Supporting I nformation

Catalytic Nucleophilic Glyoxylation of Aldehydes
Kimberly M. Steward and Jeffrey S. Johnson*

Department of Chemistry, University of North Carolina at Chapel Hill, Chapel
Hill, North Carolina 27599-3290

jsi@unc.edu

Table of Contents
General Methods and Materials

General Procedure A for the Yb(OiPr)g catalyzed nucleophilic glyoxylation
of aryl aldehydesto afford -siloxy-a-ketoester s 4a-|

General ProcedureB for the Sm(O'Pr); catalyzed nucleophilic glyoxylation
of aliphatic aldehydesto afford B-siloxy-a-ketoester s 4k-|

Preparation of Ruthenium Catalyst 5

General Proceduresfor the Asymmetric Reduction of 4a
Deter mination of Diastereomer |dentity (4a)
Preparation of B-silyoxy-a-aminoester 7

'H and *C NMR Spectra

S1

S7

S7

S10



Experimental Section

Methods: General. Infrared (IR) spectra were obtained using a Jasco 260 PlugeFtansform infrared
spectrometer. Proton and carbon magnetic resonance sgettMR and**C NMR) were recorded on a
Bruker model DRX 400'H NMR at 400 MHz and®*C NMR at 100 MHz) spectrometer with solvent
resonance as the internal standattl YMR: CDCk at 7.26 ppm?**C NMR: CDC} at 77.0 ppm)*H NMR
data are reported as follows: chemical shift, multiplicity @rglet, br s = broad singlet, d = doublet, br d =
broad doublet, t = triplet, br t = broad triplet, q =af®et, sept = septuplet, oct = octuplet, m = multiplet),
coupling constants (Hz), and integration. Analytical thagel chromatography (TLC) was performed on
Whatman 0.25 mm silica gel 60 plates. Visualization was accdmegligith UV light and/or aqueous ceric
ammonium molybdate solution followed by heating. Purif@matf the reaction products was carried out by
using Siliaflash-P60 silica gel (404#®) purchased from Silicycle. Mass spectra were obtained using a
Micromass Quattro Il (triple quad) instrument with nanoetesgray ionization (Note: All samples prepared in
methanol). All reactions were carried out under an atmosphergtrofen in oven-dried glassware with
magnetic stirring. Yield refers to isolated yield of analyticallire material unless otherwise noted. Yields and
diastereomeric ratios (dr) are reported for a specific experimerdsaadesult may differ slightly from those
found in the tables, which are averages of at least two experiri@atstiomeric excesses were obtained using
a Supercritical Fluid Chromatograph equipped with a UV-Viedset using a Chiralcel Chiralpak AD HPLC
column. Samples were eluted with SFC grade @@he indicated percentage of MeOH.

Materials: General. N,N-Dimethylformamide was distilled from,®sand stored under Nover 3A molecular
sieves. Benzaldehydpsanisaldehyde, 4-methylbenzaldehyde, and 2-methylbenzaldehyde wiies oy the
following procedure: The neat aldehydes were washed sequentithallg & M sodium hydroxide solution and
a saturated agueous sodium bicarbonate solution, driednaigimesium sulfate, and distilled under reduced
pressure. 4-Chlorobenzaldehyde was sublimed under reducedrgréssioutyraldehyde and propionaldehyde
were dried over CaS(and distilled under Nprior to use. Silyl glyoxylatd was prepared according to the
published procedureAll other reagents were obtained from commercial sources andwitealit further
purification unless otherwise noted.

! Nicewicz, D. A.; Brétéché, G.; Johnson, JOBg. Synth. 2008, 85, 278.
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General Procedure A for the Yb(OiPr)g catalyzed nucleophilic glyoxylation of aryl aldehydesto afford -

siloxy-a-ketoesters4a-j:
H
Q QO YbOP), %cr\n o oTBS

8s + J
‘BUO)S( "RTH DMF, rt tBuO)H(‘\R

o (6]

1 4aj
In an inert atmosphere glovebox, a 10-mL round-bottome# flanstaining a magnetic stir bar was charged
with Yb(OPr) (0.05 equiv). The flask was sealed with a rubber septum amalvesl from the glovebox. To
this flask was added DMF (1 mL), and this solution waswadd to stir until complete dissolution of the
Yb(O'Pr) occurred. A shell vial containing silyl glyoxylate (1.0 equialdehyde (2.0 equiv) and acetone
cyanohydrin (0.20 equiv) in DMF 1Jo = 0.20 M)was transferred to the round-bottomed flask cannula.
Upon the disappearance of the silyl glyoxylate (as indicated Uiy analysis: 10% EtOAc/hexanes), the
reaction was quenched with 2 M aqueous silver nitrate (1rifhe resultant silver salts were removed via
filtration through a pad of silica gel with EtOAc (20 m)he organic layer was washed with water (3x),
brine, dried over N&O, and concentratesh vacuo. The resultingi-ketoesters were obtained in analytically
pure form after the removal of the excess aldehyde as describad belo

o0 OTBS tert-Butyl 3-(tert-butyldimethylsilyloxy)-2-oxo-3-phenylpropanoate (4a). The title
BUO compound was prepared according to General Procedure A Lsihd@0 g, 4.09
o mmol, 1.0 equiv), benzaldehyde (0.868 g, 8.18 mmol, 2/gcacetone cyanohydrin
4a (0.070 g, 0.818 mmol, 0.20 equiv), YBE®); (0.072 g, 0.205 mmol, 0.05 equiv) and

DMF (10 mL). The reaction was complete immediately upon théiaadf all reagents as determined by
TLC analysis. After workup and removal of the excess aldelmydacuo (<1 mm Hg)4a (1.20 g, 3.57 mmol,
87% yield) was obtained as a clear yellow oil. Analytical dataéo IR (thin film, cm®) 2956, 2931, 2857,
1748, 1725, 1472, 1257, 1132, 872, 838, 4B6NMR (400 MHz, CDC}) 5 7.30-7.42 (m, 5H), 5.56 (s, 1H),
1.43 (s, 9H), 0.90 (s, 9H), 0.10 (s, 3H), -0.0103¢d); **C NMR (100 MHz, CDC}) 5 193.7, 162.2, 137.0,
128.5, 127.3, 84.2, 78.3, 27.9, 25.7, 18.3, -BI0C (10% EtOAc/hexanes):®.46;LRMS (ESI) Calcd. For
C1H3004SiNa + CHOH): 405.21. Found: 405.20.

0 OTBS tert-Butyl 3-(tert-butyldimethylsilyloxy)-3-(naphthal en-2-yl)-2-oxopr opanoate
BUO (4b). The title compound was prepared according to General proceduiseng 1
o) O (0.050 g, 0.205 mmol, 1.0 equiv), 2-napthaldehyde (0)62.410 mmol, 2.0 equiv),
4b acetone cyanohydrin (0.0035 g, 0.041 mmol, 0.20 equivOO‘Pln)g (0.0035 g, 0.0102

mmol, 0.05 equiv) and DMF (2 mL).The reaction was completaddiately upon the addition of all reagents
as determined by TLC analysis. After workup and purificatibp flash chromatography (10%
EtOAC/hexanesyb (0.076 g, 0.188 mmol, 92% yield) was obtained as a clearles$ oil. Analytical data
for 4b: IR (thin film, cm') 2955, 2931, 2886, 2857, 1747, 1724, 1370, 1256411127, 839, 782H NMR
(400 MHz, CDC}) 6 7.83-7.87 (m, 4H), 7.48-7.55 (m, 3H), 5.74 (s, 1H}2 (s, 9H), 0.92 (s, 9H), 0.14 (s,
3H), 0.007 (s, 3H)**C NMR (100 MHz, CDC}) & 193.7, 162.3, 134.5, 133.4, 133.2, 128.4, 12&7.8,

2 This was necessary to remove all trace amourttseofyanohydrin produ®&
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126.8, 126.4, 126.3, 124.7, 84.3, 78.4, 27.9, 26874, -4.9;TLC (10% EtOAc/hexanes):®.42;LRMS
(ESI) Calcd. For gH3,0,SiNa + CHOH: 455.22. Found: 455.21.

0 OTBS tert-Butyl 3-(tert-butyldimethylsilyloxy)-2-oxo-3-p-tolylpr opanoate (4c). The title
'BUO compound was prepared according to General procedure A Lgt@50 g, 0.205
o} mmol, 1.0 equiv), p-tolualdehyde (0.049 g, 0.410 mmol, 2.0 equiv), acetone
4c cyanohydrin (0.0035 g, 0.041 mmol, 0.20 equiv), Y’E’@Q (0.0035g, 0.0102 mmol,

0.05 equiv) and DMF (2 mL).The reaction was complete immddiafgon the addition of all reagents as
determined by TLC analysis. After workup and removal of theegx aldehydén vacuo (<1 mm Hg),4c
(0.060 g, 0.164 mmol, 80% vyield) was obtained as a clearles$ oil. Analytical data fotc: IR (thin film,
cm') 2957, 2930, 2858, 1721, 1462, 1369, 1254, 118031838, 779;H NMR (400 MHz, CDC))
07.29(d,J =8 Hz, 2H), 7.15 (dJ = 8 Hz, 2H), 5.52 (s, 1H), 2.34 (s, 3H), 1.44 (4),9.90 (s, 9H), 0.095 (s,
3H), -0.018 (s, 3H)**C NMR (100 MHz, CDC}) 5193.8, 162.3, 138.3, 134.0, 129.2, 127.3, 84.12,78..9,
25.7, 21.1, 18.3, -4.99TLC (10% EtOAc/hexanes){R0.49; LRMS (ESI) Calcd. ForCyH3,0,SiNa +
CH;OH: 419.22 Found: 419.22.

0 OTBS tert-Butyl 3-(tert-butyldimethylsilyloxy)-2-oxo-3-o-tolylpropanoate (4d). The title
BUO compound was prepared according to General procedure A Lgt§50 g, 0.205
o} mmol, 1.0 equiv), o-tolualdehyde (0.049 g, 0.410 mmol, 2.0 equiv), acetone
4d cyanohydrin (0.0035 g, 0.041 mmol, 0.20 equiv), YB(® (0.0035g, 0.0102 mmol,

0.05 equiv) and DMF (2 mL).The reaction was complete immddiatgon the addition of all reagents as
determined by TLC analysis. After workup and removal of theegx aldehydéen vacuo (<1 mm Hg),4c
(0.064 g, 0.176 mmol, 86% yield) was obtained as a clearlesdooil. Analytical data fodd: IR (thin film,
cm')2955, 2931, 2858, 1747, 1725, 1462, 1370, 125321838, 780, 746'*H NMR (400 MHz, CDC})
07.35-7.37 (m, 1H), 7.14-7.22 (m, 3H), 5.69 (s, 1R1R6 (s, 3H), 1.39 (s 9H), 0.89 (s, 9H), 0.113(4), -
0.048 (s, 3H);*C NMR (100 MHz, CDC}) 5194.0, 162.7, 136.7, 135.1, 130.8, 129.1, 128.6,0184.1,
77.3, 27.8, 25.7, 19.2, 18.2, -4.99, -5.03;C (10% EtOAc/hexanes)R0.49; LRMS (ESI) Calcd. For
Cy0H3:0,4SiNa + CHOH: 419.22 Found: 419.22.

O OTBS tert-Butyl 3-(tert-butyldimethylsilyloxy)-3-(4-chlor ophenyl)-2-oxopropanoate (4€).
BUO The title compound was prepared according to General proceduiagAlu®.050 g,
o) o 0.205 mmol, 1.0 equiv), 4-chlorobenzaldehyde (0.058 glG0#mol, 2.0 equiv),
ae acetone cyanohydrin (0.0035 g, 0.041 mmol, 0.20 equisjO¥Pr); (0.0035g, 0.0102

mmol, 0.05 equiv)and DMF (2 mL).The reaction was completeddiately upon the addition of all reagents
as determined by TLC analysis. After workup and removal efettcess aldehyde vacuo (<1 mm Hg),4e
(0.070 g, 0.182 mmol, 89% vyield) was obtained as a clearles$ oil. Analytical data fote: IR (thin film,
cm') 2955, 2931, 2887, 2859, 1749, 1725, 1490, 1325711132, 1089, 869, 8381 NMR (400 MHz,
CDCl3) 67.36 (d,J = 8.4 Hz, 2H), 7.32 (d] = 8.4 Hz, 2H), 5.51 (s, 1H), 1.46 (s, 9H), 0.8994), 0.10 (s,
3H), -0.009 (s, 3H)**C NMR (100 MHz, CDC}) 193.3, 162.0, 135.7, 134.5, 128.7, 128.5, 84.%,777.9,
25.7, 18.3, -5.02TLC (10% EtOAc/hexanes){®.41;LRMS (ESI) Calcd. For GH,4ClO,SiNa + CHOH:
439.17. Found: 439.15.
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o0 OTBS tert-Butyl 3-(tert-butyldimethylsilyloxy)-2-oxo-3-(4-

BUO (trifluoromethyl)phenyl)propanoate (4f). The title compound was prepared
o} o according to General procedure A usihg(0.050 g, 0.205 mmol, 1.0 equiv), 4-
af : (trifluoromethyl)benzaldehyde (0.071 g, 0.410 mmol, 2.0\ggacetone cyanohydrin

(0.0035 g, 0.041 mmol, 0.20 equiv), YBRD); (0.0035g, 0.0102 mmol, 0.05 equiv) and DMF (2 mL&Th
reaction was complete immediately upon the addition of all reagentietermined by TLC analysis. After
workup and removal of the excess aldehydeacuo (<1 mm Hg),4f (0.077g, 0.185 mmol, 90% yield) was
obtained as a clear colorless oil. Analytical datadfor IR (thin film, cmi®) 2956, 2933, 2889, 2860, 1750,
1726, 1326, 1258, 1167, 1131, 1067, 870, 839, BNMR (400 MHz, CDC}) 57.62 (d,J = 8 Hz, 2H),
7.56 (d,J = 8 Hz, 2H), 5.58 (s, 1H), 1.46 (s, 9H), 0.91 (4),9.12 (s, 3H), 0.01 (s, 3HY)C NMR (100 MHz,
CDCl;) 6193.1, 161.9, 141.2, 127.4, 125.5, 84.7, 77.8, ,2287, 18.3, -5.00, -5.03TLC (10%
EtOAc/hexanes) f0.43;LRMS (ESI) Calcd. FoCy0H,9F30,4SiNa + CHOH: 473.19. Found: 473.17

o0 OTBS tert-Butyl 3-(tert-butyldimethylsilyloxy)-3-(4-cyanophenyl)-2-oxopropanoate (4g).
[Buom The title compound was prepared according to General procedusaél (0.050 g,
o) oN 0.205 mmol, 1.0 equiv), 4-cyanobenzaldehyde (0.054 ¢l00Mmol, 2.0 equiv),
49 acetone cyanohydrin (0.0035 g, 0.041 mmol, 0.20 equiv)O'Pn); (0.0035g, 0.0102

mmol, 0.05 equiv) and DMF (2 mL).The reaction was completaddiately upon the addition of all reagents
as determined by TLC analysis. After workup and purificatiby flash chromatography (10%
EtOAC/hexanes¥g (0.071 g, 0.189 mmol, 92% yield) was obtained as a clearless$ oil. Analytical data
for 4g: IR (thin film, cm®) 2955, 2931, 2859, 2230, 1750, 1730, 1502, 1398711133, 868, 840, 7834
NMR (400 MHz, CDC}) 6 7.66 (d,J = 8 Hz, 2H), 7.56 (d = 8 Hz, 2H), 5.55 (s, 1H), 1.46 (s, 9H), 0.91 (s,
9H), 0.12 (s, 3H), 0.010 (s, 3HYC NMR (100 MHz, CDC}) 5192.7, 161.7, 142.5, 132.3, 127.6, 118.4,
112.5, 84.9, 77.7, 27.9, 25.6, 18.3, -5.01, -5T06C (10% EtOAc/hexanes):R.25;LRMS (ESI) Calcd. For
C,y0H29NO,4SiNa + CHOH: 430.20. Found: 430.18

o  oTBS tert-Butyl  3-(tert-butyldimethylsilyloxy)-3-(4-methoxyphenyl)-2-oxopr opanoate
BUO (4h). The title compound was prepared according to General procedusing 1
o (0.050 g, 0.205 mmol, 1.0 equiy);anisaldehyde (0.056 g, 0.410 mmol, 2.0 equiv),
4h OMe acetone cyanohydrin (0.0035 g, 0.041 mmol, 0.20 equi)lQ\Pn); (0.0035g, 0.0102

mmol, 0.05 equiv), 2,6-lutidine (0.022 g, 0.205 mnioQ equiv) and DMF (2 mL). After stirring 20 min, the
reaction was complete as determined by TLC analysis. After waxkdpremoval of the excess aldehyde
vacuo (<1 mm Hg),4h (0.066 g, 0.174 mmol, 85% yield) was obtained as a cldariess oil. Analytical data
for 4h: IR (thin film, cm) 2955, 2932, 2856, 1748, 1723, 1611, 1512, 1488311254, 1171, 1130, 1033,
870, 838, 781'H NMR (400 MHz, CDC}) 5 7.32 (d,J =8.4 Hz, 2H), 6.88 (d] = 8.4 Hz), 5.52 (s, 1H), 3.80
(s, 3H), 1.45 (s, 9H), 0.89 (s, 9H), 0.094 (s, 318)024 (s, 3H)**C NMR (100 MHz, CDC}) 5193.7, 162.4,
159.9, 129.1, 128.8, 114.0, 84.1, 77.9, 55.3, 2797, 18.3, -4.95TLC (10% EtOAc/hexanes)R.35;
LRMS (ESI) Calcd. For gH3,0sSiCs + CHOH: 545.13. Found: 545.11

o  OTBS tert-Butyl 3-(benzo[d][1,3]dioxol-5-yI)-3-(tert-butyldimethylsilyloxy)-2-
IBuomo oxopropanoate(4i). The title compound was prepared according to General procedure
o O> A using 1 (0.050 g, 0.205 mmol, 1.0 equiv), piperonal (0.06204,10 mmol, 2.0
4i equiv), acetone cyanohydrin (0.0035 g, 0.041 mmol, 0.2@/ggrb(OPr); (0.0035g,

S5



0.0102 mmol, 0.05 equiv) and DMF (2 mL).The reaction e@splete immediately upon the addition of all
reagents as determined by TLC analysis. After workup and rerobta¢ excess aldehydle vacuo (<1 mm
Hg), 4i (0.069 g, 0.176 mmol, 86% yield) was obtained as a clearlesdooil. Analytical data fodi: IR (thin
film, cm™) 2955, 2931, 2895, 2856, 1747, 1725, 1489, 14a%] 11252, 1143, 1040, 873, 839, 782;NMR
(400 MHz, CDC}) 66.90 (s, 1H), 6.86 (sl = 8 Hz, 2H), 6.77 (dJ = 8 Hz, 2H), 5.96 (s, 2H), 5.47 (s, 1H),
1.47 (s, 9H), 0.90 (s, 1H), 0.098 (s, 3H), -0.0853H) ;**C NMR (100 MHz, CDC}) 5 193.5, 162.3, 147.9,
131.0, 121.2, 108.2, 107.7, 101.2, 84.3, 77.9,,2%597, 18.3, -4.96, -4.99,LC (10% EtOAc/hexanes):R
0.36;LRMS (ESI) Calcd. For gH3006SiNa + CHOH: 449.20. Found: 449.15.

0 OTBS tert-Butyl  3-(tert-butyldimethylsilyloxy)-3-(1H-indol-3-yl)-2-oxopropanoate  (4j).
‘BUOW The title compound was prepared according to General proceduseng\1u(0.050 g,
o} NH 0.205 mmol, 1.0 equiv), indole-3-carboxaldehyde (0.06@.410 mmol, 2.0 equiv),
4 acetone cyanohydrin (0.0035 g, 0.041 mmol, 0.20 equivjO'Pb); (0.0035g, 0.0102

mmol, 0.05 equiv) and DMF (2 mL).The reaction was complataediately upon the addition of all reagents
as determined by TLC analysis. After workup and removal e@fkettcess aldehyde by treatment with hexanes
and filtration,4j (0.070 g, 0.180 mmol, 88% yield) was obtained as a bghtvn oil. Analytical data fodb:

IR (thin film, cm®) 2955, 2931, 2857, 1755, 1668, 1537, 1461, 1398011255, 1149, 839, 7834 NMR
(400 MHz, CDC}) 6 10.0 (s, 1H), 8.30-8.33 (m, 1H), 7.96 (s, 1H), 7.47-7#0 1H), 7.31-7.33 (m, 2H), 6.02
(s, 1H), 1.38 (s, 9H), 0.91 (s, 9H), 0.18 (s, 318)004 (s, 3H)*C NMR (100 MHz, CDC}) 5 185.0, 166.2,
136.2, 136.1, 125.5, 124.2, 123.3, 122.3, 119.8,8,183.6, 79.2, 27.8, 25.4, 18.1, -5.26, -5BLC (10%
EtOAc/hexanes) £0.14;LRM S (ESI) Calcd. For gH3NO,SiNa: 412.19. Found: 412.18.

General Procedure B for the Sm(O'Pr); catalyzed nucleophilic glyoxylation of aliphatic aldehydes to
afford B-siloxy-a-ketoesters 4k-I:
H
Sm(O'Pr); /T\CN Q OTBS

i hit
TBS
[BUO)S( + R H DMF, rt tBUO)H]/kR
O

R = alkyl o
1 4k
These substrates were prepared in the same manner described in Gevedlre A except 10 mol %
Sm(CPr);was substituted for Yb(©r)s.

o orss tert-Butyl 3-(tert-butyldimethylsilyloxy)-2-oxopentanoate (4k). The title compound was

)S(K/ prepared according to General procedure B udin@.050 g, 0.205 mmol, 1.0 equiv),
Buo propionaldehyde (0.024 g, 0.410 mmol, 2.0 equiv), acetomaotydrin (0.0035, g 0.041
fk mmol, 0.20 equiv), Sm(ier)g (0.0067 g, 0.0205 mmol, 0.10 equiv) and DMF (2 mhgT
reaction was complete immediately upon the addition of all reagsntietermined by TLC analysis. After
workup, 4k (0.060 g, 0.197 mmol, 96% yield) was obtained as a cldaress oil. Analytical data fodk: IR
(thin film, cm™) 2958, 2932, 2885, 2859, 1746, 1722, 1472, 14881,11256, 1147, 1111, 862, 839, 749;
NMR (400 MHz, CDC}) 64.47 (t,J = 6.4 Hz, 1H), 1.71-1.86 (m, 2H), 1.70 (s, 9H), @%6J = 7.6 Hz, 3H),
0.91 (s, 9H), 0.081 (s, 3H), 0.066 (s, 3H}C NMR (100 MHz, CDC})) 5197.0, 162.8, 84.2, 77.32, 28.0,
27.3,25.7, 18.3, 9.3, -4.81, -5.14; C (10% EtOAc/hexanes);R.48;LRMS (ESI) Calcd. For GH3,0,SiNa
+ CH;OH: 357.21. Found: 357.20.
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o otes tert-Butyl 3-(tert-butyldimethylsilyloxy)-4-methyl-2-oxopentanoate (41). The title
compound was prepared according to General procedure Bg@p0 g, 0.205 mmol, 1.0
o equiv), isobutyraldehyde (0.030 g, 0.410 mmol, 2.0 équiwetone cyanohydrin (0.0035 g
4l 0.041 mmol, 0.20 equiv), Sm{@Er)y (0.0067 g, 0.0205 mmol, 0.10 equiv) and DMF (2
mL).The reaction was complete immediately upon the additi@ail ofagents as determined by TLC analysis.
After workup,4l (0.055 g, 0.174 mmol, 85% yield) was obtained as a ct#arless oil. Analytical data fofl:
IR (thin film, cm’) 2960, 2932, 2859, 1745, 1722, 1472, 1371, 1258711073, 863, 839, 7841 NMR
(400 MHz, CDC}) 64.33 (d,J = 5.2 Hz, 1H), 2.11-2.17 (m, 1H), 1.54 (s, 9H),8(d,J = 6.8 Hz, 3H), 0.91
(s, 9H), 0.89 (d,J = 6.8 Hz, 3H), 0.049 (s, 3H), 0.038 (s, 3L NMR (100 MHz, CDC}) 5196.9, 162.6,
84.1, 80.6, 31.8, 27.9, 25.8, 19.0, 18.3, 17.0/44-5.31;TLC (10% EtOAc/hexanes){R.50;LRMS (ESI)
Calcd. For GgH3,0,SiNa + CHOH: 371.22. Found: 371.24.

Buo

Preparation of Ruthenium Catalyst 5

A solution of [Rup-cymene)Cil, (4 mg/mL) and R, R)-2,4,6'Pr;CeH,SO,DPEN’ (8 mg/mL) in DMF were
prepared. In an inedatmosphere glovebox, a 1-dram vial containing a magnetic stwésrcharged with
[Ru(p-cymene)Ci], (0.383 mL, 0.005 mmol, 0.035 equiv) ari®, R)-2,4,6'PrCsH,SO,DPEN (0.375 mL,
0.006 mmol, 0.042 equiv). The vial was sealed with a PTegtscrew cap, removed from the glovebox, and
allowed to stir at 80 °C for 30 min. After cooling taor temperature, the remaining reagents were added as
described below.

General Proceduresfor the Asymmetric Hydr ogenation of 4a

XN
Ro | s
N e

SO, Tip

0 TBS (3.5 mol %) j\/ol\TBs
_ =
'BuO !

Ph [H]base BUO I Ph
solvent, rt OH
(¥)-4a 6

Method A (Table 2, entries 1-3, 7): Formic acid (0.021 g, 0.458 mmol, 3.2 equiv) was addetidcamine
base (1.43 mmol, 10.0 equiv) at 0 °C. The resultant nextias then added to the 1-dram vial followed by a 1
mL solution of4a (0.050 g, 0.143 mmol, 1.0 equiv) in DMF. The reactiaswallowed to stir at the specified
temperature overnight and then diluted with EtOAc. The ordapér was washed with water (3x) then brine,
dried over NgSO,, and concentrated vacuo.

2Yin, L.; Shan, W.; Jia, X.; Li, X., Chan, A. S. €.Organomet. Chem. 2009, 694, 2092.
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Method B (Table 2, entries4-6, 12): A 1 mL solution of4a (0.050 g, 0.143 mmol, 1.0 equiv)in DMF was
added to the 1-dram vial followed by sodium or cesium foenf@df715 mmol. 5.0 equiv) in 0.50 mL of water.
The reaction was allowed to stir at the specified temperature gherand then diluted with EtOAc. The
organic layer was washed with water (3x) then brine, dried &80, and concentrateid vacuo.

Method C (Table 2, entries 8-11): The procedure described in Method B was followed. After th@iadaf
the formate, the base (0.143 mmol, 10.0 equiv) was addkd tedction mixture.

(Note: After catalyst preparation in the vial, no precautiongwaken to exclude air from the vessel.)

o otes (2S,39)-tert-butyl 3-(tert-butyldimethylsilyloxy)-2-hydroxy-3-phenylpropanoate (6). The title
tBqu\/I\Ph compound was prepared following Method B usi#g (0.050 g, 0.143 mmol, 1.0 equiv) and
H sodium formate (0.049 g, 0.715 mmol, 5.0 equiv)teAfworkup and purification by flash

chromatography (10% EtOAc/hexaneg)(0.044 g, 0.124 mmol, 87% yield) was obtained as a
clear colorless oil in a 3:1 dr and a 68: 32 ern( tfee anti-diastereomer) as determined by chiral SFC analysis
(Chiralpack AD 3% MeOH, 1.5 mL/min, 40 °C, 210 niamajor 15.1 mint,-minor 16.0 min)Analytical data for
6: IR (thin film, cm®) 2958, 2930, 2857, 1726, 1368, 1252, 1161, 1139, 837, 778, 700(H NMR (400
MHz, CDCk) major: & 7.24-7.36 (m, 5H), 5.05 (d,= 2.4 Hz), 4.24 (dd) = 2.8 Hz, 8 Hz), 3.18 (A = 7.2
Hz), 1.46 (s, 9H), 0.93 (s, 9H), 0.11 (s, 3H), -6.@d, 3H) minord 7.24-7.36 (m, 5H), 4.95 (d,= 2.4 Hz),
4.03 (dd,J = 2.8 Hz, 8 Hz), 2.99 (dl = 8.8 Hz), 1.58 (s, 9H), 0.89 (s, 9H), 0.043 (s),38.22 (s, 3H) “C
NMR (100 MHz, CDCJ) major: 4 171.0, 140.4, 127.8, 127.2, 126.4, 77.3, 27.9,283.3, -4.8, -5.0 minor:
171.5, 141.0, 128.0, 127.0, 82.3, 76.3, 28.1, 2888, -4.5, -5.1TLC (10% EtOAc/hexanes):Rnajor: 0.43,
minor: 0.38,LRMS (ESI) Calcd. For ¢H3,0,SiNa: 375.20. Found: 375.18.
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Deter mination of Diastereomer |dentity

0 OH
Q@ 9TBS  1BAF, 2 equiv :
t
tBuO)H/\Ph THE, 1t BuO Ph
OH OH

6

tert-Butyl 2,3-dihydroxy-3-phenylpropanoate. The title compound was prepared by dissolvin().040 g,
0.113 mmol, 1.0 equiv) in THF (2 mL) followed by adlalit of TBAF trihydrate (0.071 g, 0.226 mmol, 2.0
equiv). After stirring five minutes, TLC analysis (10%CE&c/hexanes) showed that deprotection was
complete (Rdiol) = 0). The reaction mixture was passed through a plugicé gkl with EtOAc (30 mL) and
filtrate was concentrated. The spectroscopic data matched thatitethieife’

Preparation of B-silyoxy-a-aminoester 7

es tert-butyl 3-(tert-butyldimethylsilyloxy)-2-(hydr oxyimino)-3-phenylpropanoate.
Isuoj\(?\Ph Hydroxylamine hydrochloride (0.396 g, 5.70 mmol, 18duiv) and sodium acetate (0.468 g,
Ho’lN 5.70 mmol, 10.0 equiv) were dissolved separately in thenmim amount of water (~ 0.5

mL) and added sequentially to a solutioaf(0.200 g, 0.570 mmol, 1.0 equiv) in ethanol (5
mL). The reaction was allowed to stir overnight and dilutétth BtOAc. The layers were separated and the
organic layer was dried over PO, and concentrateith vacuo. The crude product was passed through a plug
of silica gel using 20% EtOAc/hexanes to afford the oxim&9@ g, 0.531 mmol, 93% vyield) as a clear
colorless oil (d.r. 5:1). Analytical datsR (thin film, cmi®) 2955, 2930, 2887, 2858, 1736, 1369, 1256, 1148,
869, 838, 780, 700'H NMR (400 MHz, CDC}) major: 5 11.0 (bs, 1H), 7.24-7.50 (m, 5H), 5.54 (s, 1H),
1.33(s, 9H), 0.95 (s, 9H), 0.11 (s, 3H), 0.07 ) Binord 7.24-7.50 (m, 5H), 6.30 (s, 1H), 1.42 (s, 9H)40.9
(s, 9H), 0.109 (s, 3H), 0.07 (s, 3HFC NMR (100 MHz, CDC}) major:5161.6, 152.2, 140.4, 127.9, 127.2,
126.0, 84.0, 74.0, 66.7, 27.9, 25.8, 18.21, -5&;-minor:5 160.9, 154.7, 140.2, 127.4, 125.8, 82.6, 66.7,
29.7, 27.9, 25.7, 18.2, -4.8, -52L.C (10% EtOAc/hexanes)sRnajor: 0.45, minor: 0.34;RM S (ESI) Calcd.

For CgH3:NO,SiNa: 388.19. Found: 388.18.

o o tert-Butyl 2-(tert-butoxycar bonylamino)-3-(tert-butyldimethylsilyloxy)-3-

‘Buo)H/l\ phenylpropanoate (7). To a 10-mL round-bottomed flask was added zinc dust 8031 2.65

NHBoe  Mmol, 5.0 equiv) and ammonium formate (0.167 g, 2.6%M5.0 equiv). A solution of the

*)-7 oxime (0.194 g, 0.530 mmol, 1.0 equiv) in MeOH (5)mtas added and the reaction was
heated at reflux overnight. After cooling to room temperatiereaction was filtered through a pad of celite.
The pad was washed with MeOH (20 mL) and the filtrate was caatetht The crude material was dissolved
in EtOAc, washed with saturated NaH¢ Qvater, brine, dried over N&O,, and concentrated. The crude
material was dissolved in THF (3 mL) arByOC)0 (0.231 g, 1.06 mmol, 2.0 equiv) was added. Sodium
hydroxide (0.042 g, 1.06 mmol, 2.0 equiv) in water () was added and the reaction was allowed to stir
overnight. The reaction was diluted with water and the aquexyas Was extracted with EtOAc (3x). The
combined organic extracts were washed with brine, dried owSMaand concentrateit vacuo. Purification
by flash chromatography (eluting with 5% EtOAc/hexanes) @7 (0.155 g, 0.410 mmol, 72% vyield over
three steps) as a clear colorless oil. The spectroscopic data mi@hiecthe literature.

* Gawas, D.; Kazmaier, U. Org. Chem. 2009, 74, 1788.
® Hasegawa, K.; Arai, S.; Nishida, Aetrahedron, 2006, 62, 1390.
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