291 (M+NH4)*; HRMS (CI/NH3) exact mass calcd for
(C17H240,N1+H)* requires m/z  274.1807 found m/z 274.1809. B L

Xray Structure of (1 .'S,ZS)-[(S)-oc-Methylbenzyl]-2-(2'-methyl-2'-c'yclohexenyl)-2-hydroxyacetamide. _ ;

OH Preparation of (25)-Ethyl 2-hydroxy-5-octenoate (21). Prepared according to

oet Method A (25 °C, 48 h) using 1-hexene (63 uL, 0.50 mmol), ethyl glyoxylate (667,
NN UL, 5.0 mmol) and catalyst 2¢ (0.05 mmol, 1.9 mL CH,Cly) to provide the pure

o) product as a clear oil in 96% yield (89 mg, 0.48 mmol) after flash chromatography
with 10-20% EtOAc/hexanes. [a]f -2.1° (c 3.5, CHClI3); IR (neat) 3486, 2960, 2930,
2872, 1734, 1458, 1368, 1264, 1200, 1136, 1090, 1026, 970, 863 cm1; TH NMR (400 MHz, CDCl3) § 5.53
(ddd, J =7.2, 7.2, 14.6 Hz, 1H, CH=CH), 5.37 (m, 1H, CH=CH), 4.20 (m, 3H, CHOH, CO,CH;CH3), 2.80 (br
s, 1H, OH), 2.46 (m, 1H, CHCH,CHOH), 2.36 (ddd,J=6.9, 6.9, 13.8 Hz, 1H, CHCH,CHOH), 1.96 (dd, J =
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7.3, 14.3 Hz, 2H, CHCH2CHy), 1.35 (dd, J = 7.4, 14.7 Hz, 2H, CH3CHCHy), 1.27 (t, J = 7.1 Hz, 3H,
OCH;CH3), 0.86 (t, J = 7.4 Hz, 3H, CH3CH,CH3); 13C NMR (100 MHz, CDCl3) 8 174.5, 134.9, 123.5,70.3,
61.5, 37.6, 34.6, 22.4, 14.2, 13.5; LRMS (CUNH3) m/z 187 (MH)*, 204 (M+NH4)*; HRMS (CI/NH3) exact
mass caled for (C19H1803+NHy)* requires’ m/z 204.1600, found m/z 204.1603.  Enantiomeric excess was
determined by GC with a CYCLODEX-B' column (100 °C, 25 psi); (E-S) enantiomer t; = 12.7 min; (E-R)
enantiomer t; = 12.3 min; (Z-S/R) enantiomer t, = 13.6 min; (Z-S/R) enantiomer t,= 14.5 min; 98% ee, 95:5 E:Z.

OH 1) Ha, PtO, OH Determination of the Absolute
A__-OEt . _on Configuration of (25)-Ethyl 2-hydroxy-4-
\/\/\/\[r 2) LAH W\/\/ octenoate by Correlation with (25)-octane-
o 1,2-diol. The absolute stereochemistry was
determined by conversion to the diol via sequential hydogenation and reduction. (25)-Ethyl 2-hydroxy-4--
octenoate (49 mg, 0.26 mmol, 98% ee) was dissolved in EtOAc (20 mL) and PtO; (~20 mg) was added. This
mixture was fitted with a Hy balloon and stirred for 18 h, filtered through Celite with EtOAc and the resultant
solution was concentrated to yield an oil (43 mg, 0.23 mmol). To a 0 °C solution of the oil in THF (5 mL) was
added LiAlH4 (0.69 mL of 1.0M THEF solution, 0.69 mmol) dropwise. After 15 min the reaction was quenched
by careful addition of 1N HCI until gave evolution had ceased. The mixture was diluted with EtOAc (10 mL)
and brine (5 mL), the layers separated, and the aqueous layer was backwashed with EtOAc (10 mL). The com-
bined organic extracts were subsequently washed with sat. aq. NaHCO3 (5 mL) and sat. aq. Na/K tartrate (5
mL), dried, and concentrated. The resultant oil was chromatographed with 50% EtOAc to yield the pure (25)-
octane-1,2-diol (22 ng, 0.15 mmol). The spectral d 6a and optical rotation for this material were identical to
that in the literature. [0(],5t -16.1° (c 1.1, EtOH); [on]% (Lit.) -16.3° (c 2.0, EtOH).

OMTPA Determination of Absolute Configuration by Mosher MTPA

‘_OEt (R)MTPA 52.64 analysis: (R) MTPA Ester : TH NMR (400 MHz, CDCl3) & 7.60—-
NS (S)MTPA 52555 7.42 (m, SH, ArH), 5.57 (ddd, J = 6.8, 6.8, 14.5 Hz, 1H, CH=CH),
H H g 5.36 (m, 1H, CH=CH), 5.21 (dd, J = 4.6, 7.8 Hz, 1H, CHOMTPA),

| 4.21 (m, 2H, CO,CH,CH3), 3.57 (s, 3H, OCH3), 2.64 (m, 2H,
CHCHCHOMTPA), 1.95 (dd, J = 7.2, 14.2 Hz, 2H, CHCHCH>), 1.30 (m, 2H, CHsCH2CHy), 1.27 (¢, 3H.

OCH,CH3), 0.88 (t, J = 7.2 Hz, 3H, CH3CH,CHp); LRMS (FAB) 403 (MH)*, 425 (M+Na)*. (S) MTPA
Ester : 'H NMR (400 MHz, CDCl3) § 7.65-7.41 (m, 5H, ArH), 5.48 (ddd, J = 7.0, 7.0, 15.0 Hz, 1H, CH=CH),
5.19 (m, 2H, CH=CH, CHOMTPA), 4.24 (m, 2H, CO,CH,CH3), 3.65 (s, 3H, OCH3). 2.55 (m, 2H,
CHCHCHOMTPA), 1.88 (dd, J = 6.9, 13.9 Hz, 2H, CHCH,CHy), 1.29 (m, 5H, CH3CH,CH,, OCH,CHj),
0.84 (t, J = 7.4 Hz, 3H, CH3CH,CHy); LRMS (FAB) 403 (MH)*, 425 (M+Na)*. .

Large Scale Preparation of (S)-Ethyl 3-(1'-Cyclohexenyl)-2-hydroxypropionate (6). To a-78 °C solution
of methylene cyclohexane (3.0 mL, 25 mmol), ethyl glyoxylate (10.5 mL, 75 mmol) in CH,Cl, (25 mL), cata-
lyst 4 (43 mg, 0.05 mmol) was added and the solution allowed to warm to 0 °C and stirred for 18 h. The reac-
tion volume was reduced in half in vacuo and directly loaded onto a 4 x 14 cm silica gel flash column and
eluted with 10 % EtOAc/hexanes to provide the pure product as a clear oil in 86% yield (4.3 g, 21.5 mmol, 97% -
ee). v .

General Procedure for the Addition of Olefins to Undistilled Ethyl Glyoxylate Catalyzed by 4. To an
oven-dried, 10 mL round-bottom flask containing a magnetic stirring bar was added, the olefin (0.50 mmol),
ethyl glyoxylate (50% in toluene, 352 uL, 1.5 mmol) and CHCl, (1.5 mL). To this solution was added solid 4
(0.005 mmol) in one portion. After the reaction was complete (24 h) the mixture was directed loaded onto a 2 x
6 cm silica gel flash column and eluted with 30% Et;0/hexanes to provide the title compounds. '

General Procedure for the Addition of Olefins to Undistilled Ethyl Glyoxylate Catalyzed by 1c. To an
oven-dried, 10 mL round-bottom flask containing a magnetic stirring bar was added, the olefin (0.50 mmol),
and ethyl glyoxylate (50% in toluene, 352 ML, 1.5 mmol) and CH,Cl, (1.5 mL).. To this mixture was added
the catalyst solution 1¢ (0.05 mmol in 1.5 mL CHCly) in one portion. After the reaction was complete (24h)
the mixture was directed loaded onto a 2 x 6 cm silica gel flash column and eluted with 30% Et,O/hexanes to
provide the title compounds. : '
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Preparation of (S)-Methyl 3-(1'-Cyclohexenyl)-2-hydroxypropionate (22). To a .
solution of (5)-methyl 3-(I'-cyclohexenyl)-2-hydroxypropionate (88 mg, 0.44 mmol, 97%
OMe  ee) in MeOH (4 mL) at 25 °C, K2CO3 (59 mg, 0.44 mmol) was added. After 2 h the
OH reaction was diluted with EtOAc and poured into pH 7 buffer and extracted. The organics

were washed with brine and dried with NapCO3. Concentration in vacuo followed by -
purification by flash chromatography with 30% EtyO/hexanes afforded 69 mg (85% yield, 97% ee) of the title
compound as a colorless oil. [af -11.0° (c 0.7, CHCI3); IR (film) 3540, 3026, 2931, 2860, 2838, 1737,
1440, 1268, 1220, 1096 cm-1; 1H NMR (400 MHz, CDCl3) § 5.53 (br s, 1H, C=CH), 4.29 (m, 1H, CH(OH)),
3.77 (s, 3H, OCH3), 2.59 (d, 7.0 Hz, 1H, OH), 2.44 (dd, J =14.1, 3.2 Hz, 1H, CH%CH(OH)\), 2.29 (dd, J =14.0,
8.2 Hz, 1H, CH2CH(OH)), 2.00-1.92 (m, 2H, -CHj-), 1.65-1.24 (m, 4H, -CH3-); 13C NMR (100 MHz, CDCl5)
6 175.3, 133.0, 125.6, 69.2, 52.4, 43.3, 28.4, 25.4, 22.8, 22.2; LRMS (CI/NH3) m/z 185 (MH)*, 202
(M+NHg4)*; HRMS (CI/NH3) exact mass calcd for (C10H1603NHy)* requires m/z 202.1443, found m/z
202.1448. Enantiomeric excess was determined by GC with a CYCLODEX-B column (14.0 psi, 120 °C); (R)

enantiomer tr = 18.6 min; (S ) enantiomer t; = 19.2 min; 97% e¢. - . ‘

Preparation of (S)- 3-(1'-Cyclohexenyl)-2-hydroxypropionic acid (23). To a solution
of (S)-ethyl 3-(1' cyclohexenyl)-2-hydroxypropionate (6) (185 mg, 0.93 mmol, 95% ee) in
O 10 mL MeOH was added 10 m! aqueous 10% KOH. After 2 h, the solution was acidified -
OH to pH 2 with 1 N HCI and extracted 3 x-50 mL ethyl acetate. The combined organics were

washed with brine (1 x 50 mL) and dried over Na»SO4 and concentrated in vacuo to afford o

a white powder (135 mg, 0.79 mmol, 85% yield). m.p. 45-47 °C [off -14.6° (¢ 0.5, MeOH); IR (cell, CHCl3)
3518, 3407, 2929, 2858, 1766, 1717, 1438, 1334, 1094 cm-1; 1H NMR (500 MHz, CDCl3) 8 5.58 (brs, 1 H,
CH=C), 4.34 (dd, J= 4.0, 8.8 Hz, 1H, CHOH), 2.71 (d, J =4.0 Hz, 1H, -CHj-), 2.53 (d, J =4.0 Hz, 1H,
-CH,COH-), 2.29 (dd, J= 8.8, 14.0 Hz, 1H, -CH,COH-), 1.63 (m, 4H, -CH3-), 1.56 (m, 4H, -CH>-); I13C NMR
(125 MHz, CDCl3) 8 178.7, 132.6, 126.5, 68.6, 42.9, 28.2, 25.4, 228, 22.2; LRMS (CI/NH3) m/z 188
(M+NHy4)*; HRMS (CI/NH3) exact mass calcd for (CoH1403+NHy)* requires m/z 170.0943, found m/z:
170.0943. . The title compound was converted to the methyl ester using CH>N; and enantiomeric excess was
determined by GC with a CYCLODEX-B column (14.0. psi, 120 °C); (R) enantiomer ty= 16.9 min; (S ) enan-
tiomer tr = 17.4 min; 95% ee. ' . ' ' S

(S)-N-methoxy-N-methyl-S-(l'-cyclohexenyl)-Z-hydroxypropionamide (24).. Toa

/Me  solution of N,O-dimethylhydroxylamine hydrochloride (202 pL, 2.5 mmol) in 10 ml of
N - THF at 0 °C was added dropwise 1.25 mL (2.5 mmol, 2.0 M in toluene) of trimethyla-
Me luminium solution with the concomitant evolution of gas. The solution was stirred for
' 30 min at 25 °C. A solution of 99 mg (0.50 mmol) of (8)-methyl 3-(1' cyclohexenyl)-2-
hydroxypropionate in 5 mL THF was added dropwise. The resulting solution was refluxed for 18 h. Upon
cooling, the solution was added rapidly via cannula into an ice cooled beaker containing 100 mL of aqueous 2% -
HC1 (CAUTION: Gas evolution). The aqueous layer was then brought to pH 8 with NaHCO3. The layers were
separated and the aqueous layer was extracted with two 50 mL portions of EtOAc. The combined organics
were washed with 50 mL brine, dried (NayS0Qy), filtered and concentrated in vacuo. Purification by flash
chromatography with 40% EtOAc/hexanes afforded 86 mg (82% yield) of the title compound as a white solid.
m.p. 47-48 °C [aJ +55.7° (¢ 1.0, CHyClp); IR (cell, CHCl3) 3493, 2938, 2859, 1658, 1440, 1370, 1195 cm-1;
TH NMR (500 MHz, CDCl3) § 5.51 (brs, 1 H, CH=C),, 4.51 (br m, 1 H, CHOH), 3.71 (s, 3H, OCH3), 3.23 (s,
3H, NCH3), 3.14 (d, J= 8.1 Hz, 1H, -OH), 2.35 (br d, J= 14.3, 1H, -CHH-), 2.35 (dd, J= 8.5, 13.9, 1H,
-CHH-), 2.00 (m, 4H, -CH3-), 1.56 (m, 4H, -CH;-); 13C NMR (100" MHz, CDCl3) 8 175.1, 133.5, 124.6, 67.6,
61.3, 43.4, 32.4, 28.6, 25.3, 22.8, 22.2; LRMS (ED) m/z 213(M)*; HRMS (EI) exact mass calcd for
(C11H1903N)* requires m/z 213.1365 found m/z 213.1375. Enantiomeric excess was determined by NMR of
the R and S Mosher esters (>95% ee). :

Preparation of (R)-Ethyl 3-(1' Cyclohexenyl)-2-azidopropionate (25). To a solution of
350 mg (1.76 mmol) of (S)-methyl 3-(1' cyclohexenyl)-2-hydroxypropionate (6) in 10 mL
OEt DMF at RT was added 774 mg (2.11 mmol) of bis(para-nitrophenyl) phosphorazidate

N3 forming a heterogeneous solution. Upon addition of 1,8-diazabicyclo[5.4.0lundec-7-ene

. (250 pL, 1.67 mmol) the solution became homogeneous and turned yellow. After 12 h at

50 °C, the solution was poured into 2% HCI and extracted with EtOAc (50 mL). The organics were washed

with water (3x50 mL) and brine (50 mL), dried (NaySOy), filtered and concentrated in vacno. Purification by -

flash chromatography with 10% EtOAc/hexanes afforded 265 mg (72% yield) of the title compound as a oil.
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[a]B +3.3° (c 3.0, CH,Clp); IR (film) 2983, 2930, 2106, 1743, 1592, 1524, 1439, 1343, 1285, 1184 cmrl; 1H

NMR (500 MHz, CDCl3) 8 5.57 (br s, 1 H, CH=C), 4.34 (dd, J=1.2,7.2 Hz, 1H, CHOH), 2.71 (d, J =4.0 Hz,
1H, -CH3-), 2.49 (dd, J =5.8, 14.1 Hz, 1H, -CHpCOH), 2.43 (dd, J= 8.89, 14.0 Hz; 1H, -CH,COH-), 1.99 (br
m, 4H, -CH3-), 1.56 (m, 4H, -CHj3-); 13C NMR (125 MHz, CDCl3) 6 170.7, 132.1, 126.0, 61.7, 40.1, 27.9,
25.4, 22.1, 14.2; LRMS (CI/NH3) m/; 188 (M+NH4)*; HRMS (CI/NH3) exact mass calcd for v
(C11H170oN+NHyg)* requires m/z  241.1665 found m/z 241.1658. Enantiomeric excess was determined by

~ GC with a CYCLODEX-B column (15 psi, 100 °C, at t= 60 min, rate 2.5 °C, final T= 150 °C); (R) enantiomer .
tr=72.6 min; (S ) enantiomer ty =73.0 min; >95% ee. = Co o ‘ :

Preparation of (S)-Methyl 3-(1'Cyclohexenyl)-2-hydroxy-2-methylpropionate (26).

Prepared according to Method A (1.5 mL CH,Cly, reflux, 48 h) using methylenecyclo-
OMe  hexane (600 pL, 5.0 mmol), methyl pyruvate (45 pL, 0.5 mmol) -and catalyst 2a (0.10 -

mmol) to provide the pure product as a clear oil in 84% yield (84 mg, 0.42 mmol, 98% ee)
, after flash chromatography with 15% EtOAc/hexanes. [aF +8.5° (c 0.6, CH)Cly); IR
(film) 3523, 2929, 2858, 1732, 1437, 1216, 1111, 917 cm-!; 1H NMR (500 MHz, CDCl3) 6 5.48 (br s, 1H,
C=CH), 3.74 (s, 3H, OCH3), 3.04 (br s, 1H, OH), 2.42 (d, J =13.6, 1H, CH,CCH3(OH)), 2.26 (d, J =13.6 Hz,
1H, CHyCCH3(OH)), 1.94-1.84 (m, 4H, -CHj-), 1.58-1.46 (m, 4H, -CH,-), 1.41 (s, 3H, C(OH)CH3); 13C
NMR (125 MHz, CDCl3) & 177.3, 133.3, 162.6, 74.7, 52.5, 48.9, 40.1, 26.1, 25.5, 23.0, 22.1; LRMS (CI/NH3)
m/z 216 (M+NHy)*; HRMS (CI/NH3) exact mass calcd for (C11H1303NHy)*t requires m/z 216.1600, found
m/z 216.1594. Enantiomeric excess was determined by GC with a CYCLODEX-B column (20.0 psi, 110 °C);
(R) enantiomer tr = 13.1 min; (S) enantiomer t; = 13.7 min; 98% ee. Absolute configuration determined by
analogy. ' : ' '

Preparation of (S)-Methyl 3-(1'Cyclopentenyl)-2-hydroxy-2-methylpropionate (27).
Prepared according to Method A (1.5 mL CH,Cly, reflux, 48 h) using methylenecyclopen-
tane (520 uL, 5.0 mmol), methyl pyruvate (45 plL, 0.5 mmol) and catalyst 2a (0.025 mmol) -
to provide the pure product as a clear oil in 95% yield (88 mg, 0.47 mmol, 98% ee) after . -

~ flash chromatography with 15% EtOAc/hexanes. [off +6.1 ° (¢ 2.0, CH2Clp); IR (film)
3499, 3046, 2952, 2848, 1734, 1455, 1372, 1260, 1205, 1155, 1105, 1038, 983 cm-l; TH NMR (400 MHz,
CDCl3) 8 5.47 (br s, 1H, C=CH), 3.75 (s, 3H, OCH3), 3.08 (br s, 1H, OH), 2.60 (d, J =14.0 Hz, 1H, -CH»-),

OMe

2.48 (d, J=14.0 Hz, 1H, -CHj-), 2.31-2.14 (br m, 4H, -CHj-), 1.85 (m, 2H, -CHj-), 1.42 (s, 3H, C(OH)CH3); -

13C NMR (100 MHz, CDCl3) § 177.3, 139.3, 129.1, 74.5, 52.6, 42.0, 36.0, 32.5, 26.2, 23.7; LRMS (CI/NH3)
m/z 185 (MH)*, 202 (M+NHy)*; HRMS (CI/NH3) exact mass caled for (C10H1603NHy)* requires m/z
202.1443 found m/z 202.1435. Enantiomeric excess was determined by GC with a CYCLODEX-B column
(15.0 psi, 100 °C) (R) enantiomer ty = 14.3 min; (S ) enantiomer tr = 15.2 min; 98% ee.

Preparation of (5)-3-(1'Cyclopentenyl)-2-hydroxy-2-
methylpropionic acid. To a solution of (S)-methyl 3-(1'
cyclopentenyl)-2-hydroxy-2-methylpropionate (688 mg,
3.73 mmol) in 20 mL MeOH was added 20 ml aqueous
10% KOH. After 2 h, the solution was acidified to pH 2"
with 1 N HCI and extracted 3 x 50 mL ethyl acetate. The combined organics were washed with brine (1 x 50
mL) and dried over NapSOy4 and concentrated in vacuo to afford a white powder (570 mg, 3.35 mmol, 90%
yield). m.p. 82-83 °C [a]§ +14.5° (c 0.8, MeOH); IR (cell, CHCl3) 3541, 3400, 3043, 2928, 2851, 1776, 1745,
1711, 1343, 1290, 1217, 1157 cm-l; 1H NMR (500 MHz, CDCl3) & 5.54 (br's, 1 H, CH=C), 2.71 (d, J=13.9
Hz, 1H, -CH>-), 2.50 (s, 1H, OH), 2.53 (d, J =13.9 Hz, 1H, -CH,-), 2.29 (m, 5H, -CH3-, OH), 1.85 (m, 2H,
-CH3-), 1.49 (s, 3H, C(OH)CH3); 13C NMR (125 MHz, CDCl3) b 181.4, 138.8, 129.9, 74.3, 41.7, 36.1, 32.5,
26.1,23.7; LRMS (CI/NH3) m/z 188 (M+NH4)*; HRMS (CI/NH3) exact mass caled for (CgH1403+NHy)*t re-
quires m/z 188.1287 found m/z 188.1289. : : a . ‘

10%KOH
MeOH
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Preparation of (S)-3-(1' Cyclopentenyl)-2-
- hydroxy-2-methylpropionic acid, (R)-1-
Hq (1-napthyl) ethylammonium salt. Toa-
O solution of (S)-methyl 3-(1' cyclopentenyl)-2-
Me O hydroxy-2-methylpropionic acid.(150 mg,- .

0.88 mmol) in 5 mL CH,Cl; was added (R)-

: 1-(1-napthyl)ethylamine (149 pL, 0.92
mmol). After stirring at RT for 1 hr, solvent was removed in vacuo to afford a white powder which was
washed 2 x 1 mL hexanes to afford the title compound as a pure compound (300 mg, 0.87 mmol, 99% yield).
m.p. 148-149 °C [a]F +1.8° (c 1.0, MeOH); IR (cell, CHCI3) 3469, 3052, 2930, 2849, 1576, 1335, 1264, 1103
cm-1; IH NMR (500 MHz, CDCl3) & 7.91-7.43 (m, 7H, ArH), 6.50 (br s, 3H, NHy), 5.23 (br s, 1 H, CH=C),
3.12 (q, J=6.6 Hz, 1H, -CH(CH3)), 2.13 (m, 6 H, -CH;-), 1.70 (m 5H, -CH(CH3), -CH;-), 1.01 (s, 3H,
C(OH)CH3); 13C NMR (125 MHz, CDCl3) § 183.0, 140.6, 136.5,133.9, 130.1, 129.8, 127.3, 126.9, 126.1,
125.5,122.5, 122.0, 74.7, 46.7, 41.5, 36.4, 32.5, 26.1, 23.6, 22.0; LRMS (FAB, neg. ion) m/z 169 (M)~; Anal
Caled for C21H7N103: C, 73.87; H, 7.97; N, 4.10. Found: C, 73.12; H, 7.90; N 4.01. :

X-ray Crystal Structure for (8)-3-(1’ Cyclopenteny'l)-2-hydroxy-2-méthylprbpionic acid, (R)-l-(lw ,
napthyl) ethylammonium salt. (Note structure shown is the enantiomer, absolute asignment based on (R
)-1-(1-napthyl) ethylamine starting material) : ' ‘ . ,

atmosphere box, Cu((S)-z-Bu-box)Cl, (21.4 mg, 0.05 mmol) and AgSbFg (34.3 mg, 0.10

mmol). The flask was fitted with a serum cap, removed from the inert atmosphere box and
charged with CH,Cl, (1.0 mL). The mixture was stirred 2-3 h in the absence of light to produce a green solu-
tion with a white AgCl precipitate. The mixture was transfered via cannula under nitrogen to a syringe fitted
with a 0.45 p filter, and into an oven dried sealed tube with 14/20 side arm joint attached containing methyl
pyruvate (45 ul,, 0.5 mmol) and 0.5 mL CH5Cl,. The flask was cooled to -78 °C and 2-methylpropene was
condensed into the flask using a dry-ice condenser (large excess). The flask was then sealed and allowed to
warm to 45 °C for 48 h to provide the product as a clear oil in 76% yield (60 mg, 0.38 mmol, 98%ee) after
flash chromatography with 15% EtOAc /hexanes. o +10.5° (¢ 1.0, CH,Cly); IR (film) 3522, 3077, 2981,
2954, 1733, 1645, 1456, 1427, 1267, 1212, 1115, 981 cm1; IH NMR (500 MHz, CDCl3) § 4.87 (d,J=0.6 Hz,,
1H, C=CHH), 4.73 (d, J = 0.6 Hz, 1H, C=CHH), 3.76 (s, 3H, OCHy), 3.13 (br s, 1H, OH), 2.52 (d, J =13.6, 1H,
-CHp-), 2.36 (d, J =13.6, 1H, -CH3-), 1.74 (s, 3H, C=C-CH3), 1.43 (s, 3H, C(OH)CH3); 13C NMR (100 MHz,
CDCl3) 8 177.2, 141.3, 115.1, 52.6, 48.0, 26.4, 23.9; LRMS (CI/NH3) m/z 159 (MH)*, 176 (M+NH4)*; HRMS
(CI/NH3) exact mass calcd for (CgH403+NHy)* requires m/z 176.1287 found m/z 176. 1283. Enantiomeric .
excess was determined by GC with a CYCLODEX-B column (10.0 psi, 80 °C); (R) enantiomer t; = 10.4 min;
(S ) enantiomer ty = 11.0 min; 98% ee. S : :

Preparation of (S)-Methyl' 2-Hydroxy‘-'2-methyl-S-mefhyl-S-pentenoate (28). Toan
M < Some oven-dried, round-bottom flask containing a magnetic stirring bar was added, in an inert
MS YoH
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according to Method A (1.5 mL CHCly, reflux, 48 h) using a-methyl styrene (650 pL, 5.0

mmol), methyl pyruvate (45 pL, 0.5 mmol) and catalyst 2a (0.025 mmol) to provide the

pure product as a clear oil in 94% yield (103 mg, 0.47 mmol, 98% ee) after flash chro-
matography with 15% EtOAc/hexanes. [of -4.5° (c 2.2, CH2Cl); IR (film) 3519, 3082, 3023, 2952, 1736,
1626, 1448, 1270, 1129, 980 cm!; IH NMR (500 MHz, CDCl3) & 7.36-7.24 (m, 5H, ArH), 5.35 (s, 1H, -
C=CHH), 5.19 (s, 1H, C=CHH), 3.29 (s, 3H, OCH3), 3.11 (d, J =13.7, 1H, -CH)-), 3.08 (s, 1H, OH), 2.86 (dd,
J =10.9, 1H, -CH3-), 1.47 (s, 3H, C(OH)CH3); 13C NMR (125 MHz, CDCl3) § 176.2, 143.9, 141.2, 128.2,
127.5, 126.8,74.2, 52.1, 46.2, 25.9 ; LRMS (EIy m/z 220 (M)*, HRMS (EI) exact mass calcd for (C13H1603)*
requires m/z 220.1100, found m/z 220.1094. Enantiomeric' excess was determined by GC with a
CYCLODEX-B column (20.0 psi, 110 °C); (R) enantiomer ty = 38.3 min; (S ) enantiomer t; = 39.4 min; 98%
ee. : .

Preparation of (S)-Methyl 2-Hydroxy-2-m-eth‘yl-5-pheny1-5-péntenoate (29). Prepared
P y .
‘Me OH
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